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GROUND-WATER FACTORS AFFECTING THE DRAINAGE OF
AREA 1V, FIRST DIVISION, BUFFALO RAPIDS
IRRIGATION PROJECT, MONTANA

- ABSTRACT

A drainage investigation of Area IV, First
Division, Buffalo Rapids project, Montana,
was conducted during the summer of 1950. The
purpose of the study was to collect and
interpret the geological and hydrological
data that are needed for the design and con-
struction of proper drainage facilities on
waterlogged land.

Most of the area covered by this report
consists of three flat to gently sloping
stream terraces that border the Yellowstone
River. The lower two terraces are irrigated
at the present time, and the higher terrace

is proposed for irrigation. The exposed bed-.

rock consists of shale and sandstone beds of
the Fort Union formation.

Natural surface drainage in most of the
lower terrace is inadequate to prevent water-
logging. The ground water in the lower ter-
race area is derived principally by underflow
from the upper two terraces, which are re-
charged by precipitation, irrigation, and
canal leakage.

Data obtained from a pumping test provided
the information on permeability that was
necessary for the determination of the quan-
tity and velocity of ground-water flow.

Open drains sufficiently deep to drain
effectively the'ground vater in the water-
logged area are not considered economically
feasible by the Bureau of Reclamation; conse-
quently, relief wells spaced along a shallow

open drain are recommended as a means of low-
ering the water table in the waterlogged area.

Supplementary data on the quality of ground
water are included in this report.

INTRODUCTION

Location and extent of area

The First Division of the Buffalo Rapids
irrigation project is in Dawson and Prairie
Counties in eastern Montana. (See fig. 1.)
It extends along the west bank of the Yellow-
stone River from 2 miles northeast of Fallon
to 1 mile north of Glendive. The principal
creeks have been used as boundaries to sub-
divide the project into ten separate areas
numbered as shown in figure 2. Ground-water
conditions in Area IV, T. 14 N., R. 54 E.,
are described in this report. The ground-
water conditions throughout the project will
be described in a forthcoming report.

Purpose and methods of investigation

Severe drainage problems have developed
throughout the First Division of the Buffalo
Rapids irrigation project. Because ground-
vater conditions are among the important fac-
tors that must be considered if the water-
logged land is to be reclaimed by drainage,
the Bureau of Reclamation requested the
Ground Water Branch of the U. S. Geological
Survey to collect and interpret the geologi-
cal and ground-water data necessary for the

1
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Figure 1.--Map of the Missouri River basin showing areas in which ground-water studies have been
made under the Missgouri basin development program.

design and construction of proper drainage
facilities.

During the course of the investigation, the
Geological Survey constructed a total of 85
test holes in order to determine the depth,
thickness, and lateral extent of the water-
bearing beds; 60 of the test holes were cased
for permanent use as water-level observation
wells. (See pl. 1.) The depth to water in
most of the test holes was determined by the
wetted~-tape method. The altitude of the
measuring points was determined by instru-
mental leveling,and contour maps of the
ground -water surface for two dates were pre-
pared. This information made it possible to
locate the important areas of ground-water
recharge and discharge and to determine the
direction of ground-water movement. The
coefficients of transmissibility and storage
of the principal water-bearing beds were
obtained by the pumping-test method.

The investigation was under the general
supervision of A. N. Sayre, chief of the
Ground Water Branch of the Geological Survey,
and of G. H. Taylor, regional engineer in
charge of ground-water investigations under
the Missouri River basin development program.
F. A. Swenson, district geologist, was in
immediate charge of the field studies.

Previous investigations

A preliminary soil and drainage investiga-
tion of unit 61 (see fig. 2 for location) was
made in the spring of 1948 by R. C. McConnell,
of the Soil Conservation Service of the U. S.
Department of Agriculture. At the time of
this study, a large part of the land on this
farm unit could not be farmed because of poor
drainage. In his report on this investiga-
tion, McConnell suggested that further studies
be made to determine the source and amount of
ground -water recharge.
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Figure 2.--Map of First Division, Buffalo Rapids project, Montana, showing areas covered by this investigation. (Based on map of
farm units prepared by Soil Conservation Service, U. S. Department of Agriculture )




A general investigation of the ground-water
resources of the Yellowstone River valley
between Miles City and Glendive was made in
1948 by A. E. Torrey and F. A. Swenson (1951)
of the Geological Survey. This report recom-
mended that detailed drainage studies of the
waterlogged areas be made prior to the con-
struction of drainage facilities. These and
other references that were useful in this
study are listed at the end of this report.
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Well -numbering system

Each observation well, auger hole, trench or
other type of test hole has been assigned two
numbers. The temporary or field number of
each is shown on plate 1. 1In general the
lines of test holes are identified by letters
in alphabetical order in a downstream direc-
tion, and the holes on each line are numbered
in order in a direction away from the main
canal. The cased observation wells were
assigned whole numbers; the intermediate auger
holes were given fractional numbers that indi-
cate the relative position of the hole between
observation wells. Wells and holes not on the

lines were assigned numbers that indicate
either their relative position to the lines
or their functional part in the investigation.

A permanent number also was assigned to each

well and test hole in accordance with a sys-
tem that is based on the Bureau of Land
Management survey of the area. The first
number of the well number indicates the town-
ship, the second the range, and the third the
section in which a well is located. The
lower-case letters that follow the section
number show the location of the well within
the section. The first letter denotes the
quarter section and the second the quarter-
quarter section or 4O-acre tract. The
letters are assigned in a counterclockwise
direction and begin in the northeast quarter
of the section or quarter-quarter section.
If more than one well is located in a 40-acre
tract, consecutive numbers beginning with one
are added to distinguish the individual wells.
(see fig. 3.)
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GEOGRAPHY
Climate

The climate of east-central Montana is
semiarid and is characterized by wide devia-
tions from average precipitation and by a
wide range in temperature. The following
discussion is based on records that have been
kept simce 1890 by the weather station at
Glendive.

The average annual precipitation at Glen-
dive for the 60 years of complete record is

total annual precipitation would be 45.79
inches.

The graph showing the cumulative departure
from average precipitation at Glendive
(fig. 4) indicates the long-term deficiencies
and excesses of precipitation. The wet
period that began, or was in progress, in
1890 reached its climax in 1916, when the
total cumulative excess of precipitation was
about 41 inches. The dry period that began
in 1917 reached its climax in 1941, when the
cumulative deficiency of precipitation was
about 2.5 inches. Several years of below-
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Figure b.--Precipitation records at Glendive, Mont., 1890-1949.
(From records of the U. S. Weather Bureau.)

14.42 inches. The total annual precipitation
has ranged from 4.83 inches (1934) to 26.02
inches (1916). If the driest months durihg
the period of record (that is, the driest
January, the driest February, etc.) were to
occur in a single year the total annual pre-
cipitation at Glendive would be only 0.83
inch; likewise if the wettest months in this
period were to occur in a single year, the

average precipitation occurred between 1890
and 1916; likewise several wet years appeared
in the dry cycle that reached its climax in
1941. Since 1941, the precipitation in the
area has been about average. The precipita-
tion for 1950, as recorded at the weather
station in Terry, was 12.63 inches. (See
fig. 5.)
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Figure S.--Daily precipitation at Terry, Mont., 1950.

Land use

The Bureau of Reclamation started construc-
tion of the First Division of the Buffalo
Rapids irrigation project in 1937, and the
first irrigation water was delivered to some
of the units in 194%0. The area described in
this report was developed for irrigation in
1942 and was first irrigated in 1943. The
water delivery from 1943 to 1947 averaged
about 1,000 acre-feet per year on about 670
acres of irrigable land (Buffalo Rapids Farm
Assoc., 1943-47). The crops raised during
that period were alfalfa, sugar beets,
potatoes, beans, corn, oats, and barley.

Good yields were recorded from 1944 to 1946,
but in 1947 the yield of alfalfa dropped from
an average of l% tons to an average of % ton
per acre and the yield of sugar beets dropped
from an average of 12 tons to an average of

8 tons per acre on units 61 and 65. (See
fig. 6.) This drop in yield was due partly
to waterlogging, which prevented harvesting
part of the crop area. These units were not

cultivated in 1948; unit 62, according to
reports, was not cultivated in 1950 because
the land was too wet for seeding. The wet
areas first developed below the main canal

at the northern edge of the cropped area and
expanded toward the river. At the present
time, the waterlogged area occupies about 190
acres, and an additional 240 acres are
reported to be too wet for spring planting or
for crop harvesting. The amounts of irriga-
tion water applied to Area IV and the acreage
irrigated in 1950 are shown in the table
below figure 6.

The land bordering the Yellowstone River is
subject to flooding during high river stages
and for this reason is used primarily for
pasture.

Topography

Three terraces, ranging in height from 20
to 190 feet above the river, are prominent



Figure 6.--Map showing farm units, Area IV,
First Division, Buffalo Rapids project,
Dawson County, Mont.

Irrigation water applied to Area IV, First
Division, Buffalo Rapids project, Dawson
County, Mont., 1950

Farm Period Acre-feet | Acreage
unit delivered | irrigated
60 July 13-16..... T7.04 14.08
July 16-Aug. 1k 8k.09 168.18
Aug. 22-30..... 24.81 ho.62
Sept. 26-0Oct. 2 11.75 23.50
Total..e..... | 127.69 255.38
63 July 20-Aug. 15 | 118.4k4 236.88

Sept. 4-6...... | 12.17 24,34
Total........ | 130.61 261.22

64 | July 20-Aug. 15 | 62.69 125.38
Sept. hk-6...... 8.92 17.84

Total........ T1.61 143.22

physiographic features of the area covered by
this report. Each terrace is a remmant of a
former flood plain that was developed by the
stream when its rate of downcutting was tem-
porarily slowed or halted. During each such
period the valley was broadened by the
lateral cutting of wide-sweeping meanders.

In the subsequent periods of rapid down-~
cutting, the river carved a new channel into
its former flood plain. The river then devel-
oped a new flood plain at a lower level. At
the eastern end of the area described in this
report the lower two terraces have been

7

removed by river erosion, and the river now
impinges directly against a sheer cliff that
rises 150 feet above the river.

GEOLOGIC FORMATIONS AND GENERAL GROUND-WATER
CONDITIONS

Rocks ranging in age from Paleocene to
Recent are exposed in Area IV. A generalized
section of the geologic formations is on the
following page.

Fort Union formation

The Fort Union formation of Paleocene
(Tertiary) age is the only bedrock exposed in
the area. It is a continental deposit and
consists of yellowish-gray to buff clay,
shale, and sandstone, and lignite and carbo-
naceous shale. The shale, clay, and sand-
stone beds are irregular in their distribution
and extent. Individual beds are lenticular;
a large massive sandstone may grade laterally
into shale, and a sequence of shale beds in
one ares may grade into one or more sandstone
beds elsewhere. The Fort Union formation is
exposed in the sheer cliff at the east end of
the area, in banks of tributary valleys, and
in the slope between the second and third
terraces above the river. All water-bearing
strata of any consequence are located below
river level and aré unlikely sources of re-
charge to the terrace deposits.

Terrace deposits

The three stream terraces are of Quaternary
age. They are numbered 1, 4, and 5 in
ascending order (see table below and pl. 2);

Terrace levels along Yellowstone River

Thickness of gravel
Terrace Height above underlying topsoil
river (feet) (feet)
1 20-35 411
4 60-90 10-15
5 150-190 1-25%

terraces 2 and 3, which are present elsewhere
in the Buffalo Rapids project, are absent in
Area IV. The terraces are flat to gently
rolling and are underlain by unconsolidated
terrace deposits that range considerably in
thickness. In general each terrace deposit



Generalized section of the geologic formations e€xposed in Area IV

Thickness
System Series Formation Lithologic character (feet)
Recent. Alluvium. Clay, silt, sand, and gravel.....eccoecoes 5-20
Silty and sandy soil with some clay;
underlain by gravel that consists of
t . Terrace
Quaternary Pleistocene. deposits rounded quartzite pebbles and cobbles, 8-ho

fragments of extrusive and intrusive
igneous rocks.

Fort Union

Paleocene. .
formation.

Tertiary.

Yellowish-gray to buff clay, shale, and
sandstone, with interbedded carbonaceous 300+
shale and lignite.

is divided into two zones: the upper zone
consists of fine sediment and its thickness
is characteristic of the individual terrace;
the lower zone is composed largely of gravel
that rests on bedrock. An inspection of the
gravel exposures along eroded banks indicates
that lenses of sand and silt generally are
interbedded with the gravel.

Northwest of the waterlogged area the slope
from terrace 5 to terrace 1 is abrupt and
very irregular, and the edge of the higher
terrace is cut by numerous gullies. The
gravel in the floor of the main gullies trans-
mits much of the ground water that causes the
waterlogging of terrace 1.

Terrace 5, which covers a large part of the
area, is not irrigated at the present time,
. but it is proposed for irrigation by a relift.
Seepage from irrigation of this upper terrace
will increase the recharge to the ground-
water supply of the lower terraces and may
necessitate additional drainage facilities.

The main canal is on the colluvial slope
between terrace 5 and the lower terraces in
this area. For part of its length in section
32, the canal is cut into the underlying bed-
rock (pl. 2). Leakage from the canal in this
reach is probably much less than where the
canal is cut only into the colluvium.

Terrace L4, which occupies most of the
southwestern part of the area, is irrigated
from the main canal. The small stream that
cuts through the center of the terrace serves
as a drain. The terrace deposits apparently
are sufficiently thick and permeable to
transmit the recharge from the canal without
becoming waterlogged.

Avbout half of the irrigated land and most
of the waterlogged land are on terrace 1.
Half of this terrace can not be cultivated
owing to the waterlogging and to the develop-
ment of saline soils. The waterlogged area
is becoming larger and will probably occupy
most of the irrigated land on this terrace
unless adequate drainage facilities are con-
structed.

Alluvium
The alluvial deposits along the Yellowstone

River consist of clay, silt, sand, and
gravel.

HYDROLOGIC FACTORS AFFECTING DRAINAGE

General conditions

Data from a network of observation wells
and test holes, which were installed during
the 1950 field season, are the basis for this
analysis of subsurface hydrologic factors.
(See table 1 and pl..l.)

Most of the observation wells were con-
structed by Jjetting a 2-inch pipe 3 or more
feet into the gravel (wherever possible the
full thickness of gravel was penetrated). A
2 -inch pipe with an attached brass strainer
then was insérted to the bottom of the hole
inside the 2-inch pipe. When the larger pipe
was removed, the gravel gaved in around the
strainer, and then the well was pumped until
the water was clear. From time to time a
check was made to determine whether the
strainer was still open. A measurement of
the water level in the well was made at



weekly intervals until November, when the
interval between medsurements was lengthened
to 2 weeks. Two water-level recording gages
were installed in the area to provide a con-
tinuous hydrograph of water-level fluctua-
tions. Data pertaining to the type of each
observation well and its construction are
given in table 1.

A test hole was hand-augered a few feet
from most of the observation wells and at
points intermediate between the observation
wells. A log was prepared for each test hole
(table 2). An analysis of these logs shows
conclusively that the terrace gravel is the
principal water-bearing material. Compared
to the relatively permeable gravels, the
overlying finer-grained sediments transmit a
minor amount of water.

The ground water in a large part of terrace
1 is considered to be under artesian condi-
tions as the piezometric surface of the
ground water in the gravel is in the overly-
ing sediments. Although these overlying
finer-grained sediments act as a semiconfining
bed, field observations show that they are
saturated to a level that almost coincides
with the average piezometric surface. The
capillary fringe or nongravity water zone
extends upward from the zone of saturation
into the overlying more compact soils. In
much of the waterlogged area, this capillary
fringe extends to the land surface.

The hydraulic properties of both the perme-
able lower zone and the overlying semiperme~
able zone of terrace 1 are illustrated by
reference to a hypothetical cross section
(fig 7). A rapid increase in the rate of
recharge to the permeable zone would cause a
change in head near the source from position 1
to position 2. The corresponding increased
pressure in the permeable zone, where it is
overlain by the semiconfining materials,
forces some of the water upward into the
semipermeable zone. When the overlying mate-
rial becomes saturated to a level that coin-
cides with the piezometric surface, a state
of equilibrium is reached. A rapid decrease
of head near the source would result in both
a corresponding lowering of the piezometric
surface and a slow draining of the semiperme-
able zone until equilibrium is again estab-
lished.

The effectiveness of a confining 1layer is
indicated by the degree of correlation
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between changes of water level and changes in
barometric pressure. The water level in well
P reflects about 50 percent of the change in
barometric pressure. (See fig. 8.)

Although considerable water is removed from
the ground to satisfy evapotranspiration de-
mands, no apparent diurnal fluctuations of
the water level are registered by automatic
recording gages. A possible explanation of
the events that take place in this phase of
the hydrologic cycle is as follows: during
the summer days, when the evapotranspiration
rate is high, the water held in the capillary
interstices near the surface is depleted and
the top few feet of the soil horizon become
relatively dry; when night comes, the evapo-
transpiration demands lessen and the drier
zones refill with capillary water. Because
the demand for capillary water is fairly uni-
form, the withdrawal of water from the aquifer
is nearly constant; hence no diurnal fluctua-
tions of the piezometric surface could be
expected.

A sizable quantity of water probably is
discharged by evapotranspiration from the
ground-water reservoir where its surface is
close to the land surface; however, the effect
on lowering the water table is obscured be-
cause of other influencing factors. There is
very little surface flow from springs during
the summer months because of increased evapo-
ration rates. Evaporation rates of more than
0.5 inch in one day have been recorded at the
Terry weather station. Records for the
latter part of the summer indicate an average
daily evaporation rate of slightly more than
0.2 inch per day for the summer months.

Natural surface drainage

Three natural drainageways (pl. 2) enter
Area IV from the northwest. The western of
these has a steep gradient. It flows in a
deeply cut coulee that provides an adequate
route for flow to the river at all stages and
appears to provide ample drainage for all the
irrigated land within its basin.

