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GROUND-WATER FACTORS AFFECTING DRAINAGE IN THE
FIRST DIVISION, BUFFALO RAPIDS IRRIGATION PROJECT
PRAIRIE AND DAWSON COUNTIES, MONTANA

By E. A. Moulder and F. A. Kohout

ABSTRACT

The First Division of the Buffalo Rapids Irrigation Project borders the northwest bank
of the Yellowstone River in Prairie and Dawson Counties, Mont. Water for irrigation is
pumped from the Yellowstone River into a high-lying canal that borders the area along
its northwest side. The irrigated tracts are on terraces that range in height from 20 to
190 feet above the river and are underlain by unconsolidated deposits, principally terrace
deposits, of Quatemary age. In the southwestem two-thirds of the area the only bedrock
formation above river level is the nearly horizontal Fort Union formation of Tertiary age.
In the northeastern third of the area, where the Cedar Creek anticline crosses the Yellow-
stone River valley, the Hell Creek formation, Fox Hills sandstone, and Pierre shale, all
of Cretaceous age, are above river level.

The unconsolidated deposits, which are recharged largely by canal leakage and in-
filtrating irrigation water and, in the northeastem part of the area, partly by inflow from
bedrock aquifers, are saturated to a level that in many- places is within a few feet of the
land surface, In general, the water within these deposits moves almost directly river-
ward. Despite the construction of drainage ditches to intercept excess ground water,
progressively more land has become waterlogged, The detailed hydrologic studies on
which this report is based have revealed the causes of poor drainage, Possible means of
alleviating the waterlogging—reduction of recharge, improvement of existing drainage
systems, or construction of new drainage systems—are suggested for each of the water-
logged areas.

Ground water in the report area is usSed mostly for domestic purposes and the watering
of livestock, The water in the unconsolidated deposits has a wide range in concentration
of dissolved solids, hardness, and percent sodium; the water generally has a greater
concentration of dissolved solids where the water table is high and drainage is poor than
it does where drainage is good. Water from the bedrock aquifers is more uniform in com-
position than that in the unconsolidated deposits, is very soft, and contains appreciable
quantities of sodium bicarbonate, Water from the Yellowstone River is rated as excellent
to permissible for irrigation,

INTRODUCTION

LOCATION AND EXTENT OF AREA

The area described in this report is the First Division of the
Buffalo Rapids Irrigation Project in eastern Montana. It borders
the northwest bank of the Yellowstone River from a point 2 miles
northeast of Fallon to a point 1 mile north of Glendive, a distance
of about 30 miles. (See fig. 1.) It is almost wholly in Dawson
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Figure 1,—Map of eastern Montana showing location of area described in this report.
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County but also extends southwest a short distance into Prairie
County. The area comprises about 60 square miles and includes
about 15,000 acres of irrigated land. Water for irrigation is
pumped from the Yellowstone River into a high-lying canal that
borders the entire length of the northwest side of the report
area. The principal creeks crossing the First Division of the
Buffalo Rapids Irrigation Project subdivide it into 10 areas, each
of which is designated by a Roman numeral. (See pl. 1.)

SCOPE AND PURPOSE OF INVESTIGATION

An ever-increasing area of irrigated land on the project has
become waterlogged despite the construction of drainage ditches
to facilitate the removal of excess ground water. Recognizing
that the solution to the problem required a detailed study of all
the factors involved in effecting improved drainage, the United
States Bureau of Reclamation, which originally developed the
project, requested the United States Geological Survey to collect
and interpret the geological and ground-water data needed to de-
sign and construct adequate facilities. The field studies by the
Survey were begun in May 1950 and ended in April 1952, The de-
tailed study of Area IV was completed first, and a report em-
bodying the results of that study was prepared by Moulder,
Torrey, and Koopman (1953). The results of the study of the other
nine areas are presented in this report. In addition to presenting
information needed for the solution of existing drainage prob-
lems, both the report on Area IV and this report presentdata
that can be used to forestall similar drainage problems that may
develop when the project is expanded.

The investigation was under the general supervision of G. H.
Taylor, regional engineer in charge of ground-water investiga-
tions under the program of the Department of the Interior for
development of the Missouri River basin, F. A. Swenson, district
geologist, Billings, Mont., was in immediate charge of the field
studies, and P. C. Benedict, regional engineer in charge of
chemical-quality investigations in the Missouri River basin,
supervised the study of the chemical quality of the water. J. G.
Ferris, district engineer, Lansing, Mich., and A. 1. Johnson,
materials engineer, Lincoln, Nebr., assisted in planning the in-
vestigation and in analyzing data collected in the field. F. E.
Busch and party, Lincoln, Nebr., determined by instrumental
leveling the altitude of the measuring points of the observation
wells used in the study.



4 GROUND-WATER FACTORS, BUFFALO RAPIDS IRRIGATION PROJECT, MONT.

METHODS OF INVESTIGATION

Test holes were drilled and water-level observation wells were
installed throughout the report area. (See pls. 2 and 3.) In gen-
eral, this work was done jointly by personnel of the Bureau of
Reclamation and the Geological Survey. The former, using hand
augers, bored through the fine-grained materials between the
land surface and the top of the underlying zone of coarse-grained
sediments; the latter, using jetting equipment, deepened each
hole to bedrock and completed it as a water-level observation
well by inserting a pipe with strainer attached. (See fig. 2.) The

OBSERVATION WELL PUMPED WELLS USED

Y4s in.bored hole Jot-paint well IN AQUIFER TESTS \)rilled well

Standard 2-in.pipe

A
=] 3 in.pipe cap

4-in.casing —

3 )

1% in.by 2-in.
— | % in.galvanized pipe S5 standard gushing

No. 60 perforated
brass well screen |:
2-in.0D, 30 in.

