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1.  INTRODUCTION

This report describes the investigations leading up to the drilling of
a geothermal well in the Little Bitterroot geothermal area, as well as the
results of drilling of that test well, which was completed in January 1981.
Funding for preliminary studies was provided under the Department of Energy
State-Coupled Geothermal Resource Assessment Program, RAE Grant #500-800. Funds
for drilling, completion, and evaluation of the test well were provided by the
Renewable Resources Division of the Montana Department of Natural Resources
and Conservation. The primary objectives of the test well were:

1. To tap into the geothermal circulation system beneath a
shallow gravel aquifer which underlies the valley;

2. To evaluate flow, temperature, and reservoir character-
istics of this hot water system; and

3. To evaluate the geothermal gradient at the test well site.

The siting and drilling approach was as follows:

1. To site the well on a location which would allow maximum
penetration of bedrock in the immediate vicinity of the fault(s)
along which geothermal water rises from depth.

2. To case through the shallow gravel bed bearing hot ( 52°C)
water (depth from 250 to 300 feet).

3. To drill with air, not mud, for as long as feasible, to
minimize damage to the bedrock aquifer and to allow future
conversion to a producing geothermal well, if warranted.




2 LOCATION

The Little Bitterroot Valley (Figure 1) is a structural depression, pro- ‘
bably bounded by high angle normal or listric normal faults of Tertiary (?)
age (Harrison et al., 1980). The valley was infilled by Tertiary sediments
and by glacial and post-glacial sediments. The Tertiary sediments are not well
exposed and are poorly understood both in character and in thickness distribu-
tion. They are thought to be comprised of volcaniclastic sandstones and con-
glomerates, ash strata, and fluvial sediments. There are several small exposures
of these strata along the margins of the valley in its northern part, closer
to the Tertiary volcanic center in the Hog Heaven range, but it is not known
to what degree Tertiary sediments elsewhere in the valley are similar or what
their thickness distribution is. Records for only two wells are available which
penetrate the Tertiary sediments: one a 1,400 foot oil test (LB-208) in T.
23 N., R. 23 W., Sec. 11 DCD which penetrates 350 feet of Tertiary and reaches
bedrock, reportedly of Belt sediments; the other a deep irrigation well (LB-222)
in T. 23 N., R. 23 W., Sec. 34 ADBB, which logged 163 feet of Tertiary and did
not reach bedrock. The thickness of Tertiary in the valley probably ranges
from 0 to 2,000 or more feet.

Many more wells are drilled into Pleistocene sediments. A permeable gravel
bed of an estimated 20 to 60 feet thickness occurs extensively throughout the
valley. The top of the bed is very nearly planar and slopes gently from north
to south, at an elevation of 2,580 feet in the north to 2,460 feet in the south,
at a nearly uniform slope of about 9 feet per mile to the southwest (Figure 2).
The gravel is overlain by approximately 200 to 300 feet of homog'nous silty
clays of Glacial Lake Missoula. Groundwater is confined within Ihe gravel by
the lTake bed sediments, and water wells completed into the upper five feet of

this gravel are used throughout the valley for irrigation, stock watering, and

domestic purposes. The aquifer exhibits hydrologic continuity throughout its
extent. In the southeastern part of the valley, along the Little Bitterroot
River, land surface elevations are below the piezometric level of this aquifer
during all or most of the year, and in this area there are a number of flowing
wells, many of which are used for irrigation. During the irrigation season
(May to September), irrigation withdrawals stress the aquifer and lower static
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Figure 1. Location map of the Little Bitterroot valley,
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Figure 2. Structure contour map of the top of the Pleistocene
gravel bed beneath the Little Bitterroot valley, with
elevations in feet ASL. Points represent control from
drillers' logs.




water levels throughout the valley confirming the continuity of the aquifer
between these wells (Figure 3). As a result of this drawdown, yields of flowing
wells decrease considerably as the irrigation season progresses; consequently
there is much local sentiment among ranchers in the valley to limit drilling

of new wells for additional large-scale withdrawals in the valley, in order

not to impose additional stress on the aquifer. With this in mind, it was con-
sidered a major objective in the geothermal drilling program to develop, if
possible, the resource below the gravel bed in bedrock fractures, in order not
to interfere with the local irrigation practices. Also, highest water tempera-
tures probably occur beneath the gravel in the fracture system which leaks hot
water into the overlying gravel.

The zone of flowing artesian wells near the Campaqua site is also, by
coincidence, the zone of maximum geothermal leakage into the gravel. This zone
has been the target of exploration for geothermal resources in this study.

In the town of Hot Springs, along the southwest margin of the valley, geo-
thermal water occurs in springs issuing from thin (<20 feet) valley fill
materials and in wells penetrating bedrock fractures. Temperature of this water
ranges from 16° to 49° C; flow rates are not high. This water is less mineral-
ized than the geothermal water beneath the Campaqua area. While the deep circu-
Tation pattern of this water may be related to the same structural setting at
depth as the Campaqua system, this geothermal water is not thought to be in

direct hydrologic continuity with the water beneath the Campaqua area.
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Figure 3. Continuous well records for part of 1981 for five
| observation wells. Distances are from the test well,
LB-141, located approximately in the center of the .
area of ground-water irrigation. Response of wells
is indicated to flow test of LB-141 and to early and
late irrigation seasons.



3. PREVIOUS STUDIES

Reconnaissance ground-water data was collected in this area by the U.S.
Geological Survey in 1976-78 (Boettcher, 1980). These data include inventories
and water quality analyses of selected wells. Earhart (unpublished data, 1977)
performed reconnaissance water quality sampling of water wells and springs i@
the valley. These samples were analyzed for chemical cbnstituents which would
allow geothermometer calculations for these waters.

Crosby et al. (1974) and Hawe (1975) performed geophysical investigations
in the vicinity of Hot Springs in an effort to locate a shallow heat source
of the thermal springs there. They performed detailed gravity, magnetics,
electromagnetics, telluric current, and microearthquake studies in the immediate
vicinity of the hot springs, but did not extend their study far into the valley
and the Campaqua area. Qamar (1976) pe%formed a borehole temperature profile
on a 300 foot exploration hole drilled by Confederated Kootenai-Salish tribe
near the hot springs in an effort to obtain an estimate of the local geothermal
gradient; his study observed very high gradients (120-220° C/km) in the upper
part of the hole, but nearly isothermal values at the bottom of the hole,
suggesting that a convective warm water zone at the bottom of the well, probably
related to the hot springs occurrence, precludes an estimate of the conductive
geothermal gradient from a shallow drillhole. Both studies interpreted the
hot springs occurrence (and the warm wells in the town) to be related to an
eastnortheast-trending boundary fault along the north side of the Hot Springs
valley, which they projected to the east towards the Campaqua area.

From 1977-1981, the Montana Bureau of Mines and Geology has been performing
a detailed assessment of ground water in the shallow artesian aquifer of the
valley. This study has included a comprehensive well inventory, water Tevel
monitoring, aquifer evaluation, and water quality. Publication of the final

report of this project is anticipated for late 1981.



4. PRELIMINARY HYDROGEOLOGICAL STUDIES
Approximately 200 water wells which produce water from the Pleistocene .

gravel aquifer at the base of the Lake Missoula sediments were inventoried (Fig-
ure 4). Static water levels in these wells respond rapidly (within a few days)
throughout the valley to the onset of irrigation withdrawals in the area of
flowing wells, experiencing drawdowns of 5 to 15 feet. In the fall, after irri-
gation ceases, the aquifer recovers rapidly and any cone of depression
essentially disappears withijn two months as the aquifer steadily increases in
pressure. In the early spr;ng, when aquifer pressure is generally highest,
the piezometric level in thi aquifer throughout the valley is from 2,770 to
2,780 feet, with a very slight gradient--probably less than a foot per mile--to
the southwest (Figure 5). ét the southwest of the valley, where the Little
Bitterroot River leaves the!basin, the piezometric gradient increases to approxi-
mately 10 feet per mile. Ground-water discharge is primarily down the Little
Bitterroot Valley towards Ronan to a ground-water discharge area near where
the river discharges into the Flathead River at the Big Bend. Irrigation with-
drawals probably account for much of the water which otherwise would have dis-
charged out of the valley in the subsurface. Recharge for the aquifer probably
occurs in the northern part ?f the valley, where the Little Bitterroot River ‘
flows over permeable valley-bottom gravels thought to be in hydrologic continuity
with the artesian gravel aquffer, as well as, to a lesser extent, along the
east and west margins of the valley from alluvial drainages leading down from
the mountains. This recharge water is cold and not highly mineralized, with
total dissolved solids from 150 to 350 mg/L. The gravel bed is, therefore,
basically a shallow, cold-water aquifer, hydrogeologically continuous through-
out the valley based on observed responses of wells to stress caused by irriga-
tion.
In the zone of flowing artesian wells, however, in the Campaqua area it
is apparent that there occurs mixing of geothermal water with the cold water
of this aquifer. Temperatures of ground water from wells in this zone range
from 17° to 52° C with TDS valyes ranging from 350 to 600 mg/L. TDS, specific

conductance, chloride, Na+/Ca2 /K+ ratios, boron, and lithium all increase in

some proportion to temperature, suggesting that the geothermal water leaking
into the aquifer is enriched in these constituents relative to the cold recharge
water.
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Figure 4. Distriblition of water wells tapping the Pleistocene
. gravel aquifer, with locations for wells referenced

in the report.
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Figure 5. Plezometric surface of ground water in gravel aquifer, .

March 1981.




The temperature, TDS, and exact chemistry of the hot geothermal water are
unknown because the mixing ratio of hot to cold water is also unknown. Chemical
geothermometers are also of limited usefulness in estimating this temperature
due to mixing, but in general they indicate subsurface temperatures at some
depth higher than that of the hottest well in the gravel, 52° C. The cation
(Na-Ca-K) geothermometer of Fournier and Rowe (1966) indicates equilibrium sub-
surface temperatures from 60° to 112° C, not accounting for errors in calculation
due to mixing; however, bacterial sulfate reduction activity and accompanying
high CO2 pressures may locally be cauging precipitation of calcite in or above
the gravel with resulting loss of Ca® from solution in ground waters of the
gravel, inva]idating the equilibrium assumption inherent in the geothermometer.
Silica concentratfons in the mixed water are undersaturated at field temperature
with respect to chalcedony, which is thought to be the controlling silica
species. The deviation from the chalcedony curve (Figure 6) is attributed to
mixing. Due to data scatter and lack of points at higher temperatures, the
shape of this mixing trend is uncertain, but it can be projected by an error-
bracketed straight line estimate to temperatures at least as high as 70° C and
perhaps as high as 90° C. It should be noted, however, that this temperature
may reflect equilibrium silica concentrations at the deepest point of circula-
tion not necessarily at shallow depth.

Boron, lithium, and chloride are effective indicators of the location of
the zone of leakage of hot water. Each forms a distinctive halo (Figures 7,

8, and 9) indicating the geothermal zone as an elongate, northwest-southeast
trend from Campaqua approximately 12 km north to Lonepine. This trend is inter-
preted as good evidence that the geothermal water is ascending through fractures
associated with a normal or listric normal boundary fault along the east side
of the valley. Presumably this fault would dip to the west at a somewhat steep
angle, or perhaps even be nearly vertical near the surface (Harrison, et al.,
1980). ’

Transmissivity in the gravel has been evaluated for some of the irrigation
wells tapping it. Flow recovery tests have been conducted at discharges from
90 to 420 gpm. Discharges below 250 gpm did not produce sufficient stress on
the aquifer to produce measurable drawdowns. At higher discharge rates, draw-

downs of up to two feet were produced with calculated transmissivities on
recovery of 190,000 to 300,000 gpd/ft.
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Figure 6.

Plot of dissolved silica concentrations vs. observed
temperature for water well samples in the Little
Bitterroot valley.
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Due to the relatively small drawdowns produced by yields under 250 gpm,
most existing wells are incapable, on an individual basis, of creating sufficient .
stress to allow accurate determination of parameters for this aquifer.




5. GEOPHYSICAL STUDIES

A reconnaissance gravity survey covering most of the valley (Figure 10)
was performed in summer 1978. It was supplemented by seismic refraction lines
shot in the geothermal area both with a Texas Instruments DFS-3 seismograph
and with a Geometrix Model 1210-F refraction seismograph. The gravity data
indicates an anomalous high of about five milligal relief, approximately 1 x 2
miles, located directly beneath the zone of geothermal mixing. This high is
interpreted as a fault-bounded upthrown bedrock block, rather than as an
intrusive body or as a bedrock formation of anomalously high density. The
structural configuration of this block is uncertain. The structure is probably,
however, rather complex; the block is in the zone of intersection of the
northwest-southeast-trending valley margin fault, outlined by the geochemical
haloes for B, C1, and Li, and one and probably more northeast-southwest-
trending cross-valley faults, suggested by the gravity data and discernible
as lineaments on high-resolution U-2 aerial photographs for the area. Residents
in Garceau Gulch, northeast of Campaqua and at the eastern extent of one of
these cross-valley faults, indicate that they experience regular low-magnitude
seismic activity in their area. This claim is supported by the history of
cold water springs in this area, which have been known to exhibit erratic flow
behavior in a way not obviously related to short-term climatic cycles or annual
fluctuations. There have also been earth tremors both reported by residents
and recorded in this area, including one at magnitude 4.0 (Richter) during
an earthquake swarm in 1971 (Stevenson, 1976; Witkind, 1977).

The hypothesis of an uplifted bedrock block at shallow depth beneath the
Campaqua area was corroborated by seismic refraction investigations, which
were interpreted to indicate bedrock depths in the north half of Section 29
range from 230 to 500 feet. In the profiles, run over deeper valley fill,
the seismic layering was as follows: O to 200-240 feet, 5,200 feet/second
(Lake Missoula sediments; lower velocity gravel at base); 240 feet to bedrock,
8,500 feet/second (Tertiary sediments of unknown characteristics); and Pre-
cambrian argillites and quartzites of the Belt Supergroup, 12,000 to 16,000
feet/second. When bedrock is shallower than about 300 feet, no Tertiary
(8,500 feet/second) is detected, either because it is absent or because it
is too thin to be detected using the geophone spacing (100 feet) on the
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refraction line. At the Campaqua site itself, where the hottest existing well
producing from the gravel is located, Lake Missoula sediments and gravel were
shown by the seismic data to directly overlie bedrock; both west and east of
this site, a Tertiary layer was detectable in the profiles.