The small middle stream, which is parallel
to the road, has no outlet to the river.
During most of the year this stream has no
surface flow beyond the siphon of the main
canal, but during the colder months a small
flow may be traced about 1,000 feet before it
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Figure T.--Hypothetical cross section illustrating ground-water conditioms in Area IV, First
Division, Buffalo Rapids project, Dawson County, Mont.

is lost entirely by evaporation and percola-
tion into the terrace deposits. The base
flow of this stream is derived principally
from ground water that issues from the gravel
zone of terrace 5. During severe storms this
stream discharges large quantities of water
onto terrace 1. Where it enters the irrigated
area, the stream has cut a gully that is as
much as 6 feet deep and 10 feet wide. Cobbles
as much as 4 inches across have been carried
by the storm flows of high intensity that
issue from this coulee. Because the gradient
of the stream is sharply reduced upon enter-
ing the irrigated area, the stream's load of
sand and gravel is deposited within a short
distance. The stream has essentially no
channel beyond 1,500 feet southeast of the
siphon of the main canal. Although storm
flows occur infrequently, surface drainage
facilities should be designed to prevent the
flooding of irrigated land at these times.

The eastern stream has an inadequate outlet
to the river. Because the channel of this
stream across the lower terrace is too
shallow to transmit all the flood flow, the
water spreads over the land and contributes
to the waterlogging of this and surrounding
areas. Although the drainage basin of this
stream is comparable to the drainage basin of
the middle stream, it appears to transmit
fewer flash floods. Where this stream enters
Area IV it has a small perennial flow.

Although the flow of the springs along the
canal (pl. 1) reportedly has increased since
the canal started carrying water, the springs
derive water largely from the saturated de-
posits underlying terrace 5. The one farthest
to the southwest contributes the most water
to terrace 1 during periods when evaporation
rates are low. The water from this spring
flows along a narrow, deep cut, and ground
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water is discharged into the cut along most 32 forms a pond on the northwest side of the
of its length. In the winter the flow forms irrigation lateral. When the pond reaches a
a sizable frozen pond on the lower terrace certain stage, the excess water is discharged
level. The spring generally does not flow through a culvert underneath the lateral.
during the summer months because of increased Flow through the culvert occurs only during
evaporation rates. the cooler months.

The flow from the three springs that are During the cooler months, the flow from the

nearest to the northeast corner of section springs on the northeast side of the road is
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partly intercepted by the irrigation lateral.
The flow from these springs is evenly distrib-
uted and collects in the deep cut lateral,
where it is held back near the section line
by the gate of the lateral.

Natural subsurface drainage

The altitude of the water table in the allu-
vium of the Yellowstone River valley is
approximately equal to the altitude of the
river surface at its nearest point. Measure-
ments of the water level in well G-3, which
is close to the river bank, indicate that the
wvater table and the river surface are essen-
tially in equilibrium. Probably during high
river stages, the ground-water flow is away
from the river for short distances within
this alluvial plain; however, the direction
of ground-water flow in the lower terrace is
not affected by changes in the stage of the
- river. Water levels for two different dates
were used in the construction of the depth-
to-water maps (figs. 9 and 10) and the piezo-
metric-surface contour maps (figs. 11 and 12).
These water levels were selected because,
when plotted, they show the widest varying
patterns for the period of record. Figures
11 and 12 show an area near the center of the
drawing where the piezometric surface is rel-
atively flat (2 feet in 1,000 feet). Indica-
tions that the upper surface of the underlying
shale also is flat in this area may be seen
by examining the logs of wells and the map
showing the contours of the top of the gravel
(fig. 13), if a fairly uniform thickness of
gravel is assumed. The greater slope of the
water-bearing bed from this relatively flat
area to the river permits a more rapid move-
ment of the water in that direction.

A further restriction to ground-water flow
is the northeast-trending valley that is
parallel to and about 2,500 feet southeast of
the main canal. (See fig. 1%.) Much of the
ground water that is derived from the canal
and upper terrace in the area near and north-
east of the road moves in the direction of
this valley. (See figs. 11 and 12.) The
slope of the piezometric surface in this
vicinity is steep, but the slope of the land
surface is steeper. (See fig. 14.) Conse-
quently in a down-gradient direction, the
piezometric surface is progressively nearer
the land surface.

Source of water

The ground water in the area covered by
this report moves from the base of terraces I
and 5 toward the river in a downstream direc-
tion. (See figs. 11 and 12.) According to
the well drillers in this area and to infor-
mation that was obtained from both test holes
and fron observations of surface exposures,
an impermeable layer of the Fort Union forma-
tion underlies the gravel of each of the
terraces. (See logs of wells Dwl (13-5k-5bbl),
Dw2 (13-5%-32dc), Dw3 (1%-54-33cecl), and
Dwlk (14-54-29ac) in table 2.) Consequently
the ground-water reservoir of terrace 1 is
recharged only by underflow from the higher
terrace deposits, seepage of surface flows,
irrigation water, and precipitation. The
numerous gravel-laden gullies connecting the
upper terraces with terrace 1 provide a sub-
surface route for the downward flow of ground
water. It is concluded from examination of
bedrock exposures and from drillers' reports
that the few sandstone beds in the Fort Union
formation that are above river level are not
water bearing; for this reason the Fort Union
formation is not considered a source of re-
charge to the ground water in the terrace
deposits. Comparison of the chemical quality
of water samples (see p. 22) also supports
this conclusion.

Precipitation is the only possible source
of recharge to the gravel that underlies
terrace 5. Because highly permeable materials
lie between the bottom of the main canal and
the water table above the waterlogged area
(see table 2 for logs of test holes H1, H2,
T21, and T22, which are located along the
canal) and because the rise of the level of
ground water in terrace 1 reportedly has
occurred since irrigation was begun, it is
not surprising that the studies of .canal
leakage that were made by the Bureau of
Reclamation in 1950 (pl. 1) show that some
water is lost from the canal by seepage.
Although the loss of water is small in com-
parison with standard permissible rates of
leakage, it is nonetheless sizable in terms
of ground-water recharge. Greater leakage
probably occurred before the canal became
lined with silt. The maps showing the con-
tour of the piezometric surface (figs. 11 and
12) and the depth-to-water maps (figs. 9 and
10) indicate that the canal and the saturated
deposits underlying terrace 5 are an important
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Figure 9.--Map showing depth to water, in feet below land surface, on August 14, 1950, in the
waterlogged portion of Area IV, First Division, Buffalo Rapids project, Dawson County, Mont.
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Figure 10.--Map showing depth to water, in feet below land surface, on December 18, 1950, in the
waterlogged portion of Area IV, First Division, Buffalo Rapids project, Dawson County, Mont.
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Figure 11.--Map showinghthe contoﬁr of the piezometric surface , in feet above mean sea level ,7
August 14, 1950, in the waterlogged portion of Area IV, First Division, Buffalo Rapids project,
Dawson County, Mont. *

Figure 12.--Map showing the contour of the piezometric surface, in feet above mean sea level,
December 18, 1950, in the waterlogged portion of Area IV, First Division, Buffalo Rapids project,
Dawson County, Mont.
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Figure 13.--Map showing the contour of the top of the subsurface gravel, in feet above mean sea
level, in the waterlogged portion of Area IV, First Division, Buffalo Rapids project, Dawson
County, Mont.

Figure 14.--Topographic map of the waterlogged portion of Area IV, First Division, Buffalo Rapids
project, Dawson County, Mont. (Topography from maps prepared by Farm Security Administration,
U. S. Department of Agriculture.)
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source of the water that is producing the
damaging high water levels in the lower ter-
race.

A study of the water-level fluctuations
(table 3) furnishes a means for evaluating
the relative effect of the recharge sources
on different parts of the area.

Rising water levels during the irrigation
season in well Cl (fig. 15), which is far
removed from any irrigated land, may be
attributed to canal leakage. The high water
levels in June shown by well C2 are caused by
percolation of accumulated precipitation and
spring water in the immediate area. The high
water levels shown by the hydrograph of well
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showing water-level fluctuations in four wells in Area IV, First Division,

Buffalo Rapids project, Dawson County, Mont.




C7 correspond with the irrigation data shown
in the table beneath figure 6. The rise in
water levels toward the end of the year shown
by the hydrograph of well G3 is typical of
water levels near the river's edge-and the
rigse is attributed to a rising river stage.

Most of the recharge due to precipitation
occurs late in the spring when the ground
thaws and ponded water is able to reach the
water table. Further records are necessary
to determine the magnitude and extent of this
source, but field observations indicate that
it is important only in spots on farm units
61 and 65.

The major source of recharge in the south-
western part of the area is irrigation water.
Under present conditions drainage in this
area appears to be adequate; but probably, if
farm units 61, 62, and 65 were irrigated
again, the waterlogged area would gradually
enlarge covering most of this lower terrace.

The gravel aquifer of terrace b4 obtains re-
charge from irrigation and precipitation and
probably some effluent seepage from the main
canal. In section 32, however, the main
canal is cut into bedrock for much of its
length on both sides of the creek (pl. 2);
consequently leakage from the canal in this
reach is probably negligible. Most of the
upper half of terrace 4 east of the creek is
not irrigated. Water levels in this area
indicate that the creek effectively controls
the water table nearby and that only a small
area of terrace 1 has & high water table
because of flow from this direction.

Effluent seepage from the irrigation of
terrace 5 must be considered as a future
source of recharge. The excessive ground-
water flow from the higher terraces will be
increased and additional drainage facilities
may be required.

Hydrologic properties of the principal aguifer

Few test holes completely penetrated the
full thickness of the gravel agquifer. To
evaluate effectively the hydraulic properties
of this aquifer a field permeability or pump-
ing test was necessary; accordingly a pumping
test was conducted on well P on August 22,
1950. (See pl. 1.) The location of the
pumped well and the 16 observation wells that
were measured during the test are shown in
figure 16.
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Figure 16.~--Map showing location of test wells
used for pumping test in Area IV, First
Division, Buffalo Rapids project, Dawson
County, Mont.

The pumped well is a 4-inch diameter, steel-
cased, drilled well that penetrates the entire
thickness of the gravel aquifer. The casing
is slotted with 3/32-inch horizontal sawcuts.
A centrifugel pump capable of delivering
about 40 gpm for the required lift was used
for the test. The pumped water was dis-
charged into a shallow dug trench, which led
away from the test site, and was dumped into
a shallow drain several thousand feet from
the pumping well. The discharge of the
pumped well was measured by means of &
Parshall flume that was installed in the
trench.

The observation wells used in the pumping
test were similar to the other observation
wells that were installed throughout the area.
After the wells were installed they were
pumped until the water was clear; they were in
condition then to reflect quickly and accu-
rately the small changes in water level. Peri-
odic measurements were made of the water level
in them during the 24 hours of pumping and
during the 24 hours after pumping ceased.
These measurements are shown in table 4. The
pumping rate was controlled within close
limits throughout the test by a gate valve in
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the discharge pipe. Analysis of the test
data was made by the Theis nonequilibrium
method and checked by the gradient formula
and by the Theis recovery formula (Wenzel,
L. K., and Fishel, V. C., 1942). Consider-
able comparative work was done in checking
the reliability of the test results with the
geologic conditions that are shown by the
geologic sections through the pumped well
(p1. 3).

The observation wells nearest the pumped

. well gave results that are slightly different
from the others. Those wells farthest from
the pumped well produced such small changes
in relation to the effects caused by changes
in barometric pressure that corrections are
required in order to obtain true curves. Re-
sults from the second and third wells of each
line of observation wells were in close
agreement; the barometric effects on the
water level in these wells, as computed, were
relatively small in comparison to the pumping
effect throughout most of the test.

To illustrate the close agreement of the
test data to the "type curve," data from well
So2 were plotted (fig. 17) and, with the axes
of the two graphs parallel, the data curve
was superimposed on the "type curve" (fig. 18)
until the two curves coincided. The coordi-
nates of the match point, which is any arbi-
trary point that is common to both curves,
were substituted in the Theis equation, and
the equation was solved as shown (fig. 17).
The match-point coordinates that were
selected for the various wells and the cor-
responding transmissibility and storage
coefficient values are shown on the summary
sheet (table 5). The results give an average
transmissibility of 5,040 gpd per foot and an
average storage coefficient of 0.005. The
low storage coefficient clearly indicates
artesian conditions.

Division of the value for transmissibility
by the thickness of the aquifer gives the
permeability, which is about 560 gpd per
square foot. The permeability can also be
determined by laboratory methods. The perme-
ability value for the one relatively undis-
turbed sample that was collected for this
purpose was calculated as 611 gpd per square
foot. These values, which are rather low for

a water-bearing gravel, may be reconciled by the

the fact that the gravel shows a rather large
percentage of fine materials.

The hydraulic properties of the aquifer, as
determined by the pumping test, are consid-
ered fairly representative of the critical
area because of the central location of the
pumped well and because of the large radial
area of influence of this well. From the
values of the transmissibility, the storage
coefficient, and the hydraulic gradient, the
velocity and the gquantity of the ground-water
flow may be computed.

uantity of water

To aid in the estimation of the amount of
water that flows from the higher terraces
through the aquifer of the lower terrace, a
cross section was selected along the 2,122~
foot contour line on the piezometric surface.
The length of this contour line from the
creek in the northeast part of the area
(pl. 4) to the section line between section
32 and 33 is about 4,700 feet. The slope of
the water table at this section was estimated
by making eight uniformly spaced measurements
between the 2,120 and 2,124k lines. The aver- .
age slope was found to be approximately 0.015.
This value and the value for transmissibility,
as determined from the pumping-test data, may
be substituted in the following modification
of Darcy's equation, which gives the rate of
ground -water flow. In Dercy's equation,

Q = PIA (1)
where

Q = gallons per day,

P = permeability in gallons per day per

square foot,

I = slope as a ratio, and

A = area of section, in square feet,
let

A=mL (2)
‘where

m = thickness of aquifer, in feet, and

L = length of section, in feet
and let

P=% (3)

m
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where
T = transmissibility.

Substituting (2) and (3) in (1),

Q=%.1.m =TIL
m
which is the modified Darcy equation. Sub-
stituting the numerical values in this
equation,

Q = 5,000 x .015 x 4,700

350,000 gpd
240 gpm
0.54 cfs

which is the estimated rate of ground-water
flow from the upper terraces to the lower
terrace. A comparison of the water levels in
wells DI and D2 indicate that the gradient
ranged from 0.01 to 0.02 during the period of
record; thus the rate of ground-water flow
ranged correspondingly from 235,000 to
470,000 gpd.

The rate of canal leakage in this same area
was obtained from ponding tests that were
conducted by the Bureau of Reclamation. (See
pl. 1 for location of ponds.) The results of
these tests give the rate of leakage as
450,000 gpd or 0.694 cfs. This value was
obtaiced by measuring the net subsidence of
ponded water during a 2k-hour period in a
stretch of canal 5,64l feet long and then
computing the change in volume that occurred
during that period.

Inasmuch as the canal carries water only
about 5 months of the year, the average
yearly rate of leakage is about 200,000 gpd.
A comparison of this rate with the average
rate of undérflow indicates that leakage from
the canal accounts for about half of the
underflow.

The rate of flow of ground water is equal
to the product of the porosity of the aquifer,
the cross-sectional area, and the velocity of
the ground water; that is

Q = pAv or v = Q/pA,
where

v = velocity

P = porosity.

The area of the cross section is Im (4,700 x
9 square feet). The porosity of the gravels
in this area was determined in the Geological
Survey hydrologic laboratory at Lincoln,
Nebr., to be about 40 percent. In cubic feet
per.day, the rate of flow (Q) is 235,000 /
7.48. Substituting these values, the
velocity of the ground water is
1.86

-9 = 235,000 = feet

pA  7.48 x 4,700 x 9 x 0.40 per day.

At this rate, a given quantity of water would
flow a distance of a mile towards the river
in 7.8 years.

SUGGESTED METHODS OF DRAINAGE

In this area both the surface and ground
water should be considered when designing
adequate drainage facilities. The system
that will most effectively drain the ground
water from this area should include the
following:

1. A direct hydraulic connection between
the gravel aquifer and the drainage channel.

2. Drains that intercept the piezometric
surface where it is nearest the land surface.

3. Drains that intercept the ground water
at a right angle to the direction of flow.

4, Drains that are constructed to provide
maximum effectiveness.

5. Drains that are as far up gradient as
practicable.

The surface topography, of course, will ae-
termine the practicability of the above
recommendations.

The important hydrologic data to be consid-
ered in drainage design are shown on a map
(pl. 4). The map indicates that the gravel
is at a considerable depth beneath most of
the land that is to be drained (fig. 19);
hence an open drain would have to be exces-
sively deep to intercept the aquifer. A deep
open drain or tile drain with relief wells
installed at intervals along the bottom
should be effective, and such a choice would
allow flexibility in the location of the



1000 1000 2000 Feet
[ I )

FO

190

Figure 19.--Map showing depth to gravel, in feet below land surface, in the waterlogged portion
of Area IV, First Division, Buffalo Rapids project, Dawson County, Mont.

drain. If this type were selected, a suit-
able location may be chosen after further
study of the hydrologic data.

The depth-to-water maps (fig. 9 and 10)
show an area that has persistently high water
levels. A drain that parallels the piezo-
metric surface contours and that conforms to
the surface topography may be located any
place within the area of high water levels.

A drain is usually more effective when it
drains down gradient from the point of inter-
ception; consequently the drain in this area
should be located at the upper end of the
high-water-level area. A drain constructed
to flow in a northeasterly direction could
start in section 32 on the 2,130-foot surface
contour and extend across the area--it would
obtain the desired slope by following the
surface topography. Trial locations should
be drawn on the map, and the logs should be
studied to determine whether the other factors
" are favorable.

The relief wells need not be spaced at reg-
ular intervals. In some locations it may be

desirable to space the wells more closely
than in others. For instance, near the mouth
of the coulee of the middle stream where the
subsurface flow is greater, the wells should
be spaced at smaller intervals; in places
where the aquifer is thin, the wells should
be spaced at larger intervals.

To aid in determining the average spacing
between relief wells, an estimate of the
quantity of flow to be expected from these
wells may be made. The specific capacity
(rate of flow per foot of drawdown) of the
pumping-test well for a long period of pumping
is estimated to be a little less than 3 gpm
per foot. Assuming that the relief wells will
have a similar specific capacity and that the
head loss (comparable to drawdown) will aver-
age 4 feet, then 10 to 12 gpm will flow from
each well. As time progresses, the cone of
influence for each well will overlap the cone
of influence of the neighboring wells and the
rate of flow will slowly diminish. The
approximate amount of interference between
wells can be computed, but in view of the fac-
tors involved in making such an estimate,
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other arbitrary means of selecting the spac-
ing between wells seem equally satisfactory.
Assuming that it is desirable to remove 300
gpm from the ground-water reservoir and that
each well (considering mutual interference
and unforeseen losses) will produce at an
average long-time rate of 6 gpm, 50 wells
would be necessary. Thus for a drain 5,000
feet long, an interval of 100 feet would be
required.