Cast metal -
= k/ coupling long ~L—

Corrugated steel
inner liner

Lower 8 ft perforated -~
with ¥e-in. perforations.
Total area of perforations
3 times cross-sectional
area of pipe

Slotted brass strainer
8 no.10 slots per inch

-———
AN fmmm

1% in.brass bolt

0O 000 00 00O 0 O
0O 0 00 00 000 OO0 O
© 0 00 00 0 000 O

115 in.brass cap

C

Ball-type

Saw-toothed, check valve

jet nozzle ~ W

Figure 2.—Types of wells constructed for this investigation.

materials penetrated during both the boring and jetting operations
were logged. Geological Survey personnel also collected and
compiled information about wells drilled in the area previous to
and during the investigation. Measurements of the depth to water
in observation wells were made periodically by the wetted-tape
method, and measurements of the flow of springs and of the flow
in the major drains were made by using either a Parshall flume
or a pygmy current meter. The hydrologic properties of the
principal water-bearing materials in the terrace deposits were
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determined by making laboratory tests of representative samples
and by making pumping tests at 11 sites in the report area. Geo-
logic and drainage features were mapped in the field on aerial
photos and later transferred to a base map. Other fieldwork in-
cluded determining the altitude of observation wells and drainage
features, obtaining pertinent data by interviewing local residents,
and mapping the location of all water wells in the area. Topo-
graphic maps having a scale of 400 feet to 1 inch and a contour
interval of 1 foot on leveled land and 5 feet on nonleveled land
were compiled from maps furnished by the Soil Conservation
Service of the United States Department of Agriculture; these
maps facilitated the drawing of lines to show the contour of the
ground-water surface and the delineation of areas having different
depths to water.

PREVIOUS INVESTIGATIONS

Poulson (1945), who installed 54 wood-cased test holes through-
out the First Division, evaluated the effectiveness of the existing
drains from the data he obtained, and recommended improvement
of the drainage system. His report discussed the Bad Route
bottom in Area IIl in considerable detail and other parts of the
First Division in a more general way.

When McConnell (1945) made a preliminary soil and drainage
investigation of waterlogged areas on farm units 40, 42, 44, 61,
62, 65-1, and 65-2 of the First Division (pl. 1), he obtained his
data from about 30 test holes which were cased with perforated
downspouting. In his report on the investigation, McConnell
suggested that further study be made of the source and amount of
ground-water recharge.

In 1948 Torrey and Swenson (1951) made a general investigation
of the ground-water resources of the lower Yellowstone River
valley between Miles City and Glendive, and in 1949 Torrey and
Kohout (1955) made a similar investigation between Glendive and
Sidney. Both reports called attention to the need for drainage and
recommended that detailed studies of the waterlogged areas be
made prior to the construction of drainage facilities. The re-~
lationship of the area described in this report to Area IV andto
the areas covered by the previous investigations is shown by
figure 3.
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Figure 3. —Relation of area described in this report to Area IV and to areas covered by previous
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Swenson, F. A., 1951, Ground-water resources of the lower Yellowstone River valley between
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A. E., and Koopman, F. C., 1953, Ground-water factors affecting the drainage of ArealV,
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WELL-NUMBERING SYSTEM

Each well, test hole, or trench-type vertical exposure of the
soil profile (bank cut) was assigned two numbers, one a field
number and the other based on location within the United States
Bureau of Land Management’s survey of the area.

The field number indicates either the location of the well, test
hole, or trench, its functional part in the investigation, or both,
Most of the observation wells and test holes are situated on lines
that are roughly perpendicular to the Yellowstone River. In each
area of the First Division, the lines of wells and test holes are
designated alphabetically in a downstream direction, and the in-
dividual wells and test holes on the lines are numbered in river-
ward order. Cased wells are designated by whole numbers and
uncased holes by fractions. For example, the fourth well on the
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B line in Area III is numbered III B4, and the first of two test
holes riverward from well 3 on the D line in Area VI is numbered
VI D3 1/3. A well situated between the A and B lines in Area V
is numbered V AB. Similarly Cb, CI, DI, Fa, P, Rf, and TE
following the area number indicate, respectively, well in canal
bank, well used in creek investigation, well used in drainage in-
vestigation, privately owned farm well, pumped well in an aquifer
test, well for relief of hydrostatic pressure, and well used in
terrace-edge investigation. Observation wells measured during
an aquifer test were assigned numbers that indicate their location
with respect to the pumped well—for example, the first well west
of pumped well VIII P2 is VIII 2W1,

The other number is composed of numerals indicating the
township, range, and section in which the well is situated. Lower-
cased letters following the section number indicate the position
of the well within the section. The first letter denotes the quarter
section, the second the quarter-quarter section, and the third
the quarter-quarter-quarter section (10-acre tract). These sub-
divisions of the section are lettered a, b, ¢, and d in a counter-
clockwise direction, beginning in the northeast quarter. If more
than one well is in a 10-acre tract, consecutive numbers be-
ginning with 1 are added to the well number. (See fig. 4.)

Throughout the text and illustrations of this report, the wells
and test holes are identified by their field numbers. For the
convenience of the reader, when referring to the tables in which
wells are arranged according to their coordinate-system number,
the field numbers, together with their corresponding coordinate-
system numbers, are arranged in order in table 12.