The refraction data was used to outline an area in the vicinity of Camp-
aqua in which bedrock was shallower than about 400 feet (Figure 11). This
bedrock “bench" corresponds to the gravity high of Figure 10 and is essentially
devoid of Tertiary sediments.
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Figure 11.

Map showing seismic refraction profile locations and
bedrock estimates, gravity stations and contours and
approximate location of the shallow bedrock shelf
beneath the Campaqua geothermal zone, Section 29,

T. 22 N., R. 23 W. Water well locations and tempera-
tures are also noted.




6. TEST WELL SITING

The bedrock "bench" outlined by the refraction and gravity data is inter-
preted to represent an uplifted fault-bounded block, associated in part with
the valley-bounding normal or listric normal fault reflected by the geochemical
leakage trend. This fault is assumed to be associated with the circulation
of geothermal fluids because of this geochemical evidence, and was, therefore,
the exploration target for this hole. It was recognized that there is probably
cross-valley faulting which complicates the structural geology; also, the possi-
bility is strong that there may be several high-angle faults occurring
en echelon, rather than a single one bounding the valley margin, as is suggested
by Harrison et al. (1974) in their interpretive reconnaissance map of the
Wallace 1° x 2° sheet. It is assumed, without supporting data, that this fault
would be westward-dipping , possibly quite steeply.

With these assumptions, potential drilling sites were chosen based on
the following criteria:

a. Location slightly westward of the conjectured normal fault

axis, but not so far west as to preclude intersection by a
1,000 foot drillhole.

b. Location over shallow bedrock, to allow as much penetra-
tion of water-saturated bedrock fractures as possible within
the 1,000 foot drilling budget.

c. Surface conditions suitable to allow adequate drainage
of potentially large volumes of water, to preclude risk of
property damage or flooding of roads.

d. Location a reasonable distance away from existing wells
to minimize risk of mud or air damage to other wells.

The site chosen was in Section 29 BADD, approximately 350 feet northwest
of the original Campaqua well (52° ¢). This site lies slightly west of the
interpreted northwest-trending fault axis passing through or east of the Camp-
aqua well. It was anticipated that water in the gravel would be encountered
at about the same depth as it was for the Campaqua well (240 feet) and at nearly
the same or a slightly lower temperature. It was planned to drive unperforated
casing through the gravel into bedrock, shutting off flow from the gravel,
and to continue drilling into bedrock with the intention of encountering either
the high-angle fault itself or a bedding plane fracture in communication with

this system.




The hot-water system ascending through the fractured bedrock was expected
to exhibit higher temperature and pressure than the water in the gravel bed. ‘
Also, the bedrock aquifer was expected to exhibit significantly lower trans-

missivity than that of the gravel.




‘ 7.  TEST WELL RESULTS

7.1 DRILLING ACTIVITIES

Drilling of the test well commenced on December 4, 1980. Standard eight-
inch water-well surface casing was set to a depth of 102 feet and cemented
in. Drilling continued with a 6-5/8 inch bit to total depth. The gravel
was encountered at depth 240 feet, and bedrock directly beneath it at 264
feet. The six-inch casing followed the bit to the latter depth, where it
was set and cemented in. All casing joints were arc-welded under dry condi-
tions. Drilling proceeded open hole from 264 feet to a total depth of 1,002
feet, where the well was completed on January 11, 1981. A two-inch sealed
(capped, no perforations) steel liner was hung in the well and shut in for
logging purposes (temperature, gamma, neutron). A detailed summary of drilling
operations is included as Appendix A. The detailed drilling log is included
as Appendix B.

Geophysical logs were run in two stages. ‘Immediately after total depth
was reached, electric logs (spontaneous potential and resistivity) were run
on the uncased portion of the hole from 264 to 667 feet, below which depth

. the sonde could not penetrate past a sloughing fracture zone. Water was
allowed to flow during the logging. After the two-inch liner was set to a
depth of 980 feet, natural gamma and temperature logs were run from O to
980 feet within the liner. This data is presented in Plate I. No neutron
Tog was run due to the potential for hangup of the radioactive sonde either
in the slough zone or in the liner.

The lithology of the upper 240 feet of hole is stratified silts and silty
clays of Glacial Lake Missoula (Pleistocene). In surface exposure, faint
varve-like laminations are apparent in these sediments; such stratification, if
any exists, is undecipherable in highly disturbed rotary cuttings. The clay
appeared relatively homogeneous, with no sand interbeds except near the base of
these sediments, overlying the gravel aquifer. These sand interbeds probably
represent deposition during a period when the glacial ice was still close to
the valley and springmelt runoff contributed abundant sediment to the valley.
Occasional cobbles or gravel, possible ice-rafted material but also possibly
flood-related debris, occur from 130 feet to 240 feet. The color of the clay
is light to dark brown from the surface to 180 feet; from 180 to 240 feet,

. the atmosphere is more reducing and the color becomes increasingly grey with
depth. Above the gravel, the color is slate blue, probably reflecting the




7.2 GEOPHYSICAL LOGS

Geophysical logs run on the well include SP, resistivity, and natural
gamma, as well as the temperature log (Plate I, Figurei2). The electric logs
were run on the uncased portion of the well to a depth of 66/ feet, where an
unpassable obstruction, due to sloughing, was encountered. Gamma and tempera-
ture were run from within the two-inch liner.

The gamma log records natural gamma radiation from materials around the
wellbore. It records well the transition from unconsolidated materials (low
gamma) to bedrock (high gamma). At a depth of about 100 feet in the Glacial
Lake Missoula sediments, a slight increase in gamma is noted, which roughly
corresponds to the transifion in these sediments from brown (oxidized) clay
to blue-grey or grey (reduced) clay. The gamma increase is thought to be re-
lated to the higher organic content probably responsible for the color change
in the clay due to higher natural gamma radiation from these organics. A low
gamma defraction at about 226 feet represents sand interstratification in the
clay. The gravel (240 feet to 262 feet) exhibits only slightly lower gamma
than the interstratified sand in this interval. Within the bedrock portion
of the well, high gamma corresponds to argillite, low gamma to quartzite.

In addition, some low gamma peaks correspond to zones logged during drilling

as fracture zones or as "clay wash" zones, where drilling proceeded rapidly
through soft material which yielded very few solid cuttings and a slurry of
very fine-grained grey material, probably a mixture of clay, silica, and cal-

cite. 1In some cases, these low gamma peaks correspond to water-producing zones.
They are, in general, not distinguishable from quartzite-rich intervals (viz.,

886 feet to 920 feet) without information from the drilling log, with the excep-
tion of the very low gamma anomaly at 655 feet to 760 feet which corresponds

to a major slough zone and may be a fracture (fault?) zone filled almost com-
pletely with secondary minerals.

The SP log was run from a free-hanging sonde, rather than from a bowstring
sonde; and, therefore, the data is somewhat erratic and not amenable to
straightfoward interpretation over its entire length. Because the wellbore
is filled with water of relatively uniform temperature and conductance, rather
than drilling mud, potential gradients between fluids in fractures and fluids
in the wellbore are probably not well developed. Nonetheless, some bedrock




presence of fine-grained iron monosulfide precipitates. Also directly on top
of the gravel is a thin (<1 foot) very hard “"cap rock," noted by local drillers
in wells throughout the valley. While no unusual cuttings were recovered from
this hard zone during the drilling, it is+thought to be clay indurated with
carbonates formed by reaction between Ca2 cations in pore water and'CO2 gas
produced by organic decomposition and bacterial activity within the gravel.

The gravel itself is approximately 24 feet thick at this location. Coarse
layers in the gravel have well-rounded, smooth, and flat or elongate cobbles
up to four inches in length. The provenance of these cobbles and clasts is
dominated by argillite and quartzite from Belt rocks (>90%), with minor amounts
of highly altered andesitic volcanics (probably from the Hog Heaven complex
to the north) and feldspathic gneiss. A bright red shale or claystone, probably
another Belt lithology, is also common in the gravel. The roundness of the
clasts and the repetitive interbedding of sand and gravel lenses suggest a
fluvial, glaciofluvial, or ice contact origin for the sand and gravel, probably
deposited during the retreat of late Wisconsinan ice from the north end of
the valley.

Water occurs under flowing pressure in the gravel aquifer. In this well,
at a shut-in pressure of 10.2 psi, the estimated yield was 300 to 400 gpm from
the gravel, with 4} inch diameter drill steel still in the hole; unobstructed
open-hole discharge would have been significantly higher, probably greater
than 500 gpm. Temperature in the gravel is hotter at its base (48.60 C) than
at its top (46.8° C), supporting the hypothesis that leakage into the gravel

is occurring along its base.
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Figure 12. Geophysical and tethperatur“e logs (on LB-141, run 1-10-81
through 1-13-81. See Plate I for additional detail.




fractures, appakent as low resistivity kicks, correlate with Tow-SP deflections.
’ The SP log may be further complicated by zones of pyrite concentration along
fractures, which could be contributing to the observed SP baseline wandering.
The resistivity shows pronounced low kicks, which probably correspond
to water-filled near-horizontal fractures (vertical or subvertical fractures
would probably not appear prominently on the resistivity). Some, but not all,
of these conductive intervals may be water producing; others may be highly
fractured but nonproductive, although due to the artesian flow in the well
all are water-saturated. The pyrite concentrations noted above may also contri-
bute to low resistivity along these fractures.
The temperature log shows a typical near-surface gradient in the upper
240 feet, produced by conductive dissipation of heat from the gravel aquifer
to ambient surface temperature (air temperature was about -10% ¢ on January 16,
1981, the date of the log). The upper surface of the gravel is not sharply
delineated by the log, probably due to the high thermal conductivity of the
well casing. Below the bottom of the casing at the bedrock-gravel contact,
temperature drops off sharply, rising again as water-producing zones in bedrock
are encountered at greater depth. As noted during the drilling operation,
‘ there is an inverse relationship between depth and temperature; the deeper
the producing zone, the cooler the water. Intervals on the temperature log
over which changes are very slight--less than about 0.01° ¢ per 10 feet--are
indicated on Plate I as water producing zones, most of which correspond to
zones in which water in highly fractured bedrock was noted to have been encoun-
tered during drilling. The detailed temperature log is found in Appendix C.
Using this log data and flow measurements taken during drilling, depths and
approximate yields of producing zones are summarized in Table 1. Some fractures
are apparently highly permeable, yielding 100 to 300 gpm over a zone less than
ten feet thick. Other fractures logged as "clay washes" during drilling did
not apparently increase water flow during drilling operations and are not appar-
ent as isothermal segments of the temperature log. According to field flow
measurements, no additional water-producing zones were encountered below 667
feet, assuming that a six-inch pipe at 10 psi is capable of producing, by

Bernoulli's Theorum, up to 3,300 gpm maximum yield.




TABLE 1. WATER PRODUCING ZONES

IN CAMPAQUA TEST WELL #1.
PICKED FROM GEOPHYSICAL TEMPERATURES AND DRILLING LOGS;

TEMPERATURES FROM THERMAL LOG ZONE

DEPTH IN FEET FLOW (gpm) TEMPERATURE (OC)
282-295 ft. 12 gpm 46.4°
345-346 ft. 88 gpm 45.3°
406-409 ft. 225 gpm 43.4°
430-440 ft. 40 gpm 41.9°
466-468 ft. 35 gpm 41.4°

488", 529'-538"', o

570'-578" 350 gpm 40.7

640'-650",

662'-678"

685'-690"' 50 gpm 40.8




7.3 GEOLOGY OF THE DRILL CUTTINGS

To date the drill cuttings have been subjected to only cursory examina-
tion, but the results may have significance for an understanding of the sub-
surface geology as it relates to the geothermal resources. Since air rotary
drilling was used, sample recovery was in the approximate size range 0.1 -
3 mm.Easily washed, finer grains and precipitates were lost during fluid circula-
tion. Occasionally, due to the strongly jointed nature of the brittle Belt
sedimentary rocks, larger fragments of rock, from 1 + 10 cm long, reached the
surface without being crushed by the bit or drilling| string. Eleven of these
were selected for thin section examination, to deter@ine primary lithology
and to examine secondary fracture-filling phases. Approximately 100 g of
cuttings were retained from each five-foot drilling interval and qualitatively
examined under a binocular microscope. More detailed petrologic examination
of the cuttings including powder diffractometry of mineral unknowns, is pending.

The two primary lithologies of the Ravalli Group rocks are (1) phyllitic
shale (argillite), composed of quartz, fine-grained muscovite and sericite,
some feldspar, and minor pyrite of apparent diagenetic origin, and (2) well-
sorted cemented quartzite and siltite with minor interstitial muscovite. In
both 1ithologies are commonly found fresh, equant porphyroblasts of biotite,
which grew in random orientation during the greenschist facies metamorphism.
Stratigraphic variations within this section occur in the type of interstratifi-
cation of these two lithologies, but not in their petrologic character. Drill-
hole cuttings were too fine for observation of sedimentary structures.

The Ravalli Group rocks in this hole are cut by fractures filled with
a suite of secondary minerals, including very fine-grained silica (chalcedony)
of sucrosic texture, calcite, and at least one occurrence of a low-temperature
zeolite, either heulandite or clinoptilolite. Mineral unknowns include various
sulfides which have been tentatively identified to include covellite and chalco-
pyrite. In thin section, the sulfides occur in close association with the
carbonates, as well as in cross-cutting relationships. This apparently
hydrothermal mineralization suite is obviously later than diagenetic, but beyond
this no estimate of the age, temperature, or depth and environment of their
emplacement can be made at present. It can be speculated that they represent
a period of hydrothermal activity that is not recent and may have been associ-

ated with the period of 0ligocene tectonism and volcanism during which the
Hog Heaven extrusive rocks were deposited to the north. The same fracture




pathways followed by circulating hydrothermal fluids in Tertiary time could
have persisted without béing completely sealed to the present, allowing deep
circulation of meteoric waters which recharge the modern geothermal system.




