PLEASE REFER TO FILE
FOLDER NO. ¢

FOR THE
CONTINUATION OF THIS
WATER RIGHT FILE

No. 45— /39/.




& A
RECEIVED

MAR 0 3 2005

DEPARTMEN
WATER RESOJI:'\‘?)ES

Aittorneys for Duane and Laura Panchen
and Darwin and Joan Pancheri

Scott L. Campbell, ISB No. 2251

Angela Schaer Kaufmann, ISB No. 5436
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101 S. Capitol Blvd , 10th Floor
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Telephone (208) 345-2000
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19136 0

BEFORE THE IDAHO DEPARTMENT OF WATER RESOURCES

OF THE STATE OF IDAHO

IN THE MATTER OF APPLICATION FOR PANCHERIS® SUPPLEMENTAL WITNESS
PERMIT NOS 65-13912 AND 65-13913 IN DISCLOSURE

THE NAME OF CAROL LYNN

MACGREGOR

Duane and Laura Pancheri and Darwin and Joan Pancheri, by and through their
counsel of record MOFFAT, THOMAS, BARRETT, ROCK & FIELDS, CHID, hereby provide this
supplemental witness disclosure The Pancheris may call Ron Shurtleff, Watermaster of Water
District 65 Mr Shurtleff is expected to testify regarding the water system inherent in Water
District 65, as well as the delivery systems in that District He may also testify regarding his
personal observations regarding water resources in Water District 65, including geothermal and

cold water wells

PANCEERIS®’ SUPPLEMENTAL WIINESS DISCLOSURE - 1 BOI_MT2:573005 2




DATED this (2~ day of March, 2005

MOFFATT, THOMAS, BARRETT, ROCK &
FIELDS, CHARTERED

By__| )[% M@@@W
Angela Schper Kaufmann — Of the\Wirm

Attorneys for Duane and Laura Pancheri
and Darwin and Joan Pancheri

CERTIFICATE OF SERVICE

I HEREBY CERTIFY that on this Znﬁd day of March, 2005, T caused a true and
correct copy of the foregoing PANCHERIS® SUPPLEMENTAL WITINESS DISCLOSURE fo be served
by the method indicated below, and addressed to the following:

Julie K. Fischer (U S. Mail, Postage Prepaid
WHITE PETERSON, P. A ( ) Hand Delivered

5700 East Franklin Road, Suite 200 () Overnight Mail

Nampa, ID 83687 ( ) Facsimile

Fax: (208) 466-4405

Peter R. Anderson Vf U.S. Mail, Postage Prepaid
Hearing Officer { ) Hand Delivered

729 W. Braemere Road { ) Overnight Mail

Boise, ID 83702 ( ) Facsimile
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RECEFVED
FEB 2 2 2005

DEPARTMENT
WATER F!ESOUR?}ES

Julie . Fischer

Idaho State Bar No. 4601

John R. Kormanik

Idaho State Bar No. 5850

WHITE PETERSON, P A.

5700 East Franklin Road, Suite 200
Nampa, Idaho 83687

Telephone: (208) 466-9272
Facsimile: (208) 466-4405
jkflawhitepeterson.com

Attorneys for Petitioner, Carol Lynn MacGregor

BEFORE THE IDAHO DEPARTMENT OF WATER RESOURCES

OF THE STATE OF IDAHO

IN THE MATTER OF APPLICATION FOR
PERMIT NOS 65-13912; 65-13913 and 65-
13986 IN THE NAME OF CAROL LYNN
MACGREGOR

NOTICE OF COMPLIANCE

e L N N W

COMES NOW, the Petitioner, Carol Lynn MacGregor, by and through her attorney of
record, pursuant to the Scheduling Order dated January 7, 2005, and hereby gives notice to the
IDWR that a copy of:

1. Applicant’s Pre-Hearing Disclosures,
was served upon counsel, together with a copy of this Notice of Compliance, postage prepaid, on

the 18th day of February, 2005, at the following address:

NOTICE OF COMPLIANCE - 1




Scott L. Campbell
Moffatt Thomas
101 S Capitol Blvd. 10® Floor
Boise, Idaho 83701
DATED this 18" day of February, 2005

WHITE PETERSON, P A

(D/
Kuhe Klein Fischér, of the Firm
CERTIFICAT CE

I hereby cettify that on this 18th day of February, 2005, I caused to be seived a true
and correct copy of the foregoing document by the method indicated below to the following:

o US Mail Scott L. Campbell
o Overnight Mail Moffatt Thomas
v Hand Delivery 101 S Capitol Blvd. 10® Floor
_____ Facsimile No. 385-5384 Boise, Idaho 83701
l/ US Mail Sherl Chapman
Overnight Mail ERO Resources
L Hand Delivery 1166 N Cole Road, Suite C
L Facsimile No. Boise, ID 83704-8661
v US Mail Terry Scanlan
B Overnight Mail SPF Water Engineering
o Hand Delivery 600 E River Park Lane, Suite 105
Facsimile No. Boise, Idaho 83706

: ijvta
for WHITE/PETERSON

da:Z \Work\M\MacGregor, Carol\Pleadings\WNotice of Compliance doc

NOTICE OF COMPLIANCE -2



MOFFATT THOMAS BARRETT ROCK & FIELDS, CHID.

Eugene C. Thomas
John W Barrecc
R.B Rock

Richard C. Fields
Robert E. Bakes
John §. Simko

John C Ward

D James Manning
Gary T Dance

Larry C Huncer
Randall A Peterman
Mark 8 Prusynski
Stephen R Thomas
Glenna M Christensen
Gerald T Husch

Moffart Thomas

Scott I Campbell
Robert B Burns
James C Dale
Michael E. Thomas
Pacricia M Olsson
James C. deGlee
Bradley J Williams
Lee Radford
Michael O Roe
David S Jensen
James I Martin

C Clayton Gill
David P Gardner
Jeha O. Ficzgerald, 11
Julian E Gabiola

Director
Idaho Department of Water Resources
Idaho Water Center
322 E. Front Street, 6th Floor
P.O. Box 83720
Boise, ID 83720

Re:

Angela Schaer Kaufmann
Michae! W_ McGreaham
Kimberly I}. Evans Ress
Jon A. Stenquisc

Eric M Barzee

Bradley J. Dixon

Jason G Murray

Mark C Pererson
Andrew ] Waldera
Tyler ] Anderson
Russell G Mercalf

Morgan W Richards, of counse/

Wiilis C. Moffare, 1907-1980
Kirk R. Helvie 1956-2003

MTBR&EF File No 19136.0

Dear Director:

Boize

R EG E ; ‘l‘jﬂ E i“rdahoFaEIs

FEB 17 2005

DEPARTMENT OF
WATER RESOURCERS Bank Plaza Building

February 17, 2005
via Hand Delivery

Pocatello
Twin Falls

101 S Capjtol Blvd 10th Fl
PO Box 826
Boise idaho 83701 0828

208 345 2000
800 422 2889
208 385 5384 Fax
www maffatt.com

In the Matter of Application for Permit Nos. 65-13912 and 65-13913 in the Name of
Carol Lynn MacGregor

Enclosed with this cortespondence is an original and one copy of the Disclosure Pursuant to
Scheduling Order on the above referenced matter for filing with the Department. Also enclosed
is a set of the documents being disclosed Please be advised this office is providing a complete
set of the documents being disclosed directly to the Hearing Officer.

Please conform the copy of the Disclosure document and retun it to our office via messenger
delivering this information.

Thank you for your attention

Very {ruly yours,

N R A

Angela Schaer Kaufmann

ASK/dlL
Enclosures

ccCl

Peter R. Anderson (w/encls.)
Julie Klein Fischer (w/encls.)

BOI_MF2:571738 1




Attorneys for Duane and Laura Pancheri
and Darwin and Joan Pancheri

Scott L. Campbell, ISB No., 2251

Angela Schaer Kaufmann, ISB No 5436

MOFFATT, THOMAS, BARRETT, ROCK &
FIELDS, CHARTERED

101 S. Capitol Blvd., 10th Floor

Post Office Box 829

Boise, Idaho 83701

Telephone (208) 345-2000

Facsimile (208) 385-5384

19136.0

BEFORE THE IDAHO DEPARTMENT OF WATER RESOURCES

OF THE STATE OF IDAHO

IN THE MATTER OF APPLICATION FOR DISCLOSURE PURSUANT TO SCHEDULING
PERMIT NOS. 65-13912 AND 65-13913 IN ORDER

THE NAME OF CAROL LYNN

MACGREGOR

In accordance with the Hearing Officer’s February 18, 2005, Scheduling Order,

the Pancheris hereby provide you with the following information:

1. The names of any experts or other witnesses that may be called at the hearing,
together with a brief narrative summary of their possible testimony.

The Pancheris may call the following witnesses at the hearing in this matter:

DISCLOSURE PURSUANT TO SCHEDULING ORDER -1 BOI_MT2:568693 1




Sherl Chapman: Mr. Chapman is expected to testify regarding the hydrogeology

in the area of the Pancheris property and Dr. MacGregor’s property. He is also expected to
testify about the potential and/or probable impacts of Dr MacGregor’s proposed diversions on
the Pancheris’ pre-existing water rights.

Duane Pancheri: Mr. Pancheri may be called to testify regarding his water rights,

use of water under those rights, and the concerns he has regarding Dr. MacGregor’s proposed

water rights.

Darwin Pancheri: Mr Pancheri may be called to testify regarding his water

rights, use of water under those rights, and the concerns he has regarding Dr. MacGregor’s
proposed water rights.

John Westra: Mr. Westra may be called to testify regarding the IDWR Staff
Memorandum, dated January 27, 2005, and regarding his knowledge of 1 MacGregor’s
applications, their potential affect on the Pancheris’ water rights, and whether Dr. MacGregor’s
applications are approvable under Idaho law, as applied by the Idaho Department of Water

Resources.

Rob Whitney: Mr. Whitney may be called to testify regarding his knowledge of
Dr. MacGregor’s applications, their potential affect on the Pancheris’ water rights, and whether
Dr. MacGregor’s applications are approvable under Idaho law, as applied by the Idaho

Department of Water Resources

Other Witnesses: The Pancheris reserve the right to examine any

witnesses called by Ms MacGregor.

DISCLOSURE PURSUANT 10O SCHEDULING ORDER -2 BOI_MTZ2:568693 1




2. A description of all documents and exhibits that may be introduced into evidence at
the hearing.

The Pancheris may introduce any or all of the following documents and exhibits
into evidence at the hearing in this matter:

1. Photographs showing the Pancheris’ water diversion and use under their
rights, as well as the location of their water user relative to the MacGregor property

2. Maps showing the location of the Pancheris’ point of diversion and place
of use, as well as Dr MacGregor’s proposed point of diversion and place of use.

3. Orthophotoquads showing the location of the Pancheri’s point of diversion
and place of use, as well as Dr. MacGregor’s proposed point of diversion and place of use

4 The IDWR staff memorandum, dated January 27, 2005, authored by
T. Westra, Western Region, IDWR, and materials attached thereto and/or cited therein

5 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,

January 1971.

6 Arthur A Hart, “Idaho Yesterdays: Indians Used Warm Springs,” The

Tdaho Statesman, October 30, 1972, at 12.

7. Charles Berenbock, Effects of Well Discharges on Hydraulic Heads in and

Spring Discharges from the Geothermal Aguifer System in the Brunean Area, Owyhee County,

Southwestern Idaho, USGS Water-Resources Investigations Report 93-4001, Boise, Idaho 1993,

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

America, April 22-24, 1985

DISCLOSURE PURSUANT TO SCHEDULING ORDER -3 BOI_MT2:568693 1




9. November 10, 2001 correspondence from Terrty M Scanlan to Carol
MacGregor, Subject: Belvidere Spring Monitoring — September 26, 2001 and November 2, 2001

10 June 30, 2002 correspondence from Terry M. Scanlan to Carol
MacGregor, Subject: Belvidere Spring Monitoring — June 1, 2002, and attachments thereto.

11.  October 12, 2002 cortespondence from Terry M. Scanlan to Carol
MacGregor, Subject: Belvidere Spring Monitoring — October 9, 2002 and attachments thereto.

12 Kenneth W Neely, Production, Temperature and Water Level 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 June 1998

13 Kenneth W Neely, Production History for the State of Idaho Capitol Mall

Geothermal System 1983-1994, Idaho Department of Water Resources, December 1995

14 Christian R Petrich, Investigation of Hydrogeologic Conditions and

Ground Water Flow in the Boise Front Geothermal Aquifer (Executive Summary), Idaho Water

Resources Research Institute, Rescarch Report IWRRT 2003-07, October 2003, and August 10,
2003, Draft.

15. Well log notes from Clements well.

16. Tuly 14, 1983, notes from Larry Hellnake Well No. GEO-1, Well No. 2,
and Spring, Roystone Hot Springs.

17.  Ken Neely, Semi-Annual Review of the Monitoring Data for the Boise
Front Geothermal System, Tanuary-June 2003, Idaho Department of Water Resources,

September 26, 2003.

DISCLOSURE PURSUANT 10 SCHEDULING ORDER -4 BO!_MT2:568693.1




18 Map showing ground temperature contours in the area of Roystone Hot
Springs, October 22, 1980

19. Test Data obtained from monitoring Pancheri diversions in 2004 & 2005.
This information is not available at this time, but will provided upon receipt.

3. An identification of any expert reports and prepared testimony.

Sherl Chapman is the Pancheris” expett witness He will not be preparing an

expert 1eport, nor prepared testimony. It is anticipated that Mr Chapman will testify at the trial
in this matter, and may utilize the documents and exhibits described in Item 2, above, and ITtem 4,
below.

4. Reports, studies and data compilations in the Pancheris’ possession containing
information directlv applicable to the Applications.

The responsive documents in the Pancheris’” possession at this time are attached
hereto. If the Panchetis become aware of any additional responsive documents, they will provide
them, but at this time and to the best of the Pancheris’ knowledge, these are the responsive
documents The documents attached are as follows:

1. Correspondence from Terry Scanlan, Scanlan Engineering, to Rob
Whitney, Idaho Department of Water Resources, dated September 2, 2003 (and materials
attached thereto).

2. IDWR Staff Memorandum, dated January 27, 2005, prepared by
J. Westra, Western Region, IDWR, and materials attached thereto and/or cited therein

3. Merle W. Wells, Heat From the Barth’s Surface: Early Development of

Western Geothermal Resources, reprinted from Journal of the West, Vol. X, Number 1, January

1971

DISCLOSURE PURSUANT TO SCHEDULING ORDER -5 BOI_MT2:5658693 1




4 Arthur A. Hart, “Idaho Yesterdays: Indians Used Warm Springs,” The
Idaho Statesman, October 30, 1972, at 12

5 Charles Berenbock, Effects of Well Discharges on Hydraulic Heads in and
Spring Discharges from the Geothermal Aquifer System in the Biuneau Area, Owyhee County,
Southwestern Idaho, USGS Water-Resources Investigations Report 93-4001, Boise, Idaho 1993.

6. Will L Burnham and Spencer H Wood, Field Guide: Boise Geothermal
System, Idaho, 38th Annual Meeting, Rocky Mountain Section, The Geological Society of
America, April 22-24, 1985,

7 November 10, 2001 cortespondence from Terry M. Scanlan to Carol
MacGregor, Subject: Belvidere Spring Monitoring — September 26, 2001 and November 2, 2001

8. June 30, 2002 correspondence from Terry M. Scanlan to Carol
MacGregor, Subject: Belvidere Spring Monitoring — June 1, 2002, and attachments thereto.

9 October 12, 2002 correspondence from Terry M. Scanlan to Carol
MacGregor, Subject: Belvidere Spring Monitoring — October 9, 2002 and attachments thereto.

10.  Kenneth W Neely, Production, Temperature and Water Level 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 Burean, Ground Water Monitoring Section, Open File Report June 1998

11.  Kenneth W. Neely, Production History for the State of Idaho Capitol Mall
Geothermal System 1983-1994, Idaho Department of Water Resources, December 1995.

12 Christian R Petrich, Investigation of Hydrogeologic Conditions and

Ground Water Flow in the Boise Front Geothermal Aquifer (Executive Summary), Idaho Water

DISCLOSURE PURSUANT TO SCEHEDULING ORDER - 6 BOI_MT2:568693 1




Resources Research Institute, Research Report IWRRI 2003-07, October 2003, and August 10,
2003, Draft.

13 Well log notes from Clements well.

14 Tuly 14, 1983, notes fiom Lary Hellnake Well No. GEO-1, Well No. 2,
and Spring, Roystone Hot Springs.

15.  Ken Neely, Semi-Annual Review of the Monitoring Data for the Boise
Front Geothermal System, January-Tune 2003, Idaho Department of Water Resources,
September 26, 2003.

16.  Map showing ground temperature contours in the area of Roystone Hot
Springs, October 22, 1980,

17. Test Data obtained from monitoting Pancheri diversions in 2004 & 2005,
This information is not available at this time, but will provided upon receipt.

3. Persons With Knowledge

The following people may have knowledge regarding the facts in this matter:

1 Darwin Pancheri
2 Joan Pancheri

3. Duane Pancheri
4. Laura Pancher1

5 Dr. Carol MacGregor
6. Sherl Chapman

7. Terry Scanlan

8 Norm Young

9. John Westra

10. Rob Whitney

DISCLOSURE PURSUANT TO SCHEDULING ORDER -7 BOI_MT2:568693 1




11 Gary Spackman
s [T o
DATED this day of February, 2005

MOFFATT, THOMAS, BARRETT, ROCK &
FIELDS, CHARTERED

o il QL

Scott T Campbell ~ Ofithe Firm

Attorneys for Duane and Laura Pancheri
and Darwin and Joan Pancheri

DISCLOSURE PURSUANT 10 SCHEDULING ORDER - 8 BOI_MT2:568693 1




CERTIFICATE OF SERVICE

=7t
I HEREBY CERTIFY that on this ]7 day of February, 2004, I caused a true
and correct copy of the foregoing DISCLOSURE PURSUANT TO SCHEDULING ORDER to be
served by the method indicated below, and addressed to the following:

Julie K Fischer (t—)'ﬁs Mail, Postage Prepaid
WHITE PETERSON, P. A ( ) Hand Delivered

5700 East Franklin Road, Suite 200 ( ) Overmght Mail

Nampa, ID 83687 ( ) Facsimile

Fax: (208) 466-4405

Peter R. Anderson (0.8 Mail, Postage Prepaid
Hearing Officer ( ) Hand Delivered

729 W. Bracmere Road ( ) Overnight Mail

Boise, ID 83702 ( ) Facsimile

DISCLOSURE PURSUANT 10 SCHEDULING ORDER - 9 BOI MT2:568603 1
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enver ~ foiss RECEIVED
wiosGueuon  TEMORANDUM FEB 1 § 2005

Wolet, Toovmas, Bawsil Pask wd Ploiis
To: Scott Campbell _

From: Shet]l Chapman
Re: MacGregor / Pancheri Water Right Hearing

Enclosed are the documents I presently believe [ will rely upon for
the hearing There may be a few documents I have not vet found but
as soon as I find them, and if [ intend to rely on them, I will notify
you immediately. The only document I can now identify is a history
of geothermal development in the Boise area. As soon as I find it, I
will notify you

If you have any questions, please call.

FILE GOPY
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[MMEAT FROM THE EARTH’S
SURFACE:

L'ur'LV Dcvc/opmcnt (,j Western

~ Geothermal Resources

oy

By Merle W, Wells
rddae e Lo State Hhistorieal Socicty, Butse, and

Deditor Idalio Yestendays

OMDIFRCGIAT DINTRIBUTLION ()[ ;_’LU”](“III]DI 1250NICes CH[“”IC”{.‘C{I
around the tun of the centiny en a modest scale in two dif-
frient kinds of crrerprise and i two widely separated areas.
These interesting contiibutions to economic grology repre-

sented a major divergonce hom traditional exploitation of hot springs
for resort and recrcativoal purpese in the form of natatorivn and tourist
atbractions  In one case, adtesian hot water carue into commercial use
in the Westorn United States Lo heating of houses and buildinggs in 1892
In the other, pesthermul povwer developiment got underway in Italy in
Ot Whether in the form of space heating and distribution of domes-
tic hot water {that otherwise would lave 1o be heated from some other
pover source) or of power for goneral commerdial purposes csuchoas
gencration ol electricity), these two vses of geothermal power pomnted
the way toward muore swidespread applications by the middle of the
twentieth century. Undike Jossil huels, geothernmal power (whether used
for heating or for other purposesd, i developed wisely, won't be ex-
Eausted too casily  Anyway, it wonld take quite an ambitions enterpise
to ool off the middle of the earth Although polhtion problems some-
tines are associated with utlivation of geothiermal power, other mine
teenth centiny heat somces (nostly coal and weod tn Westarn frontie
communities) could not begin lo compare with pure avlesian hot water
for cleanliness and conveniende

sul in spite of mportant and undemable advantages, geothenmal
power has been devaloped goite slowly fur commercial purposes. Jix-
cept for space heating, most commercial utilization of geothermal -
ergy takes the form of steam penerating plants {for electiic power  In
recent years, Now Zealand (1970) and o namber of other conntries {Tee-
Land, Mexico, the United States, Solvador, Japan, and Russing have
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commoncod to exploit or at feast to explore their steam fields! Bt hot-
water heating, excopt for Teelanud, has procecdoed more stowly  in the
videspread amrent interest i geothermal power, 1n fact, hot water heat-

e s sull ahimost ova loohod outside that one island.

A Lo vone of s hot springs extads Trom the Yellowstone
Pk conmtry westward 1o Momnt Tarsen and the Pacilic Coast Boise
grov dnto o hontior city ncar the conter ol thrs geothermncally favored
zone Tol spiines occur over much of southorn Idaho, and enngrants
Loaded west on the Orcgon Tratl wsed to enjoy cooking meals 1o hot
springs abont hall way botween Snake River aossing (near modern
Glonns iy and Boise Cominarcial development of 2 nunmiber of
Bot spainge i the Botse and Wood River minineg regions begas ight
abier the 1802 eold sl mest of the mining camps in the vrea (Idahe
City, Rodky Bany A Tasdey, and Ketchhon primarily) had hot
springs someswhore noar by and thoir possibilities dor resorts were real
ted carhy in the mming ca Commencial use ol hot springs near Idaho
City soll continue, ore than o century alter that 1esort provided the

k]

seene lor some ol the cwiting episodes in Jdaho's carly teriitorial Lis-
tory, and the deselopmont of a major Western ski vesort (as well as
stnnrct 1o L) at Sun Nalley since 1030 makes good use of some of the
Lorge Wood Bivee hat spooings that had proved W be a great attraction
lor eandy dovelopas Asdiew Alellon, Tay Gould, and the Hardmans
of the Uhnion Paoatic were connected 1 one way ot another with promo-
tion ol these Wood River Dot springs, and before the end of the nine-
tecith conmtury ) Boise and Wood Rivar hiot springs were attracting a lot
ol atteution

Arlesion water possibilities were 1ecognized around Botse when
diillos wont o work ondy cight years after settlement began Explor-
ing for a water company. they did not know precisely what to expect
According to o press rg e,

Tie Mitcsian well honing was commenced  The apparatus works

all vight They are Lomsd o =tnike something It s a mouted question

whatlicr they will stiihe cold waler, oil, or hot water. There s thoueht

to be o danger of the Foter catastzophie. The hoiting spring, a few

milis np the salley, s on the same side, and the well at the penitentiarn

yickls warn water  Then i one consolation for us, in case they do tap

a botling spring we can sommonce taising oops in the winter?

ot witer did not materialive from that carly effort: an equipment
faihare lefe the deillers unable to discover anvthing at all® But the
pussibility for Lot wator tomained

Not ton ity seins alter mnost of the modormn conveniences of the
thne ctcles raph and 1elephone sersien, railway ttansportation, electric

P T W OMLCNE Favrronviton ann Jhoveror ment o Grornensear Powen in Carrror-
Ny ESon by anciseo 106G, p B

D Lduho Stetosnane, Toly 1A MR 3 2

3 Ml tuly 27 187t p o3 e 2
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Ieat from the Farth's Surface

pover aned Binhis, for example) had heen intrudiced, corrnnunity Jendord
i Buise conciuded that the thne had conue to install an adequate cily
waler system Belore Jdaho became a state in the summer ol 18480, no
one could rieonmend Boise s water supply, either lot domeslle nse ol
fon live protection A lumited amount ol water was available from exist-
ing wdlls serving dndividual owners, Othiers got water out of various
sinall springs or ont of the river. Lirigation ditches ran through tow,
hut altozether thie domestic water supply remained far from adequate
Somne kingd of conumtity system cleatly was needed. Thenin the spring
of 1890, Boise suddenly had o oppor ity to get a complete city watel
system In fact, forthose who thought tiat only one cily water sys-
tem wight not be enouph, tival groups of investors orpanized two coni
petitive companies that June - Right at the beginning; the evils of mon-
opoly (which wererceetving a lot ol altention that year, when GCongress
was busy adepting the Shonman anti trust act) Lad become apparent
When the original company demanded thiee dollars per month pul
fancet, this rate was considered exotbitant * Se an opposition group
decided 1o olfer competition at a lower price

Acting ltom a necd o obtain better water for their Overland Hotel
4 well knovwn Boise Landmark shice 186+ — the ownars had decided
to expand their supply systew. Tor yuons they had offered a Imited
water service to their neighbors as well as for their hetel from TTaull's
Gulch, a mile ur more away on the north side of town.,  With perns
sion obtained from the city conncil, October 3, 1884, 1o place a new pipe-
Line in DBuise streets, they decided to drdl for more water than thel
springs provided.  Alter sonie months uf work, mostly in the spring of
1890, they developed thice artesian wells by the middle of May. Pro-
ducing 800,000 gallons of cold water a day from a depth of only tv cutly
feet, they had enough water to consida providing a system lor the enlire
city.®  When they announced that their existing high charge would
apply 1o theit whale new projucted systein, another water symdicale en-
tered the licld, One ol Buise's pluneer merchants, who owned a lot of
Tand in Tuli s Gulcl near the Fastman { Overland Hotel) artesian wells,
decided 1o drilt lor arlesian water on his property, oo Gonfident of
success, he joincd a number of other prominest Boise proneers 11 1eer-
porating the Artesian Water and [ and Improvement Company. une
2 1800¢  Then on Tune 23, just belore the Artesian corpany stiuck
artesian waler in Hutls Guleh near the orjginal Tastiman well, the Last-
man Ovetland Hotel interests (whoe alicady had arranged to set vp
Boise’s orieinal domesti waler systent) incorporaled the Boise Vala
Works T Although the Artesiane comjany was imcorporated earlicr, it

v Thid July 110ABDE p 2 0

6 Ihid, May 15 1890, p v top 3¢ 4, Solt Fake Tribune, May 27, 1890, p. 1 ¢ 5.
Sueresstul deitling of the aviginal Fastiman artestan well in ell's Gulch was comipleted
by the middle of May [HUi

6 Records of Inemporation Tdba Torzitury, Book £ p 108 Idaho State Archives

7. 1hid | p 10 Idudio Stafesien June 28 1490 p 3 ¢ 2

-
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supplicd opposition to the cxisting Lastman group, and believed in com-
petition as a micans of holding down prices in the water business, In
contrast, the Pastiman Overland Hotel concern preferted a single water
svston for the entie conmmumily, with monopuly an inherent feawure
of the systom

Dahe race o install pipes Trom cold artesian wells that both com-
ponies deseloped i Hall s Gudeh on the north edge of town, the oppo-
stiion concern ook advantage of its head start. But by Aupust 12, when
e Sutesian compiny how o o install pipe, the Overland Iotel's Boise
Water Wk hodd pipe onc land * 0 T hatsuminer and fall Bojse was grow.
g rapidly s nnpite ol the incanvenience of having the stoeets 1ovn np
by two bval watcr companirs - (The companies got into vight of-way
houbie and Tivipation: s misht be dmagined . They also had probiems
ob davirin o whan Incaks o one comipainy’s pipe led to erosion of the
athar - mmcomplorcd ovcavations lor water Hines ' Trom a population
ol 2500 whon the Thadted States consus was taken June 1, Botse mew 1o
LiZe by Soptombor 19 when the Board of Trade (not content with an
optinnitic bot wovcrificd estimate) propared @ signed registry of the
rubiabitay - e

Najor ogation Cunl construction underway next to town that
sttnner accowted for o of the expansion In addition, a substan-
tral ciy Tnodding boun, ammatcdwed up Lo that thne, was transfonming
the appestance ol the capitad ity of the new state of Idaho  Aside from
o onthinst of optimian that came with state admission, Boise served
s stage coaclbmanetactiring conter (an industry without a long range
Tature, but good Lin move than another decadeY as well as a popular
camping spol for corigr it swagons that stith Gime by in large numbers
anthe Oregon Tl ™ Automobiles which would put the emigrant
wiagons and stoge coaches ofl the roads had not yet materialized, and
with preparations under way o the summer of 1890 1o install an elec-
Lic strecl G systemn, Boise expeeted 1o have all the comveniences of any
progressive oty within s yeor or two ™ Tames T T was 1eperted as
prepared o build o railioad from San Francisco throngh Boise to Butte
as a major expansion o the Great Northern, so that Idaho’s capita] would
not hive o depend entivd]y upon the Union Pacific ®  The two water
compaies Jooked with confidence toward rapid expansion to serve a
grovwing commuonity that would thrive with major irrigation projects
which would make farming more important as a regional economic hase

o ldaho Statesnone Avupaet 12, THY0 4 ¢

DAL, Angoet 201 Eoc 1, September 31890 p o4, ¢ 1, September 3, 1896, p 1,
3 Suptomber TH LR b ke

10 foeed . Septemley 20 1890 g e 1 Octoler 4, 1890, p 4 ¢ 2

PO Fhud Tuly 22 1800 po b« 1) Awgst 13,1898 p toc 1.

L2 Thed Aopust BSO(RU0 p v ¢ 1T Aupust 14 1890, p 2, e 1, August 16, 1890, p 4,
o2 Articles of Inempoagton were drafted for the Boise Rapid Transit Compnny,
Angost 120 ned notice for bids for rails and tics for an electric street railway was given
Uthe st T

V3 0 d hady 20 1E). p 20 2




Heat from the Rartl''s Surface

Neurhy Tode mining camps, lor which Botse oviginally had been estals
Lshed as o sarvice commmuntty a0 generation bhefore, were approaching
theb maxinmm developmont Parl of the mining era fortune that some
ol e s poncar selttors had aconmulated swas asvailable for investinent.
and the Boise water works and electric sticet car projects provided ¢ ood
avtlets for focal capital in 1890

As sonn as service became avatlable i the two competing water
syslens, o bitter fight for supramacy pave prospective cuslomers sene
exceptionally good oflers  The opposition company, anxious o hold
back pelential costumers from the Ovadand Hotel group, adsentised
early in Ociober that o one should sign & service contract without con
sidering the Artcsian ofler Not te he outdone, the Boise Water Waorks
announced that they wonld provide Drec water nntil 1892 10 those who
world contract for theic service ™ The Ovedland group obviousty pie
ferred 1o operate as o monopoly  Fearing that they would he eat out
altopether, the opposition syndicate continned 1o advocate the merit of
nennlaimme two andepondont connnunity wader syslems, assorting thint
two competing contpames would he reguired to preseve a Towarate st
ture Diaplicale pipe systems in the sime steets wonld oller castemers
a frec choicez inne other way wonbd Boise be assured the low cost water
supply that the community desers ed

Competing Tor contracts to supply ity Nire hydrants as well as to
aabe provate cnstomicrs. the twae witer companies fook their fight o the
cily council onn Neovernber 6, 1890 Aticr successiol testing of a fne-
Lydrant on thoin new systom the Avteston Walar and Land Iimprovement
Company olfered to place twenty-five fie plugs (owned and supplied
by the caty ) en then lnes, and to provide seivice for all of them for $600
a year  This rade van S2250 annually tor cach fire hydrant At the
sine nec i, the oldor and Targor Boise Water Works arked permission
to bid on the five hydrants before a contract should he let to their com-
petitors ™ No one donbted the hnadenunacy of the existing system, bat
the city counctl hiekd up proceedines for a few days, when the matler
might he resulved o spedial mectimg Some of Boise's most prominent
end successful poncas . represented by Yo stunuing arnay of Tegal
Lights,” tned ont {oe the shownedown on Novermnber 8 At this point
the Artesian erew suggestod that cachh company assume half of the fire
hydiant conbact at whatever rate the city might specily. With repre-
sentation on the couna]l (no one seemcod 1o worry ton much abouat con
fict of intcrest vipht ther, the Artesian company had little fear that
the charge would be st oo low AT along, the newer Arlestan com-
pany. i order o stay i business at all, had to argue that the community
infcrest demndad prosenvation of 1wo competing water systamns, and
that tha fite protection proposal woukd Tielp inswe thelr sinvival so

U Thrd Oteher B AROE  F o 3 Oeroler {1 1850 p b ¢ 3
15 Tlied WNonvanbor 700890 1 2
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tounsal of the wWisT

tiat conrpeiition conld be assured But the dclegation “upholding the
digmity o th Waterwor ks dedlined to concur They wanted time w0
prepoate 1t conntor olfer wihi L owould 1estore their monopoly A dense
silene e cnsued 10
Aftar o tanpayas’ potition requested further tests of the two com-

pannic s capahilitics, negotiatinmsg for a division of the fire hydiants con-
finusd Ao inspocton of hath companies’ jacilities. November 13, con-
Vinced thie ity council that cacdn was adegquate Adopting the position
ol the conpetitive Antestan company, the council propused an cqual
divicion ol the fire iydiants - Bat the aripinal monopoly Boise Water
Won ks disscnted again Objudting to the zefosal of the council to agcept
Dids Jor service by ondy one conpany, the ater VWarks [ormally of-
forcd, Nosember 2L, to supply the fire hivdrants at elrht doiiars each
Compared with the 32250 Artesian company olfer, s hid appeared
Co b low cnengh Lo support quite adequately the muonopoly company’s
coteinal rogquest for the o nthe city palionagc 18 Ty entually, the council
decided, Decoraber b ERO0 allot thivty hydints to Jie larper Buise
Watcr Works at thoie hid poice ol eiglht dollars cach, and to contract
with the smaller Artesian company for twenty iy drants at twenty-five
doltars cach  (Ehis figme cveceded the atter’s o1 ieinal bid of $22 50
only slichtly 3 The cight dollar supgestion appeared to be a low ini-
tial bid to capture business, md the council's excuse for offering a rate
more than thinee tiae as high had to be justified on the grounds of pre-
serving cornpetition ™ Goneddering that the larger Boise Water Works
was offering lree water to everyone else, something had to be done if the
Artesion corapany Wi to overcome the disadvantage of having to charge
at least o nominal tate for seivicr No one expected the unrealistic low
bid of the Water Works to be tenewed after the initial year. And no
one expected the inilind frec water service o continue indefinitely for
other customors Hthe conncil played w mean trick on the Boise Water
Winks by accepting Ui astonishingly low bid while paying the Arte-
siun companny more than tiee times as much, an explanation could be
fonnd 1t e conneils interest in protecting the ciy Trom a stiil higher
monopoly rate ina subsequent yeat Sinee the Water Works refiained
from entering the Artesian company’s proposal to divide the market at
a higher rate, the conndil Tardly ad any othor choice if both companics
were to be proserved to nainlain compitition. The way things tumed
oul, the Boise Water Warks nover got atonnd o supplying any eight
Qollar Ty drants and sustained no fosy vy the matter .
16 0id Novanbor O 1B b« 1.
17 2hid Novemlop 11 1808 p 1o 2
i85 fhid Novomber 211890 p b S Nonomniber 23 1890 p 6c3
1t fhed, Thicomba e 51880 p b e 2
A Alinmtes of the Dot City Conndil, Tanmnry £, Tune 4 Tuly 6, 18G1, in the office of the

ity ddeeh: this and mach of i infommation o oncerning carly activity of these com-

panis b heon capplid by Thomas ¢ Mebadden of the Idaho State Tlistorical Socicty

L Mhede s Sclndar whose cnoent pescarch dnterest 15 Doise's water system in the nine-
poonth century
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Hlowt Vrewn the far e s S face

Platved and stile” were vampant — i the ficece fas tional fight’
for mastery ovar Boise s water systens® i thelt search [ a way to
gam conbroll sne ol e major Water Warls Bivestors decided to o
e the ot water business as well They diose w oy estivate a poten
tal antesian well stte wheore hot water seepuge made o swamp at the
edee of a hill northwest of 1he state ponitentiary. 1illing comuenced
shortly before Christmas. in tine Tor an announcement on Deceniber
2E 1800, that warny water (927 had been stiuck at depth of cighty
feet™  That was only the beginning  Alter panctrating a hard vock for-
mattn. Decomba 270 a vinch shronger Tow waos enconntered ar 112 Lect
Here the soner temparane had aisen to 1127 with enourh salphur
that the winole supply was identiiicd as coming “right from Iades ™

Fhi- ot wancr oveailonod the topr of Dihe | weldl casing 1o wxh an
oxbonl that ot becarne necs <oy to tap o pipe covera] foer Bolow inoonsde

o draw off thi overilon so s o o idertore ath the il The com

oy vl cantinne 1o sink the s D o he hope that at @ mearer depth g

Bicheor tomporatwie mogy b olnadeed The watiome of this exporim nt

ool covrse problomatioal doponding cntirely on this desited vesolt . The

water bocloog, bt sho b impocenated with sulphur A Large numbe

of et propde viind the well vistorday aftcmoen The company

will sink oo moce wells very shortly #

defore the yoar s end, the driller’s five inch pipe delivered a still
warmer, hogor How from 1o feet: during the first week of anuary,
bothr the supphy and the temperatuee inocased daily as deilling prag-
ressed 51 T hion at U8 feel on danuary 13, the Dolse Water Wark s stock-
holders wore jubilent to find a “preatdy angnmented” flow with the “tem-
perature very mator by rdsed” that gave them 130 gallons a minute
of 15" water " The water now s hotter than that in amy of the famous
hot springs in Arkansas, and visions of bath honses and all the para-
plicrnalia of & springs 1esort are alieady torcing themselves in the minds
of the fortunate possessors of the well 7% lpcouraged by these prom-
sing vesults, the drillers went on until January 22, when their equip-
ment failed  Pressure got so preat that theiv light drill could be used
no longer. Sonding ot for a heavier deill, they struck their real bo-
nanza, Janary 21 AU a depth of nearly 400 fect “a tremendous flow
of water was enconntered, and futher operations were necessarily
discontinued 8

During 'ehinary, the company sank another well through harder
rock about fifty fect from the first one [Here the 1esults were almost
as spectacular Goine thhouerh the same stages as the first, the new well
had higher temperatures as the diillers worked their way down When
91 " idabe Ster e Mareh 29 1891, p. 8 ¢ 1
29 Jhid Tdoember 20 18U B R 12
23 Jhid Dicomsh 0 28018090 B¢
ot ﬂiild Devembo 31 18490 0 B ¢

.