GEOGRAPHY
CLIMATE

Wide deviations from average precipitation and a wide range
in temperature characterize the climate of east-central Montana.
During the period 1890-1951, the annual precipitation at Glendive
ranged from 4. 83 inches (1934) to 26. 02 inches (1916) and aver-
aged 14.45 inches. The graph of monthly precipitation during
1950 and 1951 at Glendive and Terry illustrates the erratic dis-
tribution of precipitation in this section of Montana. (See fig. 5.)
At Glendive, the average temperature in January, the coldest
month, is 14.0°F, and in July, the warmest month, 73. 7°F. The
average annual temperature is 44.3°F. The extremes of tem-
perature at Glendive are 117°F in July 1893 and -50°F in February
1936. The average frost-free season of 136 days extends from
May 12 to September 25.
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LAND USE AND INDUSTRY

The Bureau of Reclamation started construction onthe First Div-
ision of the Buffalo Rapids Irrigation Project in1937 and delivered
irrigation water to some of thefarm unitsfirst in 1940. The num-
ber of irrigated acres increased from 10, 322 in 1943 to 14, 509 in
1951, and the planned Cracker Box relift will bring more than
1,000 additional acres under irrigation. From 1945 to 1951, water
delivered toland under irrigation averaged 1. 47 acre-feet per acre
per year. During this period the maximum (1.86 acre-feet per
acre) was delivered in 1949 when precipitation totaled 7.78 inches,
and the minimum (1.03 acre-feet per acre) was delivered in 1950
when precipitation totaled 17. 84 inches.

Alfalfa, sugar beets, wheat, potatoes, beans, corn, oats, and
barley are raised on the irrigated land. The main products
reaching the outside market are sugar beets, sweet corn, po-
tatoes, beans, and wheat. A factory specializing in the freezing
and canning of sweet corn is located at Glendive, Alfalfa, corn,
oats, barley, and beet greens are used for fattening livestock, an
increasingly important occupation in the area,

Wells producing oil from strata of Ordovician age have been
drilled recently on the axis of the Cedar Creek anticline, which
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crosses the Yellowstone River valley about 6 miles southwest of
Glendive, and other wells are being drilled in adjacentareas.
Oil companies active in this part of the Williston oil basin are
bringing considerable industry to Glendive.

TOPOGRAPHY

The area described in this report consists largely of five step-
like to ramplike stream terraces which border the northwest
side of the Yellowstone River and which range in height from 20
to 190 feet above the river. Each terrace is a remnant of a broad
flood plain developed by the wide-sweeping meanders of the river
when its rate of downcutting was temporarily halted. After each
period of flood-plain development, the river carved its channel
deeper into the valley floor. Subsequent to the development of the
higher terraces, but before the lowest terrace was formed, a
glacial lake occupied the valley. Although the lake was relatively
short lived, geologically speaking, erosion by its waters beveled—
and in some places obliterated—the normally sharp terrace
edges. After the glacial lake drained from the valley, the river
developed the flood plain that is now the lowest terrace, thea cut
a sharp-edged valley into it, and since then has developed its
present flood plain,

The lowest terrace and present flood plain are nearly smooth
and have a maximum slope of about 10 feet per mile; the higher
terraces are less smooth and have slopes of as much as 60 feet
per mile. The slope of the flood plain and the lowest terrace is
toward the river and downstream, whereas the slope of the
higher terraces is principally perpendicular to the river. In
several places, where remnants of only the highest terraces are
present, the river impinges against sheer cliffs that are as
much as 150 feet high.

The stream terraces in the report area were developed by the
Yellowstone River during Quaternary time. In this report they
are distinguished by numbers which have been assigned in as-
cending order.

At the south end of the report area the altitude of the main
canal above the pumping plant is about 2, 224 feet, and atthe
north end it is about 2,162 feet. In the same stretch, the
Yellowstone River drops about 100 feet from an altitude of about
2, 140 feet.
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GEOLOGY

Rocks ranging in age from Late Cretaceous to Recent crop out
in the report area. (See table 1.)

Table 1.— Generalized section of the geologic formations exposed in the First Division
of the Buffalo Rapids Irrigation Project

s Geaqlogic Thickness .
System Series unit (feet) Lithology
Recent Alluvium 0-20 |Clay, silt, sand, and gravel
Colluvium, slope
wash, and glacio- 0-40 Clay, silt, sand, and gravel.
lacustrine deposits
Sandy, silty, and clayey soils
Quaternary . underlain by gravel that con-
Pleistocene sists of rounded quartzite

pebbles and cobbles, frag-
ments of extrusive and in-
trusive igneous rock, and
some agate and petrified
wood.

Terrace deposits 0-75

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

Tertiary Paleocene Fort Union formation 1,200

Brownish-gray sandstone with
Hell Creek formation 500+ interbedded carbonaceous
shale and gray mudstone.

Massive white to light-gray
medium-grained friable
sandstone in upper part;
brownish -gray sandy shale
with interbedded gray shale
in Jower part.

Cretaceous | UpPer Fox Hills sandstone 150-220
Cretaceous

Dark-gray marine shale inter-
Pierre shale 4,000% bedded with thin sandstone
layers.

BEDROCK FORMATIONS

Because unconsolidated deposits of Pleistocene age blanket the
bedrock surface throughout most of the report area, the bedrock
formations are seen only in cliffs or steep slopes where stream
actionhas cut through the unconsolidated deposits. South of Whoop-
up Creek the Fort Union formation of Tertiary (Paleocene) age is
the only bedrock above stream level. Between Clear and Whoopup
Creeks, the formations underlying the Fort Union—the Hell Creek
formation, Fox Hills sandstone, and Pierre shale—successively
rise above river level on the southwest flank of the Cedar Creek
anticline; north of Whoopup Creek these bedrock formations dip
gently northeastward and disappear below river level about 2
miles northeast of Glendive. Because the bedrock formations

458513 O ~58 -2
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have been described in detail by others (Calvert, 1912; Torrey
and Swenson, 1951), they are-discussed in this report only inso-
far as they, or the water in them, affect the occurrence of ground
water in the overlying unconsolidated deposits. For example, in
places between Clear and Whoopup Creeks, permeable strata of
truncated bedrock formations discharge artesian water into man-
tling terrace deposits, and near the north end of the report area
the terrace deposits transmit recharge to the underlying bedrock.
Elsewhere in the report area movement of water from one to the
other is prevented by impermeable strata in the bedrock.