7.4 AQUEOUS GEOCHEMISTRY !

Water samples were taken from producing zones 1n%the gravel (at 254 feet
and 264 feet) and in bedrock (at 324 feet, 362 feet, 423 feet, and 578 feet).
The samples from the gravel represent point depths, as the casing was being
driven directly behind the bit. The samples from bedrock producing zones were
cumulative, as the well was drilled open hole from 264 feet to T.D. and water
from all producing zones was mixed in the well.

In the upper gravel at 254 feet, water temperature is slightly higher
than in the Tower gravel (48.00 versus 48.6° from down-hole measurement).

The water chemistry reflects this only slightly, with slightly higher Na' /K"
ratio, higher 5102 and high?r Li* and B in the lower gravel sample (see
Appendix D). HZS concentrations were not determined analytically, but were
detectable in the field by taste and smell, as in other nearby wells in the
gravel. '

The water samples fromﬁbedrock become increasingly cooler with depth,
from 45.4° C at 324 feet to§40 6% C at 578 feet. Water chemistry reflects
these cooler water temperatures with decreasing Na it ratios, S102, B, Lit ,
€17, and TDS. Values in Table 2 are calculated water quality data for each
producing interval, computed using the assumption that simple mixing, without
reaction, occurs in the wellbore and using measured flow rates to calculate
mix proportions. HZS concentrations were undetectable in the field by giste

and
Mg2+ concentrations in the bedrock fracture aquifers are somewhat higher (10
to 15 mg/L versus 2 - 5 mg/L) than in the gravel aquifer, since organic matter
decomposition is probably not occurring in bedrock and localized zones of cal-

and smell, in contrast to the water in the gravel. Correspondingly, Ca

ite precipitation from aqueous solution probably do not occur.

Both the silica and Na-Ca-K geothermometer indicate gradually lower temper-
tures with depth. Using chalcedony as an equilibrium species, silica
emperatures decrease from 56 - 68° C in the gravel to 55 - 60° C in bedrock.
hese silica concentrations are the product of mixing with cold water and there-
fore are minimum values. Cation geothermometer calculations show an even more
drastic decrease in the bedrock aquifer, from 110° - 128° ¢ to 74° - 80° c,
attributable to the loss of Ca2+ 2+
the cation geothermometer is probably invalid not only here but elsewhere in

in the gravel aquifer. Due to this Ca~ loss,

the valley for wells tapping the gravel.
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Figure l4. Jacob semi-log plot of time is discharge for flow test
of LB-141. Constant drawdown is assumed after the
first hour of flow; see Jacob and Lohman (1952).




Table 3. Flow Data
LB - 141 Flow Test
4~14-81 to 4-17-81

Elapsed Mid-flow S,;/Q
time estimate,
(mins) gpm
0.5 543 .0425
1 540 .0428
2 540 .0428
4 539 .0429
7 524 L0441
10 528 .0438
20 535 L0432
40 534 .0433
70 533 .0433
100 533 .0433
200 528 .0438
400 519 .0445
700 514 L0449
1000 508 .0455
2000 505 L0457
3000 502 0460
4000 501 .0461
4200 501 .0461

Weighted mean = 508.3 gpm
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Figure 15. Jécob semi-leg-plot of recovery for 1B-141 flow test.




8.  HYDROGEOLOGICAL CHARACTERIZATION OF THE BEDROCK AQUIFER ‘
Previous determinations of transmissivity of the gravel in the valley

range from 180,000 to 300,000 gpd/foot, but these determinations were relatively

imprecise due to the fact that drawdowns and recoveries were small (less than

two feet) for discharges in the range of 90 - 250 gpm. Local variations in

gravel thickness might be responsible for variations in transmissivity. The

test well was flow-tested and recovery-tested, to determine the hydraulic char-

acteristics of the fractured Belt rocks. In addition, two- and eight-day well

recorders were set up on five nonflowing wells in the valley and continuously-

recording transducers at two flowing wells to test whether or not the water

in bedrock fractures is hydrologically continuous with water in the gravel;

also, drawdown data from these wells could be used to obtain a single distance

drawdown estimate of the macroscopic transmissivity of the gravel aquifer as
a whole.

From 4/14/81 to 4/17/81, the test well (LB-141) was allowed to flow under
its own head for 70 hours. No other irrigation wells in the valley were flow-
ing more than minor amounts (>10 gals/minute). Flow was diverted through a
six-inch diameter pipe fitted with a paddlie-wheel type flow sensor connected

to a continuous recorder. Due to friction along the well casing, flow varied
over a period of seconds, exhibiting short-term fluctuations of up to 30 gals/
minute. Instantaneous flow estimates were derived from the continuous record
at the midpoint of the instantaneous fluctuations. Table 3 shows flow esti-
mates derived for overflow analysis. Flow ranged from an initial 543 gals/
minute to 501 gals/minute after 70 hours. A time-weighted mean flow for the
test is 508 gals/minute. Using this mean flow estimate and the slope of the
line fitted to a Jacob plot of the data (Figure 14), a transmissivity estimate
of 155,000 gpd/foot was derived for the bedrock fracture zone from which this
well produces water. Recovery data following shut-in of LB-141 (Table 4,

" Figure 15) yield an estimate of 178,000 gpd/foot, in reasonable agreement with
the overfiow data.

Observations of water levels at four nonflowing wells (LB-13, LB-86,
LB-67, and LB-208) and two flowing wells (LB-32 and LB-7) confirmed that these
wells were in hydrologic continuity with LB-14] (Figure 3). One observation
well on the valley margin, LB-101, is either silted in and plugged or not in
direct continuity with the main gravel bed beneath the valley. The continuity
of the other wells confirms that the bedrock fractures from which LB-14] pro-
duces warm water are in intimate connection with the gravel bed tapped by the




Table 4. Recovery Data,
LB - 141

Final Q = 505 gpm

Time Flow = 69.5 hrs (4170 mins)
0 - 50 psi; Transducer

Zero = 4 mV.

Scale = 2 mV./psi

Head,

Time (mins) psi mv ft. /el (t=69.5 hrs)
0.2 7.52 19.03 17.36 20,850
0.5 7.52 19.03 17.36 8,340
0.7 7.53 19.06 17.39 5,957
1.0 7.68 19,35 17.74 4,170
1 7.68 19.35 17.74 4,170

‘ 2 7.77 19.54 17.95 2,085
4 7.85 19.70 18.13 1,042
7 7.99 19.98 18.46 596
10 8.12 20.23 18.75 417
20 8.16 20.31 18.84 208.5
40 8.26 20.51 19.07 104.2
70 8.37. 20.74 19.33 59.6
100 8.42 20.83 19.44 41.7
200 8.46 20.91 19.53 20.9
300 8.61 21.21 19.88 ‘13.9
400 8.63 21.25 19.92 10.4
700 8.63 21.26 19.94 6.0
1600 8.72 21.44 20.14 2.6
3000 8.87 21.73 20.48 1.39
5000 8.97 21.94 20.72 0.83
5700 8.97 21.94 20.72 0.73




other wells throughout the valley. This directly affects the interpretation
of the geothermal flow system and recommendations for future geothermal explora-
tion and development, as will be discussed in greater detail below.

A distance-drawdown plot for the observation wells after 60 hours of flow
at LB-141 (Figure 16) yields a straight line transmissivity estimate of 257,000
gpd/foot, based on a fit through observation wells farther away than one mile
only. Apparently this line does not intersect LB-32, the well at Campaqua,
where drawdown was greater than might have been expected from this trans-
missivity value. This is interpreted to be due to a slight thinning of the
gravel bed over the bedrock high defined by the gravity and seismic data in
the Campaqua area. Few wells fully penetrate the gravel beneath the lake beds,
and so data is sparse; however, LB-222 at Lonepine penetrated into Tertiary
sediments, logging the gravel bed thickness at 56 feet; at LB-44, south of
Campaqua, it was logged at 31 - 46 feet thick; at LB-26, east of Campaqua,
it was logged as absent; and at LB-141, the test well, it was Togged at 23
feet thick. Therefore, the transmissivity of the gravel in the immediate
vicinity of Campaqua is probably somewhat less than it is elsewhere in the
valley.

With regard to the regional hydrogeology, it is important to note that
any wells drilled as geothermal production holes into the gravel bed would
be in hydrologic continuity with all the other irrigation wells in the valley,
as well as domestic and stock wells; and would, in the Campaqua area, exhibit
transmissivities in the range from about 200,000 to 250,000 gals/day/foot of
drawdown. With regard to predicting drawdowns on other wells in the area due
to utilization of geothermal water, use of the transmissivity estimate derived
from the distance-drawdown method (257,000 gals/day/foot) would probably be
Justifiable.

The producing bedrock zone in the test well is in hydrologic continuity
with the overlying gravel bed even though the well is cased through the gravel,
and it is apparent that water is leaking downwards into the open-hole portion
of the well (deeper than 264 feet) through rather permeable bedrock fractures
in the Ravalli Group rocks. The observed transmissivities for drawdown and
recovery at the test well are only slightly lower than the transmissivity of
the gravel bed determined by distance-drawdown.
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Figure 16. Semi-log plot of distance vs. drawdown For observation
wells during LB-141 flow test, at time = 72 hours after
beginning of flow test. LB-101 did not show similar
response to the stress as the other wells and is
assumed to be partially plugged. LB-32 shows slightly
greater drawdown than would be expected by the straight-
line fit to the other observation wells; this is
interpreted as local transmissivity variation, probably
thinning of the aquifer.




9. INTERPRETATION OF DRILLING RESULTS
Observations on the test hole can be summarized as follows:

1. Bedrock is overlain directly by Pleistocene glacial gravels;
Tertiary sediments were either not deposited on or were eroded
away from the bedrock high outlined by the gravity data.

2. The fractures in bedrock yield warm water in hydrologic
continuity with the overlying gravel, as confirmed by the
flow test,

3. Water-bearing fractures are encountered at various depths
in the hole; the deeper the fracture, the cooler the water.

4. Deeper than about 600 feet - below the upper 340 feet

éncountered repeatedly.

5. Below about 600 feet, the temperature gradient is essentially
isothermal,

The fact that water temperature and concentration of chemical geothermal
indicators decrease with increasing depth in bedrock strongly suggests that
the hot water is transported downward from the gravel through subhorizontal
fractures, probably bedding planes, and not from below along the fracture
system carrying hot geothermal water from depth. The geophysical logs indi-
Cate that permeable bedrock fractures occur every 20 to 50 feet in the upper
400 feet of bedrock. If these were bedding plane fractures dipping towards
the east, then they could be transporting water downwards from the gravel
bed to the west where water temperatures are progressively cooler (Figure

The deeper the bedrock bedding plane fractures, the farther to the east,
away from the drill site the fracture intersects the gravel and the cooler
the water temperatures. However, below a depth of about 600 feet fractures
are encountered in bedrock, detectable both by low-gamma kicks and by zones
of grey wash logged during drilling (Plate I), At some depth, these fractures
must cease to be in communication with the gravel in the updip (west)
direction, as the bedrock surface slopes off to the west steeply to the west
of the drill site and is overlain by a thickness of less permeable Tertiary




despite the presence of bedding-plane fractures. An interpretation which

fits this observation is that the grey mud wash material encountered in deeper
bedrock fractures represents fracture-filling minerals of hydrothermal origin
which have precipitated from conductivity cooling water peripheral to the

main zone of fluid ascent (Figure 17). Hot water must still be rising directly
up the fault zone in quantity, as temperatures in the gravel have remained
constant over the years since about 1916 and do not exhibit short-term varia-
bility during 2 to 4 day flow periods at over 400 gpm. However, apparently

the fault zone has been sealed off from lateral communication with bedrock
fractures by a halo of hydrothermal mineralization. Therefore, future attempts
at intersecting the hot water source may demand drilling immediately above

the trace of the main fault system at the base of the gravel. The test well
itself did not encounter this major fracture zone because it is probably loca-
ted too far to the west of the fault to intersect it within the 1,002 feet
drilling depth.
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10. SUMMARY AND CONCLUSIONS _

‘ The test well was unsuccessful in its goal of drilling into and evalu-
ating the bedrock fracture system transporting geothermal waters upward into
the shallow Little Bitterroot aquifer. It did encounter large volumes of
warm water (40.6° to 46.4° C) in bedrock bedding plane fractures, which pro-
bably percolates down from the gravel bed overlying bedrock. The thermal
regime over most of the depth of the well is dominated by convective heat
transport by water; there is no evidence for a shallow heat source beneath
the site at depth. In the bottom 200 to 300 feet of the hole, where apparently
no water is produced from fracture zones, the temperature gradient is very
close to isothermal, about 1.6° C/km, much Tower than the “normal" geothermal
gradient of about 25° C/km for this area. This s@ggests that isotherms are
nearly vertical and compressed around a hot convective transport system, opera-
ting along vertical or sub-vertical fractures. The precise location of the
intersection of these fractures with the gravel bed is unknown, but is probably
to the east of the test well. These fractures may be very steeply dipping.

The composite temperature of water from all producing zones in bedrock
is 43.9° C, making the water suitable for only low temperature applications.

‘ The quantity of water available under flowing conditions without assistance
of pumping should be between 350 and 600 gpm, depending on pressure in the
aquifer, which is transient during and after the irrigation season. This
value could be increased about 20 percent by removing the two inch sealed
liner from the hole. Production from this well is in direct connection to
water in the gravel aquifer, and this well and flowing irrigation wells will
interfere with each other during the irrigation season. Possibly, the well
could be used for direct heating applications in the winter season without
interfering with irrigation usage, as long as the well is not used past mid-
April or so in order to allow the aquifer to recover.

