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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 geethermal well, if warranted. 
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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 ~., 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 OeD 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 homogenous silty 
clays of Glacial Lake Missoula. Groundwater is confined within the gravel by 
the lake 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 



Figure 1. Location map of the. Little Bitterroot valley, 
with geothermal zone in the Campaqua area noted. 
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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. 
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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 160 to 49 0 C; flow rates are not high. This water is less mineral­
ized than the geothermal water beneath the Campaqua area. While the deep circu­
lation 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 in 
the valley. These samples were analyzed for chemical constituents which would 
allow geothermometer calculations for these waters. 

Crosby et~. (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) performed 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 (120-2200 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 level 
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 within two months as the aquifer steadily increases in 
pressure. In the early spring, when aquifer pressure is generally highest, 
the piezometric level in the 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). At 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 of the valley, where the Little Bitterroot River 
flows over permeable valley-bottom gravels thought to be in hydrologic continuity 
with the artesian gravel aquifer, 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 170 to 520 C with TDS va1~es ranging from 350 to 600 mg/L. TDS, specific 
conductance, chloride, Na+/Ca2 /K+ ratios, boron, and lithium all increase in 
some proportion to ~emperature, suggesting that the geothermal water leaking 
into the aquifer is enriched in these constituents relative to the cold recharge 
water. 
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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, 520 C. The cation 
(Na-Ca-K) geothermometer of Fournier and Rowe (1966) indicates equilibrium sub­
surface temperatures from 600 to 1120 C, not accounting for errors in calculation 
due to mixing; however, bacterial sulfate reduction activity and accompanying 
high CO2 pressures may locally be cau~ing precipitation of calcite in or above 
the gravel with resulting loss of Ca2 from solution in ground waters of the 
gravel, invalidating the equilibrium assumption inherent in the geothermometer. 
Silica concentrations 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 700 C and 
perhaps as high as 900 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 ~., 
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 7. Dissolved Boron concentrations. ppb Figure 8. Dissolved LI + concentrations. ppb Figure 9. Dissolved CI" concentrations. ppm 



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, Cl, 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: 0 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 





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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6. TEST WELL SITING 
The bedrock IIbench ll 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~. (1974) in their interpretive reconnaissance map of the 
Wallace 10 x 20 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 (520 C). 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 0 to 
980 feet within the liner. This data is presented in Plate I. No neutron 
log 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 ;s more reducing and the color becomes increasingly grey with 
depth. Above the gravel, the color ;s 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 667 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 
we11bore. 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 transition 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 IIc1ay wash ll 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. In 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 we11bore 
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 thi n « 1 foot) very hard "cap rock, II noted by 1 oca 1 dri 11 ers 
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 (46.80 C), supporting the hypothesis that leakage into the gravel 
is occurring along its base. 
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through 1-13-81. See Plate I for additional detail. 



fractures, apparent as low resistivity kicks, correlate with low-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 -100 C 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 0 C 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) TEHPERATURE (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' , 
40.7° 570'-578' 350 gpm 

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 determine 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 lithologies 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 covel lite 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 Oligocene 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 being 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 in 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 lower gravel (48.00 versus 48.60 from down-hole measurement). 
The water chemistry reflects this only slightly, with slightly higher Na+/K+ 
ratio, higher Si02 and higher Li+ and B in the lower gravel sample (see 
Appendix D). H2S 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 from bedrock become increasingly cooler with depth, 
from 45.40 C at 324 feet to 40.60 C at 578 feet. Water chemistry reflects 
these cooler water temperatures, with decreasing Na+/K+ ratios, Si02, B, Li+, 
Cl-, 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. H2S concentrations were undetectable in the field by taste 
and smell, in contrast to the water in the gravel. Correspondingly, Ca2+ 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
cite precipitation from aqueous solution probably do not occur. 

Both the silica and Na-Ca-K geothermometer indicate gradually lower temper­
atures with depth. Using chalcedony as an equilibrium species, silica 
temperatures decrease from 56 - 680 C in the gravel to 55 - 600 C in bedrock. 
These 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 1100 

- 1280 C to 74° - 800 C, 
attributable to the loss of Ca2+ in the gravel aquifer. Due to this Ca2+ loss, 
the cation geothermometer is probably invalid not only here but elsewhere in 
the valley for wells tapping the gravel. 



Til':.E 2. Calculated Water Quality Data from Individual Producing Fracture Zones 
in LB-141 (see Table 1 for Flow Volumes used in Calculation) 

Major 
Sample Producing + + 

8ep th Interval{s) TOC Ca
2 ~ + + 

Si0
2 

HC0
3 

CI S02 NO; F Na K Fe Mn -4 
.. 

324' 282-295' 45.6 10.7 2.1 139. 2.9 0.22 0.027 38.8 348. 35.9 <0.1 .12 4.59 

362 ' 343-346' 47.2 12.5 2.4 131. 3.5 0.06 0.046 38.5 345. 35.4 <0.1 .096 4.53 

423' 406-409 1 44.9 12.5 2.4 129. 3.1 0.35 0.008 37.3 344. 35.5 0.1 0.051 4.63 

578 430-468' 43.7 12.7 2.4 125. 3.4 .003 .016 33.5 342. 35.1 0.1 .017 4.05 
529-538' 
570-578' 

S. C. TDS B Cu Mo Sr Ti Zn Li As Al ~ Cd Cr Pb V Zr Ni - -
324' 657 582 0.63 <.002 <.02 0.17 <.001 .006 .050 <.000 1 <.03 <.002 < .002 < .002 <'04 < .001 < .004 < .01 

352' 651 573 0.62 .003 .02 0.24 <.003 .003 0.60 <.0001 <.03 <.002 <.002 < .002 <.04 < .001 <.004 <.01 

423' 659 568 0.60 <. 002 <. 02 0.259 <.001 .009 .059 <.0001 <.03 <'002 <:002 < .002 <.04 < .001 <.004 <.01 

578' 654 559 0.52 <002 <.02 0.268 <.001 .014 .059 <.0014 .03 <.002 <.002 < .002 <.04 < .001 <.004 <.01 

$' 
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Figure 14. 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). 



Elapsed 
time 

(mins) 

0.5 
1 
2 
4 
7 

10 
20 
40 
70 

100 
200 
400 
700 

1000 
2000 
3000 
4000 
4200 

Table 3. Flow Data 
LB - 141 Flm07 Test 
4-14-81 to 4-17-81 

Mid-flow 
estimate, 

gpm 

543 
540 
540 
539 
524 
528 
535 
534 
533 
533 
528 
519 
514 
508 
505 
502 
501 
501 

Weighted mean = 508.3 gpm 

.0425 

.0428 

.0428 

.0429 

.0441 

.0438 

.0432 

.0433 

.0433 

.0433 

.0438 

.0445 

.0449 

.0455 

.0457 

.0460 

.0461 

.0461 



tlt·_ 

211rO_-l __ '--'~~"II~ __ -r __ ~rI'-rn~10~1 __ ~ __ r-r-rrTT~10~2 __ -' __ ~~ITIT~I~~ ____ r-,-,-~~~1(~ 

20 

19 

18 

LB-141 
RECOVERY ANALYSIS 
O=508gpm 

T=10 5 .25 gpdfft 

~ =10··1.60 m2 fsec 
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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 paddle-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-14l (Table 4, 

. Figure 15) yield an estimate of 178,000 gpd/foot, in reasonable agreement with 
the overflow 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-14l (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-141 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) 
o - 50 psi; Transducer 
Zero = 4 mV. 
Scale = 2 mV./psi 

Head, 
tlt 1 (t=69.5 hrs) Time (mins) psi mV ft. 

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 I, 0!~2 
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 explbra­
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-14l, the test well, it was logged 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 ;s 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 
\17e1Is 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 observHtion 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 
of bedrock - no additional water is encountered, even though 
fractures filled with soft easily-drilled material are 
encountered repeatedly. 

5. Below about 600 feet, the temperature gradient is essentially 
i sotherma 1 . 

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 
13 ) • 

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 
sediments which probably act as an aquitard between the gravel and bedrock. 
In the downdip (east) direction, however, there is no discernible leakage 
of hot water up from the main fault system into the wellbore at any depth, 



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 (40.60 to 46.40 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 1.60 C/km, much lower than the "normal" geothermal 
gradient of about 250 C/km for this area. This suggests 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 th~ east of the test well. These fractures may be very steeply dipping. 

The composite temperature of water from all producing zones in bedrock 
is 43.90 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 900 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 ;s 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 dee8 auger holes and installation of 
sensitive calibrated 0 to 30 C thermisto~at 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 
(>600 C) would probably be speculative and a poor financial risk. 



APPENDIX A 

Drilling Summary of 

Campaqua Test Well No. 1 (LB-14l) 

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

HELL 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 perforations, 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' 

57'-138' 

138'-140' 

140'-180' 

180'-205' 

205'-239' 

239'-240' 

240'-264' 

264'-1002' 

Light to medium brown moist friable silt and silty clay 

Dense rubbery medium to dark brown silty clay and clay 

Dark brown clay, sharp angular gravel fragements 

Dense rubbery medium to dark brmvn clay 

Brown and grey-brmvn silty clay and clay 

Grey to bluish-grey soft rubbery clay, thin sand seams 

Thin hard cap rock 

Gravel, interbedded sand 

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-l4l 



PM;E 

MONT ANA BUREAU OF WNES AND GEOLOGY WEll LOGr:l' " :') v'iuJ': 
GROUND WAUR D(VLSJON 

29 Tnd I3trl3'D 
Ho4e name 
Of lIumb« --::L:-:-B:-:-=-I-:-I~:::-:1 :-::-:--==-::;--n.-,;--

CAMPA QUA TEST III Count)' • SANDERS Location: T. 22N _ It. ~~~ Sec. 