The relief wells should be as efficient as
Possible. A small diameter well that is
properly screened and developed will perform
as satisfactorily as a large caisson that is
sunk to the top of the gravel. To increase
its efficiency, a well should be developed by
either surging or pumping or by both methods
in order to remove the fine materials around
the screen and thus reduce the friction of
flow. Compressed-air equipment is versatile
and effective for this purpose. Because the
lenses of relatively impermeable material in
the aquifer probably reduce the rate of ver-
tical flow of water, the relief well should
penetrate as much of the aquifer as possi-
ble--this would aid the interception of hori-
zontal flow and also increase the area of
exposure to the gravel.

Because most of the underflow from the
upper terraces is transmitted to terrace 1 by
the gravel that fills the deep-cut gullies
(log C1, p. 34); a drain cut into bedrock
along the slope between terrace 1 and the
higher terraces would intercept only a small
part of the underflow to terrace 1. Canal
lining would eliminate that source, but would
offer no protection from proposed irrigation
on terrace 5, nor from natural recharge.

During the spring, excess surface water
from snowmelt and spring showers causes
costly delays in planting. Much of this
water, which is in the form of surface runoff,
should be intercepted and provided with an
outlet before it percolates into the ground.
Shallow ditches with suitable outlets to the
river would prevent most of the spring flood-
ing.

QUALITY OF THE WATER

During the course of this investigation six
water samples were collected from test holes
that were installed in Area IV by the Geo-
logical Survey. These water samples were

analyzed in Lincoln, Nebr., by C. J. Zabel of
the Geological Survey. The analytical results
for these samples and for two water samples
collected in 1948 are given in the table on
the following page. A detailed study of
these water analyses has not been made, but
several pertinent remarks can be made. -

The sample of water from the Yellowstone
River, which is used for irrigation, is mod-
erately mineralized. The water is moderately
hard and the sulfate and bicarbonate radicals
are present in about the same quantities.

The water is relatively low in percentage of
sodium and, although a wide range in mineral-
ization may occur during the irrigation
season, the water would be considered suit-
able for irrigation according to the
standerds suggested by Wilcox (1948, p. 27).
It must be emphasized, however, that the
mineral content of the river water varies
with water discharge and that a single
analysis may be representative of conditions
only at the time of sampling.

The chemical character of the ground-water
samples is in marked contrast to that of the
river water; the ground-water samples are
considerably more mineralized. The increased
mineral content is the result of more effec-
tive solution by the ground water of the
compounds of sulfates and carbonates of cal-
cium, magnesium, and sodium that are present
in the minerals of the soil and rocks. As a
result of concentration of the water because
of evaporation, several of the shallow wells
yield water with high dissolved solids.

Wells G3, C4, and P are in or close to the
waterlogged land. In these wells the water
is more highly mineralized than the water in
the other wells that were sampled and is
characterized by greater quantities of sul-
fate than bicarbonate. Wells C6 and E5 are
in areas of good underdrainage, and the water
furnished by them has probably been somewhat
freshened by downward percolation of irriga-
tion water. Water from these wells resembles
the Yellowstone River water more closely than
the water from the other wells that were
sampled .

The increase in the mineral content of the
water from the pumped well during the pumping
test was minor and probably is of no signifi-
cance. This change is possibly the result of
the influx of more mineralized water from the
waterlogged area that is up gradient from it.
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1k-54 -28ad G¢3 |10-11-50| 16.5|7.3| 4,550| 20| 6.2 {200 |102 |910| 9.2{1,070{1,970 [35/0.8| 2.9/0.20|3,780{920| 43|68
33bal0 P (a8-22-50{ 40 {8.1| 2,580 20{ 3.% | 70 |103 |420] 7.0{ 60O{ 975 |(17{ .8| 3.4] .30{1,920{599| 107|60
bg8-23-50| k40 |7.8{2,660| 20| .30{103 [106 |422| 7.4| T02{ 995 |18] .8{ 4.1| .30[2,020|692| 116|57
33bc9 Chk |10-12-50| 13.3|7.6| 2,460 22| 2.6 | 81 58 |450| 8.9] 6uk| 795 13| .8 .5| .30|1,750|4k0O 0]68
33ccl Dw3'|10-15-48| k12 |7.9| 2,580 | 11| .02| 4.5 2.0/733| 4.8/(1,950 2.4 2kf1.4] .9] .00|1,760| 19 0|98
33cdl ¢6 {10-11-50| 17.0{7.5| 1,310| 20|10 h 58 |153| 6.1 509| 304 (13| .8{13 .20{ - 920|42k TI43
33ds2 E5 |10-12-50|- 21.5|7.6| 2,180 | 22| 4.1 | 87 62 1376| 7.8f 736| 625 |[17i{1.0| T7.5| .30{1,570{&TO 0|63
Stream location
Yellowstone River
neer Fallon....... 10-16-481| ..... 8.4k 920 { 14| .02{ TO 28 59 213| 214 |12| .5| 2.4] .20]  604|290| 115|31

a Collected 2 hours after pumping began.

b Collected 23 hours after pumping began.
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The sample collected during the last half of
the pumping test had less than 10 percent of
the iron concentration that was reported for
the sample collected during the first half of
the test.

The analysis of the water from well Dw3,
which taps the Fort Union formation, con-
trasts markedly with the analyses of the
samples of ground water in the terrace depos~
its. This dissimilarity is further evidence
that ground water in the terrace deposits is
not recharged by ground water from the Fort
Union formation. '

SUMMARY AND RECOMMENDATIONS

Most of terrace 1, in the area covered by
this report, has inadequate subsurface drain-
age. High water levels are maintained by the
hydrostatic pressure of the water in the
terrace gravel, which underlies the less
permeable soil zone. The main source of re-
charge for this aguifer is ground water from
the two higher terraces, which receive
recharge from precipitation and canal leakage.
If terrace 5 is irrigated as proposed, the
recharge to the lower terraces will be
increased.

To reclaim the area that is waterlogged at
the present time and to prevent further
damage to adjoining land, artificial drainage
is necessary. A deep open drain with appro-
priately spaced relief wells is suggested as
a possible solution. Supplementary surface
drainage facilities also should be incorpo-
rated in the drainage system.

The following recommendations are made to
further the study of the effectiveness of
artificial drainage in this and other areas.

1. A careful log of operations and obser-
vations should be kept during the construc-
tion of the drainage works, and these data
should be made available to interested
parties.

2. The flow at the outlet of the drains
should be measured.

3. The flow from the developed relief
wells should be measured.

4. The program of periodic water-level
measurements in observation wells should be
continued.

5. All data from this investigation should
be compiled and analyzed in one complete
report.
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Table 1.--Records of wells and test holes

Well no.: See text for description of well-numbering Altitude of measuring point: Altitudes determined by
systems. instrumental leveling are given in feet, tenths, and
Driller: BR, Bureau of Reclamation; GS, Geological hundredths; altitudes determined from topographic
Survey; P, private driller. map are given in feet.
Type of well: B, bored; BJ, bored and jetted; D, dug; Depth to water: Measurements in cased wells are given
Dr, drilled; J, Jjetted. in feet, tenths, and hundredths; measurements in un-
Type of casing: G, galvanized; N, none; S, steel. cased test holes given in feet and tenths.
Measuring point: LS, land surface; Tp, top of pipe; Remarks: Ca, water sampled for chemical analysis; E,
Tsf, top of shelter floor. altitude of measuying point estimated.
Well no. v 8 - Measuring point .
< 8 ? [-4] ? W ?} % g
e o |d8% |2 |56 c 43| £ |E.3 | &
g |T | ¥rE vy |8|bT |glses| a7 |EwE | 8
. — = T 0 |o 1 A la8al ®e - S
Coordinate R ot W g~ &g Qo o L |83 0o o o s
Field & 2 4y o a O Jog | P ooy o ® o w e~ ey bt G @ ]
system ° o o o~ 8 tE°| 4~ T lEL 8] Bt LE8 o g o
¢ g |5Es | BT |5 g |25 FEs |84% | g :
& 8 g a7 18 |&1& g M-l dE— | go @ & &
13-54-4bbl B6 GS 7- 6-50 J 17.8 E 8.0 Tp | 3.6 2,126.44 12.27 9- 5-50
hpb2 36% BR T- 6-50 B 10.1 3 N 6.8 s .0 2,122 cssenans Ciesenas
5ab A3 GS 5-19-50 J 13.6 2 S | 10.6 Tp | 2.9 2,13k4.05 Dry 9- 5-50
5bbl Dwl P 1942 Dr 106.0 4 S | 12.0 Tp 75 | 2,176 21.77 9—21-&8
5bb2 Cb5 GS 6-15-50 J 18.9 2 S 9.6 Tp | 4.9 2,173.52 Dry 9- 5-50
14-54-27bel Cil GS | 10-2k-50 J 14.3 2 |a 6.5 Tp | 3.7 2,217.43 11.21 11-20-50
27bc2 ci2 | as | 10-24-50 J 12.7 2 |la| ... T | 3.7 |2,215.90 8.7k 11-20-50
27be3 Ci3 GS | 10-25-50 J 10.2 R 3.0 Tp | 4.0 2,215.34 7.05 11-20-50
2Tbck Cik GS | 10-24-50 J 14.2 % G 9.0 Tp | 3.8 2,220.h5 12.01 11-20-50
28cdl El GS 6-26-50 | BJ 11.9 % G | 12.0 Tp | 4.0 2,131.01 1.k2 9- 5-50
28caz2 Hl GS 9-25-50 J 28.2 % G | 12.0 Tp | 6.0 2,223.85 2L.40 10- 9-50
28ca3 H2 GS 9-28-50 J 26.0 2 {a | 1s5.0 Tp | 3.5 2,218.93 22.96 10- 9-50
28dcl G2§ GS 6-20-50 B 21.5 3 N | 21.0 1s .0 2,115 2.3 6-20-50
28dc2 G2 GS 6-26-50 | BJ 22.5 2 |a | 18.0 Tp | 3.1 2,126.95 2.65 9- 5-50
28dc3 Gl% GS 6-28-50 B 17.8 3 N | 13.0 Ls 0 2,125 1.5 6-19-50
28dd G3 GS 6-26-50 | BJ 16.5 2 |6 | 12.9 Tp | 4.8 2,112.32 12.85 9- 5-50 | Ca
29ac Dwl P |...... .o | Dr [1,020.0 3 s | 28.0 LS .0 2,290 Flowing 9-21-48 | E
31cal Cbl GS 6~ 7-50 J 8.9 2 S 8.0 Tp | 6.0 2,209.64 5.7L 9- 5-50
3lca? Cv2 | Gs 6- 8-50 | J 16.5 2 |e| 80 |Tp |3.2 [2,006.72 6.03 9- 5-50
31db Cbh3 GS 7- 2-50 J- 2h.1 % G | 18.5 T | 4.8 2,202.64 1k.15 9- 5-50
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Table 1.--Records

of wells and test holes--Continued

Well no. ve I Measuring point .
jg/\ E g E (7] ?.)4 - g g
T2 (%83 |a=|% B | 28828 |5eE | @
— © = 0w O w [o] o [o] 53 [} ,gr—l grg'g 849
Coordinate = = PO = SN PO B P 2 I88& o8 4 H g
Field . 3 Gy o« VO | % £ o o 17 rugA 3'_'8 r.-.g ]
system v o o o 5 LE|°| o~ T |8Lg| 3 2 5 @ o) 93
:.-I Q [ - gv [ + (8] o P o g [ ﬁ 2 ‘t‘c [ 1] 5
L | 5 | B |EAE|AT|E|ER O|E|gie|EsE |BE: | & |3
[=] [=] B [=] [=] = [=) jas] < 2
14-54-31d44 Cok Gs 7- 2-50 J 27.8 216 12.8 Tp | 4.7 2,188.96 25.12 9- 5-50
32aa T21 BR 5-11-50 D 7.0 | 60 N | ... LS .1 2,197 | ceeeeee | eiinnnns
32ac Al GS 6-21-50 J 27.0 2 |s | 19.4 Tp | 3.6 2,198.81 20.43 9-11-50
32ca A2 GS 8~ k-50 J 28.8 216 | 19.5 ™o | 3.9 2,175.79 27.66 9- 5-50
32dc Dw2 P 1942 Dr 415.0 b S 8.0 LS .0 2,130 Flowing 9-21-48
33aal 2% | BR 8-18-50 B 21.5 | 3 N | 21.0 s .0 2,111 k.0 8-18-50
33aa2 F3 Gs 6-27-50 | BJ 23.5 £ |c¢ | 19.0 Tp | L4.2 2,115.85 15.94 9- 5-50
33abz E2l GS 2-26-50 BJ 11.0 2 la 13.0 Tp | k.1 2,121.50 2.60 9- 5-50
33ab El% | BR -17-50 B 1k.0 3 N | 1k.0 1S .0 2,122 .5 8-17-50
33ab5 L | as 6-28-50 B 16.5 3 N | 16.5 1S .0 2,116 2.5 6-28-50
33abb 2% | BR 6-27-50 B 21.0 3 N | 21.0 1S .0 2,117 3.5 6-27-50
33ab7 F1i | BR 8-18-50 B 11.0 3 N | 11.0 LS .0 2,117 | veieene | evenenn
33ab8 F2 Gs 6-26-50 | BJ 20.9 216 |18.5 Tp | 4.7 2,115.33 3.6 9- 5-50
33aclh D3 GS 6-26-50 | BJ 16.6 2 16| 1k.5 Tp | 4.9 2,124 .42 6.75 9- 5-50
33ach E3 GS 6-22-50 | BJ 21.1 2 s | 19.0 Tp | 5.8 2,123.56 7.4k 9- 5-50
33ac6 D33 | Gs 6-18-50 B 12.5 3 N | 12.5 LS .0 2,120 8.0 6-22-50
33adl E33 | BR | 8-18-50 { B b7 | 3 | N | 147 | 1S .0 |2,118 8.0 8-18-50
33ad2 Bk | GS 6-21-50 | BJ 21.3 2 1a | 16.5 To | 5.4 2,122.36 8.56 9- 5-50
33bab D1 Gs 6-26-50 | BJ 28.5 2|6 |26.0 Tp | 2.7 2,139.85 5.27 9- 5-50
33ba’7 D1} | Gs 6-27-50 B 25.0 3 N | 22.0 18 .0 2,127 3.0 6-26-50
33ba8 DE GS 6-23-50 B 17.5 3 N |.... 1S .0 2,135 6.8 6-23-50
33ba9 D2 GS 6-20-50 | BJ 14.5 216 |10.0 Tp | 4.0 2,124.86 3.79 9= 5-50
33bal0 P P 8-20-50 | Dr ko.o 4 S | 11.0 Tp .5 2,122.97 5.49 8-22-50 | Ca
33ball | Nol GS 8-20-50 | BJ 17-1 216 |11.0 Tp | 4.4 2,127.16 4.58 8-22-50
33bal2 | No2 Gs 8-20-50 | BJ 15.3 216|120 Tp | 6.1 2,128.81 4.32 8-22-50
33bal3 | No3 GS 8-20-50 | BJ 18.0 2 le |11.0 Tp | 3.6 2,126.44 k.30 8-22-50
33ball | Nok Gs 8-20-50 | BJ 15.9 2 |6 | 12.3 Tp| 3.5 2,126.72 4.33 8-22-50
33bal5 | Eal GS 8-20-50 | BJ 19.5 2 16 | 10.5 Tp | b.4 2,126.1k 3.9k 8-22-50
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33balb | Ea2 GS 8-20-50 | BJ 18.3 2 ]la 9.0 | Tp 3.0 2,123.92 3.47 8-22-50
33bal7 | Ea3 GS 8-20-50 | BJ 15.2 2 1.4 | T | 2.5 2,122.69 3.05 8-22-50
33bal8 | Ealk | GS 8-20-50 | BJ 18.9 2|6 |18.0 | Tp 4.8 |2,124.43 6.06 8-22-50
33bal9 | Sol | GS 8-20-50 | BJ 16.1 216 |10.5 | Tp 5.3 2,127.24 h.16 8-22-50
33ba20 | So2 GS 8-20-50 | BJ 7.7 £ |6 |10.5 | T 3.7 2,126.34 5.08 8-22-50
33ba2l | Wel | GS 8-20-50 | BJ 16.3 216|115 | T 5.4 |2,128.4%0 4.67 8-22-50
33ba22 | We2 | GS 8-20-50 | BJ 17.7 216 |12.0 |Tp | 3.8 |2,127.33 k.99 8-22-50
33ba23 | We3 GS 8-20-50 | BJ 15.0 24{6 115 [T 3.8 |2,127.17 4.86 8-22-50
33ba2lk | Wed | Gs 8-20-50 | BJ 18.2 216 |12.7 | T 3.3 2,127.85 5.99 8-22-50
33bb3 T22 ER 5-11-50 | D 7.0 [60 | N 2.0 |18 0 12,213 | eeiienn | vereenn
33pbl BL | GS 5-16-50 | BJ 47.2 2 s | 12.0 | Tp 3.4 [2,164.62 26.95 9- 5-50
33bb5 ClL | GS 6- 6-50 J 28.0 2 ]c Yo |Tp 4.3 2,156.84 17.50 9- 5-50
33bck B2 Gs 6-21-50 | BJ 22.1 2 S | 17.0 | Tp 1.6 |2,136.77 8.38 9- 5-50
33be5 B2Y | BR 8-17-50 B 13.0 3 N |13.0 | IS .0 2,130 7.5 8-17-50
33bc6 ce GS 6-26-50 | BJ 6.2 £ |6 [13.2 |m 3.7 2,128.21 L.62 9- 5-50
33bcT c3 GS 6- 5-50 | BJ 13.6 £ |6 |12.5 |Tp 3.8 |[2,128.37 k.79 9- 5-50
33bc8 3t | = 8-17-50 B 12.0 3 N |12.0 |18 .0 2,122 5.5 8-17-50
33bc9 ch Gs 6- 5-50 | BJ 13.3 £ |G [11.5 |Tp 3.7 2,124.53 6.77 9- 5-50
33bcl0 c BR 9-26-50 B 12.0 3 |N {12.0 |1S 0 |2,122 6.0 9-26-50
33bcll 015 ER 8-17-50 B 13.5 3 N s 0 |2,126 k.0 8-17-50
33bdl 02t | gs 6-23-50 B 12.7 3 N |12.7 | 1s 0 |2,120 k.15 6-23-50
33bd5 Sok | Gs 8-20-50 | BJ i 2 l¢ 9.0 | Tp 5.3 2,126.22 k.15 8-22-50
33bd6 R Gs 5-19-50 [ B 12.0 7 |6 8.0 Imsf | 2.2 2,121.67 7.22 9- 5-50
33ca2 c5 Gs 6-27-50 | BJ 1h.k 2 1le 9.0 | Tp 3.9 |2,125.29 8.67 9- 5-50
33ca3 chd | BR 6-17-50 | B 10.0 3 N 9.5 |18 0 2,121 8.0 8-17-50
33calt cs% | 6s 6-22-50 | B 12.0 3 N |12.0 |IS .0 {2,122 8.0 6-22-50
33cb2 | B3 Gs 6-21-50 | BJ 1.6 2|6 | 6.1 |mp 3.9 2,127.82 5.41 9- 5-50
33cb3 B3% | BR 8-17-50 | B 7.5 3 N 6.5 |18 0 2,123 4.0 8-17-50
33cbl BL | GS 6-21-50 | BJ 12.3 2 1lc 5.8 | Tp 4.2 2,126.78 5.99 9- 5-50
33cb5 B Gs 6-21-50 J 12.2 2 |c 8.0 | Tp 5.0 |2,126.11 5.66 9-11-50
33ccl Dw3 P 1942 Dr h4i2.0 b S 1.0 [ Tp . 2,120 Flowing 9-21-48
33cc?2 B4 | BR 8-17-50 B 8.5 3 N 8.5 | 1S 0 [2,123 6.0 8-17-50
33cc3 B5 | Gs | 6-21-50 | BJ 19.1 £ |G | 9.0 |Tp |L.b |2,127.67 9.05 9- 5-50
33cdl c6 | as 6-29-50 | BJ 17.0 £ 1e |12.0 | k.5 2,127.26 10.35 9- 5-50
33cd2 C7 | Gs 6-28-50 | BJ 19.3 2 ]lc |16.0 |Tp | 2.1 2,122.25 10.00 9- 5-50
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Table 2.--Logs of wells and test holes

[See text for description of well-numbering
systems. Land-surface altitudes deter-
mined by instrumental leveling are given
in feet, tenths, and hundredths above mean
sea-level datum; altitudes determined from
topographic map are given in feet. Unless
otherwise indicated, all holes were logged
by Bureau of Reclamation or Geological
Survey personnel when hole was bored or
drilled; a, logged by Geological Survey
personnel when hole was jetted; b, logged
by private driller.]