The lack of success of this test well does not preclude discovery of

a hotter (60 to 90° C) water source in the vicinity of Campaqua; in fact,
the isothermal segment at the bottom of the hole suggests that the hot water
upwelling along the boundary fault is close enough to affect the thermal
gradient in the test well. However, the fault associated with the hot water




movement is, in all likelihood, steep or even vertical and another test well
should probably not be sited before highly detailed thermal prospecting studies ‘
give a very precise indication of the configuration of the fault-related ther-
mal anomaly in the gravel bed in Section 29. A suggested approach for such
prospecting would be as follows:

1. Establishment of a sampling grid on approximately 200 foot

centers, over the area east of the test well and old Campaqua well on
the west side of the river.

2. Surveying of elevations for these stations.

‘ 3. Bouguer gravity at these stations.

‘ 4. Ground level magnetics at these stations.

|

| 5. Drilling of ten foot deeB auger holes and installation of

| sensitive calibrated 0 to 30~ C thermistorsat the bottom of

| each hole, in an attempt to localize "hot spots" in the

’ gravel and to estimate temperatures using thermal conductivities
from this well. _

The above approach should give sufficient information to allow delineation
| of the intersection of the hot water fracture(s) with the gravel bed. Without .

such additional information, future drilling into bedrock for hot water

(>60° C) would probably be speculative and a poor financial risk.




APPENDIX A

Drilling Summary of

Campaqua Test Well No. 1 (LB-141)

Drilled 12/5/80 to 1/10/81
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WELL OWNER: Jay Gossett
Aurora, Illinois

. WELL LOCATION: T. 22 N., R. 23 W., sec. 29 BADD
TOTAL DEPTH: 1002 feet
COMPLETION: +0.5'-104', 8 5/8'" casing, no perforations, cemented in with
nine sacks cement

+2.5'-264', 6 5/8" casing, no perforationms, cemented in with
two sacks cement

+2.5'-980', 2 3/8" liner, sealed bottom, no perforations,
(for logging tools)

264'-1002', open hole 6 7/8"
T.D. 1002'

CONDENSED WELL LOG:

0-57"' Light to medium brown moist friable silt and silty clay

57'-138" Dense rubbery medium to dark brown silty clay and clay

138'-140' Dark brown clay, sharp angular gravel fragements

140'-180" Dense rubbery medium to dark brown clay

180'-205" Brown and grey-brown silty clay and clay

205'-239' Grey to bluish-grey soft rubbery clay, thin sand seams
‘ 239'-~240' Thin hard cap rock

240'-264" Gravel, interbedded sand

264'-1002"' Fine grained grey-green and blue-grey argillite with inter-
bedded quartzite; major water-bearing fractures at

282" (5 gpm)
286" (20 gpm)
395" (15 gpm)
345" (90 gpm)
406'-409" (225 gpm)
430'-440" (40 gpm)
466'-468" (35 gpm)
529'-538', 570'-578' (350 gpm)
640'-690" (50 gpm)
SWL on 1/12/81 10.20 psi (+23.6 ft.)
TOTAL YIELD: 750-800 gal/min from bedrock (before 2" liner set)
(no perforations in gravel)
500-550 gpm (after 2" liner set)

' NOTE: Water producing zones in bedrock are hydrologically connected to
the overlying gravel bed.

PUMPING WATER LEVEL: +20.6 ft. after 70 hrs. flow at 500 gpm.




APPENDIX B .

Detailed Drilling Log of LB-141




MONTANA RUREAU OF MINEGS AND GEOLOGY WATER QUALTTY ANGLYETS
RUTTE  MOMTAMA 592701 (404614944101 LA MO, 800328224
' - STATE MONTANA COUNTY LAKE
Lartirang- lUNGl!HUl Q7038732 M 114034174 SUITE LOCATION “’N 1(M 29 RANN
UTH PﬂﬂRﬂINhll 211 NOG2AE7ZH0 LE6RIoRY MEME GTTE Lk
TOPFOGRAFHIC MﬁP HOT SPRUMGS ME 7 1787 STATIOM TR 4/586"114641/01
FFU[UGIC SQURCE 400PRCINET I 2GRAVE X G6MELE SOURCE WELL
1 ﬁTNhG! BAGIN FIL. LAND SURFACE ALTITUDBE 2758, FT < 10
AF&NCY + BAMPLER MEMGRJIID SUSTATNED YTELD 100, GI*M
R?g}ilrzng{¥ %gT¥?;4ﬂ0 TO¥IFLH MEAS METHOU BUCKET/STOPWATCOH
16 SAHMELEY 146--NEC-§ ) al, DEPTH OF WELE 262 . T
TINE SAMPLED 04300 HOURS SWL ARDVE () hR|UELU&lhg FLbﬁIHG PTG
LALR -+ ANAGLYGT MIMGEXENA CAGING DTAMETER 6 TN (M)
NATE AMALYZED 0- lAN-81 CASING TYPLE STECL
SAMPLE HANDLING 2720 COMPLETTON TYPRE 10X
METHOD SAMPLED PERFORATTOMN IMTERUAL 241 TO 362 FT
WaTER USE RESEARCH
SAMPLING S81TE MBMG GEQ. TEST WELL #1 X CONFARUG ARFA
GEOLOGTC SOURCE PRICHARD FORMATION I SLATE
M /L MIERAL, MG/L MEQ/L.
‘ CALLCTUM (CA) 12.3 0,61 RTICARBOMNATE (HEOZ) J4%. H, 85
| MAGHLEGTUM (MG) 2.4 b 20 CARBONATLE (o) 0.
gouryM (NA) 132 5.74 CHLORTIE (1.2 358 + 00
FOTAGSTUM (KD L4 0.09 SULFATE (504) o1 0 Q0
TRON Lo AFE) + 081 Q.00 METRATE AR N Q99 0.01
MANGANIEGE (MM) s QA4 000 1FLUORTNE CF ) A4 24
STLICA (851022 B35 PHOSPHATE TOT (A5 )
TOTAL CATTONG 665G TOTAL ANTONS H. 90
STAMDARD DEVIATTON OF ANION-CATTON BALANCE (HTGMA) L.24 -
LARORATORY 1*H4 8»2] TOTAL HARINESS A% CACOZ 40) 59
FIELU WATER TEMPERATURE 47,2 0 FTOTAL ALKALIMITY AS CALOSZ 282,94
CALCULATED DISSOLVED GOLTNEG JVLeVI SONTUN ARSORFTION RATTO .02
SUM 0OF 0I8S, CONSTITULENT G7%.76 RYZMAR STARILLTY TMIDEX Fe71
LAER SPEC, COND. (MTCROMUOE/TM) 651.5 LANGLIER SATURATTON THIEX O 20
FARAMETER Uil UE FARAMNETER VAL UF
TEMPFERATURE s QTR () 8 CNIUCTVY FTELDR RICROMHOA Ha4,
FIELOD PH 774 ALUMTMIIM: D188 MG/ AL w03
STRUNITUM;HISS (MG/L -8R .27 STLUERNTRE (MG/L A8 A L. 002
TITAMIUM OTS(HG/L AS TID + 003 BORON 0088 MG/ AL ®) 07
UANADTUM: BTGE (ME/L A8 V) <2001 CANMTUM DTSG(HG/L A% CIY) L.002
ZIMNC, LSS (MO/ZL AL 7N 4 Q03 CHEOMTIUN, DISG (MG/L-GR) 1002
ZIRCONTIUM DISHMGE/L 2K) T.004 COFPERsNTSE (MG/L A8 CLD +003
LITHIUM, UISS(MG/L A% LI N R MOLYRQENUM, LTSS MO /0 -MO) Ry
NICREL,DISS (MG/L AS WI) <01 LEALL DTRE (MG/L AR PR Lo (04
ARSENTC,, BTSS(UG/L A8 A8) <ol
REMARKS S FH RIGES RAPIDLY ON WITHORAWL % NO H2E GMELL OR TAGTE X i} .
LYTTLE B\llfhhﬂﬂ) hlUTHithl ﬁuLﬁ X UF NOHOLE PROO ZONE 261362 FT X
FRIMARY FLOWES AT 204y 2 A05y 4T X
LARY U Ma 0 17348 MOsL h1ULH ¢J?O ST6MA X
EXPLONATIONG  MG/L = MILLIGRAMS l[R LITERS HG/l a2 b ChUbhhM‘ FER LITERy MEQ/L
MILLTEQUIVELENTS PER LITER, T FEET, MY = TEL (M) = ‘(ﬁ%“hf?; £ =
ESGTTMATED: (RY = REFORTED. TR = TOTHL ﬁlP!ULhﬁBLl< IUI TOTEL .
W WA 82 WT oW B AT DTHER
OTHER AVUATLARLE UATA
OTHER FTLE NUMBERS?
PROJECTE CosT!e ) ]
LAST EUTT DATED  23-FER-81 gy re kLG
PROCESSTING PROGRAME  FI1720F8 U2 (B/79/780) FRINTEN:  07-aUG-8
. FERCENT MEQZL (FOR PYFER FLAT)
" Mo M i CL 804 HCOS
2 834 1 14 0 81
NOTE! TN CORRESPONDENCEs PLEAGE REFER T LAR NUMRERE 8002826




£ ELL LOG. . GROUND WATER DIVISIUN
MONTANA BUREAU OF MINES AND GECLOGY WELL WG{;;L, A .
T.228  w 2_?."’1__ Sex. ,_22__ Treat DBPD or pumba LB-141

County _ SANDERS ___ tocation: — CAMPAQUA TEST #1
Hole ocaton [P —— Dave o : e+ o b s o+ i e
Record Date bol Dato holo Dailling | 4
by D - AM = e 12/5/80 comploted 1/10/81 DritwBillmayer compuay mmwwm.'
PN - RN +3.3' = 104' 8" FRANMRE(ZX)( Kalispell, MT
Wall , v oz Castng otea(s
Tota oo (11, 1002 gismeterts) T3'3 - 264' 6 e
! Steel (black)  C. Plastic E. Woed cribbing Weight o2 gag3 Mothod-perforated A, No casing in hole
mn): . Stosd (gul.) D. Openhale F. Other (apeclfy) ofcagng o7 serosaed: g Ope Jo:lti&m }:ﬂnll‘z wnife
intorval - perforated ———— g Stotted wibt;\ a {orch
or scretned: 0=104"' 8 5/8" casing, 10" hole/104'-264" 6. 5/8 " casing, 6 5/8" hole F. Othes( )
264'-1002' 6 5/8" open hole, No perforatioms - :. 3 OPEN_BOTTOM
H"m‘”m"‘ﬂmwpﬂmpﬁ?@ No Were matevinl samples takea’ Yo Mo Was o watex sample(s) u.'fm? Y. A No ,
Resnarks 5' intervals ~at depths ZZ%R.I%’}\ » 3247,
o .362', 423', 578", '
N - ' N : M ) § - %’J— - b)‘:“”"\ :
Note: — This log is decigoed to suppinment the weil inveatory chees (ABC cards). A wel laviatesy sheat must ba filled out géfcgme sAmmemo:dfoxdwwd!-
. Test vaiﬂ&mﬁmu'moﬁmquﬂam. : 3;’: - }{Jj{g:
o DRILLING LGG 345 - 6017 Ratimated composition, %
. T Geotogicdd, driiing condittons; remetks )
m ° - "' 2ad water o wm?;?f?'/;p - ;00*" flw ¢ m { vi H‘“ cls
?{'0' 8' | DRY LT. BROWN TQ BUFF SILT AND CLAYEY SILT - FLECKS OF WHITE BO | 2
: ALKALI _ o6 S5
- Cr S - e T = DY ru e
5"'%;'8" 37'{ VERY LT. BROWN TO LT. BROWN SILTY CLAY AND CLAVEY SILT, MOIST - . 30 7
' NO_PEGSBLES IN CLAY .
;‘3,;‘"-3'7'- | '57'! VERY LT. BROWN TO LT. BROWN LOOSE FRIABLE SILTY CLAY, BECOMING 140 €
‘ - DARKER BROWN WITH DEPTH '
57! 887! DENSE RUBBERY LT. TO MEDIUM BROWN CLAY - CUTTINGS IN SMALL ) SUR
: CHUNKS - HARD LAYER @ 57’
88" 1 100'| MEDIUM TO DARK BROWN DENSE RUBBERY CLAY, CUTTINGS IN HARD 40
: CHUNKS - HARD LAYER @ 96'
100'| 120"l MED. TO DARK BROWN CLAY AND SILTY CLAY, CUTTINGS L"-1" DIAMETER, 40
' NO_SAND
120'! 132" VERY SOFT MEDIUM TO DARK BROWN CLAY, DRILL STRING SINKS UNDER 40
| OWN WEIGHT
_ ' i
132'] 140! MEDIUM TO DARK BROWN CLAY, W/VERY SHARP ANGULAR GRAVEL OR ROCK 10
—_ FRAGMENTS %' to 1" DIAMETER (POSS. 1CE~-RAFTED) -




DRILLING LOG

Estimated composition,
From To Gwh@uk&ﬂh;uﬂtuauuﬁmunuunﬁmudnnﬂh; (Greed Sand
) el ¢ m[ Uil lailt] c
‘)' 180’ MEDIUM TO DARK BROWN CLAY, SILTY CLAY, NO SAND OR GRAVEL - : ' LO1
~ CUTTINGS RECOVERED IN VERY SMALL (<}") CITINKS L ;

180" !190' | BROWN TO GREY-BROWN SILTY CLAY AND CLAYEY SILT - NO SAND OR , 80
PEBBLES
i
190' (200" | MED. BROWN TO GREY-BROWN CLAYEY SILT AND SILTY CLAY - SOME ' 60