UNCONSOLIDATED DEPOSITS

While excavating its valley, the Yellowstone River successively
reached, and was held for a time at, several temporary base
levels. During such periods the river alluviated its valley, de-
positing first a layer of interfingering lenses of gravel and sand
and then a thinner layer of fine-grained sediments. The terrace
deposits along the valley sides are remnants of the alluvium laid
down by the river during those earlier periods of aggradation.
Characteristically, a newly formed terrace is smooth and nearly
flat, and both its riverward edge and the landward riser are
sharp cut. With time, however, erosion bevels the riverward
edge of the terrace and the landward part of the terrace becomes
buried beneath a wedge-shaped deposit of colluvium and wash de-
rived from higher slopes. The successive formation of terraces
and their progressive deterioration are shown schematically in
figure 6.

In much of the report area, the complete obliteration of the
usual steplike character of the terrace deposits suggests that
they have been subjected to cut and fill by more than the ordinary
process of slope erosion. Geologic evidence observed by Alden
(1932) led him to conclude that the Yellowstone River valley at
one time was blocked by a tongue of glacial ice that reached up-
stream as far as Intake (about 15 miles northeast of Glendive)
and that water was ponded for a distance of at least 90 miles up-
stream from that point. On the other hand, Torrey and Kohout
(1955) concluded that glaciation in eastern Montana south of
Sidney (50 miles northeast of Glendive) was restricted almost
wholly to the upland on the west side of the Yellowstone River
valley and that Sidney and not Intake marks the southernmost
point at which the Yellowstone River valley was blocked by the
glacial ice. According to Torrey and Kohout, the lake formed
by the ponding of the Yellowstone River overflowed eastward
principally through the large valley now occupied by Pierre
Creek, which enters the Yellowstone River east of Sidney, al-
though temporarily it may have overflowed through the valleys
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Figure 6, —Schematic diagrams showing progressive deterioration of terrace edges and mantling
of terraces by colluvium and slope wash.

now occupied by O’Brien, Shadwell, and Smith Creeks, which
enter the Yellowstone River upstream from Sidney. As the al-
titude of the lowest point on the topographic divide between the
drainage basin of the Yellowstone River and streams to the east
is 2,200 feet (Torrey and Kohout, 1955, fig. 8), the lake must
have been at least that high and must have inundated all the
terrace deposits in the area described inthis report. The authors
believe that current and wave action and sedimentationalong the
shoreline, while the level of the ponded water slowly rose and
then rapidly declined, probably were responsible in part for the
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Table 2,—Relation of terraces mapped during this investigation to those

This report

Moulder, E.A. , Torrey,
A.E., and Koopman,
F.C., 1953, Ground-waten
factors affecting the
drainage of Area IV,First
Division, Buffalo Rapids
Irrigation Project,
Montana: U, S. Geol,
Survey Circ, 198,

Height
above
Ter- | Yellow-
race stone
River
(feet)

Thick~
ness of
gravel
under-
lying
topsoil
(feet)

Description

Height | Thick-
above |mness of
Ter- |Yellow-| gravel
race | stone | under-
River | lying .
topsoi
(feet) (feet)

No terrace present

No terrace present

1 20-30

4-15

Gentle slope. Separated from higher ter-
races by steep escarpment, Highest ter-
race unaffected by cflaciation. Easily
correlated within report area,

1 20~35 4-11

2 35-45

5-15

Moderately steep slope. Grades into next
higher terrace without escarpment ex-
cept where recent erosion has re-ex-
posed terrace edge. Original terrace
mantled by glacial lake deposits.

Not present

3 50-60

4-15

Moderately steep slope. Grades into
next higher terrace without escarpment
except where recent erosion has re-
exposed terrace edge. Probably devel-
oped because resistant bedrock strata
southwest of Cedar Creek anticline re~
tarded downcutting action of Yellow-
stone River, Original terrace mantled
by glacial lake deposits.

Not present

4 70-100

6-25

Moderately steep slope, Grades into next
higher terrace without escarpment ex-
cept where recent erosion has re-
exposed terrace edge. Mantled by
glacial lake deposits as much as 40 feet
thick adjacent to next higher terrace.
Extends full length of report area.

4 60-90 | 10-15

5 1150-190

30-40

Moderately steep slope. Separated from
higher lying terraces by bedrock ex-
posures, Mantled by thick wedge of
colluvium and slope wash derived
from higher slopes. Submerged by
glacial lake for only a short time, if
at all. Extends full length of report
area but apparently cannot be iden-
tified north of area,

5 [150~190 | 30-40
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previously mapped in the same areaand in the adjacent downstream area

15

[Torrey, A.E,, and Swenson,
F.A., 1951, Ground-water
resources of the lower Yel-

Torrey, A.E., and Kohout, F.A,, 1955,
Ground-water resources of the lower Yellow~

lowstone River valley be-

tween Miles City and Glen-

dive, Mont.: U. S, Geol.
Survey Circ, 93,

stone River valley between Glendive and
Sidney, Mont, : U. S. Geol.