~oWa~ ____________________ ___ 
-----...-=.-;:-- -----_._---_._- ._--_.--- _. --- ._---

Da V e l>dUliI>J ~cd Dato hoIo Date IK»e 
by JD - AM - rt.uted 12/5/80 compleUd 1/10/81 Driller B i llma~r oo.mpu4y B il] mayer Ha ter SURP_1:Y-_ 

PN - RN +3.3' .. 104' 8" FRANK CREEK Kalispell, MT 

To«t~(tt.) 1002 ' =.t~.) ..,..+_3._3_'_-_2_64_' _6_" ___ _ 
C&dna dJazneter(j) ud ~.) __________ _ 

Type of 6) Sled (bbcl!.) C. F1.utk E. Wood c:rlbblna W~t ~ A'O Wethod-perlOl'lled A. No ca.rina in hole 
~$): B. Sled (.pl.) D. Opefthoie F. Oth61(sp«IJ'y) o(~ ____ Ot~: 8. Open bottom only 

C. Slotted with Mill', knlfo 
lnt~ - par!cnted D. Slotted wUh • torcb 

, E.. Saemed br pullinl cuing 
Of~:Q-l04' 8 5/8" casing, 10' hole/l04'-264' 6 5/8 " casing, 6 5/8' hole p, Other(spedfY) 

264 '-1002' 6 5/8" open hole, No perforations ----. - OPEN BOTTOM __ _ 
Hu Of will WJ be ust pwnpad? <W No Wen materlal wnpko &a.Ull~ No WIIa t1 Ula!Br ample(.) talum?(fi;,) No· 

~u __________________________ s_'_in_t_e_r_v_a_l_s _____________ a_t __ d_e~p_t_h_S_2~~~'aa:~r-~~~6~~1~,_, __ 3_24 __ t, ____ _ 

_ :362',423',578', ; 

NotO: - This 103 b ~ to a1pPkment tile well ~ttX')' IIhtet (ABC QlJ'ds). A well ~tcry llhett m~ ~ ~ out ~,:;; II \:Omplete recoro tor t!w wdJ . 
. TClirt pwnPi.=a Wau ~ be ~ 011 U &qIlUa form, ").-"J (.'I .- :rt.' Sf? "'" . 
-.' ? ~ J<:; '.,.. ~ ___ --,---' ____ _ 

DRllllNG LOG 3 ':t i - (;, CJ ~~timated eomoolition % 
~. ~ dIi ",/Ita coo.d~ llIIIUlIb Mid esmpm, ~ ~ ~~ 54!nt1 . _ • .:. .. 

tt,;t..,ilpr; ...-00-- J;. f .. C fA f vi wt ~.1 
To 

~ 

R' DRY LT BROHN TO BUFF SILT AND CLAYEY SILT - FLECKS OF v,,1!iITE ' ~O 2.0. 
ALKALI '1 b b- 73 J~'r? ..,. - _. .. 

f~: .... 8 ' VERY LT. BROWN TO LT. BROWN SILTY CLAY AND CLAYEY SILT, MOIST -

[~~ -; __ -t~N~OPu·F.~:.Rill·BktE~S~I~N~C~LA~Y~, ________________ . __________________ +-~~.-+-+~~~_ 
37' 3070: . 