SMALL QUARTZITE FRAGMENTS

200' 205" GREY TO GREY-BROWN CLAY AND SILTY CLAY, NG SAND s b ' 40

205' 1215"' | WMED. ' GREY TO BLUISH-GREY RUBBERY CLAY, NO SILT - SOME THIN 'f 1 12]2 10
( 2%) SAND STREAKS, CASING SINKS VERY EASILY -~ GOOD CUTTING .
RECOVERY, CHUNKS UP TO 4" LONG

215' | 239" | VERY FINE GREY TO BLUE-GREY CLAY, FINE SAND IN THIN STREAKS

P>
2z
=

b0 [20

239" [240 .VERY HARD "CAPROCK' - NO CUTTINGS RECOVERED - DRIVE HAMMER
REBOUNDS ON_ IMPACT - MAY BE SULFIDE-INDURATED BLUE CLAY

3

0u0' | 244" | BLUE SAND AND GRAVEL, COBBLES UP_TO 4" SOME IARGE BOULQ@RS‘AT.,
241" i

WATER 200-400 gpm , ,
" TEMP = 120.5°F ___ MEASURED AT [DEPTH =| 235
PRESSURE = GL + 28' s b

264" | 258" SAND AND GRAVEL, COBBLES - WATER

COBBLE COMPOSITION ~ ARGILLITE: 60%
RED CLAYSTONE: 15%

QUARTZITE: 20%

ANDESITIC VOLCANICS: 3%

GNEISS & METAMORPHICS: 2%
cot | 261'|  COARSE TO MEDIUM SAND, WELL SORTED - SOME GRAVEL - wofs| [35l0l1d

‘8 WATER




PALEL £
MONTANA BUREAU OF MIMES AMD GEOLOGGY wzLl LOG Rar GROUND WATER DIVISION
Holenamd 10 441

County _ELND_EBL__ Location: T, __;2,_221, 0 _2_%‘_4____ Sec. ,_2?__ Trest E’?P__ ezaemb 070 _
Hole location 375" NW_of CAMPAQUA WELL e T T T
Rec to hols Dato hole Driliing

bo;d “ sl:l:.ed __1.2___/5_/_8_0 comploted ____ . Drile _____ company o e '
Total well Well Cating diamelca{s)

dopth (ft.) —— diametar(s) _ n2d loagth(s) . R
m! A. St:;i (dlack)  C. Phastic E. Wood cribbing W{c!shto: g23° Mothod —periorated a No cnng‘i:":a?&y

! . . . Opon . Other (specify cazing ot screened: .
) B. Stest (g2l ° hoto ¥ ¢ ) ¢ C. Slotied with Mill's knife
interveal - peafornted ———— ) ‘ g Slottededwzth 8 !oychcmi‘
. . Screen y pulling
or scroenad: __0~104"' 8 5/8" casing, 10" hole/104'=264"' 6 5/8" casing, © 5/8" p_oma1q”d§) ?

hole 2647-1002' 6 5/8" open hole, No perforations
Has ot will well be test pumped? Yoo No Wage material samples taken? Ves No Was a watos sample(s) taken? Yes No
Remezrks 0-104' cemented in 8 sacks through hole from bottom, poured 3 sacks around casing

from £Op.

Note: —This log is dosigaed to prnt the woll inventory gheot {ABC cards). A well WMy sheet must ba filled out io have a comploto record for the well.
Tmpumpimdauﬂwddbemdadonmsquﬂu!mm.

DRILLING LOG v Estimated composition, %
From | To Geological, dailling, and water conditions; remarks and mmpling Send

ol 1] W ¢| m| ]vfsilt] clay

" 261'| 263'| COARSE GRAVEL AND COBBLES, SOME SAND WATER 3020R0R0{10

263'| 264'| MUCH FINE TO MEDIUM GRAINED SAND, SOME GRAVEL WATER® 10 1L0{30/4Q1d
@ 264' WATER SAMPLE T = 120.8°F
FLOW = 200-400 gpm

6" CASING SET TO 254' - DRILLING CONTINUES OPEN HOLE DRILLING RAT
' (MIN.AFT.)

=1

%Y
wu

264"'| 276' | FINE-GRAINED GREY-GREEN ARGILLITE INTERBEDDED QUARTZITE, L.
SULFIDES (PYRITE) ALONG BEDDING PLANE CLEARAGE ~ QUARTZITE IS

QUARTZOFELDSPATHIC

=]
(V]

276" 281'| GREENISH-GREY QUARTZITE ARGILLITE PYRITE ALONG FOLIATIONS, THIN .
QUARTZITE STREAKS OR VEINS, THEN (<lmm) FINE FRACTURES FILLED
WITH SILICA ‘

A_281‘ 285'! GREENISH-GREY QUARTZITE AND ARGILLITE - BIOTITE FLECKS 1IN
QUARTZITE ~ VERY LITTLE QUARTZITE-— FLOW OF WATER FROM THIN
FRACTIRES @ 282' (Sgpm, pH = 9.44, S.C. = 679, T = 91°F STEEL
IN COLOR = ORANGE-BROWN)

'85'| 295'! GREENISH-GREY QUARTZITE, ARGILLITE - T = 106°F @ 286' TRIPPED 2.5C
IN WATER @ 290', FLOW = 25 gpm CUMULATIVE.

- e

195',305' | GREENISH-GREY QUARTZITE, ARGILLITE W/PYRITE - TEMP = 109°F
— @ 295'. WATER @ 300' = FLOW = 40 gpm CUMULATIVE




DRILLING LOG

DRILLING RATE
(MIN./FT.)

Yroa 7o

!ll' 324"

Geclogins, deifling, and watn: ovaditions; rezedka asd rempling

Estimated cosaposktion, %
Sand

Gravel

c

[

¢

[ 4

o

eiii| clay

GREENISH-GREY ARGILLITE INTERBEDDED QUARTZITE - PYRITE IN

FRACTURES

@ 310" 113°F (TRIPPED IN)

@ 315’ 114°F (TRIPPED IN)

113°F (TRIPPED IN)

@ 324" 114°F (TRIPPED IN)

T
T
@ 320' T
T
T

114.0°F (TRIPPED OUT)

@ 324"

WATER SAMPLE @ 324' FLOW = 12 gpm (NO AIR)

BOTTOM HOLE TEMP - 47. 2°¢ (117.0 F)

- pu.s_7.82 S.C. = 666

324"

370’

GREENISH-GREY ARGILLITE INTERBEDDED QUARTZITE, FINE-GRAINED

FRESH FLECKS OF PYRITE -

.50

. @. 345' WATER . FLOW = 100 gpm TOTAL

WATER SAMPLE @ 362' pH 7.74 TEMP 117. 0°F _S.C. 668

406"

FINE-GRAINED GREENISH-GREY ARGILLITE, INTERBEDDED QUARTZITE

420

HIGHLY'ERACTUREY CREEN-GREY ARGILLITE, GREY WASH OF CLAY FROM

.30

'FRACTURES MUCH WATER .

WATER @ 406'-409’

@ 420 PLOW = 300-350_gpm

WATER SAMBLE M - 7.96 S.C. = 667 TEMP = 112.8°

420"

427"

1840

ARGILLITE, INTERBEDDED QUARTZITE

4277

440"

DENSE GREEN ARGILLITE, SEEMS OF SOFT SILICA

WATER @ 430'-440'

1140




WELL LOG GROUND WATER DIVIdIUN

MONTANA DUERFAU 2 MINFS AMD GEOLOGY
Hate nameo
tounty . iocaton: T, _ Ro___ . e Toact ... & number e
Hole location o [ e e - -
Recorded Date hode Dato hole Driliing
by gtagged . oompleted . Driller o companY o e
Total well Well Casing diameter(s)
depth(fr.) . dismetar(s) 2nd langth(s) e
. - ing in hcle
Type of A. Steal (black)  C. Plastic E. Wood caibbing Weight ot g2g0 Mothod—perforated A, No camng in
: : or ecrezned: B. Openbottom only
casing(s):  B. Sted (g2l D. Open hole  F. Other (gpecity) ofcesing C. Siotied w;g Mm':ch K
- I D. Slotted with = to:
Interval - pesforsted ) by Suiling ct
ot screensd: P. Othex ( )
Has or will well ba test PI(H:UMC'() Ve No Wero material amples takon? Yes Mo " Was a waler sample(s) takan? Yes No
ooy DIVOUCIA G S ™ 959 91 29§-30], 209-3 33 -%51, 399 - /07 (200 sy em
) Y

— o
v W36 Hi-yr0  HUca-qet . 575—->F€' biin-65o  L60-6fD  (25-690

] 7 X Pl N4 /
Nots: —This log is decigned to supplement the well invengéy mm‘ﬁ‘éﬁ cdafl’da)/ A woll inventory nhe%t pust be filled out to heve a cosmplete recerd for the w

Test pumping data chould be recorded on an aguifer form.

. DRILLING LOG Estimated composition, 9
From | To Geological, dsiling, and water conditions; remarks snd ssmpling Sand .
) ol 11w cf mj f|vi]ailt
RILIING RATE
(MIN{/HT.)
440' |475' | SAME AS ABOVE, GREEN-GREY FRACTURED ARGILLITE v 11.
' WATER AT 466'-468"
T = 112.5°F pH = 7.54 S.C. = 642 FLOW = 400 gpm
475' 1520' | CREENISH-GREY ARGILLITE, INTERBEDDED QUARTZITE, BIOTITE FLECKS, 1B
FRACTURES, BROWN CLAY WASH @ 488"
520' | 578" | GREENISH-GREY ARCILLITE, INTERBEDDED QUARTZITE, BIOTITE FLECKS, 5.t
_ BIOTITE FLECKS, FRACTURES, BROWN CLAY WASH @ 570-578'
WATER @ 570'=578'
L TRIPPED OUT 578' — FLOW = 750 gal/min TEMP = 110.6°
p = 7.99 S.C. - 691
SHUT-TIN PRESSURE = 10.50 psi, BUDDING TO 11.20 psi
WITHIN 2 HOURS
578" | 600'| GREY ARGILLITE - FLOW OF WATER OF GREY CLAY FROM 584'-592' 2
00" 675'! FINE-GRAINED GREY ARGILLITE, INTERBEDDED WHITE AND GREY-WHITE .
Lo
i 0>7 1 QUARTZITE, FLECKS OF BIOTITE - SOME FINE-GRAYRWFRESH PYRITE
75'] &85  SOFT, HIGHLY FRACTURED QUARTZITE AND ARGILLITE, GREY CLAY WASH 3
L2 b{g; FROM FRACTURES
T o
i r_ s i p—-—dr




DRILLING RATE

DRILLING LOG {MIN./FT.)
Estimated composition, %
vl Sand

memmwmm;mmunmm

c] ¢ el m] 1 [V [dlt

. st |712' | DARK GREY QUARTZITE AND GREY-GREEN ARGILLITE, DENSE, NO 6.0
1 up o FRACTURES EVIDENT - SOME CHALCEDONY, PYRITE, FLUORITE(?) IN
o i CUTTINGS - 1
' 700" = TRIPPED OUT psi = 10.1 BUILDING TO 11.3 -
FLOW = 750-800 gpm
T = 111.4°F
;éié'.f733' SOFT FRACTURED ARGILLITE, INTERBEDDED QUARTZITE - VERY SOFT 242,56 |

FROM 716'~724' AND 728'-733' (HAD TO HOLD BACK BITT

5

VERY DENSE INTERBEDDED QUARTZITE, BOTH DARK GREY AND WHITE, s 8.0
MICA FLAKES, INTERMITTENT SOFT WEATHERED ZONES EVERY = 15!

| SOFT GREY ARGILLITE, BLAST OF GREY CLAY
N

INTERBEDDED ARGILLITE AND QUARTZITE, SOFT ZONE AT 870'-875'

VERY HARD DENSE, INTERBEDDED GREY AND WHITE QUARTZITE, NO
SOFT ZONES

INTERBEDDED GREY QUARTZITE, WHITE QUARTZITE.AND GREY ARGILLITE

VERY SOFT FRIABLE GREY QUARTZITE, GRUS-LIKE TEXTURE, INTERBED- ' 0.9-2.0}
DED WITH MEDIUM GREY ARGILLITE, LARGE CHUNKS OF FINE-GRAINED
PYRITE - VERY SOFT FROM 935'-940"

“ g48'| 960'| DENSE GREY-BLUR AND GREY ARGILLITE, INTERBEDDED QUARTZITE; 1'5.0

SOFT FRACTURED ZONE_FROM 956'-957"'

960°'! 980'lI VERY FRIABLE DARK GREY ARGILLITE, LITTLE OR NO QUARTZITE 1.5
980'! 996’ INTERBEDDED DENSE GREY ARGILLITE AND GREY QUARTZITE ' ! §.0
.qa' 10021 SOFT GREY ARGiILLITE, FRACTURED 2.0
T.D. 1002 '

WELL LEFT OPEN-HOLE FROM 263'-1002'
WELL PRODUCES 750'-800' gpm AT 11.0 psi




APPENDIX C

Detailed Version of
Downhole Temperature Log, LB-141,

Run 1/13/81

Surface Air Temperature = -4%¢




Resou

RUNGRAT

-
(-]

L Tt e Tl SLEEEOR T S B B halatat SUREREELE

{

. L] L

0,00 19,50
1.67 2177
3,33 22,98
5,00 F5 8%
6 O7 24,73
e 53 2919
AN, AY
25,74
26,03
2653
2h. 58
2687
/s L

L
T 0
3

N S

&

R

&

N

20,00
21 67
24,83
29 .00
26067
2h . E5
0,00
Loeav
33,33 29,38
B6. 07 22,94
3B AE H0. 2%
40,00 S0, 39
4L 67 068
43,33 30,873
45 .00 108
46,67 322
48 2% S AR
S50, 00 1,50
Sled? Blo64
B33 31,82
9500 LA 000
ShH.467 A2.17
58235 WA GEL
AU, 00 32,48
6l 67 K NN
65,33 32,722
6900 A2 84
0hsH7 32,42
R I W2 20
70,00 Y234
TLed7 AE 20
794,33 33.71
75 .00 Wh B8
76,67 34,08
76 R4 P RS
820,00 34.40
Bi1.67 R R
83,33 34,70

