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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED WATER-QUALITY UNITS--Continued

Sea level: 1In this report, "sea level” refers to the National Geodetic Vertical
Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general adjustment
of the first-order level nets of both the United States and Canada, formerly
called Sea Level Datum of 1929.

Abbreviated water-quality units used in this report:
ug/L  micrograms per liter

uS/cm microsiemens per centimeter at 25 °C
mg/L milligrams per liter



RECONNAISSANCE OF GEOLOGY AND WATER RESOURCES ALONG THE NORTH FLANK OF
THE SWEET GRASS HILLS, NORTH-CENTRAL MONTANA

By L.K. Tuck

ABSTRACT

Stratigraphic units of Mississippian through Holocene age crop out
along the north flank of the Sweet Grass Hills in north-central Montana.
Emplacement of Tertiary igneous rocks has caused uplift and structural
deformation of consolidated rocks.

Two unconsolidated and two consolidated aquifers are sources of water
in the area. Unconsolidated aquifers are Holocene alluvium and Quater-
nary interstratified sand and gravel in glacial deposits. Consolidated
aquifers are the Upper Cretaceous Judith River Formation and the Upper
Cretaceous Virgelle Sandstone Member of the Eagle Sandstone.

Water in the alluvium moves downstream, sub-parallel to stream chan-
nels. Recharge is through infiltration of precipitation, streamflow,
irrigation-return flow, stored surface water, and subsurface inflow from
glacial deposits. Discharge is through seepage to streams, withdrawals
from wells, flow of springs and seeps, evapotranspiration, and subsurface
outflow to underlying geologic units. One water sample had a dissolved-
solids concentration of 439 milligrams per liter and was a calcium bicar-
bonate type water.

Water in the interstratified sand and gravel generally moves from
south to north. Transmissivity was estimated to be 900 feet squared per

day. Recharge 1is probably through infiltration of precipitation and
stored surface water, and from subsurface inflow from overlying Quater-
nary deposits and underlying geologic units. Discharge is through

withdrawals from wells (70 acre-feet per year), flow of springs and
seeps, and possible subsurface outflow to other geologic units. The
dissolved-solids concentration ranged from 154 to 1,600 milligrams per
liter and the water ranged from a calcium bicarbonate to a sodium bicar-
bonate type. Water quality is marginal for domestic use but generally
suitable for 1livestock watering. Irrigation is probably the least
feasible use, because the water has large sodium concentrations.

Water in the Judith River Formation probably flows from the outcrop
ared, following the dip of the formation to the northeast and southeast.
Recharge is through infiltration of precipitation on outcrops and in some
subcrop areas, infiltration of streamflow across outcrops, and possible
subsurface inflow from other geologic units. Discharge is through with-
drawals from wells, flow of springs and seeps, evapotranspiration 1in
recharge areas, and possible subsurface outflow to other geologic units.
One water sample had a dissolved-solids concentration of 855 milligrams
per liter and was a sodium bicarbonate type water.

Water in the Virgelle Sandstone Member generally flows from recharge
areas downdip in northerly directions. Estimated transmissivity ranged
from 200 to 3,700 feet squared per day. Recharge, estimated to be 3,280-
5,790 acre~feet per year, 1is through infiltration of precipitation on
outcrops and in some subcrop areas, infiltration of streamflow across
outcrops, and possible subsurface inflow from other geologic units.
Discharge, estimated to be about 157 acre-feet per year, is through with-
drawals from wells, flow of springs and seeps, and subsurface outflow to
other geologic units. Flow within the aquifer across the study-area
boundary was about 4,490 acre-feet per vyear. The dissolved-solids
concentration ranged from 213 to 1,360 milligrams per 1liter, and the
water was generally a calcium bicarbonate type. Near the recharge area,
water quality is mostly adequate for domestic and livestock watering and
marginal for irrigation. Downgradient, the quality is marginal for
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domestic and adequate for livestock-watering purposes. Irrigation might
be precluded because of salinity and sodium hazards.

Increased development of water from the alluvium, the interstratified
sand and gravel aquifer, and the Judith River Formation for irrigation
purposes might be 1limited by local geologic and hydrologic character-
istics and water quality. Water from the Virgelle Sandstone Member might
be the only ground-water resource feasible for increased development.
However, water quality could limit its development.

The principal surface-water resources are Miners Coulee, Breed Creek,
and Bear Gulch and their tributaries. Low-flow measurements indicate
that streamflow gains were due to seepage and irrigation-return flow from
alluvium, and possibly from areas where the Virgelle Sandstone Member 1is
saturated. Streamflow losses were due to evapotranspiration or recharge
to the alluvium and the Virgelle. Chemical analyses of three samples
from the creeks indicated a range in dissolved-solids concentration of
241 to 774 milligrams per liter, and a sodium bicarbonate to <calcium
bicarbonate type water.

INTRODUCTION

Several small tributaries of the Milk River originate in the Sweet Grass Hills
in north-central Montana and flow northward into Canada (fig. 1). Increasing
surface-water use, impoundment of these southern tributaries of the Milk River, and
recent drought conditions have resulted in concern about streamflow apportionment
by wusers in the United States and Canada, who depend on this intermittent water
source for livestock and irrigation purposes.

The Boundary Waters Treaty of 1909 delimited requirements for the division of
water in the Milk River basin. The International Joint Commission Order of 1921
further clarified water appropriations for the Milk River basin. The waters of the
eastern and northern tributaries of the Milk River were divided equally between the
two countries; however, waters of the southern tributaries of the Milk River were
never apportioned.

In 1984, the International Joint Commission established a task force to
investigate water-use concerns in the drainage area of the southern tributaries and
to develop solutions to streamflow-supply problems. The proposed solution was to
be an alternative to formal apportionment. One proposal of the task force was to
increase development of ground-water supplies to alleviate the increasing water-
supply shortages in the Sweet Grass Hills area. To effectively examine the
potential of this proposal, an understanding of the geoclogy and water resources of
the Sweet Grass Hills area was needed. Consequently, the U.S. Geological Survey
(USGS), 1in cooperation with the Montana Bureau of Mines and Geology, completed a
reconnaissance study from 1988 to 1992 to obtain additional information to meet
this need.

Purpose and Scope

This report describes the geology and water resources along the north flank of
the Sweet Grass Hills. 1In terms of geology, the report describes the stratigraphy
and structure of geologic units. In terms of water resources, the report describes
the extent, hydraulic characteristics and interconnection, and water quality of
four principal aquifers; the potential for increased ground-water development; and
the availability, magnitude, and chemical quality of streamflow.

The geology and water resources of the Sweet Grass Hills area were assessed and
characterized from existing data and from data collected during the study.
Pertinent geologic information was revised after additional reconnaissance geologic
and photogeologic mapping. Ground-water resources were assessed by an inventory of
selected wells and springs, specific-capacity tests and pressure-recovery aquifer



112° e
T T

“Stud
aréa

S,

MONTANA

HILL €O

490 |CANADA - ALBERTA ®j [ S—
UNITED MONTANA 3 VI~ &= ice
STATES ’!ﬁ A\ - o
g suyBURsT K
EXPLANATION alo Sunburs?./ -8E
E o H N i 1
CHESTER @ WEATHER STATION AND NAME 8 P e i I
L
06137580 4 STREAMFLOW-GAGING STATION 3 7 ( area ‘ | ol
AND NUMBER | ; RN °
! > 2|8 2 b '):l
5 QI \\g; a
e - '9|§ k ’
- p | CHESTER

// \\" ‘I\, |
- | §£ | Chesﬁ. J
] N~

yd N

e T

// 0 10 20 30 40 MILES |

e 0 10 20 30 40 KILOMETERS |

7 {

7
g |

6/ _ _ CANADA iiers'
O‘f }?UN|TED STATES 9 T

GOLD
SO L
4 S \Fred%, and Sz

/_/ "' }“‘
George Gas S .

49°

&

"'{;"'/;.é-x..l_/;e‘ \ \

o(
\ lat Coulee \\
.. 5as ond Qil

/;j.. .

ra

SRy and-Oil Fiel / 7“'
Q,sea Sw% \1 lfl

\Ws
GR 4

?
(g MIDDLE BUTTE

6 512

”

06137580

&

MOUNT LEBANON

5,807
EAST BUTTE ~—-"

O N
—

TOOLE COUNTY
LIBERTY COUNTY

-

e

2 3 4 5 MILES
Base modified from U.S. Geological Survey
Shelby quadrangle, 1: 250,000, 1954, Q | 2 3 4 5KILOMETERS

limited revision, 1967

.;m
2
=
°

o

CONTOUR INTERVAL 1,000 FEET
DATUM IS SEA LEVEL

Figure 1.--Location and selected geographic features of the study area.

3



tests, and water-level monitoring. Streamflow resources were assessed by discharge
measurements at various times including periods of low flow. In addition, water
samples from selected wells and streamflow sSites were analyzed for chemical

quality.

Geography of the Area

The Sweet Grass Hills are three prominent buttes and smaller hills that form an
arc near the United States-Canada border in northern Toole and Liberty Counties in
north-central Montana (fig. 1). The study area encompasses about 230 mi? of the
Milk River sub-basins of Miners Coulee, Breed Creek, and Bear Gulch. The northern
edge of the study area is the international boundary between the State of Montana
and the Province of Alberta, Canada.

Several communities are 1located in and near the study area. Whitlash
(unincorporated) serves local residents with a community hall, church, one-room
school, and post office. Shelby (population 2,763) and Chester (population 942),
located about 30 mi southwest and southeast, respectively, are the largest towns
serving as county seats and business hubs (population data from U.S. Bureau of the
Census 1990 decennial census files).

Industry in this part of north-central Montana is largely agricultural, with
about 90 percent of the land being used for this purpose (Water Resources Survey
Board, 1969). 0il and gas production became an important industry in the 1920’s,
when these resources were discovered and developed. However, oil production in
northern Montana generally has declined since the mid-1940’s, except for slight
increases in the 1960’s (Montana Department of Natural Resources and Conservation,
1989, p. 5).

The Sweet Grass Hills area has a semiarid continental-polar climate typical of
the northern Great Plains region. Winters are cold and dry with short periods of
sub-zero temperatures. Winter storms bring some precipitation, which is stored in
the highland areas and along protected coulees as dense snow drifts. These drifts
generally provide a source of surface water throughout the spring and early to late
summer. However, about 7 in. of the total precipitation received from November
through April probably evaporates (National Oceanic and Atmospheric Administration,
1982) . Summers are generally mild and dry, with periods of high temperatures.
Occasional afternoon thunderstorms provide most of the precipitation received in
the summer.

Weather records for the area are available from the Gold Butte 7N weather
station. Mean monthly temperatures for 1961-90 ranged from about 20 to 65 °F (fig.
2) . Mean annual temperature was 42.4 °F, with a mean minimum of 39.4 °F and a mean
maximum of 46.1 °F. Mean monthly precipitation for 1961-90 ranged from about 0.25
to 2.7 in. Mean annual precipitation was 13.03 in., with about 37 percent of this
quantity falling in May and June (National Oceanic and Atmospheric Administration,
1961-90) .

Owing to orographic effects, the Sweet Grass Hills area has a climate that
differs from that of the surrounding prairie flatlands (table 1). Temperature
records indicate more moderate extremes near the hills than at nearby weather
stations located at Cut Bank and Chester (fig. 1). Precipitation records indicate
that the area near the hills receives about 1-2 in. more precipitation than at
these stations. Furthermore, the quantity of precipitation increases with
altitude, with the summits of the buttes receiving about 7 in. more precipitation
than the Gold Butte 7N weather station (U.S. Soil Conservation Service, 1977).

Topography in the study area 1is 1largely affected by geology. The more
resistant limestone and igneous rocks form rugged, steep-sided buttes. Altitudes
are 6,983 ft at West Butte, 6,512 ft at Middle Butte, and 6,958 ft at East Butte
(fig. 1). Less resistant sandstone and shale form subdued foothills that encircle
the buttes. Igneous dikes and sills form irregular ridges and knobs. Below an
altitude of about 5,000 ft (Lemke and others, 1965, p. 18), glacial deposits impart
an undulating or hummocky surface, which is distinctive in most of the study area.
The hummocky topography becomes more subdued away from the buttes and forms con-
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Figure 2.--Mean monthly temperature and mean monthly precipitation at the Gold
Butte 7N weather station. Data from National Oceanic and Atmospheric
Administration (1961-90).