O fhef Yonary [F IHOL R o 4
26 Tbed, Ty ML IROL p B o 2

1, Tanuary 1, 1801 p 8, ¢ 2 January 8, 18%1, p 8




Jounnar of the wisi

the main somrce was reached at M1 feet, March 12, large chunks of
voct were forced upl and the total volume (at 1707) exceeded 800,000
gullons datly * While the second well was bheing drlled, a Uinion Pa-
cilic chemist who tested the water pronoimced 1t excellent for boiler
purposes o Then one o the company stockholders, United States Sen
o Geonge T Shoup, ot the United States Department of Agriculture
to undertahe Goetul chomical tests of the water, When it turned out
o hemerc theen puore nongh for houschold use, tie company knew that
iy addition 1o a rosort 1o which they had more than enough hiot water
decady s ey had a truly  colossal hot water heater for domestic
cosingon 4 :

Satisficd with those reparts, the owners immmediately purchasod a
site Jor o natatoriom on AWarn Springs Road and began to consider going
oo the hot water huosiness Although they would be competing with
helly’s Hot Springs — a resort on the other side of Table Rock, a few
nales farthor avway — which had optied in o big way in the summer
of 1840 their natator g had more definile promise than their domes
tic hot water systern ™ Some pessimists doubted that their hot artesian
watcr woudd sty Lot or that tie supply wonld Jast indefimtely.  But
e company wont right ahead, and the promuse of being able to provide
both hot and ¢old watcr for domestic wse parve the Boise Water Works
the upper hand in their hattle for the city market  Within weeks the
Artesian company pave up the fight, conceding monopoly o be superior
to competitions after all Fhe Boise Water Wi ks absorbed their rival
moa comsolidation completed March 28 Yet the name under which
the mew corporation enverged, the Artesian Lot and Cold Water Com.
peny, stigeested the opposition company  Stock was exchanged on a
basis favaring the company that had the hot waler, two shares 1o one ™
As aconscquence ol the artesian Lol water discovery the corporate pur
poses were expanded: inadditinn (o the original “municipal, fire, sani-
tary anel miechimical purposes,” and “domestic and ornamental uses)”
the consolidated ventine assumeed authority 1o “firnish steamn for heat-
g, notive pover and mecharnica purposes 7 Inoaddition the new on-
lerprise proposed 1o “maintain sanitarninms, hotels, haths, bath houses,
ancd all other pceessary o convenient bhutldings at or near said Boise
Ciagy 72

Contaned ever the effeal of the merzer on the rate structure, the
crstoniers of Ui two companies wondered whether they wonld hase i
2o back o th aiginal high water cost proposed bofore competition had

e T Tilnuay 30 1Hm 8o 1 Belbruaey 17, 1A p B e 1 F hrunry 24, 189¢, p
Boe 1A 10 1891 B o 1 NMach 13 1891 p oS¢ 1 March 14 18Y1 p 8§ ¢ 1

SR M b 0y Pitt po Koo @ )

29N Rad e Googs T Shooap Pobruney 25 the Ll State stan, March 71491,
n 8o

W Sdahe State o Ay L9 1390 ol e 1 Darce 24 1801 p B ¢ 1

SUThid ATl 200 (800 RO, April 1 1801, p 2 ¢ 1.2 April 2, 1891, p 2 c!
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alicred the intion Fhe mierger had heen anticipated for months
Aivcy all ncithior company condd boe cxpected tosn pply water indelinitely
al it toss Deoause the competitive Artesian company had oflered nomn
inal rntes until 1G22 (e same periad that the Boise Water Waorks
Charved nothing al .|HJ and ren-onabile tates in the lutme, hiope was
(\pr('w.ul Uit i Arte o cloment in the combine night hiy 1o keep
the price scasomable adtoy the merpor - However, the original monopoly
compaiy whith alorbol it compotition had been smart enongh not
to proenisc ansthing like low changes in e future  DMoreover, their
alfer of frec sator ] PRS2 was

a oo coc tor the pubdic bt baed one B the compangy Nuledy
demmade Die nebinds those b that ot wae i o zood faith but a0t 1 it
that 30 wa 0 Bblefl e onvat conrpoam ;m«l wonld Tast only until o cone
colialition wae cFeeteds oo, as they s giving semecthing fon nothing,
et company falieh b slaascred hel S~ waltr ] may nol e
Dlamacd b e promise i onol kepl

Bor the Arte-ian Woator and Dand hinprovoment cominny alfered. i
the b nepe ol 1 vands o Tieeshe waley at 1 asanehle rates until thal
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Hine o continne to do ahe sone tharafter T By vivoe of that ofler
ICade acontaet o fumsh wicr ot casonable 1ates.” The rates were
estabdi-hod wnd peaple woccpred them andd prlaced e pipes in their
hovses Those vontrin b wore undertond 0 Diold poed il Tannary 1,
FE02 WAl the Hor and Cold watir poaple Tthe now consolidated come
pans ] oaboot one hadf ol swliom were stock halders in the Artesien com-
pany soe tao i Head the old rates o mamtaing d

Pho ot inve teel iy the Twy watos compoatics was a large sum
Nobody wilt dons thar oea oncdide prohie Should be derived Trom the
ivestnenl AMoney phaced B works of this charactor dins not holong 1o

the puabhic ol to the indivishd Pl Save ot belped the ciny mnd
added peromentIy o the woscod valustion b ina wcasure, de
cresing the vale ol tasation That, we beliove is the argnment which
the company il uc whon they By the wow s

Bt aote poves B oane sihte b T vate heold T ooren
sonnh’o Bobowdd Ve b il Syt 1o feccae farr oo
AR R TR TR TR otk i b b D i i e may gneet
IR TR I I WA R P vt cao s a toxar and many aan
T watloe 5 10 v o0 b o hisho i cempany will find o

deccasc ol pabonsce bor i 0 rconable ralb e it d, wid the
promi-c- mnde o the pabbic s kopt, e will T oo tanhle aboun it

and e sl Vo fronctlh pooplh

33 Fdaho St e Nl 31 1RUL oo
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Heat from the Lartlis Surface
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Twirmon Mirw o it Nartaromnm

Althoueh the consolid sed conpanny Jebd off Tor a while, a modest
iciouse T third of the carlion three dellar ponopaly 1ate was inposcd
Belore the mmicipal cles Geno Taly

During the carpaign for mayar and ¢ity conncil, @ combine of
the nes alor corpany and the now cledhnie stteel car conmpaty mter-
vercd inan nncapectod way o I addition to the resubin Republicons and
Demactatie ficd ola hese nniditics olfered a third paaty with a Citizens
tehet  Aith mansy of Blabos most pronient political leaders joined
(as utility investor ) i Suppaon Ve this e pendent slate, the togula
parly vrganizalion Candidates Telt thacatencd L deaperation, the Ree
publicans (who tonnalhy pielit lave hoen expected to triumyph) ap-
pealed to 1T Do ats Lo st with the it ow party ticket rather than
o desert to e wator wonba and strect coe panty The nnlity mterests

wontl to the tronble ol stvtnee g daidy nevoipaper ol thelr ovwn — ihe
Bowse Cilizcir ——as 0 campaizn argant witlhe seven editors, and gratul-
tous < henlation of overal hndied copies o 7 They had to reply

to chinges Drom the Jdadio Darhy Stalesniarn (il diny's long established
ERT 7779 B YT SO R T BLU L S PR
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Woannat SrnaNgs Avesur Sinrrr Canr

Phis M soriod the voswhonis of fasheonabdc W Springs Jdoeenwe and the citizens
of Horsee ooy spest Vher regoe ttion honrs al the Nutatoriurs Note the unpau(:d sireet

Repnblic ne organ) “against rapicity of these water hiends and maoney
cormarants.?

As o campaign issuc, the Republicans focussed npon the evils of
having the city comneil composed ol onwners and agents of the water
cornpiny withowhich the ciry would have o contract for water. Shmilar
opposition was voiced against the clectrie street cor candidates  They
aclnally swere mostly the same people ) Problems of contlict of inter-
cibovcie poited oul elearly and spedilically Onotop of that, the atil-
itics faced othor disparaping aceusations: “Is notorious that the saloons
o Main sticet ane amply supplicd with funds” fram the utilities to
swing the clection, ‘and that these saloons are now reaping a harvest 7%
Parhaps the swater and strect cnr conthine succeeded in conaling the
Main Street vole At least enough of the electorate was nnimpressed
by the possible danger of making the «ity council the agent of the water
and streel car companivs Al ally these concerns were established by
sonte of the leading citizens of Bobse i ordar to brimg progress and pros-
perity to the community - Whon the veles were counted, the water com-
pany’s Citia ns” ticked emerged on top Wb Borah, who had settled

5 Ihid Tuly 11180 p o2
s Shdd Tuly 100 I8N 2
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in Boise in the fall of 1800, Ted the Republican ticket as candidate for
city attorney and was nearly elected  But the rest of a strong party
tichet faltered against the assault of the water forces ™

Lears that domestic and municipil rates would soar alter the waler
comupany took over the ¢ity conneil (along with the rest of Boise’s aity
governmient) failcd to materializve  Since the cight-dollar a year fire
hydrant bargain nova had materialized etther, all the city business had
zone 1o the opposition company which the council had upheld in an
mstiecessinl arrangement o divide the firte contract.  So 1the new city
connei! stahilized the city s monthly bill at $114.58 — a figure close to
what the carlier council Tad figured was fair when the two companics
had becn cornpe ting

Meanwhile the consolidated water company went right ahead
with plans 1o enter the hot water business  Engaging the services of
Tohn ¢ Panlsén, a Gidented Helena anchitect who also was designing
mimsions for some of the wealthy water company investors, the com-
pany hastencd 1o haild Boise's widely admired natatorium ¥ This be-
came a show place of the Northwest. While conslruction was under-
way, interest was mounting in the prospect of hot-water heating (Until
the water could be veed at the “Nat” and for domestic heating, the com-
pany had o resort to such undistinguished outlets as strect sprinkling 10
A better disposal of the hmmense Lot water supply certainly was needed )
A large number of houses were heing built along Warm Springs Ave-
nue, where fot waler somvice was expected ' The company really
necded o seliable test of hot water heating, though  Coenscious that
theirs was a pioneer cffort in an entirely untried enterprise, these nat-
ural Lol water experimenters deeided to see how their system worked
in some of the owner’s homes  They started with the company president

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

37 Ihid. Inly 1% 1891 po 8 ¢ 0 o the ddection returns, Dorah was reportcd as losing
o {0 O Stevengon. 372 to 4 Lut a frw years Inter he was tald that he actually had
Lad more votes: the canmvas:ors simply had decided thoy had hetter make sure that the
wtility tehol eandidate bocame ity atterney  Clandius (0 Johnson, Bonarr or Ipane
(New Yok, 1936), 10 - '

38 Coumil Minutes, Septombor 2+ 1891 November 3 1892, February 2-Tuly 6, 1863,

3 C W ANoaoare went ta ITdena in April, 1891, to examine the nutaterium there and to
engage Poulsen’s sorvices Werk on the Beise *Nat” procecded rapidly. with the pool
section Toilt W fore the 1ot of the disipn was cven finished  Paulson came to Kaoise
Septrinher 92 21 after the balding contiact was let Jdaho Statcsman, Aqpial 4 1891,
poR e 3 BTay 246 189 op 8 ¢ 1 Tune A0 1891 p B ¢ 3, Tuly 2, 1801 p. B ¢ 3
September 7 1801, o 8 1 Scptember 15, 1891 po 8¢ 30 Sepromber 23 1801 . B,
e 1 Septomber 73 1895 p 8 o 4, Octoher Bh 1891 p 50 o 12 Octoher 23 3RS,
p & . 3 A hingraphical notice of Panlsen, fimm the Helena Daily Independent, April
t 1897 appeuns in Food Whiteside “The Grafy that Failed,” Montana Muagazine [\
tn 10597, o 10 At A Tt director of the Tdaho Stitc Historical Muosoum,
i5 snpaged in necnch oon Penlsn and Doise architecture, and supplied most of this
informatiom

W dahe Staresmar, Augu t 040 1801 p R ¢ 3y Idaho Demoerar (Toise). quoted in the '
Coldcod Tridme, Tinooary 30803 o600 3

41 Mehe Stut sman, Ociohes 51801 p 8 ¢ 3 May 24,1802, p 5,¢ 40
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stantial now “elegant mansion” completed at the beginning of 1892.
During February and Maich he found that his novel heating system of
natural hot water perforined beautifully.# Next door, H. B Lasuman
of the Overland Hotel followed up with similar success when his new
house was done  Yastiman's company already had suggested that the
new ity hall, as well as the fire station, resort to natural hot water
Lieating: now that feasibility was being demonstrated, at “least one-
third of the Main sireet property owners” had “evinced their willing-
ness to become the patrons 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 1o biing the community heating mvestment to
$20.000. Bt fuel savings, figured for the community at $30,000 a year,
would more than justify the expense. Tire insurance savings offexed
an additional incentive  With little heat loss expected in several miles
of pipe, and with a head “suflicient to force the water into pipes upon
the top Moor of an ordinary four or five-story building,” success for the
enter pr'ise V15 assul Cf[

A full explanation of the merits of natural hot water heating ap-
peared in the ldaho Dar'ly Statesrnan, April 2

[t is jrrobable that Boise penple do not fully realize the value of the
hot water that lows in sich abundance fron the srlesian wells It s
nnderstond inoa genoral way to be a nice idea to have houses heated by
such an azency, bul very few whose attention has not been called to the
subject appreciate what the inlluence of this method of heating will be
apon the future of the city .

There are soveral thines that can make a great city, bat of not the
least impouttange i that it should be a desirable place of residence  Busi-
ness dvantages build up a community, but it is often found that people,
while muking thir money in one city, will Live in another, because of
superior attractions of the place that they seleet for their residence, When
business advantages are cqual, the city that offers the greatest induce-
ments as a city of homes, forges ahead of its rivals: where business and
residence mdvantages are combined, as in the case of Doise, the city must
make groal progress.

The hot water supply gives the city a leverage that no other place
in the counlry (njoys; when we stop to consider whut the possibilities
of the system of heating are, that faet immediately appears. So far as
we know, coal will alwimys he expensive; so also will wood. At best,
Both wood and coal we exprnsive, and create dist and smoke  Those
who have always Lad them about the house may have hecome accustomed
to their litter, hut there is no one who would not appreciate a heating
system that would be free from all the objectionable features of the stove
and hirepluce .

In tine this hot water will come into general use  All houses will
he heated by it and the heating will he done without cure or annoyance
on the part of the eccupants, while the savings in expense will be
Cnormogs

42 Hud Odtobes 1% 1898 p & ¢ 1. bebruary 3, 1852 p 8, ¢ 1, March 20, 1892, p. 8 ¢ 2
43 Ibhid, March 30 1892 p 5 ¢ 1, November 22, 1892, p. 4, c. 1.
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Ihe poorest family with cultured tastes will be able to maintain a
conservatory Dlled with flowars the year round

Housework witl he made easy, because of the wonderful cleansing
power of the water

Faery family will L able 1o maintain & bath, without the expense
and Jdangor incuwercd o opitting in water-backs and boilers, aud it will
be a hfcgiving minaal Lath into the bargain

The new well which is proposed will probably hring boiling water,
and this, used for Dushing the scwers, will inake the health conditions
of the city perfect

Uinder plass in his back yard, every resident can produce & con
stunt supply of delicare parden products, gathering lettuee and radishes
for his table n the coldest weather

Such are o lew of the advantages that the hot wates brings to Boise

It requires no sticteh of the imagination to foresee that they will
make this place the hinovite residonce city of the Ditermountain country
It is a preat point to Lo able to say to the people whose Lusiness ia in
these monmains “We can affod you the finest residence conditions that
exist in the country.”

People quickly approdate such conditions; and we have bid 10 get
along a little further and take on more metropolitan wirs, to line these
strects for miles with the homes of men whose business reaches from
Bear I uke County in the sontheast to Kootenai County in the northwest.

While the citizens of Boise were anticipating the wonders of nat-
ural bot water heating, they had a chance to try out the large indoor
swimming pnol that artesian hot water also made possible  Completed
in time to cornmence business on May 25, 1892, the “Nat” (as the Nata-
toritm was known) inunediately became a great attraction. A grand
dedication ball, June 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 guite a dif-
ferent kind of establishment®  Nany important social affairs were
held there. including o number of inaugural balls.  Aside from the
pool or ballioom area, this large stucture (100 by 150 feet in ground
area) contained “hlty bath and dressing rcoms’ A special system
of woorden pipe brought liot water one-hall mile or more to the “Nat,”
and for heating puoposes was extended down Warm Springs Avenue
into the business district The wooden pipe, chosen to provide insula-
tion, was no innovalion: the Ilelena Natatorium {which the architect
had desigred previonsly) used that wirangement ¢ But {rom there on,
the Boise natural hot water heating pioneers went on their owi.

With no experience or precedent to guide tiem, the developers of
Boise’s hot water system had 1o gro to considerable expense to solve their
supply and distrihution problems By 1894, their two hot water wells
leaked so badly that they required packing This reduced their size so

1:1- jbl'rrf, May 26,1802 3 R ¢ 1 ]
45, Thid May 8, 189, 1n. 15 ¢ 1.2
46 lbid , May 27, 1891 p B ¢ 2.

une 3 1892 p B ¢ 1.
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mich that a thitd well (450 feet deep) had 1o be installed to restore
the original 800000 gallon daily How 7 {Yet with 550 gatlons a min-
wte, thar hist water supply was alimost as targe as all of their cold arte.
stan watdr obtained from ull's Gulch )1*¥ 0 Wooden piping had to be
abandoned i 1806 “us dangerons and useless.”™ and sewne of the other
exporiments proved futile as well as expensive @

Captaring enough hot water heating business to ahsorb their sup-
ply, the company at least 1efrained from going to the effort of develop-
ing hoiler fec hmolaey and natural hot water pc;\xm‘ Their chiel mmnova
tion turned oul Lo b commercial atilization and distribution of hot
watcr along hines guite different from the traditional resort and naota-
torinm development that required little or no mmagination to swork out.
Botse's neads vave them a pood outlet for hoonsehold and commercial
Lcating, Lt did nol encoutage power generation that the company had
considered wlong with the other possibilities Conversion of Cyrus
Jacohs” flona it water power systern into a hydioelectric plant to
opcrile cily street car scrvice came jnst ot the same time that artesian
hot waler hocame avatialde ™ Cold water ont of the river provided more
thar: cnonph cloctrrcal gencrating capacity to meet curvent needs, and
cold river water had no application {for heating houses or anything else
A Tiile over acdecade alier Boise’s Artestan Hot and Cold Water Com-
Iy boran do provide connnoretal distribntion of geothermal resonrces,
an talian enterprise nadatook geothermal power generation in 1904 8
Both ol these novel contributions 1o cconomic geology — cominercial
neothermal heating and commmarcial geathermal power — are closely
related, and both commuenced at close to the same time, if in widely
separated places

Fiforts to nerease the ot water flow led to a lot of trouble be-
fore they proved successiul With three wells of 3941, 404, and 450 fect
in depth, the company spent. a lot of money on additional new wells,
but the How did not change ™ Then atr punmips increased the hot water
supply by twenty five percent. But the original pumps proved un-
relinble, and within fmn yeuns the aiy had rasted out the metal pipes
of the entire systemn’ At that point, the company drilled a new sixteen-
inch well, enlarged ane of the others to sixteen inches, “and installed
twao ten-indh Byron facdkson Pive Stage Perpendicular Centrifugal Pumps,
hoth electriially diiven and placed one hundred and fifty feet down each

17 Borse Artesian Tot onl Cold Wiator thmpany, Tardff Rules and Regulations Govermang
' the Ui of Hot and Cold Wat e (Bosc, 1018) pp 1116
19 lsiacl € Buaell Perrismrany Bovonr on Ariesian Basins 1N SoUTHWESTERN Ipano
Anb Sotore s O e (WY shington 19037 29 30
0 Taiff Rules 16
30 Fduho Ntodoersgn Gotoher 30RO p 80 2, November 21, 1801, p 8 ¢ 2 The
State sezere toponted hat SOy Tacobs <avs 0t tnkes Foos water to jun the strect railread

thian it i bt el shich hos Leens vonserted into the powerhouse ”
A1 MiNin H . ‘ ) .
49 VWaldenoua Tindgien Grorociest Arras o tir Unrtup States, Boise Folio (Washing-

ton, 1848) 49
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well 75 Fhese new pumps succeeded pei fectly, biinging the total flow
1o 1,200.000 gallons a day. Natiral flow, however, remained at the
original 800,000 gillons that bad been constant from the beginning ~ In
spite of some carly doubt, waler temperatine never changed, so the com-
pany’s hot waler 1esoutce proved quite stable over the years.
Aside from technolopical problems, the company also had difficulty
I petting custoners W Conserve hot water  Cold water meters enabled
the company to abandon a complex rate system based upon house size
or, for conunercial customers, the kind of business. Hot water meters
proved ineflfective, althongh the flat rate of two dollars a month was
mode st indced Tor Lomes of eight tooms, or less  Larger houses ran as
Bich as thicc dollaps a wonth, certainly a competitive rate wlhen coal
cost seven o cight dollars a lon et the way the corupany explained
matters, all 1inds of unitertnnate practices had to be curbed:
He waqte and unanthorized vee of the natural hot water is enor-
i amed hae Bocomes amenzee to the dhaiency of the service. In very
cotd wiather thi= woste amonnts to a larpe peranloge of the whole and
practically adl ot it unnecessary.
S of the mest prominent ways in which the water is wasted are:
Cpening the fauoet and lerting the water yun continuousty, with the
hope of petiing more Lieat,
At hine u towe ] ar ather falnic to a fancet and allowing it to hang

Sito & wash howl o sink. bathtuh o1 et set fixture, turning the water on,
and allowing the loth ta smother the steam and noise.

Uaing hose for the sume purpase

ihining epenings not anthorized

Having a toilct attachod, and similar other ways
: All ol the ahove practices waste much watcr, and mest of them
weakon the service that i expeeted o he benehied

T etting the wati: run a very shart time will get 2s hot as it ever
will e In a house that is heated with natural hot water it will'not take
pver two minutes lo ubtain hot water at the faucets ™

With nine miles of hot water pipe, about half in large (four to
twelve inch) main lines and the other half in smaller feeders, the Boise
hot water heating syslem emerged as a stable, unvarying entexprise *
The heating system, in fact, turned out to be far more durable than the
traditional natatorinm development.  Construction materials {but not
design) of the “Nat” proved unequal to ihe strain of supporting a large
building i damy surtoundings  After forty years the frameiwvork and
trusses gol into “an extremely rotten and decaying condition % Mois-
ture from the porﬂ_ﬁg;is hlamed for the decay This unsatisfactory sit-
ualion came rather abruptly to public notice, Tuly 30, 1934, when part -
of the 1onl Blew in during a sudden twenty-minute afternoon thunder-

53 Tardf Rules, 16

54  Ihid . 22

85 Ihd., 1617

56 Iduho Statesinan, Aopust 2 1934, p 6,c 1
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storin A twenty six mile an hour wind (about as strong as Boise ever
gets) and a deluge of rain brought havoe over the community, mainly
to trees 1 he city building msp(‘ctm who thought he waslucky to get
out of the building alive, fnund the “Nat” “in an extreme state of decay
and deterioration, t‘ud(‘lln" it unsafe and extremely hazardous. . 7
when he exmmnined the situation, August 1. He concluded that “the
only thing that 1s holding the root together is the shape of the arcl: which
puts pressare on hroken beams and prevents them from caving in"%
The building could not be saved under such conditons, but the city
tock over he pool (which never had been especially pwfitdblc by 1t

self) and preserved it as a repular cutdoor 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 Waim
Sprmns Avinue, whiich the Tiot water heat line made into.the commu-
nity’s most unpmhmt 1esidential strect (in place of Grove Street, where
only one of the old mansions has survived) still has most of its outstand-
ing houses, including C "W Moore's home that pioneered the naturel
hot water systern Artesian hot water heating continues to be practical,
and more than economically competitive  Rates are determined by the
size of the hot water discharge outlet, and run around two hundred dol-
lars a winter for an average house on the system. This price includes
hot water for’ doinestic use (making a hot water heater unnecessary)
as well as [or heat # Txcept for the coldest weather, natural hot water
heat is adequate, although an auxiliary 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
gome eight years now since the temperature got down to zero, and even
when a severe cold wave strikes, the munber of hours in a year that the
ternperature runs below zeéro is very small  In a more extreme climate,
such a heating system might not be so practical

Expansion of the artesian heating system cannot be managed on
any major scale because of the 1.200,000 daily gallon limit” In the
past decade, in fact, & gradual decline in patronage has set in. As late.
as 1958, 2414 customers used artesian hot water o heat their houses or
businesses; by 1970 about 200 houses and ten or a dozen business estab-
lishments remained  New developments in the city, with some of the
old honses giving way to commercial developiment, with other natural
hot water houses displaced by the stale capitol complex (heated and

57 Fhid. and sie atso Maho Starcsman, July 31 1934, p 1, ¢ 1, p 2, ¢ 1.2, Aungust &,
1970, 1 11, 13 :

A8 ldaho Stun wmu .’\numl 3,103 n 1, ¢ 1.2, August 4, 1934, p. 5. ¢ 1-3,

50 Inform vion concerning L;;trtzll service and rates cones from the staff of the company,

Decomber 18, 1970
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cooled by an wunnatural hot andceld water system), and with urban
rencewal projects taking oat some of the vstablished business customers,
distupt the artesian heating, Systein. - No new estublishments have
adoptled natural hot water heat for ot least several years In spite of
inflation, though, wates have. pot tisen; those fortunate enough to be n
the systerm liave a prelty good and couvenient heating bargain that prom-
1ses to last a long tine. oo

Boise no longer can beast of being unique in utilizing natural hot
water for space heating Most notable of such geathermal enterprises
has heen widespread use in Iceland  Targe volumes of natural hot
water, along with important steamn fields, give seothermal heating a
great boost there. Lack of any other Taelin abundance also enhances
natural hol water as a domestic and connmercial heat source Reykjavik,
the capital, with a population close o that of Boise, commenced natural
hot water heating in 1928 and expandud the system greatly in 1942,
(In connection with the expansion project. engineers came from Iceland
to exarnine the Boise system ) One hall of all of Teeland’s heating now
comes from hol springs water, and nincty percent of Reykjavik depends
upon geothcrmal heat. Some waler comes ien miles to help heat Tce-
land’s capital, and drilling projects conlinue to expand the system. That
way less oil has to be impaorted for heating.® Geothermal heating has
come a long way since some Doise pioneers commenced to experiment
with a natural hot water systemn And with rapidly mounting concern
for environmental pollution, geothermal heating is likely to cxpand
substantially in order to give more people the advantage that its Boise
promoters saw so clearly back in 1892

Recent undergronnd nuclear tests in Nevada have developed a sys-
tem by which massive geothiermal plants might be installed in a favored
location where magma (hLot underground rock) might occur neal the
earth’s surface A nuclear device exploded at a depth of 2000 to 3,000
feet would blast a large cavity but leave it full of loose rock into which

water could be piped down [rom the surface  Steam (to supply a gener- '

ating plant in a closed systemn) would rise through a separate vent In-
stallation costs (of one million dollars or so) would be compelitive, and
Western stale nuclear comniissions would be interested. A practical site
should be in a dry area, away from springs and other underground

water to avoid widespread contamination.  So fav, no satisfactory site is -

known: the vast lava beds of the Snake River Plains, for example, have
far too much underground water to qualify ® Subject to discovery of a
suitable location, geothermal energy in the Tutare will not be restricted
1o natural steam and hot walter sites of the kind presently used.

60 Wright Britton, * Sailing Tceland’s Rugged Consts ™ National Geographic {(August, 1969).
136:240. -

61 S M. Bacton n Baise mining cnginer and s member of the Tdnho State Nuclesr Energy
Commission, montioned this kil of possibility 1o the Tdahe Commission, on Januery 19,
1971 efter returning [tom au inspection of the 900-foot cavity in the Nevada test site.
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By ARTHUR A. HART
Director, ldaho
Historical Museum
fol springy are a common
dural feature in Just about
I purts of Idaho, and in
ast parts of the state have
en developed for recrea-
nal or therapculic  use,
vurally, these Jocations
ire woll known to the onig-
al inhabignts of the region
0, and were popualar win-
ring spots for ldaho's In-

WinG,

Five mules up the river
om Noise, in a draw on the
15t side of Table Rock, once
owed the best-known wurm
rings in this part of Idaho.
s eatly as 1869, an account
v The Statesman mentions
yat a”detachment of sol-
wers from Furt Doise was
qunding, up all ol the In-
ans o town and  trans-
orhing them o their old
tounds  above  the warm
prings, where they will be
rit by themsclvea  here-
fter.”

Fear of o smallpox epl-
emic  accounted  for  this
1ove, for the article notes
nat  “'as a measure of
afety, they have all been
acipated.”

By 1871, the springs had
aen developed into a resort
ar the prople of Boise and

i Indianss Used

NWarm Springs
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Travelers to the Springs
took a “"buss’” from there —
horse-drawn, of course, The
fare ‘was twenty-five cents, .
compared to the fifty cents it
had cost fifteen years ear-
lier.

Continued declining heplth
forced Milton Kelly to return
to Boise for the winter of
1891-92. On Fcbruary '8, ‘he
deeded s Hot  Springs
Ranch and other properly to
his duughter, Mrs. Joseph
Perrault, with whom he wos
staying. When Kelly died, on
April 9, 1892, the property
passed into the hands and
management of the Per-
raults, who continued to
make Improvements in it.

The drilling of wells west
of Table Rock i 1891 led to
the establishment of the fa-
mous Natatorium and
Boise's natural hot water
system — first of its kind in
the United Stutes.,

Whether  this  was  che
cuuse of it or not, Kelly's
Hot Springs declined there-
after, although Joseph Per-
rault conducted drilling op-
eratigns there as latg as
1804,
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jeimity, ard Lhe proprietors,
dubbs & Call, were running
epular passenger carriapes
rom Boise.

The road, which was not
he muain route to ldaho City
Wt that tine, since there was
« toll road up Rocky Canyon,
ecame  knuwn  as Warm
springs Road, und has con-
inued 1o the present day as
Narm  Springs  Avenue.
subby & Call proclaimed
Lthot “"the arrangements are
tompleted for a luxurious
b.ath, ‘steam, shower, or
plunge, 15 may be desired.
Look for the wagon.™

In 1871, o Dr. Stevena ad-
vertised that he had “built o
subistantial and comfurtable
st of bhoth roomy at the hot
sprig s wnd otherwise im-

preved  thin delighyful  re-
St
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lal life at the springs
~ifs nlso picking up, agcord-

8 o these aceountn, for -

even In mid-winjer of 1876, a
Jdance was held thepe, *Tat-
ro's coach and Agngw's
bus,” hauling people 'to the
affair.
~ Milton Kelly's Hot Springs
Ranch included the springs
themselves, but the judge
leased their actual operatlon
t pthers. Through the years
the npames of James D.
Dunn, Thumas Clark, Joseph
Perrault (a son-in-luw), and
F. A McCarthy "appear in
ads for the resort.

In 1389, Kelly sold The Ida-
ho Stutesman and retired to

Hut Springs Ranch in failing -

health, He had a paralytc
struke, but was recoverced
sufficiently by September,
1891, that he could greet old
friends at the Springs. Dy
this time the new strectear
lines ran out Warm Springs
Avenue ug far as the site of
the Natatorium, then under
construction,
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computing the rate of materal rechirge’in l:hc‘

“The mpott focused an M ulmamhrp be- &
tween groundwnur pmpmg nnd np'nng

bucket.
The increases mpumpmg in the 19601 arui
19705 m: rtﬂeelod in; wnupondmg demus—

hot " level In 1982 the
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" i confident that the report is solid and will
perye s 8 foundation for determining options

and sMernatives to slow of halt the declining
;mndwhd qm&mm[hckl.um

i ('l'he 6epartmcm lon¢ hu acknowledged

' that pumping has lowered the grovmdwater
o8 established the

mth:nthﬂughamd. .
Ovczd:clnugwm — mnail or 0o gnail — the

quferm]lcmnmwdechmdﬂlcpzmt
‘Mxrch. The eror” umd
nﬁmm::hd level will drive up the cost of pumping irriga-
; ,*imm:mdmthmmmmu

he said. The dropping water

,n(btmnas.

.« Water Resources wants to gel imvolved in
i'ilhdeildhfeammlmvcryphn»m
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to dow the decline, mms@;ﬁ
ma hetppmmahungmnngm
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. Some of the options would m:lud;té\;
" Fish and Wildlifc buying water ights i
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Tmu—Newsm R

R

'I'WIN FALI_.S Four ldaho environmen--

. 1al groups have asked aguin to intervene in

the Sanke River Basin Adjudication. it -

The Idaho Conservation League, Idaho
Rivers United, 1daho Wildlife Federation
and the Northwest Resource Information
Center wanm Yo make gure the ocurt consid-
ers the pubb¢tmﬂdncb1m in the mas-
slve legal case.

Fifth District Judge Dnmel Hurlbutt, who
presides over the adjudication, raled against
the groups earlier this year: Tuesday the
groups uied l'um to rectm.ndu hm deci-
gion. ooy &

“lfyoudonldounow whr.nareyougo-
ing to do 7" said attorney Laird Lucas of
the Boise office of the Land and Waler
Fund of the Rockics, which u rqrumh.ng
the groops. - 1 . g A R

The ldjudvutwn will -affect about
150,000 water rights in the Snake River ™
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3=l FN‘r o gtate’s water ought to consides the publ:c
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thal any wates rigtits are violating the

trusi, but it should be considered,

smid. ey -

- The p‘ubhc trost docmnc is an encient
concept found in Roman law and English
commoen law, he said. 16 is based on the idea
that nobody can own certain fundamental
readurces. Water is one.

' Unlike resl progerty, water is not fixed.
uquottl fish, navigation and supplics a ve-
ricty of uses. It is something in which cv-
erybody hes an interest, Lucas said.

--To secve those yaried public interests, the
‘itate retains ownership of water and the riv-
“eq, o Inke beds. And it controls !he use of
mlcr within its boundaries.”

Walnnghtucvu\'cyon}ylhcnghtmuae
wnler Th.ey are not Gwncrshlp nghu he

¥

8, rflnolhnrvmu.owmhwtrulodmmth:

pnblnc trust cam Hmit existing weler rights,
-gaid the doc-
trine doesn’t apply.to wnl;r l.ghlg under
ldahownmhw e ELD Y

Continued from B%

“l cannot rationalize the public
trust doctrine with water nght.: in
., Jdaho" Ringen said. - . . -
“_ F Bul Lucas insists it applies. 1l has
been widely recognized and em-
; braced by the Ida.hu Supnme Caut.
. 7 thesad; -
v ngtrl.Whnop]:mcsﬂ:cgrwps
_molion, said they are asking the
count 1o limit all other water rights
“because someone who doesn’t have
_& water righl wanis 10 yse the water.”
Huributl questioned Lucas about
the effect of _periodically reviewing

water rights in the comtent of public

trust. That could make waler rights
- 50 insecure thal (armers would be

unable to get anoual operming |oans,
he said.

Lucas acknowledged that nericul-
ture and hydroelccteic pover are

very importani to the state and 1o the
Magic Valley.

"We're Dot frying to upset that ap-
ple cant,” he said. But other public =
interests ought'to be Donndcred be
said. ;

“What happens 1o fish or to :

who recreate when all the; wmr u i
removed?” he askad. ' ol

The growps also have challenged i
five individual water rights for the =<1 1
same purpose, 10 insure the coort o ! '
cmidmlhewblicmhdg.dju; i
licats
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INTRODUCTION

'~ othermal :ter presently used for spr.: —ating at Boise is diawn
Liom wells wiich 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 1530°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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'STOP'NDab17-fZV¥f“i.E:T“ji? { : fﬁﬁluﬁﬁﬁf ' _ - ;n:j.¢;j;ﬂ:
- P‘EAYITENTIARY'-HISTORIC AREA-AND QUARRY VIEW CITY PARK, BOISE, IDaHO =

'LOCATION - I ' : :

The Penitentiary hlstorlc area and Quarry View City Park are within the city
limits 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 nmorth
from Warm Springs Avenue onto 0ld Penitentiary Road. Take the first left, about
200 ft (70.m) to Quarry View City Park. Parklng and picnic areas are in the
park. A major part of the area is a public park administered by the City of
Boise and the-Idaho Historical Society. The prominant outcrop of rhyo11te
locally known' as "Castle Rock” is in private land, but at the present time,
accesgs 1s not restricted.

SIGNIFICANCE
Exposed in a long and narrow upllfted 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 and others (1975) and originally dlscussed
by Malde and Powers {1962). " Structure at the site is typical of the -~
normal-fault:-boundaries of ‘the SO—km—wlde rift=like basin of the western plaln -
The fault system is the conduit for 65°C (170°F) geothermal groundwater that
supplies the oldest geothermal heating district in the United States. On the
site are the original 1892 geothermal well-pump house and the 1870 Idaho '
-Terrltorlal Pen1tent1ary both are on the Natlonal Register of Hlstorlc Places

SITE INFORMATION

Geology
The rocky cllffs north of the park area contain representative rock
formations of upper Cenozoic volcanic and sedimerntary rocks of the western Snake
River Plain (Figs. 2 and 3). The oldest rock at ;this locality is the thyolite
of Castle Rock. It is onlapped by a SU-ft (15 m) basalt sequence. A
poorly-exposeéd,tred~and—green, layered,- sandy—clay unit 0-30 fz- (15 m) thlck _
unconformably overlies the volcanic Tocks.” At the top of this 'sequence 1s g ; S
- nearly: continuous; 205t (6-m) bluff . 7tone ‘that extends for ‘several '
- along this lowest rldbe of- the® foot e ‘fault system that’ borders the
" northwest side of the western plain- 4% a- lex zone of normal faultlnD about
two miles widei’w Rocks at this Jocality n a NW-trending elongate FEilt L
block (Fig. 1) that at this 1ocallty is abolut 2000 ft (700 m ) wide. Major .
‘down~to-south' faults’ ¥lso  occur South ofthe "Castle Rock™ locallty that aret ng
by set meath the pla 1, P i
. The sandgtone bluffy: @ppear- to:be warped by the rhyolite mass oflff’”‘
:Rock (Flg Aj.ﬁ Wa ldemar Llndgren (1898) orlolnally reported this feature as’ a




"laccollth in miniature" To interpret this structure as a laccollth the

rhyollte would have to be intrusive into the basalt and sedlments exposed on the
hill, The exposure is not good, and it is understandable how such an’ : :
1nterpretat10n was entertained, especially when his collegue, G"k" Gllbert K Heﬁ“'
eloquently argued that intrusive bodies of shallow igneous rocks “rad, 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: ' T

"at. this 1nterest1ng locallty, 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
intrusi v, In the cut at the Hot-Wwater reservoir the eandy
iz to fear 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 holocrystalline as would be expected *, and
consists of small porphyritic soda-lime feldspars (andesine)
and small augite crystals in a brownish perlitic glass w1th
many feldspar microlites.”

note® Lindgren did not recognrize this rock as a rhyclite,
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 am
intrusive laccolith (Hunt, 1980) exist at this locality: 1) no fragments of the
(10neous fock) have been discovered in the associated strata..., 2) the (10neous
rock) is in no case vesicular .... or fragmentsl..., 3) 1nc11nat10n 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 ‘strata which °
‘overlie as well as those which underlie laccoliths and sheets, are métemorphosed =

in the vicinity of the (igneous rock), and the greatest alteratlon IS found 1”,”';¥*

_the strata which are in direct contact with it...
The disturbed strata which Lindgren speaks of can be seen at this locality,
but 5?ny are more clearly disturbed by faulting than by intrusion. The arching
of t ¢ sandstone can be interpreted as subsequent tectonic warping.. The
truncation of the basalt against the rhyolite is 1nterpreted as.an onlap
relationship, and not-as an intrusive relationship. i
It is a tragedy ‘to slay a beautiful hypothe51s with a few more: ugly fac
however, the stratigraphy encountered in a number of recent ceothernal S
exploratory wells invariably shows that the thyolite is overlaln by basalt, the
clay unit and basaltlc tuffs, and finally by the sandstone and s11tstone of the
lower. Idaho Group.- ‘ s _
. Stratigraphic-names of rocks of the western Snake River Plaln oeneraliy*':"*°
follow Malde and Powers (1962). The interfingering of volcanlc, flmVlal “and”

1acustr1ne facies complicate the assignment of formational names to ‘these rocks S

Armstrong and others (1975) have shown a systematic progression of volcanlc and;f;“'“
sedimentary facies-that has migrated from west to east. In that study it"dis’
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_--shown: that at any one local section
»* one sees (from oldest to youngest)s = -
~(a) silicic volcanic rocks,. mostly..'

as ash-flow tuff deposits-w ;h

minor -basalt and sediment”

intercalations; (b) basalt flows

wlth minor intercalated sediment:
and local silicic volcanic, rocks,
and (c) lacustrine and fluwviatile

sediments complexly interstratified
Associated w1th'
this facies progression is a -
-systematic-age decrease of the

with basalt flows.