A

JENENE S

S o S

. e

U U T b N I
g : - :




FOL00
U Y4
PN
YY .00
667
8 RE
100,00
101,67
103,35
10% 00
106,67
108 ES
11000
O
11383
Lik, 00
1la. A7
1i8. 3%
120.00
123,67
125,83
12900
126,67
1268045
136.00
131 .67
133.53
13% 00
13667
13, A%
140.00
141 .47
143,33
145,00
146,467
LA &5
iH0.00
18167
PV, 33
195 Q0
1%hhY
LEE, A
1AG. 00
16167
163,33
165,00
1oh . 67
168,55
170.00
171,67
173,33
17%.00
176 .47
178383
180,00
181.67
187,33
18%.00
186 .A7
188,42
190,00
191,647
193,33

[ s

35,41
RIS
3. 70
RSP
34,08
Eooo 24
X5, 449
Hb 02
JhH e Hb
b BE
34,99
A7 10
37,19
Ayt
37,34
EF A%
37,49
A7 LY
37 .64
G771
37.%0
ARL.02
32,17
KA
33,44
S 60
38,71
AR
33,94
A92.086
19,22
EP L Lb
19 .48
A9 .61
39,74
AR L]
40,04
4022
AQ, 32
40.47
40 >[)-3
AG. 7Y
40,94
41,086
41,23
41 40
41,54
41 .72
42,00
A42.17
A2, 39
A2, 57
42,70
42.86
42,94
AL 12
4%.246
4'7 Xy

W dows el

AX.40
A% .47
43.04
A2 61

43,846
8D 9y

R U e i i i STE S S ot e T i i il sl Sl i e A

3




200,00
201 .67
Q203,33
206,00

2045 367
v &3
10,00

211467
200,83
21800
2LA.467
2HR.3%
220.00
221 .67
223,33
225.00
2R&6. 467
228,33
24000
231,47
23%. %34
u$4t00
236,467
234,33
240,00
241, A7
24833
24%5,00
246(67
S 243,83
000
1,867

283,343

255,00
6. 67
DHN.3Y
260,00
261,67
DAL LAY
285,00
246667
268,33
270.00
271:67
27L A3
D7G.00
26T
278,33
280.00
281,47
”B»«u‘
285,00
286,67
288,33
290,00

501,47
.:.7.4:’:;7.
05,00

29667
298,33
300,00
301,67

302,23
¢

A3,83
AZ 15
43,89
A% 24
43,99
44,04
44,13
A4 .21
44,29
A4 38
44,48
44,59
44,71
A4. 85
44,97
A% .18
A% 37
45,450
A% 77
45,91
46:10
45H.23
4434
4651

Ad.82

446 .98
A7 .21
47,42
AT N2
47,40
A7 .77
47,92
42,07
48,25
48 .42
48,53
AR.G7
48,546
4B, 49
47, 7%
A4 .94
46,30
45.94
4% . 321
AV .72
44,07
46 j:‘

AL A7

TG AN
4/.) ¥ 3(3
4()4 \.l

46,38
A4 87
4634
A6 44
AbH, .52

——r——————————

A6 26
A4H,09
A46.00
45,92
A 2%
45,82
A% .80

}
]
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t.
+
b
}
k
+
}
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e
+
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+
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3i0.00
Al .a?
R R
31%.00
Jl6.67
1835
32000
A21 .67

e
BRI A

F2%,00

328,34
340,00
331 :67
I AP
A5 .00
33466467
CPS 32 I A1
340,00
Aal.a7
L JCAPIR e
ZANL00
346 .67
248,53
A50.00
A051 .47
IH& LA
AT 00
IHé A7
M. 33
340,00
Isl. 67
B3, 40
FAN, 00
BEEG7
B68 3T
37000
37147
A28, 3%
25,00
376 A7
37,3
B8O 00
XHl»é?
38444

48&»00
ARA OV
388,38
39000
X“1>u?
397 24
495,00
IRA A7
S8, .38
400 .00
401 467
¥ ¢ DA XA
44%5,00
406 .67
408,33
410.00
411,467
412,53
415,00

AL a0
4540
AL Y
4% .06
A G
45,49
AV AG
?3»47
\.' A0

» 49
45($5
35,349

Al AG

N W KM

4% 37

A%, A2

- 45,32

A &2

-"’..uuU
4‘15,.‘
A 19
45,11
A O
45.00
Ad QA
44,845
AA 78
44 .64
Ad. Ay
44,34
A4 205
44,21
AALTY
4.16
A4 .04
44.01
AL QY
43.9%
AXR LGS
45.89
AV RY
4% .87
AL (2
A%,77
A%,70
43.463
BAAD
4-.5;().
AL hY
43,48
4% .41
43,34
A% 40
AZ, 21
4% .13
43.0%




420,00
421,47
4/»\-}0\.\.'
425,00
EIAY Y
|'I’99,33
30,00
431,47
ARG HE
435,00
‘33\/}({)7
433,733
440,00
441,47
‘)4 Jc\.‘u
A45,00
VY Iy
448,338
450,00
A%1 ., 47
457,33
4%55,¢0
456,67
A%E, XS
460,00
d61,47
VPSR
VYN Y,
4G5 .33

A42.74

2,60

A3.42
42}20
42.08
42,00
41,94
A1.91:
A1.89
41.87
41 .84
41 .31
41.79
41.77
41 .74
AL 72
A1 71
41 .48
41,485
A1 .62
41,461
A 58
41,54
A1 50
41,45
AL H7

VI N A Y

A1 .29
41.:39

T N A b T I I R P I T

PEEMEA

71,67 41 .33 +
473534 41‘:’0 +
475,00 41,24 +
476 67 41 23 +
478,33 1.1% +
480 .00 A41.16 +
481 . 467 41.12  +
4835 A9 4109 +
485,00 41,09 ¥
GBS LAY A41.08 +

#65, 33 41,03 +
490 .00 41 .00 +
491,47 40,940 +
4935 54 AQ 92 +
495,00 0,91 +
496 .67 40,89 +
493,33 40,90 +
500,00 A0:90 b
G01.467 40,87 +
TO& L AG 40 R4 +

505,00
S06.67
H08,33
510,00
Sl1l.47

1333
$15.00
Glé.ov
G186, 33
$20.00

""1 67

Ay

AG, 86 +
A0 85 4
40,82 +
A0.79 +
40,746 +
A0 7% t
AQ .73 +
A0 .71 H
AGQ,H9 +
40 .49 }
40,469 +
4006‘; ’




5%
5$J 6/
757

H45.00
L T
S48, 3%
BEHO Q0
BO1.av

BhEAEA
f:nr;‘n_OU

SR L LY
‘l.,lﬂ X3
He0 .00
dal.arz
Bad . 3d
56,00
B&H667
VAR N3
5720.00
S71 .67
BAAL B
57500
Y667
BARLES
S80.00
SR1. 47
WRALAE
‘JRMOO
BHALAT
vifrty, 33
SY0.00
b W
G935 FE
S¥E.00
GYL AT
HWeR.33
400,00
&0l 67
Y S AP AR
GO% .00
GO &7
AURL 33
610,00
All,H7
&la . E4
\‘3!}700
ala. b7
418.33
62000
6El b7
G233 33
625,00
GRE.ET
A28 .33
BR0 .00
AJT L7
ORE A
ARG L0

A0 A9
Al AY
AG o
40 > ‘58
4067
AQ. L7
A0 467
AG A7
40,68
AQ L, HY7
A0 67
40,47
4064
AU H4H
AN LA
A0 HG
406G
'10 }/.\:5
AQ &G
A0, H%
A0 .44
AD 59
A9 . 64
406X
A0 63
40,63
A0 QE
A0.463
A0 . 63
A0, 463
A0 &5
AU 63
40 4G
A40.6%
40 46F
A A1
A0 A1
A1), H2
A0 64
A, HH
40,4648
A0, 48
A0 70
4072
4070
4. 71
AQ .71
40,71
A0 .72
40,73
4071
A0 .71
A40.71
40,71
40 .71
40 * 7'.
4071
AQ. 21
4071
40.71
A40.71
A0, 71
A0 .71
A, 21

+++~:—+-:—+—:—+—:-+—:-+~:—+-:—+-:—+++++-:-+++.14‘+-:-+++++-:—+++—:—+-:-+~:-+++++—:—+++~:—++++++++++




640,00
S41.67
o4 &a

645,00

SAd L 67
‘ﬂ,.s:s
(. OO

601,67
AN G2
655,00
60667
AU, 33
860.00
bHL .47
G635, 54
665,00
666 67
668,33
&70.00
671,467
67533
675,00
7667
674,33
680,00
AR1. 57
3 AR
685,00
686 47
ARG, 33

0.00
sHh7
d.53

694,00
b96 AT
698,33
700.00
201.467
AR
705.00
706467
FOR, 33
710.00
20147
A R APAS
215,00
71467
718,33
72000
721,47
72545
725,00
72667
728,33
730.00
281 +hH7

130 33

" 00
743667
738,33
740,00
741,47
74345

AQ.7 4
A0. 73
AQ 70
AO T 7
40,78
40,78
4076
AQ,TH
A 7%
AQ, 74
40,74
AG L5
40764
A0, 74
A0 76
AG.77
A0, 76
A0,77
40.78
40,78
A0.77
40,78
40.78
A0./8
A0.78
A0, 74
A0 77
A0, 77
A0.78
40,80
AQ .79
40 .79
A TY
AQ, 78
A0.78
AQL 78
40,78
40,/8
40.78
A0,78
40.78
40,78
AN .78
40,78
A0 .78
A0, 71
40.748
A0,78
40.78
40,78
A40.78
40,78
40 .78
40,78
A0, 7%
A0, 73
40,74
40,74
A0.74
40,74
40,74
A0, 74
40,74

7 4

T A S o T LT T e T o S S T T T o




7H0.00
"1 bH7
B3, X4
7%%,00
7Eb 67
708,33
760,00
J6t. 67
a0, 3G
765,00
TEHEA AT
748,33
770.00
771.467
F7EEG
770,00
Fl6 A7
778.33
780.00
8147
7HE RS
85,00
78467
788,33
79000
79147
FYE A
795,00
796,467
7948, 38
800.00
gotL.ar7
805355
205,00
B8O0&,47
Q08,33
B810.00
Hi1.467
Bii. 52
1560
81667
818,33
g0, 00
221 .47
825 EG
825,00
B26.467
28,33
830.00
g3, A?
8 .h.-ou
FM-UO(I
B36& 47
a3 .33
840,00
841.467
B4X. 23
245,00
844.67
841,33
8%0.00
831 67
8 4‘ J < \.".'

8,00

A40.74
40.74
AQ .74
40,74
A¢ .74
AG, /4
A0 74
40,74
A0 .74
A >74
40 .7

40, /J
A0 .74
40,73
40,73
AG, 74
AQ. 74
40,74
4074
A0, 74
40 .74
AU, 74
A0 74
40,74
A0.74
A0, 74
AQ .7 A
40,74
AQ .74
";O :—74
AQ 74
40,74
AQ . A
40,7%
AQ A
A0, 73
40, 7%
A0 734
AQ, 73
AQ 78
AQ .73
AQ 7R
A0, 72
A0 .72
A0, 72
AG .72
AG .72
AQ. 72
40 .72
A0 .72
A0, 72
A40.72
AQ /2
40.722
40,72
40.72
40,713
40.73%
A0. 73
A0 74
40,73
4074
AQ. 74

i I I R T S e s T I T e e T S T T R S A LI SIr SR SR - R SRR S S U

o
=




B&O.00
861. 67
B&I. 44
864}()0

he b7
» 53
1. QO

871,467
872,33
475,00
B76.67
878,33
880 .00
RE1.6/7
883 .32
385,00
886467
288,33
890,00
891.47
BEHE
895.00
B8Y46.67
98,33
0000
vol,47
O AT
P05,.00
POL AT
904,33
+ Q0
»h7
Pi2,33
215,00
Gibb7
918,33
@20 .00
22147
9RTL FA
225,00
@RbE 67
929,33
%30.00
U1 L7
PUAL2G
“‘-Jaoo
PRELLOT
?%83,33
?240.00
?41.467
94\."\.!-‘
245,00
P46 .67
P483,33
250.00

51,67
bedd
u e 00

9%5b6.67
P, 33
?60.00
61,467
6% A4

A0 74
AD. /4
A, 74
AD .74
A0.74
40,74
4074
40,74
AQ .74
40,74
A0 7H
AQ 7S
40:75
A40. 764
A0.76
AQ, 74
A0 .76
AGL 74
40.76
40,764
A0.746
A0, 74
A0. 764
AQ 76
A0 74
40,74
AG.76
40,75
20,74
40,74
A0.76
AV 74
40764
A0,76
40,74
40, 74
A0 77
40,77
AQ 77
AG. /7
A 77
AOLT7
A0 .77
40,77
A0.77
AO 77
A9 77
40,77
A0 .77
AQ.77
A0.77
40,78
A0.78
40,78
A0. 78
A0,78
40.78
a0 ,78
A0.78
A0, 78
A0.79
AG.79
40,79

¥
*
%
*
*
*
*
*
b4
X
X
*
¥
X
%
*
¥
*
X
*
b 4
X
¥
*
b3
¥
¥
X
*
*
3
*
X
X
3
¥
X
*
¥
*
*
X
¥
4
pd
*
b4
*
b
*
X
b
b 4
X
X
X
X
*
X
X
X
®
X
*



20,00
/L a7
QAL RS
P75,00
GPA LAY
978.33
?80.00

e I .

