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4 fivst draft of the state resource map is nearly complete at scales of
PrARL GO0 and 1:1,000,000., The bibliography is compleied although we are
silil checking for additiopal "soft' papers. The dating publication is nearly
veady ivr editing as we are waiting for: (1) five dates from URRI in standard

formats snd (2) interlibrary loan coples of three (?) papers.

Areal Studies

Appemded le Bandra®s progress report on work at West Yellowstone.
faventory worik has been completed in the Camas and Radersburg areas. Two-
the water samples have been collected at Radersburg; collection of
gamples ajowad Camas will ocecur about November 1. Gravity data collection
is complieted at Camas and some selsmic lines have been shot. The Radersburg
basin has some but not all of the gravity and seismic data collected at this
Two days fleld work remain in the Centennial Valley area.
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PROGRESS REPORT

SHBIECT: Geothermal Resource Inventory
West Yellowstone, Montana, Summer 1979

FROM Sandra Xovacich

T John 1., Sonderegger, Montana Bureau of Mines and Geology (MBMG)

DATE SUBMITTED: September 27, 1979
OVERVIEW

Fyowm the end of May to the end of August 1979, T inventoried 20 springs
and 90 wells in and near the city of West Yellowstone, Montana (WY). Of the
110 grouund-water sources Lnventoried, three could be congidered warm {above
15°¢), All rhree warm sources were sampled along with an additiomal six springs
and 33 wells, With the aid of Fred Schmidt, 36 water samples were collected
in August from these sources. All water samples have been submitted to the
MBMG water analysis laboratory for the determination of all major constituents,
plus alungome, lithium, boron, and arsenic.

A graviity and altimeter survey was also conducted in the study area (see
map) with many of the points corresponding to inventoried or sampled wells and
springs. These data, which were collected by Sunday Oladipo, Dr. Charles
Wideman and me, will aid in understanding the stratigraphic and structural
nature of the study area, Dr. Wideman 1s supervising a student who is working
on the reduciion and analysis of the gravity data now, but a date for the
velease of that Information has not been set.

In addition to the ground-water inventory and sampling, and the gravity
aliimeter survey, I have gathered data on ground and surface waters and other
information from the falliatin National Forest (USFS) and the Gallatin County
Health Department. Other information pertinent to accomplishing the primary
goal of locating and characterizing geothermal water in and near West Yellow-
stone can be obtained from the U.8. Geoclogical Survey (USGS), well drillers
who have worked in the area, and from private oll companies and other
exploration companies.

This progress report will outline the primary, secondary, and other goals
and objectives of this summer’s field work with a delineation of the methods
employed and the preliminary findings. What has been done and what needs to
be done for the successful completion of this study will be discussed.

L. Primary goals aud objectives
A. Locate warm springs and wells.
{1) Use maps.

{(?) Ask people in the area,
(1) Perform field iuvesrigations,



B,

B,

E.

Characierlze water chemistry [or use in model calculations.

(1)
(2}

Use MBMG data for model calculations.
Use previous 1uvestigations for model calculatilons.

Support goal of choosing drilling sites for next year (siting of
heat-flow test holes}.

(13
(2)

(3)

Preliminary investigations indicate two areas for a test-hole
site.

Geophysical and cother data, including sampling and inventory,
may indlcate other degirable sites.

The sociceconomic and pelitical climate in the West
Yellcustone area may preclude any further exploration

ny geothermal development.

frovide data for ground-water report on the West Yellowstone Basin
for a reconnsaissance report.

(1}

(2)

Over 90 wells have been drilled in the city of West
Yellowstone (Consisting of % mile) but all the water is

cold.
An additional 70 or more wells were drillled outside the

clty of West Yellowstone, however, all but two yleld cold
water,

Asgist in compiling and writing geothermal-resource report for the
West Yellowstone basin,

(1)
(2)
(3)
(4)
(5)

(6)
(N

Characterize the quality and quantity of geothermal waters
(and cocler waters).

Characterize the stratigraphy and structure of aquifer
units using selected well logs, geophysical and other
information.

Characterize the Jlocation and yields of geothermal waters.,
Characterize temperature and other nonchemical parameters
of thermal water sources.

Characterize public opinion on the development of geothermal
resources bordering Yellowstone National Park.
Characterize other relevant data.

Characterlze the recharge, discharge and precipitation of
area.

2. Secondary goals and objectives

A,

B.