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

mantle at an average rate of 3.5
cm/yr (Morgan, 1972; Suppe and
others, 1975; Leeman, 1982). A
similar facies sequence is
exhibited on a 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 _f
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,

basalt has led to confusion, and
has been discouraged by recent.
investigators (Wood and Anderson
1981; Hart and others, 1984)

tholite of "Castle Rock"

" The daxk*rhyollte outcrops on E?fudf:.;.

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

known from recent drilling to beaEc

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

- depth of 85@-ft (260 m) beneath the: -
: Park area-and 2000 ft (610 mw) deep

use of -
- formation names such as the Banbury
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Alluvial deposits within rloodplaln of
modern streams.

Alluvial dep051gs of a° late Ouaternazy
terrace of the- Bclse River.

Landslide dep051ts ranging in dge from
late Quaterrary’ to actlue im histeric
time. :

Sandstone layers, fcldéd and dlsturbed‘
by shallow landsl;dlng prﬁor to the
Warm Sprlngs Mesa landslide. '

Gravel deposits of stream terra:es

ganerally 15 m (50 ft) atiove mcdern
streams

Sandstone, sand, gIaue1 hlgh in the

stratigraphic secticdn, but cons;dered
part of the luwer Idaho Group.

Sandstene and mlnor s;It layers uf the

lower Idaho Group.

Basalt within sediment cof the lower

Idahe Group.

Basaltic tuff, brown im color with

interbedded basalt-flows. -

Clay, maroon and. light green in color’
with interbedded thln_ark051c sand. ‘

Basalt, typically contzins ome or more ;.

flows with large plaglnclase '
phenccrysts. )

Rhyalite of "Castle Rock" L

Rhyolite of ﬁgéky_féﬂxaﬂzg, S

Granitic rocks of the Idzho bathalith,




<contact between geclogic map units, -
. dashed uhere inferred, dotted where ~* . -
Fi overlain and concealed by a younger
-1 map unit. 83 :
¥ . S
fault showing dip, and direction of relative dlsplacement.
. Dashed where location is :Lnferred, dottad where trace is
.. concealed by a younger (mbrdcen) map um.t’ querr;ed where
‘existence of fault is uncertain.’ - _
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QUARRY VIEW PARK AREA.
AND "CASTLE ROCK"
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Figure 2. Stratigraphic secticn for the westerm Snake River Plain after
Armstrong and others (1875), Struhsacker and others (1982), ard Malde and
Powers (1862), compared to upits in the Boise 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 & 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 2mm 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 materisl. 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

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 areaz. Foliation
is on sheeting and flow banding in
the rhyolite. Solid feliation
symbol 1s considered right-side-up,
~and open sympbal is considered.to
be overturned, Tswvu is a dark
rhyolite vitropfiyre; Tsvr is a _
: lavender-gray stony rhydlite, Tpb
is peorphyritic basalt, Tc is a
lacustrine clay and sand unit, and
Tils is quartz-cemented sandstone
of the Tvuerma Traho Gooup, and
Otb ¢ =+ Boise Ri- . tetiace
dgposit of late Quaternary age.

QUARRY VIEW
CITY PARK
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upper part of the flow. Foliation of flow banding in the stony rhyolite maps
into an asymmetrlc 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-fiow tuff,

and not a dome, However one cannot rule out the possibility that it is a dome-
with a nearby source vent. It is dlfflcult to distinguish between rhyolite

~ lava flows and densely welded tuffs, particularly when the tuffs have completely
remelted and remobilized as lavas. Fkren and others (1984) have shown that
these problematic rhyolite lavas are common along the margins of the Snake River
"zin. A distinctly different rhyolite bedy is encountered?ip dzill holes
beiieath the outcrops (Fig. 12). This older and underlying rhyolite has
conspicuous quartz phenocrysts in.addition to plagiociase., It is similar to
outcrops of stoay rhyolite and perlite in Rocky Canyon about 1.5 miles (2.5 km)

. NW of this area and in the canyon. 1mmed1ately north -of Table ?ock, Just 1 mlle
(1. 6 km) SE of here :

Porphffifit BaSélt .

A body of porphyrltlc basalt laps aoalnst and at places overlies the
rhyollte of. Castle Rock. . It is well exposed in-a small quarry ‘area on the slope
face about. 500 ft (150 m) east-of Castle Rock- (Flgs 3 and 9). The basalt is
dark brown with large (3 x 15 mm) plagioclase phenocrysts that are transparent
and amber-colored (Flg 13). The basalt is partly vesicular., Many vesicles and



- - fractures are filled with a variety of zeolite minerals, calcite; clay , and
o chalcedony.; Much of the basalt As dlscolored and has apparently been altered by
geothermal water. : , :

'Red.and Creen Clav Unit e :%xw%LiW;LLL;MiLLWWQLW

S n-'Agunlt of lnterbedded lamlnated green clay, red sandy clay, and arkoslc
- sand;locally overlies the hasalt. The only:good exposure of-this unit is in: an e
‘s . excavation gver the top of the hill, ~about a 1000~ ££(300 m) hike- from tie park.-
-« It can also be reached from-Roanoke Drlve (see map, Fig.l). In ‘the-wall of-this

: pit 1s a S—m sequence of ‘bedded. clay and sand layers s T R T

Sandstone

1 The clay un’t and the basalt is overlain by a 20-ft (6-m) thick unit of
-4 cliff-forming arkosic and pebbly sandstone. Mucm of the sandstone displays
t cross bedded layers 0.3 to 1 m thick, suogestlng that these basal sands were
deposited under stream or river-bed conditidns. 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 szgnlflcant thickness of clayey siltstone originally overliaid 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. Table 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 prlsoners :
quarry dleng the skyline above the park The Table Rock sandstone is much
~higher and -stratigraphically younger, yet 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 Zzones. . Cementation
is attributed to the percolation of geothermal water, bearing dlssolved silica,-
. 'into the permeable sand layers when they were still confined as aquifers within
. the less permeable siltstone section. As thermal ground waters ngrated away
from the-faults, they cooled and- precipitated silica in the voids of the arkosic -
sands . Only the relative stratigraphic age of the sandstoné is known.. It is
- " similar in lithology and setting to the Chalk Hills Formatlon of the lower- Idzho’
~-'. Group on'the south side of the Snake River Plain where intercalated: volcanic
ash layers have been dated by the f1551on—track method as late Mlocene (6. 6 -
8.6 m y Y by Kimmel (1982). : :

Structure

The site is at the border between the mountaincus province to the north

ated-by- the Idaho Batholith, &nd the- late Cenozeoic basin of*the Snake Rlverirvf?"
The margln is characterized by a2 zone of normal faults Several o7 e
rs w1de . - The fault that :runs- along the base of the-hill- beneath Castle SRR
sets the top of the rhyollte unzt 800 ft (270 m) Several fault planes S

?lk"Penltenrlary Bulldlngs to the east, One fault drops the sandstone datum dowanE
: £ (25 m), to form a: wedge—shaped plateau of sandstone:td-the east’ ;
D1p of the fault plane is typically 60° south as: measured in’ the- soE L
SE outcrops. Geophy51ca1 evidence discussed by Wood*® £1984)7 ‘indicates’  wri il
that other faults lie south.of this area in the Boise Rlver valley and have [

2

-offset the-volcanie units to depths of 4500 ft (1370 m). REL




The Geothermal SVStEm we . . ) ) . l ,:. _H- ‘::....'.A};..i.

. This area 1slthe site of the oldest space-heating development u51ng R
o_geothermal water in the:United States (Llndgren 1898; Wells, "197T). One may - 7
Cstill observe warm water seeping from the toe.of the ridge ‘and from ‘the marshy
area of- the flats late in. the summer at- thé end of the non-pumplng ‘séason. ~ ’":*7i~
. These seeps: and- springs were developed by drllllng two wells to depths of 400
~and 410 feet in 1890. Orlglnally artesian flow of water at-172 E°(66° C) was'plped
to a Natatorium and to homes and businesses along Warm Springs Avenue. As”
artesian pressure declined, pumps were. added to the wells. The pump house for «:%
_the existing Boise Warm Sprlngs Water Dlstrlct wells is built around the bases ”
of the original wooden derricks used t¢ drill the wells (Figure 9). The house
was built in 1892 and restored in 1982. Durlng the cooler 7 months of the year,
the wells are mmped at an average rate of about 500 gallons per minutes.
Maximum pumping rate for &' nrt periods of severe cold weather may reach 800 tc
1,000 gallons per minute. The water maintains a near—constant temperature cof
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 Teturns.
by lateéAugust. 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. 572 Der
100 cubic feet.

The source ef the heat and the 1mportant details of Ieplenlshment and
circulation of the geothermal ground water have not been clearly 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 éssoCisted
granular ciastic rocks.- The basaitic flow rocks and tuffs that overlie the
silicic volcanic rocks are invariably alteréed in major part to clay. This,
combined with the overlying siltstone of the lower Idaho Group, forms a ‘cdapping
unit of small permeability for the artesian system,

A conceptual model of the geothermal ground-water systems has been proposed
by Wood and Burnham (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 deep into the rocks
of the batholith,. thus creating fracture zones of sufficient permeebility 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 plainm.

- The region of the western Snake River Plain is one of high 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 plain has been
measured at 1.7 HFU (heat flow units, calories/cm sec) near the zenter and 3.U
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:thistrégion- (wood
. 1984, Fig, 5) and the northern Basin and Range (Lachenbruch-and-Sass; 1989).

cConsequently, ground water. would need.‘to .percolate to a depth’ 6f abbut 2 km tof o
achieve a -temperature of 65 C.  Water. -infiltrating the 2, 000-m- #levatisn = T
mountains. above the Boise area provides a -high dr1v1no head ‘Telativé to ther
800-m elevation of the plain, and .could concievably drive a deeply percolating 17
ground-water system. = The deep hot ground water would then rise alcohg”fractute .1 -
-zones and - spread laterally through confined layers of silicic: volcanlc'rock - :

=
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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'crusff 1,

'beneath"the_geqthermél_area. Rhyolités are probably older thaniS_m.y.ﬁand,the":

‘S:C§mithu&nd_Shéﬁ9“1979}f7 Vent§ifof Pleistoigqefﬁﬁﬁké;Riﬁéf

‘magma’ chambers.

=‘¢onégptual_mbdei'fof the geothermal-water circulation system -
must'agcgpt'ajcpnsequence'katheive:y limited permeability at
granitic rocks. . Thus, the volume:of water per unit time

hin ing replenishment .aid discharge system is necessarily small
as compared*to more cCommonly developed ground-~water systems in granular [EACE
deposits. - ) ;

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 kmnown
only from a few drill holes west of this area.

gl

LAY,

10

- @ssoclated basalts only a few million years younger (Fig. 2)." Magma"chambers in * *
ust of .that age would surely:have lost all significant hest withim: -
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Castie Rock

sandsione rhyolite

of the
. lowermost

DR idaho Group

ti

L porphyr
S4d  basal

Figure 4, View to the northeast of the Castle Rock area. It is this
view of the sandstone-draped rnyolite mass, that suggested the appearance
of a laccolith structure to Lindgren in 1888,

Figure 5. Flow banding in the
rhyelite vitrephyre.




Figure §. Sheeting in the stony

Thyolite,

i T

e

Figure 8. Horizental columrar jointing in the.

vitrophyre-—suggesting this rack was emplaced as a

dike-like sheet into
vitreopohyre.

pre-existing thyclite and

Figure 7. Pitted surface of the
hydrotfiermally altered rhyolite
caused by solution and etching of
plagioclase phenocrysts. The rack
is brecciated, and fractures are
filled with pale grezen chalcedony
that appears dark im the
photograph.. '




quarry in basalt

Capitol Mall well %1

vitrophyre dike

Figure 8. . View to the .northuest of the Boise Warm Springs Water District
"Castle Rock", and in the background, downtown EBoise.

pump house,

-Figure Y0. Porphyritic basalt

c.Mquarry" (Fig. 3) showing s large

"plagioclase phenocryst exhibiting
striations of albite twinning. Pencil ' . -

. Points tc another plagicclase Figure 11, -3asal sandst?ne_of
_bhengcryst. Spherical area is a the lower ldeho Group showing cross
clay-filled vesicle. N

bedding.
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 STOP #2

Warm Springs Mesa and fossil hydrothermal effects on arkosic sediments.

LOCATION

Prominant hill crest 1,000 feet (305 m) east of the north Timit 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.

+1iaNIFICANCE

Exposed in the westernmost 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 zeclites to
form under relatively low pressure-temperature conditiens. 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 ouicrops 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
tn the northe -t ‘

- STOP #3

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 to

17




the deepest rhyolite found in the geothermal water wells. The locality s,
accessabie by passenger car by county-maintained graded dirt road from .

Boise, or from State Route 21 near Robje Creek by way of Aldape Summit. Thé ?7“T

. Tocality is on the route of thé Boise- Idaho City Toll Road to the 80158
Basin gold fields of- more than 100 years - ago

VSIGNIFICANCE

Erosion by Cottonwood and Picket Pin Creeks here exposes the oldest of the
- rhyolites of the geotherma] system; also its contact with the ‘Idaho L
- Batholith. Here also can bé seen the dep051t1ona] contact of both rhyo11t1c
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 normai faulting, and
erosional-depositional features that document varying conditions during
accumulation of the lower Idaho Group sediments. Figure 1 shows the
distribution of- the severa] geo1og1c units exposed 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 - -
Tithology, 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 onTy from cuttings derived ¥from the
geothermal 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 -

Tithophysae-1ike structures. The tuff and interbedded gray ash’ Qcpur_ma1n1y?“” R

to the east and southeast

Basa1t1c tuff and/or a basaltic vo]can1c mudstone laps unconformably on” the: _i_'i

rhyo11te and the granite of the batholith. Nowhere has evidence been seen-

in outcrop of sedimentation or significant weathering at the’ ‘contact. In‘af

abandoned mine adit on the northeast side of the rhyolite outcrop, tuff A
with slickensides 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 rhyolite. The = °-
.-basal ‘50 feet (15 m) exposed here is largely a brown volcanic mudstone with

'f:thinf}ayérs of -basaltic tuff fragments. The upper 30 to 40 Feet (95ﬁbf12‘hfi_f

- is again fine-grained tuffaceous, ashy volcanic mudstone of a Tight brown -
color; with distinct bedding including thin beds of ashy clay.” " The main, '
central part-of the section is well-bedded, dark brown to nearly black ° '
coarse-grained -tuff made up of shards of basaltic glass and Hthic - - -
fragments, subrounded basalt grains and rare lithic fragments derived from =~ ¢
the granite. ' N

-Basaltic tuff is widespread along the Boise Front and contains flow basalt =~
- interbeds at some Tocalities, principally near and northwest of T
There are no basalt interbeds within the tuff near Rocky Canyon.
Unconformably on the volcanic rocks are fluvial sediments of the Tower Idaho
Group, Quaternary-Tertiary fanglomerate and cplluvial 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 closely-spaced, _
subparailel-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 least 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 Tower 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 stratigraphic and
structural relations. o '

Stop #4

Military Reserve and Capitol Mall geothermal well sites.

LOCATION

City of Boise and Veterans Administration geothermal wells are within the

able Rock. =

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 1 are the two Capitol Mall wnlls
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 ™ ¢

from their construction, testing and use since 1981 documents’ surface and ~':
-subsurface geologic features and the hydrolegic character of the hot-water :
aguifer system, and provides-econemic and ecological information for future
management of the geothermal resource. ST ‘
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Figure 1. Map of Boise Front area showing location of principal geothermal
wells and the Frontal Fault Zone (FF Z) 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 isa Boise City Parks well. Only the
principal boundary faults of the horst biock are shown. See
accompanying illustrations for areal structure pattern.
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* SITE INFORMATION

The Capitol Mall-Boise City-VA complex of wells are all drilled in the samé
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 _
increasing 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
sedinent. The basal units of this sequence contain a downiard-increasing
progu: Lo of hydrothermal alteration clays and generally abundant pyrite.
Chalcedony and zeolites 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 chaicedony. 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 gquartz.
Where wells drill through this unit the thickness is seen to be about 400
feet (122 m).

Arkosic sand, usually coarse to pebbly underiies the lower silicic volcanic,
and at Boise Geothermal Well #1 this overlies granite. Boise City and VA
wells are located so as to purposely be completed in or near a major normal
fault plane or fault-fracture zone where vertical displacements on silicic
#icanics 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 natural. disgharge is probably by upward seepage'
across: the confining basaltic- and Ffine-textured sedTmentary Tayers over 2

broad area.

. The attached illustrations-and tables give data on water 1eve]s, temperature’
grad1ents, water quality and well testing and completion. = &% -

24




AN

Elevation, feet
3

o - AN
: LT
i i ‘
Z5704 : : I )
TTET 7TE 2 PN 773 rack- o
rigure 3. Elevation of static water level above sea level in
representative observation well at Military Reserve
Park.
°C
78 g
o 37 7{ & °
i
i - DO
F00 i
Dot tom o
™.
\— Cemanted
» ey cxsing 12900
: N
L 8o -
- B
~= <
-:i IFO0 W
) 8,
~ : Y
u : g 1 Q .
/200 ; Figure 4. Temperature profile
: for BGL #3 after shut
daeo in for several months.
| Profile typical of all
thermal water wells,
f&001,
.y, ]
L1 %1 [ BRI et
[ ' s00 /60 F-Y-]
°F

25




e s e g

i L

Fornad v1/w¢ am /Bc:[_/
(Barmad T om i m— s
-l
| bt A Leph = 21057?'
Surface Cating to trv’
Fe-for'.r’-ra'n_r B
T2 =rory
f FaTo =t TS
lafgu =r GO W
I om 20=1nih Foudd e~ coring 15D0 -l
Sat Lo UOLHh st Bl wa Ak, e 16¥T =16 17
Zo /TREF sn LM2. ' Open hole frem [2i0 2008
P-Fid i
B&L-2 -
ooy . Depth a 7207
3 i Gurface sasing o 4727
L
s b ) i Omen hole grom firp—ppo’
e { I inak rmeface Cosing e
: s c/-); xbowa P'--J-\G"la."\, BG L-3
< Zone el CWm e Fe & ___ R .
it - Ints 14 amidies Aala Dep2l = 1997
i Surpace casing Lo G50
& Perremarioms @
. SFd =T o
I NP rre =907
~ 4 Caen hale gromme for0 ~iro7’
? | [ BEi-4
*__j‘ ! \ Deprl = L1027
Y ‘ Surmgace cavsmny o £P77
R] r
s - Pormiarnfrons
. : " p2o=Foo
: ro -2
2" Yoo -Lowe
- HNo open in/e
! I
2 2 m-2
; ) Forned productiva .:q.:u.;J z_:\ Depth = 2030
! ] T hola, I/’*’gp-"'P.-:"" Tumtace caziag Lo /;.1,:'?’
i -x "?“"“’J Jau: on parkam FQ—?:g:-s;lnn..: o
! th [lmiaed pumface ‘A.r;-l’- 5;‘{, ~2rso
f b :
! Cpon hala & #/oee Prinids Cpenlyeie e 2V 7,030
N
~,

ﬁ?ur—{‘— -5'
j;fu:e/ well construcs ran for dowe
Garthormal! Lipited awe s / Shru

aned Capsfol Afall wei’ 2,

22

28




Representative Water Quality

{Geothermal & Shaliow Cold Water)
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Specific Conductance
(micromhes/cm} 378 405 415 157 208 85
pH 8.1% g.15 B.9 7.55 6.77 7.7 7.29
Temperature, °C 78 74 72 70.5 16 4 (Cold)
Cations (mg/1) .
Calcium 3.2 1.9 1.3 16 21
Hagnesium <C.1 <0.1 0.1 2.8 0.48
Sadium B8z.6 83 79.2 10.4 23
Potass{um 1.4 1.1 0.6 i.6 0.75
$ilica (S107) 73.5 74 E5.& 38.7 27
Anions {mg/1)
Bicarbonate 137 138 142 83 -
Chloride 5.9 5.4 9 8 3.6 5
Sulfate 21.5 20 22 13 10 20
Fluoride 19.1 15.7 6.7 15 6.32 0.62

Table 1. Representative water Quaiity, Boise area.
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Table 2.

Table 2 gives representative values of transmissivity and storativity

for Capitol Mall and Military Reserve well

charge-drawdown data during flow tests.

Well Ident.

BGL-2
BGL-3
BGL-4
VA-1
e-1
CM-2
BEH

Transmissivity
qpd/ft

261,000
260,000
264,000
120,000-200,000*
230,000
271,000
112,000

$ as interpreted from dis-

Storativity
Dimensionless

1.8 x 1074
2.8 x 10-3
4.0 x 104

*Estimated from drawdown effects of pumping BGL-2.
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MISCELLANEOUS INFORMATION

Most of the pertinent information on locations, 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

1.

i

design, construction, testing, and completion follow:

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.

=1ght of-way and access restricted locations to roadways and berm tops
ithin Military Resetrve Park.

. Planned 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
Tocations.

. 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.

. State and local Taws 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 cf hole to be drilled to accept
casing and the pressure-cemented annulus needed. Size of surface casing
was further dictated by size of the production hole and casing needed,
and by the possibility that at least two hole-size reductions might be
needed below the surface casing. Such considerations further determined
the size and type of drilling equipment.

. Dritling deep, large diameter holes in or near fault zones anticipates

hole-wall instability and loss-of-circulation problems. A carefully
designed and controlied drilling mud is required. To minimize driliing
mil effects on thermal water production, only bentonite clay'mixed with
frash water was used where mud drilirg was necessary. Condifioning
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.

. Only moderate thermal-water formation pressures were encountered, and as

a 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 aguifer 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 Frontal Fault
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 level 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 jevel 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 wells is well
confined, with indicated storage coefficients of 10-4 to 10-3. A7l
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 109 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, Togs 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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Groundwater and Environmental Engineering

November 10, 2001

Carol MacGregor
1109 Warm Springs Avenue
Boise, |ID 83712

Subject: Beividere Spring Monitoring — September 26, 2001 and November 2, 2001

Dear Carol:

A summary of spring monitoring conducted on September 26, 2001 and November 2, 2001 is
provided below. The September 26, 2001 monitoring was conducted when | had the opportunity
to pass through the Cascade area on other business | contacted Sherl Chapman before taking
the measurements, but he had a previous commitment and was not avaiiable to observe Sherl
was planning to take measurements with Bob Fodrea on about October 1, but we cancelled that
event since | was able to fulfili the monthly measurement requirement on September 26. Sherl
and t were both present for the quarterly measurement event on November 2. A pianned monthly
measurement event by Bob and Sherl on about September 1 did not occur because of scheduling

conflicts.

Temperature measurements were made with a YS! modet 30 SCT meter Flow measurements
were made with v-notch weirs or with 5 5-gallon bucket and stop watch

September 26, 2001 Measurements
(by Scanlan)

Temperature Flow Rate

{Deg F) {gpm) ~Remarks

Darwin Pancheri Property

Pancheri Weir 938 13 0 17" on staff gage

Pump Return Flow 0

Pump Sumpg Surface (maximum) - 1074

Pump Sump QOverflow 1081

2" Diameter Pipeline Vent 112.8 3 20 feet (depth to water

below top of pipe)

MacGregor Property

South Spring Channel Weir 1063 45 0 28 on staff gage

Lower Hot Pool {maximum) 118 4 B

Upper Hot Pocl (maximum) 1015

Seep 10’ south of Upper Pool 1118

600 East River Park Lane, Suite 105 Telephone (208) 383-4140

Boise, Idaho 83706 Facsimile (208) 3834156



Carol MacGregor ' -2- ' November 10, 2001

November 2, 2001 Measurements
(by Chapman and Scanian)

Flow
Temperature Rate
: {Deg F) {(gpm) Remarks

Darwin Pancheri Property

Pancheri Weir 86 +/-2 13 £ 17 on staff gage

Pump Return Flow 0

Pump Sump Surface (maximum) 104.7

Pump Sump Overflow 106.9

2" Diameter Pipeline Vent 111.9 3.05 feet (gepth to water’

below top of pipe)

MacGregor Property

South Spring Channel Weir weir flooded out by irrigation

Lower Hot Pool (maximum) 117 1

Upper Hot Pool (maximum) 98.8

Seep 10 south of Upper Pool 1121
Duane Pancheri Property

Tomato Can In ,

Shop Discharge 88.0 8.0 55 sec/5 5 gallons

House Discharge 88.7 37 90 sec/5 5 gallons

Pool Inflow 589 5.6 sec/5.5 galions

Tomato Can Out

House Discharge <1 visual estimate

Pool Inflow 988 702 4.7 sec/5 5 gallons

The next two measurements are monthly events scheduled for approximately December 1 and
January 1. Sherl and Bob will conduct these events, unless | happen to be in the area at that

iime
Sincerely,
g&’? W st

Terry M Scanlan

Ce Sherl Chapman
Duane Pancheri
Darwin Pancheri
Bob Fodrez
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Groundwater and Environmental Engineering

June 3, 2002

Carol MacGregor
1109 Warm Springs Avenue
Boise, ID 83712

Subiect: Belvidere Spring Monitoring — June 1, 2002

Dear Carol:

l}f‘ RET TIVETY
[ JUN £ 4 20

A summary of spring monitoring conducted on June 1, 2002 is provided below. Sherl Chapman
assisted in measurements Temperature measurements were made with a YS! model 3¢ SCT
meter Flow measuremants were made with a 5 5-gallon bucket and stop watch

June 1, 2002 Measurements
(by Chapman and Scanlan)

Fiow
Temperature Rate
{Deg F) {gpm) Remarks

Darwin Pancheri Property

Pancheri Weir flooded

Pump Return Flow 0

Pump Sump Surface (maximum) 587 flooded

Pump Sump Overflow flooded

2" Diameter Pipeline Vent 1087 2.01 feet (depth to water

below top of pipe)

MacGregor Property

South Spring Channel Weir flooded

Lower Hot Pool (maximum) 118.8

Upper Hot Pool (maximum) 101.8

Seep 10" scuth of Upper Pool 112.3
Duane Pancheri Property

Temato Can In

Shop Discharge 8889 63 52 sec/5.5 gallons

House Discharge 892 46 71 sec/5.5 gallons

Pool Inflow 635 5.2 sec/5.5 gallons

Tomato Can Out

Shaop Discharge 50 66 sec/5.5 gallons

House Discharge <1 visual estimate

Pool Inflow ' 959 742 4 45 sec/5 5 gallons

600 East River Park Lane, Suite 105
Boise, Idaho 83706

Telephone (208) 383-4140
Facsimile (208) 383-4156




“Carol MacGregor -2- ' June 3, 2002

An updated surmmary of monitoring data is enclosed.

Sincerely,
Tmcanlan

Cce: Sherl Chapman
Duane Pancheri
Darwin Pancheri
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October 12, 2002 =13\_ R R |

Carol MacGregor
1109 Warm Springs Avenue
Boise, 1D 83712

Subject: Belvidere Spring Monitoring — October 9, 2002

Dear Carol:

A summary of spring menitoring conducted on October 9, 2002 is provided below  Sherl
Chapman assisted me in these measurements

Temperature measurements were made with a YSI model 30 SCT meter. Flow measurements
were made with v-notch weirs and a 5.5 gallon bucket with stop-watch.

Octeber 9, 2002 Measurements
(hy Chapman and Scanian)

Temperature Flow Rate

{Deg F) (gpm) Remarks
Darwin Pancheri Property
Pancheri Weir 855 11 0 18’ on staff gage
Pump Sump Surface (maximum) 104 7
2" Diameter Pipeline Vent 1126 3.18 feet (depth to water
below top of pipe)
MacGregor Property .
South Spring Channel Weir : 1015 weir washed out underneath
Lower Hot Pool (maximum) 117.0
Upper Hot Pool (maximum) 1008
Seep 18’ south of Upper Pool 110.8
Duane Pancheri Property
Tomazato Can In
Shop Discharge 803 52 64 sec/5.5 gallons
House Discharge 6.0 21 158 sec/b 5 gallons
Pool Inflow 101.5 606 5.44 sec/5 5 galions
Tomato Can Out
Shop Discharge not measured
House Discharge 1 15-20% of 5.5 galin 1 min
Pool Inflow 623 4 45 sec/5 5 gallons
600 East River Park Lane, Suite 105 Telephone (208) 383-4140

Boise, Idaho 83706 Facsimile (208) 383-4156



- Carol MacGregor -2- October 12, 2002

An updated summary of monitoring data is enclosed. Please call me with any questions
Sincerely,

Terry M Scanlan

Cc Sherl Chapman

Duane Pancherj
Darwin Pancheri
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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
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by

Kenneth W. Neely
Hydrogeologist

Open File Report
June, 1998

Idaho Department of Water Resources
Planning and Policy Division
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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 Resources (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 i1ssued 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’. Prior to 1983, the
Boise Warm Springs Water District was the only geothermal district heating system 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 Prodiction 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 Bureau 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 rapid InCreases
of the 19807, 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 (1994) predicted that injection of spent

Buisc Front Geothermal - 1



geothermal water near the new injection well Iocation 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

N
1

The four geothermal district heating systems in the Boise Front Low Temperature (85 to
212° Fahrenheit) Geothermal Resources Area (Boise Front geothermal area) are the: 1) Boise
Warm Springs Water District (BWSWD), 2) State of Idaho Capitol Mall (State), 3) City of Boise -
(City), and 4) Veterans 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 1o 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 : '

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 curtailed 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 scheduled 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 inctude: 1) annual production totals for each system
by water year (October 1 of the previous year through Septembér 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 &) heating day records for the Boise
area. This report was written so that the Idaho Departrnent 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 Front Geothermal - 3




WELIL-NUMBERING SYSTEM

The well-numbering system used in this report is 1dentical 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 U4 section (160 acre tract), Y4-Y4 section (40 acre tract), Y4-Y-Y4 section (10
acre tract), Ya-Y4-Y4-Y4 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 0OIN 01E [1DBAI corresponds to the PLSS location: NEY, NW4, SE4, Section 11,
Township I North, Range 1 East, and it was the first well inventoried by the USGS in that tract.

R1W. R1E. R.2E. R.3E. R 4E
T.3N
T.2N.
T.1N. 577
::-":. pits _ - e
T.1S. :’ ,’/Z‘%"a?
% 2 . 01N-O1E-11DBAS
r}, 18 |17 [ 16 | 15 &7 B B A_A/
2419 120 | 21 | 22 | BH %51 A
T.28. Z N chpDD_
430 |29 |28 |27 |5 |5 :
31 |32 |33 (34 |35 |36

Figure 1. Well-numbering system.
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STUDY AREA

The Boise Front geothermal area is tocated 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 of hills known
as the Boise Front Foothills lie between the Boise Mountains and the valiey 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 area for this report is the relatively small portion
of the Boise 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 systers 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 1n
the early 1990, 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)
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Some reports have been wiitten 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 (1992) presented the history of the
BWSWD system Mink (1976) summarized the testing of the Statehouse well which 1s 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 Keily (1981) reported the drilling and testing of the State
Capitol Mall #2 well Neely (1995) reported production and temperature data for the State
system for 1983 through 1994

CLIMATE AND HEATING DATA

The 30-year average precipitation (water years 1968 through 1997) for the Boise Airport
rain gauge station was 12 19 inches (National Oceanic and Atmospheric Administration) (Figure
3). The data for the last 20 water years, which s the time period that we have monitoring data
for the Boise Front geothermal system, show that: 1} water years 1978 through 1986 were

s 30-Yeur Average (1968-1997)= 12 19 inches]
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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 degiee day average (heating years 1968 through 1997) for Boise was
5757 heating degree days (National Oceanic 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)
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Figure 4. Heating degree day data for Poise for heating years 1972 through 1997
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GEOTHERMAL DEVELOPMENT IN THE BOISE AREA

The first two geothermal wells in the United States were 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 drilled to depths of
400 feet (Table 1). Although there are no well driller’s reports for the two wells, 1t is assumed
that the wells were completed 1n"the rhyolite rocks of the Idavada Group. The wells are beheved
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 other associated
faulting are interpreted to be the conduits for upward migration of geothermal water along the
Boise Front. : '

Figure 5. Original well house for the Boise Warm Springs Water District’s two geothermal production wells
(from Burnham and Wood. 1983).

v -

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 Jonger exists but the
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geothermal water 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 (Betkeley Group, Inc, 1990) BWSWD drilled a third well in 1981 about 650 feet

" northwest of the two production wells. The well, which is believed 1o be on the upthrown side
of the fault, did not encounter sufficient quantities of geothermal water for production. The well
is being used for monitoering water levels

“Table 1. Selected wells in the Boise Front geothermal area.

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 12CDDCI 587 1981 UM
State of 1daho CM #1 3N 2E 10AADAIL 2,152 1981 I
Capitol Mall

(State or CM) CM #2 3N 2E 1CAABBI 2,030 1881

| City of Boise BGL #] | 3N2E 11ABCA] | 2.008 1981
{previously ’

owned by Boise | BGL#2 3N 2E 11ABBCI 880 1981

Limited (BGL))

A
U
A
-| Geothermal BGL #3- 3N 2E 11BAAAL 1.897 1981 : A
A
A
u

BGL #4 3N 2E 11 ABCB2 1.103 1081
| veterans VA #1 3N 2E 02CDCD1 1.666 1083
Administration’
Regional | vam 3N 2E 02CBCC2 1.840 . 1083
Hospital (VA) | 4 43 3N 2E 02CBCC3 2.300 1987 ]
{ Other | BLM 3N 2E 11BABDI 1,222 1976 M

! Use codes: A = heating; I = injection; M = monitoring; U = unused.

In the mid-1970%, the increasing cost of heating created new interests in alternate heat
sources such as geothermal In 1976, EGG/INEL drilled the Burean of Land Management
- (BLM) and Beard exploration wells, along with three geothermal test holes, in the downtown

N 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
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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. is being used as the production well; Capitol Mall #1 is 2,150 feet deep and is
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 Idaho 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 Foothills
(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 (Figure 8), and 4) BGL-4, 1,103 feet. The wells were completed in the
rhyolite and interbedded sandstones of the Idavada Group.

BGL began supplying geothermal water for space heating to downtown Boise customers
in 1983 (Berkeley Group, Inc., 1990). In 1988, the City of Boise purchased BGL. Today, the
City geothermal system 1s used to heat about 1.8 million square feet which includes the City

State Capitol building is in the background.
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Hall and 42 customers (Tensen, 1996, personal communication). Used geothermal water 1s
currently 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
(Figure 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 1936.
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

- ; i - S
&9 2R Ay i

ryas
B skl I

Figure 8. Well house for the City of Boise’s BGL #3 geothermal production well.
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heating systems are: Behrman, BLM Fort
Boise Park, Kanta, Koch. Old Penitenfiary
(Botanical Gardens) and Quarry View." The

“Fort Boise Park and Koch wells préduge small
quantities of geothermal water; the dyhér wells
are not being used for withdrawals. The BLM
well, located close to the VA and City of
Boise production wells, is the primary |
observation well for the Boise g,('OtI]UI;:I{‘1Ll|
system. PP

i

Figure 9. Drilling the injection well for the City of
Boise, April 1998.

Figure 10. Production well for the Veterans
Administration Regional Hospital.
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GEOTHERMAL MONITORING DATA

Data collection for the four systems is accomplished through manual readings and

computer data loggers. The BWSWD and the State systems currently use electronic devices to

capture monitoring data  Automation of data collection using data loggers has been discussed
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-wrtten daily logs, and 2) a data logger. The BWSWD submits a summary 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

501! I!L-J'I-[\.Ei%I[I!F!I!TI\JiJlrrlllilk50

i

Production (millions of gallons)

).i::iii.iiiii;ijii; N
77 78 79 BO 8L £2 83 §31 85 85 §7 8§ §Y 90 91 92 93 94 95 94 07 9%
Years

Figure 11. Mon.thul‘y f):'oduction 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, ~ =

PRODUCTION IN MILLIONS OF GALLONS
|.Water Year_|. . BWSWD __ | . State. _ City VA .. - Total
1978 256 0 256.0
1979 3122 3122
1780 308 1 308.1
1981 239 4 2394
1982 276 0 276.0
1983 283 5 283 5
1984 300 i 1629 166.7 6297
1985 281 1 175 4 1214 5779
1986 2532 192 0 176 8 6220
1987 1833 169 1 1889 541 3
1988 199 4 138 8 123 8 462 0
1989 278 0 1200 1580 556 0
1990 2446 68.3 1223 1182 553 4
1991 2457 1776 1213 1154 660 0
1992 2433 1390 1233 1167 622 3
1993 2393 1776 156 0 1370 709 9
1994 2147 1796 1225 1374 6542
1995 2212 150 8 1299 1514 653 3
1996 226 6 1196 132 1 1862 6645
1997 212.8 1122 130 7 203 6 659 3
Average 250.9 155.0 1410 1457 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
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linés, 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).
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W ater Year ({October 1 - September 30)

Figure 12. Geothermal production by water-year for the Boise Warm Springs Water District (BWSWD),
City of Boise (City), State of Idaho Capitol Mal} (State) and Veterans Administration Regional Hospital
{VA) heating systems

The State of Idaho geothermal system went on line in Novemnber, 1982, The first
production data recorded for the systern 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

Maximurmn 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 missing; 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




Production (millions of gallons)

35 T I i 7 T T T T T T . . =T 35
: i : ; : : | m————— Daily Logs
: Computer Trend [ ogx
30 : 30
25 [ fo25
20 P20
15 =15
10 ~10
) =35
¢ —
98

Figure 13.

Monthly production for the State of Idaho Capitol Mall heating system, 1983-1997
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Figure 14.