Table 1.--Annual temperature and precipitation normals for the Sweet Grass Hills
area and nearby stations, base period 1961-90!

[°F, degrees Fahrenheit]

Temperature
(°F)
Station Maxi- Mini- Precipitation
name mum mum Mean (inches)
Gold Butte 7N 55.3 29.6 42.4 13.03
Chester 56.9 27.0 41.9 10.51
Cutbank FAA AP 52.9 28.6 41.1 11.89

!Data from SNOTEL, Central Forecasting System, U.S. Department of Agriculture, Soil
Conservation Service Snow Surveys, Bozeman, Montana.

tinuous gentle slopes that merge with the generally flat surface of the surrounding
prairie.

p . Studi

Kemp and Billingsley (1921) first described and mapped the geology in the study
area. Many studies have focused on the geology of o0il and gas occurrences in the
Sweet Grass Hills and adjoining areas. Stebinger (1916) first summarized data con-
cerning possible o0il and gas resources in north-central Montana and reported that
wells had been drilled north of West Butte near a natural oil seep. Perry (1928,
1937) and Collier (1929) briefly described the geologic conditions for oil and gas
resources and exploration in and near the Sweet Grass Hills. Erdmann (1930, 1935,
1942) investigated the Sweet Grass Hills and adjacent areas to better define oil
and gas resources and the geologic structure. Other investigators include Calhoun
(1906) and Alden (1932), who briefly described the glacial geology and mapped sur-
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ficial deposits. Ross (1947) assessed fluorspar deposits and mapped the igneous
rocks without delimiting post-Mississippian rocks. Pierce and Hunt (1937) and
Smith and others (1957) mapped the geology of selected areas of Liberty County.
Truscott (1975) investigated the petrology and geochemistry of igneous rocks of
East Butte. Feltis (1980) mapped the general configuration of the top of the Mis-
sissippian Madison Group.

The hydrology of the Sweet Grass Hills area has not been comprehensively
studied. However, Levings (1982) mapped the generalized potentiometric surface of
water in the Eagle Sandstone as part of the Northern Great Plains Regional Aquifer-
System Analysis.

beri S for Well SpLi S S

A local number is used to identify the location of wells, springs, and stream
sites in this report. The local number, which is based on the rectangular system
for the subdivision of public lands (fig. 3), consists of as many as 14 characters.
The first three characters specify the township and its position north (N) of the
Montana Base Line. The next three characters specify the range and its position
east (E) of the Montana Principal Meridian. The next two characters are the sec-
tion number. The next two to four characters designate the quarter section (160-
acre tract), quarter—-quarter section (40-acre tract), quarter—-quarter-quarter sec-
tion (l0-acre tract), and quarter-quarter-quarter-quarter section (2.5-acre tract),
respectively, in which the well, spring, or stream site is located. The subdi-
visions are designated A, B, C, and D in a counterclockwise direction, beginning in
the northeast quadrant. The last two characters form a sequence number that indi-
cates the order of inventory. For example, as shown in figure 3, well
37N03E12CBDPD01 is the first well inventoried in the SE1/4 SE1/4 NW1/4 SW1/4 sec.
12, T. 37 N., R, 3 E.

Well 37NO3E/2CBDDO/

Figure 3.--System of specifying location of wells, springs, and stream sites.

6



In addition to the local number, a site number is used to identify stream sites
where discharge and water-quality data are collected and evaluated. The site num-
ber consists of three or four characters that specify the drainage basin and its
position, in downstream order, along the stream. For example, site BG-11 repre-
sents the 11th stream site along Bear Gulch.

Quality Assurance

Quality of water was determined from 29 analyses of water samples collected at
selected sites and analyzed by the Analytical Division, Montana Bureau of Mines and

Geology. Samples were collected to identify physical properties and common-
constituent and trace-element concentrations that were present in ground water and
streamflow at the time of sampling. Samples were processed and concentration

values were rounded according to standard USGS procedures (U.S. Geological Survey,
1977; Knapton, 1985).

Quality-assurance practices for the collection and analysis of ground water and
streamflow samples were those used by the Montana District of the USGS (Knapton,
1985; Knapton and Nimick, 1991). Eleven quality-assurance samples were collected:
six replicates analyzed by the Montana Bureau of Mines and Geology, one replicate
analyzed by the U.S. Geological Survey National Water Quality Laboratory in Denver,
Colo., and four field blanks!. The results of these analyses are listed in tables
11, 12, 15, and 16 at the back of the report.

Water-Quality Standards

Under the Safe Drinking Water Act of 1986, the U.S. Environmental Protection
Agency established two sets of regulations for finished (treated) drinking water:
Primary Drinking-Water Regulations and Secondary Drinking-Water Regulations (table
2). National Primary Drinking-Water Regulations are established for contaminants,
which, if present in public drinking-water supplies, might adversely affect human
health. Either a Maximum Contaminant Level (MCL) or a treatment technique is
specified for regqulated contaminants. MCL‘s are health-based and enforceable (U.S.
Environmental Protection Agency, 199l1a). Secondary Drinking-Water Regulations are
established for contaminants that can adversely affect the odor or appearance of
water and result in discontinued use of the water. These regulations specify
Secondary Maximum Contaminant Levels (SMCL’S), which are esthetically based and
nonenforceable (U.S. Environmental Protection Agency, 1991b). Both sets of
requlations may be used as water-quality guidelines for private domestic wells.

The Montana Department of Health and Environmental Sciences has established
water-quality criteria for community water systems (table 2). State criteria are
at least as stringent as U.S. Environmental Protection Agency Primary and Secondary
Drinking-Water Regulations except for cadmium.

Guidelines of water quality for livestock watering and irrigation have also
been established by the Montana Department of Health and Environmental Sciences
(table 3). Dissolved-solids concentration 1is the principal indicator of water
quality for livestock use. However, certain major ions may be more 1limiting than
the dissolved-solids concentration. Livestock can tolerate the largest quantity of
dissolved solids when the major ions are sodium and chloride, but are less tolerant
to water having large sulfate content.

1A field-blank sample is a solution free of analytes that is subjected to all as-
pects of sample collection, field processing, transportation, and laboratory
handling as a water sample.



Table 2.--Drinking-water regulations for public water supply!,?

[MCL, Maximum Contaminant Level; SMCL, Secondary Maximum Contaminant

Level; mg/L, milligrams per liter; pg/L, micrograms per liter;
--, no regulation available or not applicable]

Maximum concentration or value for indicated regulation

Equivalent
National Primary National Secondary Montana trace-element
Drinking-Water Drinking-Water drinking- concentration®

Water-quality Regulation? Regulation# water reqgu- for MCL or SMCL
characteristic (MCL) (SMCL) lations’ (kg/L)

—— Physical proparty (standard units)
pH - 6.5-8.5 - -

—  Common constituents (mg/L)
Dissolved solids -— 500 500 -—
Chloride - 250 250 -
Fluoride 4.0 2.0 4.0 -
Nitrate (as N) 10 - - -
Sulfate -— 250 250 -

Irace elements (mg/L)

Aluminum -— 0.05-0.2 - 50-200
Arsenic 0.05 = 0.05 50
Cadmium .005 - .01 5
Chromium .1 - .05 100
Copper? - 1.0 - 1,000
Iron == .3 .3 300
Manganese = .05 .05 50
Selenium .05 - .01 50
Silver -- .1 .05 100
2inc - 5.0 - 5,000

Regulations in effect as of July 30, 1992.
2Listed only for properties, common constituents, and trace elements presented in this report.
3u.s. Environmental Protection Agency (1991a).
4U.s. Environmental Protection Agency (1991b).
SRoy Wells (Water Quality Bureau, Montana Department of Health and Environmental Sciences,

oral commun.,

SThe U.S. Geological Survey reports trace-element concentrations in micrograms per liter.
7Copper is covered by an *action level® of 1.3 mg/L (U.S. Environmental Protection Agency,

1991¢c) .

Table 3.--Livestock-watering and irrigation-water-quality guidelines!

[--, not applicable]

_Livestock watering Irrigation
Concen- Concen- Concen- Concen- Guide-
tration tration tration tration line
(milli- (micro- (milli- (micro- (dimen-
grams grams grams grams sion-
Water-quality per per per per less
characteristic liter) liter) liter) liter) number)
Sodium-adsorption ratio (SAR) - - it == 5
Fluoride 2 - 15 - -
Dissolved solids (calculated) 10,000 - 1,200 - -
Arsenic .20 200 .10 100 -
Boron 5 5,000 .75 750 -
Copper .50 500 5 5,000 -
Selenium .05 50 .02 20 -
Zinc 25 25,000 10 10,000 --

IMontana Department of Health and Environmental Sciences, 1986.
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Figure 13.-~-Effect of infiltration of precipitation on water levels in wells com-
pleted in the Virgelle Sandstone Member of Eagle Sandstone, 1989-90.

Recharge to the Virgelle Sandstone Member from infiltration of streamflow
across outcrops was estimated to be about 1,650 acre-ft/yr. This component was
estimated on the basis of runoff, streamflow loss, and drainage area. Runoff for
the study area was estimated by assuming similar streamflow conditions in Miners
Coulee, Breed Creek, Bear Gulch, and Sage Creek. By wusing the 1l2-year average
streamflow of 1,940 acre-ft/yr for Sage Creek and a drainage area of about 4,650
acres (Shields and others, 1990, p. 180), the average runoff of 5 in/yr was de-
termined. The average loss of streamflow across the Virgelle outcrops was about 20
percent (as discussed in the section "Streamflow"), and the drainage area up-
gradient from the Virgelle outcrop is about 19,800 acres.

Recharge to the Virgelle Sandstone Member by possible subsurface inflow from
other geologic wunits 1is difficult to assess owing to a lack of data, but con-
tributions might be significant. Springs that issue from Tertiary 1igneous rocks
supply water for domestic and stock use in the area. Water from these igneous
rocks also might be a large source of recharge to the Virgelle in the subsurface.

Discharge from the Virgelle Sandstone Member is through withdrawals from wells,
flow of springs and seeps, and subsurface outflow to other geologic wunits. Dis-
charge from the Virgelle by withdrawals from wells is estimated to be about 109
acre~ft/yr, which includes withdrawals for secondary-recovery purposes, estimates
for domestic and livestock purposes, and estimates for continuously flowing wells.
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Discharge from the Virgelle from withdrawals for secondary recovery 1is about 76
acre-ft/yr (table 5). Domestic use was estimated using a statewide average with-
drawal rate of 78 gal/d per person (Montana Department of Natural Resources and
Conservation, 1986). Assuming about 30 people use water from wells completed in
the Virgelle, withdrawals for domestic use were about 2.6 acre-ft/yr. Withdrawals
for 1livestock watering were estimated by assuming that each of the 14 stock wells
produced 1,000 gal/d for 6 months, for a total withdrawal of about 7.8 acre-ft/yr.
This estimate could be excessive because the period of well use (6 months) might be
less. Withdrawals from continuously flowing wells were determined from measured or
estimated flow to be about 23 acre-ft/yr.

Discharge from the Virgelle Sandstone Member to springs and seeps is unknown,
but might be large. For example, a discharge of 30 gal/min was estimated for
spring 36NO2EQO9DBDAO1. Thus, the discharge from springs and seeps is at least 48
acre-ft/yr.

Discharge from the Virgelle Sandstone Member by subsurface outflow to other
geologic wunits is also unknown. However, many wells completed in the Virgelle
flow, indicating a probable upward gradient; therefore, overlying geologic units
probably receive some water discharged from the Virgelle. 1In Alberta, Phillips and
others (1986, p. 2006) used inferred and model-simulated hydraulic heads to deter-
mine that water discharges in the subsurface by upward and downward leakage.

Flow of water within the Virgelle Sandstone Member across the northern and
eastern study-area boundaries was estimated to be about 4,490 acre-ft/yr. This
flow was estimated on the basis of Darcy’s Law using a hydraulic gradient of about
0.01 ft/ft, an estimated transmissivity of 400 ft?2/d (average of aquifer tests from
wells 37NO3EO6CBD01 and 37NO3E07BBBAOl, table 7), and an effective lateral extent
(corrected for perpendicular flow) of about 1.34 x 105 ft of the Virgelle along the
study-area boundary.