Provide data on the lecation of potable water sources that comply
with federal and state standards for fluoride,

Provide data on the location of water sources adequate for fire
proteciion tu the West Yellowstone area,



3. Oiliow

A

&

Al

Piovide hydrologle daia relevant to the locatlon of a sanirtary
landfill site near enough o the city of West Yellowstone to be
economically feasllle and sensible.

(U

(2)

Chemdoal amd ochiey fuvestigations show that the present
Tand 111 slee (5 ml. north of West Yellowstone) 1s leaching
inte the waln forl of the Madison River, thence into

Hebgen Lakeo,

Data criapiled by the Health Department and USFS indicate
thai a suitahble landfill site dis not available near West
Yellowstone {see H, Kringler's report, "Evaluation of
Poroniial Tandfill $ites Near West Yellowstone, Montana',
pa.aY.

aoals and eobjectives

dpdave MBMG files, well logs, and chemical analyses on the West
Yoellowstone ared.

Complle and present all avallable ground— and surface-water data
including stratigraphy, structure (geophysical), quality,
quantity, to the municipal govermment of West Yellowstone,
Mentana.

» Metheds employed

Tools used in fdicld:

(2}

(1)
(4)
(5)
(6)
{7}
(8)
(9)
{10)
(1)

(12)

Tape and chalk to measure total depths and static

water levels.

Bucket and stopwatch to measure discharges (other
methods also emploved for spring-discharge measurements),
Thermometer to measure air and water in degrees centigrade.
pH tape, dipgital meter, and expanding scale meter.

Two specific conductance meters.

Hach field silica kit.

Hach field flueridde kit.

Distilled water.

Altimeter to measurce clevations.

Gravity meter for geophysilcal data.

Formg for recording information,

a, field notehook

b. lab cards (filled out but awalt proofing)

¢. spring foventory forms (my own)

d. Syatem 2000 forms (to be completed in office)

Filtration kit for lab gample collection.

Inventory of serings tneluded:

(0

Lacation amd elevation,

s



C.

D,

I,

H.

(2)
(3)

(4}

a. The elevations used are those taken by Sunday Cladipo
and me in July.

b. Locatione are described by Township, Range, and
Section {(ARCD).

Temperature, pH, specific conductance, silica, and
fluoride.
Lab sample collection and subsequent interpretation.

a. 1 liter, vraw
L., 1 liter, fdilieiocd
C¢. 250 Yicer, filtered and acidified (1% HNO3)

Meazured and reported discharges and depihs.

a. BSome springs were measured with a Gurley meter.

b. Most springs were measured with a bucket and stopwatch.

c. BSome springs were measured by method of measuring the
time it takes for a small stick to float between two
predetermined points and mathematically calculating
the discharge with this factor and depth and width
tactors.

Inventory of wells incloded:

(1)
(2)

(3
(4)
(5)

Location and elevation (see spring inventory).
Temperature, pH, specific conductance, silica, and
fluoride.

Temperature logging (to be completed).

Lah samples collected (see spring inventory}.
Total depth, static water levels, and pumping
water levels,

Wells and springs were numbered in order of inventory; each
source designated WY and a number,

Conplle and use well-log dinformation.

Collect information from previous investigations on geothermal
water (e.p., Island Park Ceothermal EIS).

Collect data from other sources,

Maps for plotting data and locating sites,

(L

15-minute topographic maps: West Yellowstone (1958),
Teper Creek (1958}, liebpen Dam (1950), and lHenrys Lake
(1964) {(all scales 1:62,500 or 1" = 1 mi.).

8.  above maps wore used As base maps For geologic
and other maps,

/i



b. Map of nzudy sres has been photroprvaphically
eridvyed nq g lacror of 2 by the HBHC drafting
depar tment,

(7Y Snn¥icial geviowic map of the Wesi Yellowstone quad,
1975, Ly . AL WsTdrop (seale 1:62,500).

{3y Genlogic map of the Hebgen Lake-Wast Yellowstone
area, Plarte 5 of PP, 435 (scale 1:162,500).

(47 Gallatin County USKS Day Use Area map.

(5) Cdty of West Yellowstone Plat Mhp, traced by
i R i guoaip ' o= 300%Y.

ra wapusl Lazy Acres, Hebgen lake Estates

| 7

cy dnwdivisi
Voond 2. Habpen Lake Cottage Tracts.
L8y lead ownership maps from Bozeman of fice.