Reai

A0 7Y
A40.79
A0, 7%
A0, &0
A0, 80
40,80
A0 820

I I S Ry

Do MoK N o X oM







APPENDIX D

Water Analyses

From LB-141 and 1LB-32




MOMTANA RUREAU OF MINES AND GEOLOGY W

TER QUALTTY ANALYSTS
RUTTE ,MONTANA 592701 (406349464101 L

B ONO,. 80028172

>3

' STATE MONTANA COUNTY LAKE
LATTTURE-LONGTTUDE 470387 42 0N 11403417%u STTE LOCATION B2N 236 29 wAun
UTH COORDTNATES 211 NS2BE75H0 B4R 90N MENG STTE e
TOFODGRAFHTE MAP HOT SPRINGE NE 27 1727 STATION TR 473832114341701
GEOLOGTE SOURCE 13126RAVE * GAMPLE SOURCE WELL 3
NEATNAGE BASIN P LANT SURFALE ALTITURE 2788, FT < 10
AGENCY + SAMPLER HEMGRIID SUGTATNER YIELN " 228,  GI'M
A TE GAUBLED T 1RECo80 (o] ELD NEAS METHOR BuEKET/sTor "
VEE SANELED 11 --NEC IEPTH. QF WELL 2540 FT
TINE SAMPLED 13300 HOURS Ul AEUEC-D hR BELOU G6E Blob  FT (%)
LAl + ANALYST NRHGRE A CAGTNG RIAMETER 6 TH (M)
HATE AMALYZEU 14-JAN-81 CASTING TYPE STEEL
SAMFLE HANNLING X120 COMPLETTON TYFE 01%
METHOU SANFILED GRAR PERFORATION LHTERUAL
HATER USE REKEARCH
SAMPLING SITE MBMG GEO. TEST WELL $#1 % CAMPARUA AREA
BEDLOGTE SOURCE
MG /L. ME /1L HE /L. HEQ/L.
CALCTUM  (CA) 4.7 0,21 BICORBOMATE  (HEDX) 3%9 . 5,56 |
MAGNESTUM (HG) 1.4 0,10 CAREONATE (COX) 11.0 0.37 |
SOUTLN (MA) (54, 6,79 CHLORTOE (GL) 361 1,02
FOTAGETUN (KD 3.4 0.09 SULEATLE (604) ) 0,00 |
TRON (FE) 165 0,09 MITRATE (AS N) W56 0,04
MANGANFSE (MN) . 0.00 FLUORTILE (F) 5,0 o227
GYLICA (8102 50 . b PHOSFHATE TOT (A% )
TOTAL CATTONS 7,27 TOTAL ANTONS 726
RTANUARY DEVIATION OF ANTOMN-CATYON BALANCE  (STOGHA) ~0 . 0R
LARORATORY 1M 8,71 TOTAL HARNNESS AS CACOS Gy 42
FTELD NATER TEMPERATURE A9.2 F TOTAL ALKALIMITY AS £ACDY 294,38
CALCULATED DISKOLVEN SOLTING  437.08 SONTUR ANSOREFTION RATTO 17,28
SUM OF urgs, CONSTTTUENT 609,08 RYZMAR STARILTTY TMDEX 8,10
LAR SFEC.COND, (MTCROMHOS/CH)Y  493.2  LONGLTER SATURATION TRDEX 02
FARAMETER UALUE PARAMETER VAL UE
TEMPERATURE Y ATR (L) 2 ALUMINUMs NIES (MG/L-AL) 1,56
STRONTTUM NT8E (MG/L ~8R) 110 STLVER,DTSS (MG/L A% AG) £,00%2
TITANTUN DIGiME/L a8 TI) 011 RORON sNTSE (MG/ZL AS 1) Y
YANAUTII, BTHRS (MG/L AS V) £,001 CAUMTUM, DTSSCMB/ZL A8 CID 004
ZINC, NTSE  (NG/L A8 2N) 015 CHEQKT UKy DTSE  (RE/L-CRO £, 002
ZIRCOMIUN DS MG/ ZR) 004 COPPER,NTSS (ME/L AS CU) £,002
LITHTUM, DTSSING/L a8 LT OB% MOLYRIENUNM, 1THE (HG/L-MQ) 2,02
NICKEL  DISS (MG/I A% MI) 501 LEAULUYSS  (MGZL A8 PR) 04
ARSENTCy TGS UG/ZL A8 A5) o8
REMORKS: WATER NEGASSES VERY RAPTHLY - CLOUNY WITH GAS % H28 ODOR AND (A8TE *
LTTTLE BITTERROOT GEOTHERMAL AREA ¥ SANPLE CRABRRBEU FROM FREE FLOW
WITH OPEN EOTTOM WHEN CASTME WAS NRIVEN T0 254 FT X
LAkE BRONOT GETECTED M CHROMATOGRAM
EXPLANATIONS NG/L = MILLTGRANS FUR LITER, UG/l = MTCROGRAMS PER LITER, HEQ/L
MTLLUTEQUIVELENTS PER LITER. FT = FEET, MY = METERS, (M) = MESSUK 0y (B =
ECTIMATEN Y (R) = REFORTED. TR = TOTAL RECOVERARLE. 10T = TOTAL.
AW WA G2 WY O RW AT OTHER
OTHER AYATLARLE UATA
OTHER FTLE NUMRERS!
PROMCT S COST S \
LAST EUYT UATE: 24-FER-81 NN 4.4 S XELG
FROCEGSTNG FROGRANS F1730P VX (8#/79/80) PRINTER:  07-AUG-81
PERCENT MEQ/ZL (FOR PYFER FLOT)
ca WG NA K CL 804 HCOZ
2 193 1 14 o 76
NOTE: TN CORRESFONNENCE, PLEASE REFER T0 LAR NUMRERE  BOR2812




MONTANA BUREAL OF MINES ANN GEOLOGY WATER GUALTTY ANALYSTS
RIITTYE s MOMTANA BR201 (AQAYAQA 4101 Latt NO, 20402812
STATE HONTANA COUNTY LAKE ’
CATTTUOE L ONGT THOE 470387 325N 114054717 %1 STVE LOCATION 22N 23W 29 pa
UTH COBRNTNATES 711 NSEBB7S0 L6R1o8% MEMG STTE LRTEGT?
TOPOGRAPHIC AP HIT SPRINGS NE 7 173 STATTOM TU 473932114341701
GEOLOBTC SOURCE 112GRAVK : % GAMPLE SOURCE WELL
[RATNAGE RASTH Pl LANU SURFACE ALTITUOE 5988, FT < 10
AGENCY + GAMPLER MEMEX.LAD GUGTATNET YTELL 295, @i
ROTTLE MUMBER LBTEGTD YTELU HEAS METHOU WUERET 78T0PWATEH
NATE SAMPLEN 11-HEC-Q0 TOTAL DEFTH OF MELL 944, FT (M)
FEME BAMPLED 14206 HOLRS aul. ABRAVE () Ok RELOW GE 8100 Tt
LAR 4+ ANALYST MEMGRFNA CAGTNG NTHRLTER & TN (W)
TATE ANALYZED 14-1aM-R1 CASING TYFE STEEL
SOMELE HANKLING %120  COMPLETION TYPE 1%
METHAU SAMPLER DBRAR PERFORATION THTERUAL
MATER USE REGEARECH
SAMPLTNG S1TE MENG GEG. TEST WELL % COMFARUA AREA
GFEDLOGTE aninrer
MG /L MEQ/L G /L. MER /1,
CALCTUM  (0A) X4 0,17 WILARROMATE  (HEDX) 41, 556
HAGNESTUM (KRGS . 002 CARRONGTE (E07) 1001 5144
800 T LM (MA ) 50 4005 CHLORTOE (el 358 1io1
FOTASGTUM (KD 7.0 0.0 SULEATE (804) 0.4 0.0]
TRON (FF) "5y 0.01 HTTRATE (A8 N L4 Ton
MAMGANESE (MN) Tohn 0200 FLUORTDE () 505 585
STLIEA  (S107) 45,9 FHNSEHATE TOT (A% P)
TOTAL CATTONS 7021 TOTAL ANTONG )74
STANUARD UEUTATION OF ANTON-CATION UALANCE  (SURMA) 0214
LARORAGTORY P Y, 70 TOTAL HARDNESS AG CACHS 9.7z
FOELU WATER TENPERATURE A9 5 F TOTAL SLKALTINTTY A8 CARAX 204,55
CALCULATED NISSOLVED SOLTNG 471,79 SONTUM ANGORFTION RATTO 2oy
SUM OF uTHS. CONSTITUENT 404,81 RYZHAR STARTLITY IMBEX fio
LAR SPEC, COND. (MTOROMHOG/CMY  494.0  LONGLIER SATURATTION THIEX 0.
FARBME TER VAL UE FARANETER UALLE
TEMPERATURE s ATE () 5, ALLIATNUMs DNTSS (MG/L-AL) 10
STRONTTUMy UISS (MB/L -85 064 STLUER UTSS (HE/L A5 ABD S 007
TITANTUR TIG(MG/L AS TT) 1504 RORON T DT6E (MG7L A8 1) Y
UANATTOM, DTS8 (MG B8 U) 003 EAUMTUM, 1TSS (HG/L 08 0Ro 51007
TINCS TIT GG (MG/L AL 7i) 000 CHROMTUM, NT8E (HE/L~CR) £ 007
ZIRCONTUN WIS (MG/L 7R) 004 FOPEER S ITSS (HGZL A U S 005
CITHIUM: S8 (HEZL a6 L1) V007 MOLYRIENUM 1TSS CRGAL - 1) P00
NTCKEL, DTSE (HO/L AS NT) s 01 LEAU, 0TSS  (MB/L A8 FES
ARGENTC TG (UEZL B8 ag) g
REMARKS S WATER NEGASSES VERY RAFINLY ~ CLOUDY WITH GAS % H28 ODOR AKD TASTE %
LITTLE BUTTERRODY GEOTHERMAL TEST AREA & SANPLE ORAGGED FROM FREE
FLOW WITH OFEN ROTTOM WHEN CASTNG WAS DRIVEN T0 944 FT %
LAWK W NOT DETECTED 1N CHROMATOORAN %
EXFLANATTONS  MB/L = MTILLTERAMS PER LITER, UGZL = WHICKOGRAMS FER LTTCR, MEQ/L
MILLYEQUTUELENTS FER LTTER.  FT = FEET, MT = HETERS,  (H) = MEASURET . (EY o
ESTTHATED, (R) = REPORTED. T = TOTAL RECQUERGELE .  TOT = T0TAL .
QW WA 82 W M W AT DT HER
OTHER AYATLABLE UATA
OTHER FILE NUMRERS
PROJECT ROST S
LAST FOTT UATE:D 24~FER-81 WY: TR ORCLG
FROCESSTING FROGRONS F1720F U8 (8/9/80) PRINTENE  07-nUG-81
FERCENT MEQ/L (FOR PTPER PLOT) .
ca NG A K CL S04 HEO?
A 0 95 113 0o 7Y
NOTE? TN CORRESFONIENCEs PLEASE REFER 10 LOR NUKEER! Q0R2813




MONTANA RUREAUL QF

MINES AHN GEOLOGY WATER QUALTTY ANALYGTS

RUTTEMONTANA 59701 (40404944101 LAk M. ao028a27?
STATE MONTANA COLITY LAKE
LATITUDE-LONGYTURE 470387 32N 1140347174 SITE LOCATTON 22N 23W 29 wAnRD
UTHM COORDINATES Z11 NS2BR750 L4R1IVES MEMG STTE LR-141
TOPUDRAIHIC MAP HOT SPRIMGS NE 7 1/27 STATION T 473832114341701
GEOLOGTC SOURCE 400PFRODNLI2GRAUX SAMELE SOURCE WELL
ﬂRn1NﬁGl BASIN P, LaMno NURFACI ALTITUOE 27258, FT < 10
AGENCY GAMPLER MBMGESIN GUSTAINET YIELD 12 GF'M
BOTYLE MUMBRER LUIFGTX YIELD MEAS METHOD RUCKET/STORFUWATCI
DATE SAaMFLED 15-DEC--80 TOTAL DERTH OF WELL 224 FT (H)
TIME SANMPLED 22300 HOURS Sl A!OUl( ) O RELOW G5 FLOMING
LAR -+ ANALYST MRMGRE Nﬁ CASTING DTAKMETER & TN (44)
NATE ANALYZEL 20~ JAM-31 CASTNG TYPE STEEL
SAMPLE HANDLING 3120 COMPLETION TYIFFE 10%
METHOR SAMPLER GRAR FERFORATTION INTERYAL 241 FT0Q 324 FT
WATER USE RESEARCH
SAMPLING SITE MEMG GEO. TEST WELL #1 % CAMPAQUA AREA
GEOLODGIC SOURCE FRICHARD FORMATION OR SLATE |
MG/ MEQ/L. MG /L. MEQA/L
CALCTUM (CA) 10 053 QUICARBOMATE (HED3Z) 348, .70
MAGNESTUM (MG) 241 0.17 CARBONAGTE (Coz) 0.
SO0TUMN (MA) 139, S Q0 CHILORTNIE (0. 5.9 1.01
FOTASSIUM (KD 2.9 0.07 GULFATE (504) S
IRON (FED s 0,01 MITRATE (A% NI 132 Q.01
MANGANESE (MND JOR7 0.00 FLUORTDE (F) 4.99 0.4
SIHLTCA  (8102) 38.8 FHOSEHATE TOT (A5 ™) 1
TOTAL CATTORS 684 TOVAL ANTONG 6,97 i
STANDARU DEVTATION 0F ANTON-CATTION GALANCE (STOMA) 0461 i
LARORATORY I*H 8.1t TOTAL HARNKRESS A8 Catol RSP |
FIELU WATER TEMPERATURE 456 L TUTﬂL ﬁlhﬁlTNllY AL LACHY 285,42
‘ CALCULATED DISSOLVED SOLTDIS A%, 79 SONJUXM ANSORPYTON RATIO 1017
SUM OF OTSH, CONSTUTUENT G238 RYZMAR STABILLITY IMDEX 7. 85
LAR SPEC.COND . (MTCROMHOS/ZCH) 656 .6 LANGLIER SOTURATION ITNDEX O.16
FARAMETER Uil UE PARAMETIER UALUE
TEMPERATURE, ATk ) 10¢ GNIRH.IUY;I TELD MICROMMOS LU
FIELD FH 9” ALEKALTINITY,FLOAS CACDY) I27.4
AL LUMINUM, DF8S (MG/L--al) -..-,() STRONTTUM: 1TSS (HE/L -8R 17
STLUER, DISS (MG/L A5 AG) 5»00? TITANTUM DISOMG/L A8 T <001
BORON yUJ&S (MG/L. A8 ) 63 VANANTUR NTSG (MG /L AL W) 2001
CAUMTUM, DISS(MGZL A% CID L, 002 ZING,0I8S (MG/L A% ZM)  Q0A
CHROMIUM, DTSE (MB/L-CR) L Q02 ZIRCONMTUM DISMG/L ZR) <4004
COFPER UIRE (MO/L A% ClD 1002 LITHIUM,DISS MO/ A8 L) + 0850
MOLYROENUNs DISGIMG/L-M0) n e O NICKELsDITGE (MG/L A% NI) <. 01
LEATL 0I8S (MG A% PRY » 04 ARSENTIC, DTIRS UG/ A8 AS) AN
REMARKS: PH RYSES VERY RAFTILY ON MITHDRAWL % NO M2 SHELL OR TASTE >!'
LITTLE BllTkkhUU? GEOVHERMAL AREA % CASING DRIVEMN 10 261 FT N
OFEN HOLE AND PFRODUCTING TNTERVUAL 261224 7 WITH MAJOR /ﬂNlH AT 20,
LARS 290, 308, T AT BOTTOM = 47.8 & %
LaB: FU Na OF 1471 MGB/L. GIVES 382 STOMA %
EXPLANATTON?  MGE/L = MILLYGRAMS PER LITER, UG/ = MICROGRAMS FER LTITER, HEQ/L
MILLYFQUTVELENTS PER LITER: FT = FEETs MT = METERS. () MEAGLIRED, (F) =
ESTIMATEDR, (R) = REPORTEU, TR = TOTAL RECOVERARLE, 7107 Taral..
QW Ma o G2 WY oW P 6T OTHER
OTHER AVAILARLE DATA
OTHER FTLE NUMBERG!
PROJECT? CcosT .
LAST ERIT DATED  23-FER--81 BY: TR ORCLG
‘F\‘OCESSIN-} FROGRAME  FI1720P U2 (8/9/80) FRINTED:  07-AUG-81
FERCENT KMEQ/L (FOR PIFER PLAOT)
Ch MG N 8 CL 604 HCOZ
7 2 849 1 14 0 21
NOTEED  IN CORREGFONDENCE s PLEASE REFER TO LAl NUMRERE g002827