Hydrologic-budget components are summarized in table 8. The difference between
total additions and total subtractions primarily is a result of unknown values or
estimation error, and probably not a result of change in aquifer storage. The dif-
ference between total additions and total subtractions from the Virgelle is largely
a result of unquantified subsurface inflow to, and outflow from, other geologic
units, and the assumption that aquifer hydraulic characteristics are constant
throughout the study area. Even though most component estimates in the hydrologic
budget are based on imprecise data, the budget is believed to approximate hydro-
logic conditions for the Virgelle Sandstone Member during this study.

For the 12 water samples that were collected from the Virgelle Sandstone Member
(table 11), the specific conductance ranged from 392 to 2,070 uS/cm, with a median
of 958 uS/cm. Values of pH ranged from 7.2 to 8.6, with a median of 7.4, which in-
dicates that the water is neutral to slightly alkaline. For pH, 11 values were 7.6
or less. Water temperature varied considerably in the study area, ranging from 7.5
to 13.0 °C. The SAR ranged from 0.2 to 18, with a median of 1.5. The dissolved-
solids concentration ranged from 213 to 1,360 mg/L, with a median of 620 mg/L.

General chemical composition of water from the Virgelle Sandstone Member was a
calcium bicarbonate or sodium bicarbonate type; one sample (well 37NO3E30BBACO1)
contained principally sodium, bicarbonate, and sulfate (fig. 11). Generally, water
was a calcium bicarbonate type near the recharge area. With distance from recharge
areas, calcium was replaced by sodium and bicarbonate remained the dominant anion.

No concentrations of analyzed constituents from the Virgelle Sandstone Member
exceeded MCL’s for drinking water. One pH value (8.6 for water in well
37NO3E15DADD01) exceeded the SMCL for drinking water. Concentrations of sulfate in
water from four wells, dissolved solids in water from six wells, iron in water from
seven wells, and manganese in water from five wells also exceeded the SMCL’'s for
drinking water (tables 11 and 12). Concentrations of dissolved solids in two
additional wells equaled the SMCL for drinking water. Water from well
37NO3E15DADD01 had a fluoride concentration that exceeded the SMCL but not the
State water-quality guideline for drinking water. Concentrations of fluoride in
water from one well and dissolved solids in water from two wells exceeded State
water—-quality guidelines for livestock watering.
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Table 8.--Estimated hydrologic budget for the Virgelle Sandstone
Member of Eagle Sandstone, 1989-90, in the study area

[est., estimate]

Budget component Acre-feet per year
Additions to the aguifer
Recharge
Infiltration of precipitation on outcrops (est.) 1,610
Infiltration of precipitation in subcrop areas (est.) 18-2,530
Infiltration of streamflow across outcrops (est.) 1,650
Subsurface inflow from other geologic units (?)
Total additions (rounded) 3,280-5,790
Subtractions from the aqguifer
Discharge
Withdrawals from wells:
For the secondary recovery of oil 76
For domestic use (est.) 2.6
For livestock watering (est.) 7.8
From continuously flowing wells (est.) 23
Springs and seeps 48
Subsurface outflow to other geologic units (?)
Flow across studv-area boupndary 4,490
Total subtractions (rounded) 4,650

Water used for irrigation from the Virgelle Sandstone Member has a medium- to
high-salinity hazard and a low- to very high-sodium hazard (fig. 7). 1In much of
the study area, use of water from this aquifer for irrigation probably would re-
quire management or treatment for salinity control to avoid possible adverse
effects to soil permeability and structure. Water with a medium-salinity hazard
(four samples, fig. 7) might adversely affect salt-sensitive plants, whereas water
with a high-salinity hazard (eight samples) will adversely affect soils with re-
stricted drainage and require management for salinity control (U.S. Salinity
Laboratory Staff, 1954, p. 79-80). Water with a low-sodium hazard (seven samples)
is satisfactory for irrigation. Water with a medium-sodium hazard (four samples)
is suitable for use only on coarse-textured or organic-rich soils with good per-
meability, and irrigation water with a high- to very high-sodium hazard (one
sample) might produce large concentrations of exchangeable sodium (U.S. Salinity
Laboratory Staff, 1954, p. 81) possibly affecting soil permeability and structure
(Driscoll, 1987, p. 112-114). The State SAR guideline for irrigation was exceeded
in five samples.

Potential for Increased Ground-Water Development

The potential for increased ground-water development was based on the interpre-
tation of existing and updated geologic information, geophysical and drillers’
logs, geohydrologic and geochemical data obtained from wells and springs, and
surface-water data obtained by direct methods. Potential for development is
described for the four principal aquifers.

Increased development of water from the alluvium might be limited by local
geologic and hydrologic characteristics. This aquifer is laterally discontinuous,
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and hydraulic characteristics probably differ from site to site. Along Sage Creek,
which 1is perennial most years, aquifers might provide sufficient water for domes-
tic, livestock, and limited irrigation purposes. For example, well 36NOSE09ACDBO1,
which 1is completed in the alluvium of Sage Creek, provides water for about 60
households. The well was designed to yield 35-80 gal/min (Osborne and Zaluski,
1985, p. 1). Where streamflow is intermittent, the aquifer might provide water
only during and shortly after periods of recharge; development would probably only
induce infiltration of streamflow. During periods of no recharge, the aquifer
might provide a limited quantity of water from storage--a process that could even-
tually dewater the alluvium. Analysis of only one water sample from the alluvium
is insufficient to make even general statements about the suitability of the water
for domestic, livestock-watering, and irrigation purposes.

Increased development of water from the interstratified sand and gravel aquifer
for domestic, livestock-watering, and irrigation purposes might be limited by local
geologic and hydrologic characteristics and water gquality. The interstratified
sand and gravel aquifer consists of either laterally continuous deposits within
complexly stratified glacial deposits or apparently discontinuous, poorly connected
lenses. Extent of the aquifer, and its geometry, recharge mechanisms, and hydrau-
lic characteristics are largely unknown. In addition, possible hydraulic inter-
connection with the underlying Virgelle Sandstone Member is not well understood.

Analyses of water from the interstratified sand and gravel aquifer indicate
that chemical quality is variable, and the quality at potential development sites
might limit its use. Generally, the water quality is marginal for domestic use but
generally suitable for livestock watering. Irrigation is probably the least feasi-
ble use, because at some locations the water cannot be used without management for
salinity control and the water has generally large sodium concentrations (maximum
of 560 mg/L) and SAR (maximum of 49).

Increased development of water from the Judith River Formation for domestic,
livestock-watering, and irrigation purposes is probably 1limited by geoclogic and
hydrologic characteristics and water quality. Irregular, discontinuous sandstones
within the Judith River Formation that yield water are 1largely undefined and
aquifer hydraulic characteristics are unknown; thus, this aquifer might be dif-
ficult to develop.

Analysis of only one water sample collected from the Judith River Formation is
insufficient to make even general statements about the suitability of the water for
the various uses. However, this analysis indicates that domestic use is probably
limited by the large pH value and large dissolved-solids concentration. Livestock
watering might be feasible in local areas, because no concentrations exceed State
water-quality guidelines for livestock watering. Irrigation is probably limited or
precluded by the high-salinity hazard, large SAR, and large boron concentration.
Furthermore, large dissolved-solids concentrations (as much as 2,450 mg/L),
accompanied by large sodium (860 mg/L) and sulfate (1,100 mg/L) concentrations and
large SAR (59) in nearby downdip areas (Patton and others, 1989; unpublished data
from the Montana Bureau of Mines and Geology), render water from the Judith River
Formation unsuitable for most purposes.

Water from the Virgelle Sandstone Member might be the only ground-water
resource feasible for increased development. However, water quality could 1limit
its development for some purposes.

Analyses of water from the Virgelle Sandstone Member indicate that the quality
is variable. Thus, the water quality at potential development sites could limit
its use. Generally, the quality is adequate for domestic and 1livestock-watering
purposes and marginal for irrigation purposes near the recharge area. Down-
gradient, the quality is marginal for domestic purposes and adequate for 1livestock
watering. Irrigation might be precluded because of the high- to very high-salinity
hazard and medium- to very high-sodium hazard.
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from site BG-6 to site BG-9 was probably due to increased reservoir storage. In
July, evapotranspiration losses exceeded any contributions from irrigation-return
flow and alluvium. Low-flow values for Bear Gulch between sites BG-1 and BG-3 show
consistent gains that average more than 30 percent for all three sets of measure-
ments. Site BG-3 is located near an outcrop area of the Virgelle Sandstone Member,
whereas sites BG-1 and BG-2 are located on a subcrop area of the Colorado Group.
These gains also might indicate that the Virgelle is saturated and discharging to
the stream; however, these gains are probably due to irrigation-return flow and
seepage from alluvium.

Specific conductance was measured at most streamflow-measurement sites to
indicate whether aquifers contribute water to streamflow. Specific-conductance
values, in general, increased gradually downstream in all three creeks (table 9),
with increases being attributed to tributary inflow, irrigation-return flow, or
seepage from alluvium.

Three stream samples were collected for chemical analysis--one each from Miners
Coulee, Breed Creek, and Bear Gulch (fig. 14). The physical properties and the
common-constituent concentrations are given in table 15; trace-element
concentrations are given in table 16. The specific conductance of these samples
ranged from 340 to 1,170 uS/cm. Values of pH ranged from 7.7 to 8.5, which
indicates that the water was slightly alkaline. Water temperature ranged from 15.0
to 17.5 °C. The dissolved-solids concentration ranged from 241 to 774 mg/L.

General chemical composition of these samples ranged from a sodium bicarbonate
to a calcium bicarbonate type water. Sodium was the dominant cation in the sample
from Miners Coulee, whereas calcium was the dominant cation in samples from Breed
Creek and Bear Gulch. Miners Coulee water contained larger concentrations of
sodium, bicarbonate, sulfate, and chloride, and was less alkaline than water from
Breed Creek and Bear Gulch. Differences in water chemistry are probably due to
larger volumes of irrigation-return flow in Miners Coulee compared to the other
streams.

Water from Miners Coulee, Breed Creek, and Bear Gulch i8 not used for domestic
purposes in the study area. No concentrations of analyzed constituents exceeded
State guidelines for livestock watering or irrigation.

SUMMARY AND CONCLUSIONS

Stratigraphic units of Mississippian through Holocene age crop out along the
north flank of the Sweet Grass Hills. The Madison Group of Mississippian age and
Ellis Group of Jurassic age are exposed near the centers of West and East Buttes.
Sandstone and shale of Cretaceous age, with a thickness of about 3,500 ft, crop out
around all three buttes. Tertiary intrusive igneous rocks are exposed in the cores
of the buttes, and small subordinate laccoliths, dikes, and sills are present
throughout the study area. Emplacement of these igneous rocks caused uplift and

structural deformation of consolidated rocks. Quaternary glacial deposits are
composed of complexly stratified, clay- to boulder-sized material deposited as
widespread moraines. Holocene alluvium, composed of unconsolidated gravel, sand,

silt, and clay, is restricted to present-day stream channels and terraces along
creeks and coulees.

Two unconsolidated and two consolidated aquifers are sources of water in the
Sweet Grass Hills. Unconsolidated aquifers are Holocene alluvium and Quaternary
interstratified sand and gravel. Consolidated aquifers are the Upper Cretaceous
Judith River Formation and the Virgelle Sandstone Member of the Eagle Sandstone.

Water in the alluvium moves generally downstream, sub-parallel to the stream

channels. Recharge to alluvium is through infiltration of precipitation, stream-
flow, irrigation-return flow, stored surface water, and subsurface inflow from
glacial deposits. Discharge from alluvium is through seepage to streams, with-
drawals from wells, flow of springs and seeps, evapotranspiration, and subsurface
outflow to underlying geologic units. One water sample from alluvium had a
dissolved-solids concentration of 439 mg/L and was a calcium bicarbonate type
water. Increased development of water might be limited by local geologic and
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hydrologic characteristics. Where streamflow is perennial, alluvium might provide
sufficient water for domestic, livestock, and limited irrigation purposes. Where
streamflow is intermittent, the aquifer might provide water only during and shortly
after periods of recharge; development would probably induce infiltration of
streamflow. During periods of no recharge, the aquifer might provide a limited
quantity of water from storage--a process that could eventually dewater the
alluvium.