Wote:  Land ownership and subdivision maps are not io
my possession: rather, I saw them either at USTS
offfce, Gallatin County Courthouse and/or owners
themselves showed them Lo me.

Work cumpletoed In summer 1979

AL

Fiold dnventory of 110 ground-water sources completed in West
Yeliowstone area.

Lab samples for a intal of 42 ground-water sources completed.

(1) Known warm sources sazmpled except for one on
Madison Fork Ranch (owner refused entry).

{2) All sanmplod sources plotted with total depths
but should he replotred.

{5} Water quality analysis sheets complated and submitted to
MBMG lab slong with samples

(&) Lab sawples swalt analysis in MBMG lub,

Approximately 60 perceni of well logs obtained from MBMG files,
lierena files, owners, and other sources.

Gravity and altimeter surveys completed by Dr. Wideman, Sunday
Ciidapo, aswd me.

{1y Flevations have been calculated and used for values on
lab carvds and for iaoventoried souvces.

(Y flevations taken with alvimerer are arcurate to within
10 faet of sernal olevations,

(3} Gravity redociion program is in progress; results shonld
available aoon.

be



©. Aerial photo survey was cowmpleted with the help of Dir. Hugh
Dresser (06/03/79).

(1) Aerisl photes rakewn wirh Hasalblad, Canon FX 35am, and
orhaer cameras.

(2y Black and white, color slide (64 ASA and 250 ASA), and
coler infrared £1lnm was used in aerilal zurvey.

¥. Springs, artesian flows, topography, and the cliy of West
Yeilowstone were photographed during summer.

{1} Color slide Tilw and black and white was exposed in
Canoa 35mm camera.

{2} Most Film awaits development and enlargeuwent, with some
problems with self-rolled 64 ASA film.

(. Contact has been made with several agencies and Individuals
coucerned with geothermal and general ground-water inventory
and analysis.

{1} 1 have worked closely with Guy Hanson, Gallatin County USFS
employee in charge of surface-water sampling in West
Yellowstone area, on locating ground-water sources, measuring
springs, and contacting people.

(2) I have met Ralph Meyer, West Yellowstone District Ranger.

{3) T have talked with, and obtailned reports containing
chemical data, depth te bedrock, and other information
pertaining to sanitary landfill conditions, from Harry
Kringler of the Gallatin County Health Department.

(4) T have discussed water collection and other related matters
with Maty Kramei who collected water samples for bio-
logical analysis In the West Yellowstone area.

a. Results from biological testing showed no
contamination of ground waters from sewage.

b. Results of this testing showed no contamination
from other sources of pollution.

¢. Results from previous testing by the Health
Department showed fluoride levels that exceed
federal and siate standards for potable water
(federal recommended 1iwit is 1.3 ppm),

d. Tileld inventory supported findings of excessive
fluoride levels,

(5) I bave met and talked to Joe Cutter, editor of the newspaper--
"The 01d Faithful Times".

2 Mr, Cutter has promised his full coopevation.

Lo *

B, Submitied an article disecusaning thias summer's
fleld worl o several newspapers, including
The 034 Faxirhfol Times", where it was printed

in both the July and August edivions.

(£) 1 beve worked wich lecal people such ag Allen Lapp, ofty
T,

sani baviang Retvt Fietds, panp insiallier; Glen Goff, puwp



6.

installec; Bob Leathead, punp installer; and Verl
Andrews, local well driller.
i 1 have attendad city council meetings on subject of sanitary
landfill, Tindings of Health Department, FPA, and USF5 show
ne aultabice Jandfill ¢ite dn West Yellowstune area.

o

{1} the curront landfill site is supposedly leaching
coneentrations of heavy metals and organics into the
main fork oi the Madison River, causing cutrophication
and other pollution problems in Hebgen Lake and further

Hepwri e,
{2y A tentative Jdecision has been made to Lruck refuse to

4 coopoeroive landfill site nearer Ennis, Montana,
to be used by the citizens of that city, the city of
West Yellowstone, and maybe one or two other nearby
citiosn,

Work to be completed on the West Yellowstone project.

Ao ALl informaiion pertinent to the primary and other goals of
thie study should be obtalned.