3.2' ,)7' VERY LT. BROWN TO LT. BROWN LOOSE FRIABLE SILTY CLAY, BECOMING 4( 60 

DARKER BROWN WITH DEPTH 1
' ~~---t~~~~~~~~~~----~~------------~-+4-~~~~~~.{ 

57' 88' DENSE ROBBERY LT. TO MEDIUM BROWN CLAY - CUTTINGS IN SMALL 4-0 60 

Ji8' 100' MEDIUM TO DARK BROWN DENSE ROBBERY CLAY., CUTTINGS IN HARD 
~~~-------------------+-+-+-+-+-+-+~-+--

40 60 

CHUNKS - HARD LAYER @ 96' 

..In.O' 120' I MED, TO DARK BROWN CLAY AND SILTY CLAY, CUTTINGS ~" 1" DIAMETEl, 40 60 

~20' 132,1 

I 

NO SAND 

VERY SOFT MEDIUM TO DARK BROWN CLAY. DRILL STRING SINKS UNDER 

OWN WEIGHT 

4060 

l32' 
--- -t-----l. 

1~OJ------------------------------------------=--~~~+-~-r~35~~~·~; 
MEDlUM'TO DARK BROWN CLAY, W/VERY'SHARP ANGULAR GRAVEL OR ROCK 1-_ I;' 

---r--__ ~I~~FR.A~,Ir.~MV:'N~T':s~~~r~t£o~l~'~'£D~IAM~E~T~ER~(~PO~S~S~. __ I~C~E~-~R~~TE~D~)~-~ ________ _1_1~JLl_~~~~ 



-- ---------,------------·------------------r--:-E.dm--.ted-OOlII-~~-lIOa-· -~--

!'roGI To ~'" SIafl 
c: I ~ c: m r 1 vf ailt d&f 

140' 180' NEDIUH TO DARK BROHN CLAY , SILTY CLAY, NO SAND OR GRAVEL - 4C 60 

CUTTINGS RECOVERED I N VERY SHALL (d2") C;: 'J . ...:..N:..:..:K=S _______ _+_-+--+-+-+-+-+-

--_.-1----+-------- ---------------------+-+ -+--+-+--+--+-

lS0' 1190 , BROWN TO GREY -BROIm SILTY CU\.Y AND CLAYEY SILT - NO SAND OR 50 40 

I PEBBLES 
--~--~~~~------------------------------------------+-+-+-+-~~-+-+--

! 
190' 1200' MED. BROllli TO GREY-BROhTN CLAY EY SILT At-.lD SILTY CLAY - SOME 60 40 

SMALL QUARTZITE FRAGMENTS 
-----r--+-==~~~~~~~~~~~-----------------_+__r_+_+_4~-4-~-4---

200' 205' GREY TO GREY-BROHN CLAY AND SILTY CLAY, NO SAND 40 60 

205' 215' MED. GREY TO BLUISH- GREY RUBBERY CLAY. NO SILT - SOME THIN 2 2 10 86 

( 2%) SAND STREAKS, CASING SINKS VERY EASILY - GOOD CUTTING 

RECOVERY. CHUNKS UP TO 4" LONG 

-----r----+-----------------------------------------~_+_+_4_4~~~~---

215 ' 239' VERY FINE GREY TO BLUE-GREY CLAY. FINE SAND IN THIN STREAKS (LAV' 10 90 

ANb 0 20 20 

239' 24 0 VERY l-lARD "CAPROCK" - NO CUTTINGS RECOVERED - DRIVE HMiHER 

REBOUNDS ON IMPACT - ~~Y BE SULFIDE- INDURATED BLUE CLAY 

---~--r-----------------------------------------~-r-+-+-4-4~-4-~ i 

.2£ill' 2L14' BLUE SAND AND GRAVEL COBBLES UP TO 4" smm LARGE BOULDERS AT 

241' 

lvATER 200-400 gpm 

PRESSURE = GL + 28' ./ 

SAt-.lD AND GRAVEL COBBLES - HATER , .. , . 
____ i-__ -i ________ ~~CO~B~BL~E~·~C~O~M~P~O~SI~T~I~O~N~-~AR~G~I~LL~I~T~E~:~60~%~o _______ ~· , ______ ~30~.~1~5~B~3~(1~O~~~~1 

RED CLAYSTONE: 15% ' 

. ____ t-__ -t __________________________ ~Q~UAR~T~Z~I~TE~:~2~0~% __ =_ __________ ~+_+-+_+_+_~~~ 

ANDESITIC VOL·ClrnICS: 3% " 

----~--~-------------
GNEISS & METAMORPHICS: 2% 

'.58' 261 ' COARSE TO ~fEDIUM SAND '¥ELL SORTED - SOME GRAVEL 10 5· 3540 1C 

~']ATER 

r • I 



''%1'ii5lS®t%i ¥ 

PACE 2 
GROUND WAUR I>IVLS10N 

MONTANA BUREAU OP W1N£S A."ID GEOLOCY WEll. LOC B4i!v 
County SAN1?ERS _ Location: T. 22N It. 23\~_ ~"C. 29 Tmct~_ 

HoieMmO 
01 Dumb$( __ L_B_-_1 ~1 ___ _ 

HoIeiocatloD 375' N\.J of CANPAQUA \.JELL _______________ -- -- ------- - - -----

Retarded JD Date ho!o 12 / 5/ 80 Oatil hole by IW1ed ___ completed ____ Driller ---

CuAna d.la.met«{.) ud &oqtb(., ________________ _ Total wd.l 
'decrth (f •• ) ___ _ 

A. Steel (b1lo::Jr.) Wei:sht Of pae Method-pcrlonted A. No cuina in hoJe Trf' or 
cui.ni<'): B. Steel (J3I.) 

C. ftutlc 
D.~~ 

E. Wood crlbbinB 
P. Other (Jpeclf}t) of cu:h1a ___ _ Of ecreened: B. Open bottom only 

C. Siotud with MilJ'4!uU1e _ 
lnt('<lYt!.!-penouted D. Slotted with • torch ~ 

E. Screened br pullina cuing 
Of~: _ 0-104' 8 5/8" casing, 10" hole/104 '-26~ 5/8" casing, 6 5/8" F. Othu(~) ~ 

hole 264 '-1002' 6 5/8" open hole, No perforations ~ 
Ita Of ril wet! be tM pumped? Yc» No Ware matuial tampUt Ukd1 Yee No Was. WWl:: twnp!e(s) ~1 Yea No >l 

RemarltJ 0-104' cemented in 8 sacks through hole from bottom, poured 3 sacks around casing I 
-IJ:QlJLt..o-p • 1 

Noto:-Th.IIIOfII4 ~ to IlUPp&m1ent the well iDvento:y cb$llt (ABC cuda). AweS hmmtafY aIleet must be filled OU~ to hllve II complete reootd for the weU. ~ 
T~ pwnPiDa data Ihou.Id be recazdcd 01'1 IIJl sqlolifcr tDml. i -------_._-------,.--_._--.....,,------ -

~ 
h,.G! .... c-~-=~;:~~· ~.;;t~~:rm~I~=:'c;:tio~~!LtP% cl.'--.y 1 

DIUllING LO<I 

To 

261' 263' COARSE GRAVEL AND COBBLES, SOME SAND WATER 3020~0 10 10 

263' 264' ~ruCH FINE TO MEDIUM GRAINED SAND, SOME GRAVEL \.JATER ~ 10 o 30 4( ic 

@ 264' HATER SAHPLE T = 120. 8°F 
--~--~--~~--~~~~~~~~--------------------~~~~~-+-~~ 

FLOW = 200-400 spm 

______ t-__ -t~6~"~CA=S~I=N~G~S~ET~T~0~25~4~' __ -_~DR=I=L=L~I~N~G~C~O~N::T~INU~E=S~O~PE=N~H~O~L=E __________ ~~D~I~L~NC~R+~-·T+~-+ __ 
(11 ./ F'l .) 

264' 276' FINE-GRAINED GREY-GREEN ARGILLITE INTERBEDDED QUARTZITE, • 5 

SULFIDES (PYRITE) ALONG BEDDING PLANE CLEARAGE - QUARTZITE IS 

.~"'~ ---t' _-j~QU=A=R=T:..::Z~O:....:FE::..:LD=-=S.:..:PA::.:TH:.:.:.::I~C-------------------W_4_+_+_+-1--t--1--

_276' 281' GREENISH-GREY QUARTZITE ARGILLITE PYRITE ALONG FOLIATIONS, THIN 

QUARTZITE STREAKS OR VEINS, THEN «lmm) FINE FRACTURES FILLED 

\.JITH SILICA 

28~ 285' GREENISH-GREY QUARTZITE AND ARGILLITE - BIOTITE FLECKS IN 

QUARTZITE - VERY LITTLE QUARTZITE - FLOW OF WATER FRON THIN 

FRACTIRES @ 282' (5gpm, pH = 9.44, S.C. = 679, T = 9l
u

F STEEL 

.. __ i IN COLOR = ORANGE-BRo\.JN) 

! 

~. 5 

~~? t r-2-9-~-__ '+-~-_G-R-E-.ENISH-GREY QUARTZITE, ARGILLITE - T = 106oF@286'_T=R=I=P=P=E=D_+-+-i--I-I-Hi--l..:::.2..:. • .t-,O;;;...... 

__ I L"l WATER @ 290', FLOW = 25 gpm CUNULAcTIVE. 
I 

---:----~--------------------------------------------------------------------+--4--r-r-+-+-+-+~-r--

~5 ~ ; 305' I GREENISH-GREY QUARTZ1'If:L_A_R __ GI_L_LI_TE_,_W/P_Y_R_IT_E_-2;:MP_=_lQ2.°F ___ +_r+-+-i--Hi-----t, ____ 

--I I @ 295'. I"ATER @ 300' = FLOW = 40 gpm CUMULATIVE I--