Thickness | Depth

(feet) | (feet)

13-54-4bbl. (B6). Land-surface altitude,
2,122.8k feet?

Sand and gravel.......... 8.0 8.0

Gravel, coars€....... NN T.7 15.7

SaNd..eceacenanns e .8 16.5

Gravel...... tesesesesaoas 1.5 18.0

13-54-4bb2. (B6L). Land-surface altitude,

2,122 feet

Loam, sandy..cceececenoes 5.2 5.2

Sand, fine, loamy........ 1.6 6.8

Gravel.....coo.. s e eeves 3.3 10.1

13-54-5ab. (A3). Land-surface altitude,
2,131.15 feet®

Topsoil, sandy, loamy.... 10.6 10.6
Gravel...ooesecees. ceaeoas 6.3 16.9

13-54-5bbl. (Dwl). Land-surface altitude,
2,176 feetP

Topsoil, sandy, loamy.... 12.0 12.0
Gravel.vieeesserosneeanas 28.0 k0.0
Clay.cennn.. Cereerenae, 10.0 50.0
Sand...... Ceeherans eeean 15.0 65.0
ClaY. v eruneneeneencnnnn .. 20.0 85.0
Sand..cceecoaarocans cesses 21.0 106.0

13-54-5bb2. (Cb5). Land-surface altitude,
2,168.62 feet

Topsoil, lOBMY:.eeeraesass 8.5 8.5
SANA..ceerenvananannn cees 1.1 9.6
GravVel cueeeeeeeeeonasnnns 10.0 19.6

14-542Tbel. (Cil). Land-surface altitude,
2,213.73 feet?®

Loam, clayey.eeceeeeeceaans 1.5 1.5
Loam, Silty.ceecececacass 5.0 6.5
Sand and gravel.......... 3.0 9.5
Clay, gray....... cecicaes 4.8 14.3
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Table 2.--Logs of wells and test holes--Con.

Thickness
(feet)

Depth
(feet

14-54-27vc2. (Cil). Land

-surface altitude,
2,212.20 feet?

Loam, fine sandy...ceeees
Claye.eeoeooeaeeans ceeees

9.0
3.7

9.0
12.7

14-54-27bc3. (Ci3). Lland

-surface altitude,
2,111.34 feet?

Loam, sandy..ceececeecces 3.0 3.0
Gravel..... cessestecncnns 2.0 5.0
Loam, black to brown..... 1.0 6.0
Clay, light-brown........ 1.0 7.0
Clay, EraV..oeecessaseasssos 3.2 10.2

14-54-27bck. (Cik). Land

-surface altitude,
2,216.65 feet?

Loam, sandy...... ceeennas 9.0 9.0
Gravel....... cereenees e .5 9.5
Sand..ceeeercescecnens o 2.5 12.0
Clay..... Ceesieesesens . 2.2 14.2

14-54-28cdl. (El). Land-surface altitude,
2,127.01 feet

Clay, light......... s 2.0 2.0
Clay, medium....... cecens .9 2.9
Loam, fine sandy..... e .3 3.2
Clay, heavy.eeesseeeeanns 4.0 7.2
Sand, fine, loamy..... .es 4.8 12.0
Gravel..cecesscseoosesoss 4.6 16.6
14-54-28cd2. (H1). land-surface altitude,
2,217.85 feet?
Gravel.....ce.n. Ceeenaans 10.5 10.5
SaNnd.eccrtecensascannsee . 1.5 12.0
Gravel...coeeeeeseoossaaas 16.2 28.2

14-54-28cd3. (H2). Land-surface altitude,
2,215.43 feet?

Gravel..coeeececosscccnss
Coaliveieeroens cesensssaes
Sand...oeesnceconescenns .

Gravel.ceeeeeeocsosssoase

13.

3
1
1

© OO

11.0

13.0
1k.0
15.0
26.0

14-54-284ci. (G23). Land

-surface altitude,

2,115 feet
Loam, clayey........... .. 2. .
LoBM.eeeeeceeneeencecnnne .
Loam, clayey....cccuenee . . .
Loam, silty.eevececasaece . .

Clay, medium...ceceoveens
Loam, sandy.ceccevevccaes
Clay, heavy.cceeeeocveose
Loam.vseeeeeenecaconsenns

= -
N \O rmwmf»o

B IS LI~ Sl N\ VI O\
H oW ooww o
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Table 2.--Logs of wells and test holes--Con. : Table 2.--Logs of wells and test holes--Con.
Thickness | Depth Thickness| Depth
{feet) | (feet) (feet) | (feet)
14-54-28dc1--Continued 14-54-29ac. (Dwh). Iand-surfacebaltitude,
Clay, heavy...cvveeiesnesn 0.6 7.7 2,290 feet (estimated)
Clay, light..eccvueeoen .o 1.1 8.8 Topsoil, sandy, loamy.... 1.0 1.0
Loam, fine sand........ .. .7 9.5 Clay, yelloW.esseasoasans 27.0 28.0
Clay, heavy...cocieneennn. .6 10.1 Gravel...v.eeceeascsscans 7.0 35.0
Loam, fine sandy....e.... 2.6 12.7 Clay, gray, (Fort Union). 785.0 820.0
Loam, Clayey.cceesecsooss .6 13.3 Clay, sandy, gray....... . 120.0 940.0
Loam, sandy...... ceeneens T 14.0 Sand, blU€.ceeeeacessns eee 80.0 ]1,020.0
Loam, clayey, silty..... ’ 1.5 15.5 14-54-31cal. (Cbl). ILand-surface altitude,
Loam, fine sandy......... 1.0 16.5 2,203.64 feet?
Loam, clayey, silty...... 1.0 17.5
Lloam, fine sandy......... .5 18.0 Topsoil, loamy, sandy.... 2.0 2.0
Loam, clayey, silty...... 1.0 19.0 Gravel..cececocesnsscanes 2.5 4.5
Loam, fine sandy......... .5 19.5 ClBY.urorencerssaneennons 3.5 8.0
Loam, clayey, sandy...... .8 20.3 Gravel.ceereecosssasocnne 1.0 9.
Loam, fine sandy......... T 21.0 Gravel, sandy.eeeccecsces 2.0 11.0
Gravel.v.oeieeeanes ceeses .5 21.5 Gravel...cooeseesesasscass 5.2 16.2
14-54-283c2. (G2). ILand-surface altitude, 14-54-31ca2. (Cb2). Land-surface altitude,
2,123.85 feet 2,203.52 feet®
Loam..cceeninenennnn, ceee 1.0 1.0 Topsoil, loamy, sandy.... 2.5 2.5
Loam, clayey...... ceseves 1.0 2.0 Gravel..ceececesassscanas . 2.5 5.0
Clay, light..... ceeseene 5.5 7.5 Clay and gravel....... ces 3.0 8.0
Loam, sandy..e..... cenvse 2.0 9.5 Gravel..ceeeeseanenes PRI 1.0 9.0
Sand........ cerane arcesass 5 10.0 Sand...eeeenes esacsnsases 2.0 11.0
Loam, silty..... caieaenes 1.0 11.0 Gravel...ocoveeseccosasss 5.5 16.5
Loam, very fine sandy.... 1.0 12.0
C1aY, HEBVY.nnrrennnrenns 1.0 13.0 14-54-31db. (Cb3). Land-surface altitude,
’ 2,197.84 feet
Loam, clayey, silty...... .5 13.5 ’
Clay, heavy...c..... ceees 2.5 16.0 Topsoil, loamy, sandy.... 1.0 1.0
Sand, fine....ccvuvnn cees 2.0 18.0 Sand and gravel......... . 8.0 9.0
Gravel...eoeesroescanasss 4.5 22.5 S8NA..ccrscsrrcascsssenns .5 9.5
14-54-28dc3. (Gl3). Iand-surface altitude, g;:g’ e A g'g 12'?
2,125 feet Gravel ...cooccsonssessasce 6.6 25.
gi:g: ;ZZ;Z;:::::::::::.' ::g g:g 14-54-31dd. (Cb4). Land-surface altitude,
Loam, very fine sandy.... 2.5 11.0 2,184.26 feet
Loam, fine sandy......... 2.0 13.0 - Topsoil, loamy, sandy.... 3.8 3.8
Gravel...eiueeernneennns .. 3 13.3 Gravel..ceveeecsesnseeoas 2.4 6.2
Sand...... Cesscceaas ceoes 4.5 17.8 Clay, sandy..eeecessacnas 1.5 7.7
14-54-28d4. (G3). Land-surface altitude, Gravel...oieeerncevenenn, 3.5 11.2
2.107.52 feet sand..... cerecssasscienas 1.6 12.8
’ Gravel...... e s eeenne oo 20.6 33.4
Clay, Haht.............. 2.2 2.2 14-54-32ag. (T21). Land-surface altitude,
Loam, very fine sandy.... 2.3 k.5 2,197 feet
Logm, Silt¥.eeeeeeneneans 2.0 6.5 ’
Loam, very fine sandy.... .5 7.0 Topsoil, loamy, sandy.... 1.0 1.0
Sand, fine, loamy........ .3 T.3 Sand and silt with some
Loam, very fine sandy.... -7 8.0 Eravel...oececenesssess 6.0 1.0
Loam, silty.eeeeeniennens 1.0 9.0
Loam, very fine sandy.... 3.9 12.9
Gravel..... e e eecevnnes 3.6 16.5
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Table 2.--Logs of wells and test holes--Con. Table 2.--Logs of wells and test holes--Con.
Thickness | Depth ) Thickness| Depth
(feet) | (feet) (feet) | (feet)
14-54-32ac. (Al). Land-surface altitude, 14-54-33aa2.-~Continued
a.
2,195.21 feet Send, fine, LoBmy........ 0.6 3.8
Clay...... Ceeriienees cen 8.0 8.0 Loam, very fine sandy.... 2.0 5.8
Silt...... Ceeeeieieieenas 2.0 10.0 Loam, Silty.eeesseceonsas b 6.2
Clay.caceacosccasesannaes 5.4 15.4 SANA.teoeecsacsrancsonnen .8 7.0
SBNA..ccosernsrarccnnnnns k.0 19.4 Loam, very fine sandy.... 3.0 10.0
Gravel....... PN 12.6 32.0 Loam, Silty.eeesonsoonass T 10.7
. SanA..ccsevcocsccossences 1.2 11.9
14-54-32ca. (A2). Land-surgace altitude, Gravel and SAnd.......... 3 12.2
2,171.89 feet Loam, s1lty...... e .8 | 13.0
Topsoil, sandy, loamy.... 19.5 19.5 T - Y S 6.0 19.0
Gravel...veoeeerecseoanes 9.5 29.0 Gravele.cesoseoeesss ceees 5.0 24.0
14-54-324c. (Dw2). Land-surface altitude, 14-54-33ab3. (E2). Land-surface altitude,
2,130 feetP 2,117.40 feet
Topsoil, sandy, loamy.... 8.0 8.0 LOBIM. s vveeeosenennssnsasns 0.5 0.5
Gravel...veieoceecsccnnes 7.0 15.0 Loam, fine sandy......... 2.5 3.0
Clay, (Fort Union)....... [ 120.0 |135.0 Loal, Clayey..eeeeeons - 2.0 5.0
SaNd...ciecarecnrenaanans 30.0 165.0 Loam, fine silt, and sand,
clay..... e A 30.0 |195.0 fine, 1OBMY.eveeaeacnns 2.0 7.0
Coal..... eeeesencseracnan 7.0 202.0 Loam, ClayeY¥.ececaosncanscs .5 T.5
Clay..oees. Cetiaerieenens 28.0 230.0 Clay, heavy..cevseanecsss 3.5 11.0
CoBleseecranas P . 10.0 240.0 Losm, very fine sandy.... 2.0 13.0
Clayeeeeens. Ceeseeieeanes 4o.0 280.0 Loam, Silty.eeeeeuns ceees 1.0 1k.0
Sandstone..... cereeneeans 3.0 283.0 Gravel.ceseoesess Ceesaees 4.0 18.0
COBLurvenrnreneneancnnans 10.0 |293.0 1h-5h-33aph. (E13). land-surface altitude,
ClaY e eneneeeneneennnnnns . 43.0 [336.0 5 122 Peet
Sandstone..... ereereaa. 2.0 338.0 ’
CoBL.teuroannarononsnnnns 10.0 348.0 Clay, light.c.ceeiiaennes 1.5 1.5
Clay, gray.cececaccessaes 28.0 376.0 Loam, 8ilty.cecvevencsens 1.5 3.0
5andstone....vcernenocnen k.o 380.0 Clay, medium...oseoeneces 5.0 8.0
ClBYereneneeneeroncnnnns 5.0 [385.0 Clay, light...... ceenens 1.5 9.5
Sandstone..... csscescesss 30.0 415.0 Loam, very fine sandy.... .8 10.3
1 . Clay, heavy.eecsocesccnes .2 10.5
14-54-33aal. (F23). Land-surface altitude,
5111 feet Loam, fine sandy..c.ees.. 3.5 14.0
’ Gravel..... seesscessasses seo 14.0
Loam, very fine sandy.... 1.0 1.0 1 .
Loam, silty..... Ceeeeenes 1.0 2.0 14-54-33ab5. (E2). ILand-surface altitude,
Loam, very fine sandy.... 1.2 3.2 2,116 feet
Loam, silty, clayey...... 1.3 4.5 Loam, fine silty..cceees. 1.7 1.7
Loam, fine sandy...e.ee.. 1.0 5.5 Loem, clayey...... ceecnne 1.9 - 3.6
Loam, Silt¥.eeeeescaoerss .5 6.0 Clay, heBVy.ceereaneronen b k.o
Loam, fine sandy..... eeen 1.0 7.0 LOBM. e essnoasosasassnsnss .5 k.5
Loam, clayey, sandy...... 3.0 10.0 Loam, sandy.cccececcccnses 1.2 5.7
Loam, clayey, silty..e... 2.0 12.0 Clay, heavy....... creanes .5 6.2
LoBM.seeacaccacansasasens 1.0 13.0 Loam, fine sandy......... 3.7 9.9
Loam, fine sandy....e.... 1.2 14.2 Clay, medium...oceeeenens 2.1 12.0
55 4T . 6.8 21.0 Loam, silty.eoeeeesancens .9 12.9
Gravel..ce.eeeoceseancnae 5 21.5 Sand, fine, loamy, and
14-54-33aa2. (F3). Land-surface altitude, loam, fine sandy....... 3:6 | 165
2,111.7 feet Gravel. veceeeveescoacsss cees 16.5