Maximurm monthly supply and average monthly return temperatures for the State of Idaho

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 slight

T A B A
30
25
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I3

10

Production (millions of gallons)

0

86 90 91 92
Years

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’ (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 peried 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 temperatures 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’s 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
{Caiculations 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
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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 systemn for water years 1991-1997
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Figure 18. Monthly production for the four heating systems in the Boise Front geothermal area, 1977-

1997
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Figure 19. Average yeatly geothermal production for
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years 1991 through 1997 Individual percentages of
the total preduction are given for each system.
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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 Jevel responses (Berkeley Group,

1990)
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Figure 20. Hydrograph for the BLM observation well, 1976-] 998 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 {Boise 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 southetly
1 mile to the southeast corner of Sec 8; thence easterly approximately 3 miles 1o 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 I mile to the
southeast corner of Sec 32; thence southerly approximately 2 miles to the northwest
comner of Sec. 16, T3N, R3E, thence easterly 1 mile to the northeast corner of Sec. 16;
thence southerly 1 mile to the southeast corner of Sec. 16, thence easterly 1 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,
13N, R2E; thence westerly approximately 2 miles to the southwest corner of Sec 24,
I3N, R1E; thence northerly approximately 4 miles to the southwest corner of Sec. 30,
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 systemt 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 vears (Idaho 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 Jevels 1ose slightly 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!:

I

The rapid water level declines that occurred in the BLM well in the mid-19807
ceased after early 1989 Water levels increased in the BLM well from 1989
through 1994 (Figure 20). Since 1994, water ievels have declined slightly
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 1ecords 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 19973
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 in total production. However, 1f 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
vears 1968 through 1997 (Figure 3). These data suggest that recharge from
precipitation 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
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despite below average precipitation during these years Water levels declined
shightly 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 and early 1990s 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 equilibrium, despite some minor fluctuations.
The reason(s) for the new equilibrium is not fully understood but 1t 1s probably caused by: 1)
stabilized withdrawal rates since the rapid increases of the 1980’s, 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 assurning 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 systern,
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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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
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B By Charles Berenbrock

Abstract

‘ Demand:for ground water in the 600-
squale -mile Bruneau’ study area has increased
~ . since 1954 because of agricultural deve]op—— -

- ment. Declining flow at Indian Bathtub Spring -

/1§ adversely affecting a unique species of snail
that inhabits the spnng
The Bruneau study area is underlain by
S sedlmentary and volcamc rocks that form a
. regional geothermal aquifer. Sedimentary
ny IOCkS range in thlckness from zero in the.
‘southem part of the study area to more than
..‘3‘;000 feet in the noxtheastem corner. Volcanic
Lo :-IOCkS underlie the entire study area and extend
o south_wa_xd to the Jarbidge Mountains. In the
central part of the study area, the volcanic
rocks are ‘probably 2,000 to 3, 000 feet thick.
For puxposes of study, the Ieglonal 0eother‘maﬂ
'. .*aqu1fer System was divided into sedlmentaly—
E and volcanic-rock aquifers.

" Ground water flows northward through .

" " the volcanic-rock aqulfer to the sedimentary-
rock aquifer, from areas of recharge along the
Jarbidge and Owyhee Mountains into the study
area, where 1t 1s discharged as spring flow or

L }eaves the study area as underflow. Prior to

- extenswe Cqeuncl watez development, about

110,100 acre-feet was discharged by springs.
T Gxound water discharge from wells
. “began in the late 1890’s. From the 1890’

dlschalge mcxeas,_ed to about 40,600 ac:_ ~feet
1 weli discharge deelm i

" from about 700 galIon

thxeugh 1951 armual dlschaxge was’ less than :“_A 7
PR 100 gallons pet minute. -

10,000 acre- feet, From 1952 to 1978, annual )

e,_max1mum of. 4 49 900 acre-feet n 1981 to H :

Effects of:\Well Discharges on Hydraulic Heads in =~ *
and-Spring Discharges from the Geothermal = - -
‘Aquifer-System in the Bruneau Area, Owyhee
COU"tV, Southwestern Idaho RS

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

* dischar oed from wells; about 546, OOO acre-feet B

dlSChELIO‘ed from 1978 thxouch 1991 Most _ |

" pumped water is from the volcamc xock
_ aquex

Ground-water development smce the

.. _mid- 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 the"se'dimentaiy-rock ._
- ‘aquifer, two in the southern part are in‘the Vol- o
" canic-rock aquer Pumpincr has caused

hydraulic heads in the volcanic-rock aqulfer to
decline more than 30 feet i in much of the area
and at least 70 feet in one well About 1 mile .

- from Indian Bathtub Spnng, the water level
. in one well declined about 10 feet. during

1979 92, 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 thé summer

of 1989, discharge was zero. Discharge began

* to decline in the mid-1960’s when the rate of
“‘increase in pumpage accelex ated.’ In contrast,

dlschar ge from Pence, Hot Spnng has ranged
' er Imnute to about

Chances m dlSChBIUE f:om momtoxed

spnngs conesponded w1th chances m hydrau- : .. ey
. lic head, which fluctuates seasonally, and are:
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L ovhdite S "substantlally less in‘late summer than in the
W gpring Ahydrablic Head/spring discharge
relation was developed for two sites at Indian
Bathtub Spring and a nearby test hole. The

' that a-s) spring ‘discharge of 2,400 galloné pe.r
minute. would relate to a hydraulic head of.’

34 feet hloher than the head at zero spr.mg w
- discharge:

o lNTRODUCTlON

e : Bruncau thtl’e and Sugar Valleys, within the’

- ‘5600 :mi? Bruneau study area (fig. 1) in. north-central
v @wyhee County, have undergone extensive agri-
. cultural development since the turn of the century.
" Additional water i§ needed for irrigation (due to
- phasing out of “set aside” irrigated lands) in those
valleys A geohydrologic study of the same gen-
"+ erdl area by Littleton and Crosthwaite (1957) indi-
* icated-that availidble surface water was inadequate.
for allirrigable lands; They also noted that the-
regional geothermal aquifer is perhaps the most
« ! promising source for additional water. In 1980,
vl iaboiit 25:000 acres in the study area were irrigated
= . with surface water and about 20,000 acres were.
-+ imigated with:ground water (Lindholm and
. Goodell, 1986)." Young and others (1979, p. 15)
: estimated that in 1978, about 39,000 acre-ft of -
BRE N ground water was discharged from wells in the
".. study area. Pumping of ground water for unﬂatu)n
* 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 others (1990)
~ i . showed that Indian Bathtub Spring did not flow
from July through October 1989 and from July
: .+! through Septermber 1990.
£ The Brimeau Hot Springs snail is present in

D sprmgs along Hot Ciéek and the Bruneau River in -

* ‘Qwyhée County, Withih the past 25 years, flows
from momtmed spnngs have decliried; this dechne
thay have IEstrlcted thé'snail’s habitat. Several

' 'pubhc agenéies, thé general public, and Idaho’s
bon0r65510na éeleoatxon have become corcerned
Sbout the:éontinued existence of the snail. The =

2 BRUNEAU SNAIL

about: 2, 708 feet.at, the spring, which is. about z =

- 1.8 . Fish and Wildlife Service (USFWS) is con-

cerned that declines in spring flow might cause the
snail’s extinction.

urpose__}and Scope

“'In 1987, the USEWS entered into a coopera-
tive acxeement with the U'S. Geoloomal Suxvey

- (USGS) to develop and 1mplement a thr ee-phase

ground-water study of the Brurieau area. This

" study focused 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 Jarger Bruneau study area
The second phase, compléted in 1990 (Young and
others, 1990), resulted'in 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 spiing 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 geohydiology of the Bruneau study area,
including ground-water recharge, discharge, move-

" ment, and hydraulic head; (3) describing vertical

variations in hydraulic head; and (4} determuning
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' latltude to the Snake River, east
from the drainage divide between Shoofly Creek
and Little Jacks Creek to the drainage divide
between the Bruneau River and Sailor Creek—an
area of about 600 mi¥ “The study ‘area includes

e e 0 3 ey e T e T
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FBrunean, Litte (inéludes valleys of Little and Blg
Jicks Creeks); and-Sugar Valleys, which are sepa

‘rated by plateatis several-hundred feet h1ghe: th%m

~the valley fiors and inchided streams. -

' i Tonderstand the hydrology of thé Indian -

Bath'tub ared; it is necessary to determine its rela-

tion to a larger hydrologic unit, the Bruneau RJVCI =

- drainage basin (fig. 1). The basin includes the

4 " the Jarbidge® Mountams on the west by the ™ : -
" Owyhee Mountains and the Chalk Hills, on the
north by the Snake Rives, and on the east by the
Bruneau plateau. "
The study area has an arid climate Average
- annual prempltatxon on valley floprs is less than’*
10'in. and the averagé annual air temperature is
about SO°F (10°C). Rainfall is infrequent during
‘the suramer; most precipitation (which includes
snowfail-)'-is from October through March. Sum-
mers aré characterized by hot days (average daily
" maximum temperatuze is 90°F, or 32°C) and warm
nights (average daily minimum temperature is
- 54°F, or 12°C); winters are characterized by cool
el “rdays (average daily maximum temperature is 43°F,
Rrowdidigr 6°€) and cold nights (average daily minimum
AL e '»‘?itempezature is 24°F, or -4°C).
Poroiso oot The Brumeau River drainage area has a pre-
B ‘“dommantly rural population dependent on irrigated
“agriculture; - The city of Bruneau, with a 1990 pop-
* -+ ylation of about 300 people, covers several square
*-milés in the northern paxt of the area and is the
largest community: - :
Most of the Bruneau River drainage area is
Fedéral land 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
"1rr1gat10n is obtained from streams and fxom flow-
ing and pumped wells; :
.. Perennial and ephemeral streams drain the
S i study‘ area:- The ptincipal drainage is the Bruneau "
3 Te 10 “River; a perennial stream that heads in the Jarbidge

v Mountaifis and flows northward actoss the plateaus

~'ih deeply incised canyons to the Snake River.
#Many streants in the: study area are ephemeral-and ;-
“flow ofily in resporise to rainstorms or spring run-

4 BRUNEAU SNAIL

' ’aneau study area and is boundedon the south by o

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

‘Hbt' Little Jacks, and Sugar Creeks. Springs dis< ©: - !
“*charge directly to somé eréeks, like Hot Creek; but:

- in the last several years, some monitoréd Spnngs S
“ have not ﬁowed during the'summer months.

LA

Prewous Investlgat;ons
Eaﬂy stud1es of cxound wate: resources i
the Bruneau River drainage area were done by
Russell (1903), Stearns (1922), Piper (1924), and
Stearns and others (1937). Their reports focus pri-
marily on the artesian conditions Piper (1924)

.- was the first to estimate the annual withdrawal of .
- ground water from'wells. In 1954, Littleton and.
. Crosthwaite (1957) reexamined ground-water

. resources in the study area and estimated the

annual withdrawal from wells. They suggested
that further development of the 1egional geother-
mal system was possible. Ralston and Chapman

- (1969) studied ground-water 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 geothermal wells and springs in Idaho

were summarized by Ross (1971). Young and..
Mitchell (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-Grand View area

to assess the geothiermal system and its probable
sources of recharge. They also desciibed 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 possible sources.
. . of recharge. They also indicated that water-level

declinies since 1954 continued during the 1970 C

- because ground-water withdrawals exceeded -

. recharge. Renner and others.(1975).estimated

. stored heat in the geothermal system on the basis of

< s s TR 7 e




-r-a reservoir temperature of 145°C and a reservoir-

- temperature of 107°C and a reservoir volume of .

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

: = Young and Lewis (1982) developed a conceptual
- model of the geothermal system and speculated -

e probably in the Jarbidge and Owyhee Mountams

Using a heat balance equation, they estimated that. -

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

e i year is discharged by underflow from the geother- -

mal system from the Idaho-Oregon State line to
Buhl (Young and Lewis, 1982, p. 16)

Gempetle (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 Biuneau-Grand View area. Young
and Parliman (1989) collected information on well

. and spring locations, well construction, and
- hydraulic head. Water samples from 33 geother-
- mal wells and 5 springs were 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 moniioring of the zone within the regional
geothermal 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
o water. from six of the testholes :
S A Regzonal Aquifer-System Analysis
- {RASA) of the 15,600-mi® Snake River Pldin
‘began in. Octobex 1979. The main purposes of the:

- volume.of 1,300-mi’. Brook and others (1979) esti-
mated the stored heat on the basis of a reservoir, - - ;
: .- pretive RASA reports that include the Brunean

439 mi*- Young and others (1979) estimated that- -3 -
- - - description of the ground-water-flow sy'stem e

.- (Lindholm and others, 1983 and 1988); (2) a

. description of the geohydrologic framework:

7. (Whitehead, 1986 and-1992); (3) water budgets .

.- that the recharge area lies somewhexe to the south, ..

water-flow systems, determine effects of conjunc-

tive use of ground and surface wateryand describe - -

gtound -water chemlstxy {andholm 1981). Inter-

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

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 modeling 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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Well- and Spring-Number'ing' Systém

The well- and spring-numbering system used

by the U S. Geological Survey in Idaho {(example

on next page) indicates the location of wells within
the official rectangular subdivision of public lands,
with reference to the Boise base line and Meridian

The ﬁrst two seﬂments of the number de51gnate the
tOWHShlp (north Of ¢

E study were to Ieﬁne knowledge of recuonal cround-!.‘_:"—’ west) The thlrd seol”_‘

‘uth) and range (east or
nt.vwes the sectlon num—
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7 acre, and 2V3-acre tracts within each quarter se‘

i ber; four lettexs whxch mdlcate the Y4 sectmn
(160-acre tract); V4-Vs.section (40-acre tract);

=Yg section (10:acte tract) and, when needed,:

W4+ Va Y4+ Yy seétion (2¥2-acre tract); and senal
: numbex of the 'well within the tract. -
- Quarter sections are designated by the 1"'

RS :A B C;'and D in counterclockwise order from the. -

: -":'northeast quaxter of each section. Fox’fy acre; 10—

" tion are lettered in the same manner. Well 7S- 6E-
21DBC1, for example, is in the SWsNWs SEls
sec. 21, T. 7S.,R. 6 E,, and is the first well inven-
toried in that tract. Springs are designated by the

et 487 followmg the last numeral; for example

: SS 6E-3BDDIS '

GEOHYDROLOGY

_f‘ : Ihe development of a conceptual model of
the: geotherma] system in the Bruneau smdy area

“of the aquer system (2) deten‘nmmo aquifer

6 BRUNEAU SNAIL

“involved (1) descnbma the geology and boundanes_.- __

pE epemes (3) estlmatmg rccharge 10 and dlschax ge -
- from the aquifer system, and (4) detemunmg the
effects of ground-water development on the aquer_ :
7+ system. In addition to reports listed under “Previ- ©
. “ous Investigations, " geology of the study argaand ¢
© surrounding areas is discussed in repoits by Malde' e
) 'and Powers (1962) Malde and others (1963) L
' g'HazpeI (1963) and Young and Whitehead (1975) o
‘ Geolog1c structiite is dlscussed in most of these

reports. However, recent geolooxc mapping in the
area indicated that the degree 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 surnmary of the geohydmlogy of the +*

regional geothermal system is included hiere. The

- reader is referred to referenced reports for a more

complete description of thé geohydrology.

Geology

- Rocks in southwestern Idaho and nerth- cen- -

* tral Nevada range in age from Precambrian to-
* Holocene and represent a varied and complex geo-

logic hiStOI}’ “Cores of the Owyhee and. Iaxbldge
Mountains, west and south of the study area, are
composed of sedimentary and metamorphlc rocks
of Precambrian and Paleozoic age, mtruded by gra-

 nitic rocks of Mesozoic and Tertiary age The

mountalns are as much as 10 500 ft above sea level

(fig 1), Tertiary Volcamc rocks ranging 1n compo-

sition from rhyohte to basalt undetlie most of the
plateaus: Plateaus are from 4,000 to 6, 000 ft above
sea level and, at high altitudes, are 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 axeal chstnbu

*‘tion of these units is showniri figure 2.°

Pre- Cxetaceous (undlfferentxated) and g1a~

ml:lc rocks crop out only in the Jarbidge M untains
"in the Bruneau, River dzamage area (fig ' 2A) and

have not been réached by drﬂlmg in the Bxuneau
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study areg,, Youncr and Whltehead (1975, p. 12)

of the Owyhee and Jarbidge Mountains and are
similar in age and composition to the Idaho _
g AR bathohthl Theu tl'uckness is unknown. ;

. Ba :ages is present.in the e
Brune_gu vae draljx_laoe area. The older basalt _
thh con51sts chiefly of Banbury Basalt of

AIthough oldex basalt also is widespread iii the *
subsurface, ;t was not possible to correlate rock
units from the surface to the subsurface (fig 3).

unknown in much of the study area. -Young and
Wh_ttehead ( 1975) mdlcaxed that, in the Bruneau-
Grand Vmw area, the unit ranges in thickness f:om
1 .. ‘: less than 100 ft to- neaxly 1,200 ft. Ralston and
. ... . Chapman (1969,p. I7-18) indicated that the
o Banbury Basalt consists of two types: a relatively
tresh; nonaltered basalt and a highly altered
basa]t The nonaltered basalt is present mainly in
the. eastem paxt of the study area and has well.
develoPed columnar and platy horizontal Jjointing.

_ part of the study area, where a high degree of
i weathering his caused secondary mineralization in
" fractures anid ¢ cavmes (Ralston and Chaprman,
1969 P 18y -

: Szhcxc vo]camc rocks of Miocene and
Phoccne age, mcludmU Idavada Volcanics and

: of the Snake Rlver (ﬁg 2) and underlie the entire

o study atea The predommantly latitic composition
 of the Idavada Voleanics differentiates them from
the other volcanic rocks in this unit. They are
mainly thick layers of highly fractured, faulted, and
jointed devitrified welded tuff (Young and White-
‘head; 1975; p. I1). Idavada Volcanics are probably
2,000 to 3 ;0080 ft thick (Young and Lewis, 1982,
-p. -14Y; total thickness of the silicic volcanic rocks is
Iargely'ur'iKﬂOWn but-miay be as much as 7,000 ft
(McIntyre 1979 P 7—10)

. Basalt of ,P1§1stocene to Miocene age (Idaho
Gxoup) CIOpS out in one small area adjacent to the
[ - Bruneau River near Indian Bathtub (Whitehead,

) 1986 sheet b)) "Qﬁatemaxy basalt is exposed only

- g}_QIﬂl of Brunean Valley

cks probably form the coxé_: "1_‘_‘ N

oc e:agc is exposed throughout the study area; : .

I hickness of the older basalt unit is variable and is

The altered basalt is present mainly in the western -

other Ihyolmc xocks are exposed on plateaus south

Hereafter, the Tertiary and Quaternary basalt
and silicic volcanic rocks.are referred to as the vol- ettt
canic rocks ' -

-+ Alluvium is of Holocene 6 Mlocene age.

H Oldar alluyium (hereafter referred (o as sedxmem
. tary rocks) of Pleistocene to M1ocene age consists

of fluvial and lacustrine rocks and includes the

~Idaho Group. These sedimentary rocks are com-
~posedchiefly 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 thickness from 0 ft, where
they abut against basalt or silicic volcanic rocks in

- the southern part of the Bruneau area to more than

3,000 ft in the noftheastern part (fig. 4A). The dis-

- tribution of the sedimentary rocks was estimated

from drillers’ logs

" (Whitehead, 1986, sheet 2). Th1cknesses shown

probably are maximum because interbedded basalt
and silicic volcanic rocks are included. The alti-

. tude of the base of the sedlmentary IOCkS varies, as

shown in figure 4B

~ The younger aluvium 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 (L ittleton and
Crosthwaite, 1957, p. 167). Windblown rocks of

" Holocene age consist of a veneer of sand (usually

100 ft o1 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
faults are predominant (fig. 2). Young and
Whitehead (1975, p. 13 and fig. 4) indicated that
several hundred feet of vertical displacement along
major faults 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. I4). Recently, an older
northeast-trending set of faults has been mapped
(M.D. Jenks and ethers, Idaho GeoIorqcaI Suxvey,
written commun;, 1992}

GEQHYDROLOGY 7 Lo



115° EXPLANATION

‘ GEOLOGIC UNITS

Qb o - - T 1 430 ---. .. QUATERNARY
i e ST e e e
. B:m B Nt o R .. .Qa Younger alluvium
3 Qw ™y i | | . @w Windblown deposits
[ Qb Yodnger basalt

QUATERNARY AND TERTIARY

(Pléistocene, Pliocene, and Miocené)
QTb Basalt

QTes Older alluvium
(sedimentary rocks)

=
]

TERTIARY ®

Tsv Siliciec volcanic
rocks (Pliocene
and Miocene)

 5b Old'é:'-‘ basalt (Miocene)
TERTIARY AND CRETACEQUS
TXi Granitie rocks

PRE-CRETACECUS

. .pK Pre'--ijétaceous rocks,
: " undifferentiated”

" Faulis—Dashed where

‘ © approximated -
A A Liné of geologic
section
® - Well used in geologic
) .section (fig. 3)
I : Well ‘and . number not
75-5E-8BCC1 T on gg{plo'gic section
(¢ Test hole used in geclogic

s_ectibn_ (fig. 33

O Test hole and number not
65-6E-18AAB1 on geologic section

Geology from Whitebead (1986, sheet 1); . .
faults from Young znd Lewis (1982, pl. 1} IB% Indian Bathtuk Spring
} : _ I P Pence Hot Spring
116° ) . 1156 ; i
Base from US Geclogical Survey 0 10 26 MILES
1:1.000 000 maps — T —
0 10 20 KILOMETERS

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

Figure 2. Generalized geology of the Bruneau River drainage
basin and adjacent areas (A) and the Bruneau study area (B}.
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Sea lavel

‘Modified from Young and Whitehead (1875, ¢ °

tig. 6); faults from M.D. Jenks and others (Idah

Geological Survey, written commun,,' 1992)

VERTICAL EXAGGERATION x' 26

‘Geologic sections.

Figure 3.
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'EXPLANATION

-Line of equal - thickness
. of sedimentary rocks.
* Interval 500 feet

e 9500 e

%' . WeH for. which :drillei’s

-log was -available

Indzan . Bat'htﬁb: Spring

_-; Pence ﬁqt : -:Sj')'i;‘ing

Boundary of the Snake
River Plain

429 45

] .

— " : - -
118° oo° . ’ 115° 45°

_ Modified from Wh‘ifehead (1986, sheet 2)

A. Thickness qf sedimentary rocks

~ EXPLANATION

; -—-----500+ Line of equal altitude of
Sy A bagse of sedimentary rocks,
) .-1in .feet above sea level.

“7 -+ Intexwal 500 feet.

+ - Well for which driller’s
- .log was :available
L Indiin Bathtub Spring
. Pence Hot’ .Spring

Boundary of the Snake
River _Plain

427 45

118° 00"
B. ' Altitude of base of sedimentary rocks

10 o 20 MILES -
~ |

oo

e T T _
107 7 20 KILOMETERS

-

5 F:g g:r.g__;;;él; Tﬁicﬁl;ness of sedimentary rocks (A)and alf;}tijde—qf -baé_g “of “s‘.ed_i‘rrightgry_;t‘oc'ks .(B);.. '
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5 and ruBble zones of volcamc ‘
1¢ ba51s of hthoioglc logs from. dnll

ﬁ_’the ICUIOII&I “eothermal aquer system mto two

volcamc 10ck aque: An aquifer can consist of .

" 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 volcanic rocks and sedimentary.

" rocks that togethez compose the regional geother-
mal aquﬁel 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 small areal
extent (alluvium along stream channels, fig, 2).
Cold water is unconfined and recharge is from
infiltration of precipitation, sneamﬂow and
. applied irrigation water, Small quantities of
~secharge may be fxom upwald movmg geothermal
Cwater
Undeﬂymo the cold water aquex is a geo-
thexmal aquifer. Data are unavailable to ade--
. quately define hydrologlc 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 ! 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'1 and Young and others, 1990), only geother-

mal water was encountexed
_ Cold water chffers from geothermal water not

on}y 1n temperature but also in chemical and isoto-

_pic composition. Young and Lewis (1982, p J10—=

- J13) reported that cold—watex temperatures ranged

fxom 4°to 15°C, whexeas geothermal water tem-
pex atures ranfred from 27° to more than 80°C.
Coid water is oenerally a calciumt bicarbonate type
w1th a dissolved- sohds concentration of less than

. Thain parts—ihe' sedlmentary rock aqu1fer and the ;
© . curies per liter) They indicated that; on the basis of

' 1 20 rnOIL whereas geothermal water 18 oenerally a
;;sochum carhonate or bicarbonate type with'a dis= - -
solved sohd&concentxanon of less than 400 mg/L:-

Yoiing and Lewis (1982, p:'79— H 1) also Ieported

that tritinm and delta deutérium in cold—watex -
springs and wells (alluvial aquifer) ranged from 59 .-+
<> to 119 TU (tritium units) and -116'¢'-128 pérmil, -
' respectively, whereas tritium in geothermal springs - - - -
.~ and wells (sedimentary- and volcanic-rock : aqui-

- fers) was less than 1.9:TU and delta deuterium-

-+ ranged from -130 to -140 permil. {(One TU equals

a H/H ratio of about 10*%, or about 3 2 10" pico-

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-
thermal water indicate an apparentage of 18,000 to
25,000 years {Young and L ewts, 1982,

 p. J16-117).

The sedimentary-rock aquifer consists of

“unconsolidated alluvial and lacustrine deposits that

partly fill the structural depression in the study

~ area. Some volcanic rocks are interbedded within
- the sedimentary rocks Sedimentary rocks underlie
. about 500 mi? of the study area, or less than one-
* :seventh of the Bruneau River drainage area
~ (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 sedimentary 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
rocks and older basalt and on the north by younger
basalt (fig. 2A) Itis part of a more extensive aqui-
fer in the western Snake River Plain (Newtoil,
1991, p 4-7) The eastern and western bound-
aries for this study are not based on differences in
lithology but follow approximate ground-wates-
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, pi. 2) The western boundary is
assumed to be coincident with the topographic
divide between Shoofly Cieek and Little Jacks

" Crtéek. The EOpOUIaphIC divide approximates a

flow line based on the 1979 potentiometric surface

{Young and Lewis, 1982, pl. 2).” There wasn6 -
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- The sedunentary rocks consist primarily of
ﬁne sand silt, and clay of low permeability (fig, 4)
~: Fine-grained sedlmenta:y 1ocks confing or part]y
- :.conﬁne water m coarser grained sedlmentaxy '
. tocks, which are recharged by water from'the vol-

N _‘_Lcamc-xock aquer (Young and Whitehead, 1975, -

.~ p. 4). Yicld from wells completed in the sedimen-
= tary rocks ranges fmm a few gallons per minute’
from silt and clay to several hundred gallons per
minute from sand and gravel, depending on the
percentage of fine-grained rocks (Young and

... Whitehead, 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 rocks extend southward to the
Jarbidge Mountains. The base of the volcanic-rock
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 is approximately the thickness of
- the volcamc rocks (2, 000 to 3,000 ft) minus depth
' to the top of the volcanic-rock aquifer. Where

S ' .overlam by the sedlmentary-rock aquifer, thickness -
. of the voIcamc rock aquifer is estimarted to be

about 2,500 ft, probany the average thickness of

Significant movement;of ground water across these .
90 years of pumpmg

‘the volcanic rocks. For the purpose of thls study
":":the eastern and westem boundanes of the volcanic-
rock aquifer flow system are assumed to be the
'samc as those of the sedxmentazy xock aquifer,

Inthe noxthem pait of the study ared, waterin

“the volcanic rocks is ‘confined by fine-grained sed1

menta:y rocks; in the southern part, ‘Water is con-

fined by overlying dense volcanic rocks and fine--
- grained interbeds. In each of the test holes at four

sites near Indian Bathtub Spring (Young and oth-
ers, 1990), water in the hole rose to higher altitudes

 thari first-encountered water during drilling

(table 1). This indicates that water in the volcanic
rocks is confined. Three wells (11S-7E-25ACAL;’
125-8E-6ADAI, and 13S-9E-35CDC1) about 23
to 35 mi south of Indian Bathtub Spring had higher
hydraulic head than first-encountered water 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) 1ndicated 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

- .Table 1 Selected wells in the regional geothermal aqutfer system used to represent confmmg conditions in the

Bruneau River drainage basin

[Altitude of land surface in feet above sea level. Depth of well, perforated interval or open hole. depth to first-encointered water and depth to

water, in feet below {and surface]

Perforated Date Depth to
Allitude Depth interval of first- Depth
of fand of or well encountered o Date
Well No. surface  well  open hole construction water water measured Confining unit
About 23 miles south of Indian Bathtub Spring
"118-7E-25ACA1 4345 1400  20-1,400 7- -63 1,004 842 7-1-63 . Basalt
About 25 miles south of Indian Bathtub Spring )
'128-8E-6ADA1 4450 1400  40-1400 9-1-63 1.030 881 9-1-63 Silicic voleanic rocks
About 35 miles south of Indian Bathtub Spring o .
llBS-QE-SiCDCl' 5250 933 853-873, 7-16-56: 840 623 7-16-36  Rhyotite
538-653 i
Test holes : .
| 275.6E-29BBAl 5?.'83'2:5 7600 415-760  5-14:90 233 157 52350 qufaceous 51§tstone
27$-6E-34BCAIL .0 28895 681  322-681 4225907 300 211 - 4-29-90 Basalt, silt, and sand" _
28S-6E- 3BDC1 2,754.6., __480 194-480 - - . 3-31:90 .. 9% 761 - 43190  Basalt and tuffaceois silt and sand
8s- 6E ipCDi 2 837‘7 600 170-600 4- 14-90 170 158  4-17-90  Basalt .

"Data from dn]hng records on fic io the Boise ldaho. office of the U.§ Geological Survey.

2 Data from Young and others (1990}
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i _ are along faults that allow water to ﬂow upwa.td
and reach land sur"face because of sufﬁmently hlgh
= -"hydlauhc head They described Indian Bathtub
Spring as at the contact between basalt and weath~
ered tuff’ Recent geologic mapping in the study:
. area by M D Jenks and others (Idaho Geolog1cal
. Survey, written commun., 1992) indicated that
‘. basalts near Indian Bathtub are more faulted and |
fractured than previous investigators thought
M I Jenks and others also indicated that basalt in
the vicinity of Indian Bathtub Spring consists of
many flows with interbedded sediments They
noted no evidence of faultmg in the basalts or sedi-
ments-at Indian Bathtub Spring, which indicates
that the splmg is not fault related. Additional geo-
logic data are needed to determine geologic con-
trols on springs, espec1ally Indian Bathtub Spnng

Most previous investigators indicated that
-nearly all springs in the study area originate from
the volcanic-rock aquifer. Young and Whitehead
(1975) and Rightmire and others (1976) suggested

- ature, slectrical conductivity, concentrations of
gen isotopes, water from the springs has moved

- upward f;'om”the' vo}eenic rocks. Water from the
eight test holes at four sites near Indian Bathtub

~ Spring (Young and others, 1990) has essentially the
same physical _end_chenﬁcal characteristics as does
~ water from the springs, further evidence_'thet spring -

water is from the volcanic rocks.

Hydraulic Characteristics

Aquifer propetties, including transmissivity,
hydraulic conductivity, and storage coefﬁment
- affect the rate at which water moves throuC'h an -

. and areal extent of water-level declines caused by
. o'round-water development Aquifer propextles m

the study axea yary considerably because of the

_,".hetelooenexty of the rocks composing the aqui-

- feérsslug, and specific: capacuy tests.

.+ that, on the basis of the similarity of water temper-

~‘major ions, and values of stable hydregen and oxy-

:aqulfe: the amount of water in storage, and the rate

fers. Aqulfer properties were estimated. fn m aqm—';:,‘_

=, (1957, P 173)-indicated that many. of the spnngs P _T;ansmissivity and Hydraulic Conductivity .

is' transmitted through a unit width of the aqulfex o

' undel a unit hydxauhc gr; ad1ent (Lohrnan 1972,
p. ‘6) hychauhc conductwny is the capacity of a
‘Iock or unconsolidated matenal to transmit water
", ina'unit of time through a umt area ‘under a unit
5 . “hydraulic gradlent thtough a unit length of flow c
'~ (Lohman, 1972, p. 6). Transmissivity of an aqulfel -
. is 2qual to hydraulic conductivity times aquifer

thickness. Transmissivity and hydraulic conduc-
fivity were estimated from (1) four aquifer tests
conducted by private consultants, (2) five slug tests

" conducted during this stady, and (3) nomerous spe-
" cific-capacity tests conducted by drillers and

entered into the U S. Geological 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 volcanic rocks more

' than 23 mi south of Indian Bathtub Spring were

tested by Richard Young’ (U S. Geological Survey,
written commun , 1963) to determine transmissiv-

ity of the volcanic rocks. Previously, no aquifer

tests had been conducted in the study area. Well
11S-7E-25ACA1L (fig. 1), pumped at 27 gal/min for
20 min, caused a water-level decline of 24 ft; cal-
culated transmissivity was-about 25 ft*/d. Well
125-8E-6ADA1 (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 repiesents-
tive of the massive, unfractured silicic volcanic
rocks as compared to the highly fractured, more

. transmissive volcanic rocks in the Bruneau study
area. ’

Large-capacity irrigation wells in the sdy -

~area were tested by L. Mink (Momison-Kaudsen

Company, Inc., written commun., 1984) to deter-.

_mine aquifer properties. In'the first aquifer test,

transmissivities of 60, 000 frv/d and 57,000 #t¥d -

. were calculated on the basis of pressure dIawdown TR
- and recovery, respecﬂvely, in observanon well.
- 78-5E-8BCCI (fig. g T
. from purnped well 7S-SE-TABBL.(fig. 3). These

2B), located about 4,000 ft

GEOHYDROLOGY 15

Txansmlsswny (D)is the rate at which water e




7S-5E-8BCCL.1s open to 670 ft of volcanic rocks
and 410 ft of sechmentaxy rocks, whereas the

»rof993 ft; 1s open entlrely to volcanic Iocks (fig. 3).
- .In'the second aquiferitest, well 7S- 6E-22CCDA1
17 (fig 2B) flowed for 20 hours at a rate of about

2,500 gal/min; transmissivity, calculated from the

- " pressure técovery phase of the test, was about

29,000 ft¥/d from 'an open interval of 472 ft. This
* value is probably a composite 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., wntten commun., 1984) indicated that neither
of the two observation wells, the closest being 1 mi

from the production well, had any water-level
changes: The highly fractured nature of the volca-
nic rocks in the study area allows water to be

Ereadliy transmitted to wells and accounts for the

~ high txansrmsswny

. Slug '.__Feets

.  The'most éonﬁ'ﬁonly used method for analyz-
- ing water level response to a slug or bailer test,
where 4 known volume of water is instantaneously
; I“fm]ected into or removed from a well completed in
" a confined aquifer, is that of Cooper and others
(1967 p 263- 269). This method is for nonoscilla-
tory zesponses However, three of the five slug

“ tests conducted dunng this study generated oscilla-
T 'tory responses Those tests were analyzed using

~ methods developed by van der Kamp (1976) and
Klpp ( 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-transform solution that
takes into account inertial effects and well-bore

L sto:age Kipp’s method is better suited to slug tests
- _conducted during. th1s study than is van der Kamp’s

, method therefore, it was used for analysis. Analy-
. sis indicated that the oscillatory behavior was
"‘_"rcaused by inertial effects.