(1) Contact should be made with the USGS to obtain information
on wells that are being menitored for helium, radon, or
other gases/elements in the West Yellowstone area,

a, Information on helium levels may be cbtained
from W. P. Doering of USGS.

b. Tuformation on well depths and strata may be
clarified for two wells (West Yellowstone City
railroad well, and the Deep Well ranch artesian
well) monitored by the USGS.

¢2) Any other information avallable from the USGS should he
obtained on the West ¥Yellowstone area,

(3) A printout from the federal computer data system (STORET)
should be obtained as soon as possible.

(4) Drillers who apparently have not filed well logs for the
Wesit Yellowstone area should be contacted {(e.g., Martin,
of Black Toot Drilling).

{(5) Any well logs not in ocur files should be obtained from
Water Rights In Helena or from the drillers themselves.

{6) Tsland Park EIS researchers should be contacted for

information pertaining to the Madison Fork Ranch and

to corvelate MBMG daia with thedirs.

B, With all avadlable data that can he obtained, System 2000 forms
should be Filled ovi (ihis task is parvially cowpleted),

{1y Field data were put inte chart forwm for convenience.

(23 Tom Faiion's vew cowpuics form may be used fn addlilon

o Byatem 2000 and other forme,



C. Decislons must be made as to form {charts, graphs, maps, photos)
i1 which information should be presented.

{1) MNecicions must be made as te what maps to use (scale, etc.)
and what informaiion should be plotted.

a. Should information be plotted on mylar overlays
initially and then the information transferred
to a map(s)?

b. Should information be charted on one map overlay

or several?

. Possible map-related problems éexist because most
maps are 20 or more years old, and were compiled
pricr te the 1959 earthquake and before the recent
logging actlvities in the area.

(Z) Decisions must be made concerning the general format of the

geothermal report.
(3) A system of codes must be developed,

a. Well-numbering system has already been explained in
this ocutline (WY § ).

b. Btratigraphic codes are those developed by the USGS,
correlated to P.P. 435, Plate 5, but the surficial
deposit map of Waldrop (1975) has different codes
for the alluvium and other deposits,

¢, Codes should he developed te distinguish deep
wells from shallower wells.

d, Codes should be developed to distinguish wells that
finish in bedrock from those that finish in sediments.

e. Codes should be developed to distinpguish warm frem
cold ground-water sources,

f. Codes should be developed to distinguish high-silica
from low-silica sources,

g. Codes should be developed to distinguish high-
fluoride from low-fluoride sources.

h. Codes should be developed for any other features that

may be mapped.

D. 8o far it has been declded to draw up a ground-water table map and
to key pravity and altimeter surveys to water level and other

information.

F. Field values for silica, fluoride, pH, and SC, should be checked
against lab values and any necessary corrections made.

. A Final report on the geothermal resource potential of the West
Yellowstone area will be the result of field and office work.

(1Y 411 gueolopical and erher charanteristics should he
delineated for the area.

(2} This euiline will serve as a partial basis for the
final report.



H. Jf tlme, money, and initiative permit, all information available
on rthe quality, quantity, location, and yleld of water sources,
should be reported to the people who reside in and near West
Yellowstone, Monitana.

{1) TInfermation of this nature will be important for the
people in the area of West Yellowstone for planning and
general purpnses.

(2) Jnformation should be presented in both written or oral
form.

CONCLUSIONS

1n general, the people in and near the city of West Yellowstone regard
the development of geothermal energy with suspicion but were cooperative for
the most part., Because the town depends upon tourism for its livelihood,
any development that may effect 0ld Faithful and other geyser activity in the
park is reparded by the residents as a threat to their businesses. The
socloeconomic and political atmosphere of the area therefore may preclude
any geothermal development near enough to Yellowstone National Park to have a
possible detrimental effect on its geothermal features. This 1s especially
true for large-scale use of hot water for the generation of electricity,
although the clity needs additional energy to meet present and future energy
demands.

Preliminary Investipgations and conclusions regarding the geothermal
resource potential of the area indicate that hot water does exist in the study
area hut the temperatures and vields of sources may not be adequate for
economical development at this time. However, high-yield warm-water sources
may, in fact, exist that have not becn tapped. For this reason, heai-flow
test wells may be sited in areas near known warm sources to discover if a
larger source than is apparent does exlst. 1f the decision is made to site
such test holes in spite of public opinion (which might change), two areas
seem high in potential. The two areas that seem to have the highest geo-
thermal resource potential are lightly traced on the study ares may accompanying
thig repori,