Supply Paper 1355,

Survey Water-

[Correlation of
terraces up-
stream from
Glendive with
terraces down-
stream from

Height | Thick- Height |Thick- Glendive,
above | messof above ness of
Ter- |Yellow- | gravel Ter- [Yellow-{g8ravel .
race | stone under- | p,ce | stone |under- Description
River 1ymg1 River IY‘“_SI
topsoi. f topsoi
(feet) | feet) (feet) | Geet)
_ Less . N
No terrace present A |14-17 than 10 Discontinuous remnants
Easily correlated
a | 15-20 3-5 B |20-25 | 5-10 [Extends full length of | "gom one to the
report area, ot_her.
Very flat, One remnant] -
extends from vicinity 'Asxﬁtlysuh b
of Sidney to conflu- of Glendive
ence of Yellowstone terrace is man-
Apparently developed | ted by glacial
B | 35-45 5-8 C |40-46 | 30 Y lake deposits
when high base level whereas north
of Misouri River (after| ' o0 give i
recession of latest ice | ;¢ samodified
sheet) retarded down- | ¢ oy, 0000
cutting by Yellowstone] d}; gosim
River, P °
Discontinuous remnants,
Town of Savage is sit- .
[} 50-60 10-15 D [50-60 [10-20 | ,.ted on largegst rem- |[Possibly related,
nant,
Discontinuous remnants,
Moderately steep Can be correlated
D 80-100 15-20 E [70-90 | 15-25| slope. Mantled by from one to the
glacial lake other,
deposits,
E [155-165 30-40 [Not described, (If present, cbscured by
glacial moraine, )
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general masking of terrace deposits upslope from the lowest, or
last developed, terrace.

Of interest in this connection is the comparatively sharp defi-
nition of the terrace remnant on which Terry is situated (about
13 miles upstream from the report area). Because this terrace
remnant is between 2, 250 and 2, 275 feet above sea level, it would
have been inundated only if the lake formed by the ponding of the
Yellowstone River had risen high enough to overflow eastward
through the wvalleys of O’Brien, Shadwell, or Smith Creeks. This
inundation, if it did occur, must have been of short duration, be-
cause the terrace at Terry was less affected than were the down-
stream remnants of the same terrace.

The identification and mapping of terraces during this investi-
gation (see pls. 2 and 3) does not agree in all respects with that
done in the same area by Torrey and Swenson (1951) because de-
tailed subsurface information available to the writers of this re-
port enabled them to delineate more exactly the buried terrace
edges. In addition, the authors of this report had more detailed
data on the thickness of the terrace deposits and on the thickness
of the mantling sediments than did Torrey and Swenson. Because
the terrace deposits are mantled by sediments that range con-
siderably in thickness and because the river has cut back the
terrace edge farther in some places than in others, it is difficult
to designate precisely the range in height of the different ter-
races. The terrace heights given in this report are based on the
more recent information and hence are not in complete agreement
with those given by Torrey and Swenson. (See table 2.)

The gravel layer underlying each of the terraces was deposited
by the river on a relatively smooth bedrock floor having an aver-
age downstream slope of about 3 to 4 feet per mile. Although the
gravel layer ranges slightly in thickness, its surface is relatively
smooth and its average downstream slope is similarto that of the
bedrock floor. Beneath all terraces higher than terrace 1, the
sediments overlying the gravel layer are progressively thicker
away from the river and are composed not only of fine-grained
terrace deposits but also of colluvium, slope wash, and delta and
glaciolacustrine deposits. The surface of these sediments slopes
more steeply than that of the gravel surface they rest upon, and
the slope is principally riverward rather than downstream. Where
the colluvium, slope wash, and delta and glaciolacustrine deposits
are thick and can be differentiated from the underlying terrace
deposits, they are shown on plates 2 and 3 as separate units;
where they are thin or not readily distinguishable, they are in-
cluded with the terrace deposits. The fine-grained sediments
overlying the gravel layer of terrace 1 were deposited almost
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water, (3) percolation from adjoining upgradient unconsolidated
deposits, and (4) inflow, under pressure, from underlying or ad-
jacent bedrock aquifers. The relative importance of these sources
of recharge can be evaluated, in part, by comparing records of
water-level fluctuations with other pertinent data.

Recharge resulting from precipitation is illustrated by the
fluctuation of the water level in wells IV P, V1 A4, and VII A3a,
which are situated in nonirrigated fields. If the hydrographs
of the water-level fluctuations in these wells (figs. 9, 10, and
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Figure 10. — Daily (2:00 a. m. ) water level in observation well VI A4,
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11) are compared with the daily record of precipitation at Terry
(fig. 12), it is obvious that the water level rose in response
to heavy precipitation. Such close correlation, however, is char-
acteristic only of wells in areas where the water table is shallow
and the materials between the land surface and the water table
are at least moderately permeable. Lack of detectable response

to direct infiltration of precipitation is shown in the hydrograph
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Figure 11. —Daily (2:00 a. m.) water level in observation well VII A3a.
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Figure 12, —Daily precipitation at Terry, Mont,
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of well VIII E4 (fig. 13). The rise of the water level in this well
between the middle of May and the end of August apparently is
the result of widespread recharge to the aquifer by canal leakage
and infiltration of irrigation water,

8.0

9.0

N/\/\

0.0 /1

D

DEPTH YO WATER, IN FEET BELOW LAND SURFACE
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I

Figure 13. —Daily (2:00 a. m, ) water level in observation well VIII E4,

In irrigated parts of the area the stage of the water level in
wells generally is related more closely to the amount of applied
irrigation water than to the amount of precipitation. This is
illustrated by the water-level fluctuation in well VI I1. (See
fig. 14.) In 1949, when 22.3 acre-inches per acre of irrigation
water was applied, the water level in the well rose during the
irrigation season to a stage nearly 2 feet higher than it did in
1950, when 11.6 acre-inches per acre was applied. In 1951,
when 17.5 acre-inches of water was applied, the water level
in the well rose to a stage midway between that reached in
1949 and 1950. As precipitation during the 3 years was in-
versely proportional to the amount of applied irrigation water,
it is apparent that the infiltration of irrigation water generally
is far more effective than precipitation as an agent of recharge.