D g e Assumpnons made for both methods were
. ;—that (1) the aqulfex is homogeneous and isotropic,
+{2) the aquifer has uniform thickness with i imper-
meable upper ; and low,ex conﬁmng boundanes
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: n(alues probably are high because obsewanon well |

.~ pumped.well 75-SE-7ABBI, with an open interval.. .

added is instantaneous, {4) the initial potennof )
metric surface is iorizontal, (5) there are no ©° & 4L,

delayed yield effects, and (6) the water is of con-

stant density in the well boré and constant com-

- pressibility in the aquifer. Aquifers are seldomas
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
resuiting type curves, and examples of slug test
analysis are included in reports 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 85-6E-3BDC?2 and 8S-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 8S-6E-3BDC2,a
good match to the type curve with a dimensionless
storage parameter (&) of 10~ was obtained; the .
match point was ¢ = 33s 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 more 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 10 ft! (Lohman, 1972,
p.33) 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, D 38). mdxcated that a hydraulic
conductivity of 16 ft/d is within the fine-sand cate-
gory. Test hole 85-6E-3BDC3 responded more
rapidly to slugging and the test was completed

w1thm about 50 secends A good match to the type Lo
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F:gure 5. Appllcanon of method of Cooper and others (1967) to ana!ysns R
of slug tests in test hoies SS—GE-SBDca and BS-GE-SBDCS ; L
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“‘match poift was £=0:72s at Tt/r2=1 A storage

> " coefficiént of 600002 was used. Transmissivity
... -was caleulated to be about 7,500 ft/d This value
. ,. v is higher than that for test hole 85- 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

. hydratlic 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 ft/d, as determined from the
previous slug test. Therefore, the resulting value
of hydraulic conductivity for the basalt was about
-360 fi/d

Test holes 7S-6E-29BBA1, 85-6E- 3BDC1

and 8S-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 read from pressure
transducers; the dimensionless water-level dis-

' placemént (w"} was plotted against the logarithm of

" time as shown in figure 6. Kipp’s w’' canbe

equated with the H/H, of Cooper and others (1967)
by multiplying the numerator by -1 to account for
the oscillatory behavier about w=0 (w'= H/HD) A
storage coefficient of 0.0003 was used for analysis
of test holes 7S-66-29BBA1 and 85-6E-3BDC1
and 0.0004 was used for test hole 8S-6E-4DCD1.
These valules were derived by multiplying aquifer
thickness by a specific storage coefficient of
1 X 10 ft' (Lohman, 1972, p 33). The test hole’s
open interval was used as the aquifer thickness
Storage coefficients of 0.0003 and 0.0004 are rea-
sonable for confined aquifers. Data for test hole
7S-6E-29BBA1 reasonably matched the type cuive
with a damping factor (£) of 0.20 (fig. 6); the match
point was 1 =3.75s at 1=1. Calculated transmis-
sivity was 9,000 ft/d, which is low due to the large
amounts of fine-grained rocks in the vicinity of this
hole (fig 4; Young and others, 1990, fig. 2, p 3) '
A type curve with a § of 0.04 was matched to
the slug test data for test hole 8S-6E-3BDC1

{fig..6); the match point was ¢ = 25 at 7=1. Calcu- .
- lated transmissivity was 100,000 ft*/d, the highest

- estimated from the five slug tests. This high value
s beheved to be Iepresentatlve of basalt in the

“area. The hole tested is open to 285 ft of basalt and
6 it of fine sand from 219 to 225 ft (Young and oth-

: ers, 1990; fig: 2, p.'9). If the hydraulic conductivity
"2 of 16 ft/d-for sedimentary rocks in test hole
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i 88-6E-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 ft/d obtained for well
83-6E-3BDCS3 (fig. 2B). '

For test hole 8S-6E-4DCD1 (fig. ZB) a good_
match to the type curve with a { of 0.10 was
obtained (fig. 6); the match point was
t=115s at #=1. Calculated uansmissivity was
60,000 fi#/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
hydraalic conductivities of sedimentary and volca-
nic rocks in the study area. Speciﬁc'capacities'ar'c :
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 weils completed in aquifers with low trans-
missivities, Well drillers, the U.S. Geological Sur-
vEeY, 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-rock
aquifér had values ranging from 10 to about
200 (gal/min)/ft, except for well 7S-4E-23CBBI,
which had a value of 700 (gal/min)/ft. Wells
9S8-5E-4DADI, 11S-7E-25ACA1, 125-8E-
6ADAI, and 1358-9E-35CDC! are outside the
study area (fig. 1) so were excluded from further
analysis; however, these four wells are included in

-table 2 to show the hydlauhc characteristics of the

volcanic rocks uparadlent from Indian Bathtub.
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Figure 6. Applicafion of method of Kipp {1985} to analysis of slug tests
in test holes 7S-86E-29BBA1, 8S-6E-3BDC1, and 8S-8E-4DCD1.
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s Sourcs * Pumping  —wamr: Draw Spauific of iand of " Rock
. Aquifsr  Discharge Date of parised . level down | .capachty .. surface el type
 testod  Clgalimin}  measursd data thours) (M L) [{gatminy™} ") im {percent) -
1o 6S4E35ACCE Sr T80 1-30-73 D . 2LS - 56 225 8 2705 865 724-764 855-865 50%, unknown;
R : R . 304845 43%, C; 7%, §
6S4E3SADDI  Cw S0 1300 §-20-72 D In - 65 195 7 2660 329 = 72-329 - 96%. C: 3%, §
DR 1% Cand 8
48 4E35CDAL Sr 1,800 - 6-15.72 D 4 45 130 14 2,690 955  T30-810, 892-955 97%. C; 3%. S
’ . ) B70-890
65-5E.24DDD1 Sr 130 22295 D. & 40 130 1 2543 370 283-293, — 100% S
- 310-330
335-345
6S-5E-25AAA1  Cw 25 5-18-80 D 1 30 40 <l 2527 55— 45-35 100% S
- 6S-5E-26BBB!  Sr 16 6:20-76 D 1 55 95 <1 2512 205 183-205 © 90-180° - 100% C
65-SE-26BCDET - Sr 20 12:13-71 D 1 b/ DU 1 M <l 2560 - 465 . —. ... .50-465 100%.C
65-SE-35CBDI ~ §r ‘2,000 52373 - D- 9 .62 20 100 2,620 476 230-350 350476 93%,C;
- 7% Sand C
65-6E-11CECT Cw 60 42068 D 24 467 65 1 2510 160 67-77 - 80%, G and S;
T ’ : . 20%. C G.
. L . ) .- : and §
-6S-6E-12CCB1 - Sr 130 12-24-68 D 10 ‘240 - 208 1 2510 950 920-930 580-990 100% §
78-4E- ZABB) Sr 600 52669 D 12, 15 212 3 2700 M2 — - 197-342 55% S;45%. C
75-4E- 3BBCI Sr. 2380 3-30-66 D 2% . 1000 260 9 2770 1,050 100-538 538-600, 50%, C; 15%. Vi
B ‘ 780-1 050 15% Cand §; ~
. - 14%, Sand C;.
L . 6%.Sand G
7S-4E- SCCAl St 1,800 1-25-72 D 10 191 300 6 2865 0 1040 — 292-1,040 . - 58%, (3 24%. 5;
[ : : T " '10%, Ciand G;
- . . ) . - E . - 8%, Ve .
7S4E-ICDBC1-  S&r 3. 965 B, -85 .50 . 92, 29 2750 L 200-907 7 U52%. Vi 37%; C;
- R ' o : . : T - “1%: 8 and G;
. . - . 3%.CandG;
- S i 3 _ L L 1%, Sand G
7S4E-11CBG1 | CSr 3150 2-12-67 ‘D ' 73 165 19 T260 1550 - 720-1,500 - - 96%, Vr 3%, C;
: T . ‘ - e C1%.Capd G
75-4E-14ABCE St 5400 5-15-63 D 2 27 160 54 2725 1146 — 2231146 62%, Vi 1% Vi -
R T - . . - and §; 13% O -
4%, G 2%, Ve
and 3;2%.C
and G
7S4E-14CDCL St Vr 2970 10-17-63 D. 3 57 138 - 22 2755 950 — 200-950  50%, Y 25%, G
. : : L 9%, Gand G
8% Cand G;
- . . 4%.5:4%, G
7S4E-1SACDY  Sr.vr . 2830 2-18-68 D §5 103 65 44 2790 . 1065 - 246-1:065 - T1%,Vr 27%. C;
. T Lo - T . - o . o 2% ViandC '
75-4E-22BBD1 vt 400 7-11-66 D 10 114 16 25 . 2825 1000  — 330-1.000  94%.Vr 6% Ve
- FE : . and C
7S4E-23CBEL L -Vr Y 4,000 6 58 D 571 55, 700 2765 310 — 326-810 ¢ 100% Vr
7S-4E-26BCB1 Sr Vr 1500 22364 D 3 55 150 10 2150 2867 130-180 180-867 9%, Vi 6%, C;
- 3%, Cand ¥Vr
75-5E-10ADC1 Sr 1.200 4.18-83 D 6 62 48 23 2,670 564 — 168-554 100%, C
78.5E.16DDB1 St 150 72973 D 3 65 180 2 2705 190 190-160 180-13¢ 70%. S and C:
: 27%, 8:
) . . ] 3%.Gand §
75-5E-13CBB1 S Vr 3,000 41069 D 45 81 2% 10 2771 1554 (80-710, 1680-1950, "d7%,C;
' S : ER 1.070-1,180 IR 42% Vi1 8%.5;
1560—1 680 ) 3%, Vr.§,
: : g ) ) : and G
75-5E-16ACDI - St 4,000 41068 D 5 i3 160 25 2700 . 1510 _520-7[13. 1470-15100  35%.5;35%. Vo
: E : : IS . ’ : ’ 1;136-1,432 : 0% C
o= T8:5E:28BDAL < Sr Vr ¢ 1400 9.30-51 70 2,800 1003 116234 234-640, | 47%,; V1, 22%.C; |
e HES T - N - N P ; X e 19% s;

[Aqu:fer zcsted Cw. cold-water‘ Sr, sedtmcnmry-rock Vr, volcamc rock Source of data D, dnih:r ] log. US Us. Geologlcai Survcy,

omrison:Knudsen; Inc, written commun., 1984. Rock type: Vr, volcanic rocks; C, clay; S, sand; G, gravel ~Abbreviations

biols: ga.l!mm, gaﬂons per minute; ft, feet; —. no data avaﬂ ble, % less ‘than; negative value mdtcates water It;v [ aho
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700-1,003

11%, Vr, S. and

L Gil%.G




Tabie 2, Specific-capacity and construction data for wells in'the Brungau study "'a'reélﬁéﬁ't‘.fﬁ;uéd'

Statie

Aftitude CDapth Soo.vT e
Porforsted *  Open . Rock

T T e Soures: Pumplig- < water' © . Driw. Spncfﬂc aflgnd ' of g 1 Open
Aquifer Tl spered. level . downs capeclly " surtace  wel ' interval Fote' type
" temted Cdas ploci) M) ) [gauminyhy i ®m o m m {percent)
s < IS6E-I6ABB . Sp. o e BIRTE D s s e e g T gy Tieg LR 158190 100%, S
UL TSE2CEDAY CSeVe | 2450 4 .84 Y] - - - i 2,605 630 — 158630 8%, Vomm C-o .,
- SR ST 38s 3.12:91 Us -3 . 5540 741 52 : Cand G
TSE-J4BCAT ve T a3 21391 us 4 21724 5 87 . 28895 681 . — 322-681 84%, Vr; 15%, C
o R . . 2nd S; 1% §
TSEEMDADL I ve T 1o 4. .84 M - — — 204 . 2725 300 — 45-300 100% Vr
. e 3-11.91 us 1 -5.4 335 2 . : . o ’
95.SE- 4DAD!  Vr 240 123159 D =8 3N 2 126 36335 2300 1,830-2480 — 100%, Vr
USJE3SACAI Vi bl 7- 163 o <1 846 24 L 4345 jag - 20-1 400 100% Vr
I125-8E- 6ADAL  Vr 25 9. 1.63 D 24 390 H 2 4450 1400 - 40-1400. . 100%. Vr
15 12-19-89 Us 1 89382 175 3 C
138-9E-35CDCI v 2 3.14-69 D 24 637 - 24 1 5250 .. 953 853873 - 100%. Vr
L ‘ R o 938-953, o

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

- fined aquifers, specific capacity in units of gallons
per minuté per foot multiplied by 267 approxi-

- mated transmissivity in units of feet squared per

- day. This relation between specific capacity and
transmissivity was assumed to be representative of

“Sedimentary and valcanic rocks in the study area,
* For examplg; L. Mink- (Morrison-Knud_sen'_COm-
' pany, Inc.; written commun , 1984) reported that

' the specifié capacity for well 78-6E-22CCDA1

(table 2) was 111 _Cgalfrfﬁn)/ft. IF 111 is multiplied

by 267, estimatéd transmissivity is about

30,000 fiv/d; which is essentially the same as the
calculated aquifér-test value of 29,000 f1/d. This
example supports Driscoll’s assumption. The
hydraulic conductivity of the sedimentary and vol-
canic rocks was estif@ate‘d by dividing transmissiv-
ity estimated from specific-capacity data by
satufated thicknéss of the aquifer (table 3). The
estimated transmissivity and hydraulic conductiv-
ity values determined by this method ranged from
tess than 300 fi2/d and 0 1 f/d in the sedimentary-
rock atiuifer to 150,000 ft*/d and 95 ft/d in the vol-
canic-rock aquifer. ‘Values thus determined seem
“too low if the entire aquifer is not supplying water
- to the well: To correct for less than total aquifer
thickness being contributory, a common practice is

- to assumie that values of transmissivity calculated
- from specific-capacity tests apply only to the perfo-

Jated iaterval of the well (Heath, 1983, p. 61), To
“apply this valué to the entire aquifer thickness;:cal-
culhred transmissivity is divided by the length of
“the‘perforated inteival to determine hydraulic’con-
ductivity” Values: s determined then are mlt.

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 voleanic 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 voleanic-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 volcanjc 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 12S-8E-6ADAL, for example, the saturated
thickness of the volcanic-rock aquifer is about
1,470 £t [2,500 ft - 1,030 ft (table 1) = 1,470 fi
(table 3)]. Transmissivity and hydraulic conductiv-
ity determnined 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 fi/d for the volca-
nic-rock aquifer. These values are too large if that
part of the aquifer supplying water t0 the well is
thicker than the length of the perforated interval

. and (or) open hole, Hydraulic properties deter-
mined by these methods and presénted in table 3
p"r"ob_ably répresent the range of values for trans-
missiyity and hydraulic conduetivity in-the srudy
area. S
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Wi ‘-'Table 3 Estsmated transm:sswlty and hydrauhc conductwaty from specmc capacsty tests for wel]s in the Bruneau study
area : . L :

; _.E[Aqulfer wsted: Cw; coid—water; s sedlmentary-rock Vr, voicamc-rock Abbrewanons and symbols { gaffmm)lﬁ gallons per mmute per Foot ’
“fz"'ld foot squarcd per: day fr/d, feet per day; ft, foot; -~ nor data avaﬂable < less than Values-in' colomns B, F, and G are rounded]

‘Hydraulie - C Bydraalie |

conductivity  Lengthof - - conductivity
: S : S baséedon :  perforated. ~ basedon
Specific - : - total . interval. . length of |
capacity Trans- . Thickness’ saturated and(p perforated’ © . " Trans-
[(galimin)/ft] missivity . of aguifer thickness open hole interval nissivity -
Aquifer (table 2) (f2d) AFE) {E4/d) n S )
Well No. tested (A) {R=a 2 207) (%] (D=BJC) B - (F=B/E) AG=Cx )
_ 6S-4E-35ACC1, 8¢ - . 8 . - 2,140 . . 1,355 16 ) 91 24 .. 33,000
" 68-4E-35ADDI T Cw, St 7 1900 T — o — 25T =~ =
65—4E-35CDA1 Sr 14 3,700 . 1,140 i3 163 - 23 26,000
65-5E-24DDD1 &1 1 300 2,195 1 40 - 80 18,000
65-5E-25AAA1 Cw <1 <300 32 <9 10 <30 <1,000
65-5E-26BBB1  Sr <] <300 2,162 <1 110 ) <3 <6,000
63-5E-26BCD1  Sr <1 <300 2,260 <1 415 C T <2.,000
6S-5E-35CBD1  Sr 100 27,000 2,320 12 246 110 260,000
6S-6E-11CCCI Cw 3 300 30 10 10 30 500
6S-6E-12CCB1  Sr I 300 1,860 2 0 - 43 8,000
75-4E- 2ABBL . Sr 3 800 1,100 a 145 ) 53 .- 6,000
78-4E- 3BBC1 St 9 2,400 SL0z20 0 . . 24 770 o3 1. : 3,200
75-4E- 5CCAL- Sr 6 - 1,600 815 20 ) 748 21 ' 1,700
78-4E-10DBC1 - Sr 29 7,800 650 12 - 707 11 7,260
78-4E-11CBC1  Sr 19 5,100 891 57 780 65 5,800
75-4BE-14ABC1 St ' 54 14,000 410 34 923 15 6,200
78-4E-14CDC1 S, Vr 22 5,900 —_ — 750 — —
78-4E-15ACD1 S, Vr 44 ' 12,600 — —_ 819 - - —
7S-4E-2_2BBD1 Vr 25 6,700 2,500 27 670 10 . 25,000 -
75-4E-23CBBI Vi~ 700 . 190,600 2,500 76 484 390 . 980,000
7S-4E-26BCB1 St Vr 10 2,700 . _ . = 3T —
75-3E-10ADC1  Sr 25 6,700 1,678 40 : 396 | 17 . 29,000
78-SE-10DDB1  Sr 2 500 1,540 3 70 71 11,000
75-5E-13CBB1 51, Vr 10 2,700 — — 1,030 — —
- 78-5E-16ACD1  Sr 25 6,700 8_00 84 524 13 10.000
75-5E-28BDAL . Sr, Vr 70 19,000 — — 827 ) — -
75-6E-16ABB2 - Sr 1 : 300 1,153 : 3 32 9.4 11,000
78-6E-22CCDA1 S, Ve 111 30,000 — — 472 — —
52 14,000 —_— —_ 472 — _—
7S-6E-34BCAL1 - Vr - - 87 23,000 2,178 11 359 64 140,000
75--615-‘3'4DAD1 Vr 204 54,000 2,454 22 . 254 210 520,000

‘ - 32 8,500. 2,454 3.5 254 T34 . 83,000
9S-5E- 4DAD1  Vr B 120 32,000 1,500 21 ’ 600 53 80,000
$118-7E-25ACAL - Vr I i 300 1,496 - T2 396 8 g 1,200
*128-8E- GADAI Voo 2 o500 -0 - 1470 -3 370 . 14 - 2,100
8 2,100 . 1470 14 370 57 . 8400
l3S-9E 35CDC1 S vro : 1 - 300 1,660 2 35 ) 86 14,000
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" .. Storage Coefficient .

_ The storage doefficient of an aquifer is the
volume of Water Ieleased from or taken inte stor-
g€ per | unit of surface area per unit change in head
- (Lohman 1972, p 8). For confined aqulfe:s Lhe

. _from compaction of the aquifer (Heath, 1983, -

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
- overlain by sedimentary rocks, and where sedi-;
‘ mentaly rotks are absent, water in the volcanic
. 1ocks is confined by the dense volcanic rocks and
" " fine-grained mterbeds as discussed in the section,
' “Aquers ‘Storage coefficient was dete:mmed at
~l..... . only one site where observation wells were avail-
} - able (L. Mink, Morrison-Knudsen Company, Inc.,
i 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-SE-8BCC1. These values are lower than -
expected for the geothexmal aquifer if aquifer -
thickness is assumed to be the same or greater than
the well s open mterval of 1,080 ft
The rmmmum storage coefficient of conﬁned

aguifers also can be estimated by multiplying aqui- -

fer thickness by a specific storage coefficient of

" 1x 107 ft" (Lohman, 1972 p. 53). The sedimen- -

tary rocks are as mauch as 2,000 ft thick. Thickness

of the sednnentzuy rock aquifer at locations listed -

in table 3 ranges from about 400 to about 2,300 ft;

. therefore, storage coefficient is estimated to range
from about 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

~torange from about 0 0015 to 0.0025.

THE GEOTHERMAL AQUIFER
SYSTEM

D 'ment on hydxauhc heads and spring dlscharges
3 ;:,.could be determined, an understanding of the

. water ieleased fromn: storage when the hydrauhc ; .;_ .
. head dechnes comes from expansion of water and A

P 28). Thé sedlmentary rock aquifer, composed
- ¢ mainly of fine- fo coarse-grained rocks with some.

area was necessary. This involved (1) determining

natural recharge to and discharge from the geother-

mal system (2) determmmg discharge due to L
glound—water development (3) deﬁnlnv potenno

‘Tock aquers (4) Identlfymg dueo _ons of gxound—

“Water movement honzontally and veztlcally, and -

5 developmc a conceptual model of the geothei-

“mal systen. A conceptual model can 1mp10ve

: '-':undexstandmg of the geothermal system and the
‘¢ffects of ground-water development (ground--

+water discharge by wells) on water rescurces

* Natural Recharge and Discharge:

Prior to extensive ground-water development

- in-the Bruneau study area {(fig. 1), long term natural
" recharge to the geothermal system was balanced by

natural discharge, a steady-state condltlon During
steady state, there is no change in ground water
storage.

Natural recharge to the geothermal systemin
the Bruneau study area originates almost enmely
from precipitation on mountains to the south. Lit-
tleton and Crosthwaite (1957, p. 172) indicated that
the highly fractured and faulted volcanic rocks

- along the Owyhee Mountain front (similarly, along

the Jarbidge Mountain front) are highly permeable -
and permit water to infilzate and move easily. For
example, based on sparse data, they indicated that
the entire “normal flow” of Little and Big Jacks

- Creeks and other c:eeks mﬁltlates to the ground-

waler systermn. At a small expenmental 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-

- nificant quantities of water to the ground-water

system. Because mnoff'inﬁltrates near the moun-
tain front where stieams first cross faulted and frac-
tured volcanic rocks, the natma] rechaxoe is termed

: mountam fxont zechatge

© As rain falls on the volcanic Iocks or overly—

: .mﬁ shallow soﬂs, it can (1) be held as soil mois- -
‘tme 2y mﬁltrate past the 100t Zone to Iecharge the
aquer (3) mn off to stream channeis and mﬁltrate

,:f
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"9 in/yr: most is lost to evaporation, which, in the

" the soil eventually is consumed by native and

-

. study area, averages about 45 in/yr from free -« - .
. ‘;Watgr"sur‘fac:éé or from shallow lakes (Farnsworth." . -
" “and othets, 1982).” Precipitation that infiltrates

tqj gmundwaterthlough fractured, faulte&, or- areas.averaged 367,000and 10000acre—ft!y1, _
otherwise permeable streambeds, or (4) be taken - 1.

up by vegetation and transpired back to the atmo:='

respectively. Mean annual discharge at gaging

upt _ ¢ ‘ ‘stations Bruneau River ;1_}3?_11 Hot Spring (water “: .
" sphere: Precipitation at Bruneau averagesiabout - : ..years 1910 14, 1944 -80) and Big Jacks Creek -
he +.. near Bruneau (water years 194049, 1966 =80)

was 286,000 and 3,000 acre-fiyr, 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 . -

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

- rec¢eives a small amount of recharge from precip- . :
" Hot Spring gaging station; water used for irrigation

" iiation in addition o recharge from canals,

applied irrigation water, and streams. Gempetle -

(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 meéth-
ods, basin yield and hydraulic gradient (Darcy’s .

' equation).  Using the basin yield method, Kjel-
" strom (1986) estimated average annual net watet
" yield from the Bruneau River drainage basin
upstream from streamflow-gaging stations for the
period 1934-80. Net water yield is the total
amoun_t of water available from precipitation in a
drainage area. Kjelstrom (1986) estimated net
water yield by using regression analysis, Drain-
age area, mean anpual precipitation, and percent-
age of forest cover were independent variables in
the regression equation Kjelstrom (1986) esti-
mated underflow from the drainage basin
~ upstream from gaging stations as net water 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 streamfiow data at gaging stations Bruneau,

River near Hot Spring (13168500) and Big Tacks
Creek near Bruneau (13169500, fig. 1). These

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 year was used for
irrigation upstream from the Bruneau River near

" *upstream from the Big Jacks Créek gaging station

 stations agcount for more than 90 percent of the

. drainage area contributing underfiow to the

- 'B_ruriéag'§t1—;giy_:iar‘éa“_;(;I.'{.jelstrom (1986) estimated
_that during 193480, net water yield from the
Bruneau River and Big Jacks Creek drainage
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“ was negligible. Thus, natural recharge (underflow)

was calculated to be 50,000 acre-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 Tacks and Logan Creeks, has not been. -
estimated. _ N

Another method for estimating recharge to
the Bruneau study area is to apply Dar‘cy’é equa-
tion (Bouwer, 1978, p 48, ¢q. 3.13). This method
uses estimates of hydraulic gradients, aquifer
extent, and aquifer properties to gstimate under-
fiow (recharge to the Bruneau study area). Under-
flow was estimated at the southern boundary of the
Brunean 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 systern in southwestern Idaho
(Young and Lewis, 1982, pl 2) indicates that
ground-water movement is northwestward toward
the Snake River, Darcy’s equation, Q=11W, was
used to calculate underflow, where O is ground-
water discharge (length¥/time); I is transmissivity
(length?/time); 1 is hydraulic gradient (length/
length); and W is the width of the aquifer normal to

- the direction of flow (length). Wells 7S-6E-

34BCA1, 7S-6E-34DAD]1, and 95-5E-4DAD1

,: '(ﬁg.s.‘ 1 ‘a_nd_EB), representative of the volcanic-

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



, and Lems (1982 pl 2) Underﬂow was first esti- . ..

mated using conservative cstlmatcs of hydr auhc :
B conducuwty, aquifer thickness, and width of the -

i flow System:’ Transthissivity in this case was estl L

'mated by avcragmg the hydlauhc conducnv1tlcs

- multlplymg that valie by 1 ,500, the approximate -
) t’mckﬁess in feet of the volcanic- rock aguifer at .

B “well 9S-SE-4DAD]1 (table 3, column C) An aver-:

age hydrauhc conductmty 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, transmxsswuy () would be about

© 22,000 fi?/d. If the hydraulic gradient () is about
24 f/mi- (Yo_u_ng and Lewis, 1982, pl. 2) and the
‘width (W) is 35 mi, ground-water discharge (Q) is
‘calculated to be about 18,000,000 fté/d, or about -
150,000 ‘ac\x"f;-'ft/yr ‘This estimate of underflow is -

method.

tivity, aquifer thickhess, aqu1fe1 width, and hyd:au'
lic gradient make estimates by the Darcy method

for the wells Hsted abiove (table 3, columa D) and " questionable. Hydraulic conductivity for the three™ "~

nearly triple that estimated by. the basin yield

However, uncenamtxes in hydI aulic conduc-

wells used to-estimate underflow ranged from 3.5
to 22 ft/d (table 3, column D), a factor of about 9.

Using these high'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 8S-6E-3BDC1 and ™

8S-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 . gallons per minute; acre-fi/yr, acre-feet per year. Values are rounded)

" Spring . 7"’ Discharge - -
location {gal/min) References General area:
6SsE32A4 T 10 oy Little Valley
75-4E-24D 135 () Little Valley
75-4E-13 180 ¢} Little Valley
7S-5E-5 45 3) Little Vailey
" 78-6E-21D 1,200 - M Bruneau Valley
78-6E-22C 35 (&) Bruneau Valley
75-6E-22DADBI1S 1,000 o) Pence Hot Spring
75-6E-34 1,200 (124 Bruncau Valley, east of the Bruneau River including
' springs 75-6E-34DCEBIS and 7S-6E-35BBB1S
8S-6E-3BDD1S 2,200 )Y Bruneau Valley, Indian Bathtub Spring
85-6E-3° . 250 - &) Bruneau Vailey, near Indian Bathtub Spring
TOTAL= 6,255 gal/min
TOTAL=

10,100 acre'--fUYr

! Stearns and others (1937 p 148)
? Piper (1924, p. 36-37)
- 3 Gemperle (1988, p. 32-33)
* Rightmire and others (1976). :
? Linleton and Crosthwaite (1957, p. 173).
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itinseded to more accurately determine hydraulic

conductivities and tansmissivities in this area.

"t 7 Alse, nowells in the'study area have penetrated the - -

R "entue thickness of the volcanic-rock aquifer. With-

O outa mote accurate’ estlmate of saturated thlckness

- hydxauhc conductmty cannot be reliably con- -
- verted into estimates of transmissivity. Aquxfex
'1- 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 propemes is unknown. If one of the
propemes is in error by a factor of two, underflow .
~ also will be in enor by a factor of two because

" these properties are proportional to underflow

(Q). A smaller 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

. Riverand out of the Bruneau study area. Gemperle

. (1988, p. 31-34) estimated discharge from springs
" in the Bruneau- Giand View area prior to extensive
ground-water development (1922). These esti-
" mates aré probably representative of steady-state -
conditions because spring discharges did not
change significantly from 1922 to 1954 (Littleton
- and Crosthwaite, 1957, p. 173) and were revised on
the basis of more recent information and regroup-
ing of springs in the Bruneau study area Total
estimated discharge friom 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-ft/yr, if dis-
- charge is assumeéd to remain constant throughout
the year. Young and Lewis (1982, tabie 1, p. I5)
téported that several springs in the Jarbidge
Motntains had a combined discharge of about

"~ 2,000 gal/min, or 3,200 acre-it in 1978. Esnmatcs '

of undertflow to the Snake River and out of the -
* Bruneau study area were not possible because of -
inadequate data.
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cold-water aquifer.

Ground-Water Development

The Bruneau River provided water to early

_ traivelers and soon thereafter was used for irniga-
" “tion. ‘Bruneau, Little, and Sugar Valleys have sup-

ported irrigated agncu]tuze 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 (Piper, 1924, p. 33). Piper (1924, p 35) also

indicated that surface-water supply was inadequate

during the summer when streamflows are lowest
and recommended the use of ground water as a

. supplemental supply. In parts of Bruneau, Little,

and Sugar Valleys, ground water is currently the
sole source of supply.

In 1896, the first test holes were dnlled in the
lower Bruneau River Valley (near 65-5E-9AD and
6S-5E-14DC, fig. 7) in an attempt to obtain arte-
sian water from wells. That atiempt was unsuc-
cessful becausé 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
That same year, five 2-in.-
diameter wells were successfully cornpleted in Lit- -
tle Valley near a geothermal spring in the south-
eastern corner of sec. 24, T. 7S, R. 4 E (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 flowing
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 (sedirnentary-rock aqui-

" fer). The present quantity of water used for munic- -

ipal, domestic, and stock supphes is small in

_comparison with the quantity used for irrigation.

The Bruneau Water Company, which supphes the
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IRRIGATION WELLS. :

Tt

Sugar .Valley '

Little Va.lley_ S

H Brl.:.lmneau Valley
125 — )
100
75— :

50 — o
‘Well drilling began in 1856
ok (Piper, 1924, p. -39-46)

Qb : _ : i
21890 . 1900 . 1910 1820 . 1930 1940 1850 1960 1970 1980 1990
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. -.city of Bruneau, is one of the largest nonirrigation

s 0 users.of: gmund water in the study area. Dumng _

1977, 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 nonirrigation use in the
study area probably has been less than 100 acre-

ft/yr since 1991 and was not further con51dered in

this study
A substantial quantity of water has dis-
charged from the regional geothermal systemn 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 Vailey 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). The distribution 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-

~chaige as noted by Piper (1924, table 10, p. 40-45)

. because accurate recmds of flow rates were not
kept.

The number of we:lls drilled in the study area
increased slowly from 1922 to 1954 (figs. 7 and 8)
Duzing that time, annual discharge nearly doubled
(fig. 9). In 1954, Littleton and Crosthwaite (1957,
p. 174) estimated that 81 wells discharged about
22,500 acre-Tt 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 exclude wells in the Grand View area, -
-and the revised estimate of discharge from 51 wells’

" in the Bruneau study area in 1954 was about

213,000 acreft 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, respectively (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 esurnate_d by muitiply-

ing the estimated daily discharge by 100, the

average number of days wells fiowed or were

- pumped in a year (Littleton and Crosthwaite,

1957, p. 174). Annual quantities of discharge for
1922~54 were determined by interpolating
between 1922 and 1954 estimated values or by

‘using the well’s 1954 discharge value as a constant

frém 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, destroyed, or not in use was unavail-
able. This probably accounts for the declining
trend in annual discharge from 1922 to 1950 in
Liule 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
irrigated 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 others (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 interpo-
lated as previously described.

Only two irrigation wells were drilled in the

- study area during 197891 (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
Bruneau 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 totaled 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 assumed 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
O is pumpage, in acre-feet, kWh is kilowatthours
used; X is kilowatthours required to lift I 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

_ kWh{acre-fi-ft; that is, it takes slightly more-thén 1
. kilowatthour of electricity to lift I acre-ft of water-

1t (Goodell, 1988, p E19). A X value 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 wher 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 only
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 in the study area (Young
and others, 1979, p. 3).
~ From 1896 through 1991, nearly

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-ft) of the
total during 197891, or about 790 acre-ft/yr. The
percentage of annual well discharge for different
distances from Indian Bathtub Spring did not
change apprectably during 1978-91, although the
distribution of pumpage in 1922 and 1954 was
notably different (table 5). The percentage of
pumpage in 1922 and 1954 was generally greater
closer to Indian Bathtub Spring than at present,
especially 2 to 3 mi from the spring, 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 1s 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 1ocks. This assumption is probably rea-
sonable because water is transmitted through the
volcanic rocks (hwhéx hydraulic conductivity)
more easily than through the sedimentary rocks.

: For examnple, if hydraulic conductivity is 16 ft/d for
" the sedimentary rocks and 360 ft/d for the volcanic -

rocks (see section, “Slug Tests™), if both rock types
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"[acre-ft. acre-feet; %, percent >, greater than. Values arg roundedl

. Table 5 -Areal distribution of discharge from irrigation wells in the Bruneau study area, 1922, 1954, and 1978-91, at
speen‘led radial distances from Indlan Bathtub Spnng (88 -6E-3BDD15) o _

Radlal dislarlce'g,_‘!n miles, t{rom Indlan Bathtub Spring (BS--GE_-GBDD‘I_S)_

e-1, 1-2 2-3 34 4-5 5-75 715-10 10-15 >15
[aclje;:ﬂ)"'(%)': "'l(acm‘ft_)‘ul(hﬁ) {nere-ft) (%) (ac;!-ﬁ)' (%) {e“-ﬂ) {%) (ncm-_ﬂ) (%) (acre-ft) (%) (acm@) {%) (aére-ﬂ.) (%) Total

o0 o 6.0 15w 22 60 & 40 1 . g0 12 3320 53 29 4 0 o 7.150

0 .0 180, 15 2010 15 450 3 320 2 2410 18 - 5120 39 2550 20 0D 0 13,000

D..0 270, 1 L0 3 1030 3 [260 3 6630 16 79200 20° 21500 53 %00 2 40,600

o0 560, .1 3160 7 1770 4 1230 3; 6730 15 9550 21 214000 47 970 . 2 45400 5

0.0 0.70 3540 "8 1890 4 1430 3 480 15 8270 20 21000 50 1050 3 42000

o 0 5707 7 4290 9 1,800 .4 1,620 37 6320 13 8890 18 25000 S50 1400 3 49 900

¢ 0 550 1 2620 4 1940 6 - 1520 3 5600 12 8400 18 24300 3 920 2 45 900
1983 0 ¢ 840 2 2130 6 1360 4 R0 2 4490 13 7740 22 17300 49 920 3 35 600
1984 0 0 1050 .3 3460 9 1330 4 1,000 3 4180 11. . $300..22 17700 47 780.- 2 - 37800
1985 9 0 90,72 4130 11 750 2 40 O 3150 8 B350 21 20700 53 1070 .3 39 200
1986 oo 8707727 7 3100 9 1090 3 126 ¢ 2700 8 7900 22 19.900. 55 00 1 36.000
1987 0 "0 930 '3 4160 13 620 2 180 1 2450 7 7980 24 16900 Si 0 0 33,200
1988 0. 0 12003 4190 11 1420 4 31 10390 11 9060 25 16000 44 370 1 36.500
1989 0.0 900 3 2470 7 1080 3 ¢ 0% 3700 10 9510 27 17200 49 430 1 35300
1990 00 %90 3 2520 7 750 2 0 0 4190 12 9730 28 16000 47 0 0 34.200
1991 0 0 124 3150 9 1040 3 0 o 380 1 9500 28 15800 46 0 0 34,700
1978-91 : :
TOTAL ¢ 0 11000 2 44000 8 17900 3 9500 2 62700 11 121000 22 271000 50 9200 2 5460007

. Table 6. Monthly consumptive use estimates based on
evapotranspwahon by aifa!fa at Bruneau

e . [Adjusled cvapotranspxrauan data from Allen and Bmckway (1983
S e Lab]e 12,9 134—135), mim/d, millimeters per day] :

‘Adjusted Estimated
- evapo- consumptive
. : transp:rat:on use )
Month . (mm/d) (percent)
0 0
0 0
2.52 534
497 10.53
656 1390
828 17.54
8.58 18.17
7.13 . 15.10
September 541 " 11.46
~ October . ©376 "1.96
" November SV 0
0

. :December

“oare of equal thickness; and if hydraulic gradients in
 both:rock types are the same, 96 percent of the dis-
~charge nnght be f10m the volcanic rocks. Thus,
wells open to both j;he sedlmentaxy- and volcanic-
.+ Tock aquifers were treated:as if they were com-
. pleted solely.in volcanic rocks. During 1978-91,
-about 70 percent of the well discharge in Little and

canic-rock aquifer; about 90 percent of the well
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- Sugar Valleys was from wells open only to the vol-

discharge in Bruneau Valley was from the volca-
nic-rock aquifer. Volcanic rocks are the main con-

tributor of water to wells i _-‘_the study area.

An attempt was made to estunate monthly
discharge from irrigation wells whlch ‘varies
thr oughout the year, especially dunncr the irrigation
season. Littleton and Cxosthwalte {1957,.p 174)
accounted for seasonal pumping in 1954 by using a
100-day well-pumping or ﬂowmg season; Young
and othezs (1979) used the same pxoceduze only for
flowing wells that were shut-off during'nonitriga-
tion periods. One widely used method-of estimat-
ing discharge from irrigation wells incorporates
crop consumptive water use. Allen and Brockway
(1983) indicated that consumptive use is synony-
mous with evapotxanspuanon and determined the
average monthly consumptive use for alfalfa
They ad]usted the monthly consumptlve use for
station. and1ty at aneau and 97 othersites in
Idaho The; ‘onsumpnve use, values detexmmed for
the Bruneau area; by Allen and onckway (table 6)
are averages ~and Ieplesentatwe of the study area.
Where aIfaIfa ‘beans, corn, grain, and hay are
grown. Hence, monthly well discharge can be esti-
mated by multiplying each well’s annual discharge
by the monthly percentage of consumptive use

. (table 6). Only wells that had pumps were used for

this analysis.
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.+ - Young.and others (1979) calculated ground: -
.., water pumpage in 1978 by summing monthly dis-

,:5“ charges; estlmatedfxom electrical powe1 data. Only

* . annual electrical power data were.available for

'.f“_,subsequent years The relauon between 197

use and fmm IE;ZII';Cal powex data is shown

ure 11 Well 1schaxge estirnated. by the con
“tive use method generally was within 3 percent of
that esnmated from electrical power data. The .
largest dlscxepanmes 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 irmigation water décreased. Under
 those conditions, well discharge estimated from
electrical power data would be les§ 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

. .normatl.

The purpose of developing monthly estimates
of ground-water pumpage by the consumptive use
method 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 5 springs in the study area

have been measured monthly (Young and Parli-
man, 1989; Young and others, 1990). Since April
1994, six test holes near Indian Bathtub Spring
have been equipped with continuous water-level
recorders (Young and others, 1990). 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 discharged by flowing
wells. The monthly distribution of well discharge’
for.1990-91 1s shown in figure 12. The abundance
of precipitation during the last 10 days of May
1990 (1.04 in.), compared with the average, less-

. engd the need for irrigation water in May and June.