I I - -- --, ~-.----+--+-+-+--+--+--+-+-, --+~ 

, 



DRILLING RATE 
• (MIN / , . FT.) i~ 

------
, I Eltimmd comf)Ofitioo J. 

Proal : To ~~udwa~~;-uUld~~ IGnftll ~ t 

c: f re c m r Iv! iii a d:q 
. 

L 

305' 324' GREENISH-GREY ARGILLITE INTERBEDDED QUARTZITE - PYRITE IN ~. cO -, 

FRACTURES -- --~ 

@ 310' T = 113°F (TRIPPED IN) ------ >-- . -
@ 315' T = 114°F (TRIPPED IN) . 

I @ 320' T = 113°F (TRIPPED IN) J 1 

i @ 324' T = 114°F (TRIPPED IN) -\ -. I 

@ 324' T = 114.0oF (TRIPPED OUT) I 
1 
: 

l.,rATER SAMPLE @ 324' FLm.,r = 12 gpm (NO AIR) , 
--

BOTTOM HOLE TEMP - 47.2oC (117.0oF} 
, 

pH = 7.82 S.C. = 666 i 

-
324 ' 370' GREENISH-GREY ARGILLITE INTERBEDDED QUARTZITE, FINE-GRAINED 

FRESH FLECKS OF PYRITE - • f 0 1 

@ 345' {.,rATER FLOH = 100 gpm TOTAL 

WATER SANPLE @ 362' pH 7.74 TEHP 117.0oF S.c.' 668 
.\ 

370' 406' FINE-GRAINED GREENISH-GREY ARGILLITE, INTERBEDDED QUARTZITE .1:0 l 

Ii 
.-

4.06 ' 420' HIGHLY FRACTUREY GREEN-GREY ARGILLITE, GREY HASH OF CLAY FROM 30" 0 r 

FRACTURES, MUCH {-lATER 

WATER @ 406'-409' 

@ 420 FLOH = 300-350 gprn \ 

WATER SAMPLE pH - 7.96 S.C. = 667 TEMP = ll2.8° ~ 

~420 ' 427 I ARGILLITE. INTERBEDDED QUARTZITE 8 0 I 
.J 

.En' 440' DENSE GREEN ARGILLITE, SEEHS OF SOFT SILICA ~l 0 

WATER @ 430'-440' 

--

- --
-

, , .. 
-. 

. 

,- .- . __ . ____ , __ "._ 1- ,_ > 



i ',\\, !', 3 

MONT ANA BURLALJ ()f Ml1\'f1i AND GF.OtOGY WEU LOG GROUND WAn~R DIVI.')ION 

Holt,""", 
tounty______ L.oc;Uon: T. _____ R. ___ _ Tnc1 ____ ~ __ at Dwn'" _____ _ 

Hal" IoclIIdon _______________________________________ .. ________________ -- --

R«Of'ded Datil hole [)ate hole l>rl11lna 
by ________ stuUd _ com,*ted _____ Drilcr ------- company ____________ ~ .~ .. _________ -- -----

Total well Well CaRna dJa.me~.) 
detrtn (ft.) __ _ d!4met~J) _________ _ aDd ~(o) _________________ ---

l)pe of A. Sled (bbck) C. P1utI.c E. Wood cribbins WeishtOt ~ 
o'~ ___ _ Wethod-pcrlorated 

Of ecreened: 
A. No cuins in hole 
B. Open -bottom only ~.): B. SUd (pl.) D. Open h~ F. OthCl (ipOCUy) C. Slotted with Mill', Ic.nlfl 

Intt'!fVal- pcrionted D. Slotted wlth a torch 
E. Screened br..pullina cu 
P. 0 thCl (specifY) Of screened: 

DIULUNG LOG Estimated compoution ~ " 
FI'OC1 To ~,~ !WI water coadidoos; remarlu a.a.d amp1ill& ~~ SHOO 

C f ,., emf vi wt eli 

___ -t-_-+ _________________________ +--=t..:R=+=Ll+=Iti:::.t=-G-+~.=.:j:.:T'E=+___t__:; 

MN/lT.) 

440' 475' SAME AS ABOVE, GREEN-GREY FRActuRED ARGILLITE 1.0 

\.]ATER AT 466' -468' 

T = 112·.50F pH = 7.54 S.C. == 642 FLO\.] = 400 gpm 

---
475' 520' GREENISH-GREY ARGILLITE, INTERBEDDED QUARTZITE, BIOTITE FLECKS, ~.( 

. FRACTURES, BROvm CLAY WASH @ 488' 

-
_~:LO' 578' _T:::...:....:~f--=-GR:.:.:E::.:E=N:..:I:.::S.::H~-G::.:R:::E::Y-.:::AR:.::..:G::.:I::L:::L=I~TE::2.,:....:I::.:.N::.:T.::ERB:.::::..:E:.:D:.:D:.::E=-D_Q~U::AR=:..:T=Z=_I T:..:E:":':......::::B.::.I 0.:..T:..:I:..:T:.:E:.......:..FL=E:...:C::K,::S2' ++-l--f.--t--!-+-~ l~ 

BIOTITE FLECKS, FRACTURES, BROWN CLAY WASH @ 570-578' 

I WATER @ 570'=578'1 

----_r-_-t_T.:::R::.;I=PPED OUT 578' - FLmol = 750 ga1~min ___ T_EMP __ =_1_1_0_o-,-6_0 ____ +-+-+-HH-+_+--t-.--:! 

pH = 7.99 S.C. - 691 
-. 

SHUT-IN PRESSURE = 10.50 psi, BUDDING TO 11.20 psi 

_~-i ___ ~! _________ ~W~I~TH~I~N~2~HO~U~R~S~ ___________________________ ~~4_+_+_+-~~~I 
J I 

578' 
------------------------------------------------~~~~~+-~~ 

600' j GREY ARGILLITE - FLO\.] OF WATER OF GREY CLAY FROH 584'-592' 2. i 

---I I 
)00', 675', 

. 19 ;;t 

I 

i 
FINE-GRAINED GREY ARGILLITE, INTERBEDDED lmITE AND GREY-HHITE I k I 

r-~H 

QUARTZITE, FLECKS OF BIOTITE - SOHE FINE-GRA~F~ESH _P __ Y_R_I_TE_-+_--+--+--+-+-+-+-+-+---i! 
-I 
J 

3. ~ I SOFT. HIGHLY FRACTURED QUARTZITE AN~~RGILL~~_, ~~EY CLAY WASH 
-,-,~~-,~-t--r-

- - I 
L75'f ~I 

-(11 Ll~ kL~ __ -=--F=R=O~=I.--,F,-,RA=C~TU=.::R~E~S _____________________________ ~ __ 
I . -----~+4-~~~-~J 

- --tl--T! ------------~------ ----------. ------------+-++++--+--+--+-;-j , i 



[~ 712' DARK GREY QUARTZITE AND GREY-GREEN ARGILLITE, DENSE, NO 

DRILLING RATE 
(MIN. 1FT.) 

c I \'t C m I [VI aU clay 

6.0 ~ 

FRACTIJRES EVIDENT - SOHE CHALCEDONY, PY . .::.:R~I~TE~', ':--,.F_LU..:.-O.:..:.R..:.-I..:.-T_E...:...( ?~, )~I_N_+-+--+--+--+--+--+_+. LJ 
CUTTINGS 

i' 700' = TRIPPED OUT psi = 10.1 BUILDING TO 11.3 
----+---4---------~~--.~----~----

FLm-l = 750-800 gpm 

, 

.~~~~~~SO.:..:.F~T~F~RA~C~W~RE=D~AR~G=I=L=L~IT.:..:.E~,--IN-T-E-RB-E_D_D_ED_Q~UAR_t'T_rZ_I_T_E_-__ V_ER_Y __ S_OF_T __ ~~-+-+~-r12~'1_2"'~-1_._ 
FROM 716'-724' AND 728'-733' (HAD TO HOLD BACK BIT) 

612 ' 733' 
.;: 

'.' 

,: 
, 

733' . 788' VERY DENSE INTERBEDDED QUARTZITE, BOTH DARK GREY AND WHITE, 8,0 .... 
.{~ MICA FLAKES, INTEfu~ITTENT SOFT \lliATHERED ZONES EVERY ~ 15' 

.' .... 

r 788' 796' SOFT GREY ARGILLITE, BLAST OF GREY CLAY i> 31.0 

,_rl~ ..... '2._6-t-8....;..9_0_' +--I_N_T_ER_' B_E_' D_D_ED_A_R_G_IL_L_I_T_E_A_N_D_....!..:...; QUAR:..:......t' T __ ZI_TE-,,:....-S_OF_T_Z_0_NE_A_T_8_7 0_'_' -_8_7_5_' -+--r---.1J1hL. ".f ". 6 • Ol~'~;l 
~ '-,-'l!'[~: 

;'~90 t 910' VERY HARD DENSE, INTERBEDDED GREY AND WHITE QUARTZITE, NO "' 1~. 
SOFT ZONES 

---+---+-------------------------------------------4-+-r~+_~_+~-1~ 
.,9],0 930' INTERBEDDED GREY QUARTZITE, WHITE QUARTZITE AND GREY ARGILLITE 

930' 948' ,VERY SOFT FRIABLE GREY QUARTZITE, GRUS-LIKE TEXTURE, INTERBED-

DED tVITH MEDIUM GREY ARGILLITE, LARGE CHUNKS OF FINE-GRAINED 

PYRITE - VERY SOFT FROM 935'-940' 

948' 960' DENSE GREY-BLUR AND GREY ARGILLITE, INTERBEDDED QUARTZITE; 

SOFT FRACTURED ZONE FRON 956'-957' 

9(,0' gRot VERY FRIABLE DARK GREY ARGILLITE, LITTLE OR NO QUARTZITE 

.!l80 1l 996' INTERBEDDED DENSE GREY ARGILLITE AND GREY QUARTZITE f .0 

.. M.I' t 1 ()()2' SOFT GREY ARGiLLITE FRACTURED ,.0 ., 

T.D. 1002 



APPENDIX C 

Detailed Version of 

Downhole Temperature Log, LB-141, 