Loam, very fine sandy.... I 3.2 l 3.2
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Table 2.--Logs of wells and test holes--Con. Table 2.--Logs of wells and test holes--Con.
Thickness | Depth Thickness | Depth
(feet) | (feet) (feet) | (feet)
14-54-33ab6. (E21). Land-surface altitude, 14-54-33ack-~Continued
2,117 feet
Loam, sandy, and sand,
Loam, fine sandy....... .. 1.0 1.0 10BMY.0enasese reeeeens 5.5 ik.5
Loam........ eereciaeaas 1.5 2.5 Gravel cv.ecessocascsssans 2.1 16.6
Loam, clayey......... “oee > 3.0 14-54-33ac5. (E3). Land-surface altitude,
Clay, light....... PR .5 3.5 2,117.76 feet.
Loam, s80dY.e.vesrosocnss 1.0 L5
Clay, heavy..eeeecaceneas 1.0 5.5 LoBM. v verunns PN 0.8 0.8
Loam..eoeusens Ceerereenoes .9 6.4 Loam, clayey.coeceoes. ce 1.0 1.8
Loam, fine sandy......... .6 7.0 Loam, Silty.eceeeeercannns .3 2.1
Loam, silty, and loam, : Loam, very fine sandy... 1.0 3.1
ClaYeYeeeeoesnsonnanens 3.2 10.2 Loam, Silty.eeeeesoveeeens T 3.8
Sand, loamy, and sand.... 5.8 16.0 Sand, fine, loamy........ .9 k.7
Sand, COBTSE€...cveuvsrses. 1.0 17.0 Loam, Silty.eeeeeesnn aees 1.1 5.8
Sand, loamy, and sand.... k.o 21.0 Loam, very fine sandy.... 1.7 7.5
14-54-33ab7. (F13). Lend-surface altitude, Ei:?; ii;;z:::::::::::::: 2:? ig:g
2,117 feet LoBI, S11tYeeeeeeeerernns 4.5 15.0
Loam, very fine sandy.... 1.8 1.8 SBNA . ereerecenencanennans 4.0 19.0
Clay, medium......... seee 3.2 5.0 Gravel..c.veeeosossosaess 2.0 21.0
Loam, clayey, sandy...... 1.0 6.0 14-54-33ac6. (D3%). Iand-surface altitude,
Loam, fine sandy....e.... .5 6.5 2120 feet
Clay, heavy.......... coes .7 7.2 ’
Loam, fine sandy......... 1.8 9.0 Loam, very fine sandy.... 1.5 1.5
LOAM. vaervueennnnnsanss .5 9.5 Sand, fine, loamy........ 1.2 2.7
Loam, fine sandy......... 1.5 11.0 Loam, fine sandy......... 5 3.2
Gravel...... cceccss eeeeas ces 11.0 LOBM. . rvsearecssnnonanes .5 3.7
Loam, silty..... ceeeanans .5 h.2
14-54-33ab8. (F2). Land-surface altitude, Sand, FiN€.eseerernennnns .5 b7
2,110.63 feet Sand, MediUmM.....eoeeness .7 5.5
Clay, lighteeeeveeennnns. 1.0 1.0 Loam, fine sandy....eeee. .8 6.2
Loam, silty..... ciereeses .5 1.5 Sand, fine, loamy........ T 6.9
Clay, medium......... cee 1.3 2.8 Sand, fine..ceeveceacesss .9 7.8
Loam, fine sandy..... ceee .3 3.1 Gravel, fine, and sand... L7 12.5
Clay, medium...oeeeeeuvaa. A 3.5 Gravel...ooesseeeassesass coes 12.5
Loam, silty....... srenene -9 bob 14-54-33ad1. (E3%). Land-surface altitude,
Clay, medium:. s ovevenconen a,-l- ,4'.8 2,118 feet
Sand, fine, loamy........ .5 5.3
Loam, silty.ceeeeeenrennn .3 5.6 Loam, very fine sandy.... 3.3 3.3
Clay, heavy....ceeeeeensn 2.0 7.6 LOBM. «esossnnsensasocncas R k.o
Loam, Silt¥.eeeerevanenns 2.9 10.5 Sand, fine, 10amy........ 1.5 5.5
Loam, very fine sandy.... 8.0 18.5 Loam, fine sandy.......c.. 1.0 6.5
GIBVEl. . .ocoeosssaaseeees 2.4 20.9 Loam, very fine sandy.... .5 7.0
14-54-33ack. (D3). Land-surface altitude, Sand, lOBMY....cocceveens 1.0 8.0
2,119.52 feet Loam, very fine sandy.... 1.0 9.0
) Sand, fine, loamy........ 1.0 10.0
Loam, very fine sandy.... 1.0 1.0 JoBM:teceeeereneacnannans 1.0 11.0
LOBM. ¢ evrerennranoncnsas 3.0 k.0 Loam, fine sandy......... 1.0 12.0
Loam, fine sandy......... .5 4.5 Sand, loamy, and sand.... 2.7 1.7
Gravel..ciearececnsenanas .5 5.0 Gravel..oseoosasvesecass . . 1h.7
Loam, fine sandy......se. 3.0 8.0
Sand, very fine....evee.n 1.0 9.0
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Table 2.--Logs of wells and test holes--Con. Table 2.--Logs of wells and test holes--Con.
Thickness | Depth Thickness | Depth
(feet) | (feet) (feet) | (feet)
14-54-33ad2. (E4). Land-surface altitude, 14-54 -33paT--Continued
2,115.96 feet Loam, fine Sandy......... 0.8 19.1
loam, fine sandy....ece.. 1.0 1.0 Loam,.silty.cccececaneans .9 20.0
Loam, clayey, silty...... 2.0 3.0 Loam, s&NdY..ececoccsoess 2.0 22.0
Loam, siltY¥eeeeeseesecnas 1.0 4.0 Gravel and sand....ecesss 2.0 24.0
Loam, fine S8NAY...ee... 2.5 6.5 Clay, heavy, blue, (Fort
SaNA.ecteasareccnncoceans .5 7.0 Union)eeeeecvoncecncass 1.0 25.0
LOBM. et ravseesnarannan vee 1.0 8.0
Loam, fine sandy......... 2.0 10.0 1h-54-330a8. (DE)é llani-s:rface altitude,
Loam..... Ceeeseraceraeans 1.0 11.0 1135 fee
Loam, fine sandy......... 1.0 12.0 Loam, clayeyeeeccessaensne 2.5 2.5
Loam, Clayey.cescecsacese 1.5 13.5 Loam, clayey, sandy...... .6 3.1
Loam, fine sandy....c.e... 2.0 15.5 Gravel and clay...eeeess. 4 3.5
579 1T 1.0 16.5 Clay, light...eceevenneas .6 b1
Gravel .oceocecscasoseseas 5.5 22.0 Sand and gravel....cceose 1.4 5.5
14-54-33ba6. (DL). Land-surface altitude, Loam, clayey....cevee.e- T 6.2
2,137.15 feet Sand, mediumecececcseaans 1.0 7.2
Loam, Clayey.ceceesnnoens .8 8.0
Loam, clayey.e.sea. ceeens 2.2 2.2 Sand..cececactaccecarcans 1.3 9.3
LOBM e s e enenrnenoneenanons 1.2 3.4 Loam, Clayey.eeeessoacnes .6 9.9
SaNd, 1OBMY.+eveerrasenens 1.1 k.5 Sand, loamy, and sand.... 7.6 17.5
T T .6 5.1 l’-&-5h—33b&9. (m). Iand-surface altitude,
Sand, lOBMY..ceveeecncens .9 6.0 2,120.86 feet
Clay, lighteeeeeeseneones 1.5 7.5
Loam, clayey..cceaveaecas 1.0 8.5 Clay, mediuM.ececeeeeennns 2.0 2.0
Sand, loamy.cocecreccesss 1.5 10.0 Loam, fine sandy, and
Clay, 1ight.eeeeeveoeeses .5 10.5 10BM. s eennseesnsonncnes 5.5 7.5
Sand...ccceererronsoacsnnn 1.0 11.5 Sand.ieseceseescsscacsons 2.5 10.0
Loam, sandy, and loam.... 1.0 12.5 Gravel.c.ieeeecesanseccens 1.0 11.0
Clay, mediuMe.ceeeeennans 5 13.0 Loam, Sandy..sececesesecsss 2.0 13.0
Loam, sendy, and loam.... 1.0 k.0 Gravel.eceecocesscanoanes 2.0 15.0
Clay, medium..ceevevseann A 1.k 120 Vs A N 1.5 16.5
Loam, fine sandy..... eees .6 15.0 Clay (Fort Union)..eceaes 2.5 19.0
gi::f.?ﬁ?ﬁ?i.???.%???:::: Z:g 22:8 14-54-33pa10. (P). Land-surface altitude,
GIBVEL..eeusosesoenncncns 2.5 28.5 2,122 47 feet
Loam, siltYeeeeeesesoeons 0.3 0.3
14-54-33ba7. (Dlé)iETLizigsurface altitude, Sand with cobbleg........ 2.7 3.0
’ Loam, very fine sandy.,.. .2 3.2
Clay, medium...oeeeeecann 1.6 1.6 FS1-1 < .3 3.5
loam, ClayeY¥.ecssosessoens b 2.0 Loam, SiltY.eeeecocessonas 1.0 4.5
1OBM. eernaranccaceannans 1.5 3.5 Loam, ClBYyey.eeseocacssas 1.5 6.0
Loam, fine sandy....e.... 1.5 5.0 Toam, 8iltYeeecoseacscsne k.o 10.0
Send, loamy...... Creeesane .6 5.6 Loam, very fine sandy.... .2 10.2
1OBM. vecacanannnn ceeeanne A 6.0 Sand, COBISE..sisseensens .8 11.0
Loam, very fine sandy.... 1.5 7.5 Gravel..ceeeeececavennans 9.0 20.0
Loam, clayey.steeeosoanss 2.2 9.7 Clay, blue (Fort Union).. 20.0 Lho.o
Gravel................... -3 10.0 lh‘sl}'33bﬂll. (Nol). Iand-surface altitude,
Loam, S8NAY.cceereescsces .8 10.8 2,122.76 feet
S8nd, LOBIMY..eeerennennn. 3 11.1 T
Clay, heavy..eecocencsees .7 11.8 Loam, SaNAYeeeenssacsenss 1.0 1.0
Sand, medium...coveucenss .3 12.1 G | eee 5 1.5
Clay, heavy..eecescacasss 6.2 18.3 Sand and gravel..ceeeecs. 1.0 2.5
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Table 2.--Logs of wells and test holes--Con. Table 2.--Logs of wells and test holes--Con.
Thickness |Depth Thickness | Depth
(feet) feet) (feet) | (feet)
1k-5%-33ball--Continued 14-54-33bal5-~Continued
Loam, clayey, silty...... 1.8 4.3 Loam, Silty..ee... ereaes 5.5 8.0
Clay, medium...... ceenenn 2.2 6.5 Loam, very fine sendy.... 2.0 10.0
Loam, siltY..esesss cereen 1.5 8.0 SBNA . eenersreaconanoranns .5 10.5
Loam, very fine sandy.... 2.0 10.0 Gravel...coceesssccossaes 9.0 19.5
Sand.cecsecrecoscncsnsens 1.0 11.0 1)_'__51'__331)&16'. (F&?) . Land-surface altitude,
Gravel.ccceceseeosoascass 6.1 17.1 2,120.92 feet
1k-54-33bal2. (goigé iagd-iurface altitude, St T 1.0 1.0
y1ee. 7l fee Loam, fine sandy..eceeee- 2.5 3.5
Loam, fine sandy.....cese. 2.0 2.0 Loam, Clayey..ceeoecsanse 2.0 5.5
Sand, fine to medium..... 1.2 3.2 Loam, Silt¥eeeeeeeeennens 2.5 8.0
Sand, fine...eeeereocaanss .8 Lo Sand, mediuM.cecsoeenenns 1.0 9.0
Loam, very fine sandy.... 1.0 5.0 Gravel..oesss eeecsesesses 9. 18.3
Loam, clayey...... seeeces 1.0 6.0 14-54-33bal7. (Ee3). Land-surface altitude,
Loam, clayey, very fine 2,120.19 feet
SANAY s cnnarocnncnnnnes 3.5 9.5 ’
Sand..cieececentecncccnans 2.5 12.0 Loam, clayeYye:esocvsecess 1.0 1.0
Gravel.oseeeresoooasasses 3.3 15.3 Loam, fine silty...eeee.. 5.0 6.0
14-54-33bal3. (No3). Land-surface altitude, Loam, sandy...c.oouevee.. 5‘2 11'3
2,122.814 feet . Sand....c... cecsaccssasan . 11.
Gravel..ccocovecacscececs 3.8 15.2
Loam, fine silty...... ces 1.0 1.0
Sand . mnn ] v ) 5 1.5 14-54-33bal8. (Eak). ILand-surface altitude,
LOBM. +aeserennnnennnnen .5 2.0 2,119.63 feet
Sand, coarse........ cenen .8 2.8 Loam, Clayey..oeeeaoeesss 3.0 3.0
Loam, 8ilt¥.cevecrscenans 2.2 5.0 Loam, very fine silty.... 3.5 6.5
Loam, ClayeY.eetoeosoenss k.0 9.0 Sand..ee... cecctcescsane .5 7.0
Loam, very fine sandy.... 1.5 10.5 Loam, Clayey.eeeeeavssoss 1.5 8.5
Sand.eieeceecieeenennennns 5 11.0 Clay.ceeasescoacccnscanses .5 9.0
Gravel...coeeeecscessneaes 7.0 18.0 Clay, loamy.seeceesssscss 1.0 10.0
14-54-33balk. (Nok). ILand-surface altitude, Loam, s1lty....ccvveacnss 3.0 13.0
2’123.22 feet Sand,vmedium............. 5.0 18.0
Gravel..ovsevescsssenssss .9 18.9
Loam, clayey...eeeeeeeene 1.2 1.2 .
Losm, very fine sandy.... 1.1 2.3 14 -54-33bal9. (201;i 9ia?2 iurface altltude?
Sand, medium...... e 7 3.0 1o c
Loam, very fine sandy.... .2 3.2 Loam, S8ndYy..eccecesss coe 0.5 0.5
Sand, coars€..ceccenncans .3 3.5 Sand..eeeccccecccccnnnans 2.5 3.0
Loam, silty..eceeass ecens 2.5 6.0 Loam, fine sandy.c.eeees. .5 3.5
Loam, clayey.eeecaecs. vees 1.0 7.0 Loam, SiltY¥eeeeeesoecsans 1.0 .5
Clayeseereeesoncnansannns .5 7.5 Loam, cClayey.ceeeeeecenss .5 5.0
Loam, clayey.....cce.. e 2.5 10.0 Loam, Siltyeecececacacens 5.0 10.0
Sand, fine....cveveenenes .5 10.5 Sand..... N .5 10.5
Loam, very fine sandy.... .5 11.0 Gravel....eoooeeevecnans. 5.6 16.1
(S}and.i................... 1-2 12.3 l’-L-Sh--33b820- (802)- Land -surface altitude,
TAvel..oossesssnsscssass 3. 15.9 2,122.6h feet
14-54-33bals. (Egliél ;ing-s:rface altitude, GTBvelwrosoonsrasineons 3.7 3.7
I ee Loam, Clayey.cceeeasssene .8 4.5
Loam, silty..cocieacecsns 1.0 1.0 Loam, silty.cceeeecceanens 5.0 9.5
Sand, medium....ceceeaeere 1.0 2.0 Sand....ocevectesecccoses 1.0 10.5
Loam, very fine sandy.... .5 2.5 Gravel...occoceceoccsoces 1.2 17.7




Table 2.--Logs of wells and test holes--Con.

Thickness | Depth

(feet) | (feet)

14-54-33pa21. (Wel). Land-surface altitude,

2,123.00 feet

Loam, sandy....... cvessnan 0.5 0.5
Gravel and sand.cecseceae- 2.5 3.0
Loam, SaNAY..cccesancsones 1.0 4.0
Loam, silty.eeeecevrececens 6.0 10.0
Loam, very fine sandy..... .5 10.5
Sand..... ccenseane ascecsns 1.0 11.5
Gravel..coocecocsccocescas 4.8 16.3

14-54-33ba22. (We2).

Land-gurface altitude,
2,123.53 feet

Sand, gravel, and cobbles 3.0 3.0
Loem, very fine sandy..... 1.0 4.0
Loam, Silty.ecececenccsees T.0 11.0
SaNd..cceecocccncececncens 1.0 12.0
Gravel.oeeeieeeecassoasaas 5.7 17.7

14-54-33ba23. (We3).

Land-surface altitude,
2,123.37 feet

Loam, SANAY..ceecscsccsves 2.8 2.8
Loam, silty..ccecevavennes .2 3.0
S8NA.c.aucerovcescnsocnnns 1.0 k.0
Loam, silty.eecceceeccacns 1.2 5.2
Loam, Clayey.eceoesssscans .8 6.
Loam, Silt¥eseeceseacsoons k.0 10.0
Loam, very fine sandy..... 1.0 11.0
Sand..... eececessencrsaces .5 11.5
Gravel...... secesscscusene 3.5 15.0
14-54-33ba2k. (Wel). Land-surface altitude,
2,124.55 feet
Loam, Silty..cccoaecsscess 1.0 1.0
Loam, sandy..... seeesanane 1.0 2.0
Loam, silty..ccceececenen. 2.3 k.3
Sand.ccecesrencccscococnss T 5.0
Loam, silty.ceceecoccnaccss .5 5.5
Loam, Clayey..ccesescasnecs .5 6.0
Loam, siltyeeeeeereacnnans k.o 10.0
Loam, sandy.eeeeeccsocsnee .5 10.5
Loam, siltyeeeeeeecaccanss 2.0 12.5
SANA.eereerocacsncscocnnas .2 12.7
Gravel..oeseeocaorgncensas 5.5 18.2
14-54-33bb3  (T22). Land-surface altitude,
2,213.0 feet

Topsoil, clayey.ceeeaneess 2.0 2.0
Gravel, subrounded, well-

graded, maximum size of

pebbles 3 inches (60 per-

cent); sand; trace of

S1lt.eecesseoscnasosanss 5.0 7.0
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Table 2.--Logs of wells and test holes--Con.

Thickness | Depth

(feet) | (feet}

14-54-33bbh. (Bl). Land-surface altitude,

2,161.22 feet

Clay, medium..ccennnnnnn. 2.0 2.0
Loam, clayey, sandy...... 6.0 8.0
Clay, s8ndy..ceoreecavcsne k.0 12.0
Clay and gravel .ecoocecss 35.0 47.0

14-54-33bb5. (Cl).

2,152.54 feet

Land-surface altitude,

Topsoil, silty.ceceavenes k.o k.o
Gravel..veecacecscesccnns 9.2 13.2
Sand...cccocececoacaccanee 1.0 14.2
Sand and gravel....ceeeee 8.8 23.0
Clay, sandy..ceceeceessss 11.3 34.3

14-54-33bck. (B2). Land-surface altitude,
2,135.17 feet

Loam, Cleyey...coceeeessns 1.4 1.k
Loam, 58NAY.ceecevcccsccs 1.0 2.4
Clay, medium..cceeeouceee 2.6 5.0
Clay, heavy.ceeeesscescss 2.0 7.0
Clay, medium.cceeecococse 2.3 9.3
Loam, sandy..ceceesceecses .3 9.6
Clay, light...eceescances .9 10.5
Loam, ClayeY¥eeeocesoacess 2.0 12.5
Loam, sandY..eeescescennss 1.5 k.0
SANA.eeessesrsesacascences 3.0 17.0
Gravel..ooesoesscoccassoes 5.3 22.3

14-54-33bc5. (B2%1). ILand-surface altitude,
2,130 feet
Clay, mediume.ccceecooesss 2.0 2.0
Loam, clayey, silty...... 2.0 k.o
Clay, heavyeeeeecossascee 3.0 7.0
Clay, light.eeeeeseaeenas .5 7.5
Sand, 10BMYe+eesaccnnsses 1.0 8.5
Loam, silty.cceceececcccecs 1.0 9.5
Sand, fine, loamy........ 1.2 10.7
Sand..ceeecans cesessacans 2. 13.0
Gravel cccseosccscoscocoss cees 13.0

(c2).
2,124.51 f

14-54-33bch.

eet

Land -surface altitude,

Clay, loamy.ccoeecscnccss
Loam, fine sandy.....
Clay, loBMY.ceeeevconcens
Loam, fine sandy.
Loam, very fine sandy....
Clay, sandy..cococeecscss
Clay, medium..ccececccnne
Loam, clayey, sandy..c...
SANnd..cceeecocesrccsacnae

es e

-

.