.. As a result, actual well discharges were probably : ;

less than those estimated by the consumptive use
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method. The decreaéé in WeI.l' disbﬁaige corte-

_:sponded to an increase in hydraulic heads, as
shown by the water levels in well 85-6E-3BDC1

(ﬁg 12). Conversely; the lack of prempltatlon dur- 3

mg June through Octobel 1990 M"” ch 1991, and

actual wcll d:schax geldunng those i

plobably greater than that estimated by the con-
sumptive use method, The lack of precipitation in
July and August 1991 corresponded to greater
water-level declines, as shown by the hydrograph
for well 85-6E-3BDC1, 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 and Qctober 1991 were probably represen-

. tative of actual well discharges because of neat-

average precipitation that corresponded to rising
water levels (fig. 12)

Potentiometric Surfaces and Water
Movement

Generally, ground water fiows 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 definéd by Young and Lewis (1982,
pl 2) on the basis of water-level measurements
made in spring 1979 That surface is considered .
representative of piedevelopment conditions, prob‘e"f
ably unaffected by pumping. The potentiometric
surface slopes steeply from an altitude of about
4,600 ft near well 145-9E-2BAAT (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-

* resentative of predevelopment 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-
i tative:of predevelopment-conditions (Piper; 1924,

p 48).
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g v Table 7. Water-level measurements in sefected wells, Bfuneau study area, sprimng 1989 "
) [Sne No : Indicates location of well in ﬁgure 13. Altitude of land surface and altitude of water level ip. feet above sea level. Depth of well, perfo-r T
’ mtervaT a depth to water in feet below Iand surface. Depth to water:- F, well flowing above Iand surface; negative value indi- - :
- ace Aquifer mon, d; Sr, sedxmenta:y -rock; Vr, voicamc-rock. U; unlmown Symbols= -—, NO data avaﬂable}
i CoeeeetcARritade T Depth Date Depth Altitude _
. ofland of || ' :Perforated - Open .- measured to " ofwater Aquifer
Well No ‘ surtace well = . Interval hole - (1989) water " level monltored
1 GS-4E 14ABCI . 2,665 1,900 —_ — 321 4294 - 2,62206 Vr E
2 635E-24BCA1 2,525 L,oos =~ — 75-1,005 1-19 ~56 .80 2,581.80 Sr
3 6S:5E-33DBB1 2,540 - 142 _ s — ) 321 693 2,53307 Sr -
4 .7 68-5E-35CBD1 2620 476 230-350 " 350-476 3.22 67.36 2,552.64 Sr
5 78:4E- 1ACCI 2635 1,800 _— — 3-23 -8.02 2,663.02 Vr
& 7S-4E- 1CDCE 2,670 —_ — —— 3-23 =72 2,670.72 U
7 75-4E- ZABB1 2,700 342 — 197 - 342 3.30 54.83 2,645 17 Sr
8 75-4E- 2CABI1 2,675 890 — 330 - 890 322 3117 . 264383 Sr
9 78-4E- 2DBAI1 2,675 - — -— 3-23 C-484 . 267984 u
10 T5-4E- 3AAC] 2,730 — — — 3.22 7082 7 2659.18 U
11 75-4E- 3BBCt 2,770 1.050 160 - 538 538 - 600, 322 107.29 2,662 71 Sr
o 780 - 1,050 )
12 75-4E- 3CABI1 2,770 1,050 - 775 -901 901 - 1,050 323 10667 2,663.33 Sr
13 7S-4E-10BDRB1 2,755 L1435 - 5337-568 616 737, 3-21 8120 2,673 80 Vr
. - C : 7381,145 T o o '
14 75-4E-10DBD1 2 740 —_ — —_ 3.21 7255 2 667 45 u
15  7S-4E-12ABBI 2,660 1,600 — - - 3-23 -2002 - 2,680.02 Nr
16 75-4E-12BBDI 2660 1,105 — 675735 3-23 -12.82. 267282 vr
17 75-4E-12CCC1 2700 900 _— 475 - 900 320 1088 2,689.12 Vr
i8 78-4E-12DDC1 2.660 1,350 — 339- 1,350 3-24 F — Vr
19 75-4E-13BCCI 2690 1,060 — 194 1,060 3-20 12.92 2.677,08 Vr-
20 78:4E-13DCD1 2670 1,000 — 194 —1,000 321 -942 267942 Vr
21 78- 4E—I4ABCI 2,725 1,146 L 223 -1.146 3-20 4778 267722 Sr '.
22 TS-4E-14CDC1 2,755 950 — 1200950 - 3-20° 7594 -0 267906 Vi
23 TS4E-24AAAL 2,660 — — — 320 F .. - U
24 .°  785-4E-24DCBI 2,690 750 — — 3-20. 2185 2 668.15 Vr
25 75-4E-26ACB1 2730 —_— _ — 3-22 56.82° 267318 u
26 7S-4E-26BCB1 2750 867 130 -180 180 ~867 . 3.22 7233 2,677 65 vr
27 754E-27BCC1 277 1390 — 191,230 3.21 10183 2.688.07 Vr
|28 75-5E- 2CBDI 2,650 300 100 -300: —_ 322 “11567 253433 Sr-
29 78-5E- 3DAD1 2,640 300 —— _— 3.22 1is05 - 252495 Sr
30 7S-5E- 4ACD1 2,575 1,100 — 700-1,100 3-23 16 60 255840 Sr
3L " 78-5E- 5BACI 2579 - 206 — — 323 F - Sr
32 75-5E- SBAC2 2579 920 - e : 3.23 F — Sr
33 75-5E- 5DBCI 2600 2,405 160 -190 651 747 3423- F . — S -
34 78-5E- 7ABBI 2615 1,625 — 632 1,625 3-24 F . — Ve
! 35 "78.3E- 8BBCl 2594 580 — 140 580 3.23 F —_— Sr
36 78-3E- 8BCCI 2,600 1350 — 310-1,3%0 ‘3-23 -60 06 2 660.06 Vr
37 78-5E- 8CC(1 2,640 1 500 —_— 200 =553, 3-23 -1232 2,65232 vr
690 -1.500
38 18-5E- 9DDCIL 2652 2170 — 96 -2,170 3-22 F — Ve
39 78-5E- 9DDD1 2,662 2065 — 550 084, 322 -1512 267712 vr
E ' 1,034-1,337,
. 1,624 —1,925 : o
40 758-5E-13CBR1 2,771 1,954 180-710, 1,680 =1 950 322 118.80 265220 Vr
’ i ’ 1.070-1.180, o ‘ )
1.560-1,680
41 7S-5E-13CDB1 2,790 — — ’ —_ ) 3-21 126.82 2,663.18 U
42 7S-5E-19CCC1 2,720 760 _ 309760 . 3-21- 4242 2,677.58 Vr .
43 78-3E.-21CCAL- 2,763. 1,135 406 =706 — 3227 7725 " 2,68575 Vr
44 75-5E-28CBB1 2800 245 — 18 —245 322 12128 % 12,67872: Sr
45 7S8:46E: 3DCB1 2675 1,510 -, 304 ~1,510 322 Sr
46 - 7S-6E. 4CDAL 2598 LO40  — - 321 St
47 . =TSIGE- SAADL | 25700 158037 = S 80 -158-. 3221 " Sr
48" 7S6E- TAACY . 2,585 .. 1,086 . -, - 342-1,086 .+ -.3-22-.. 8r
49 - 75-6E- YBADI] 25807 910 = 7 © 422010 3‘-'?_0_' Sr-
. T8-6E: 9BAD2 2580 . 960 ! . 80-—960 3:20° Sr-
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.-, Table 7. Water-level measurements in selected wells; Bruneau study area, spring 1989-—Continued - I

Depth -~

Date Depth Altitude

AL ERE Altitude

Site TR -of land of . Perforated Open__“_ measured to . ofwater Aquifer
Noiw  ~ " “WallNo. suface  well ~ Interval ‘hole ‘(1989) ' water ~ level = monitored

~ .51 . 75:46E-16ABB2 - 2553 1980 — 158190 v 03210 o 5500 2,54800 - - Sr
USET L TS.6E16CDCT . o 2,595 513 — - 389513 320 ... -7352 266852 - ¥
53 7SE-16CDC2 i 2606 353 - #0353 . 320, . . .1292 . 261892 .. . Sr

. 54:.  7S:6E-ZLDBCI1 v 2,631 60 = C16T-760 320 0 3694 266794  Vr
55 78-6E-21DBC2 2,635 611 — 167 611 320 F = Vr
56 7S-GE-22AADAI - 2,648 1,410 — 400 -1,410 3-21 F —_ Vi
57 78-6E-22AADA2 2.645 585 - — 3.21 -19.42 2,664.42 Vr
58 75-6E-23CAD1 2675 1,300 — 40 -900 322 -1972 2694 72 Vr
59 78-6E-23CCALl 2625 460 - 107-460 . 3-21 ~17 62 2,642 62 Sr
60 75-6E-23CDB1 © 2635 1.030 — 341-1,000 3-22 F — Vr
61 75-6E-23DCB1 2710 1,220 — 365 ~1220 3-22 5792 271792 vr
62.  TS-6E-26ADAI 2700 1,000 —_ 171 1,000 3-24 16.84 2,683 .16 Vr
.63,  7S:6E:26BDA1l <. 2,655 - - — . 320 -42.72 2,69772 U
64 . 7S-6E-2TAAD]1 - — 350 — — 322 F - | — Vr
65 78-6E-27ADB1 - 2,626 400 — — 3-22 E — Vr
66 -78-6E-34DAD1 2725 300 — 46 -300 4-11 -§.18 273418 vr
67 8S:5E-16AAAL 3010 410 — — 5-16 32140 2 688.60 Vi

Potentiometric contours for both the sedi-
mentary- and volcanic-rock aquifers (fig. 13). were
constructed from water-level measurements

. - (table 7) made during nonpumping periods in -
. Spring’ 1989 Wells open to both the sedunentaty—
:and volcanic-rock aquifers were treated as if they

“were completed in the volcanic-rock aquifer (se¢
- section, “Ground- Water Development”). .

Ground-water movement in both the sedl—

-mentary- 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 aquifer ranges from about . -
2,525 ft above sea levél 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-
?8CBB1. Hydraulic head in the volcanic-rock .
aquifer ranges from about 2,622 ft above sea level
as indicated by the water level in well 65-4E-
14ABCI 102,735 ft above sea level as indicated by

. the water levei in well 7S-6E-34DAD1 (table 7)
“The average watet surface gradient is about -

20 ft/mi foward the north in the sed1mentaty-tock
 aquifer and about 10 ft/tm toward the north in the

. yoleanic-rock aquifer. .

- Spring 1989 potentiometric surfaces for the

' sed1mentaty- and:volcanic-rock aquifers show fou: §

N ,dtstmct conies of depressmn In the noxthem paxt of' o
ST tarysrock aquifer. ThlS water

liydraulic head i increases with debth from the sedi-

ithe: study ared, fromy Bruneau Valley to Suga.t

- Valley, a cone of depression has developed around
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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 centered around well 7S-6E- 16ABB2 In

these depressions, well discharge caused water
levels to decline below 2,550 ft in altitude and.
reversed the direction of oxound—watet movement
from netth to south (fig. 13). Two small cones of
depression on the spring 1989 surface are related to
w1thd1awals from the volcanic- rock aquifer

(fig. 13), one in Bruneau Valley and the other in
Little Valley. These fwo depressions are near the

-southern end of each .Valley, where volcanic rocks
. are close to land surface and sedimentary rocks are

thin (fig. 3).

Water is under artesian pressure in both the
sedimientary- 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 Brupeau Valley, although differences are

typically” about 25 ft in most of the study area

" (fig. 13). Water-level data from three paired wells

(table 8) also are used to demonstrate hydrauhc

‘head increases with depth throughout the study

area.’ In each pair; the water level in wells com- -

:-‘ pleted in the volcanic- rock aqulfex is htgher than
“the water level in wells completed in the sedtmen-

vel mdlcates that




Table 8 Hydrauhc heads and potentlal for vertlcal ground-water movement in panred welis

[Altitade of land surface and altitude of hydrauhc head in feet above sea lcvcl Depth of }ve]] a.nd perfordlcd tnterval or open hole in feet below iand surfncc Aqutfer

monitored: Sr sedlmentary-mck Vr voleanic-rock]

Hydraulic’

o Potential
L o Alftitude head ~ vertical
. Altftude =~ Depth  Perforated . : _of " difference ~ direction of
TR ~ofiand - of intervalor .. Aquifer Date hydraulic  between . ground-water
Well No. -surface- . we_ll_ open hole . menitored . measured . head units " movement
Brunean %‘uey .
75-6E-16CDC] 2.595 513 389--5i3 - Vr 3-20-89 2,668 52 -
78-6E-16CDC2 2,606 353 80--353 Sr 3-20-8% 2,61892 3960 Upward
Near Indian Bathtub Spring .
JS-GE-29BBAl 28325 760 415- 760 \ 52390 267583
75-6E-29BBAZ 2.83235 364 246 - 364 Sr 5-23-90 2,646 95 28 88 Upward
Little Valley
75-4E-10BDBI 2755 1,145 537-568, Vr 3-21-89 2,673 80
416~ 737,
o 738 - 1,145
78-4E- 2CABY 2675 890 330-89%0 . Sr 3-22-89 _ 264383 29.97 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 Lewis, 1982) believed that many faults and -
fractures are not barriers to water movement but

instead provide conduits for ground-water flow, ~  Wwith &
-ing properties of the volcanic rocks vary and are

horizontally and vertically. Data collected durmg
this study did not indicate abnormal water-level
differences across any of the known faulis in the
study area, Additional study is needed to deter-

‘mine geologic controls on water movement in the

study area.

'Conceptuaiization of the Geothermal
: Aqwfer System

As descnbed in ptece:rhmJ sections of this

1eport, the ground-water system is a thick reservoir

of sedimentary rocks (alluvial and lacustrine) and
underlying volcanic rocks (fig. 14A). Sedimentary

rocks-are prqs_cn_t:in_ﬂ;e northern and central parts:~-:

of the'study area and consist mainly of silt and clay

with lesser arounts of sand. Sediméntary rocks
are much less permeable than the volcanic rocks;
their grain size and permeability decreases north-
ward. The water table in these sediments is 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-

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 undeilying the
Bruneau 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 spiings and as seepage to streams
-or leaves the study area-as ground-witer underfiow -
~{fig. 14A). In recharge areas, thére is a downward
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: ‘ G AREA OF UNCONFINED . _ e o
BN GROUND WATER I : R _
i Water.abla conclions - e HpEe ;

pravail. Some degrea '
", -y .ol conflnement, -
probabry -at -dspth

tacks effectively corifine water

 Discharge
(stream)”

. J : , Extensive silt and clay- depesits and voli:ani¢;1

Snake River

i _ Springs - - © Streams
Sedimentary-rock aquifer :
Recharge - : PR -l

Ground-waler discharge

“Figure-14. Conceptualization of the regional geothermal aquifer system in the ‘Bruriéau ‘$tudy area.
& o3 Ay Diagrammatic section. B, Conceptual model (Arows show direction of ground-water movement)
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.-, component of water movement; in discharge .
. areas, there is an upward component (fig. 14).
_;i;___Consequently, head varies both areally and

with depth and a multiple-layer concept is

:equned to zeasonably represent the Iegional
‘geothermal aquifer system.,
In this study, the ground-water system in

: ,‘,,:: ;;'the Bruncau area was treated as a two- -layer
' systern con51st1ng 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
underlie sedxmentaxy rocks in the northern

“part. - Thickness of the voleanic rocks is not

known but is probably 2,000 to 3,000 ft
(Young and Lewis, 1982, p. J17),

. EFFECTS OF DEVELOPMENT

From the late 1890’ 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

I . from Indian Bathtub Spring  Of these quanti-

ties, about 546,000 acre-ft was discharged by

- wells and 2,000 acre-ft was spiing flow during
197891, 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.

o Declines in Hydraulic Head

{-f':- Hydxaullc heads in the geothermal aqui-

fcx 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 measuxemems
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. Annnal fluctua-
tions in water levels are mainly aquifer
response to pumpage for irrigation. The
hydrograph for well 65-5E-24BCA 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. Thirty 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 nonimigation
season, the water level in well 6S-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 75-6E-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-14ABCI, 78-5E-18BCDI,
and 7S-3E-19CCC1 in Little Valley, where
pumpage since 1954 has been the greatest,
exhibit large water-level declines. The hydro-
graph for well 65-4E-14ABC], an irrigation

.. well, shows that the water level:declim;d about
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Figure 15. Hydrographs for wells compléigd in the sedimentary-rock aquifer.
(Site numbers refer to table 7 and fig. 13) ' C ‘ :
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Figure 16. Hydrographs for wells compieted in the voican:c-rock aqun'er
(Site numbers refer to table 7 and fig. 13) : N
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Hydrographs fof wé![é ,dbmpietéd in the volcaniéi-rock aquifé'f;—ContiﬁU}é'd; .
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: '5;3 © oer 1770 ft from 1967 to 1991 Water level in this well is

;. and pumpage in Little Valley, except for 1986 91,
o when purnpage dechned as did hydraulic head.‘ '

11980’ because pumpage fiom this well mcreased

e level! changes between frrigation and nonlmgauon
. - .seasons indicate that the specific capacity for this

the volcanic rocks in this area is accordingly low,
The water level in well 7S-5E-18BCD1 declined
.~ about 45 ft from 1954 to 1991 The rate of decline
"“was about 0.8 ft/yr during 1954—85, compared
. with 4.0 ft/yr duxmg 1986-91. These rates of
' dechne were based 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
_ﬂowmg and pumped wells in the study area have

been Ielanvely constant since 1983. From 1950to

- 1983 well d1scha1ge in Little Valley increased
gxadually The water level in well 7S-5E-19CCC1,
-about 1.5. mi south of well 75-5E-18BCD1,.

‘generally i mvex sely preportional to total pumpage

.. Duiring the nomrnganen season, water level was e

- .about 30 it lower in the early 1990’s than i in the late? ‘
PRSI " well, based on the highest levels in 1953'and 1977,
i, fourfold to about 1,400 acre-ft/yr. The lazge water- . was slightly less than 1 fUYI On the basis of hlgh'

. est water-level measurements in 1977 and asingle

well is probably low and hydraulic conductivity of- |

declined steadily after 1953 Pumpage from this
well was estimated to be about 500 acre- -ft in 1954 .
(thtleton and Crosthwalte 1957, p. 174, 188), B

" 7'400 acre-ft in 1978 (Young and others, 1979,

"'p.3-4,12); and averaged about 300 acre-ft during
1979 91. The rate of water—level decline in this -

measurement in 1989, the rate of dechne has
decreased; during that time, total purnpage
decreased about 500 acre-ft/yr.

Two hydrographs are used to show the inter-
-mediate effects of ground-water development in
Bruneau Valley, although the earliest data are for
1979. The hydrograph for well 7S-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], about 1 mi from Indian Bathtub
Spring, declined-about 8 ft since 1979, or about 0.7
ft/yr. Although wells 7S-6E-34DAD1 and 7S-6E-
26BDA1 are about 2 mi apart, water levels in both

. - Table 9. Spring 1979, 1989, and 1992 hydraulic head measurements and head declmes since 1973 at selected wells

in the Bruneau study area

[Altitude of land surface and altitade of hydraulic head in feet above sea level Head declines since spring 1979.}11. feet. Symbols: —. no data
available] ) o
Spring 1979
(Young and Lewis, 1982} Spring 1989 - Spring 1982 -
© Altitude ‘
of Altitude of Altitude of Head Altitude of Head
land Date hydraulic Date hydraulic  declines since Date hydraulic  declines since
Well No, surface  measured head measured head spring 1979 measured head spring 1979
Aquifer unknown
7S-4E-1CDC1 2,670 3-31 267682 3.23 267072 610 : —_ - —
Sedimentary-rock aquifer
= 78-6E-9BADZ ~ 2580 3-15 262642 3-20 - 261212 1430 219~ 2,609:10 17.32
Volcanic-rock aguifer _
: . GSAE-14ABCI 2665, . 3-13 262836 3217 262206 1 6350 - 128 7 260474 2382
75-4E-10BDB1 2755 - 3-14 267808 . 321 . 267380 . - - 428 —- - = — '
-~ 7S-4E-27RCCL - 2,770: - 3-14 267500 7 3200 I266807 7 693" 2-19 2,664 95 ;- 1005
© o 78.58-13CBBT 2,771 3-13 . 265778 - 322 .- 265220 558 12-19 266556 . 778
> 78-6E-16€DC] 2.595 3-i5 2.667 320 - 2,66852 152 2-11 2.666 88 12
7S-6E-34DAD1 3-15 273992 4-11 273418 374 2.1% 273060 g32

2725
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. exh1b1ted ‘mearly the same rate of decline.

______

Hyd:auhc heads in and around Indian Bathtub
- Spring pwbably decline at about the same rate
-as the water Jevels in wells 7S-6E-34DAD]

f and 7S- 6E- 26BDA1 because these wells and

 the test holes near Indian Bathtub Spnng have -

" had about the same rate of decline since 1990
The only exceptlon to the generally declining -
" heads appears to be in wells open to the sedi-
mentary-rock aquifer.

An attempt was made to remeasure water
levels in all wells measured in 1979 by Young
and Lewis {1982) to show the effects of recent
ground -water pumpage on hydraulic heads.
.Only a ccneral comparison between the 1979
.. (Young and Lew1s 1982, pl. 2) and 1989
(fig. 13) potennometnc 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

o 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-

abIe Only. elght wells measured in 1979 were

" remeasured during this study. Of these, one

‘well, 7S-6E-9BAD2, is open only to the sedi-

. mentary-rock aquifer (table 9), The water

- level in that well, about 1 mi south of the
depresswn on the potentiometric surface
shown in figure 13, declined 14.30 ft and
17 32 ft during 1979-89 and 197992,
respectively.

Six of the eight wells remeasured in 1989
are compieied in the volcanic-tock aquifer
(table 9) During 1979-80, 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 65-4E-14ABC1 in the

northern part of Little Vailey declined 6 50 ft
and 23,82 ft during 197989 and 1979-92,
respectively. Declines wete steeper between
1989 and 1992 when pumpage from this well
increased fourfold. The water level in well 7S-
6E—34DAD1 declined 5.74 ft by 1989 and 9.32
ft by 1992 (table 9y, or about 0.7 ft/yr (fig: 16).
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The water levels in wells 78- 4E-2?BéC1 and
7S8-6E-16CDC1 declined 10.05 ftand 0.12 ft

between 1979 and 1992, respectively. 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 pievious years
of pumping. '

Daring 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 7S-6E-29BBA1 was
completed t6 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 declitied about 6 ft dur-
ing the 1991 irrigation season. Following the
1991 inigation season, water levels did not
recover to April 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
75-6E-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 testhole
8S-6E-3BDC3, water levels did not 1ise 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-it 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 responds to stress in a similar manner.
Decliries in head are the result of Icfnonal
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- Figure. 7. : Hydrographs for test holes near Indian Bathtub Spring, April 1990 through April 192,
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Flgure 18. Discharge of Indian Bathtub and Pence Hot Springs and total annual well
ischarge in the Bruneau study ‘area, '18904199‘_1‘. {Spring locations shown on fig. '2)
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. effects of well discharges. Declines do not appear
o o be atmbutable tod sm‘ﬂe well or group of weHs .

- ?:B‘,‘é'_clinesff'ih "Sﬁ}i"i'n'g—:ﬁi'scharge

- Within'the past 25 years, discharge from
_monitored springs along Hot Creek and the Bru-
~neau River has declined, most notably from Indian
‘Bathtub Spring (8S-6E-3BDD15S). 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
spring watex however, the cessation of some
springs may advetsely affect the Bruneau Hot
~Springs snail,

" Discharge from wells (fowing 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-3BDD1S) and Pence Hot Spring
(78~ 6E 22DADBIS) and total annual well

" discharge in the study area are shown in figure 18.

Prior to 1966, discharge from Indian Bathtub
Sprmg ranged from 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-ft
in 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 In contrast, dis--
charge from Pence Hot Spring ranged from about
700 to 1,100 gal/min since 1922 (fig. 18) because
the peint 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-

50 BRUNEAU SNAIL

ing 1991, except for the spring at 7S-6E-34BCB1S,
Monthly discharge measurements fox four springs
and the water level in test hole 8S-6E-3BDC1 dur-

‘ing April 1990 to April 1992 showed corrgsponding

decreases and increases (ﬁgs 12 and 19) The
watet level in test holc 8S-6E-3BDC1 was used for
comparison because it probably reflects the hyd:au-
lic head at Indian Bathtub Spring (8S-6E-3BDDIS,
lower site:; and 8S-6E-3BDD2S, 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 (K) 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 dischaige rela-
tion. The relation between water level in test hole
8S-6E-3BDC1 and spring dlscharge is shown in fig-

ure 20 A hydraulic head/spring 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 (88-6E-3BDD1S) and vent (85-6[E-
3BDD2S) sites at Indian Bathtub Spring was that
no deposition or scour occurred in the Indian Bath-
tub area during 1990-92, the period used to
develop a hydraulic 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.
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S curves (ﬁﬂ 21) were developed for the lower

Hydraulic head/spring discharge relation

(8S-6E-3BDD1S) and vent (85-6E-3BDD2S) sites
at Indxan Bathtub Spnng Data for the lower site

_ .' were. plotted on aloganthmlc grid instead of a rect-
. angulax grid because a straight line on log paper

' J1epresents a curve that can be described by a few
. numbers or as.a simple equation and can be

' .extended more readily than a curved line. Dis-
charge at the lower site is a combination of dis-
chaiges from several springs. As hydraulic head
increases, mote vents near Indian Bathtub Spring
-will discharge water, thus increasing the cross-sec-
tional area of flow and discharge. HW. Young
{US. Geologlcal Survey, oral commun., 1992)
" indicated that sevexal vents were contributing water
to the lower site in the spring of 1990, which
resulted in a larger discharge at the lower site than
at the vent (fig. 9). As hydraulic head and cross-
sectional area increase, a line curves more when
_ plotted on a rectangular grid. A line was fitted to
the data greater than about 7 gal/min because small
- spring. dlscharves are greatly affected by (1)
. ground watex seepage into the shallow sediments,

' (2) evapot:anspuatlon by vegetation, and (3)
_stream channel characteristics. H W. Young (U S.
Geological Survey, oral commun., 1992) also indi-
cated that when discharge is low at Indian Bathtub
Spring, water can seep into the sediments and (or)
the sediments can add water to Hot Creek before
it is measured at the lower site. The curve for

the lower site is defined by the equation,

O = 4. 26(HFAD - 2, 674. 4)’ ® and has an 72 of 0.95
(fig. 21A) The value of 2 is the proportion of the-
variation in the dependent variable, discharge (@),
explained by regression on the independent vari-
able, HEAD (Iman and Conover, 1983, p 356).

The curve developed for the lower site
describes the hydraulic head/spring discharge rela-
- tion reasonably well for spring discharges less than
_about 50 gal/min (0.11 ft*/s). Rantz and others
(1982, p. 334) indicated that a discharge curve
could be exir: apolated two times beyond its greatest
measured dlscharge Accordingly, the curve in fig-
ure. 21A could be extrapolated to about 85 gal/min.
However the followmor is a method that shows .

_ how this curye can be extrapolated more than four-

fold. On July 9, 1979, discharge from Indian Bath-

Y Wb Spring was 160  gal/min (Young and others,

1979, p. 13), and the change in water level from
1979 to 1991 was 7 40 ft, based on the water level
in well 7S-6E-34DAD], about 1 mi from Indian
Bathtub Spring. If water level is assumed to be
2,681.80 ft (where 2,674 4 ft+ 740 ft =
2,681.80 ft), which is representative of the hydrau-
lc head at Indian Bathtub Spring in 1979, spring
discharge is calculated to have been about 156
gal/min, using the equation in figure 21A. This
value is in agreement with the measured spring dis-
charge and indicates that the curve can be extrapo-
lated to at least 160 gal/min.

However, a greater extrapolation is required
to determine the hydraulic head at Indian Bathtub
Spring because the dischaige at the lower site was

. about 2,400 gal/min before 1964 (fig. 18). If the

extrapolated curve is assumed to describe the
hydraulic head/spring discharge relation accurately
for the entire range of spring discharge, a spring
discharge of 2, 400 gal/min would relate to a
hydraulic héad of about 2,708 ft, or about 34 ft
(2,708 ft - 2,674 4 ft = 34 ft) higher than it is pres-
ently at zero discharge. A hydraulic head decline
of 34 ft at Indian Bathtub Spring is probably rea-
sonable because many wells in the study area have
had similar declines (see section, “Declines in
Hydraulic Head™).

A hydraulic head/spring discharge relation
curve for the vent site at Indian Bathtub Spring
(85-6E-3BDD2S) is shown in figure 21B. The
curve for the vent site is defined by the equation,
O =264(HEAD - 2,673 6) and has an 12 of 0.98.
The curve was forced to go through zero; thus, the
intercept equals zero. Data for the vent site and
curve wete plotted on a rectangular grid because a
straight line could be plotted. Some quantity of
water seeps into the sediments or is evapotrans-
pired but is probably not as much as at the lower
site because discharge is measured near the vent in
the voleanic rocks. A line was fitted to the data

-and an equation for the line was developed. This

curve can be extrapolated to a maximum of about
26 gal/min. Higher discharges at the vent site
probably could not be measured because other
vents would start to flow and, upon merging,

EFFECTS OF DEVELOPMENT 53



A. Indian Bathtub Spring at .
lower site (8S-6E-3BDD1S) -t ' N

10 = T N S (T B Y By e EPLP = Where:
: C F ' i 7 s S :
P S 095 . Q is spring discharge, in .~

@ I T ' gallons per minute;

- ‘ ] 426 is intercept of line equal
- to @ when (HEAD - 2 674.4)
e is equal to 1.0;

: 1 - 3 HEAD  is water level in test hole

8 r . - - 85-8E-3BDC1, in feet above

g L = " sea level; - ’ '

= i o i 2,6744 is point of zero flow (pzf); and

= . 1.8 is slope of Hne.
ol L 0 Data not used in regression
17 10 ‘ 50
SPRING DISCHARGE, IN
GALLONS PER MINUTE
B. Indian Bathtub Spring at
" vent site (8S-6E-3BDD2S)
5 - ] — ‘
. .
: : Where:

- h oo
. § ‘ Q is spring discharge, in

- gallons per minute;

< . ) .

Qf 264 is slope of line;

. HEAD 18 water level in test
-8 - hole 8S-6E-3BDCI1, in
: ;:*; . feet above sea level;

m and ’

el - .

26736 1is point of zero flow (pzf).
0 + ! L
Q 5 10 15

SPRING DISCHARGE, IN
GALLONS PER MINUTE

Figure 21, Relation between hydraufic head and discharge
.at Indian Bathtub Spring, lower and vent -sites.
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~ would nuilify the relation. If the curve accurately
represents the discharge of water from the vent site
for the entire range of discharge, a hydraulic head

increase of 34 ft would cause a spring discharge of

. about 90 gal/min.~ It is not known whether this

* value is reasonable, because each vent or dlscharge‘

point ¢ cannot be measmed scpai ately at hlgh spnng
dischar ges.

SUMMARY

This report describes results of a study to
determine the cause or causes of declining flow at
Indian Bathtub Spring that is adversely affecting a
unique species of snail that inhabits the spring.

The Bruneau study area of about 600 mi?
includes the northern part of the Bruneau River

-drainage basin and Indian Bathtub area. The study
area includes Bruneau, Little, and Sugar Valleys,
which are separated by plateaus several hundred
feet higher than the valley floors and included

-streams Many faults cross the study area. They
enhance and provide conduits for ground-water

- flow, horizontally and vertically.

. The Bruneau area is underlain by sedimen-

_tary and volcanic rocks The sedimentary rocks

consist predominantly of fine sand, silt, and clay of

low permeability with some included gravel and
volcanic rocks. The sedimentary rocks range in
thickness from zero in the southern part of the
study area to more than 3,000 ft in the northeastern

~ part and underlie about 500 mi? of the study area, -

The volcanic rocks consist of basalt and silicic
rocks with some interbedded sedimentary rocks.
The thickness of the volcanic rocks is largely
unknown but is probably 2,000 to 3,000 ft  For this

study, the regional geothermal aquifer system was -

divided into sedimentary- and volcanic-rock aqui-
fers. The sedimentary rocks are part of a more
extensive aquifer in the western Snake River Plain,
Volcanic rocks are present throughout the study
area and extend southward to the Jarbidge Moun-
tains. In the northern part of the study area, the
volcanic-rock aquifer underlies the sedimentary-
rock aquifer and water is confined in both.
Transmissivity of the volcanic rocks, as esti-
mated from aquifer and slug tests, ranged from

. about 25 to 100,000 ft¥/d. Low values were

obtained from tests in two wells about 23 mi south

of Indian Bathtub and are indicative of massive,
unfractured silicic volcanic rocks as compared with

. the highly fractured volcanic rocks in the Bruneau

study area. Transmissivity and hydraulic conductiv-

ity estimated from specific-capacity tests, ranged |

from 1,700 fi2/d and 0.7 ft/d for the sedimentary-rock
aquifer to 980,000 ft*/d and 390 fi/d for the volcanic-
rock aquifer In general, transmissivities in the sedi-
mentary-rock aquifer decrease from south to north
because of the increase in fine-grained rocks toward
the Snake River, o

Generally, ground water moves northward
from areas of recharge along the Jarbidge and Owy-
hee Mountains toward the study area, where it is dis-
charged as spring flow or leaves the study area as
underflow. Natural recharge to the study area was-

~ estimated by the basin yield method for the period -

193480 to be about 57,000 acre-ft/yr.

Ground water for irrigation in the late 1890’
was first obtained from flowing wells. From 1890 to
1981, discharge from flowing o1 pumped irmigation
wells increased from 0 to about 49,900 acre-ftfyr.
After 1981, discharge decreased and was about
34,700 acre-ft in 1991. Through 1991, nearly
1,400,000 acre-fi of ground water discharged from
wells in the study area. Of that quantity, about
546,000 acre-ft discharged from 1978 through
1991. Most pumped water is from wells completed
in the volcanic-rock aquifer and farther than 5 mi

~ from Indian Bathtub Spring.

Ground-water movement in the sedimentary-
and volcanic-rock aquifers in spring 1989 generally
was from south to north toward the Snake River.
Four depressions, created by heavy pumping for iri-
gation, were evident on the potentiometric surface in
the study area. Two depressions were in the northern
part of the study area in the sedimentary-rock aqui-
fer. The other two depressions were near the south-
ern end of Bruneau and Little Valleys, where most of
the wells are completed in volcanic 1ocks. Hydraulic
head in the volcanic-rock aquifer is about 25 {t

" higher than head in the sedimentary-rock aquifer

and, in places, is as much as 50 ft higher

Long-term hydraulic heads in the sedimentary-
rock aquifer have not changed significantly since the
mid-1950’s, but in the volcanic-rock aquifez, heads
have declined several tens of feet. Water levels in
three wells in the volcanic-rock aquifer in Little Val-
ley have declined about 70, 45, and 30 {t since the
mid-1950’s. Seasonally, hydraulic heads fluctuate in
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response to pumping and natural recharge; heads
are generally highest in March-April and Iowcst in
September-October.

Within the past 25 years, discharge from
monitored springs along Hot Creek and the Bru-
neau River has declined, most notably from Indian
Bathtub Spring. From the late 1890’s through

1991, nearly 275,000 acre-ft of water discharged

from Indian Bathtub Spring. Of this quantity,
about 1,400 acre-ft was discharged during 1982~
01. Discharge from Indian Bathtub Spring began
to decline in the mid-1960’s when well discharge
accelerated. Discharge from Pence Hot Spring has
ranged from about 700 to 1,100 gal/min since
1922, :
Changes in discharge from monitored springs
are similar to changes in hydraulic head, which
fluctuates seasonally and is substantially less in late
summer than in the spring. A hydraulic head/
spring discharge relation was developed for two
sites at Indian Bathtub Spring and a nearby test
hole. The relation for Indian Bathtub Spring indi-
cated that a sprifig discharge of 2,400 gal/min, as in
1964, would 1elate to a hydraulic head of about
2,708 ft, or about 34 ft higher than the head at zero
discharge Hydraulic head declines of 34 ft at the
Indian Bathtub aiea are probably reasonable
because a similar magnitude of decline has been
measured elsewhere in the area. '
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These items are addressed below A map of the project area is provided as Figure 1.

SPRING CHARACTERIZATION

Description of Belvidere Spring. Belvidere Hot Spring consists of an area of approximately one
acre in size with diffuse geothermal discharge. The spring area is concentrated within a fenced
area approximately 120 feet by 75 feet on the MacGregor property, aithough evidence of
geothermal discharge also is visible outside of the fenced area on both the MacGregor and
Pancheri properties. The spring area trends in a North 60 East direction, suggesting the possible
presence of a geologic structure (i.e., fault) or other subsurface feature trending NGCE

Within the fenced portion of the MacGregor property, swo main areas of discharge are visible.
Both of these spring vents historicaily had been developed with bathhouses (65-1972 and 65-
1973), although only remnants of these structures are currently visible.

« The measurad temperature at the upper bathhouse pobt has ranged from 93 to 105 degrees
F over the past few years. A seep adjacentto the upper pool has a temperature of 110 to
113 degrees F  The discharge rate from the upper pool vicinity is prebably 10 to 20 gpm.

. The maximum surface temperature at the lower bathhouse pool has ranged from 116 to 121
degrees F over the past few years. Estimated discharge rate from the lower pool area is10

to 30 gpm.

Combined flow rate from the upper and lower bathhouse areas is probably about 6C gpm, based
on weir measured flows of approximately 50 gpm east of the bathhouses, plus approximately 10
gpm of unmeasured flow that discharges toward the Pancheri property.

On the Darwin Pancheri property, gecthermal discharge from the spring has been deveicped with
an infiltration gallery. According to the fieid examination for water right 65-12891, the infiltration
gallery discharges by gravity flow through a buried 10-inch diameter PVC pipe that extends
eastward for 2100 feet. The 10-inch pipe then reduces to 4-inch diameter and extends 3000 fest
to the south to the Duane Pancheri house and shop (water rignt 65-128g1). A pump station near
the infiltration gallery diverts water from the 10-inch pipe to the Darwin Pancheri home {water
right 65-13332) Flow rate in the pipeline (as measured at the Duane Pancheri home with the
Darwin Pancheri pump off) has ranged from 60 to 80 gpm in five measurements since May 2001
Note that a measurement of 114 gpm {i.e,, 17 gpm pumped 0 Darwin Pancheri plus 97 gpm by
gravity flow through the pipeline) was made on January 27 2001. The bucket used for volumetric
measurement on January 27, 2001 was reportedly marked for a 4-gaflon capacity, but this
cafibration was not verified by Scanlan Engineering Measured temperature at the upper end of
the pipeline has ranged from 109 to 113 degrees F, with temperatures typically of about 112 to
113 degrees F.

Based on flow monitcring since 2001, the combined surface discharge from the spring vicinity on
both the MacGregor and Pancheri properties is probably in the range of 110 to 180 gpm, with an
estimated average temperature of approximately 112 degrees F
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al
.. .:-Monitoring Data Collected at Belvidere Hot Sprmg Monitoring data collected by Scanian - Nse Grega 7
..f-(g;-and/or Chapman are prov:ded as Attachment A ln order to adequately monitor sprmg drscharge e
o ow meter on the Pancherl plpelme is. needed The ﬂow meter should. be installed as
= soon as posstbte A meter !ocataon near the lower end of the 4- rnch diameter portlon of the

- Departrnent can prowde to expedlte lnstallatron of thlS meter wou[d be apprecxated

 Published Data Related to the Hot Spring. Data for Belvidere Hot Spring is found In several
pub!icationsz Excerpts are copied and attac_hed.‘ -

Perhaps the most detailed published descr:ptlon of the spr;ngs is found in ‘Geotherrna!
fnvestigation of the Cascade Area”, July 1976, by Monte Wilson, James Applegate Sherl
Chapman, and Paul Denaldson (Boise State University). The report indicates that the Belvidere
. ot Sprmg is logated aieng the north-trending Cascade Valley Fault. A series of hot sprmgs are

o . found along this fault, including (from south to north) Cabarton Be!v:dere Cascade Flat Creek,

- --:;- 800 feetin that area A copy of the report:: and retated correspondence from that study are

| and Gold Fork. ‘The discharge temperature for Be[vrdere hot springs was reported to be 121
degrees F. Based on silica concentration in the water and a mixing model, the authors estimated
that the temperature of the hot spring source could be as high as 325 degrees F. See

Attachraent B.

A chemical analysis in USGS Water Resources Investigations Open File Report 80-1020 (Lewis,

RE, and HW Young, 1980, Thermal Springs in the Payette River Basin, West Central Idaho}

; md:cates that the sprmg has a temperature of 120 degrees Fanda dlscharge of 20 gprn The _

- '_ water is a SOdmm bicarbonate type with total dlssolved solids of 256 mg/l. Based on varlous
geochemical methods, the USGS report estimated that the temperature of the aquifer source

ranges from 117 to 232 degree F. See Aftachment C :

Geologic mapping of the locai area is provided in USGS Bulletin 1311-A (Schmidt, D.L and J H.
Mackin, 1970, Quaternary Geology of Long and Bear Valleys, West- Central Idaho). The mapping
shows the spring site as overlain by glacial outwash. Cretaceous bedrock of the Idaho Batholith
is present in-the high elevation areas on the westerly side of Cabarton Road. The bedrock is part
- of the upthrown Cascade fault block. The fault block is bounded on the east by the:. Cascade
Valley fault. The geologic map shows the fault approxlmately 2000 feet east of the spring See

Attachment D.