Run 1/13/81 

Surface Air Temperature _4°C 



* Rf-? i.~d!.~ 

RUNGRHH 
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~~iO lo 

0,00 
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2j,(\? 

~?;~ >;)3 

:2~j, ()O 

26,6."1 
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3!5,00 
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4() ,01,) 
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4~j, 00 
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6~« ()() 
bb .61 

70.00 
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75.00 
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,~O, o::S 

:3 l , ;.! ;.! 
~. j • ~.O 
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90.00 
9 .~ • <.,7 
('1~) , j ~S 

9~:.i < \)0 

96,b7 

l()().~)O 

101 .6'l 
"(().3 > .3.:5 
1 (>~, < 0 () 
t().tj.6? 
108 < 2:;;; 
1. .I. 0 , ()O 

:1:l1.cii 
t .I .. :) ,3:5 
l:l.~:,.0(j 

1. .I. 6 , I~\? 
1 :i. B < !.:~ 

L! 0,00 
1?1.6l 
1. ~.~ .:5 , .:5:5 
.1 ;~::; < ()(I 

L-!6) i.ll 

1. ;'S :3, :5.:5 
.1;~!5<()(l 

~. ~S,,;. 67 
.1;H~.:!.2. 

1.40:.00 
141,.~\'l 

l4 ~S ,.:5::5 
1 '~~i. 00 
t4(),'~'? 
148 < 3::; 
1. ~j 0. ()0 
1 ~ 1. <'>'.1 
l fj:~ , :5:.s 
1 ~j:':, < 00 
l rj 6.6? 

l6(),OO 
161 ." l 
:1.6.3,.3.:5 
16:5.0() 
~.66,6? 

16H.:';~ 

li'O.OO 
171.<.'>, 
'.7:3. :S;3 
17~5.()() 
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9 1:3.00 40,"11.> + )/: 

cy :U, • (, '7 40,?6 .,. * 9 .1.13 > ,3,3 40.16 + * 
9~;!O,OO 40,017 .,. * 
92t > 6./ 40.77 .,. * 9 #)'). 'l''' 40, 'i? + * ...... ,} « ~J 'I.} 

9 ;.!!":.i > 00 1(),?1 .,. :+: 

9 :u~, 67 -1 () • 'i'l .,. Jt: 

9 ~~tl •• :n 1 (.), '17 + '" 
9:?0.OO 'H). '17 .,. * 
9:H .61 40,l'l .,. 

'" 9:-it..:?3 40.'1'1 .,. >'f. 

9 ~r). 00 40,7"1 .,. * 
9 -:1t •• 67 4(),7? .,. 1.< 

9:W. :J:S 40.Jl + * 
940.00 40, /,1 .,. * 
9"'t.67 40.7,? + >I: 

94:'>'.3?- 40.?7 .,. * 
9'-'!5 .00 40,'18 .,. * 
946 (67 40, '7H .,. * 
9 -1f./ • ,:S.3 40,7U .,. * 
9~(l < 00 40. 'lH .,. * 
9~H ,6./ 40,79 .,. * 
953, :~:" 40.?H ,~ )/; 

9~j5.00 4() > 713 + * 
9 ~;6. (\ '1 'HI. '1B + * 
9 '!:iB • :5:S 40.70 + * 
91',0. ()O 40,?9 + * 
9.6.1.1.>7 4(.'1,79 + * 
(~ £'1 ~;J .;; ,\ r, "1(\ 



, ... ", ... 
9MJ,::.n 40,7') + :+: 
9';0.00 '~().'l(J + :+: 
971.,1,,7 ·10, J<) + * 9"1'3 t :j;!. 40.'19 .,. :+: 
97!~; ,0O tlO,HO + :+: 
97{-'. (,,} 'W. no .,. :+: 
970,:5:) 40, f.IO + * 9HO,OO 4(),HO + l/: 

+ ........ +" .- ..... +.- ........ ~ _., '''' .. + ... " .... + .. " .... - 1- .......... , ...... _ ... + ..... _ ...... + _ ... _ ... + ... "'" .. /. - .... - + 



APPENDIX D 

Water Analyses 

From LB-l41 and LB-32 
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F T I"::L (I Id r·Yrr::f~ T r:: NP[f~(·)T '-'f~[ 

CALCULATED DJGHOLVEn HOLIDS 
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WITH OPCN f:OTTOM WI·/EN CAG J /IIG (<JAS l"IR J vr:N TO :,?~,4 Fl * 

tAte: lm NOT tJETECTEtI HI C:·lrWMIHO(JH(·)M »: 

Exr'l.ANATJON~ HG/L "" MILLH·a~AMH F'EI~ l.J"'EI~~ U(:Vl. ,!: MJCIWGI·~ANB t='EI~ L.JTr.F~t '1UUL '"" 
MILl.TEOIJTtJr~I.ENTB PEr~ I.rTU~. FT '" FEET~ MT::.: l1r::rEf-\'~~>(N)'" NEM3IJf?E(I. (E) ::;: 
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PROC[SBJNG PROGRAM: F1730P V~ CG/Y/UO) pfnNTEfI: O'l··AlIG···(ll 

P f~ f~ t nIT ME U I L ( F Of< P T r r:: H P LOT) 
r.A I'1G NA I< CL tW4 Heo:!. 

2 t 93 t 14 0 76 

N(lTr.: TN CORREGF'ONnt::!~C[~ PLEAi.'E I~Ert:.R TO LAI7! NUM1"{EI"~ 80(~~Wj?' 
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? 0 95 t 13 0 77 

OTHER 

NOTE: I N COfH~EBPONl)ENCE, PLfASf Rr:.rt=:l~ "lt1 LAn NLH1HER t tHH~2B 13 
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f'Ef~Gr~N'r k1EU/L (FOR PIP£::R run) 
CA MG NA K GL tW4 HC03 

7 2 BO 1 14 0 81 

NOTE: IN C(ml~E!3PONnENCEi' PLEASE F~EFEI~ TO t.(-\}"{ NutHlF:R1 80U:·!H~~7 



MONTANA lHmEAlI Of IHNES ANTI GEOl.OGY 
BUTT[,MONTANA 59701 (406)496-410~ 

STATE 
I .. AT I TUnE .. ·l.ONG I TUnE 

UT 11 COClRrlJ N(.\ T F. B 
TOPOGfMPHr C M(·)P 
GF.:Ol.OGIC SOURCE 
m~(HNA(jr: HMHN 

AGENCY + ~'MIPl.EI~ 
F.HJTT!. E NIJM BE I~ 

[I j!:\ n: t'~AMPL.En 
T I ME ~3Al1PLE D 

l.AB + ANM. Ytn 
DATE ANAL Yzr~tl 

SAMF'U-: H(.\N1H. I NO 
Mf::THOD ~JANPI...r:D 

WA TF: I~ lJtjE 

CALC lim (CA) 
MAGNl::S J 1Il1 (NtD 
SODIUM (N(·\) 

110NlANA 
47D30'32 1 N tt4D34't7"W 
lj1 N52B8750 E68j985 
HOT SPRrNOS NE 7 1/2' 
400PI'{cn* 1 j ~·?GRAV* 
PI. 
l'in~IG* .. I .. ln 
unEST4 

COUNTY 
~HTE LOC(·HrON 

MBMI:~ tn n·: 
8T(-)T.ION r[l 

j (, ... ftF,t> tlO 
04: 00 HOUI~!3 
~mI1(j*F NA 

BWI. 

* SMIPl.E !30UI~CE 
LAND SURFACE Al.ftTUDE 

SUST(.\ J NEn Y J EL D 
Y H:: L D ME M> NET 1·/0 \) 

TOT Gl. IIEF'TI-I 01:' tJ EL L. 
AHOVt e~·) or~ £tELOW rJn 

CAS I N (; lIT Mf E Tl~ I~ 
G(·\S '[ NO TYPE 

COMPl.t.:TJON TYPE 
PERFORATION INTERVAL 

~~0 .. ·.JAN"·81 

I~EBEAI~CH 

MG/L. ME'(Ul. 
t 2. ~~ 0 .• 61 B '[ CI~I~HONATE ( HCO~;S) 
2.4 0.20 CAF<BON(.\TE (C03) 

1 ~~ 2 + !':j + 74 C I-I L O'~ r r.r F- ecI..) 
'7. , (804) 

MG/l NE(~/L 

345. ,.,' l."" 
oJ> \)d 

O. 
:J~::;' !1 1.00 

• 1 0.00 
F'OT(.\SSIlIM (10 
IRON (rr.) 
MAN(:~ANESE (~IN) 
S II. r GA UJt02) 

__ J + ~ 

.001 
0.09 
O.(}O 

SUL.F(.lTE 
NTTr<ATE ( ,) ~3 N) .099 0,01. 

.044 0.00 FL. UOI~ 1 m: (F) 4.54 o < ::~4 

:~8. 5 PHOBF'I·JI~ TE TOT ( A~3 P) 

TOTAL CATJONt, TOTAL. ANHHW 

STANDArHl DEIJIATION OF MltON··C(·\THJN BALANcr; UHfJMA) 

l.A1HlR('\T(lF~Y PH 
F'IEl\) lMln~';: TENPERATlmr~ 

CALCULATED DISSOLVED SOLIDS 
S tJ M OI~' D r ~3 ~3 • CON S T '[ T IJ nIT 

LA£: BF'EC.CtH~D. (MICI'W11IWG/CM) 

PARANf::TER 
TEMPERATURE. AIR (C) 
F'IEt.D PH 
STRONTIUMIIHBG OW/l.·-tH~) 
TITANIUM DIS(NO/L AS TI) 
VANA1HLJMJIIJSS(MG/L M~ V) 
ZINC,DISS (MOil AS IN) 
ZlRCllNIUM IlHHMG/L. ll~) 
L1 nnlJM IlH as OID/L M3 l I) 
NICKELJDIGS (MG/l AD NJ) 
AR~3r::N'[e,lHf.HHIJG/L ~H1 AS) 

I}M .. tlF. 
--5. 

7.74 
.23 
.00:3 

<.001 
<,003 
<.004 

.Of:i9 
<.Ol. 
<.1 

"OTAL. 1·IAR[INEt·W At~ 