Gravel..ococossecesssssee

Sl VS
K o D D00 O oo

« e o

ONONO ®OO OO
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Table 2.--Logs of wells and test holes-~Com. Table 2.--Logs of wells and test holes--Con.
Thickness | Depth ' Thickness | Depth
(reet) | (feet) ' : _ (feet) | (feet)
14-54-33bc7. (C3). Land-surface altitude,. 1k -54-33bcll. (Cl§)- Land-surface altitude,
2,124.57 feet ‘ ' : 2,126 feet
Clay, light......cc0vunen 1.0 1.0 Clay, light.....ciuvesane 1.5 1.5
Loam, fine sandy......... 2.0 3.0 Losm, clayey, sandy...... 1.5 3.0
Clay, light....... 1.0 k.o LoAt, S8BAY.coeenscroacns 1.0 k.0
Loam, fine sandy......... 9 k.9 Clay, medfum. ...oouuvuens 2.0 | 6.0
Loam, very fine sandy.... 9 5.8 Clay, BeaVY.eerecranenens 6.0 12.0
Clay, sandy......s.a. 1.2 7.0 Clay, heavy, blue (Fort
Clay, medium....... cenees 1.2 8.2 Union)eseeoeecsssosones 1.5 13,5
o S 25 | e veshameh (2D tamosutece aivitude,
Gravel.......... seseassss St o1 13,6 v 2,120 feet - i
14-54-33bc8. (334). Land-surface altitude, = Loam, clayey.....cocqree 1.8 1.8 L
2.122 feet Sand, fine, loamy.....ose '( 275 s
? loem, Clayey.c.varicseves .5 3.6
Loam, very fine sandy.... 1.0 1.00 Loam, 8ADAY..cereionaesnn b 3.k
Loam, fine sandy......... 2.0 3.0 LOBMm, ClAYEYeeeveeeoseone 1.1 RN
Clay, medium..ceeenvenn., 3.0 6.0 loam, fine BADNAY......... .9 R
Loam, fine sandy......... 1.0 7.0 Loam, ClaYeY..rorrooacrsn R % : L
Sand, fine....cevvevenass 1.0 8.0 loam, very fine samdy.... 1.0 6.8
Clay, heavy.......... ceee 1.5 9.5 Clay, Bediufe. cvernaoecan .3 T3
Sand, fine, loamy....... .5 10.0 Loam, fine sandy, and R
Clay, sandy........ 1.3 11.3 sand, fine, losmy...... 2. 4.5
Loam, sandy......ceeveens 7 12.0 Loem, clayey, sandy...... B 108
(_}_I_'_avel..........‘.........' RE 12.0 Lo&u, Silt’-o-....{o'l--an .8 1130
14-54-33bcg. (Ch). Land-surface altitude, oam;. £ine S8RAY. s ocro e LTop BT
2,120.98 feet Q;__a_vela..,.g-......-g.... e es &L N
Loam, fine sandy..... e 2.3 2.3 1h-54-33bd5 . '(so:)ieQI;:d;:;I:tace altitude, -7:-'—_’5“ ‘
Clay, medium....oceea.. .. 1.2 3.5 pEVe
Loam, clayey, sandy...... .9 L.y Loam, Silty.veceenoansss 5.0 5.0
Loam, sandy....... 1.6 6.0 Loam, very fine sandy.... 3.0 8.0
LOBM.eteennnnnnnnnnnns 2.0 8.0 Sand, very fine.......... 1.0 9.0
Sand, very fine.......... 2.4 10.4 Gravel.eseoesoosacooaaans 9.0
Sand....... teseraseseane 1.1 11.5
Gravel........ ceeeee ceenn 3.3 14.8 14-54-330d6. (R). Land-surface altitude,
Clay, blue (Fort Union).. 1.k 16.2 2,119.47 feet
14-54-33bc10. (C32). Land-surface altitude, Loam, sandy.............. 8.0 8.0
Gravel..oceeceeospsessess 4.0 12.0
2,122 feet
LOBM.seuennnn. 1.3 1.3 14-54-33ca2. (C5). Land-surface altitude,
Loam, very fine sandy.... 1.7 3.0 2,121.39 feet
Clay, heavy....c.co.. 1.5 4.5 Loam, fine sandy......... 3.5 3.5
Clay, light........ 1.0 5.5 Loam........ eeenees 1.0 k.5
Loam, very fine sandy.... 1.1 6.6 Loam, fine sandy......... L.s 9.0
Sand, fine, loamy........ .9 7.5 Gravel...oo.. eeiessnsesas 5.4 1h.4
Clay, heavy.c.ceeeevarues. 2.5 10.0
Loam, silty......... seene 2.0 12.0
Gravel.....covcees csesses 12.0




Table 2.--Logs of wells and test holes--Con.

Thickness | Depth
(feet) | (feet)
14-54-33ca3. (CLi). Land-surface altitude,
2,121 feet
Loam, very fine sandy.... 2.5 2.5
LOBM. ceoerrsorsssoccnnnns 1.5 k.0
Sand, fine, loamy........ .8 4.8
Loam, clayey....... cesese 2.2 7.0
Clay, medium....c..... vee 1.0 8.0
Loam, clayey, silty...... .8 8.8
Sand, 1o8MY.sceecenncncss ST 9.5
Gravel..eceeeceeceneeaess .5 10.
14-54-33cak. (C53). ILand-surface altitude,
2,122 feet
Loam, very fine sandy.... 0.8 0.8
Sand, fine, loamy........ 3.2 4.0
Loam, very fine sandy.... .9 4.9
Sand, fine, loamy........ 1.6 6.5
Loam, silty.ceceeeccecnns 1.0 7.5
Send, very fine, loamy... 1.6 9.1
Loam, SiltY.eeeeeveennn.. .9 10.0
Sand, fine, loamy........ 1.0 11.0
Sand..... Cietoerecnnana . 1.0 12.0
Sand and gravel.......... eos 12.0
14-54-33¢cb2. (B3). Land-surface altitude,
2,123.92 feet
Loam, clayey, sandy...... 1.2 1.2
Loam, sandy..ceoceecacass 1.0 2.2
Clay, heavy.ceeeeecsaeeas 1.8 k.o
Clay, 1ight.eeeeeeenrnens .5 4.5
Loam, clayey, sandy...... 1.6 6.1
Gravel...eeeersesceceoses 9.k 15.
14-54-33cb3. (B33). ILand-surface altitude,
2,123 feet
Loam, fine sandy.....ce.. 2.5 2.5
LOAM. teteereserocosnanenn 1.5 k.0
Loam, very fine sandy.... 2.5 6.5
Sand and gravel.c..cusses 1.0 7.5

et

Land -surface altitude,

14-54-33cbL. (BL).
2,122.58 fe

Loam, saNdY.cccesanoensss

Ioam...c...... tesesescnene

Loam, fine sandy.........
Gravel...ooceoaoccscessoss

1 = =
o 0o\

13.

14-54-33¢b5. (BC). Land-surface altitude,
2,121.11 feet? ’

Clay, loamy..cceesseensn. 8.0 8.0

Gravel..coeeeeeessosaseass 6.0 1k.0
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Table 2.-~Logs of wells and test holes--Con.

Thickness
(feet)

Depth
(feet)

14-54-33cci. (Dw3).

2,120 feetP

Land -surface altitude,

Topsoil, sandy, loamy.... 1.0 1.0
Gravel.cceccesesasnancnes 26.0 27.0
Clay, gray (Fort Union).. 53.0 80.0
Sandstone..ocececesacsaas 2.0 82.0
Clay, BraY.scercresacanans 78.0 160.0
CoBlecirveenececcnaccnnnna 7.0 167.0
Clay, Grayeececeescecoscane 32.0 199.0
Sandstone...ccveeeneacaces 2.0 201.0
Clay, grayecceeecess cenee 29.0 230.0
Sandstone.....eeveceeneees 2.0 232.0
CoBLeveansonssesaasnnnans 16.0 248.0
Clay, EroYececececenss ces 76.0 324.0
Coal.iceeeecennns ceseenee . 6.0 330.0
Clay, EraYeccecessscessces 50.0 380.0
Sandstone....oeeeo.-: cess 32.0 412.0
14-54-33cc2. (B4l). Land-surface altitude,
2,123 feet
Loam, very fine sandy.... 3.0 3.0
Loam, S5iltyeceseeseccacee 1.5 k.5
Clay, sandy..... craeees .. .9 5.4
Loam, very fine sandy.... 2.6 8.0
Sand, fine, loamy........ .5 8.5
Gravel..eeeeseeeescsssnss eoss 8.5

14-54-33cc3. (B5).

Land -surface altitude,

2,123.27 feet
Loam, sandy...ceeeceocees 2.5 2.5
LOAM. s evecesvarannsnsones 1.5 k.o
loam, SaNAY..cceesvcanases .5 k.5
LOAM . e svvrecannscencoaans 2.0 6.5
Loam, fine sandy...cceees 1.5 8.0
Loam, very fine sandy.... 1.0 9.0
Gravel..o.cooessssssossosss 11.0 20.0
14-54-33cdl. (C6). Land-surface altitude,

2,122.76 feet
Loam, fine sandy......... 6.0 6.0
Sand, fine, loamy..... . 2.0 8.0
Loam, fine sandy...cceee. 3.5 11.5
LoBMeeseseecanscncsssancs .5 12.0
Gravel..ocooeeesoeesssses 4.8 16.8

14-54-33ca2. (C7).

2,120.15 feet -

Land -surface altitude,

Loam, fine sandy.....c...
Sand, fine, loamy........
Loam, very fine sandy....
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Table 2.--Logs of wells and test holes--Con.
Thickness | Depth
(feet) | (feet)
14-54 -33cd2--Continued

Loam, silty, and loam.... 2.0 11.0
Loam, very fine sandy.... 2.0 13.0
Loam, clayey...veeeessens 1.0 14.0
Loam, and loam, fine sandy 2.0 16.0
Gravel and coal...... cees 6.0 22.0
Clay, blue (Fort Union).. .6 22.6
14-54-33dal. (T). Land-surface altitude,

T 2,117 feet

Sand, very fine, loamy... 1.5 1.5
Loam, very fine sandy.... 3.k 4.9
Loam, fine sandy......... .6 5.5
Gravel and sand..:....... 7 6.2
Logm, Silty.ceeesceoceens 2.3 8.5
Sand, fine........cc0000.e .5 9.0
Loam, fine sandy..ecceess T 9.7
Sand, very fine......e00. .3 10.0
Loam, very fine sandy.... 1.5 11.5
Loam, Silt¥eeeeeeencenons 2.5 1%.0
Send, fine, loamy........ A 1h.h
Loam, very fine sandy.... 2.9 17.3
Sand, fine, loamy........ T 18.0
Gravel..ooeesssecacsaosss ees 18.0
14-54-333a2. (E5). Land-surface altitude,

2,116.35 feet

Loam, very fine sandy.... 7.0 7.0
Sand, 1OBMY.«rveeeenensn. 1.0 8.0
Loam, very fine sandy.... .5 8.5
Sand...cccccecececcnsanans .5 9.0
Loam, Clayey..ceoeseesasss 3.5 12.5
Loam, very fine sendy.... 5.5 18.0
Gravel.....osocecosaaass . 3.5 21.5
14-54-33dbl. (D4). ILand-surface altitude,

2,120.78 feet

Loam, fine sandy.....e.. 2.5 2.5
Gravel.ceececeecacacncss 5 3.0
LOBM . ¢ v eveenrennannanns . 2.0 5.0
Loam, fine sandy........ 2.5 7.5
Loam, Clayey.eeeeeeonans .5 8.0
Sand, loamy..cacecnescss 1.0 9.0
Sand, fine, loamy....... .6 9.6

Gravel...o.... eeeseenees 4.0 13.
14-54-33ab2. (D43). Land-surface altitude,

2,120 feet

Loam, very fine sandy... 2.6 2.6
Loam, silty..... terenees .6 3.2
Loam, very fine sandy... 3.0 6.2
Loam, sandy..eoceevevens .6 6.8

Table 2.--Logs of wells and test holes--Con.

Thickness | Depth
(feet) | (feet)
14-54-33db2-~Continued

Loam, silty.cecoceeeeacens 1.9 8.7
Loam, s8ndy.cecoececoscoss 2.3 11.0
Loam, clayey.eeseseoesacs 2.1 13.1
Loam, sandy.ceeveecensces 1.9 15.0
Loam, clayey...... [ .5 15.5
Clay...... ceserensccacas 5 16.0
Sand and gravel..... seoes ceos 16.0

14-54-33db3.

(p5).
2,119.02 feet

Land -surface altitude,

Loam, fine sandy.....o... k.o k.o
Loam, sandy.ceeeccoccsoss 1.0 5.0
Loam, fine sandy..cccocee 2.0 7.0
Sand, fine, loamy....o... 1.5 8.5
Loam, fine sandy...seceee 1.9 10.4
Gravel soceseesosesssssaes 2.8 13.2

14-5%-33dc. (CD). Land-surface altitude,

2,119.39 feet®

Loam, S8NAY. cecsceassrens 6. 6.0
Send ,and gravel.......... 3. 9.5
Gravel.cceecereccocoaeans 8. 18.0
e D 2. 20.0

Table 3.--Measurements of depth to water in

observation wells, 1950

[Feet below land-surface datum]

Water Water Water
d level Date lgvel Date level
13-5h-4bbl. (B6)

July 10(13.55 || Sept. 5]12.27 ||Oct. 30 [13.68
17413.62 11{12.60 |Nov. 6 |13.83
24113.54 18]12.91 13 [13.97
31(13.2% 25 [13.22 20 |1k.00

Aug. T[12.94 ] Oct. 2]13.25 27 |1k.10
14]13.01 9113.15 {Dec. 4 |1L4.03
21/12.85 16]13.42 18 |1k.25
28112.78 23[13.52

14-54-27bcl. (Cil)
Oct. 30{10.39 || Nov. 13|11.02 {Nov. 27 |11.30
Nov. 6/10.68 20]11.21

14-54-27bc2. (Ci2)
Oct. 30| 8.22 | Nov. 13| 8.61 [Nov. 27 | 8.82
Nov. 6] 8.40 20} 8.74




Table 3.--Measurements of depth to water in
Observation wells, 1950--Continued

Date Water Date Water Date Water
level level level
14-54-270c3. (Ci3)

Oct. 30| 6.50fF Nov. 13} 6.93} Nov. 27| 7.10

Nov. 6] 6.71 20! 7.05

14-54-27ock. (Cil)
Oct. 30]/11.29} Nov. 13}11.82f Nov. 27]12.11
Nov. 6§11.65 20]12.01

14-54-28cd1. (E1)

June 26{ 2.498 Aug. 28] 1.30] Oct. 23} 0.9%

July 3| 2.29}| sept. 5] 1.k2 30| 1.10
10| 2.45 11 .82] Nov. 6] 1.37
17| 2.59 18] .ko 13| 1.60
24| 2.74 25 .50 20| 1.78
31| 2.37f oOct. 2| .60 271 2.00

Aug. T} 1.52 9] .49} Dec. 4| 2.07
14 .87 16| .78 18] 2.75
21 .88

14-54-28ca2. (H1)

Oct. 9[2k.hOf oct. 30|25.38] Nov. 20]25.90
16124%. 771 Nov. 6{25.60 27126.05
23[25.11 13{25.74 || Dec. 18]26.35

14-54-28cd3. (H2)

Oct. 9[22.96}] Oct. 30{23.87] Nov. 20[2k.25
16{23.48) Nov. 6]24.07 27124 .26
23]23.82 13j24.15} Dec. 18]|24.75

14-5h-283c2. (G2)

July 24| 4.16f sept.11] 2.09] Ooct. 30l 1.72
31| 4.09 18] 1.51)) Nov. 6| 2.05

Aug. T| 2.32 251 1.71 13} 1.96
W 1.73f Oct. 2} 1.57 20| 2.33
211 1.99 9] 1.63 27| 2.46
29| 2.08 16| 1.73§ Dec. 4| 2.49

Sept. 5| 2.65 23] 1.63 18] 3.60

14-54-28ad. (G3)

June 26| 6.88[ Aug. 29]12.39] oct. 23]12.52

July 3| 8.20ff Sept. 5{12.85 30{12.74
10| 8.58 11|13.22 § Nov. 6(12.89
17] 9.31 18]12.62 13/12.83
24 110.35 25]12.60 20]12.83
31(10.13|| Oct. 2]12.65 27112.68

Aug. T7]11.14 9{12.32 { Dec. 4{12.74
1k [10.92 16]12.49 18{11.07
21 ]10.37

1h-54%-31cal. (Cbl)

June 261 6.95 July 17] 5.68] Aug. 7] 5.68

July 3] 6.42 24kl 5.63 14| 5.37
10§ 5.38 31| 5.31 21| 6.30
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Table 3.--Measurements of depth to water in
observation wells, 1950--Continued

Date Water Date Water Date Water
level level - level
14-5k-31cal. (Cvl)--Continued

Aug. 28} 5.820 Oct. 9] 6.51f Nov. 13| 7.13

Sept. 5] 5.71 16| 6.78 20| T.22
11} 5.88| 23] 6.97 271 7.20
18| 5.96 30| 7.10§ Dec. 4| 7.29
25| 6.600 Nov. 6} T7.1h 18| 7.53

Oct. 2] 6.20

1h-54-31ca2. (Cv2)

June 26{ 6.31}] Aug. 21| 5.81f Oct. 23} 5.59

July 3| 6.45 28{ 6.03 30| 6.10
10| 6.08] sSept. 5| 6.03|| Nov. 6| 6.38
17| 6.33 11| 6.01 13| 6.68
2| 6.12 18| 6.00 20| 6.85
31| 5.84 25| 6.12 27| 7.01