Unpubushed Reporis. An investigation of the Belvidere Hot Spring was comrmssmned by a

. previous property owner (Eastern Western Corporation) in the mid 1890s Tor purposes of
selecting a gecthermal test well site. The mvesttgataon apparently included surface geolog:c

. mapping- and resistivity survey. The mapping located a fault scarp 150 yards to the west of the.
hot spring, and suggested that a fault zone striking N70E extended close to the spring area The
resistivity investigation suggested drilling at a location 400 to 450 feet southeast of the -~
bathhouses The geologist that directed the study estimated that the depth to the fault zone was

prowded as Attachment E.
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5 5 WerTe, co_[!ected for the area surroundmg the sprlng The search area consnsted of Sectton Agpn

provrded related to the geology and hydroiogy of Belv:dere Hot Sprmg

" These sites are approxrmately 300 to 800 feet from Pancherr spring source. The actual well 5|tes

2% “Well Eénstruction. Drilling depths and casing Iengths
™ ,condmone “The drilling method ut:!nzed erI probably be air rotary, although mud rotary will be

‘Mr Rob Whitney | 4 © September2, 2003

Well Driller's Reports. Well driller's reports on file at the [daho Department of Water Resources -

-2 :r;_The source of hot water is probably upward flow- through fractures:in the’ gramtrc rock of:”
.~ the Idaho Bathalith. It is possible that Belvidere Hot Spring is located at ornearithe « £ -
intersection of the north-trending Cascade Valley:Fault and an unmapped fault trending in

a northeasterly direction.

wem e o The spring area is overlain by. ailuvial and giéciél'deposit‘s : 'Deoth to ‘b'e"dro'ck in the '“* LB

~ vicinity of the spring vents is unknown. Bedrock is found at the surface within a few —:
hundred feet to the west of the spring vents. - : '

-3 - - ltis unknown whether a significant portion of the geothermal water moving upward -

through the fractured rock is lost as subsurface flow through the valley fill, or if the
maijority of the geothermal flow reaches the surface and discharges from the spring. -

4 - The temperature of the geothermal water at depth is probably greater than the
+ . :temperature at the discharge point. Maxsmum surface temperature is approx:mately 121"

degrees F.
DRILLING PROSPECTUS

Given the unknown subsurface conditions in the vicinity of the spring, it is difficult to prepare a-
definitive drilling plan. :

Anticipated geclogic conditions in the near vicinity of the hot springs consist of between 10 and
150 feet of sand, gravel, and clay sedimeénts OVerEying' granitic bedrock. Depth to bedrock likely
increases to the scuth and east. Shallow groundWater with a temperature in the range of 45 to
120 degrees F is anticipated in the overburden materials above the bedrock Water temperatures

cf45t0.180 degrees are anticipated in the bedrock.

- - Two well sites are initially proposed. One weil site will be at the location suggested by the

resistivity survey, approximately 450 feet southeast of the MacGregor spring vents The other
well will probably be located approximately 200 feet south from the MacGregor spring vents,”

will be staked prior to drilling contractor mobilization. -~

ill be adjustedbasedonsubsurface
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used for opén-nole drilling through unconsolldated or unstable. materlals lmtially, We ehtiglpete T
“ thrat well-construction will include the followmg e T

'-A 12.25- lnch LD surface casing {0:250-inch wail, 12. 75-inch.0.D, ;) shall be setand ; T
E toa depth of approx1mately 40 feet, unless bedrock ora substantral clay layer are o
'encountéred ﬁrst “The 12-inch casmg will be mstalled wrthm a-minimum. 15- mch dlam er
'hole The casmg shall be sealed with neat cement lnstalled from the bottom of the

annular space to the surface. Thetop of the 12 mch casnng shall be. equ1pped wnth a e
flange. .

"5 ' Below the surface casing, @ nominal 12-inch diameter boreholg will be drilled to bedrogk - . .0 -
using open hele drilling techniques appropriate | far the formation. .Following drilling, ' '
geophysical surveys (resistivity, natural gamma temperature) will be run to document

. _stratlgraphy and temperature If drilling characteristics and temperatures suggest the 7

T "presence ‘of geothermal aquifer zones, then an attempt will be made to develop. @ well for-
test purpcses if there are no indications of Slgnlf icant geothermal water—beerlng zones, C
é 7981-inch | D. {0 322-inch wall, 8.625- mch CD) well casing shall be set and sealed a -
minimum of 20 feet into bedrock. The casing shall be sealed with neat cement lnstalled
from the bottom to the surface. The top of the 8-inch casing shalt be equrpped with-a

flanged tee.

3 Below the 8-inch casing, an 0pen borehole (nommal 7 5-inch) will be advanced - If caying
_COﬂdlthﬂS are encountered, the borehole may be lined with 6-inch (O 250- mch well)
perforated liner pipe Target depth for the each shall be 500 feet but actual well depth
" may be adjusted up or down depending on condstlons encountered e

‘A conceptual well design is provided as Figure 2. Note that bentonite chips may be used for well
seals if warranted by formation conditions (the presence of open fractures) or borehole oondltlons
(large annuius). Based on the results of the first test well, addmonal wells may be driled as
necessary ic{1) better assess the geothermal rescurce, (2) develop the resource, and (3) assure
continued delivery of the resource to senior water rights.

The proposed drilling contractor is Gestrin Driling. Mr ‘Gestrin has drilled many. of the existing
wells in the local area, including weils on the Pancheri property both north and south of the
MacGregor property. He has reviewed the proposed well design.

Dritling Oversight. Scanlan Engineering will prowde oversnght of driliing activities, including final
design placement of casings and seals. The Depaz‘tment of Water Resources will be natified in
the event of a sngnlﬂcant change from the de5|gn contemplated by this drilling prospectus.

The drzlllng contractor will collect drill cuttings. at 10-foot intervals and at each formation change. -
" 'Bottom-hole temperatures will be measured using @ maximum read:ng thermometer whenever
drilling tools are removed from the borehole :
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TESTING AND MONITORING PLAN " : I .

it

Mon:tor:ng, Drscharge rate and temperature atthe MacGregor Spring- vents and from the -

R e soon as possrble e 1_._:37: .

- Temperature shouid be monitored at the exlstmg measurang points (upper bathouse vent, lower
bathhouse vent, MacGregor wair, Pancheri weir, Pancherl plpenne vent, Pancherl pump SuUmp).

Momtormg frequency shall vary depending on the type of actrvrty that is taking place. -For
- lnstance monltortng of flow and temperature is recommended ona weekly baS|s for at least four.
weeks prtcr to and following drilling. During active drilling perlods monitoring should take place

onadalty basis. _ o . L e

_ _'Moditortng frequency following development of a succes'sful well shall be at monthly i'nterva-ls for -
. the first year of operation, and quarterly intervals thereafter during the permit period

Testing. The test well, if successful, will be tested by pumping or by artesian ﬂow Temperatures
and flows from the spring wiil be monitored during any well tests

. _We anttmpate that the test pumping or artesian flow testmg wouid be conducted for a mlnimum of
. 24 hours, and potentially as long as several weeks A definitive test planis difficult to prepare until
_the well is drilled and estimates of production rate and temperature are obtained. However, for
' purposes of this plan, we propose the fcilowing test procedure. :

1. Shut the well in {if flowing artesian} or ailow water level to stabilize (if not flowing) for a
minimum of 24 hours before pump testing or flow testing. . During this period, monitor
both temperature and flow at the existing monitoring locations described above

2 Flow or test pump the well using typical well testing protocol: For instance, water level,
pressure, or well flow rate measurements should be coilected on a log-time scale during
constant rate {or constant flow), with measurement intervals of approximately 1 minute
for the first 10 minutes, 5 minutes from 10 to 100 minutes, 20 minutes from 100 to 500
minutes, and one hour intervais from 500 to 1500 minutes, 8-hour intervals from 1500 to
3C00 minutes, and 12 or 24-hour intervals after 3000 minutes

3. Temperature measurements and spring flow measurements at the existing monitoring
locations should be taken on minimum two-hour intervals during the first day of the test,
-and at the same intervais as pressure or well flow measurements after the first day of the

' test
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MITIGATION AND BONDING UYL

- -Bond. Abond of $20,000 will be pasted prior te drilling- in erder to provide funding for wellﬁ SR
« ;abandonment;, The $20,000 amount is based:oniDARA 37.03.99.030.02, -and-assumes: that a,

bottom hole temperature in excess of 150 degree Fis.possible: = v gz ot 5 trgiss e s

Lo ;Mltlgatlon Mitigation for impacts to existing water-rights will depend on the:type of 1mpact~ For
-+ instance;;a temporary impact during test pumping can potenttal[y be ‘mitigated {if necessary) Dy oo

-... If exploration or-water development activities by MacGreger reduce geothermal water supply - -

below the amount that historically has been both legally and physically available to the Pancheris,
then MacGregor would mitigate impacts for material injury to the Pancheri water rights pursuant
to Idaho law. Potential mitigation methods to address material injury to the benef Clal use of the

Pancheri water rights could include: T Lo

1. Pravide well water of a temperature and rate (within water right volume limitations) to-address
- material injury to the Pancheri water rights. The water would be delivered to the Pancheris at
the MacGregor/Pancheri property line or other mutually acceptable location

2.° Supply an zlternate heat source to Pancheris {electric, natural gas, etc.) to the extent
necessary to address material injury to the beneficial use of the Pancheri water nghts

3. Increase the efficiency of the Pancheri delivery or heating system in order to address material
injury to the beneficial use of the Pancheri water rights. :

Please contact me with any questions cr comments We look forward to your response

Sincerely,

Terry M Scanlan, PE,PG

Cc: Carol MacGregor
Jo Beeman
Sherl Chapman
Scott Campbell
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Attachmenis

A
B

Monitoring Data

Excerpts From “Geothermal Investigation Of The Cascade Area’,
July 1876, Boise State University

‘Excerpts From USGS Water Resources Investigations Open File Report 80-1020

Geologic Map From USGS Bulletin 1311-A

Correspondence From Unpublished Investigation And Well Siting Study For Eastern
Western Corperation

Well Driilers Reports




ATTACHMENT A
MONITORING DATA




:The pu:'pose of the menitoring program is ;od docq}'nent 61) existing disch_q;éé_.ratas and
temperatures at the springs and (2) existing diversion rates and source temperatures under water

“ Thid plan has been jointly prepared by Ter}*j"r'ééénlé"i—a'kconsﬁltéhi“t& MacGregor) ahd Sherl
- Chapman (consuitant to the Pancheris). Data shall be callectad jointly by Scanlan and Chapman

B3/ L2 ZKL L S
P

. Proposad Geothermal Monitoring Plan - Belviders Hdt Spring Area_
; : Maftﬁ'@jg;zogq RS HE T Toed DS e

A gecthermal monitaring program is prepesed to provide data ralated to pending Applications for
© Permit 55:13912, 65-13913, 65-13586 Tne‘appiications have been sutmitted by*Carol'L AR~
. MacGregor and nave teen protested by Cuane and Laura Paricher and:Danyin and Jean+ £
- Pancheri : The Pancharis divert water frem the hot spring underwaterrights 65-13332:and 6
12981 . ST I PR L e . I o

EEAY

rignts 63-13332 and §5-12981 The progesed monitering program will supgiement inital
monitering conducted on January 27, 2601 Monitoring should take piace for a one-year period
teginning in the spring of 2001 L -

[

(unless cthervise agreed to by the partiés) ~ As part &f this ian, Chapman shall be allowed to
enter the MacGreger property for scheduied manitoring events or with pre-nctification to (and
spproval by) MacGregor or MacGreger's regresentatives Similarly, Scanian shall be aliowed to
enter the Panchert preperty for scheduled monitaning avants or with pre-nctification to fand

apcreval oy) the Pancheris or their reprasentativ'es.

Manitoring Locations and Methods ' ' ' -

Darwin Pancheri Systam (Watsr Right Permit No. §5-13332). Darwin Pancher’s system is

sery simpie and additicnal flow maasuraments might not be necassary Heowever. menthly spet
checks of Source temperatures are recormmencad as san of the monitoring discussed below.
Sinca gumping rata is aasily monitored (with bucket and sicowaten) at the paint wnaera tha water

cischarges back o the cragk the pumging rate shouid be measured occasionaily for additional
verfication Temperaturas shall be measured at ine pump intake.

Ouane Pancherl System (Water Right Licanse No. §5-12391), Flow measurements and
lemperature measuremants at Duane Pancneri's systam ars reccmmendad Measurements
sroula be colleciad quarterly, beginning (0 the sgnng of 2001 Measurements, using 3 Ducket

ans sicowvatch shauld be as follows
1 Tha poci sheould be partiaily drained to aliow aczass (o the 4-inch nipe

Witk the tormate can in glace, ficw rata should be measured at {1) the 4-inch pipe that

2
discharges to the posl (2) the zipe that discnarges t¢ the poo! from the two homes and
(2) the pipe that discharges intc Brush Creak from the hiome and shep

3 Tne can should then be remeved ffrom the 4-inch pipe, flows shoulc te allowed o reach

aquiliorium and flow rates shoula 'o_g_re-measUrea at ail thres locatians
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33 o Notethat in the nan-neating seasca, steps 2 and 3woueid probably be revarsedyi2 yheasures - -
initially with temato can out and then with tamato can in) RS SR I

. % ~ | addition 2o the flow monitoring, sourca temperatura should be measurad.cn a m'cnth:ly basisfar ¢ 07

aona-year pericd  Measurements shculd be made through the pigeline vent using an oot

. thermometer with a probe that can be lowered through the veatinto the pipe; Waterlevelinithe
a.vent,pice shauld also be measured 0 dietarmineif pipe pressure (and therefore; flow rata) varias, "o o0

JAfsignificant.variations in flow rate are detectad then installation of 3 totalizing flow meter it the -~

4-inch pipeline should ba considerad. ) LA TonLorone il

Spring Dischargs Monitoring (Panchert Stockwater Source). The discharge from the

MacGragor spring area and the overficw from the Pancheri spring source (if any) ara combined
approximately 50 faat southwest of Darwin Pancher's pump Since the.Pancher’'s utllize this:

»~ surface water for irrigaticn and stockwater purpases, monitering is recommended 0 documant. ..
--axisting conditions Mcnitoring can bast te conducted using a v-neteh weir and staff gage.

. Recommended weir jocation is a few fest north af the MacGregar-Pancheri fence This weir area ~
- should ba fanced from livestock. Measurements of flaw and tampearature should be collectad on 2

monthly basis for a peried of cne year

In additicn t¢ the main weir on the Pancher side ofthe ‘ance, an additicnal weir that measures

. the fiow from the MacGragor sorings cniy is prepesad. The MacGrager weir measursment could
-ne subtractad from the Pancheri weir measurement @ gstimate the surface discharge from the
springs an the Pancheri preperty. The MacCreger weir and sgring arsa shall be ténced from

livestock.

‘Temgeraturas should be monitorec at she txc MacCreger bathhcusa sitas on @ monthly pasis.

Baszaline Monitoring Report

_ Foilowing the compietion of one-year of Laseling mcnitering 8 summary regcrt of the monicring
results snall ce presarad  The repcrt will grovide a summary of menitering methedelogy and
rasults Tha raccr shall be grepared jainty By Chapman and Scanian, and shail be submitted to-

the paries

Manitoring Costs, The parties agrae 10 23y costs for their respeciive consultants  MacGragor

shall pay costs far installation of weirs Scanlan and Chapman shall participats in wair

installagon  If data ars coileciad by one cansyitant or an outside third garty for the benefit of both

sardes the cost of that acguisition snail na snarad equally by both parues
8v signing belew, Scanian and Chacman agras that the above-described mathodclogy will

provide accurate data for the purpeses descriced

S = Sz 2 L A
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" Groundwater and Environment. _ngineering
November 28, 2002

Mr Gary Spackman

|dahc Department of Water Resources
2735 Airport Way

Boise, 1D 83705

Subject: Applications for Permit 65-13992 and 65-13993

Dear Gary:

Carol MacGregor and | have reviewed Sherl Chapman's letter of November 5, 2002, requesting
termination of baseline menitoring associated with Applications 65-13992 and 65-13983 As
- described in Sherl's letter, significant and vaiuable data have been collected in an attempt to
© characterize (1) thie discharge from the gédthermal resource in this area and (2) the diversion of
geathermal water under the Pancheri water rights (65-12891 and 65-13332) A copy of the data

summary is attached for your information.

Althcugh the discovery perioc has ended, we believe that continued monitering of diversion under
the Pancheri water rights is warranted. The Pancheri's have indicated that they will Bppbse any
depletion to the discharge from the springs that mighf im'pact their water rights [nsuch a
situaticn, accurate flow monitoring is necessary to protect both parties from ailegations of

"+ hydrautic impacts or over diversion. We feel that accurate -cﬁv_ers_ion data can only be cbtained

" through flow metering Therefore, please consider this letter as a request for the Department to

- order the immediate installation of fotalizing flow metérs an the pipelines that supply these water
rights. Furthermore, we request that totalized flows be reported to the Department on @ monthly
basis until further notice. It is important fer data collection to begin prior to the end of December
so that totalized flows can be collected for calendar year 2003. o

The totalizing flow meters are needed to document spring_diVersicﬁs bdth_ pefore and after test

well drilling Caroi would like to conduct test drilling in the summer: of 2003 Wil the Department

issue drilling permits for one or mare test wells at that time?

We look forward to your response regarding our request for installation of fiow meters, monthly

fiow metering, and issuance of test well permits We are availabie to meet with you and the

- protestants for further discussions if necessary . . .-

Sinceraly,

g‘;?m/ﬁ;-ﬁ&

erry Scanlan, PE, P.G.

Cc: . Carol MacGregor
Sherl Chapman
Duane Pancheri
Darwin Pancheri

Telephone (208) 383-4140

600 East River Park Lane,—r Sﬁite 105
: Facsimile (208) 383-4156

Boise, Idaho 83706



i+ MacGregor : Sl . Darwin Pancheri
Seep 8. of o : R I . Pump Sump
Upper Pooll  Lower.Pool MacGregor Weir . _.pipevent. . | PancheriWeir | Sump Overflow pump return
temp- temp.  flow| temp.  flow “ temp. DTW ()| temp flow | temp lemp temp flow
‘e 121. o _ It _ :
09/01/2000| 920 . 1160 10
10/18/2000f -~ 16
01/27/2001 104 88 16.6
05/05/2001 | 102.7 116.6 100.2 111.9 2.96 103.3 106.5 0
07/07/2001] 100.8 118.0 112.6 3.18 1081 0
07/21/2001] 104.5 118.9 106.2 54 112.6 3.18 99.7 7 104.4 0
08/08/2001{ 100.0 119.1 104.2 45 113.5 2.56 91.4+/- 8 106.3 1071 0
09/26/2001] 1015  111.8 118.4' 106.3 45 112.8 3.30 93.8 13 | 107.4 108.1
{1/02/2001} 98.8 1121 11714 flooded 111.9 °~ 3.05 BB+~ 13 | 1047 1069 0
02/16/2002) 95.9 112.6 117.5 86.6 54 111.0 272 88+/- 13 | 105.3 : 86.2 1.3
___ow\ow\mo_om. 93.2 112:6 17.3 88 b4 110.8 2,75 80+/- 15 | 104.5 85.6 7.2
,mom_,‘owg_u_..mo_om_ 101.8 1123 118.8 flooded 108.7 2.01 flooded 59.7 flooded 0
07/18/2002 1024 1117 1206 103.8 45 113.2 3.22 97.2 8 106.2 108 0
10/09/2002]100.8  110.8 117.0 101.5 112.6 3.18 85.8 11 | 104.7 0

" Flow is gallons per minute .
Temperature is degrees F

L.
i




Duane Pancheri

Shop House Pool

Tomato Can In
Shop House Pool

Tomalo Can Qut
Shop House Pool Total

Date temp temp temp| flow. flow flow} flow flow flow
06/07/1999 _ _ Sl
08/03/2000
09/01/2000
10/18/2000
01/27/2001| 88 g5 | 7.6 1 89 97
05/05/2001] 87.3 87.4 97.9| 62 41 625) 52 1 731 793
07/07/2001 : _
0712112001 ‘
08/08/2001| 92.5 101.8 54 '05 54 5989
09/26/2001
11/02/2001| 88.0 887 986]| 6.0 3.7 589 <1 702 76+-
02/16/2002 _
03/09/2002| 80.8 6.2
06/01/2002] 88.9 892 959| 63 46 635] 50 <1 74 B80+-
07/18/2002 B
10/09/2002| 90.3 86 1015} 62 21 606 1 623 68

Flow is gallons per minute
Temperature is degrees F
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‘GEOTHERMAL* INVESTIGATION OF THE . GASCADE ;: IDAHO AREA’
Monte D. Wilson é ea T
James K. Applegate g T
Sherl L. Chapman 3 IO
ABSTRACT

resource in the Cascade area of west-central Idaho which may have development

potential for non-electrical uses. Numerous high angle faults cut the Idaho

“nubgtholith:in this area; dispTacements=on someof these faults are:as great-= o

- ag 10,000 -feet and many of them have associated alteration zones. X-ray:.
. : analyses of samples co11ected_fr0m these zones.indicate substantial hydro=

. thermal alteration. Fault controlled hot springs have temperatures at the

# 2.7 2° Field:and laboratory investigations show the existence: of:a geothermal. . :

surface of up to 719 C and temperatures at depth, based on the silica- . :° =1

geothermometer, of up to 179?'c;:--~>-s:»=,u
- Microseisimic monitoﬁiné in the area;suggests'that.eastrwest.trending:f
- faults are -active, supporting the plausibility of an accessible geothermal
resgource. |
The domestic ground watér supply for most of the area is from very
“'shallow wells, most of whichéare-deVeIoped in the upper 200 feet of the -
valley ficor derive their water from joints rather than from fault systems.

Preliminary data indicate no connection between the thermal systems and the

water supply for the area.

SRR TR e e, L B AL e T
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Regiong]:GQQIOQy

The study area is located.-along the western-margin of -the Idaho
bathoiith. It is in the Northg;nuchky Mountain geomorpnic province
with the Seven Devils section of the Columbia Intermontane geomorphic
province bordering it on the west (Thornbury 1965, p.445}).

An extensive system of faults in this region was described by
Anderson (1934, p.25) and by Capps (1941, p.7), with the Long Valley
fault being the largest fault in this system. Many of the other faults

mapped during field work on this project are parts of this regional

branching system.

Lithologic Units

Idaho Batholith Granitic Rocks

For the purposes of this study rocks of the Idaho batho]ith were
mapped as a single lithologic unit rather than being subdivided {ntc
various compositional types. Reasons for uéihg thfé appfbééh td mapping
are primarily that the geothermal potential is apparently ndt'conthT]ed
by details of lithology and also that zones of lithologic variation are
both Targe and gradational, sothat they are best mapped on a régionéi
scale rather than on a restricted séa?e such as the map for this repéft.

Because of its location on the'margin of the Cretaceous Idéﬁo
batholith, the Cascade area 'is fn a belt with.grédation of rocks‘ffom'

directionless granite of the central batholith to gneiss and schist of




the batholith border. There is a systematic increase in metamorphic

. dptensity going eastward across the area. _Schmidt (1964, p.8) has
.. recognized and mapped siX major rock zones trending rorth and.south to.
.. : northeast-southwest through this region: :Three of these rock zones .

. make up most of the bedrock in the Cascade.area, they are:. 1} the quartz

diorite gneiss of Donnelly which is present in the western and north-

-western part of the map area, 2) the quartz .diorite of Little Valley:

which underlies the central paortion of the map area and, 3) the grano-

diorite of Gold Fork which underlies the eastern and southeastern portions

of the map area.

Columbia River Basalts

Along the western boundary of the study area, rocks of the Idaho
batholith border zone have been eroded and are overlain by flows of the
Co1umbia_River Basalts of Miocene age. -These flows are dipping westerly
at moderate angles. They were not mapped in detail during field work on
this project, so their contacts on the geologic map {Plate 1) must be
considered approximate. Isolated remnants of basalt are located along

the eastern margin of Long Valley and in the southern part of Little

- .Valley, near the northeastern corner of the map. These basalts have

bean downfaulted into the granitic rocks of the Idaho batholith, and

each of these isolated basalt outcrops is proximal to a conspicuous

fault or faults. These basalt outcrops are remnants of flows which were

formerly much more extensive in this regién (Capps, 1941, p.5, Bond, 1963).

Several guarries are located in thesé basalt remnants, with much of the

basalt being crushed and used in road building.




o¢,--.0f lacustrine origin.  Most of this sequence is stratigraphically: .
« - lower than the basalts, but there is some interbedding of the uppar

q,ijgcg§tripe_§¢riﬁa with the;LoggqﬁbgsaTt flows. Schmidt -and Mackin (1970,

Latah (?) Formation

. . Associated with the Columbia River Basalts is a sequence of poorly

. consolidated silt and clay layers which is. interpreted to be primarily

p.4), on the bases of'stratigraphic position and pollen studies, tenta-
tively correlated this unit with the Latah Formation of Tertiary age.

-+ Because of its poorly resistant nature, this unit is not well exposed

on the surface. However, it can be seen in excavations, and is
particularly well exposed in the basalt quarry about one-mile\northwe;t f
of the Cascade Dam. A few specimens of Equisefum sp. were found at
this‘1qqglity, but no other plant megafossils are known to have been

collected from this formation in the Cascade area..

Surficial Deposits

A detailed study and map of surficial depdsité in this éféé was
published in 1970 by Schmidt and Mackin. Most surficial depoéits:in thé
Cascade area are either alluvium or glacial drift, primarf]y moraines |
and outwash. Colluvium and Tacustrine strata are a1$d present Hﬁf'fhései
materials comprise smaller portions of the surficial deposits. Most of
these surficial materials were deposited during the Quaternary Epoch,

but Schmidt and Mackin (1970, puii) suggest that some of them, mostly

sediments on the floors of the fault block valleys, are of Pliocene age.




Structural Geology | STl
ia__tﬂ..s_s_ o . Tz
Earller workers such as Anderson (1934)#andvcapps (1941): Whﬂ dess. -

3 pyed

. -scribed:block faulting 1n west-central: Idaho cansidéred it to b aeasior
T nOrthward-cont1nuat1on of Ba51n-andeRange"structunes Th1s concluszon
§~was apparent1y based on - the fo1low1ng 51m11ar1t1es ‘between structures

in the two areas: types of movement are s1m1lar, strikes of maJor faults

are similar; and age span of movement is similar, although age is better

- documented in the Basin;and-Range Provinces: i T s

The largest faults -in the Cascade éreaitrend‘north;south and ‘north-
northeast, however, as can be seen by the map (Plate I), other faults

trend northeast, east-nurtheast, northwest and west-northwest while still
. Others are-curved in plan. Most faults in the area appear to be high

. .-angle with dip-s1ip movement as best:as can“be interpreted from field -

- eyidence, which is admittedly scanty. :Considerable fault movement:
occurred ‘after the Columbia River Basalt:was emplaced in Miccene time .

~and before the intensive glaciation of:the early Pleistocene. Two early

-workers.(Andeﬂson, 1934, p.26 and Capps; 1941, -p.6) have-assigned a late
Piiocene age to the major faulting: While this age ‘determination: ay be
accurate for the major faulting, the differénces in geomorphic expression
as well the offsetting relationships show that faulting has occurred at
different times in various pérts uf the area and probably occurred at

many different times along each of the large faults. Recent seismic and.

microseismic-observations show continued activity. Long Valley, Cascade -

. -Valley.and-Round Valley are all basically:fault-bounded structures which

10




1 - .observations made dur1ng this study show that a1though ‘the system of.

can properly be called grabens.

The Long Va11ey fault trends approx1mate1y north south through the

;:map ‘areaz ThTS fau]t is reported (Capps, 1941 p 7) to extend as a -

single fault from Bo1se to Grangev111e, a dnstance of 160 m11es Fleld

‘ofaults may 1ndeed'2xtend for 160 miles, -the Long Valiey fault as a. -:
continuous fracture is not nearly so long.. The Long Valley fault separates.

West Mountain, with its cap of westerly dipping basalts, from Long Valley,

=+ -3:;000 feet .below. A total throw on this fault of at least 10,000 feet

is determined by ;ombining the 3,000 foot West Mountain escarpment with
the 7,000 feet of sedimentary fil1.indicated by a gravity survey
~(Kinoshita, 1962) to exist in Long Valley near the northern margin of
. the study area for this project. Glacial sediments obscure the fault
~-trace .and prove that it has not experienced significant movement since -
- .these materials were deposited starting in early Pleistocene: time.
'Deépite its Jarge displacement and relative recency, (10,000 feet of.
displacement, and offsetting of Miocene strata) there are no known
hot-springs or other gecthermal indications along the Long Valley fault.
Two faults in the map area (Plate I) appear to have lateral companents..
One of these is herein termed the Scott Valley fault, and it strikes
north-south through the eastern part of the map where it makes the western
margins pf Scott Valley and Horsethief Basin. This is an cblique fault
with the east block having moved down and north relative to the west -
block which moved up and south., The other location where lateral move-

-ment is indicated involves the north 609 west fault going through the

- .z:South edge of the town of Cascade and/or the north 759 west fault going

11




through the Cascade damsite. Geomorphic:-evidence suggests left lateral
.- movement along one or both of thes&:faults. : Micréseismic monitéring -

. indicates continued activity along Faults in this imiediate arear =@

- Fault Controlled HOt?}‘_'SPl"'i ngs o ST -__ Saimlozua T

g oy

- Eleven hot spriﬁgs are located:within; or immediately adjacent to,
the area mapped in fﬁis project (Plate I}i all of them are within twelve
miles of Cascade and all are fault controlled. In Qddit{ﬁn, one former
hot spring on Little Pearsol Créék;-about fouﬁfmiTeéleaSt of Cascade,
has dried up in the 5ast 20 years and several former hot springs on the
. fault trace about one mile northwest of Cascadeé are now flooded by the
reservoir. Silica analysis and projected temperatures at depth were
done on seven of these springs. The four hot springs near the Boiling
Springs Guard Station, just off the south-western portion of thé map, -
were not included in:these analyses. -

Silica analyses were done by the standard molybdosilicate method
- (Taras and other, 1971, p.303) using a Bausch and Lomb Spectronic 20
spectrophotometer. The mixing model used to project temperaturas at
~-depth is the one established by Fournier and Truesdell (1974). For the
- purposes of establishing a mixing model, a temperdature of 10°C and a
silica content of 25 ppm was used for all cold water mixes based on
analyses of representative samples collected near hot sﬁrings"
From Table 1 it can be seen that surface temperatures of hot springs
~ range from SGdC to 719C, while silica contents range from 42.9 ppm to
_:§8_gpm, Aimixing model using these hot spring temperatures and silica

.contents along with a cold water temperature of 10°C and silica content

12
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Cascadem
-Litt?e chek

Belvidere 

Hot Springs Location

: Cabarton .- :  SWi, Sec.
Arling NW3, Sec.

Gold Fork SWs. Sec.

Flat Creek = SWy. Sec.

NEY, Sec.
NE%, Sec.

NEs, Sec. 13,

31,

13,
21,
36,

T13N,
T15N,
T16N,
TI5N,
T14M,

T14N,

TI3N,

13

RAE .

R3E

R4E

R4E
R3E
R5E
R3E

of hot springs né@r Cascade

Silica ppm

Temperature °C
Surface Mixing Model

68.0
56.6
62.3
47.5
42.9
8.6
60.0

TABLE 1: Silica analyses énd mixing model temperatures
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of 25 ppm predicts temperatures at depth ranging from 1407C to 17900
(Figures 2-8).

It shou]d be noted that five of these hot_;pripgs grei1ocated on
rof near the cascade Valley fault wh1ch marks the yeftern_edge of Cascade
s Va]?ey and extends northward through Little Valley. Thesg_hqt springs, -
from south to north are Cabarton, Be1v1dere (31$Q;cg11ed_sgy_anch),

Cascade, Flat creek and Gold Fork.

Hydrothermal Alteration Zanes

-Zonés of rock alteration ex1st along severa1 faults 1n,the Casqadg
area. In an attempt to determine the extent to_wh1ch hydrotherma] solu-
tfons were responsible for this rock alteration, eleven samples were
collected for powder analysis by x—ray_diffraction techniques.

| Table 11 shows the locations of samples cql1gcted and results of
fhé x-ray.anaTYSes" In fault zones_where.hydrpthermaT alteration has
occufred.kaoiinite ig usuaily found. Such.fau?t zone kaolinite, however,

may have been formed at depth because hot waters flowing out at the

surface tend to deposit silica rather than alter rock (Ciayton R. Nichols,

persona1 communication, 1975). Kao1inite was found in significant
amounts in two of the alteration zones and it was found in minor amounts
in three others. 7eolite minerals are often found where there has been
extensive fracturing and my?onitization of rock and they are usually
associated with if}ite and montmorillonite (Clayton R. Nichols, personal

communication, 1975).
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fl‘related to geo]og1c structure as previously’ out11ned in prev1ous sectlons

factor of water qua™ "y or quantity.

Thermal Water

Introduction

The thermaT water occurrences found in the study area are d1rect1y

;I_of th1s report Hot spr1ngs and wells are Tocated at’ severa] 1ocat1ons

-:.as shown in Plate II, and a1l of these 1ocat10ns ]1e iupon or adgacent to

fault zones as shown in Plate I. It is primarily due to this structural

affnnvty that a reasonab]y accurate assessment of the potent1a1 for' develop—

ment of the resource can be made.,

Possible Thermal Reservoir Units--

Generally, water temperatures from many of the'surihgs'and ue]]s

1ssu1ng from or penetrating the valley £i11 materials are higher than

h‘temperatures that are cons1dered norma] in spr1ngs ‘and we11s cTose to fault
- ZOI_’]ES 'l_n g_ramte. For this .reason"these two un‘its may be COnS"Tder'édj:as

. possible reservoir units or sources of thermal water.

Gran1t1c Rocks - The granitic rocks exposed- on the boundar1es of the

'Cascade Long Valley study area contain a high number of hot’ spr1ngs (PTate I).

These rocks from the basement complex in the area, and because gran1t1c rocks
are genera]?y dense and impermeabie, they may not contain significant volumes
of hot water. However, because the hot water in the area appears to be
concentrated near large fracture zones and dr1]1ers ]ogs often ‘indicate a
s1gn1f1cant th1ckness of decomposed granite near the uppaer ‘surface of the

unit, 1t may be that those portions of the unit constitute a sighiffcaut'

aquffer Unfortunate?y, sufficient data do not yet exist to make that

spec1f1c an assessment




VaiTeX Fill - A few 4e1ls drilled into the valTey near fault

?fzones yield water of moderate temperature (a2.50C). It is believed that

§ater 1eak1ng from fault zones in the gran1t1c rocks enters the-vailey

_;iwa
ﬁuﬁ’ﬁii and” tove laterally out into the valley. Because of tﬁe layered

igstructure of the valley f1]1 and ‘the 1arge ‘number of relat1ve1y Jmpermeable

;jenses, there may be a s1gn1f1cant amount of hot water 1eak1ng from the :

fgran1t1c Focks into the va11ey £i11 that is yet undiscovered. The shallow

?J;weils do not prov1de suff1c1ent data because they have penetratéd'only'a

fvery minor section of the valley fi1l. As in the granitic rodkg, however,

?'the Tack of deep well data prec]udes any true assessmgnt Qf_the unifs poten-

: tial as a thermal aqu1fer.

Thermal Water Quality
Analyses of four thermal wells or springs are shown on Table 111.

Interpretat1on of these samples analyzed by the U.S. Geological Survey

" (Young and Mitchell, 1973) demonstrates the separation between the thermal

and'non-thehmaﬁksystems in the va?ley as we know them. Wnhile mixing between

the two systems does occur upon ascensfon’of the hot water, the difference

P T T S
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in jonic constituents and the lack of correlation between ratios of several

b B

etk

of the jons indicates a Very'different circulation pattern between the hot

water and the cold water present in the valley.

As shown in Table III, the thermal water in the valley is alkaline,

has a high sodium and chloride content and a retatively high total dissolved

solids content. The cold water is acid and has low sodium and chloride

content and very low total dissoived solids content. The;primary reason

for the wide variability in chemical constituents j¢ believed to be the

result of circulation pattern, temperature of the water and time of travel

within the aquifer system.
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It should be noted that™the quality of the thermal waters analyzed

is excellent in comparison toishot springs and wells in other aréagof” =~

. the.nation-and worid, and in fact'could be utilized for irrigation of all .:'

‘The sodium-absorption ratie (SAR) for- " %

y -

&

§.Crops now growing in the val
{Cabarton"Hot-Springs, the hiiﬁgst'in*tbta1'dissd1VEd solids, is'4.6. T -
fqengrale,_water having an Si; valué:less thin 10 §5 considered-to bei:i: “:ii.

2 suitable for irrigation of the crops grown in this area: °

Recharge Characteristics
Any.discussion of recharge to the geothermal systei must nedessarily’
" be 1imited because of the 1ack of data available. However, some conslusions
- can be drawn, based on the rééu]ts of this study. |
The chemistry of the thermal water in the study area is notably
Tow in dissolved solids and Conductivfty“ This, coupled with the knowledge

of. the geology of the area indicates-the water is: (1) of meteoric origin,

(2) has not traveled great distances in the reservoir rock, and {3) has a
relatively direct connection with the recharge area. Additionaliy, the
thermal system probably acts as a minor source of recharge for the cold

water system beneath the valley floor. Because of the lack of définite

e N . N
i, TR St eI, L WS e SV A T e

hydrologic parameters, no assessment of the quantity of rechargé to the

thermal system can be made.

Conclusions and Recommendations
.Based upon the investigation conducted in the Cascade-Long Valley
area, several conclusions regarding both the thermal and non-thermal-

ground water systems can be drawn. These are as follows:
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Water supplies in the valley are sufficient for all uses now

. .being made. The river and stream system provides adequate water

for irrigation of all agricultural land.

u: The major non-thermal aquifer is the valley fill and alluvium,

and it is adequate to supply water for nearly all wells on the
valley floor and.futUretground water development.

The va]iey fill aquifer contains a large nuﬁber of arteéian zones,
most of which are untapped and are capable of supplying fair
yields to wells.

The hydrd1ogic parameters, such as the storage coe%%icent and trans-
missivity, have not been calculated because of a lack of adeguate
pumping well data.

Water quality in the cold water system is considered to be poor
for domestic purposes because of the high iron and manganese con-
tent. Other constituents, however, are within acceptable 1imits.
Known thermal water occurrences in the vaT1ey are related to the

geologic structure. Locations of existing hot springs are directly

- controlled by the presence of fault and fracture patterns.

Both the granitic rocks and valley fili offer potential as reser-
voirs for thermal water. VA significant untapped thermal aquifer
may exist at depth in the valley fill.

Quality of the present geothermal resource is good. Samples
analyzed show that hot water issuing from springs and wells in the
area can be utilized for nearly all uses, including irrigation

of crops.

Recharge to both the non-thermal and thermal systems is probably
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meteordic in origin. Chemical differences in the water are the
result of the longer time of travel anq he;t71n the thermal
reservoir. | |
- Several recommendations can be made-fo;ffutthepi§ﬁudy inEthe.
-Cascade-Long Valley area. These dnclude: o :

-1 Resistivity technigues shou1d be ut1l1zed to- determine the

" possibility of a large therma1 aquifer present in-the va]?ey Fill.