rOTAl ALKALINITY AS 

SODJlIM AnBOI~F'TJON 
RYZNAR STABILITY 

LANGL.JER BATURATION 

CAC(l:?' 
CAC03 
I~A"'lO 
tNnr.x 
JNl'IEX 

F'r~RMfETr:R 
CNDlICTVYJ FJEl.ll tnCIHH11·IOG 
ALUM HIIJN ~ DIBS (M(J/L"'(~L) 
S J L. VEI~ ~ I'I HH~ (I1G/l. (.\t~ AG) 
BORON ,OCSS (MOIL AS B) 
CADMIUMIOJSS(MG/L, AS en) 
CHRotH UM I DC S~3 (MOil "'Cfn 
C () P F' E r< y n )' s t~ ( 11 GIL A !3 C LI ) 
MOL YtlOENUl1, til SS (MOIL ~'MO) 
L. t A II J n J S B ( M GIL. At~ P rn 

6.90 

40.59 
282.96 

<i'.02 
7.71-
0.25 

VALlIE 
644. 

<, O~~ 
<.002 

,!.".i7 
<.002 
<.()02 

.00:,;) 
> () ~2 

(.04 

REMARKG t PH R1.SEU ,\APJ fll. Y ON wrTI·mf..:A{.JL * NO H20 SMEl.L OR TMHE * 
LITTLE tHTTERIWOT (jEfJnlt:rm(~L AREA * OPEN '-lOLl:: PfWD ZONE 2()i-·36:.r? FT * 
P R TIM I~ Y FL.O W S (.~ T 2 B 3 s· 290 r ;r. 0 5 so :.r. 4 5 * 

L.AtH FIJ N(:-" OF 136 MOIl. IJIIJr~f.) ~390 SIGMA * 
EXPLANATIONt MG/L::: NJL.LIGr~AM.G. PEfi.": .. l ... I.1F.r(J. lIG/L :.:: tIlCIWt~I~Ar1t~ I~E'" l.1.T.L~lh .. HE(Vl. 
Ii r LL t EotH vr~LENTS PEr~ I.:r TI~'~ ~ F I "" Hd~ 1 I ,., I -.~ Nr:TI~IW. (1) :.' NF.A~IJI~E (/1 (I:)::: _. 
ESTH1ATErh (R) :-.: REPmnc·;n< TI~ ~ TOTAL RECCIVEIMT-Il.t::. TOT:.:: TOTAL. 

OTHER AVAILABLE DATA 
OTHl:;R FILE NUMm::I;:S: 

ow WA 82 WI ow F'W AT OTI"ER 

PROJECT. COST: 
LAST EDIT DATt::: 2:5··Fn~-·81 BY; I'P *CLG 

PROCf:SSING r"rWC~RMH I~:J 730r V2 (8/9/00> PIHNlf.l'Jt 07·-AUC1··O:l 

PrmcnlT MrW/I. (f'(JJ~ PIPER f.'UH) 
CA tW NA K CL 804 HCCl3 

9 2 06 t 14 0 81 

NOH.:: IN GClRRESPONl'If.NCE t Pl.[AGE REFl~I~ 'f (l LAH NtlHnr·:R: UOO~:02cl 



, , 

MONTMM nUh:[AU (IF Inl~[r; AI~n t~[(.11.0GY 
BI)TT[)MONTANA 59701 (406)496-4101 

STA·r F: 
I .. (.) T t T IJ DE··· L (J N (J t T IJ D r:: 

1.1111 COClr~lJJNATEG 
TOPOGfMPH Ie N(·)F' 
GF:.ClL.OGJ C ~~OLJI~CE 

r.tR(·)"fN(·)GE B(·)BtN 
AGE:NCY -I t>AHF'LEI':': 

BO r r U':: NU 11 IH~ I? 
[tATL GAMPLErl 
T TNI': n i) rl P L r~ (I 

LA!": of- AN(.iL yr:r 
nATE (.)N(·)L YZ[D 

SAMPl.E H?lNIIl.JNG 
ME THO n ~)(~NPI .. r:: D 

w(.) l EI~ U~,E 

C A I. C T U ~1 ( C A ) 
M (.\ G NEG] lI11 ( N G ) 
8 0 (I T IJ M ( ~If.) ) 

NON"! ("I~A couwr Y 
!3 I: l [ L fJ eAr tON 

MT::~1G t, J TF. 
41DJ8'J2"N t14DJ4'17"W 
Zll N5288750 [681985 
H (J r t: P r~ l N (J f) N E "l .1 I 2 I BTr·)TTfJN In * f\ M1 P L. E t, OUIi:C E 

L (~ N l) B U I~ r r~ C E i~ L TIT U (I E 
flUGTAINFD YJELl"I 

'( I r:: I.. (I 1'1 E M3 NET H iJ J.) 
TOT A L n r: F"I Ii II F tl! t=: U. (.\ nov [ ( ... ) rm n E L (J toJ n ~3 

C; A SIN D rl JAN [T E I~ 
C (~ n t N G T Y P E 

rOI1F'L.ET:rOI~ ·[ypr·: 
p E r~ ,... (J f< r-'l T [ (J ~I J N T E f< t) ,.) I. 

400F'F:cn~, 1 j 2GF~(.ltJ~~ 
PI.. 
NBNt"*JJn 
L n I"EST!) 
J6···nr:C···l30 
on ~ :)0 HOUIW 
NnMO*F'N(l 
~~o ··JMI···B1. 
31.20 
GFUHI 
I~:E [> E (.ll~ C Ii 

~'iUUl. 
o ,. b ;) 8 [ C (~H H n N {.) T F 
0, ~.~o C(.ir~B(lN(~lF. 
~':i , ;:,~j CHI. (lIn DF 

MG/L. 
:34·<\. 

0, 
~s ~5 + ~.; 

• t 

m:rul.. 
~:i > f)-4 

POT MW ] lJl'1 ( /( ) 
J:RON err) 
MANG(.lNESE (11N) 
8 I Lye i~ ( ~) ru"2 ) 

() • OE: ~, lIl. FAT [ 
o , 01. N [n~ A T F. 
() < () () F L .ll n I~ J n E 

PH()~;PHf·)TL TOT 

(He03) 
(CD!.) 

(1:1..) 
(SD4) 

(,.)!:) N) 
( r ) 

(M; P) 

• 0\~.'J 
/1.6 

1 ;.00 
0.00 
O,()O 
0.2'1 

TOTAL C{~TJON!:'; TOT M.. A/H (IN!:) 

S T r~ N n (.) r~ n D r:: t) I A r I (J N I") r: (.) N ION ... C I~ T r (J N B I'·') I. r~ NCr:: 

LAIHlI~(.'d (l1~Y PI·I 
FIELD , •. lr)TEr< rLMP[f~("ITlJl?[ 

CALClIl.ATED DJ['fi(lL.VED G(1l.rnr' 
81.11'1 OF (JI~]S, CONBrITU[NT 

L.AB t'Pr.C.CClIHI. (rlJc/",mllW!:)/CN) 

F'AI~MIr:TF.R 
TFMP[RATllREy A]R (C) 
FIELO PH 
A I..IJ lH N Ul'1 I n Hlt' (M G / l. ... M. ) 
B I L~} r:: f< , D T )3 ::3 (N IJ I! MJ I') G ) 
B 0 IW N I II HW (I'I GIl. (-\ r; rn 
CADMTUM,DISS(NG/L (,)8 CD) 
C H IW t1 I LIN I n Hit) n'w I l. ... C ro 
r;()ppr::r~)DXHfJ (NOlL ('l~J ell) 
MOL. YBDENUM I fll GS (MG/t.·"MO) 
L.CAD,DISS (MOIL AS PB) 

I}(·)LI.JF 
._7 

" . 
l.96 
<.02 
<.O()~~ 

.59 
,004 

<.002 
<.oo:~ 
<: • o:~ 
{,04 

., (I"I1~l. HM\nN[~W ?it, c(.)(~o~~ 
r 0 .,. (.) L ;) 1..1\ I') L 1: N :r T Y (.) B C () G (] ,3 

t) (1 n I U 1'1 (.) n t~ (} I:: F' T JON F: {-)·f J 0 
RYlNAR UTABtl.ITY tNDrx 

I.. (.) N G L. 1. E I~ ~\ (.\ T L11,: (.) T r (11-1 ii,' 1"1 E X 

Pr.)r~ r·) NE TC r:: 
CNDUCll..JY I F·' U.D lHCIWI'iI·I/.W 
{:)/.I\r·)L r N f TY ) FL (I (M.\ CM;rU) 
GTR01H nll~ ~ In F: t, (MG IL. ... m~ ) 
T r r t·) Pi I IJ /·1 D r f) ( /'I 0 / L (.) ~3 T t ) 
VANAV J 1I111 n J ~H, (l'iO/L. (.It:; \}) 
ZINC,OTSS (MG/L (,)8 IN) 
7. J r, c CJI~ J LI PI n 1 E ( l'iO I l. 7.1<) 
L I Ti·' T 1)1'1;10 Eli:> (1'1011.. MJ U:) 
NICI\U.I nHH, <l1Fi/l. (.)t, IH) 
(.)I~nENtC)OT~3n(IJG/L (.)~: AS) 

6.E!9 

41 .09 
·~~8~~ > j.4 

(\ • F} ~ 
? ~~ I-I~:j 

0+::\1 

~);()Ll.IE 

{'C"} • 
31.0.4 

<,OOj 
<.()()l 

,OO? 
<.004 
,O~9 

<.01 
<: • 1. 

REM ARK S: PH R It:; E S I;: A F' r n l. YON M 1 HIlH.: A l~ L >'.: NOH ~~ B T Mn' r: (H..: S MEL L * 
I .. .rTTLE EnTTERIWOT GEOTI'IErm(')L M;:EA * OPEN HOLE pr~fJ[I lON[ :U)t···42~J rr 
P R 111 (.) ,n Fl.O tlW AT::! 8:?, 2 <j' () I !. () ~j ~ ;?; 4 5, -4 06 ... 4 0 fj F T )/; H (-\ J NFl. (} kl 4 () (, ... 4 0 Ii' F T l!< 

I.. A In F IJ N (.) fJ r L3 S M GIL G T V U.: , 466 f.> HHl () »: 
E x P LAN A T I (I N ; N G / L. :!' ~1T l. L I G RAM S r' [.: r, l. J n:: Ix, 1I GIl. := N I C I~ 0 G I~ (.) 11 S P l:: Ii: l. n Eli:, M [(U t. ... 
MIlLYf::OlJlt)[I..ENTfJ PEl;: lTTr::r~. Fr c:' FEET, MT "" NETElW. (N)::: 11[M)IJI~L\), ([) :: 
E S ,. j MAT r. [I , (Ii:) "" R F: F' (1 rn En. T Ii: ""~ l (I HIt. Ii: [ C (ll) F: R (.) n u·: • TOT ".: T fJ T (.ll. • 

OTHr~f~ AW'IIL(.)(ILE DATA 
OT m::R r I L f. NlH~IlEfW: 

PR(}JECT~ 

!,JI AT 

LMH t::DIT DfHl"::: 2S···rl::n··£H 
PROCESSrNG PROGRAM! F1J30P V2 (8/9/80) 

F'r~i~Gr::NT H[O/L 
CA I'tG N(-\ 

9 :~ 86 

NOTE: 

(F€Jr< 
K 
t 

prpr:r< PLOT) 
Cl. GCl4 I1CO~ 
14 0 81 

OTHER 

I 

I 
t 



MONTANA l'Hmr.AlI OF 111 HEB M·HI Cr:OLO(3Y 