MONTANA RUREAU OF RKINES 6D GEOLOGY WATER QUALTTY ANALYSTS

RUTTE MOMTAMNA 59701 (403)491"4101 Laly M, 8002025
STAHTE HOMTANA COUNTY LaKE ,
LATTTUOE-LONGTTUOE 4703873298 1140347171 SETE LOCATTON 22N 23W 29 e
UTH COORDUTNATES 731 NG2BRZ2E50 Lagioan MEMG STTL LRm]$1
TOPOGRAPFHTIC MAP HOT SPRINGS NE 7 1737 STATION YD 47X2321143541701
UFUIUU1C SOURCE A00PFRCNLTIR2GRAUE ¥ o 8aMPLE SOURCE WELL )
RATMAGE RASINMN P LAME SURFACE ALTITUDE  27%9., FT « 10
APFNUY bOGAMPLER MIMGE LN SUSTATNED YILELD N0 GRM
ROTVLE MUMRBIER LU!LETS% Tﬂ%gprlr%ﬁg PE&PUF RUCNET/SJ?FN?TRI
ODATE SOMPLED 16&6--0E0-00 JTAL DERPTH OF WEL L 405 TooM)
TTMIE 3hMPLLU Q8130 IHUHS SUL AROVE () DR BRELDY (i FLOWIMG
LAE 4 ANGLYGT MRMGEHITN CASTNG NTAMETER HOTH (M)
AT ﬁIQLYRhF g?’éan qi (UH!F??F%& ¥¥rf ?T%h
SAMPLE HANINLING 312 OMPLETTION TYPE 0% .
METHDW SAMPLED GRAR FERFORATTON TMTERUN. 281 TO 423 F7
WATER USE REQEARCH
SAMELING SLTE WMEMG GEO TEST WELL #i % PﬁPIAQUﬁ Al A
GEQLOGTT SOURCE PRICHARU IU(MA)IUN e S8LATH
MG /L MERAL MG MERA
CALCTUM (CA) 1.5 Q&8 BICARBONATE (HEDE) 344, T
MAGNEGTLUM (MG) 2aed 0,20 CARBONATE (GO 0.
SOUlUM (NAD 130, Ha AN DML T NE ) 38.5 1.00
FOTASSTUM (K Ja 0,08 SULFATE (5040 s 1 0.00
IRON (FED + 28 D01 METRATE {mh W) QB S 000
MANGANESE (MNMN) 019 000 FLUGKRTDE (F) 454 0.24
SILICA  (5{02) 7.7 FHOSPFHANTE YO (AS )
TOTAL CATIONS 57 TOTAL ANTONG Ho 119
BTAMUART DEVIATION OF AMIDN-CATION BALANOE (3T0MAD 1,55
LARDRATORY 174 8436 T0Tal HARDNESS a8 Ca00s 41,09
FIELU WATER TEMPERATURE A‘} A9 0 TOTAL ALKALINITY A8 CAGDI VN
CALCULATED DIGKOLUED S04 Tns /;,// SONTUN ANGORETION RATTO 2.8
SUM OF 0l8s, COMSTITUENT 1/0+34 RYZMAR STABRTLITY TNDCY A 6T
LAR SPEC¢CUNM¢(NICROMHHS/CM) GE7 0 LANGLIER SETURGTTION (WY 0.3
FARAMETER UALLE FAanramiETER UaL UE
TEMFERATURE y ATR () w7 CCNTIUCTUY s FIELT KT CROMHDG 67,
FIELD M ) 74 ALKALTMETY  FLUAS ln(”f) 3104
ALUMINUM, DTSE (MG/L 6L L Q0% STRONTT L4, llHib (MGG o
STLUER DTSS (MO/L A% AG) 2002 TTTA N!lﬁ nre (Mﬂfl A3 TT) 2R ﬁﬂl
RORON sU]S& (HG/L AG ™) B9 UﬁNﬁhllMshf‘ SOMG/L AR W L 001
CAOMIUM, DISS(MO/L A% CIn 004 ZINC, 0TSy (Nl/! A5 TN 07
CHROMIUM, an, (MG/L~CR) £, 002 ZIRCONTUM DYG(MG/L 2R w004
COPPLER,DISS (ML A8 CUD L. Q00 LITHTUM s QTSSCM0/L A% 1T S 059
MOLYHDENUM;I]ow‘MC/l ~M0) L 02 NTCKELsDISS (MG/L 68 KT e 1
LEATUDTES MG/l A% FR) .04 ARBEMTC,UTES UG/ /8 /8) Tl

REMARKSE PH RIGES RAFTDLY QN WITHORAML % NO H2g TaGTE OR SMELL *

LTTLE @LTTERROOT GEQTHERMAL AF lﬁ #OOPEM HOLE PROO ZOME 261-423% FT

11 QhY FLOWE AT 2827y 290, 0;; BAE A06-409 FT % HATN FLOW 40( ~HOG
M#

LAk FU OF 135 MG/L STVES 444 STGHA %

EXFLANATIONS  MG/L » MILLIGRAMS FER LTITERs UG/L = NICROGRANS PER LITER, wig/L
HTILIJUU1U!llNI‘ FER LITER. FT = FEET, M = WETERS . o MESSURE U, (5 =
ESTTMATERY (R) = REFORTEN. TR = TOTAL RECOUERORLE . 10T = THiar
WA B2 WMT OW P AT NTHER
OTHER AVATLARLE OATA ’ ’ i "
OTHER FILE NUMBERS !
FROJECT COST
LAST EUTT DATE:  26-FE-81 BY! TP RBLG
PROCESSTNG FROGRANG  F190F b4 (B/9/80) PRINTEDS  07illfond
PERCENT MEQ/L (FOR PIFER PLOT) '
CA MG N K CL o o4 Hens
Y 1 14 o el

NOTE S  IN CORRESPONRENCE: FLEASE REFER TO LAk MUMBERS  gep2aes




MONTANA BUREAU OF MINES AND GEOLORY WATER QUALTTY ANALYGTS
RUTTE ) MONTANA 59701 (404) 4944101 LAl MO, 8002824
STATE MONTANGA COUNTY LAKE
LATITUBE-LONGY TUUE 470387329N 114034717"W STTE LOCALION BON 23U 29 wADD
UTH COORNINATES 211 NS2BBYZ50 E6B1905 MEMG STTE Lli-14]
TOPOGRAPHIC MAP HOT SPRINGS ME 7 1/7% STATTON. (h 475B52114341701
BEOLOGTC SOURCE AQOFRCI%1 i 2GRAVE _SAMELE SOURCE WELL o
HRATMAGE BASTN PL LAND SURFACE ALTITUBE 2738, rr < 10
AGENCY + GAMPLER MEMGEJIIN SUSTAINED YIELL 7500 GEM
ROTTLE MUMBER LUTESTA YIELD MEAS METHOU BUCKET/STOFWATCH
DATE SAMPLED §R-TEC.-80 TOTAL DERPTH QF WELL . 578, T (M)
TIME SAMPLED 13300 HOURS SWL ARNVEC-) DROBELOW BS FLOWTNG
LAE F ANALYST MBMGEFNA CASYNG RTANETER & TN (M)
BATE ANALYZED 1%5-JAN-81 CASTNG TYPE STEEL
SAMFLE HANNLING 2120 COMPLETION TYPE 0%
METHOD SAMFLED BRAR FERFORATION THTERVAL 214 10 S78 FT
WATER USE RESEARCH
SAMIPLING STTE MEMG GEQ. TEST WELL #1 % CAMPAQUA AREA
GEOLOGTC SOURGE FRICHART FORHA T TN DR SLATE
MG /L. MEQ /L, MG /L MEQ/L.
CALCTUN  (CA) 12,6 0,43 BYICARRONATE  (HEOX) 343, 569
MAGNESIUM (HG) 54 0.20 CARRONATE (802) 0.
SONTLM (MA) 127, 5,59 CHLORIDE (1) 35,3 1.00
FOTASSTUM  (K) 2.3 0,08 SULFATE (504 ) V7 0,01
TRON (FE) 11 0,01 MITRATE (AS N L0388 0,00
MANGANESE  (MN) NV, 0.00 FLUORTIiE (F) 4.2 @3
STLICA (810 35,3 FHOSFHATE TOT (A P)
TOTAL CATTONG bohh TOTAL ANTONS b6.86
STANUARD UEVIATION OF ANTOM-CATION BALANCE  (S1GMA) 2,06
LARORATORY PH 8.1 TOTAL HARDNESS a8 CACOZ 41,24
FIELD WATER TEMPERATURE 43.7 L TOTAL ALKALIMETY AS CACOY 281,37
CALCULATED DTSSOLVED SOLING 290,02 SONITUM ANSORPTION RATTO 8460
SUM DF 1188, CONSTITUENT 564,05 RYZMAR STARTLTTY INDEX 7,49
LAE SPEC,COND . (HTCROMHDS/CH) 6556 LANGLIER SATURATION INTEX 0.26
PARAMETER VALUE FARAMETER VALUE
TENFERATUREy ATR (C) 10,0 CNUUGTVYs ETELT MTCROMHOS FRE
FIELD FPH 799 ALKALTMITY, FLDCAS CACHT) 29640
ALLRTNUM, DTSS (MB/L-aL) 2,03 STRORTT UM, D188 (NGB /L ~GH0) D6
SILUER, LTSS (HG/L A8 AG) £,000 TITANTUM OYSCHG/L A8 TID £,001
BORON D168 (MG/L A8 1) 55 UANATLT UM, TGS CHE/L AG ) £.001
CADMIUM, DTS (MG/L AS G 5,002 ZINE, 0TS8S  (MB/L A% ZN) 011
CHRONTUM, NTSS (RG/L--CR) 2,007 ZIRCONION nIQ(MG/L 210 004
COPFER,DTSS (MO/L AS GUD S, 009 LITHTUM, DISSONG/L A% L) L0859
MOLYRDENUM, T S8 (NG /L-R0) 0% NICKEL s NTSE (MG/L ad NY) £.01
LEADL DTSS  (MG/L A% FR) 04 ARSENTC, UTSSUG/L AS AS) g
REMARKS: PH RISES RAPTHLY ON WITVHNRAWL % NO H26 GMELL OK TASTE %
LETTLE BITTERROODT GEOTHERMAL AREA % DRAW HOLE FRON_ZONE 261-578 FT
FRIMARY ZONES AT 283 260y 305, 345, A404-409; H30-598
LATS FUONA OF 134 MB/L GIVES 543 SToMA %
EXFLANATTON: —MG/L = MILLIGRAMS FER LITER: UG/L = HICROGRAMSE PER LITER, MEQ/L
MILLIEQUTUELENTS PER LITER, FT = FEET, MT = METERS, (W) = MNEASURED, (&) =
ESTIMATEDs (k)Y = REFORTEN. TR = TOTAL RECOVERARLE. TOT = TOTAL .
QW WA B2 WY OW PH AT OTHER
OTHER AUATLARLE UATA
OTHER FTLE NUMRERS!
PROJECT ¢ cogvy
LAST EUTT DATE?D  23-FER-81 ] BY! TP OKCLG
PROCESSING FROGRANMS  Fi720F V2 (8/9/80) PRINTEDS  O7-alt-6
PERCENT MEQ/L (FOR PIPER #LOT)
cA NG NG K CL 804 1C03
X8S 1 14 0 81

NOTEES TN CORREGPONNENCEy PLEASE REFER TO LAk NUMBER!S  BOQ26D4
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