Although well III P1 also is in an irrigated part of the area,
the water level in this well evidently rises in response to re-
charge from both precipitation and irrigation water. Most rises
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Figure 14. —Water level in observation well VI I1, average amount of irrigation water applied
to cropland, and monthly precipitation at Glendive.

of the water level shown by the hydrograph in figure 15 can be
correlated with periods of heavy precipitation shown in figure 12;
however, infiltrating irrigation water apparently was responsible
for the peak rise of the season.

In areas where the canal and laterals are incised in highly
permeable materials, leakage from them is an important source









GROUND WATER IN THE UNCONSOLIDATED DEPOSITS 25

surface

.'Hell Creek formétian and Fox Hills
R sandstone undifferentiated  °

Figure 18, —Idealized cross section through Cedar Creek anticline, showing movement of ground
water from upturned bedrock aquifers into overlying terrace deposits.

sufficient artesian pressure to cause wells tapping the bedrock
aquifers to flow at the land surface. On the northeastern flank of
the anticline the sandstone aquifers have gentle dips and the water
in them is under water-table conditions.

The unconsolidated deposits in the report area are recharged
principally during the irrigation season. In 1951, between the
first of May and the end of September, the net rise of the water
table was about 3 feet. If it is assumed that the materials thus
saturated have an effective porosity of 0.3, the increase in the
amount of water stored in the ground-water reservoir wasabout
0. 9 acre-foot per acre, or about one half the sum of precipitation
and irrigation water applied to the land during that period.

MOVEMENT

Water infiltrating the ground in excess of the field capacity of
the soil and the intermediate belt of the zone of aeration moves
downward until it reaches the zone of saturation, then percolates
laterally through the interstices of the aquifer toward points of
discharge. The path of movement coincides with the direction of
greatest slope of the water table or pressure surface, as the case
may be. {Seepls. 4-10). The rate of percolation is related directly
tor the permeability of the aquifer and the hydraulic gradient.
Samples of both the fine- and coarse-grained water-bearing ma-
terials were collected so that their coefficient of permeabilityt
could be determined by laboratory methods. The coefficient of

1 The coefficient of permeability is the rate of flow of water at 60°F, in gallons per day,
through a cross section of 1 square foot, under a hydraulic gradient of 100 percent.
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permeability of six samples of the more permeable fine-grained
sediments ranged from 25 to 87 gallons per day (gpd) per square
foot and averaged 56. On the other hand, the lowest coefficient of
permeability of the coarse-grained sediments was more than400
gpd per square foot. Under equal hydraulic gradients, therefore,
the rate of percolation through the coarse-grained sediments is
at least 7 times faster than the average rate of percolation through
the fine-grained deposits.

DISCHARGE

Where the base of water-bearing terrace deposits is exposed
in the steep banks along terrace edges, springs or seeps issue
at the contact of the terrace deposits and the underlying bedrock.
Ground water is discharged also by outflow into natural and arti-
ficial drains that have been cut into the zone of saturation. The
quantity of water issuing from the larger perennial springs and
flowing in perennial drains was measured by using either a
Parshall flume or a pygmy current meter. (See table 3.) Even
though these measurements were made during a period when flow
was greater than at any other time during the investigation, they
represent only a fraction of the total discharge of ground water.

Table 3,-— Measurements of the discharge of springs and of the flow in drains

Discharge
Station no. Altitude of

(See pls. 2 and 3for Date of water surface | Cubic feet| Acre-feet
location) measurement (feet) per second | per day
July 25, 1951 2, 140.58 0.865 1.72
veereensdOnniainarnnns 2,129.53 1.82 3.61
e Buererrerensressessrsssrennensasesen |oooens o 2.136.95 .991 1.97
Aug. 20, 1951 2,139.73 076 151
N BT reevereenens Sept. 5, 1951 |eeeercereerseesens .082 .163
Sept, 18, 1951 |.cecececssreranses 058 1156
VI- doticrecesnncscseccsnnassasences veersee | Aug. 23, 1951 2,099.18 .069 137
= Zircresesreseserosarescssssesncesersses fosscece QOuiarerannanen 2,119.42 2.93 5.81
Oct, 1, 1951 109 216
Oct, 15, 1951 095 .188
Oct, 29, 1951 .095 .188
Nov, 26, 1951 .138 274
Dec. 28, 1951 124 246
Jan, 29, 1952 .076 .151
Aug. 23, 1951 073 145
[ FETO: " S, I BT R .806 1.60
ORI - SR , 134 1.46
.. 2,076.71 1.64 3.26

Where the top of the zone of saturation is at or close to the
land surface, much ground water is discharged either by direct
evaporation or by the transpiration of plants. According to the



HYDROLOGIC PROPERTIES OF THE UNCONSOLIDATED DEPOSITS 27

U. S. Weather Bureau, the rate of evaporation from a class 4
pan at Terry averaged 0. 25 inch per day during the 1951 growing
season,

Pumped wells in the reportarea discharge only a minor amount
of ground water, essentially all of which is used for either do-
mestic purposes or the watering of livestock.

During the period of this investigation, the lowest recorded
water level in wells was about 3 feet lower, on the average, than
the highest recorded water level. Although this difference in
water levels indicates that the ratio of discharge to recharge
varied considerably during the investigation, the slight net differ-
ence between water levels at the beginning and end of the investi-
gation indicates that the total amount of water discharged during
the entire period approximately equalled the total amount of water
added to the zone of saturation. If, over a span of several years,
the net discharge were significantly less than the net recharge,
the areas now waterlogged would enlarge and new waterlogged
areas would appear, the flow of existing springs would be greater
and new springs would emerge, and the outflow of ground water
into streams and artificial drains would increase. Such results
conceivably could be brought about during a succession of years
in which applications of irrigation water were unusually heavy.