The interstratified sand and gravel aquifer is present in some places as
laterally continuous deposits and in other areas is apparently discontinuous as
poorly connected lenses. The general direction of water movement in this aquifer
is from south to north. Transmissivity was estimated to be 900 ft2/d. Recharge to
the interstratified sand and gravel is probably through infiltration of precipi-
tation and stored surface water and from subsurface inflow from overlying Quater-
nary deposits and underlying geologic units. Indirect evidence indicates that in
some areas the Virgelle Sandstone Member provides recharge by upward leakage. Dis-
charge from the interstratified sand and gravel aquifer is through withdrawals from
wells (70 acre-ft/yr), flow of springs and seeps, and possible subsurface outflow
to other geologic units. The dissolved-solids concentration ranged from 154 to
1,600 mg/L, with a median of 647 mg/L. The water ranged from a calcium bicarbonate
type to a sodium bicarbonate type. Water quality is marginal for domestic use but
generally suitable for livestock watering. Irrigation is probably the least fea-
sible use, because at some locations the water is not suitable for use without
management for salinity control and the water has generally large sodium concen-
trations. Increased development of water from the interstratified sand and gravel
aquifer for domestic, livestock-watering, and irrigation purposes might be limited
by local geologic and hydrologic characteristics and water quality. Extent of the
aquifer, and its geometry, recharge mechanisms, and hydraulic characteristics are
largely unknown. Water quality from this aquifer is variable and the quality at
potential development sites might limit its use.

Water in the Judith River Formation probably flows from the outcrop area, fol-
lowing the dip of the formation to the northeast and southeast. Recharge to the
Judith River Formation is through infiltration of precipitation on outcrops and in
some subcrop areas, infiltration of streamflow across outcrops, and possible sub-
surface inflow from other geologic units. Discharge from the Judith River Forma-
tion is through withdrawals from wells, flow of springs and seeps, evapotranspi-
ration in recharge areas, and possible subsurface outflow to other geologic wunits.
One water sample collected from the Judith River Formation had a dissolved-solids
concentration of 855 mg/L and was a sodium bicarbonate type water. The large
dissolved-solids concentration, accompanied with large sodium and sulfate concen-
trations and large SAR (59) in water from nearby areas, indicate the water probably
is unsuitable for most purposes. Increased development of water from the aquifer
for domestic, livestock-watering and irrigation purposes is probably limited or
precluded by geologic and hydrologic characteristics and water quality. Irregular,
discontinuous sandstones that yield water are largely undefined, and thus might be
difficult to develop. Owing to a lack of data, aquifer hydraulic characteristics
are unknown.

Water in the Virgelle Sandstone Member generally flows from recharge areas
downdip in northerly directions to discharge areas. Some flow sub-parallel to the
dip might be due to pressure declines induced by flowing wells and a zone of small
hydraulic conductivity. Effects of structural deformation on movement, recharge,
and discharge are difficult to assess, but fracturing adjacent to dikes and sills
might create conduits for ground water. Estimated transmissivity ranged from 200
to 3,700 ft2/d. Recharge to the Virgelle, estimated to range from about 3,280 to
about 5,790 acre-ft/yr, is through infiltration of precipitation on outcrops and in
some sSubcrop areas, infiltration of streamflow across outcrops, and possible sub-
surface inflow from other geologic units. Discharge from the Virgelle, estimated
to be about 157 acre-ft/yr, is through withdrawals from wells, flow of springs and
seeps, and subsurface outflow to other geologic units. Flow within the Virgelle
across the study-area boundary was estimated to be 4,490 acre-ft/yr. The
dissolved-solids concentration ranged from 213 to 1,360 mg/L, with a median of 620
mg/L. The water was generally a calcium bicarbonate type. Water quality is mostly
adequate for domestic and livestock-watering and marginal for irrigation purposes
near the recharge area. Downgradient, the quality is marginal for domestic pur-

46



poses and adequate for livesock-watering. Irrigation might be precluded because of
the high- to very high-salinity hazard and the medium- to very high-sodium hazard.
Water from the Virgelle might be the only ground-water resource feasible for
increased development; however, the quality of the water is variable, which could
limit its use at potential development sites.

The principal surface-water resources are Miners Coulee, Breed Creek, and Bear
Gulch and their tributaries, and water stored in reservoirs, stock ponds, lakes,
and potholes. Low-flow measurements indicate that streamflow gains were due to
seepage and irrigation-return flow from alluvium, and possibly from areas where the
Virgelle Sandstone Member is saturated. Streamflow losses were due to evapotrans-
piration or recharge to the alluvium and Virgelle. Three water samples were col-
lected from the streams for chemical analysis. The dissolved-solids concentration
ranged from 241 to 774 mg/L. The samples ranged from a sodium bicarbonate to a
calcium bicarbonate type water.
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Table 10.--Records of inventoried wells and springs in the study area
[-- or -, no data or not applicable]

Local number--numbering system described in text.
Type of site--S, spring; W, well.
Aquifer--Qal, Holocene alluvium;
Qg, interstratified sand and gravel aquifer within Quaternary glacial deposits;
Ti, Tertiary intrusive igneous rocks;
Kjr, Upper Cretaceous Judith River Formation;
Kev, Upper Cretaceous Virgelle Sandstone Member of Eagle Sandstone;
Mu, Mississippian Madison Group.
Altitude of land surface--in feet above sea level.
Primary use of water--H, domestic; N, industrial; P, public supply; S, stock; U, unused.
Depth of well--in feet below land surface.
Well completion--0O, open end; P, perforated; X, open hole.
Static water level--in feet below or above (+) land surface; F, flowing.
Water-level source--R, reported by owner or driller; S, U.S. Geological Survey.
Discharge--in gallons per minute.
Method of discharge measurement--M, totaling meter; R, reported; V, volumetric.
Onsite specific conductance--in microsiemens per centimeter at 25 degrees Celsius.
Onsite water temperature--in degrees Celsius.

Altitude Static
Type of land Primary Depth Well water
Local of surface use of of well comple- level
number site Aquifer (feet) water (feet) tion (feet)
36N02E01BCBAO1 W Kev 3,899 U 477 - 198.37
36N02E03ADABO1 W Kev 3,780 S 150 - -
36N02EO3DD 01 S Kev 3,746 S - - -
36N02EO09DBDAO1 S Kev 3,728 H - - -
36NO3EO3CACBO1 S - 4,020 H - - --
36N03EOSDACAOL s - 4,100 H - - -
36NO3EO9ACC 01 S Ti 4,290 H -- - --
36N03E10DCAAQ1 W Kev 4,250 S 140 - 55.32
36N03E12DDAAO1 W Kev 4,059 U 150 [¢] 45.78
36N03E14ACDCO1 W Qg 4,139 S 84 o +20.06
36N03E14CCCBO1 W Kev 4,295 H 308 [¢] 46.25
36N03El4ccccol W Qg 4,295 U 185 - -
36N03E18DDAAO1 S - 4,623 S - - -
36NO3E27BCB 01 S Ti 4,595 H -- - --
36N04EOSBCBCO1 W Qg 3,920 P 114 P +48
36N04E0S5CDACO1 W Kev 4,000 s 146 P +19.52
36N04E06ADDAOL W Qg 3,945 U 100 - -
36N04EO6ADDBO1 W Qg 3,943 H 134 (o] +.25
36N04EO06ADDBO2 W Qg 3,950 19) 145 - 7.70
36N04E06DACDO1 W Qg 3,922 H 94 o -
36N04E06DACDO2 W Qg 3,922 H 109 P +62
36N04E07ADDDO1 W Kev 4,004 S 98 - +5.30
36N04EO07DBADO1 W Kev 4,079 U 268 - 64.48
36N04E08BAACO1 W Qg 4,045 U 170 P 12.22
36N04E09CDDBO1 s Ti 4,215 H - - --
36N04E17CaA 01 W Kev 4,160 H 165 - 13.20
36N04E21DBDAO1 W Qg 4,419 H 110 P 24.02
36N0SE03DDACO1 W Qg 4,134 S 110 o +17.34
36NOSEQ9ACDBO1 W Qal 4,325 H 20 P -
37N02E11DBBDO1 W Kev 3,695 S 450 X 180
37N02E23CDACO1 w Kev 3,801 U 440 o 98.94
37NO2E25BBA 01 w Mu 3,726 U 3,201 X 650
37N02E25DDAB01 w -— 3,680 S -- - --
37N02E26BDACO1 W Kev 3,838 U 461 X 118.13
37N02E26DCDDO1 S -- 3,719 H -- - -
37N02E26DDDBO1 W Kev 3,680 U 407 - +47.34
37N02E31CDDDO1 S -- 4,463 H -- - -
37NO2E35AABAO1 w Kev 3,696 N 430 X --
37NO3E01CBCBO1 1} Kev 3,507 U 530 0o F
37NO3EOSCABCO1 w Kev 3,530 S 330 [¢) 82.60
37NO3EO6CBD 01 w Kev 3,456 S 228 [¢) +4.03
37NO3EO7BBBAO1 W Kev 3,475 S 230 (o] +2.70
37NO3EO07CBACO1 w Kev 3,490 S 230 [¢) 12.44
37NO3E07CBAC02 W Kev 3,505 S 220 - 26.03
37NO3EQ07CBCDO1 w Kev 3,520 H 240 [¢) 8
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Table 10.--Records of inventoried wells and springs in the study area--Continued

Onsite Date
Date Method spe- Onsite Onsite quality
water of dis- cific pH water param-

Water- level Dis- charge conduct- (stand- temper- eter

level meas- charge meas- ance ard ature meas- Local

source ured (gal/min) urement (LS/cm) units) (°C) ured number
S 08-29-89 - - -- -- -— - 36N02EO1BCBAO1
- - 12.0 v 570 7.5 8.5 05-03-89 36N0?EO3ADABO1
- - - - 910 8.5 9.0 05-03-89 36NO2EO3DD 01
- -— 30.0 v 580 7.5 8.5 05-11-89 36N02EO9DBDAO]
- - - - 470 7.7 7.5 05-11-89 36N03EO3CACBO1
- -- 4.6 670 7.1 7.5 09-26-90 36N03EOSDACAQ]
N == == B 480 7.4 7.0 05-10-89 36N03EO9ACC 01
S 08-08-89 - - 392 7.3 8.0 09-21-89 36N03E10DCAAQL
S 05-24-89 - - -- -- - - 36N03E12DDAAC]
S 08-14-89 1.3 v 1,060 7.2 6.5 07-28-89 36N03E14ACDCO1
S 07-28-89 7.1 v 515 7.4 8.5 07-28-89 36N03E14CCCBO1
- -- -- - - - - - 36N03E14CCCCO1
- -- -- - 240 7.4 5.0 05~-12-89 36N03E18DDAAC]
- -- 6.0 \ 270 7.8 7.0 05~-23-89 36N03E27BCB 01
R 09-19-85 -- - 550 7.6 8.0 05-10-89 36N04EOSBCBCO1
S 08-16-89 83.2 M 820 7.4 7.5 08-16-89 36N04EOSCDACO1
- - -- - 530 7.6 7.5 06-29-89 36N04EO6ADDAO]
S 06~15-89 - - 520 7.5 8.5 05-25-89 36N04EOCG6ADDBO1
s 06-15-89 - - - - - - 36N04EO6ADDBO2
- - = . 530 7.5 8.5 05-23-89 36NO4EO06DACDO1
R 09-22-89 105 R 530 7.3 7.5 06-19-90 36N0O4EO6DACD02
S 08-30-89 3.0 v 510 7.2 7.5 08-30-89 36N04EO7ADDDO1
S 08-30-89 - - -- . == = 36NC4EC7DBADO1
S 05-23-89 -- - - -- -- - 36NO4EOBBAACO]
- - -- - 385 7.4 8.5 06-14-89 36NO4EQC9CDDBO1
S 08-30-89 - - 431 7.1 7.5 06-19-90 36N04E17CAA 01
s 05-25-89 3.0 v 250 7.1 7.0 05-25-89 36N04E21DBDAO1
S 08-17-89 6.3 v 720 8.8 7.5 06-21-89 36NOSEO3DDACO1
- - 120 R 300 7.3 8.0 06-21-89 36NOSEO9ACDBO1
R 05-10-69 45 R -- -- - -- 37N02E11DBBDO1
S 08-29-89 -- - -- - - - 37N02E23CDACO1
R 09-07-90 -- - -- -- -- . 37NO2E25BBA 01
- -— -- - -- -- - -- 37N02E25DDARBRO1
s 05-11-89 60 R - - - - 37NO2E26BDACO1
- = - . == == —— = 37N02E26DCDDO1
s 06-08-89 - - 710 8.2 5.5 05-02-89 37N02E26DDDBO1
- -— 30.0 v 123 7.9 3.5 05-17-89 37N02E31CDDDO1
- - - - 750 7.5 8.5 05-02-89 37NC2E35AABAO]
- - - - - - - - 37NO3EO1CBCBO1
S 05-18-89 12.0 v 1,640 9.1 9.5 05-18-89 37NO3EO5CABCO1
S 06-08-89 1.6 v 720 8.0 9.0 05-04-89 37NC3EO6CBD 01
S 06-08-89 1.6 v 670 8.1 9.0 05-04-89 37NO3EO7BBBAO1
S 05-04-89 10.0 v 690 8.2 - 05-04-89 37NO3EQ7CBACO1
S 05-18-89 11.4 v 835 8.5 8.5 05-18-89 37NO3EO7CBACO2
R 05-04-89 4.3 v 830 8.3 6.0 05~-04-89 37NO3EO07CCABO1
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Table 10.--Records of inventoried wells and springs in the study area--Continued