H IJ r T E , WJN T Ml A !';i </ '7 0 1 ( 4 0 (, ) 'I ? (, ... 4 HH 

W(.ITEI~ OU(.Il.lTY AlML.YCJS 
U~B Nf). IJOO~Uj24 

STATE 
I.. AT '[ TIJ (I[···I.n NO t TunE 

urN CO(Jr~nTNATE~'; 
T DPfJrJ'~(.)P'" Y C MI'·)P 
G F.: (1 l. 0(.; J C S [l tll~ C F: 
rtR.r~TNA(JE Hr·)f3tN 

AGENCY + t\M1F'L.EI~ 
HOTTLE NIJMBEI~ 

DATE SAMPL.F:n 
TINE t:(·)MF'Lr::n 

LAr: .,. (.INM. Y~n 
DATE (~NM. Y7.r::n 

SAM F' L. E HAN rtL. J N G 
MF.THfJO fJANPf..[!') 

WATEf< USE 

~3 (""1.. 

COUNTY 
~H r E L (J C I~ n (l N 

MOMG BITE 
S T (.)',"£0 N t It * GMlF'l.t=. t)Olll~cr·: 

L MID r.\ IJ n f (~ eEl-) L T t T fJ l'I f~ 
nUBH\INEn YTEl.n 

Y T FL [I N[M3 METHO(l 
T n T(.ll. 1'1 [=: P THO Fl.' ELl. 

(.) nOVE ( ... ) (JI~ O[LOlJ OS 
CA!3), NG n J (.) 1·1 E TEI~ 

CMHNG TYPE 
COMPl.ETION TYPE 

F'ERFf..lf-':I~T [ON TN rFf~VI·)L 

l.AKE 
:?;?N 2:HJ ::~9 BI··)[lt:t 
L.n .. ·141 
4/:Jn::~~?114,)41?01 
"'El. L. 

27:=:;0, F r < 1.0 
'J~iO (0 GPM 

BlJf:KEf/S'rOPWATCH 
~i '1 ({ < F T (11) 

FLOI .•. I t NG 
l' J N <1'1) 

ST[EI.. 
10* 
216 I'D 5?H FT 

SMlF'L. J NG G 1 T E 1'1 BrIG ~lE(). TE G r 1t' ELL. :J} 1 >.~ c: MH" AmlA A I~E~) 
G[OLOfHC ~j()IJ'~CE PlnCHMW r:fJl~H(.) rum or~ ~3L(·HF: 

CALC tUM (CA) 
MAGNES 1 Wi (M(:~) 
SOtti:IJM (N(·) 

MG/l. 
l? f) 
2.4 

L~7 • 
'7 '1 

MUUL. 
0,1.>:3 
o. ::.>0 
.',' to· .') 
.J + ,J ,,,-

MOIL m:cuL. 
(l ICAF:«ON;~ J'E ( He 0 :~< ) 343. !"j <- \() ~ 

CAI'\HONATE (CO?) () . 
C H L I) I~ T .0 f. (CL) ~~ ~~; • ;7; t.00 

(n04) .7 0.0:l O. Ot~ t~ lit. F (:1 T E \.1 .. ... ~ 

,11. 0·,01 N Ill;:ATF.: ( () rJ N) .O:.W 0,00 F' 0 lAS [, III 11 ( K ) 
IRON (FE) 
M{~NFiANESr: (I'IN) 
STL tCA UHO?) 

.Oll 0(00 Fl.lIClI~ I nE ( r ) '1.'2<1 0, ;~3 

::S5. ~~ PHfJ!3F'HATE TOT ( (~n P) 

TOT M. C(.\ T I aNt; TOTM. ANJONG 

S TAN (l A J~ U n r:: v I (.) r r (j N (] F i'-l N t (J N ... C (~T '( fJ N [l I~ I.. (.) NCr:: UHGMA) 

LAn ('I I;: A T 0 I~ Y F' H 
F I r~L D W (.) T r::1~ r E NPE I-':(~ ru'~r:: 

CALCLlL.ATED f1HWDL. VED SOL J nt, 
81m OF n I ~HJ> CONS'!' r TIJENT 

L. A H B F' E C • C (1 N n. (11 I C r, ClI'1 H (l t~ I eM) 

F'Ar~(·)Nr::Tr:::R 
TfMPEr~ATURr::Y AJf~ (C) 
FJ.EI.O PH 
A I.. U 11 )' N lHf I n J H G (H GIL. ... A L. ) 
S I L I) I':: H 1 IH ~.; S (rl (') I L MJ A G ) 
B 0 r~ 0 N ,It ] S G (H GIl. f.\t- rn 
CADl1tUM}(lr~JB(N(J/L (·)fJ cn) 
C H rw M JlHh JI J G S (M GIL. ... C I;: ) 
COPPEri'} Ii UW (NOll. MJ ell) 
MOL Y n D r: N lJ M ~ n :r rw ( ~I GIL. .~ ~w ) 
LeAD/OIBS (MOIL MJ Pf.,!) 

o. :~:l 
43.7 C 

'3(')0. o~~ 
~;64 • O~ 
t)~jt:i.6 

\}(.) LIt F. 
10.0 
7.99 
<.03 
<:,oo::! 

+ ~.i5 
<: • OO~!, 
<.002 
<.oo:? 
<: • () ~~ 
<.04 

'1 OTAl. H('\f~nNEt~B (Ii) 
'fOTAl (.)lKM. tN'crY lIS 

S (I n J lIl1 (.'1 n ~~ 0 I~ F' T J (1 I~ 
IH 7. N M< S r !'HI I L 1: r Y 

l. (.\ N G l. I F:I~ ~~ {-I T 1I r;: A T J UN. 

eAr~ANr::TFR 

c ?l(~O::' 
CAC03 
I'\:(i T J (l 
INDf.X 
INrtEX 

CN1Hl(;TVY IF H.l.l'I tH CI\011I-1Cl~, 
A L K M. HI I T Y ) ,... L n (M3 C {) C (J ::~ ) 
[; TF'W lH J liN, n I S t~ (~W It. - t~ I~ ) 
T t TMltIJli D If)( NOlI. M3 rr) 
VA N (.\ [n tlI11 n HH~ ( l'W I l. At, ~J) 
l. '[ N C ~ (I HW ( M G J L A ~~ Z N ) 
7.rr~CONr1ll1 lHS(MG/t. zin 
L t T H t IJ M ;' n T!3 B ( I'lO J L M3 L J ) 
NICKEl., l'tH,t~ 01G/t. At! NJ) 
«)fWENIC,lHSB(IJO/L I·H) l'IS) 

6.86 

41.!.4 
201..32 

0.60 
? • ()9 
O. '2 t, 

V r~Ll.J F 
td:!. • 
291..,.0 

• :? 6 
<,00.1. 
<.001 

,Ott 
<.()04 

.059 
<.0.1. 

.8 

r< F.'MM~KS t PH IH BES RAP J Dl. Y ON l.JI TlHH;:Al~L * NO H~! [\ SrlELL (lR l' ?\tnt:: :« 
I.. fTTLE IH TTERlwor GEfJTHEIH1Al AREA * DRAW HOI.I:: prw[t lONE ;!t.) 1"'~-;7B FT 
F'R J.lMRY ZONES (.\ T ?E13 r 290 ~ 30!5 v 345, 40(:'·~40<J t ~i70·"~:i7B :« 

L{)Ot FIJ NA OF 134 MOIL GIVES3 .!H:J ntIJM(~ * 
EXF'U~NATJ(lN: MG/L:::: WfLLH1F~AMt) PEl;: l.JT[r~~ UG/l. :: W(CF:OGr'(AMt~ r·F.f~ l.J'rER, I'lUUL .-
MIL L r E () IH I) E I.. E N n; p [ f~ LIT E Ih F T '<'! FEr:: rIM T .':'1 N r:: T E R ~J, ( 11) ~." M r.:: A!3 U n E (I J ( r::) ::: 
E8THMTEflI (I~) "" REPORTf:n. n~ '" TOTAL I~E(;(lVEI~(.IBLE( TOT "': TOTAl.. 

OW "'t~ ~3~~ ~Jt OW PI,J AT OHlER 
OTHER AVAILABLE DATA 
OTHER FrLE NUMBERS: 

COGT: 
BYt 

F'f~ I NTEfI: 

P [f< C EN T 11 E (U l ( F 0 r~ r r. PER r UJT ) 
CA MG N(.\ K CL B(l4 11803 

9 J 85 t 14 0 A1 

NOT E i INC (1 I~ R r::: SF' (11m n~ c E ~ P L EM; f: r, E FER T (1 LAn N l! tili E I~ : 

fP *Cl.G 
07"'AUG'~({ :I 

00Q2024 
I 
! 
I. 

1/ 



,~nN I (~i~A f'lJI<EAIJ OF I'IJNF:., {IN)) GEOUHjY 
BlJlH,l'lOHTAI'IA ~9i'Ol (4<)6)4<J6··<l101 

';1;itR ,JtJALtlY (4NALY~).1!-; 
l ;1 /"1 N (). .0 11.10 0 1 0 

COUNTY 
~).nr l.Or.~HlnN 

HBMC ~; I TF.: 
~) rAT I ON Tn * S M1 F' L r:: !)O U I~ C [ 

L.AND SIIRFflCE AI.. T I TunE 
SIJSTAIN[]) YIEI.D 

YIF.lT.l fIrM,), M[THIHr 
TOTAl. DEPTH OF WELL 

A f'J 0 V r. ( •. ) 0 R )H': I .. 0 W tJ ~ 
CA~lNf:i J)lAM/:l"El~ 

CMiHIO TYPE 
COMPLETION TYPE 

PERFOfM T I ON 1 N n:RVAl. 

STATE MONTANA 
l A TIn IJ) r. .. L. 0 N G I T tJ n E ., 7 D J 0 I 05 • N 1 1 4 D =~ 3 I 4:1 • W 

UH! COOfWINIHfn Zl1 N52U07~0 r::(/~1 ?B~j 
TopaORAPHIC MAP HOT SPRrNG~ HE 7 1/2' 
GEOLOGIC SOURCE 400rRcDt1126RAV~ 

DRAINAGE BABIN PL 
AGENCY t SMfPI.EI~ HDMB*.J.JD 

BOTTLE NUMBER LDTEST 
DATt: !)Mlr'.ED 15-.JAN~·fJl 
TIME HAMPl.f.D 16: 00 IHWRB 

LAB f ANAI.Y~T HUM6*FNA 
DATE ANALYZf.D 16-APR-Sl 

SAMPLE HANDLING 3120 
METHOD OAHPLED GRAB 

WATfR USE RESEARCH 
SAI1PI.ING SITE HlIMB ()~OT"FwRHAt TEST WELL f.l *t:AMPACWA 

Gf.OL.()OlC SOURCE PRICHARD r:OHNATION OR SUHE 

CAL.CIUM (CA) 
HAGNr::SXUI1 CMf) 
SODIUM eNA) 

. POTABSIlJH (10 
IRON (FE) 
HANtMNt:SE (HN) 
SILICA (S102) 

"GIL HFf1/L 
15.5 O."!7 
2.0 0.23 

,129. 5.61 
3.0 0.10 

.16 0.01 

.050 0.00 
J,~. a 

DICARDONATE 
CARI30NA1E 
CHLORIDE 
SIJI.FATE 
NI TRI:TE 
Fl UORI DL 
PHOSPHATE: TOT 

(HC03) 
(CO~) 

(CL) 
(S04) 

(AS N) 
(r) 

(M, P) 

QTAL CATIONS 6.72 TOTAL ANIONS 

HOARD DEVIATION OF ANION··CATION DAL.ANCr. (HIOI1A) 