HYDROLOGIC PROPERTIES OF THE UNCONSOLIDATED DEPOSITS

The capacity of the unconsolidated deposits to transmit water
(coefficient of transmissibility) and to yield water from storage
(coefficient of storage) was determined at 10 sites by the pumping-
test method. (See pls. 2 and 3.) The wells pumped during the
tests were either drilled and 4 inches in diameter or jetted and 2
inches in diameter. The lower 8 feet of casing of the drilled wells
was perforated with holes having a diameter of three-sixteenths
of an inch and an aggregate area equivalent to three times the
cross-sectional area of the casing. The lower end of the jetted
wells was terminated in a No. 60 perforated brass screen 30
inches long. The observation wells were installed by jetting, were
three-fourths of an inch in diameter, and were terminated at the
lower end by a 4-inch-long brass screen having eight No. 10 slots
per inch. (See fig. 2.) A truck-mounted centrifugal pump was
used for each test. The discharge was controlled by adjusting
gate valves, and the rate of flow was measured by an orifice me-
ter. Insofar as possible, a constant rate of discharge was main-
tained during the test and measurements of water-level drawdown
were made according to a predetermined time schedule. The
measurements are listed in table 8 at the end of this report.

458513 O -58 -3
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The tests were analyzed by means of the Theis (1935, p. 519~
524) nonequilibrium formula using the methods outlined by Wenzel
1942, p. 87—-89) and by Cooper and Jacob (1946, p. 526—529). The
Theis nonequilibrium formula is based on the assumption that the

1. The discharging well penetrates the entire thick-
ness of the water-bearing formation, and its diameter is
infinitesimal.

2. The water-bearing formation is homogeneous and
isotropic.

3. The coefficient of transmissibility of the water-
bearing formation is constant at all times and places.

4. The water taken from storage as a result of de-
cline in water level is discharged instantaneously with the
decline in head.

5. The aquifer is infinite in extent.

As these ideal conditions were closely approximated at test sites
III1 P2, VI P1, VII A3, VII P1, and VIII P1, the interpretation of
the test data did not necessitate taking into account the effect of
drainage from fine-grained sediments while the test was in prog-
ress, (See figs. 19-23.) At test sites IIl P1, 11l P3, VI P2, and
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site III P2,



HYDROLOGIC PROPERTIES OF THE UNCONSOLIDATED DEPOSITS

Vi INL
{0- TIME, IN MINUTES, SINCE PUMPING STARTE(?D

29

N

0.1 X curve
R
T .
!
- 0.2 Observed water level —1— L
]
& i
z
4
o
>
Y 03]
[+
= N
< ™
=
H \
:
) e 264 Qlog '3/” R 264 x 13.2 - 18.600 Q@=Pumping rate, 1n gallons per minute
” 05— S2— St -187 —————= ty=Time, in minutes, at which

—rgam=6‘0 x 1074

curve intersects line of zero drawdown

to pumped well

r=Distance, in feet, from observation well

Figure 20, —Semilogarithmic plot of water-level drawdown in observation well VI 1N1 at test

1

site VI P1.

Vil A3b
’O- TIME, IN MINUTES, SINCE PUMPING STARTED
100

01

1
- I
\\* 151 l ’ l
T T C cul
Theoretical curve »
Observed water level 1 e 12 52
i W

©
R

o
&

o

s = DRAWDOWN OF WATER LEVEL, IN FEET

o
o

TX to

264 Qlog 2/, 264 x 346

— e

Q=Pumping rate, in gallons per minute

e~ 120,000
b to=Time, .mtmmut'esl.‘ at w'huch c%mpugatlon
curve intersects line of zero drawdown
120,000 x 1.28
Il in feet, from well
to pumped well

5"t 2~ 400 x @27 - 38X 107

Figure 21, —Semilogarithmic plot of water-level drawdown in observation well VII A3b at test

site VII A3,



30 GROUND-WATER FACTORS, BUFFALO RAPIDS IRRIGATION PROJECT, MONT.

Vil 151
# = TIME, IN MINUTES, SINCE PUMPING STARTED
10 100

1 1000
79 = 0.838
e | JTTT
i ~0|ompulta§ion curve
B | level A T T 12 S2
o ]
.
\\
—

02 |
g \
b i
z
g
b
0
g |
s |
: ]
; |
£o
g8 T
- t ] L]
‘? r 264 Q Iogr"z/,1 264 x 30.0 130,000 Q=Pumping rate, in gallons per minute
o d T se-s 060 T to=Time, in minutes, at which

05 - computation curve intersects |lHe of

s TX to 130,000 x .838 23%103 zero drawdown
F—— 480x 4800 X (1007 ’ —— r=Oistance, 1n 1eet from tion well
to pumped well

Figure 22, —Semilogarithmic plot of water-level drawdown in observation well VII 151 at test
site VII P1.

Vit 1E1
# = TIME, IN MINUTES, SINCE PUMPING STARTED

1 10 100 1000
— hs ’ |
Th o
oretical curve: \\‘\‘4,, curve
P L 2 S2
0.1 Observed water level - 5
*’4:
502
w
[
z
o
o
g 3
& 0
=
<
E
<]
£,
g
E
4 f2 JR S
? Ta 264 Qlog A‘l 264 x 60 — 250,000 Q=Pumping rate, in gallons per minute
0] s 063 _ L s5=Time, in minutes, at which
TX 1 250,000 x 2.5 curve intersects line of zero drawdown
0 T Xed 2
S= X 2 2800 x (108)2 1.2 10" r=Distance, in feet, from observation well
—_— to pumped well
'

Figure 23. —Semilogarithmic plot of water-level drawdown in observation well VIII 1E1 attest
site VII P1.