Altitude Static
Type of land Primary Depth Well water
Local of surface use of of well comple- level
number site Aquifer (feet) water (feet) tion (feet)
37N03E11ADAAO] w Qg 3,535 H 143 [¢) +29.40
37NO3E12BCDCO1 w Kev 3,530 U 530 X F
37NO03E12CBDDO1 w Qg 3,550 H 143 (o] +18.75
37NO3E15DADDO1 w Kev 3,610 s 523 [¢) 31.27
37NO3E19CBCCO01 w Kev 3,590 S 202 o ==
37NO3E24ABBB01 w Qg 3,622 H 131 (o] 34.65
37N03E24ABBD01 w Qg 3,615 H 110 (o] -
37NO3E24ABBD02 w Qg 3,605 S 110 - -
37NO3E25AACAQ] w Qg 3,675 U 118 - 7.28
37NO3E26DABDO1 W Qg 3,718 U 145 - 17.29
37N03E26DCCAO1 w Qg 3,735 H 120 - -
37NO3E28DCCCO01 w Qg 3,840 S 150 - +2.5
37NO3E30BBACO1 W Kev 3,607 S 220 o +7
37NO4EO1DDDAO1 w Qg 3,780 H 85 (o] -
37NO4EO04CBDAO1 W Qg 3,595 U 120 - 68.14
37NC4EO06BDAAOL W Kev 3,581 H 600 o] 76.33
37NO4EO7CDDDO1 w Kev 3,635 U 300 - -
37NO4EO9SDADAO1 W Kev 3,705 H 250 (o] -
37NO4E10CBCAO1 w Kev 3,700 H 250 (o] 140
37N04E11DCCDO1 W Qg 3,937 U 85 o 75.40
37NO4E12ABCAO1 W Kir 3,870 U 434 X F
37NO4E14ADACO1 W Kev 3,911 U 327 b 228.99
37NO4E14DDABO1 w Qg 3,919 U 52 - 8.40
37NO4E15DCDBO1 w Qg 3,820 U 139 o] 81.96
37NO4E22DCABO1 W Qg 3,940 H 150 (o] -
37N04E23CCDDO1 w Qg 3,994 U 150 P 69.02
37NO4E26BDCCO1 w Qg 4,020 H 167 (o] 82.88
37N04E31CAABO1 W Kev 3,805 S 240 [¢] 6.59
37NO4E31CDADO1 W Kev 3,840 H 110 (o] +42.74
37NO4E31CDCAOQ1 w Qg 3,923 ¢} 66 - 47.83
37NO4E35CDDDO1 W Qal 4,180 H 14 N 6.22
37NOSEOSCAACO1 W Kjr 3,652 S 300 - F
37NOSEOSAABDO1 w Kev 3,614 N 847 P -
37NOSEO9ACCAO1 W Kev 3,690 N 910 P -
37NOSEO09BBDBO1 W Kev 3,590 N 851 . -
37NOSEO9DACBO1 W Kev 3,689 U 893 P 525
37NOSE30BAD 01 W Qg 4,119 S 60 - 36.37
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Table 10.--Records of inventoried wells and springs in the study area--Continued

Onsite Date
Date Method spe- Onsite Onsite quality
water of dis- cific PH water param-
Water- level Dis- charge conduct~ (stand- temper- eter
level meas-— charge meas- ance ard ature meas- Local
source ured (gal/min) urement (uS/cm) units) (°C) ured number
S 07-26-89 = - 1,210 7.4 8.0 05-17-89 37NO3E11ADAAO1
- - - - -- - = -- 37NO3E12BCDCO1
S 08-15-89 16.5 v 1,210 7.4 8.0 05-17-89 37N03E12CBDDO1
S 05-09-89 15.0 v 1,600 7.6 11.0 05-09-89 37NO3E15DADDO1
- -- 3.1 v 1,400 7.6 8.5 05-03-89 37NO3E19CBCCO1
S 07-26-89 - 1,060 8.0 9.0 09-14-89 37NO3E24ABBRO1
. == . 1,020 7.3 8.0 06-28-89 37NO3E24ABBDO1
- - - . 1,160 7.3 8.0 06-28-89 37NO3E24ABBD02
S 06-28-89 -- - -- - bt -- 37NO3E25AACAOL
S 06-29-89 - - -- - - - 37NO3E26DABDO1
- et - - 525 7.9 12.0 06-29-89 37NO3E26DCCAOQ1
S 09-12-90 - - -- - e -- 37NO3E28DCcccOl
R 07-07-61 3.6 v 1,860 7.6 8. 05-02-89 37NO3E30BBACO1
- -— 6.0 v 790 7.2 9.5 09-22-89 37NO4EO01DDDAO1
S 07-18-90 - - - -- bt - 37NO4EO4CBDAO1
S 09-27-90 6.7 v 1,580 7.5 11.5 05-09-89 37NO4E06BDAAOL
. . 8.6 v 1,500 7.5 9.5 06-27-89 37NO4EO07CDDDO1
- - - - 2,000 7.2 8.5 06-22-89 37NO4EO9DADAOY
R 07- -90 -— - -- = e = 37NO4E10CBCAOL
S 08-15-89 - - -- - - - 37N04E11DCCDO1
- - .3 v 1,100 9.1 9.0 08-30-89 37NO4E12ABCAO1L
S 07-29-89 - - - - - -- 37NO4E14ADACO1
S 07-29-89 - - -- - - - 37NO4E14DDABO1
S 07-29-89 -- - -- -- - - 37N04E15DCDBO1
- - - - 1,040 7.5 9.0 06-16-89 37NO4E22DCABO1
S 07-26-89 -- - -- -- - - 37N04E23CcCcDDO1
S 11-06-90 9.6 v 2,400 7.1 8.0 05-09-89 37NO4E26BDCCO1
S 06-28-89 3.3 v 1,080 7.3 9.5 09-14-89 37NO4E31CAABO1
S 08-15-89 20.7 M 1,190 7.3 8.0 05-23-89 37NO4E31CDADO1
S 05-23-89 - - == - - - 37NO4E31CDCAO1
S 07-17-90 6.0 1,630 7.0 8.0 07-17-90 37NO4E35CDDDO1
- -- -- - -- - -— - 37NOSEOSCAACO1
- - - - -- -- -- - 37NOSEQ08AABDO1
- -- - - - -— - - 37NOSEQ9ACCAQ1
- -- 33 R - -- - - 37NOSE09BBDBO1
R 06-19-90 == N -- = e = 37NOSEO09DACBO1
S 06-22-89 12.0 v 2,400 8.3 7.0 06-22-89 37NO5SE30BAD 01

55



Table 11.--Physical properties and common-constituent concentrations in ground water in the study area

(Laboratory analyses by Montana Bureau of Mines and Geology except as indicated. Onsite measurements
by U.S. Geological Survey except as indicated. Abbreviations: °C, degrees Celsius; mg/L, milligrams
per liter; uS/cm, microsiemens per centimeter at 25 °C. Symbols and acronyms: <, less than minimum
reporting level; --, no data or not applicable. All common-constituent concentrations are reported
as dissolved. Onsite bicarbonate and carbonate were determined by incremental titration. Onsite
sulfide was determined using a colorimeter; concentrations are considered to be approximate]

Local number--numbering system described in text.
Aquifer-~Qal, Holocene alluvium;
Qg, interstratified sand and gravel aquifer within Quaternary glacial deposits;
Kjr, Upper Cretaceous Judith River Formation;
Kev, Upper Cretaceous Virgelle Sandstone Member of Eagle Sandstone.
Remarks-~NWQL, analysis by National Water Quality Laboratory of U.S. Geological Survey.

on-
site
spe- Oon=~ on- So-
cifie site site on- Hard- Cal- Mag- So- dium-
con- pH water site ness cium ne- dium adsorp-
duct~ (stand- temper- dissolved (mg/L (mg/L sium {(mg/L tion
Local Date ance ard ature oxygen as as {mg/L as ratio
number Aquifer sampled (LS/cm) units) (°C) (mg/L) Caco3) Ca) as Mg) Na) (SAR)
36NO2EO3ADABO1 Kev 09-21-89 645 7.5 8.0 6.3 300 74 28 7.1 0.2
36NO3E10DCAAD] Kev 09-21-89 392 7.3 8.0 2.8 180 54 11 6.7 .2
36NO3E14ACDCO1 Qg 09-21-89 1,120 7.2 8.0 .8 530 140 45 41 .7
36NO3E14CCCBO1 Kev 09-10-90 505 7.4 8.5 - 230 64 18 26 .7
36NO4EDSCDACO] Kev 09-12-89 845 7.4 8.0 .2 310 75 29 60 1
36NO4EO6ADDBO1! Qg 09~18-89 505 7.4 7.5 - 230 66 16 21 .6
- 09-18-89 23.4 25,5 - -- <1 <.1 <.1 <.1 <.1
36NO4EO6DACDO2 Qg 09~-10-90 522 7.3 7.5 1.0 250 70 17 20 .6
36N04EO7ADDDO1 Kev 09-12-89 480 7.2 7.5 2.1 240 68 16 16 .4
- 09-12-89 2525 28.4 - - 230 66 16 15 .4
36N04E21DBDAO1 Qg 09-19-89 270 7.2 9.0 1.7 110 33 5.8 11 .5
36NOSEO3DDACO1 Qg 09-20-89 730 9.0 8.5 - 8 2.3 .5 180 28
37NO2E35AABAO1 Kev 09~-19-89 770 7.6 9.0 - 270 63 28 76 2
37NO3E11ADAAD] Qg 09~19-89 1,160 7.3 8.5 - 230 57 22 190 6
37NO3E12CBDDO1 Qg 09~-13-89 1,300 7.3 9.5 -— 310 17 30 210 5
37NO3E15DADDO1! Kev 09-13-89 1,740 8.6 11.0 -- 110 9.9 21 420 18
- 09-13-89 23.7 25.3 - - <1 <.1 <.1 <.1 -
37NO3E24ABBBO1 Qg 09~14-89 1,060 8.0 9.0 - 370 83 39 130 3
37NO3E30BBACO1 Kev 09~21-89 2,070 7.5 9.5 - 300 67 33 360 9
37NO4EO1DDDAD1 Qg 09~22-89 790 7.2 9.5 - 420 93 46 50 1
37NO4EO6BDAAD] Kev 09-14-89 1,630 7.5 13.0 - 300 50 43 320 8
37NO4EO07CDDDO1 Kev 09-11-90 1,540 7.4 9.5 -- 280 46 41 260 7
b 09-11-90 21,500 28.0 - - 280 45 41 260 7
- 09-11-90 21,500 28.0 - - 280 45 41 260 7
- 09-11-90 21,520 28.0 - -~ 280 45 41 260 7
- 09-11-90 21,520 27.8 - - 280 45 41 270 7
37NO4EO9DADAD] Kev 09-19-89 1,770 7.3 10.5 .2 430 68 63 280 6
37NO4E12ABCAD1 Kir 09-~22-89 1,320 8.8 8.5 - 3 .9 .2 360 90
- 09-22-89 21,600 28.9 - -~ 3 .9 .2 350 84
37NO4E22DCABO1 Qg 09-15-89 1,020 7.5 9.5 -- 390 79 48 98 2
37N04E26BDCCO1 Qg 09-15-89 2,090 7.2 8.5 - 430 79 56 430 9
37NO4E31CDADO1 Kev 09-13-89 1,070 7.2 8.5 - 490 110 56 72 1
37N04E35CDDDO01! Qal 09-11-90 670 7.1 12.0 - 350 83 34 33 .8
- 09-11-90 22.9 25,5 - - <1 <.1 <.1 <.1 <.1
37NOSE30BAD 01 Qg 09-12-89 2,100 8.4 7.5 <1.0 25 6.3 2.3 560 49