. 'LABORAtORY PH 0.32 
IEL.D WATf.R Tf.HPf.RAl'URE: 42.7 C 

ATED DISSOLVED SOLIDS 405.72 
OF DISS. CONSTITUENT 560.59 

.C.CONU.(HICROHHOO/CH) 663.9 
A,.tETER VALlIE 

lOTAl HARDNf:f>S AB 
TOTAl. ALKALINITY An 

SODIUM ADSDRPTION 
RY7.NAR STADH.ITY 

LANBlIER SATURATION 

:; (~IHI E'~ S 
):' N ~ JW .2 <) [J /1 rr (, 

4 7 J (1 0 5 11 4 3:~ .., :i 0'1 
kI E 1.1. 

?750. FT -( 1.0 
uoo. "PM 

lHJCK[T /" . ,1P~JA"fCH 
t()02. rr (11) 

··'}.6.6 FT eM) 
6 IN eH) , 

~H(~F.L . 
rot 
2M; TO 

E, AIR (e) -5. 
,FLDCAB CACOJ) 277.2 

ISS (MG/L AS HI) .01 
8 (MOIL AS PS) <.04 
H,DISS (HG/l-SR) .35 

lUM DISCHO/L AS T1) <tOOl 
DIUH,DISS(HG/L AS V) <.001 
,DISS (MOIL AS ZN) .034 
ONIUM nIS(HGII~ ZR) <.004 

PIIlMMr:: T F.R 
FIELD PH 
Al.lJMINI1HI DIns (HG/L-'AL) 
SILVER~J)I9!) (HB/t AS AB) 
:aORON , D r~;n (MG/L f)S B) 
CADHIUH,DlSSCHG/L AS CD) 
CHROMIUM, In:ss UiG/l.-·CR) 
COf'PElb DIS!) <liG/t AS elJ) 
L.ITH!tJM,JH!HHHG/l AS (1) 
MOL YBDF.:NIJ11, DISH (MG/I."MO) 

IC,DISS(UO/L AS AS) ~>6 

REKARKS: r;'-f~AR WATER -OJ)ORI_ES~ .• "ASTELI~f;G * 
SAMPL.E COMPOSITE: FROM Al.L PRODUCING IONes IN Tnn WELL. * 

EXPLANATION: MG/I. D Hll.1.1BRAHS f'r::I~ll TEr<~ 'JG/I. :: lHcr<OGRAMS PER LITElh IiErJ/L 
HILl.H:OtJIVr.u.:t-ns Pf.R LITER. FT:: FEf.T, tiT:: NETFIW. (11) -= Nl~ASlJRf.f)1 (f.) = 
EST 1 HAT E T.' , ( R) :: R r~ f' 0 RTF.: D • T R :: TOT A L f-: F.: C 0 V ERA B L r:: • 1 0 1 :: TOT A L • 

a W LM S 2 W I 0 ~J P W A T () HI F. R 
OTHER AVAIl.AJH.f. DATA 
OTHER FlU:: NIJHBE"R5: 

PROJECT: COST: 
n. '( : r r :~ C l G lAST EDIT DATf.: OS-MAY-8t 

PROCES~ING PROGRAM: r17JOP V2 (0/9/80) PRINTED: 05··I1"'Y··01 

"":~ . - . 
PERce':NT Mr aiL 

CA MO NA 
11 J OJ 

IN r,OR RE!1f' ONl)ENCr., PI. E A f;E 

( F n R P r p [f~ r t. (j T ' 
K C L !) 0 4 H U; ~ 
1 1 -1 () 76 

REF I: F, T 0 L t"iJ.I N I J M JH~ R : fI t {W (J t () 

1 , 

I 



hnNrflNil BlJr~FAIJ or MINf':", MIT. 1 (in;l()I;Y 
B (J 1 r r , ~! n N T ?I N .) ~j \) i' () 1 ( "I () /) ) "l <} 6· 'l.1 () 1 

W A T U, CJ lJ A I.. II Y A1U\ L Y ~; t s 
l.M< NO. 80n~)1~3 

!;(.\NDF:RS STATE 
.f 'r IJ)"1 E··' L [) N r, J T tJ D F. 
U T 1'\ C n fJ R DIN A T I:. r; 
TOP()nl~APHIC MAP 
CJF()I .. DI)lr :;o()r~rF: 

r;OIJ/H Y 
:") J r F L n C fH ION 

MBMG [)l H. 
!)TATION In * ~iMH-'U: f>fJ(mC[ 

L () N [I !W R F ACE (\ I. rr T\ JD r: 

? :2 N ? .j I..) )? A C B f< 
r.B·-:n 
4 J ;) n ::> 8 1 .1 4 :~ -1 1 {) 0 1 
(<JEL/. 

[I R fH N, fI M; 1 N 
)74J. FT <: 10 

AGENCY + .. ,AMrl.r:f~ 
BOrTL.r. NtJMf.iF.R 

[f A 'r r.: SAM F' L F. 1) 
T HtF ~;MlrL[D 

LAB + ANALYST 
DA TE AN()L. Yl[{1 

SAMP'I.F. HANI)1. I NO 

S (J f) TIll NE D Y H: 1..1.1 
YIELD Nf.M; MC'::HIOJ) 

TOTAL Lln'TIi or: WELl. 

1 U,. (;PM 
~Jf. J R 

:244. fT (Ii!) 
ABOI)E ( •. ) Of< BEL.OW OS 

CASINr; DIAMETEH 
CMiING TYPE 

COMf'Lf~l ION l'YN: 

.~!') • 4 F T (M) 
-1 IN (R) . 

MF.THOD GANF'I .. r:fI 
WATER IJSE 

F' r. f< :: [) /( A 1" I (J N r N T E f~ I) A L 

SA11Pl.I NO G r 1"1:: CANF'I'~I.WA· :·II1T WELL. :t. HOT SF'R I NOS MT 
GEOI..OGIC SOLIRCE 

MG/I. MF.:(l/I. 
CAI..CXtJM (CA) }.2 () • 1 ,t) iH CAr;: BONA JT ( Hco:n 
MAGNESIUM (HG) • ;3 0.02 CARBONATE (C03) 

SODIUM (NA) 1 :j2 • ,~. 61 CHl.ORIPE (el) 

F' 0 1"(~ s n I IJ M (K) 4.0 0.10 SlJI-FflTF. (1=)04) 

IRON (FE) • 17 0.01 N I TI~ATE (ASN) 

MANGflNF.SF. (HN) .o.tO o.()() FLlJORID[ (F) 

SILICA (SI02) 42.2 PIWSF'HATf. TlH eM:; P) 

TOTAl.. CATIONS 
-" TOTAL AN 1 ONf; 6.91 

n ITf.L 
01* 

MG/L 
:U)l. 

o. 
:1::>.5 

4.1 
.01 

:l.S' 

MF.:O/L 
5.92 

0.92 
0.09 
0.00 
0.21 

7.12 

STANDARD r.1J;::V r ATJ: ON OF AN r ON-'CAT r ON f.IAl.ANCE (flH)MA) 1·,04 

l A 13 fJ I~ A T 0 H Yr·' H 11 • (,!'J 
Flf.L.fr IJfHfR TEl1PERATtJRf. ~j?.O C 

.t-~7~~:\C(J'-ATr:.]) nIf>GOI.VF::D G()LIT.lS 420.22 
(:SUM OF DIsn. CONSTI"ftJENT {)O,L 19 
~,,/ f; P £ C • r; 0 N I). (M I C ROM H 0 SIC M ) 6 9!) • () 

F'A'~ MIET ER I)AI..UF. 
'j" EMF' ERA T IJ R [, A IF, (r;) 1 2 • 
\lKAlINITY,FL.D(AS CACOJ) 292.8 
;TRONTIIJHrTnSS (MG/I.-Srn dO 
TI TAN J: tJ 11 J:J J. S ( 1'1 G I I.. M; T r ) • 0 0 7 
\}ANAIHtJM,T.lISSOIG/L Ar; V) .008 
::TNC ,DE,S (NOlI .. An ZN) <.0(1) 
~IRCONlIJ11 [lI!HMG/L lfO .014 
.ITHllJMdHSS(MG/I.. AS 1.1> .087 
nGKF.:/.,ynss (MG/L AS NI) .03 
iF SF.: N J C , T R (I Jf3 I L M) M» <: • 1 

TOTAL HMHlNJ:.SH (-lB CACfJ~~ 
TO 1(,\ L A l. K A L. r N r T Y AS C A C 0 .1 

BOTHIJl1 {\))fiORPTION RATIO 
RYZNAR STARIt.rTY INDEX 

LANGI. I F.:R f>ATIJRAT ION I/·mEX 

PARANETER 
FIF:LD PH 
A/ .. !1MT.NtJH, nnw (MG/L.-AL) 
s .t L V [ R ,))I S ~~ (11 G I I. A nAG ) 
B [) R n N , 1) r :) :, (M GIL. foH1 B) 
CANtIlJ11,J.lH;S(MG/I. AS CD) 
CHR011!lJl1, nrsn (MG/L-CR> 
GOPF'F.R,DJ:SS (11B//. AU ell) 
MOl .. YF.: 1.1 r:. N IH1 , DIS S ( M G / I. - H n ) 
L F. A [I ,T.II S S 018 I l. ASP f.: ) 

9.23 
::>9{).08 

:?1. .78 
0.40 
0.13 

VAL.IJE 
8.44 

.09 

.012 

.64 
<.002 

.006 

.011 

.03 
• 11 

:fMnRKS: &,IATER J.IE(;rl!if;r::s VHJLF.:NTI.Y !Jr"ON HMfPLHW * un. ~1. BY VOLlJl11: (,M; t 
WA1'ER HAS H7S AND IRON TASTE * 
FI OIJ TF~ST f-,. ~ HOliRS AFH.r~ V(41:.V[ OF'F..NET.I * 

L.An: fn'dJl1H![ NOT DETEe lTD * 
XPI_p.tJATION: MG/I..::. NILJ..Tfjl\.'AMS PER L.tl[F~, fJB/L ~- l~ll':r~fJr;r~AM~j Ft[f\ -LITE.f~, MI~P/1. :-
II.l..U:ClIJJV:::U:NT~) F'[I~ L.ITEl? FT::: n:Fr, Mf·-:: NF.TFfW. (M)::: MEM)IJ,:;:[J), ([) :::: 
S l :c MAT E f.I, (R) :::: R F.: P () r~ T.-J) • l R :: 'r 0 T () L f, E r, 0 v [R () B I. E • T (j T ""' 'r () T M. • 

OW WA S? WI ow rw AT tiTHER 
THER AVAIlAnL.r DATA 
THER F TI. F: NIHiBERS: 

F' .' 0 . J [ C T : COST: 
BY: TP ;:CCLG LAS'J F n Jl DAn: t <) (j. M'l< - 81 

FilCFSS T Nfl PROGr,AM: f" 11'~or' V:~ (fJ/9/80) F' r~ 1 NT [ J) : 0 I,·· A r' R - R 1 

F"F'f\'C::NT MfO/l 
CA Mr, NA 

2 0 'l~ 

( F 0 :-\' F' J F' F R F' I .. 0 T ) 
K r,L :>04 f1r.:03 
1 '.::> 1 83 

J H; T N C n f,' t': I~ S F' n N nF': N r f. F' I J (\fi F: F~ r. F F f~ TO L A fI N I HI B F.: R : Ii 0 t12 7 2 3 