2 Based upon the results of the resistivity, study part1c1pants-

-, should confer and agree upon the 10cation'and‘depth-of:qt least two
“4riTl sites on the valley floor for test holes. These holes
should be constructed in such a manner aé-to permit-packer:testing;

Parameters of transmissivity and-storage should be detefminéd,as

well as geological analysis of penetrated formations and water..-
quality changes with depth. _
~.3 One additional drill site shou1d be 1ocated in such a manner as
. to assess the capability of the granitic rockS'to-functlon-as a
thermal aguifer. Location of the well site shoutd take.into
account geolog1c structure with emphas1s on fault patterns and

the proximity to the u1t1mate place of use, should deveiopment occur.
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INTRODUCTION

. ‘The State of Idaho Cap1t01 Mall geothexmal system has operated in downtown Boise:..
’ ,smce 1982, The system supplies. about ninety percent of the heat required for nine buﬂdmas :
. including the.State Capitol. 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 Idaho Pepartment of Water Resouices 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
presents annual and monthly production 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 Idaho Department of Water Resources for the
~ water right licensing of the State of Idaho geothermal production well in 1995.

Previous Studies

Several papers and teports 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; Higgmnson,
'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 198%. 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), %-%
seciion (40 acre tract); %-%-% section (10 acre tract), %-%-%-% section (2.5 acre tract),




and the serial number of the well within the tract. Quarter sections are lettered A, By-Cy: and ooz N

D.in ‘counterclockwise order beginning in the northeast quarter of the section.: SuCC:essively
‘smaller fracts are lettered in the same manner. For example, well 04N:01E 04CDAL.

i - corresponds to the PLSS location: NE%, SE¥%, SW, Section 4, TO‘WIIShlp 4 Noxth Range LR

_ ‘.'Vj 1 East, and it was the ﬁzst well inventoried by the USGS in that tract.

Aclmowledeements

The ziuthor would like to thank several people who helped compile the data for this

“'repoxt.. Monty Leinberger and Bill Hudson, Idaho Department of Administration-Building <. -
Services and Tom Markland, Idaho Department of Lands, provided copies of the Daily Logs . ...

for the State Geothermal system. Cody Kinney, Idaho Department of Water Resources
' (IDWR), entered the data from the Daily Logs into computer spreadsheets.’: Wayne Haas,
Hal Anderson, Paul Castelin and Steve Lester (all employees at IDWR) provided tec:hmcal

review for this report. I appreciate all of your efforts in this project. -
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) SIS

had been successfully completed (Figure 2).

_ In May, 1892, the Boise Natatorium, a 15,000 square foot.structure which included 2.~ - -
‘65 x 125 foot geothermal swimming pool, was open for business. In the same year, the = @ "0

* 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 1970’s, there was no mgmflcant 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 Govemor Cecil Andrus to request-a study ‘of the
Boise geothermal resources. 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 on Penitentiary Road was converted to geothermal
space heating in 1977. The State of Idaho realized the cost-saving benefits immediately. By
1979, the State was ready to take the next step in geothermal heating.

SR



Figurefl‘. Well-numbering system.



. :(Progdiigiion} ®+z. .
2) Capitol:Mait #1
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10)BEL #2 -
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13) BGL #1

14} BWSWD #3
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16} Quarry View

17} BWSWD #1

18} BWSWD #2

19) Kanta

20) Botanical Gardens

6) VA #1 (Prodiction) * |.

Figure 2. Location map of geothermal wells in the downtown Boise and Boise Warm

el

Springs Water District areas. The map area is within Township 3 Ndﬁ_.h,-_. Range 2 East, - The- =~

numbers appearing diagonally are the section numbers.

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 (03N 02E 10AADAL) 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 $00-
gallons per minute. The original water temperature for Capitol Mall #2 was 160% .-

" Fahrenheit.” By 1982, nine buildings in the Capitol Mall complex were being heated by the B

geothermal resource (Figure 3).

- In the early 1980’s, Boise Geothermal Limited drilied four production wells and the .

Veterans Adihﬁﬁs‘naﬁoh drilled a test well followed by a production and an injection well . -
~ (Figure 2). In 1988, the City of Boise purchased Boise Geothermal Limited. . -

‘In the mid 1980’s, iatér levels in the Burean of Land Management (BLM) i
observation well, located east of the Capitol Mall wells (Figure 4), began declining rapidly.

S

In 1987, IDWR created the Boise Front Low Temperature Geothermal Resource Ground .0 @ . T
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“Water Management Area because of the declining -water levels. Further; QCYQlQPIQQEE;Qﬁij:# o g
geotherral zesource ‘was discontifued in the:Management Area. Since 1 i
- ‘the-BLM well have ceased declining (Figure 4). . o

#ir ¢ State of ldaho Capitol Mall Geothsrmal Piping Plan . .- - | TiER n
ETY R : [rh!sdlagmmmn_mmmasawﬂc pipe map. e :
RN ’ —-
—oatvey P | wer 1B E E R
_—Go]tection_?tpa [5‘ ]a,; l;ﬂ,—‘ . i ‘-
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Figure 3. State of Idaho Capitol Mall geothermal piping plan (from Worbois, 1982).
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Figure 4. Hydrograph for the BLM observation well (03N 02E 11BABDI).



TEn Y CAPITOL MALL DATA

Data are. collected in two

“’“"‘Hiﬂd‘i’ﬁi‘i__ttéﬁ"Dé:ily"logsnn -which-discharge; temperature, pressure and-other system-: + - v+
. operations are.recorded.  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 dischiarges becaiise the readings ate 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.

- AR R Ll

~ The second format is Trend Logs whefe 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.
- are-incomplete because the fiowmeter was not. working for several months. .

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

... . 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
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, - -
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

" differences between the annual production calculations from the Trend and Daily Logs (1993 P

“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 .
‘was extracted fromi 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 240:4 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 Tecorded diring peak production times. - .

rend Log dafa for 1993 afe considered fo be complete. Trend Log data for 1994, -

G



Table 1. :Anaual production for the Cap1t01 Mall geothermal system, 1983 1994 (in millions:.: GRS

_‘).-ofcrallons) pel:i
: Year . | ‘Berkeley Group Inc. (1990) Da.lly Logs Trend Logs | . . 'iz-:“
1983 79.1 | 658 e -
1984 204.8 11695 ] B
1985 | 196.4 11875 N
| 1986 188.6 [ 1797 B
1987 N/A | 148.6 B
i s e 1227 -
! 1989 106.3° 155.6 ' B -
N 1990 83 4 ' |
1991 - 1159.4 43.6
1992 136.3 75.3
1993 | 240.2 180.3
1994 167.9 96.3 ]

= EBstimated from Totalized value of 3. 10 X 10 gallons for the period from January, 1988 R
through June, 1989 (Berkeley Group Inc. (1990)). e .

Monthlv Production

Figure 6 shows the total monthly production for 1983 to 1994 as calculated from the Daily
and Trend Logs. - Monthly production ranged from 0 to 30.5 million gallons Appendlx A

lists the monthly production data.
Daily Discharges

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
included in Figures 15-18: The X axis for each figure is incremented by Julian days in the '
q 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). Clearly, some years'

have more complete’ ‘data than other years. Figures 9,10, and 17 appear t0 be the most
complete: Therefore,: the annual production as caleunlated from the Daily and TIend Logs CLonne
may be the most accurate for 1985, 1986 and 1993 (Table 1). : S
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Figure 5. Annual production for the Capitol Mall geothermal system, 1983-1994.
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Figure 6. Monthly production for:the Capitol Mall geothermal system, 1983-1994.
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Figure 7. Daily discharge readings for the Capitol Mall geothermal system, 1983.
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Figuse 8. Daily discharge readings for the Capitol Mall geothermal system, 1984. .
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Figure 9. Daily discharge readings for the Capitol Mall geothermal system, 1985.
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Figure 10. 'ljilizl-y::dis&héx"'gé: readings for the Capitol Mall geothermal system, 1986.
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Figure 11. Daily discharge readings for the Capitol Mall geothermal system, 1987.
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Figure 12, Daily discharge readings for the Capitol Mall geothermal system, 1983.
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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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e 16, Daily discharge readings for the Capitol Mall geothermal sysiem, 195Z.
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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, 1594.
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Monthly Discharges

The average monthly discharges 1anged from O 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 geothermal system,
1983-1994.
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Supply Temperatures

Figure 21 shows a decline of about 5° Fahrenheit in the maximum monthly supply
temperatures 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 Capitol Mall Geothermal system,
1983-1994.
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CONCLUSIONS AND RECOMMENDATIONS

The State of Idaho Capitol Mall geothermal system heats nine buildings in the Capitol
Mall complex. The system 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
Jow 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, 1985.
The highest average monthly discharge rate was 683 gallons per minute in January, 1985.
The maximum discharge rate was 982 galions 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 failure
and data capture mistakes.
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APPENDIX A.

MONTHLY PRODUCTION FOR THE CAPITOL MALL GEOTHERMAL SYSTEM

~ ..

Year Month Production in gallons Production in gallons
{Daily Logs) {Trend Logs)
1983 January NA
February NA
March NA
April NA
May 158,400
Tune 2,441,952
Tuly 2,688,192
August 2,914,128
September 4,604,400
Qctober 12,642,192
November 16,281,360
December 24,102,864
1984 January 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
QOctober 16,672,032
November 24,705,648
December 30,388,752
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MONTHLY PRODUCTION FOR THE CAPITOL MALL GEOTHERMAL SYSTEM

Year Moenth Production in gallons Production in gallons
(Daily Logs) {Trend Logs)
1986 Tamuary 23,485,392
Febrary 24,713,568
March 19,460,448
April 19,732,608
May 14,113,584
Tune 4,015,440
July 3,804,912
August 1,478,448
September 9,465,696
October 15,321,888
November 20,062,944
December 23,956,448
1987 Tanuary 26,843,760
February 24,236,496
March 23,514,048
April 4,835,088
May 8,163,936
Jupe 6,458,832
Tuly 3,140,352
August 2,680,892
September 9,832,147
October 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 MAILL GEOTHERMAL SYSTEM

Year Month Production in gallons 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
June 1,701,792
July 88,128
August 4,557,024
September 9,763,344
QOctober 14,638,896
November 19,700,064
Decerber 23,902,704
1990 January 909,648
February NA
Mazch NA
April NA
May NA
June 53,056
July 65,808
August 1,499,184
September 7,517,088
Qctober 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
Taly 1,765,296 454,892
August NA 1,989,104
September 8,554,608 3,061,955
October 17,361,648 10,468,839
November 18,400,752 NA
December 19,489,824 NA
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MONTﬁLY PRODUCTION FOR THE CAPITOL MALL GEOTHERMAL SYSTEM

Year Month Production in gallons Production in gallons
(Daily Logs) {Trend Logs)
1992 January 20,499,695 10,557,500
February 15,725,808 8,175,654
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 1,955,376 NA.
September 6,929,136 NA
QOctober 9,161,136 NaA
November 19,996,992 18,264,697
December 23,412,816 24,173,503
1993 January 30,446,640 29,216,599
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
June 14,780,160 10,848,560
July 12,329,568 4,561,290
August 8,352,144 3,359,905
Septernber 20,727,792 10,691,201
October 20,737,296 7,234,027
November 28,243,440 25,207,402
December 25,850,160 21,795,714
1994 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
Tuly NA NA
August NA NA
September 9,947,088 5,374,422
October 15,640,160 16,083,684
November 23,774,112 23,009,472
December 24,817,680 25,344,205
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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, 1daho

INTRODUCTION
The State of Idahe 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 downtown Bolse area including the State
Capitol. The cost savings over natural gas heating are esti-

mnated 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 sysiem operation data have
been recorded mapually 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 Fromt
Low Temperature Geothermal Resource Ground Water
Management Area (GWMA) in Ada County of southwestern
Idaho (Figure 1). The GWMA was established by the Idahe

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 District. Colleciively, these four users extract
about 600 million gallons of geothermal water anmually,
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 cumently zbout 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,
& 15,000 square foot structure which included a 65 x 125 foot
geothermal swimming pool, was open for busineéss. 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 no significant exploration for geothermal resources
' }Je downtown Boise area.
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Location map for the Boise Front Low-
Temperature Geothermal Ground Water
Management Area (GWMA).

Figure 1.

In the early 1970s, 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 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 beating 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 Arez 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 Capitel Mall
geothermal system (from "The Capitol Mall Geothermal Energy Project” published by the State of
_ Idaho, Department of Administration). : R

Figure 3, Pump station for the Capitol Ma]l.production well with the top of the State Capitol building in the
background.
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.APITOLMALLDATA . |
Monitoring data aré collected in two formats for the

~amitol Mall system. The first format is handwritten Daily

L. pn which "disCharge,;ti:mperanlre, pressure and other

system operations are recorded once per day. Data have been
entered on Daily Logs since May, 1983
Group, Inc. (1990) report noted that the Daily Log data
usually refiect higher than average discharges ‘because the

readings are.taken during peak flow times (i.€. 5:00 - 8:00°

a.m.).
recorded every six hours using a compuier SySteIm. Data have

veen recorded on Trend Logs since 1991. Unfortunately,
Trend Logs for 1991, 1992 and 1994 are incomplete due to
‘data capture mistakes by the author and to equipment failure
with the flowmeter. Tread Log data for 1993 are considered
to be complete The raw ata 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 (Neely, 1995).

Production Calculations ,

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 flowrales instead of the
flowrates reported oD the Daily Logs. For the study described
in this article, the quantity of water extracted daily was
cslculated from the Daily Logs by multiplying each daily dis-

rge reading (in gallons per minute) by 1,440 (miputes per . .

aay). Daily production quamities were calculated from the
Trend Logs.by computing an average discharge for gach day
(from the four daily readings) which was then multiplied by

1,440 Daily volumes from the Daily and Trend Logs were.

summed to provide monthly and annual totals.

Annual, Monthly and Dailv Production
Table 1 lists the reporied and calculated 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 1983-1094 . Additional calcula-
tions performed on the data for 1993 revealed that the Daily
Logs comained 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 column)
is too high.

Figure 5 shows the total monthly production for 1983 to
1994 as calculated from the Daily and Trend Logs. Monthly
production ranged from 0 to 30 5 million gallons; however,
the most reliable maximum value is 29 2 miltion gallons for
January, 1993, based on the Trend Logs. The average
monthly discharges ranged from O to 683 gallons per minute
(Figure 6). Maximum monthly discharges were about 300-850
gallons per minute with the highest reliable discharge fatie
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 pet minute
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The Berkeley

The second format is Trend Logs where data are

during the peak beating seasu (approximately days 0-90 and
300-364), to about 300-500 gallons per minute during the non-
peak heating season (approximately days 91-1 80 and 240-299),
16 0-300 gallons per minute during the summer (approximately

days 181-239).

Tﬁbié 1. Annual Product-ioﬁ for the Capitol M_ail .
k Geothermal System, 1983-1994_ (in .mil}ior}_s of

gallons}.
Berkeley-
Group Inc. : _
" Year (1990) Daily Togs Trend Logs
1983 79.1 65.8
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 83.4
1991 155.4 436
1992 136.3 53
1993 240.2 . 180.3
1954 167.9. - 96.3

2 E_st'iﬁl_ated From Totatized value of 3.:10.xi106_galiohs-for .
the period from January, 19838 through  June, 1989
(Berkeley Group Inc. (19907}, ' ' -

ANNUAL PRODUCTION

1983-1994
250
© 200 | Tl
fe) TS AR
o .
=
= 150 s
L
O : .
5
= . . .
2 sof| —— BERKELEY GROUP |... | wpetid g ]
- DALY LOGS -
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0 T I T T . |- - MRS SE—
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Figure 4. Annual production for the Capitol Mall

geothermal system, 1983-1994.
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Figure 5. - * Monthly production for the Capitol . Mall Figure 7. Daily discharge readings for the ‘Capitol
A geothenna] system, 1983 1994 ‘ ' Mall geothermal system, 1993 (Day 0 =
January 1; Day 364 = December 31).
I Supply Temperatures
_ 7., . Figure 8 shows a decline of about 5° Fahrenhen in the
S .. maximum monthly supply temperatures from 1983 to 1994
) " The decline may have been caused by a gradual thermal
» .. breakthrough related to nearby reinjection in Capitol Mall #1,
. - although thls interpretation is speculanve at thls tm:\e
AVERAGE MONTHLY D‘SQHAHGES MAXIMUM MONTHLY SUPPLY TEMPERATURES
19831994 19831994 -
1000 —— DALYLOGS 200 ~ DAILY LOGS' [~ )
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Figure 6. Average monthly discharges for the Capitol  Figure 8. Maximum monthly supply temperatures for* - ‘
) Mall geothermal system, 1983-1994. the Capitol Mall Geothérmal system, 1983-

1994.
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CONCLUSIONS S ¢ RS :
‘The State of Idaho Capitol Mall geothermal system has

-Heated nine buildings in the Capitol Mall complex since 1982.

)Ammai ‘production was computed to range from 65.8 t0240.2

" million gallons during the time period: from 1983:t6.1994

The computed value ‘of 240.2 million-gallons ¢1993 Daily -

Logs):is ‘too high becaude the calculation i based on peak:
daily discharges as opposed to average daily:discharges. : ;Thé ? ¢

computed-value of 65 8 (1583 Daily Logs) is too low because

of missing data. -~ Based ' on- all of “the data;ithe annual ..

geothermal production for the Capitol Mall system: probably

ranged from 160 to 205 miliion gallons: The highest monthly::

production, based on Trend Logs, was 29.2 million galions in

January, 1993. The highest average monthly- discharge rate
* was 683 gallons per minute in January, 1985. The maximuin
: -dlscharge rate was 982 gallons per minute in November, 1993

‘The maximum monthly supply temperature decrea.sed about 50

Fahrenheit from 1983 to 1994,
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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 in 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 information 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 a mass measurement' of water levels and/or pressures in selected
geothermal wells througbout 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 hiydraulic gradients.
Referred to hereafter 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 mote available data than geothermal wells in other areas along the
Boise Front Users in these three areas expressed concem about possible effects
associated with proposed increases in thermal water withdrawals (with re-injection) by

the City of Boise

-Kf’ St

Downtown — Table %
: Rock Area g

P Ko

Explanation

& Project wells
® Other wells with_water temperatures greater than 80°F

BFGecMap > BF area » Wells over 80.jpg

Figure 1: Map of the Boise Front area showing primary production areas.

T SRR

This project has been guided by, and the above-listed reports have been reviewed by, a
project Technical Commitiee 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:

» Chuck Brockway, Brockway Engineering (on behalf of the Boise Warm Springs

Water District)
e Paul Castelin, Idaho Department of Water Resources
e 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:

I
2.
3.

Review applicable hydrogeologic and geologic literature.
Develop MS Access database of geothermal data.

Document consistent water level and/or pressure measurement point
locations for selected geothermal wells.

Survey selected geothermal well locations, ground surface elevations, and
measuring point elevations.

Conduct a simultaneous measurement’ of water levels/pressures in
selected geothermal wells.

Review and summarize the current understanding of the hydrogeologic
framework
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 2 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 Boise.

3. OVERVIEW

An extensive “low temperature” geothermal aquifer system underlies 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 Front is unclear,

3 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 Guich (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 aguifers reside in a complex series of igneous rocks and
interbedded sediments (Wood and Burnham, 1987; Wood and Clemens, in press)
Geothermal water 1s assoctated with fractures along a northwest trending fault zone
along the Boise Foothills. Thermal water in the downtown — Table Rock area is 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 Hartis Ranch area resides in fractured granite. Iwo Tertiary-aged basalt
layers appear to be the primary source of 90°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 Gulch 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
friom 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
inclhuded 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

Ievel 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
simulations 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

Administration (VA) Production wells.

4. CONCLUSIONS

The primary conclusions from this study are that:

1. The Boise Front geothermal aquifer(s) appears adequate for suppiying
current levels of thermal withdrawals (with accompanying injection)

2 Improved monitoring and reporting of water levels, pressures,
temperatures, and fiow rates is needed to better track responses of current
and future withdrawals and re-injection.

3. Itis unlikely that the proposed increases in production and 1e-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 model simulations
include the following:

1. Water levels in the downtown — Table Rock area decreased beginning in
1984, apparently in response to new net withdrawals by the City of Boise

in 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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Water levels in the Boise area stabilized somewhat beginning in the late
1980s, based on observations in the BLM well. The stabilization of water
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 (Golf Course) Upper

well.

Several Stewart Gulchk wells {e.g, Edwards, Quail Hollow Lower,
Terteling Windsock, Terteling Pool, and Terteling Motorcycle)
experienced water level increases in the mid 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 in
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 Harris 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 curent water
Ievel/pressure and production data are insufficient to describe the degree
of hydraulic 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
increase 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 in turn could change the temperatuze
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.
1t is unclear whether this result is 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 Guich 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 fitture (e g, 30 or 100 years).

5. RECOMMENDATIONS

The primary recommendation of this study is to improve the monitoring of water
levels/pressures, temperature, and flow in geothermal wells. The improved monitoring
would enable better fracking 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 wuniform
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

IWRRI Page 7




tested in a limited number of individual wells to 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 aquifer and/or fault characteristics through geophysical methods
(e g, seismic surveys).

- 3. Conduct field-based and/or simulated 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 assoctated with
individual aquifer zones.

6. Consider exploratory drilling to help guantify hydraulic and temperature
characteristics in primary faults.
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July 14, 1983

Owner of Well: Larry Hellhake Well No : GEO-1 Location: Roystone Hot Springs
Measuring point for water levels (MP) 10C — 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
250 590 (b 300 X
1642 Raised
RPM
1644 67 359 T=158"F pipe ‘@
.85 full 800 rpm
1735 71 344 67psi 23sec
200 gal 160°f
1750 69 350 68psi k=.66
Raised Q '
1750
1754 73.5 420 K=7
1819 73.5 420 SL.C 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 89.5 631 229
1938 94 600 [ncrease Q at
2000
2001 106 750 18.75 1325 RPM
2006 108 750
2010 110.5 750 SLC
2034 115.12 750 CWB
2105 115.12 750 180°F 1325 RPM
2125 115.12 750
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/’0:»!'



July 15, 1983

Owner of Well: Larry Helthake 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 Measutement | was on since | making this
i below last notation observation
M.P.

07/15/83 13129 667 967

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 5.89 0715-84°C
(183°F)
Sc=4.71gpm/ft

0748 193.66 800 1600RPM

0755 202.90 800

08G9 202.90 800 84°C

0824 212.14 857 1700 RPM

0840 212.14 800

0854 216.74 800

0927 216.74 750 4.87 Pump shut down
1755 Ending
Totalizer

0935 126.67

0936 122.05




July 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

7/14/83 430 0 months SLC Unused unpumped

1220 well So of GEO#!
about 30-40 feet

1544 43.96 0

1645 46.20 0

1740 47.48

1939 47.6

2015 50.58

2040 54.12 CWB

2109 55.01

2129 55.71

2148 56.30

2217 56.92

2246 57.48

2321 57.98

2358 58.42

7-15-83 58.73

2434

0108 59.15 M-scope
malfunctioned. Tip
repaired by removing
¥ 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 4His 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
1303 58.80
1424 58.10 End of Test




Field Notes 7/14/83 - Spring

Owner of Spring: Larry Hellhake Well No.: Spnng
Location: Roystone Hot Springs — swimming pool spzmg
Measuring pomt 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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1. INTRODUCTION

2.P

This report summarizes a study of hydrologic conditions in the Boise Front geothermal
aquifer conducted for the City of Boise, Idaho and the National Renewable Energy
Laboratory The study was conducted by the Idaho Water Resources Research Institute
(IWRRI), with assistance from the Idaho Department of Water Resources, geothermal
water users, several consulting engineers and geologists, and a Project Technical
Committee (see “Acknowledgements,” page 8).

The motivation for this study arose from a request by the City of Boise to expand
current levels of production (and subsequent 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. The City of Boise and other major users therefore sought additional hydraulic,
thermal, and hydrogeologic information about the geothermal aquifer system, and the
development and implementation of a monitoring plan.

The summary is based on the following two reports, available from the Idaho Water
Resources Research Institute or the Idaho Department of Water Resources:

1. “Hydrogeologic Conditions in the Boise Front Geothermal Aquifer”
(Petrich, in preparation)

2 “Simulation of Ground Water Flow in the Boise Front Geothermal
Aquifer” (Zyvoloski, Keating, and Petrich, in preparation).

URPOSE AND OBJECTIVES

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 conceptual understanding of the Boise geothermal
aquifer.

2. Consolidate existing hydrologic and production data into a Microsoft
Access database.

3. Construct a numerical model capable of simulating hydraulic heads and
water temperatures in the Boise Front area.

4. Calibrate the model on the basis of hydraulic head and temperature
observations using methods that quantify calibration confidence.

IWRRI

Page 1 Draft: 08/10/03



5.

Evaluate increased production capacity of the geothermal system on the
basis of projected geothermal re-injection effects.

Evaluate potential hydraulic and thermal effects of increased production
and re-injection by the City of Boise on wells in the Boise —Table Rock,
Harns Ranch, and Stewart Guich areas

The primary focus of this study was on three areas within the geothermal system:
Harris Ranch, downtown Boise ~ 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 three areas expressed concern about possible
effects associated with proposed increases in thermal water withdrawals (with re-
injection) by the City of Boise.

3. PROJECT COMPONENTS

The project included the following tasks:

1.
2.

© 0 o

11,

Conduct literature review,
Develop MS Access database of geothermal data

Document consistent measurement point locations for selected geothermal
wells.

Survey selected geothermal well locations, ground surface elevations, and
measuring point elevations.

Conduct a mass measurement of water levels/pressures in selected
geothermal wells

Review and summarize hydrogeologic framework.
Develop chronology of geothermal development.
Prepare and review hydrographs from geothermal well data.

Evaluate water level and temperature trends.

. Construct and calibrate a three-dimensional numerical model to simulate

flow in the Boise Front geothermal aquifer.

Use the model to evaluate potential hydraulic and temperature impacts
associated with increased geothermal withdrawals and re-injection by the
City of Baise.

IWRRI
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4. PROJECT OVERVIEW

An extensive geothermal aquifer system underlies 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 Front is unclear, 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.

The Boise Front geothermal aquifers reside in a complex series of igneous rocks and
interbedded sediments. Geothermal water is associated with fractures along a
northwest trending fault zone along the Boise Foothills. Thermal water in the
downtown Boise — Table Rock area is drawn from granite, Tertiary rhyolite and
associated sediments, and/or Tertiary basalt and basalt tuffs, and typically ranges in
temperature from 135 to 175°F. Geothermal water in the Harris Ranch area resides in
fractured granite. Two Tertiary basalt Jayers appear to be the primary source of 90 to
125°F thermal water in the Stewart Gulch wells. Potentiometric surface maps based on
the 2002 mass measurements indicate westerly or southwesterly horizontal hydraulic
gradients in all three of these areas.

Development of hot ground water began in the Boise area in 1891. Geothermal wells
with elevated water temperaﬁ;r‘es are clustered along the Boise Front in several areas,
including Harris Ranch, downtown Boise — Table Rock, Crane Creek, and Stewart
Guich (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

Water levels in the Boise — Table Rock area began to decrease in 1984, coinciding with
the initiation of City of Boise withdrawals. Water levels stabilized from about 1987
through 1998, as net withdrawals stabilized at 2 lower rate. The water levels in the
Boise — Table Rock area began to rise beginning in the fall of 1999, apparently in
response 1o the City’s re-injection of thermal water. A number of wells in this area
have experienced water level increases since 1999, including the Bureau of Land
Management (BLM) monitoring well, Veteran’s Administration (VA) production well,
Boise Warm Springs Water District (BWSWD) wells, and Kanta well.

Water levels in the Edwards well (Stewart Gulch) began to decline in 1984, coincident |
with the initiation of pumping both by the City of Boise and Quail Hollow Golf

Course. Water levels also 1ose in a number Stewart Gulch wells beginning in about

1996. However, no additional water level rises were noted that might be attributed to

City of Boise injection beginning in 1999. The Stewart Gulch water level rises appear

to be associated with changes in local withdrawal patterns.

IWRRI ) Page 3 Draft: 08/10/03



Current data are insufficient to describe the degree of hydraulic connection, if any,
between the Stewart Gulch and Boise — Table Rock areas However, there appears to
be some degree of hydraulic connection between geothermal aquifers in the Harris
Ranch and Boise — Table Rock areas, based on historical observations.

B

xS

y Downtown Boise -
; ,gg_i Table Rock Area
; .* i 7

Explanation

o Project wells
® Other wells with water temperatures greater than 80°F

BFGeoMap arga ells over 80.jpg

Figure 1: Map of the Boise Front area showing primary production 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)
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- The model area incjuded the Harris Ranch, downtown Boise - 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 the downtown Boise area. The model was calibrated to selected 1984 through 1992

-~ water level and temperature data, and checked against 1984 through 2002 water level

and temper ature data 7

LScenano srmulatrons 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 The simulations indicated a possibility of some long-term
temperature declines (as much as 3°C, or 6°F, in thirty years). The only wells showing
any thermal changes were Capitol Mall #1 and VA Production wells. Simulations
indicated that the 'er;teat.('}_f the thermal signature of the Boise City Injection Well to be
large relative to the dewntown production block but very small in magnitude.

5. CONCLUSIONS

The general conclusion from this study is that the geothermal aquifer appears to be -
adequate for supplying current levels of geothermal withdrawals (with accompanying:

injection). Specific conclusions include the following:

1. Water levels in the Boise — Table Rock area decreased beginning in
1984, apparently in response to new withdrawals by the City of Boise in
1984 -

- 2.- Based on wateér level observations in the BLM well (which serves solely

as a monitoring well), water levels in the Boise area stabilized somewhat
beginning in the late 1980s, presumably in response to a partially
decreased wrthdrawals -~ and a more stable level of withdrawals — in this
area

- 3. Water levels in the Boise — 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

IWRRI
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. decreased net withdrawals associated with the City’s re-injection of a -

portion of its withdrawals since 1999.

. Water levels in the Edwards well also decreased beginning in

approximately 1984, which coincided with initiation of pumping in the
Quail Hollow Upper well and by the City of Boise

Several Stewart Gulch wells (e g., Edwards, Quail Hollow Lower,
Terteling Windsock, Terteling Pool, and Terteling Motorcycle)

_experienced water level increases in the late 1990s. These increases

began in approximately 1996 (prior to water level increases in the Boise

- — Table Rock area). The water level increases coincided with production
-reductions in severzl Stewart Guich wells, including the Terteling, Silkey

(Flora Shed), Flora Office, and Tiegs wells. Water levels in the Quail
Hollow Lower, Terteling Windsock, Terteling Pool, and Terteling

Motorcycle began to level off (or drop slightly) beginning in about 1999,

The degree of hydraulic connection (if any) between the Boise — Table
Rock area and Stewart Gulch can not be confirmed (or refuted) on the
basis of available data. It is not possible to determine with available data
the impact, if any, of Boise City production or injection on water levels
in the Edwards or other-Stewart Gulch wells, or vice versa. Thermal
water in both areas appears to share a common source, although there are
differences in water chemistry, residence times, and temperature

- It is unlikely that increased production and associated re-injection by the

City of Boise will decrease water levels in the downtown Boise or
Stewart Gulch areas. From simulations it appears that the hydraulic
connection between the City production and injection wells is sufficient
for water circulation. This is supported by rising water levels in several
of the downtown Boise - Table Rock wells since injection began.

Temperatures in the Capitol Mall #2 well declined between 1983 and
and 1993, and then stabilized. These temperature declines may have
been caused by mixing different waters within the geothermal system
caused by head changes in the Capitol Mall couplet. Stabilization of
temperatures in this well beginning in 1993, and no reported temperature
declines in other large producing wells, suggests that temperatutes in the
goethermal reservoir have not decreased. '

- It is unlikely that increased production and associated re-injection by the

City of Boise will decrease temperatures in the downtown Boise or
Stewart Gulch areas. Simulations show that the City injection well is far
enough removed from other users in the downtown area that the thermal
perturbation caused by the injected water does not appear to propagate to-
the other wells in the downtown Boise —Table Rock area

IWRRI
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10. Increased injection may produce hydraulic changes that in turn could
influence the temperature mix in the geothermal aquifer. Using the
CM#2 behavior in the years 1983-1993 as a guide, hydraulic changes of

- 10 m (30 ft) could induce temperature changes of 5°F. With re-injection
of production water, future hydraulic changes of this size are unlikely;
thus minimizing the induced thermal impact

11 The degree of hydraulic connection between the downtown Botse - Table
Rock and the Stewart Gulch areas, if any, was not conclusively
determined in model simuylations The model, as configured, can
simulate influence between the Stewart Gulch and downtown Boise
areas, depending on simulated aquifer (including fault) parameter values
and pumping conditions However, there was too much uncertainty in
these simulations to draw conclusions regarding the degree of hydraulic
connection, if any, from the current modeiing results.

6. RECOMMENDATIONS

There are several recommendations that might be considered as part of the
management of the Boise Front geothermal aquifer:

1. Continue to monitor water pressure and/or levels of geothermal wells on
a regular basis.

2. Continue and/or begin to monitor production rates from geothermal
wells.

3. Monitor discharge water temperatures in geothermal wells more closely.

4. Inspect, check, and calibiate installed watzr level/pressure, temperature,
and flow instrumentation on a regular (e g., quarterly) basis

5 Continue to add data from these measurements to the database created
for this project; consider ways to facilitate standardized data collection
and reporting.

6. Consider 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 equlibration within the
well prior to measuring water levels and/or pressures.

7. Consider approaches to improving quantification of aquifer and/or fault
characteristics through multi-well aquifer tests using existing wells and
existing operations.

IWRRI Page 7 Draft: 08/10/03



8. Consider approaches to improving quantification of aquifer and/or fault
characteristics through geophysical methods (e g., seismic surveys)

9. Consider field-based and/or simulated tracer tests, which can provide
very useful pre-thermal breakthrough information Bromide is a likely
candidate depending on existing background concentrations.

10 Consider temperature gradient measurements. Detailed temperature -
gradient data might provide spatial resolution on the heat flux entering
the geothermal resource

11. If detailed temperature gradient information were available, a “patural
state” study would be feasible. Such a study could be used to help
understand the undisturbed heat flux entering the system, which might be
helpful in planning new heat extraction projects

12. Capture zone simulations may provide insight into potential well
interference between wells

13 Flowing temperature logs might provide more insight into temperatures
associated with individual aguifer zones.

14. Scientific drilling might help quantify fault hydraulic and temperature
characteristics.
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1. DOWNTOWN BOISE AND HARRIS RANCH

1.1. Production

In the first six months 02003, 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 early 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 vet recorded as in 2003.

1.3. Data Summaries by Water System

1.3 1. Boise Warm Springs 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 Fast and
West wells, and a Spariing meter that recorded a combined flow from the two wells
Boise Warm Springs Water District also provided monthly production summaries to
IDWR. Table | shows 2003 data for January through June in comparison with the same
time periods for 2000, 2001, and 2002

Table 1. Production at BWSWD for January through June, 2000-2003.

Year | Signet Meter Sparling Meter
2000 I 119 million Incomplete
2001 117 million Incomplete
2002 Incomplete No data

2003 131 millien 119 million

it 1s difficult to determine the mostly likely production total for this time period because
data are mussing 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 weils

Monitonng 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
mmported 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® fiies.

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 rho 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 mid 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 haif
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 miilion 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 3).

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
July, 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 155.0 degrees Fahrenheit, 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 — 1 to 1 with zero indicating no trend between the two variables



Water Level Data for the BWSWD West Well
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Figure 2. Water levels in the BWSWD East, West, and #3 wells.




Capitol Mall Supply Temperatures
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Figure 3. Water supply temperatuzes for the Capitol 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 submitted 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. Injection 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 Exhibir 1 of the Signed Order, the VA
1s requested to submit weekly data for two six-week time petiods 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 prbdut:tio,_n well.

Water levels were graphed when the pump was on “low”™ spee-d_;"_;"ihe data for 2002 and
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 35 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 of 2003 (Figure 7).
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Transducer Data for BGL #1
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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 {(ERO 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 recorded 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 49,129,223
Terteling Ranch Pool 11,782,209
Terteling Ranch Motorcycle Club 0
Quail Hollow Upper 2,508,525
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 were collected at approximately once-a-week intervals. Shut-in
pressures have declined slightly since the fall of 2001, but are stil! 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

2.2.2. Flora Companv Tiegs. Silkev. and House wells

Monitoring data for the Flora Company Tiegs, Sitkey, and House wells were submitted in
Excei® files by Ed Squires (HydroLogic, 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 Sitkey. 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, Motorcycle Club wells

Monitoring data for the Terteling Ranch Windsock, Pool, and Motorcycie 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 wete lower in the Terteling weils from July 2002
to June 2003 than in preceding 12 months (Figure 11). In addition to these data, the

10



Water Master for Ground Water District 63-S began collecting monthly readings in June,
2003.

2.2.4, Quail HQHow

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 (Figue 12).

Edwards Greenhouse Geothermal Well
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Figure 9. Shut-in pressures in the Edwards Greenhouse well.
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Terteling Windsock Well

£0/1/1
[AVAY]!
.oo\_mxm_
00/1/1
66/1/1
86/1/1
Q61 E/TL
C96/1/8
SO/E/1
Po/171L
26/1€/T1
€6/isl

16/1/71

T
Q
=]
~

[25

T 1 T
[=2 g ] !
g " a
— =~

(dJIN M09q 1)) [pAo"

06/1/1

(REH TV

Data Logger

===NManual Readings

Terteling Pool Well

£0/14

AVEN

00/1e/T1

0/1/1

606/1/1

86/1/1

06/18/21

96/1/1

So6/1/1

Fo/1/1

To/LesTl

/11

16/1/1

T Go/1/1
2 2 8 8 8
o -t o1 ol ol

(I Mopq 1)) P I01EA

Manual Readings ===Data Logger

T T T T T
o B B - T oo B o= B e
T TR = T "o
Lo S o N o 2 R o B |

290 4

fe=l
<
o

(JAl A01aq 1)) [2AD] Tpe AL

£0/1/1
/i
001721
00/1/1
66/1/1
86/1/1
96/EE/7 1
96/1/1
$6/1/1
BG/1/1
/16721
76/1/1
16/1/1

0o/1/1

Data Logger

=——==Manuai Readings

igure 11. Water levels in the Terteling Company Windsock, Pool, and Motorcycle Club

geothermal wells.



Quail Hollow Upper Well
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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).

Order establishing Water District 63-S, Stewart Gulch (December, 1989).

Order giving the Water Master of Water District 63-8 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 Agresment 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).

L

w» o

Numbers 2, 4, and 6 contain language regarding geothermal monitoring,

¢ In Number 2, the Boise Warm Springs Water District, City of Boise, State of Idaho
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 [n 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.

» [n 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.

2.

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.

¢ Was West Well Signet checked for accuracy when it was installed in

20027 Ifnot, 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.

Capitol Mall System.

a. Check the temperature sensor that measures supply temperatures for

accuracy.

3. City of Boise.

4.

h

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 Table 2 of Exhibit 1

c. 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” collection 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 level 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 wells on a weekly
basis.

d. Tt 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 tempiate.
Terteling Ranch.
a. 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 areview 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 (i ¢, water levels, instantaneous
flows, and totalizer readings) will be collected on a monthly basis by the
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Water Master of Water District 63-8S, 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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