'Field blank obtained at this site.
2Determined by Montana Bureau of Mines and Geology, Analytical Division Laboratory.
3Less than minimum reporting level, but detectable.
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Table 11.--Physical properties and common-constituent concentrations in ground water in the study area--Continued

On-
site on- Oon- Oon- Dis-
bicar- site site site Sul- Chlo- Fluo- Sili- solved
Potas- bonate carbon- alka- sul- fate ride ride ca solids, Ni-
sium (mg/L ate linity fide (mg/L (mg/L (mg/L (mg/L calcu- trate
(mg/L as (mg/L (mg/L (mg/L as as as as lated (mg/L Local
as K) HCOJ) as C03) as CaCOB) as S) 504) Cl) F) Sioz) (mg/L) as N) Remarks number
2 370 0 310 - 14 2.9 0.3 13 500 0.14 36N02EO3ADABO1
.6 190 0 160 - 37 1.1 .3 14 213 .23 36N03E10DCAAOL
3 400 0 330 - 270 7.9 .3 15 700 e 36N03E14ACDCO1
2 300 0 240 3<.1 46 .9 .8 14 304 <.07 36N03E14CCCBO1
3 380 0 310 - 130 4.8 ) 15 500 .07 36N04EOSCDACO1
2 260 0 210 3<¢.1 61 2.0 .5 16 313 .07 36N04E06ADDBO1
<.2 22 20 21.2 - <.l <.02 <.02 <.1 - .17 Field blank
2 270 0 211 -- 62 1.7 .3 14 314 .61 36N04E06DACD02
2 240 0 200 - 63 2.3 .4 19 302 1.5 36NO4EO7ADDDO1
2 2230 20 2190 - 62 2.3 .5 16 296 1.7 Replicate
2 150 0 120 - 21 1.0 .3 13 154 .12 36N04E21DBDAO1
.6 440 32 420 7 10 2.1 .4 8.4 448 .01 36N0OSEQ3DDACO1
2 390 0 320 3<.1 130 2)1 .5 18 497 12 37NO2E35AABAQ]
3 523 0 430 3<.1 210 ;)9 .6 15 762 .09 37N03E11ADAAO]
4 670 0 550 3¢.1 230 .4 .3 16 856 .06 37NO3E12CBDDO1
2 840 13 710 1.6 140 65 2.1 13 1,140 .13 37NO3E15DADDO1
<.2 23 20 21.1 - <.1 <.02 <.02 <.1 .73 <.03 Field blank
3 570 0 460 <1 210 5.1 .6 14 751 .04 37NO3E24ABBB01
3 680 0 560 .1 550 5.2 1.1 20 1,360 .01 37NO3E30BBACO1
4 520 0 420 <1 120 4.0 .4 13 554 .14 37NO4EQ1DDDAO1
] 730 0 600 .4 370 7.3 .4 l6 1,160 .07 37NC4EO6BDAAOL
3 680 0 550 .3 270 6.3 .7 16 975 .28 37NO4EO7CDDDO1
3 2660 20 2540 - 280 6.3 .7 16 982 .28 Replicate
2680 29 2540 -- 280 6.4 .8 16 988 .28 Replicate
3 2660 2 2550 - 280 6.3 .7 16 977 .28 Replicate
3 - 0 520 - 330 9.7 .5 15 1,030 <.10 Replicate, NWQL
3 760 0 620 - 400 22 .1 16 1,220 .16 37NO4E09DADAO]L
.6 810 52 750 .2 3.6 2.5 1.9 7.7 855 .05 37NO4E12ABCAQO1
.7 2870 236 2770 - 5.3 2.1 2.2 7.1 837 .02 Replicate
4 740 o] 600 3c¢.1 2.5 4.2 .3 12 594 .16 37NO4E22DCABO1
5 920 o] 750 3¢ 580 9.7 .9 17 1,600 .07 37NO4E26BDCCO1
3 540 0 450 .1 230 4.2 .6 22 739 .24 37NO4E31CDADO1
2 440 0 351 3<.1 66 2.1 .6 22 439 <.07 37NO4E35CDDDO1
<.2 22 20 21.2 - <.7 <.02 <.02 <.1 .72 <.07 Field blank
.6 970 34 830 3¢ 340 4.0 .3 7.9 1,450 .05 37NOSE30BAD 01
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Table 12.--Trace-element concentrations in ground water in the study area

[Analyses by Montana Bureau of Mines and Geology except as indicated. Abbreviation: pg/L, micrograms
per liter. Symbols: <, less than minimum reporting level; --, no data or not applicable. All trace-
element concentrations are reported as dissolved]

Local number--numbering system described in text.
Aquifer--Qal, Holocene alluvium;
Qg, interstratified sand and gravel aquifer within Quaternary glacial deposits;
Kjr, Upper Cretaceous Judith River Formation;
Kev, Upper Cretaceous Virgelle Sandstone Member of Eagle Sandstone.
Remarks--NWQL, analysis by National Water Quality Laboratory of U.S. Geological Survey.

Alumi- Arse- Cad- Chro- Cop~- Lith-
num nic Boron mium mium per Iron ium

Local Date (pg/L (ug/L (ug/L (ug/L (kg/L (kg/L (ug/L  (pg/L

number Aquifer sampled as Al) as As) as B) as Cd) as Cr) as Cu) as Fe) as Li)
36N02EO3ADABO1 Kev 09-21-89 <40 - <40 <5 <5 <4 <4 13
36NO3E10DCAAOL Kev 09-21-89 <40 0.4 140 <5 <5 <4 <4 18
36N03E14ACDCO1 Qg 09-21-89 <40 - 220 <5 <5 <4 <2 55
36NO3E14CCCBO1 Kev 09-10-90 <40 - 140 <5 <5 6 730 58
36N04EOSCDACO] Kev 09-12-89 <40 - 140 <5 <4 <4 <4 S5
36N04EO06ADDBO1! Qg 09-18-89 <40 1.3 100 <5 <5 <4 370 8
= 09-18-89 <40 <.1 <40 <5 <5 <4 <4 <2
36N04EO6DACD02 Qg 09-10-90 <40 - 80 <5 <5 5 8 15
36N04EO7ADDDO1 Kev 09-12-89 <40 - 50 <5 <5 <4 <4 18
- 09-12-89 <40 - 40 <5 <5 <4 <4 14
36N04E21DBDAOL Qg 09-19-89 <40 .3 90 <5 <5 <4 180 11
36NO5SEO03DDACO1 Qg 09-20-89 <40 - 220 <5 <5 <4 10 200
37NO02E35AABAO] Kev 09-19-89 <40 .7 150 <5 <5 <4 940 42
37NO3E11ADAAO1 Qg 09-13-89 <40 .5 180 <5 <5 <4 80 31
37NO3E12CBDDO1 Qg 09-19-89 <40 - 260 <5 <5 <4 750 43
37NO3E15DADDO1!? Kev 09-13-89 <40 - 520 <5 <5 <4 40 77
= 09-13-89 <40 - <40 <5 <5 <4 <4 <2
37NO3E24ABBB01 Qg 09-14-89 <40 - 290 <5 <5 <4 19,000 45
37NO3E30BBACO1 Kev 09-21-89 <40 3.2 420 <5 <5 <4 2,800 120
37NO4EO1DDDAOL Qg 09-22-89 <40 .8 130 <5 <5 5 1,400 49
37NO4EO6BDAAO]L Kev 09-14-89 <40 .6 330 <5 <5 <4 1,800 96
37NO4EO7CDDDO1 Kev 09-11-90 <40 - 240 <5 <5 <4 950 92
- 09-11-89 <40 - 240 <5 <5 <4 910 90
- 09-11-89 <40 - 210 <5 <5 <4 880 90
- 09-11-89 <40 - 210 <5 <5 <4 850 90
- 09-11-89 30 - 270 1 <5 <10 930 90
37NO4EO9DADAOL Kev 09-19-89 <40 .8 330 <5 <5 <4 1,400 140
37NO4E12ABCAL]1 Kjr 09-22-89 <40 .4 900 <5 <5 <4 50 42
- 09-22-89 <40 .8 1,160 <5 <5 <4 S0 43
37NO4E22DCABO]1 Qg 09-15-89 <40 - 80 <5 <5 <4 3,400 49
37NO4E26BDCCO1 Qg 09-15-89 <40 - 170 <S5 <5 <4 1,600 210
37NO4E31CDADO1 Kev 09-13-89 <40 - 170 <5 <5 <4 1,900 43
37N04E35CDDDO1!? Qal 09-11-90 <40 .7 100 <5 <5 <4 920 110
- 09-11-90 <40 - <40 <5 <5 <4 <4 <4
37NOS5SE30BAD 01 Qg 09-12-89 <40 = 400 <5 <5 <4 50 110

'Field blank obtained at this site.
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Table 12.--Trace-element concentrations in ground water in the study areas--Continued

Manga- Molyb- Sele- Stron- Tita- Vana-
nese denum Nickel nium Silver tium nium dium Zinc
(pg/L (pg/L (kg/L (hg/L  (pg/L (rg/L (ng/L (ug/L  (pg/L Local
as Mn) as Mo) as Ni) as Se) as Ag) as Sr) as Ti) as V) as Zn) Remarks number
2 <40 <20 - <4 290 <4 <4 120 - 36N02EO03ADABO1
<2 <40 <20 1.5 <4 350 <4 <4 59 - 36NO3E10DCAAOL
<2 <40 <20 - <4 1,300 <4 12 24 - 36N03E14ACDCO1
59 <40 <20 - <4 1,200 S <4 12 - 36N03E14CCCRO1
480 <40 <20 - <4 770 5 <4 14 - 36N04EOS5CDACO]
780 <40 <20 <.1 <4 540 <4 <4 8 - 36N04E06ADDBO1
<2 <40 <20 <.1 <4 <2 <4 <4 <6 Field blank
180 <40 <20 - <4 680 9 <4 <6 -— 36N04E06DACDO2
<2 <40 <20 - <4 750 10 S <6 - 36N04EQ07ADDDO1
<2 <40 <20 - <4 740 6 <4 8 Replicate
34 <40 <20 .5 <4 610 <4 <4 18 - 36N04E21DBDAO1
<2 <40 <20 - <4 81 <4 <4 <6 - 36NOSEO3DDACOL
22 <40 <20 .3 <4 680 <4 <4 <6 - 37NO2E35SAABAD1
300 <40 <20 .4 <4 560 7 <4 12 - 37NO3E11ADAAOL
1,100 <40 <20 - <4 870 8 S <7 - 37NO3E12CBDDO1
2 <40 <20 - <4 920 <4 <4 <6 - 37NO3E15DADDO1
<2 <40 <20 b <4 <2 <4 <4 <6 Field blank
770 <40 <20 - <4 1,000 6 <4 75 - 37NO3E24ABBBO1
53 <40 <20 .5 <4 1,100 <4 <4 <6 - 37NO3E30BBACO1
140 <40 <20 <.l <4 1,500 - <4 - - 37N04EO1DDDAO1
110 <40 <20 .2 <4 860 6 <4 75 - 37NO4EO06BDAAD]
40 <40 <20 - <4 680 4q <4 16 - 37NO4EO7CDDDO1
40 <40 <20 - <4 680 <4 <4 19 Replicate
39 <40 <20 - <4 680 ) <4 13 Replicate
39 <40 <20 - <4 680 <4 <4 15 Replicate
45 <10 <10 - <1 710 - <6 13 Replicate, NWQL
10 <40 <20 .7 <4 1,400 5 <6 800 -- 37NO4EOIDADAOL
5 <40 <20 .4 <4 53 <4 <4 <6 - 37ND4E12ABCAO1
6 <40 <20 .2 <4 52 <4 <4 <7 Replicate
170 <40 <20 - <4 1,200 <4 <4 <6 - 37NO4E22DCABOL
70 <40 <20 - <4 1,400 <4 <4 10 - 37ND4E26BDCCO1
1,000 <40 <20 - <4 1,100 9 <4 <6 - 37NO4E31CDADO1
690 <40 <20 <.1 <4 880 S <4 14 - 37N04E35CDDDO1
<2 <40 <20 - <4 <2 <4 <4 6 Field blank
4 <40 <20 - <4 300 <4 <4 <6 - 37NOSE30BAD 01
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Table 13.--Water-level data for selected wells in the study area