Aug. 7 5.95| Oct. 2| 6.17|| Dec. 4} 7.11
| 5.70 9] 6.12 18] 7.29

14-54-31dp. (Cb3)

July 3]15.14) Aug. 28}11.94Jf Oct. 23}15.78
10]15.33|| Sept. 5|1k.15 30{15.99
17{12.60 11{1%.71§ Nov. 6]/16.16
241k .24 18{14.78 13/16.33
31|1k.16 25/15.18 20[16.45

Aug. Tl1k.66]] Oct. 2]|15.20 27|16.55
14]14.99 9]15.28| Dec. k|16.57
21114.8 16115.65 18]16.80

14-54-31dd. (Cbk)

July 3]25.17] Aug. 28]25.13] Oct. 18}25.05
10[25.74|| Sept. 5|25.12 23125.09
17125.79 11}25.06 30/25.18
24125.60 18|25.0k || Nov. 6|25.17
31]25.21 25|25.10 13| 25.20

Aug. Tl25.72}} Oct. 2|24.74 20| 25.22
1hi2k4 .98 9|2k .99 27]25.22
21125.14

1h-5h-32ac. (a1)

June 26]21.28) Aug. 21}20.28{ oct. 23|20.49

July 3|21.31 28120.63 30[20.54
10/20.50}] Sept.11{20.43f Nov. 6]20.59
17|21.23 18]20.28 13{20.60
2h{21.02 25(20.4%0 20[20.66
31120.71f Oct. 2|20.4k 27120.70

Aug. T7|20.66 9/20.38 4 Dec. U4]20.76
14120.53 16]20.4 18{20.82

14-54-32¢ca. (A2)

Aug. 7[27.34 Aug. 28]27.84 ] Sept.18[27.8%
14]26.83 | Sept. 5|27.66 25127.87
21]27.53 11}27.79ll 0ct. 2]27.62
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Table 3.--Measurements of depth to water in
observation wells, 1950--Continued

Date Water Date Water Date Water
level level level
14-54-32ca. (A2)--Continued

oct. 9|27.76]l oct. 30][27.90 [ Nov. 20][28.05
16{27.76|l Nov. 6(27.94| Dec. 18{28.45
23|27.85 13{27.90

1h-54-33a82. (F3)

July 10/13.06l Sept. 5[15.94 [ Oct. 30]16.55
17{/13.55 11{16.50 || Nov. 6[16.60
24(13.65 18|16.54 13{16.58
31113.53 25{16.45 20(16.63

Aug. T7|13.92| Oct. 2]|16.52 27(16.44
14]15.48 9|16.45 | Dec. L[15.47
21§15.32 18]16.%2 18]14.90
29(15.98 23[16.42

14-54-33ab3. (E2)

June 26| 2.07{ Aug. 28| 5.62 || 0ct. 23| k.46

July 3| 3.23}| Sept. 5| 5.60 30| 4.36
10| 4.98 11{ 5.57 || Nov. 6] 4.51
17| b.59 18] 5.20 13| 4.19
24| 4.78 25| 5.36 20| 4.34
31) 4.52f Oct. 2| 4.92 271 L.h2

Aug. 7| 5.66 9| 5.09 | Dec. 4} 5.85
14! 5.34 16| 4+.81 18] 4.90
21| 5.48

1h-54-33a08. (F2)

June 26| 2.38|| Aug. 29| 3.68{| Oct. 23| 3.28

July 3| 1.80|| sept. 5| 3.46 30| 3.17
10} 3.10 11| 3.55(|| Nov. 6] 3.30
17} 3.39 18| 3.47 134 3.11
24 3.37 25| 3.49 20| 3.25
31} 3.14%| Oect. 2] 3.50 27| 3.37

Aug. 7| 3.70 9| 3.46| | Dec. k| 3.57
14| 3.42 18| 3.36 18| 3.60
21| 3.51

14-54-33ack. (D3)

June 26} 5.69] Aug. 28] 7.13[[oct. 237 6.87

July 3| 6.11]| Sept. 5{ 6.75 30| 6.97
10} 6.48 11{ 6.80 || Nov. 6| 6.99
17} 6.86 181 6.66 13| 6.97
24k} 6.12 25| 6.71 20| 7.10
31| 5.96|l Oct. 2] 6.79 271 7.28

Aug. 7| 7.20 9| 6.64 |[Dec. k4| 7.39
14| 6.62 161 6.83 18] 7.52
21| 6.65

14-54-33ac5. (E3)

June 26| 7.74|| July 17] 8.16 ||Aug. 7] 8.7%

July 3| 7.79 24 | 8.16 14| 7.50
10] 5.90 31| 7.78 21| 7.30

Table 3.--Measurements of depth to water in

observation wells, 1950--Continued

Water Water| Water
Date level Date level Date level
14-54-33ac5. (E3)--Continued

Aug. 28| 7.47|| Oct. 9| 7.35|| Nov. 13| 7.60

Sept. 5| 7.4k 16f 7.43 20| 7.76
11| 7.18 231 T7.46 27! 7.83
18] 6.94 30| 7.57| Dec. 4| 7.91
25 7.18{ Nov. 6 7.6ﬂl 18| 8.16

Oct. 2| 7.35

14-54-33ad2. (E4)

July 10110.4h || sept. 5} 8.56| oct. 30| 8.85
17/10.30 11| 7.%0| Nov. 6| 9.13
24| 9.60 18| 7.68 13} 9.0h4
31| 9.54 25| 7.85 20| 9.30

Aug. 7(10.25| Oct. 9| 7.96 271 9.45
141 9.48 16| 7.86|| Dec. L4j 9.53
21| 7.32 23| 8.73 181 9.86
29| 7.59

14-54-33ba6. (D1)

June 26| 8.55[ Aug. 21 7.94[] Oct. 16| 7.k

July 3| 8.6h4 28| 8.28 23 7.52
10| 8.86| sept. 5| 5.27 30 7.59
17| 9.20 11| 5.83| Nov. 6] 7.79
241 9.05 18 6.42 131 7.78
31| 8.77 25| 6.78 20| 8.00

Aug. 7| 6.89{f Oct. 2| 7.12(| Dec. 4| 8.h2
1h} 7.66 9f 7.22 18) 8.77

14-54-33vag9. (D2)

June 19| 0.39{| Aug. 21| 3.91}) Oct. 23| 2.55
26| .16 28| k.11 30| 2.43

July 3| 1.23|| Sept. 5| 3.79) Nov. 6] 2.57
10| 2.2k 11| 3.47 13| 2.27
17| 2.89 18] 3.18 20| 2.4
24| 3.46 25| 3.00 271 2.48
31| 3.31f| Oct. 2| 3.93| Dec. 4| 2.94

Aug. 7] 3.67 9] 2.80 18| 2.94
4] 4.8 16| 2.88

14-54-33balo (P)

Sept.26| 3.50} Oct. 8] 3.34} Oct. 21} 3.22
271 3.60 10| 3.26 221 3.18
28] 3.66 11| 3.28 231 3.02
29| 3.67 12| 3.23 2k | 3.20
30| 3.57 13| 3.18 251 3.02

Oct. 1] 3.45 14| 3.26 26| 2.98

2] 3.43 15| 3.07 271 3.03
3 3.37 16| 3.33 28| 3.10
4| 3.22 17| 3.12 29| 3.10
51{3.15 18| 3.19 30| 3.06
6] 3.03 19| 3.29 311{ 3.16
713.24 20| 3.10||Nov. 1] 3.19




Table 3.--Measurements of depth to water in
observation wells, 1950--Continued

Water Water Water
Date level Date level Date level
14-54-33ba10~--Continued
Nov. 2| 3.18|| Nov. 20| 3.21}l Dec. 8] 3.41
3] 3.21 21} 3.23 9| 3.62
4 2.99 221 3.11 10| 3.48
5] 2.86 23| 3.38 11| 3.48
6| 3.18 24| 3.26 12| 3.53
7| 3.06 25| 3.26 13| 3.50
8| 3.15 26| 3.18 14| 3.51
9| 3.29 27| 3.1h4 151 3.53
10 3.15 28| 3.25 16| 3.62
11} 3.11 29} 3.12 17| 3.71
12| 3.16 30| 3.16 18| 3.68
13| 3.05}| Dec. 1| 3.00 19| 3.66
14} 2.92 2| 3.19 20| 3.58
15} 3.03 3|7 3.22 27 3.h2
16| 3.24 4] 3.35 28] 3.47
17| 3.07 5| 3.6k 291 3.5k
18} 3.02 6] 3.52 30| 3.45
19| 3.09 71 3.31 31f 3.32
14-54-33bbL.  (B1)
June 19(/29.61| Aug. 21/28.00| Oct. 23|27.1k4
26]29.70 28127.99 30|27.15
July 3}29.70} Sept. 5(26.95| Nov. 6[27.15
10}29.84 11{27.73 13{27.43
17{30.0k4 18127.37 20(27.65
24[29.75 25127.19 27|27.86
31}29.54 | Oct. 2[27.24| Dec. 4|27.90
Aug. 7[27.38 9127.16 18(28.23
14[28.28 16[27.16
14-54-33bb5. (C1)
June 26{19.48) Aug. 28{17.60(| Oct. 23{16.38
July 3[19.51| Sept. 5(17.50 30{16.52
10|19.70 1116.68) Nov. 6}16.60
17119.70 18116.38 13{17.10
24(19.18 251(16.38 20§17.22
31{18.97| Oct. 216.26 27(17.60
Aug. 7]19.25 9116.38} Dec. k4|17.75
14)17.89 16 116.38 18(18.19
21{17.48
14-54-33bck. (B2)
June 19| 8.43[ Aug. 21 8.43( oct. 23| 8.02
26| 8.66 28| 8.52 30{ 7.93
July 3| 8.74| sept. 5| 8.38] Nov. 6| 8.07
10| 9.90 11| 8.50 131 7.93
17{ 9.16 18| 8.40 20| 8.10
24| 8.62 251 8.20 271 8.23
31| 8.30ff Oct. 2 8.29{ Dec. 4 8.55
Aug. 7| 8.13 91| 8.15 18] 8.61
14| 8.28 16| 8.07

b1

Table 3.--Measurements of depth to water in

observation wells, 1350--Continued

Water - Water Water
Date level bate level Date level
14-54-33bcb.  {(C2)
June 19} 3.88j Aug. 21| 4.34)l oct. 23| 3.31
26| 1.56 28| 4.50 30| 3.17
July 3| 2.751| Sept. 5| k.62} Nov. 6| 3.28
10} 2.52 11| b.hk 13| 3.06
17| 3.90 18] L.ok 20( 3.12
24| h.05 251 3.84 271 3.12
31] 3.73] Oct. 2| 3.52§ Dec. L| 3.48
Aug. 7] 4.38 9| 3.3% 18| 3.46
14f 3.81 16| 3.38
14-54-33be7. (C3)
June 26| 1.87| Aug. 28} L.64|| oct. 23] 3.37
July 3] 3.01] Sept. 5} 4.79 30] 3.24
10| 3.70 11| 4.60f Nov. 6| 3.36
17| 4.28 18| 4.2k 13} 3.15
24| k.27 251 k.02 20| 3.20
31} 4.23|} Oct. 2} 3.91 27| 3.20
Aug. 7| 4.68 9| 3.60} Dec. 4| 3.23
14| 4.28 16| 3.47 18| 3.65
21| h.42
14-54-33bcg. (Ch)
June 19| 3.45|| Aug. 28] 6.57]] Oct. 23] 6.07
26| 3.02 [ Sept. 5| 6.77 30| 5.99
July 3| 4%.03 11| 6.83fl Nov. 6] 6.00
10 4.60 181 6.70 -13] 5.90
17 5.07 251 6.62 20| 5.89
24 5.49 4 Oct. 2| 6.60 27] 5.91
31| 5.04 9! 6.47|| Dec. 4| 5.94
Aug. T| 6.19 16| 6.15 18| 6.00
21) 6.25
14-54-33bd6 (R)
June 19| 5.67| July 7| 6.00)Aug. 25| 7.16
201 5.67 8| 6.0k 26| 7.02
21| 5.74 9] 6.12 30| 7.06
221 5.77 10| 6.1k4 31| 7.06
231 5.84 11| 6.16 || Sept. 2| 7.18
24| 5.92 19| 6.48 41 7.22
25| 5.88 25| 6.78 5| 7.22
26| 5.68 26| 6.74 9| 7.20
271 5.48 28| 6.78 10| 7.16
28] 5.53 30| 6.81 11{ 7.10
29| 5.58 31} 6.86 12| 7.07
30| 5.62 || Aug. T| T7.17 13( 7.05
July 1| 5.68 9| 7.23 14] 7.03
21 5.74 12 7.25 15] 7.00
3! 5.79 13| 7.18 16| 6.98
41 5.87 15] 7.0k 17| 6.94
5] 5.9% 17| 7.07 18 6.92
6] 5.98 21} 7.05 19} 6.92
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Table 3.--Measurements of depth to water in
observation wells, 1950--Continued

Water Water Water
Date level Date level Date level
14-54-33bd6 (R)--Continued

Sept.20| 6.90 Oct. 21| 6.82[ Nov. 20] 7.00

21| 6.92 22| 6.83 21| 7.00

22| 6.90 24| 6.85 221 6.99

23| 6.87 25| 6.82 23| 7.05

24| 6.87 26| 6.78 24| 7.06

25| 6.84 27| 6.80 25| 7.03

26] 6.83 28| 6.78 26| 7.02

27| 6.87 29| 6.80 27| 7.02

28| 6.87 31| 6.86{ Dec. 1| T7.02

29| 6.88| Nov. 1| 6.86 21 7.03

30| 6.87 2] 6.87 k| 7.0k

Oct. 1| 6.88 3] 6.88 s| 7.16

2| 6.87 41 6.85 6] 7.17

41 6.85 51 6.79 7| T7.10

5/ 6.78 6| 6.88 8| 7.18

6| 6.75 7i 6.88 10| 7.19

7| 6.78 8| 6.90 11f 7.18

8| 6.82 9| 6.96 12| 7.18

9| 6.78 11| 6.90 15| 7.19

10| 6.82 121 6.92 17| 7.20

11| 6.79 13| 6.92 19| 7.22

12| 6.82 14| 6.85 20| T7.22

13| 6.82 15| 6.88 22| 7.25

15| 6.79 16| 6.98 24| 7.28

16| 6.81 17| 6.92 25| 7.32

17| 6.80 18| 6.90 26| 7.32

19{ 6.85 19] 6.93 31} 7.32

14-54-33ca2. (CS5)

July 10| 6.79 || Sept. 5| 8.67|l Oct. 30]| 8.61

17| 7.12 11| 8.76{| Nov. 6] 8.68

24| 7.44 18| 8.77 13| 8.56

31| 7.37 25| 8.82 20| 8.62

Aug. T| 8.23 | oOct. 2| 8.46 27| 8.64

14| 8.30 9| 8.82 | Dec. 4] 8.69

21| 8.45 16| 8.70 18] 8.77
28| 8.55 23] 8.67

14-54-33cb2. (B3)

June 19| 3.49 || Aug. 21| 5.07 Oct. 23} 5.00

26| 4.87 281 5.25 30| 5.00

July 3| 4.57 || Sept. 5| 5.41 | Nov. & 5.11

10| 4.95 11| 5.46 13| 5.08

17| 5.38 18] 5.17 20| 5.23

24| 5.60 25| 5.24 27! 5.28

31{ 5.31 | Oct. 2] 5.15) Dec. 4| 5.52

Aug. T} 5.19 91 6.07 18] 5.60
14 %.99 16 ] 6.05

Table 3.--Measurements of depth to water in

observation wells, 1950--Continued

Water Water Water
Date level Date level Date level
14-54-33cbls. (B4)

June 26| 5.39|| Aug. 28] 5.62| Oct. 23] 6.49

July 3| 5.92|| Sept. 5| 5.99 30| 6.57
10| 6.21 11| 6.15| Nov. 6| 6.63
17| 6.47 18| 6.08 13| 6.74
24| 5.83 251 6.31 20| 6.82
31| 5.43| Oct. 2| 6.34 27| 6.94

Aug. 7| 5.%0 9| 6.30[ Dec. 4| 7.02
18] L4.34 16| 6.44 18} 7.30
21) L.oh

14-54-33¢b5. (BC)

June 26| 3.05§| Aug. 28| 5.53| Oct. 30| 5.0k

July 3{ 3.88) Sept.ll| 5.66} Nov. 6| 5.31
17| k.81 18| 5.43 13| 5.24
24| 5.17 25| 5.35 20| 5.26
31} 4.83] Oct. 2| 5.34 27| 5.33

Aug. 7| 5.ho 9| 5.20f Dec. U4} 5.37
14| 5.09 16| 5.17 18| 5.50
21) 5.33 23] 5.09

14-54-33cc3. (BS5)

June 19| 9.39|| Aug. 21| 8.78] Oct. 23| 9.87
26/10.59 28] 8.65 30{10.05

July 3| 9.63i Sept. 5| 9.05{ Nov. 6]10.22
10| 9.79 11| 9.19 13/10.32
17| 9.63 18} 9.51 20{10.47
24! 9.07 251 9.70 27{10.63
31f 8.95|| Oct. 2| 9.20} Dec. L]|10.76

Aug. T| 8.89 9| 9.38 18|10.91
14| 8.5h4 16] 9.77

14-54-33cdl. (C6)

June 19]10.84]] Aug. 21| 9.90| Oct. 23]11.30
26[10.94 28]10.25 30{11.38

July 3/10.82(| Sept. 5/10.35| Nov. 6|11.50
10/10.89 18]10.59 13{11.52
17(10.95 251{10.80 20[11.64
24{10.54|| Oct. 2]10.97 27/11.74%
31/11.36 9111.07 || Dec. 4|11.81

Aug. T 9.85 16]11.24 18{11.95
14| 9.68

14-54-33cd2. (CT)

July 3}12.37|l Aug. 28] 9.58[ oct. 23|11.22
10[/12.60|| Sept. 5/10.00 30/11.32
17{11.50 11{10.05} Nov. 6[11.48
24}10.15 18}10.27 13{11.55
31| 9.91 25110.52 20{11.69

Aug. T7]11.05f Oct. 2]10.7h 27/12.79
1k} 8.92 9]10.77 Dec. L4|12.84
21] 8.87 16{11.07