[Static water level--in feet below or above (+) land surface. Aquifer--Qg,
interstratified sand and gravel aquifer within Quaternary glaclal deposits;
Kev, Upper Cretaceous Virgelle Sandstone Member of Eagle Sandstone]

Date

Static water

water level
Local number Aquifer level measured
36NO2EO1BCBAOL Kev 198,37 08-29-89
198,23 10-13-89
197.98 01-10-90
198.22 02-22-90
198,21 05-03-90
197.71 06~04-90
197.68 06-26-90
197.56 07-22-90
197.24 08-21-90
197.20 09-26-90
36NO3E10DCAAOL Kev 55.32 08-08-89
55.68 10-31-89
55.94 11-15-89
56.33 01-10-90
56.61 02-21-90
51.45 04-04-90
52.90 05-04-90
52.90 06-04-90
52.97 06-26-90
52.78 07-20-90
54.50 08-21-90
55.05 09-26-90
36NO3E12DDAAOL Kev 45.78 05-24-89
47.01 11-16-89
47.11 12-13-89
46.97 01-10-90
47.16 02-21-90
47.38 03-22-90
46.51 05-04-90
46.03 06-04-90
46.27 06-28-90
46.62 07-21-90
46.17 08-22-90
45.97 09-25-90
36NO4EO07ADDDO1 Kev +5.30 08-30-89
+5.18 09-12-89
+4.23 10-13-89
+4.39 11-16-89
+3.21 01-11-90
+3.38 02-21-90
+4.26 04-05-90
+4,.83 05-04-90
+5.21 06-06-90
+4.82 06-27-90
+4.46 07-22-90
+4.96 08-23-90
+5.18 09-26-90
36NO4EO7DBADO1 Kev 64.48 08-30-89
65.55 10-13-89
65.82 11-10-89
65.63 11-16-89
65.99 01-11-90
65.69 02-21-90
65.23 04-05-90
64.72 05-04-90
64.34 06-06-90
64.56 06-27-90
64.90 07-22-90
64.45 08~23-90
64,32 09-26-90
36NO4E17CAAOL Kev 13.20 08-30-89
16.14 10~13-89
17.06 11-16-89
17.84 12-13-89
18.29 01-11-90
18.66 02-21-90
18.81 03-22-90
11.99 05-03-90
11.90 06-05-90
12.30 06-28-90
11.82 07-22-90
12.62 08-23-90
12.53 09-26-90
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Table 13.--Water-level data for selected wells in the study area--Continued

Date

Static water

water level
Local number Aquifer level measured
37NO2E23CDACO1 Kev 98,94 08-29-89
98.72 10-13-89
98.72 11-15-89
97.95 01-10-90
97.07 02-21-90
97.18 04-04-90
97.01 05-03-90
95.05 06-04-90
94.76 06-26-90
94,65 07-21-90
94,91 08-21-90
95.83 09-26-90
37NO2E26BDACO1 Kev 118.13 05-11-89
114.08 08-29-89
113.82 10-13-89
113.76 11-15-89
112.93 01-10-90
112.03 02-21-90
112.91 04-04-90
112.17 05-03-90
110.21 06-04-90
110.10 06-26-90
109.93 07-21-90
110.14 08-21-90
111.09 09-26-90
37NO3E12CBDD01 Qg +18.75 08-15-8B9
+18.71 09-13-89
+20.91 11-17-89
+19.58 01-11-90
+19.23 02-21-90
+24.16 04-05-90
+25.21 05-03-90
+22.45 06-07-90
+22.57 06-26~90
+22.29 07-21-90
+21.07 08-22-90
+24.82 09-25-90
37NO3E15DADDO1 Kev 31.27 05-09-89
29.70 09-13-89
30.85 01-10-90
31.22 05-04-90
30.63 06-05-90
30.62 06-26-90
30.74 07-22-90
30.58 08-22-90
30.63 09-26-90
37NO3E24ABBBO1 Qg 34.65 07-26-89
34.66 09-14-89
34.12 11-17-89
33.86 12-14-89
33.92 01-11-90
34.30 02-22-90
34.00 04-04-90
33.37 05-04-90
33.10 06-05-90
33.34 06-24-90
33.77 07-21-90
33.57 08-23-90
33.52 09-27-90
37NO3E25AACAQ]1 Qg 7.28 06-28-89
7.39 11-01-89
7.16 01-11-90
7.14 02-22-90
7.25 04-03-90
7.02 06-05-90
7.19 06-27-90
7.28 08-23-90
7.24 09-25-90
37NO3E26DABDO1 Qg 17.29 06-29-89
17.35 08-08-89
17.31 11-17-89
17.32 12-14-89
17.27 01-11-90
17.22 02-22-90
17.11 04-04-90
17.06 05-04-90
16.98 06-05-90
16.96 06-24-90
16.99 07-22-90
17.04 08-22-90
17.10 09-26-90
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Table 13.--Water-level data for selected wells in the study area--Continued

Date

Static water

water level
Local number Aquifer level measured
37NO4E11DCCDO1 Qg 75.40 08-15-89
75.45 12-13-89
75.55 01-10-90
75.51 02-21-90
75.62 05-03-90
75.51 06-05-90
75.59 06-27-90
75.61 07-22-90
75.58 08-22-90
75.48 09-25-90
37NO4E14ADACO1 Kev 228.99 07-29-89
229.15 08-30-89
229.78 12-13-89
229.74 01-10-90
230.01 02-21-90
230.09 03-21-90
223.86 05-03-90
224.59 06-05-90
224.95 06-27-90
225,12 07-22-90
224.62 08-22-90
224.93 09-25-90
37NO4E14DDABO1 Qg 8.40 07-29-89
9.60 12-13-89
9.69 01-10-90
9.48 02-21-90
8.71 03-21-90
3.65 05-03-90
.90 06-05-90
2.30 06-27-90
4.18 07-22-90
5.55 08-22-90
6.53 09-27-90
37NO4E15DCDBO1 Qg 81.96 07-29-89
81,56 12-13-89
80.80 01-10-90
81.02 02-21-90
79.31 04-05-90
80.12 05-04-90
81.16 06-05-90
79.85 06-27-90
79.54 07-19-90
79.40 08-21-90
80.31 09-26-90
37N04E23CCDDO1 Qg 69.02 07-26-89
68.46 08-29-89
67.80 10-11-89
69.37 11-16-89
69.72 12-13-89
69.97 01-10-90
70.25 02-21-90
70.57 03-21-90
70.84 05-03-90
70.40 06-05-90
69.86 06-27-90
69.57 07-22-90
60.29 08-22-90
69.60 09-25-90
37NOSE30BADO1 Qg 36.37 06-22-89
37.20 08-29-89
36.30 09-12-89
36.22 10-11-89
36.46 12-13-89
36.42 01-11-90
36.32 02-22-90
36.00 05-05-90
36.11 05-17-90
35.82 06-27-90
35.73 07-18-90
35.43 08-22-90
35.34 09-25-90
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Table 14.--Estimated instantaneous streamflow at miscellaneous measurement sites in the study area

{Site number: 1listed in downstream order for each basin--MC, Miners Coulee; BC, Breed
Creek; BG, Bear Gulch., Abbreviations: ft3/s, cubic feet per second;
NF, no flow; tr, trickle. Symbol: <, less than]
Discharge Discharge
site number Local number Date (ftd/s) Date (ft¥/s)
Miners Coulee
MC-4 37NO2E24DDDO1 03-02-88 NF 04-05-89 0.25
03-22-88 1<0.01 04-12-89 1.2
03-29-88 1.04 04-25-89 .30
04-12-88 INF 05-09-89 .18
04-26-88 1.04 05-17-89 .01
05-10-88 1<.01 06-06-89 .67
05-~31-88 .04 06-13-89 1.0
06-20-89 .01
03-28-89 14,7 06-29-89 .01
03-30-89 13,1 07-20-89 .08
04-01-89 11.8
MC-5 37NO3E07CCAOL 03-02-88 NF 03-30-89 17,6
03-22-88 INF 04-01-89 1,78
03-29-88 INF 04-12-89 .30
04-12-88 INF 04-25-89 .64
04-26-88 INF 05-09-89 NF
05-10-88 'NF 05-17-89 NF
05-31-88 NF 06-06-89 .19
06-13-89 2.4
03-28-89 121
MC-9 37NO3EO7CBBO1 03-02-88 .10 03-30-89 1,07
03-22-88 1,42 04-01-89 INF
03-29-88 1,07 04-05-B9 NF
04-12-88 1.35 04-12-89 .18
04-26-88 1,21 04-25-89 .23
05-10-88 1<.01 05-09-89 .18
05-31-88 NF 05-17-89 NF
06-06-89 3.6
03-28-89 1.04 06-13-89 2.5
Breed Creek
BC-4 36NO4E17DBCBO1 03-02-88 1. 40 05-09-89 11
03-22-88 1,39 05-17-89 4.8
03-29-88 1,25 05-30-89 14
04-12-88 1,39 06-06-89 14
04-26-88 1.4 06-13-89 31
05-10-88 1.0 06-29-89 3.9
05-31-88 1.2 07-18-89 1.5
03-28-89 3.1 03-21-90 3.2
03-30-89 1.3 04-18-90 4.5
04-01-89 11.5 05-02-90 9.1
04-05-89 1.2 05-17-90 B.1
04-13-89 2.5 05-31-90 22
04-26-89 5.7 06-06-90 11
BC-5 36NO4EC6ACAOL 03-02-88 .50 04-13-89 2.8
03-22-88 1.9 04-26-89 6.1
03-29-88 1,95 05-09-89 13
04-12-88 1,85 05-17-89 5.6
04-26-88 12,0 05-30-89 16
05-10-88 1,05 06-06-89 15
05-31-88 .06 06-13-89 33
06-29-89 3.9
03-28-89 13,7 07-18-89 1.5
03-30-89 13,2
04-01-89 12.9 04-18-90 5.0
04-05-89 1.7
BC-6 36NO4ECSBCBO1 03-02-88 <.01 04-25-89 .10
03-22-88 1,07 05-09-89 .30
03-29-88 1,04 05-17-89 .10
04-12-88 1,04 06-06-89 .11
04-26-88 1,04
05-10-88 t<.01 03-21-90 1.5
05-31-88 tr 04-18-90 .94
05-02-90 2.0
03-30-89 1,42 05-17-90 .44
04-01-89 1.39 05-31-90 1.5
04-05-89 .15 06-06-90 1.3
04-12-89 .20
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Table 14.--Estimated instantaneous streamflow at miscellaneous
measurement sites in the study area--Continued

Discharge Discharge
site number Local number Date (L3 /s) Date (£t3/s)
Breed Craek--Continued
BC-7 36NO4EOSBADCO1 03-02-88 INF 04-25-89 NF
03-22-88 INF 05-09-89 NF
03-29-88 INF 05-17-89 NF
04-12-88 INF 06-06-89 .02
04-26-88 INF
05-10-88 INF 03-21-90 2.4
05-31-88 NF 04-18-90 .79
05-02-90 .85
03-30-89 1,70 05-17-90 .11
04-01-89 1.04 05-31-90 .46
04-05-89 NF 06-06-90 .19
04-12-89 .20
BC-10 37NO4E33ABBO1 03-22-88 I'NF 04-25-89 NF
03-29-88 INF 05-09-89 NF
04-12-88 I'NF 05-17-89 NF
04-26-88 I'NF 06-06-89 NF
05-10-88 I'NF
05-31-88 NF 03-21-90 .01
04-18-90 .01
03-30-89 INF 05-02-90 .05
04-01-89 I'NF 05-17-90 <.01
04-05-89 NF 05-31-90 .10
04-12-89 NF 06-06-90 NF
BC-11 37NO4E33CBCO1 03-22-88 I'NF 04-25-89 .03
03-29-88 INF 05-09-89 NF
04-12-88 INF 05-17-89 NF
04-26-88 I'NF 06-06-89 NF
05-10-88 INF
05-30-88 NF 03-21-90 .57
04-18-90 .05
03-30-89 1.70 05-02-90 .64
04-01-89 1,70 05-17-90 .04
04-05-89 .01 05-31-90 .10
04-12-89 .06 06-06-90 .03
BC-13 37NO3E12CACCO1 03-02-88 1.1s 05-09-89 9.7
03-22-88 13,2 05-17-89 4.1
03-29-88 1,57 05-30-89 14
04-12-88 1.32 06-06-89 14
04-26-88 1,57 06-21-89 3.6
05-10-88 1,10 06-29-89 2.3
05-31-88 .10 07-18-89 .99
03-28-89 1.18 03-21-90 9.4
03-30-89 1. 18 04-18-90 5.4
04-01-89 1.14 05-02-90 13
04-05-89 .80 05-17-90 9.6
04-12-89 1.6 06-06-90 13
04-25-89 6.4
BC-14 36NO3E01CACO1 03-22-88 I'NF 04-25-89 NF
03-29-88 INF 05-09-89 NF
04-12-88 INF 05-17-89 NF
04-26-88 I NF 06-06-89 NF
05-10-88 INF
05-31-88 NF 03-21-90 <.01
04-18-90 .06
03-28-89 1,35 05-02-90 NF
03-30-89 11.0 05-17-90 NF
04-01-89 1,25 05-31-90 .29
04-05-89 NF 06-06-90 <.01
04-12-89 .06
BC-15 37NO3E23DADAO1 03-02-88 NF 04-12-89 NF
03-22-88 INF 04-25-89 NF
03-29-88 L NF 05-09-89 NF
04-12-88 INF 06-06-89 NF
04-26-88 INF
05-10-88 INF 03-21-90 1.9
05-31-88 NF 04-18-90 .05
05-02-90 .57
03-28-89 1,53 05-17-90 NF
03-30-89 1,07 05-31-90 1.0
04-01-89 INF 06-06-90 NF
04-05-89 NF
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Table 14,--Estimated instantaneous streamflow at miscellaneous
measurement sites in the study area--Continued

Discharge Discharge
site number Local number Date (ft¥/s) Date (£t3/s)
Breed Creek--Continued
BC-16 36NO3E09ACBBO1 03-22-88 INF 04-25-89 NF
03-29-88 INF 05-09-89 .01
04-12-88 INF 05-17-89 .01
04-26-88 !, 04 06-06-89 .01
05-10-88 INF
05-31-88 NF 03-21-90 NF
04-18-90 .37
03-30-89 1,35 05-02-90 .12
04-01-89 1. 04 05-17-90 .06
04-05-89 NF 05-31-90 .12
04-12-89 tr 06-06-90 .14
BC-17 36NO3E04DBDAQ] 03-02-88 NF 04-25-89 .03
03-22-88 1,07 05-09-89 .02
03-29-88 1,04 05~17-89 tr
04-12-88 INF 06-06-89 .05
04-26-88 INF
05-31-88 NF 03-21-90 .01
04-18-90 .51
03-30-89 1,07 05-02-90 .43
04-01-89 1.04 05-17-90 .20
04-05-89 .01 05-31-90 .22
04-12-89 .07 06-06-90 .36
BC-18 37NO3E28DCDCO1 03-22-88 INF 05-09-89 NF
03-29-88 UNF 05-17-89 NF
04-12-88 INF 06-06-89 NF
04-26-88 'NF
05-10-88 I NF 03-21-90 1.0
05-31-88 NF 04-18-90 .32
05-02-90 .45
04-01-89 INF 05-17-90 .23
04-05-89 NF 05-31-90 .26
04-12-89 NF 06-06-90 .29
04-25-89 NF
BC-19 37NO3E23ADDBO1 03-02-88 NF 04-12-89 NF
03-22-88 INF 04-25-89 NF
03-29-88 INF 05-09-89 NF
04-12-88 INF 06-06-89 NF
04-26-88 I NF
05-10-88 'NF 03-21-90 6.0
05-31-88 NF 04-18-90 .46
05-02-90 1.1
03-28-89 n 05-17-90 .26
03-30-89 114 05-31-90 3.3
04-01-89 INF 06-06-90 .19
04-05-89 NF
BC-20 37NO3E23ADCDO1 03-22-88 I NF 04-25-89 .01
03-29-88 INF 05-09-89 NF
04-12-88 I NF 06-06-89 .01
04-26-88 I NF
05-31-88 NF 03-21-90 1.9
04-18-90 .46
03-28-89 1,35 05-02-90 .84
03-30-89 1,07 05-17-90 .09
04-01-89 INF 05-31-90 .96
04-05-89 NF 06-06-90 .22
04-12-89 NF
Bear Gulch
BG-3 37NO4E35BAAAOL 03-02-88 .20 05-09-89 2.5
03-22-88 ' .64 05-17-89 .90
03-29-88 1.1 06-06-89 11
04-12-88 I 18 06-14-89 22
04-26-88 V.25 06-29-89 4.2
05-10-88 1,05 07-18-89 2.1
05-31-88 .60
03-21-90 8.0
03-30-89 1,88 04-18-90 6.3
04-01-89 1.49 05-02-90 18
04-05-89 .71 05-17-90 11
04-12-89 1.9 05-31-90 25
04-25-89 1.3 06-06-90 18
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Table 14.--Estimated instantaneous streamflow at miscellaneous
measurement sites in the study area--Continued

Discharge Discharge
Site number Local number Date (ft3/s) Date (ft3/s)
Bear Gulch--Continued
BG-5 37NO4E26BCBO1 03-02-88 1.0 04-25-89 .20
03-22-88 1,42 05-09-89 1.4
03-29-88 1,28 05-17-89 .20
04-12-88 1.35 06-06-89 2.2
04-26-88 1,21
05-10-88 1.05 03-21-90 5.9
05-31-88 .07 04-18-90 4,5
05-02-90 13
03-30-89 .25 05-17-90 6.8
04-01-89 1.14 05-31-90 16
04-05-89 .05 06-06-90 7.3
04-12-89 .09
BG-7 37NO4E23BABO1 03-02-88 NF 05-09-89 1.6
03-22-88 I NF 05-17-89 1,12
03-29-88 INF 06-06-89 6.6
04-12-88 INF 06-14-89 3.7
04-26-88 Vo7 07-18-89 .17
05-10-88 1,01
05-31-88 tr 03-21-90 4.8
04-18-90 1.7
03-30-89 1,42 05-02-90 9.5
04-01-89 1.18 05-17-90 1.3
04-05-89 .07 05-31-90 3.5
04-12-89 .63 06-06-90 2.4
04-25-89 1.6 07-19-90 NF
BG-8 37NO4E10CDABO1 03-22-88 I NF 05-09-89 1.0
03-29-88 I NF 05-17-89 .05
04-12-88 INF 06-06-89 3.6
04-26-88 INF
05-31-88 NF 03-21-90 11
04-18-90 1.8
03-30-89 .60 05-02-90 11
04-01-89 1,14 05-17-90 2.0
04-05-89 .05 05-31-90 7.6
04-12-89 .22 06-06-90 2.3
04-25-89 1.0
BG-9 37NO4E10CCAO1 03-02-88 1.0 05-17-89 .60
03-22-88 1.88 05-30-89 8.0
03-29-88 1,42 06-06-89 8.0
04-12-88 1,53 06-14-89 16
04-26-88 .18 06-21-89 7.2
05-10-88 1,01 06-29-89 5.2
05-31-88 <.01 07-18-89 2.4
03-28-89 V4.7 03-21-90 12
03-30-89 1.1 04-18-90 6.2
04-01-89 1,04 05-02-90 27
04-05-89 .03 05-17-90 8.0
04-12-89 .22 05-31-90 21
04-25-89 2.1 06-06-90 9.7
05-09-89 1.6

l source of data is Environment Canada, Conservation and Protection, Inland Waters Directorate,

Water Resource Branch; conversion from cubic meters per second.
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Table 15.--Physical properties and common-constituent concentrations in streamflow in the study area

[Analyses by Montana Bureau of Mines and Geology. Onsite measurements by U.S. Geological Survey except as

indicated. Abbreviations: ft3/s, cubic feet per second; °C, degrees Celsius; mg/L, milligrams per liter;

uS/cm, microsiemens per centimeter at 25 °C. Symbols and acronyms: <, less than minimum reporting level;

--, no data or not applicable. All common-constituent concentrations are reported as dissolved. Onsite
bicarbonate and carbonate were determined by incremental titration]

Onsite
spe- So-
cific Onsite Onsite Hard- cCal- Magne- So- dium-
con- pH water ness cium sium dium adsorp-
Dis- duct- (stan- temp- (mg/L {mg/L (mg/L (mg/L tion
Site Local Date charge ance dard erature as as as as ratio
number number sampled (ft3 /s) (uS/cm) units) (°C) CaCO3) Ca) Mg) Na) (SAR)
Miners Coulee
MC-4 37NO2F24DDD 01 06-20-89 0.01 1,170 7.7 16.5 420 91 17 120 3
Breed Creek
BC-13 37NO3E12CACCO1! 06-21-89 3.6 340 8.2 15.0 190 51 14 11 .4
06-21-89 3.6 340 8.2 15.0 190 52 14 11 .4
06-21-89 - 21.7 25.4 - 0 <.l <.l .1 <.l
Bear Gulch
BG-9 37N04F10CCA 01 06-20-89 7.2 540 8.5 17.5 270 68 24 14 .4
Onsite Onsite Onsite Dis-
Potas- bicar- carbo- alka- Sul- Chlo- Fluo- solved
sium bonate nate linity fate ride ride Silica solids, Ni-
(mg/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L calcu- trate
as as as as as as as as lated (mg/L
K) HCO3) CO3) CaCO3) 504) Ccl) F) SiOz) (mg/L) as N) Remarks
Miners Coulee
4 530 0 440 220 11 0.7 18 774 0.10 -
Breed Creek
4 210 o] 180 51 1.6 .3 11 241 .13 -
4 210 0 180 50 1.7 .3 11 241 .13 Replicate
<.1 2 0 1 <.1 .3 <.1 <.l 1.3 .06 Fiela blank
Bear Gulch
4q 250 24 240 75 1.7 .6 13 336 .11 -

!Field blank obtalned at this site.
2petermined by Montana Bureau of Mines and Geology, Analytical Division Laboratory.
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Table 16.-~Trace-element concentrations in streamflow in the study area

[Analyses by Montana Bureau of Mines and Geology.

Symbols: <,

less than minimum reporting level; --,
trace-element concentrations are reported as dissolved]

Abbreviation:

ng/L,

micrograms per liter.
not applicable. All

Alumi- Cad- Chro- Cop- Lith- Manga-
num Boron mium mium per Iron ium nese
Site Local Date (pg/L (ng/L (pg/L (ng/L (rg/L (ug/L (ng/L (hg/L
number number sampled as Al) as B) as Cd) as Cr) as Cu) as Fe) as Li) as Mn)
Miners Coulce
MC-4 37N0?F24DDD 01 06-20-89 <30 120 <2 <2 <2 80 30 860
Breed Creek
BC-13 37NO3F12CACCO1! 06-21-89 <30 24 <2 <2 <2 40 20 90
06-21-89 <30 24 <2 <2 <2 40 10 90
06-21-89 <30 <20 <2 <2 <2 <2 <2 <2
Bear Gulch
BG-9 37N04F10CCA 01 06-20-89 <30 <20 <2 <2 <2 10 20 22
Molyb- Stron- Tita- Vana-
denum Nickel Silver tium nium dium Zinc
(ng/L (py/L (pg/L (pg/L (pg/L (ug/L (ug/L
as Mo) as Ni) as Ag) as Sr) as Ti) as V) as 2n) Remarks
Miners Coulee
<20 <10 <2 770 12 <1 <3 -
Breed Creek
<20 <10 <2 500 11 <1 <3 -
<20 <10 <2 500 8 <1 <3 Replicate
<20 <10 <2 <1 3 <1 <3 Field blank
Bear Gulch
<20 <10 <2 560 9 <1 <3 -

IField blank obtained at this site.

*U.S. GOVERNMENT PRINTING OFFICE:1993-774-207/60061
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