Table 3.--Measurements of depth to water in
observation wells, 1950--Continued
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Table 3.--Measurements of depth to water in
observation wells, 1950--Continued

Water Water Water Water Water Water
Date level Date level Date level Date level Date level Date level
14-54-33da2. (E5) 14-54-33db3. (D5)
June 26|16.44|l Aug. 29|16.63]| Oct. 23|17.28 June 26110.59| Aug. 28| 7.6% | Oct. 23| 8.45
July 3|16.06] Sept. 5(16.55 30{17.23 July 3]10.36( Sept. 5| 6.50 30| 8.68
10(15.88 11(16.77|| Nov. 6[17.44 10{10.38 © 11} 5.81}) Nov. 6] 8.93
17/15.84 18]16.98 13{17.42 17/10.38 18| 7.56 13| 9.10
2h115.89 25]17.0k4 20{17.56 24| 9.84 25| 7.08 20} 9.36
31{15.63|f Oct. 2|17.18 27|17.62 31| 9.64{ Oct. 2| 7.53 271 9.55
Aug. T7|16.36 9(17.22| Dec. u{17.67 Aug. T| 6.51 9/ 7.83| Dec. 4| 9.80
14}15.85 16|17.26 18]16.90 1] 7.07 16| 8.07 18]10.19
21116.32 21| 7.20
14-54-33441. (D4) 14-5%-33dc. (CD)
June 26| 8.86| Aug. 28| 8.30| oct. 23| 8.55 Aug. 21[14.35{ Oct. 9[17.62( Nov. 13|1B.47
July 3| 9.85]{ Sept. 5| 7.93 30| 8.62 28115.57 16/17.80 20[18.62
10| 9.12 11| 7.63| Nov. 6] 8.80 Sept.11]16.13 23]/18.00 27|18.00
17| 9.14% 18| 7.80 13| 8.8 18(16.62 30{18.24 || Dec. 4[18.18
24| 8.65 25| 7.96 20| 8.98 25]|17.05|f Nov. 6|18.39 18|17.11
31| 8.40ff Oct. 2| 8.22 27| 9.12 Oct. 2]17.36
Aug. 7| 8.08 9| 8.30f Dec. k4{ 9.28
14| 9.13 16| 8.45 18] 9.46
21| 7.87
Teble 4.--Data for pumping test conducted August 22, 1950, in Area IV, First Division, Buffalo
Rapids proJject, Dawson County, Mont.
[Drawdown measurements not corrected for changes in barometric pressurq]
Time since pump Drawdown, in feet, for indicated well no.
ing started
(minutes) Nol| No2 | No3 | Nok | Eal | Ea2| Ea3| Eal | Sol| So2 | So3| Sob | Wel | We2 | We3 | Wel
Oeennencnnannns R S I I o Je o) ISP P RN e Y 'o) SRR PSP IR o o T Y IS PP O
Loeveeoosoaonnns 0.00 eovefeeuee]oaned 209 eeeedenee] ennelvnecleeae] il maae] 00 eeee]eana]ennn
1o75 ceneennnnns o] IR [P 1 (PR R IO T &y 4 IR IR (PR IR ¢ % I IR I
2.5 i iiineaea A3 e eee]eeed] 23 e eeed] 19 el il el ] 06
3.25 it B ko] IR R I RS-~ 4 RS RIS RPN IDC-1 1 IV U IV S 1% I
b iiiieiea 6] cene] | aved] 30 e, Blleeee]eeee|oone] 26]iii]ieii]ennn
b5 cieeeaen. . c Y= IR [P ISP I - (PSR AN PR INC TS 1 ISP IV R RACTTS DR I I
55 e e BT eeee|eeee]enns| B5]0.00[ 0] ] 46[0.00] ] eana] 3B L]l
6.25 . Y R I .50| .01}.... 52| LOY|ee|eeeo| Bl
N 9 ITo} IR % 4 PR P o ST 0L eeeefeees] BBleiii] i) ennn
TeT5 veiiinnnnen 253 ... 62 L00[eiiifeena] B3] 0Ll eeuu|eene] 50 ceuefenns
8.5 ciiiinnnnnnn S8 een| 67 0. ... ] JTO] LO1)... 56]...
10 viieennennns 6710.03 eeu e S L0 ey W8] L02] el eees) 66l
1.5 ceiiiieen <750 WOB|..i.f..elf W8] LOL)e.ii]eanl] W91] LO4|.eul] ..ot} L75(0.00) ...l
13 ceeeneennenes 821 L06) i ]eee] 9T L02) ] eeee] 299] OB ... )L.LL] LBL) L02f...
L5 ciieien... 89 ..05[...uf....{1.02] L02]... .. |1.07| 06|....0....| .89| .03]...
16 ciieiennnnn. 94| .08|0.00|....]1.08} .03} c.u]en.n|r.11] 0T eeue] o] 93] JO]... ...
1705 cevannnnnnn 1.01) .OT|«veefoees|lolOf O]l ii222f 09 eue]uenf1.01] 05]. .
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Table 4.--Data for pumping test conducted August 22, 1950, in Area IV, First Division, Buffalo
Rapids project, Dawson County, Mont.--Continued

Time since pump-
ing started

Drawdown, in feet, for indicated well no.

(minutes) Nol | No2 | No3 | Nok| Eal| Ea2 | Ea3| Eal| Sol} So2 | So3| Sol | Wel | We2 | We3 | Welt
19 . ieeieennanns 1.05{0.08{0.01}..../1.19/0.05| ...} «...] 1.2910.11].... « {1.06]0.0T| ceue]eens
20 5 ciiennnnns 1.11) .12| .01|....J1.23] .06]....t....b1.38) Jid].e.ofeeeefl 1 OT el e
22 it 1.15| .10f .02|....{1.31| .08]....]....[1.h0} .12].... .11.18} .09/0.00}....
235 ittt 1.20{....] .03]....11.37| .09{0.00|....|1.46] .1h4|.... ..l1.24 .10] .01]...
25 it iienaan, 1.26) .14} .O4|.... 1.43f .11] .01|....}1.51) .16)....f....]1.32) L11] .O1f....
26, . i 1.30)....0 .obf.... 1.7 .13] .01} ....[1.57] 18} .eeefaesa]la32]0a.] 02]....
275 . .. veeoo| 134t ef1u50] L35 01 ....f1.60f L19)...u] ...l |2.35] J22) .02)....
29 ittt 1.40| .20} .05 .J1.58] .18] .02]....}1.65] .21f... ... 2039 .13] .03}....
K V- I 1.6 .20f....}....]1.64 .20| .0o1{....J1.73] .2k|0.00}....|....| .18 .03]....
1> ST 1.531 .22{....{....]1.70| .22} .02{....[1.80] .27] .0L|....|1.k6| .16} .05}....
1 I eoo| 157 24 oo ]ealf21.76] 25) 03] ....01.87] .30{....[....{1.52] .19] .OT|....
T 1.62] 2k} ....)eeeof2.85] .31 .oBf....01.94 .33] .01}....!1.56] .20{ .09}....
T T 1.67| .25} ....feee.|1.90] 32| 07|....[2.99) .35] .03{....]1.61] .22] .08]0.00
T 1.73| .28 .06{....{1.97] .38} .07|....[|2.06} .40} .03}....]1.64} .2ki .08 .01
53 tieieencierae 1.78| .30| .05{....|2.05| .4O}.... J2.13] k5| .ok}{0.0D|1.68] .26].. .02
o7 S 1.84] 34f....}....02.19] .45 .08{....]2.19] .48]| .05| .01{1.75] .29| .10| .0k
63....... ceenees 1.85{....1 .07{0.00}.... ....| .10}....]2.23} .52| .06| .01|1.79] .31]|....|] .05
6h.5% . ..e... ceeo| 34 12]....]2.20| .b5| .10{....[2.24} .56| .08| .03|1.76] .32| .22| .09
T .. 1.91) .38 .13}....|2.28} .52 .13|....|2.34%] .62] .12| .03/1.86] .33| .18] .09
(A s 1.97| .bo| .16] .02le.35| .57| .19]....|2.42] .66] .12| .03|1.95| .35| .21} .10
870 it 2.02| .42| .18]....|2.4s| .62] .23]....|2.52] .69 .12| .03|1.98| .35| .24| .10
95D L., 2.06| .u4| .18{ .o2|2.47| .69] .25]....|2.54] .76] .13| .Ok|2.02| .39| .25] .10
104C ... 2.10| .49} .20| .02{2.54] .69| .26|....|2.57| .80[ .16{ .05|2.06{ .h1| .27| .12
116° oiiiiinnnann 2.15}) .54} 22| .02(2.61} .75{ .27]....|2.61} .85 .18| .06]2.10| .k2} .28]| .13
128° ..... Ceeeees 2.20| .55| .23| .ool2.67] .81| .28|....12.69f .91| .20] .o7|2.14| .46| .28 .1k
140C cieiiiieiaas 2.24| .56| .26 .03(2.73| .86 .32|....]2.74% .o4!| .22| .08|2.16] .49| .28| .15
153¢ ...l 2.27{ .s8| .27| .02|2.77| .91| .37]....|2.79] .98 .25| .10|2.21| .50| .28| .15
1609 .., 2.33| .62} .29| .01{2.87| .99| .k1l0.00|2.87|....| .28| .11]2.26} .51} .35| .18
191-205% ........ 2.35| .64{ .30| .05|2.92|1.06] .49| .02|2.93|1.10| .29| .11}2.28] .54| .36 .19
209-222¢ ........ 2.2 .71 .32} .06{2.95|1.10{ .53)....]2.97|1.1%| .32| .12|2.33} .58} .38] .21
230-240° ........ 2.431 .69| .33] .07|3.00{1.14| .57| .03|3.01{1.17]| .35| .16}2.35| .59| .kOoj| .25
250263 .inunnn 2.46) 73] .34 .09{3.03{1.19] .59| .03|3.05[1.21| .35| .15[2.36| .61} .ha| .22
270-283€ «cceneenn 2.51( .77| .35]....]3.10]1.24] .60| .ok|3.07|1.25| .38] .18|2.39| .62| .43} .24
290-299€ ........ 2.52( 771 .38] .10|3.10]1.26] .64| .04|3.09|1.26| k0| .19]2.43| .63| 46| .29
310-324€ .. ...... 2.53| .79] .39| .10/3.13{1.30] .69| .ok|3.12|1.30| k2| .22j2.44| .65| k7] .30
340-352% . ....... 2.55| .84} k2| .1k|3.17|1.37]| .72| .05[3.15|1.34| .45| .23{2.44| 71| .%9| .30
371-385° ........ 2.61| .87| .44 .17/3.18[1.38} .75| .05/3.17]1.38] .47| .25]2.46| .74| .50] .33
Loo-412% ... ..... 2.64| .88| .48] .18[3.22f1.4%1f .77| .06/3.19{1.%0]| .50| .26]2.51| .76} .55| .33
431-407% Lo, 2.67| .92| .bk9| .20[3.25[1.43| .80| .08{3.23|1.46| .53| .27|2.55] .79| .57| .35
L60-473% ........ 2.69| .96 .52| .20{3.27|1.49| .89| .08}3.25/1.48] .55| .29{2.56| .81| .60| .37
490-503€ ........ 2.70( .96 .53| .23|3.32|1.52| .90| .10|3.25|1.50{ .57| .31|2.58| .83| .61] .38
520-534€ .....en. 2.73] .98{ .56| .27{3.34(1.55| .94| .11|3.29]1.54| .60| .33[2.61| .86] .63| .41
580-595 <. ... 2.77f1.00| .59| .29(3.37|1.58] .99| .13}3.33}1.59| .65| .38/ 2.61] .89| .68] .44

See footnotes at end of table.
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Table 4.--Data for pumping test conducted August 22, 1950, in Area IV, First Division, Buffalo
Rapids project, Dawson County, Mont.--Continued

Time since pump-

Drawdown, in feet, for indicated well no.

ing started
(minutes) Nol| No2| No3| Nok| Ealj Ea2| Ea3| Ealb| Sol| So2| So3| Sol| Wel| We2| We3| Wek
6L0-654C. ... ..., 2.80[ 1.07]0.64]0.34[3.44}1.66|1.05/0.16{3.38/1.63]|0.68|0.42]2.68/0.93{0.72| 0.46
696-726%......... 2.86]1.14] .68| .36]/3.48{1.72]1.12] .18]3.44{1.68| .71| .M4|2.73| .97| .73] .51
759-785¢......... 2.871.12| .72| .37(3.50{1.75/1.18}f .18}3.43|1.69| .72| .hW6{2.74| .98| .T73] .52
819-840%......... 2.9111.17] .75} .41[3.53}1.76|1.18] .19|3.hk|1.71]| 78| .47{2.75| .99| .76| .52
880-899%......... 2.89/1.14] .70| .36{3.53{1.76|1.17{ .16(3.44|1.70]| .73| .k5{2.74| .99| .75| .52
938-957.....un.. 2.92[1.16| .71| .37/3.54]|1.80f{1.17| .19|3.47{1.73| .77] -48|2.74|1.01| .77| .58
998-1,018%....... 2.92|1.17| .7%| .38{3.55[1.81|1.19] .19(3.k5|1.74| .77| .boj2.74|1.02| .77| .55
1,059-1,079%. « ... 2.90/1.18] .71| .35{3.54[1.84|1.20| .16(3.42|1.72] .75| .4k|2.72| .98| .76| .52
1,120-1,137%..... 2.91|1.16] .70} .35(3.52(1.85/1.18| .15(3.k1|1.71| .74| .M4{2.71| .98| .76| .53
1,180-1,198%..... 2.89{1.15| .69| .33[3.50/1.83|1.17| .14|3.39|1.69| .73] .43|2.68| .97| .74 .53
1,240-1,258¢..... 2.88/1.15| .68| .33/3.48[1.82{1.15| .12{3.38|1.66| .71| .hko|2.68| .97| .74 .50
1,300-1,319%..... 2.86|1.14| .67| .30{3.49|1.81|1.13]| .10|3.36]1.67| .69| .ko|2.67] .95| .72| .48
1,359-1,377%.-.-. 2.91|1.12] .66| .29|3.47[1.81}1.14| .09[3.37|1.6%| .69| .hij2.64| .94| .72] .48
1,420-1,4018.. ... 2.87/1.13| .66| .29[3.k7[1.81f1.14 .09}3.35j1.64| .70| .hO|2.66] .93] .73| .50
a, b, ¢, d - Exact time of reading may be computed by the formula shown below. Let t = time

since pumping started, in minutes, and n = digit of well number.

a0 o

t + (n -
t+ (n -
t + (n -
t+ (n -

1) 1.

1) 2
1) 3
1) b

5

e Readings made between indicated times.
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Table 5.--Summary of pumping-test results

[Well pumped for 2U+ hours, beginning 1:20 p.m., August 22, 1950; measurements of water-level recovery made for 23* hours beginning 2:00 p.m., August 23, 1950. Average discharge rate
All observation wells remained open for period

of pumped well was 30 gpm.

Water-level measurements were made by wetted-tape method and are estimated to be accurate to 0.0l feet.

of test]
Well no.
Nol No2 No3 Nobk Eal Ea2 Ea3 Eak Sol So2 S03 Sok Wel We2 We3 Wel
r (distance from pump-
ing well in feet)..... 50.8 112.3 179.4 299 49.6 99.3 176.4 299.5 k9.5 98.1 197.2 298.7 k7.6 108.5 183.5 307.2
T (transmissibility)..s | covereee [ vaenn 5,040 5,040 5,040 5,040 5,040 5,080 [viviennn 5,040 5,040 5,040 | eevennns 5,040 5,040 5,040
S (storage coefficient) | voveeves | cevnnnns 4.9x1073 | 7.7x1073 | .oevvv. | 5.4x1073 | 5.0x1073 |1.35x207% [ ..uiiii. | 4.6x1073 | 4.8x1073 | h.2x1073 | ....ea.. | B.7x1073 | 3.8x1073 | 3.4x1073
s 0.15 0.15 | vuvennnn 0.15 0.15 0.15 feuvennen 0.15 0.15 0.15 | vevvennn 0.15 0.15 0.15
Match-point e/t RUUUUUIR I 5.5%105 | 3.5x10% | .vvunee. | 5.0%105 | 5.4x105 | 2.0%x207 |...oo...| 5.9%105 | 5.6x10° | 6.8x10% | .e.uno.. | 5.7x10% | 7.0%10% | 8.0x10°
coordinates
u 1.00 1.00 ] ceenanen 1.00 1.00 1.00 |eevnnnn. 1.00 1.00 1.00 | eeuvnnnn 1.00 1.00 1.00
W(u) 0.22 0.22 | vuvvannn 0.22 0.22 0.22 [vuinrnnnn 0.22 0.22 0.22 | sesvennn 0.22 0.22 0.22
Drawdown
(feet).... 2.87 1.13 0.67 0.32 3.47 1.76 1.27 0.10 3.35 1.65 0.70 0.41 2.66 0.93 0.75 0.48
Total s
Recovery ‘
(feet).... 2.26 0.72 0.30 0.02 2.88 1.26 0.71 0.00 2.80 1.09 0.33 0.08 2.16 0.61 0.35 0.18
Top of strainer (feet
below measuring point) 21.1 21.0 21.2 19.0 23.5 20.9 17.3 23.3 21.0 21.0 18.1 19.0 21.3 21.1 18.% 21.1
Distance above
land surface
Measuring| (feet)...... 4.4 6.1 3.6 3.5 L.y 3.0 2.5 4.8 5.3 3.7 k.o 5.3 5.4 3.8 3.8 3.3
point
Altitude above
mean sea
level (feet) | 2,127.16 | 2,128.81 |2,126.44 | 2,126.72 | 2,126.1k4 | 2,123.92 [2,122.69 | 2,124.43 |2,127.2k | 2,126.34 | 2,124.86 | 2,126.22 |2,128.40 |2,127.33 |2,127.17 [2,127.85
Altitude of water level
before pumping (feet
above mean sea level). |2,117.18|2,118.39 (2,118.54 | 2,118.89 { 2,117.80 | 2,117.45 |2,117.1%4 | 2,113.57 |2,117.78 |2,117.56 |2,116.9% {2,116.77 |2,118.33 |2,118.54 |2,118.51 |2,118.56
Depth of well (feet
below measuring point) 21.5 21.4 21.6 19.4 23.9 21.3 17.7 23.7 21.4 21.h4 18.5 19.4 21.7 21.5 18.8 21.5