HYDROLOGIC PROPERTIES OF THE UNCONSOLIDATED DEPOSITS 31

VIII P2, however, condition 4 could not be satisfied because drain-
age from the fine-grained sediments affected the rate of devel-
opment of the cone of depression around the pumped well, For
example, during the early part of the test at site III P1, the cone
of depression developed as if true artesian conditions existed, but
during the later part of the test, drainage from the fine-sediment
zone retarded further development of the cone, (See fig. 24.) At
sites III P3, VI P2, VIII P2, and X P1, on the other hand, drainage
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Figure 24. —Semilogarithmic plot of water-level drawdown in observation well III 1W1 at test
site ITI P1,

from the fine-sediment zone promptly affected development of
the cone of depression and it was not until later during the test
that the cone developed its characteristic form. (See figs. 25—
28.) As the sediments in the upper part of the zone of satura-
tion were not of uniform texture at site III P3 (fig. 26, the
rate of drainage from these sediments varied considerably;
consequently, the cone of depression did not develop symmet-
rically until the yield from storage was constant throughout the
area of significant water-level drawdown.
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The results of the pumping tests are as follows:

Average coefficient of A ffici
Pumping test site transmissibility (T) ve;_‘age coe sc1ent

(gallons per day per foot) of storage (S)!

5,400 2 x10-4

29, 000 2 x 10-4

53, 000 3 x 10-3

19, 000 3x 104

37, 000 6x 104

120, 000 4x10-3

130, 000 3x10-3

250, 000 9x10-3

55, 000 6 x 10-3

94, 000 2 x 104

1as computed for an extensive aquifer not showing effects of leakage.

DRAINAGE PROBLEMS AND POSSIBLE REMEDIAL MEASURES

In those parts of the First Division, Buffalo Rapids Irrigation
Project, where the piezometric surface of the water in the ter-
race deposits is within 4 feet of the land surface (see pls. 4-9),
waterlogging generally is so severe that crop production is im-
possible. Where the piezometric surface is between 4 and 8 feet
below the land surface waterlogging is a lesser problem, and
where the piezometric surface is more than 8 feet below the land
surface it is no problem at all. Exceptions, however, are those
places where downward infiltration of water is impeded to the ex-
tent that a suspended, or perched, zone of saturation exists during
at least part of the year.

Because drainage problems are caused by a variety of geologic
and hydrologic conditions, planning remedial measures for a given
locality requires consideration of the causes of the waterlogging
in that particular area. In general, the piezometric surface can
be lowered most effectively by a drain that (1) intercepts water as
close as practicable to the source of recharge, (2) extends below
the piezometric surface and either is incised in permeable water-
bearing beds or is connected to them by flowing wells, and (3) is
located where the transmissibility of the water-bearing beds and
the artesian pressure are the greatest.

The cause and extent of, and possible remedy for, waterlogging
in each of the 10 areas is described in the following paragraphs.

AREAS 1 AND 1I

Most of terrace 4 in Areas 1 and II (see pl. 2) is irrigated. Be-
cause this terrace has excellent subsurface drainage, waterlogging
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is unlikely to be a problem except possibly in parts of sec. 16
where the piezometric surface of the ground water in the terrace
deposits is less than 8 feet below land surface. (See pl. 4. )
Measurements of the water level in observation wells should be
made periodically in and near the possible problem area so that a
progressive rise of the piezometric surface can be detected
promptly and corrective measures taken before damage to agri-
cultural land results.

Discharge of water from terrace 4 has caused high water levels
throughout much of terrace 2 west of Hatchet Creek. (See pl. 4.)
Crop production has been affected noticeably despite the con-
struction of a drain along the terrace edge. Terrace 2 east of
Hatchet Creek was classed as nonirrigable and consequently has
never been irrigated.

The only irrigated land in Areas I and II that requires drainage
now (1952) is that on terrace 2 west of Hatchet Creek. The
existing drain is ineffective because it is only 4 to 5 feetdeep and
is not incised into the underlying terrace gravel. As the top of
the gravel is more than 10 feet below the land surface along most
of the length of the drain, it will be necessary either to deepen
the drain to the gravel or to deepen the drain only 1 to 2 feetand
install small-diameter wells, hereinafter referred to as “relief
wells, ” at intervals along its floor. The relief wells, if they
penetrate the water-bearing gravel, will flow and thus relieve the
hydrostatic pressure that causes the waterlogging. The one drain
probably would be adequate, provided subseyuent applications of
irrigation water were no greater than necessary for growing
crops and keeping the soil flushed of accumulated salts.

Terrace 2 east of Hatchet Creek probably could be developed
for irrigation if a deep drain were constructed so that it would
intercept underflow from the higher lying terrace 4. To prevent
waterlogging after irrigation is begun, it will be necessary to
construct another drain across the southeastern third of this part
of terrace 2.

AREA I

In Area 111, leakage of water from the main canal causes water-
level rises of about 4 feet in wells close to the canal and pro-
gressively lesser rises in wells as far as 4, 000 feet downslope
from the canal. In addition to the water-level rise caused by
canal leakage, a rise of as much as 2 feet results from the infil-
tration of water applied to cropland. Despite this large amount of
recharge, no drainage problems have developed on terrace 4.
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Underflow from this terrace, however, definitely is one of the
factors causing waterlogging on the adjacent lower lying terrace
2. (Seepl. 5.)

Problems of drainage characterized parts of terrace 2 even
before it or terrace 4 was first irrigated. Prior to irrigation
in Area 1II, Bad Route Creek followed a meandering course across
terrace 2 and influent seepage from the creek maintained a high
water level south of the creek much of thetime. In an attempt to
lower the water level, Bad Route Creek was diverted into an
artificially cut and more direct channel to the yellowstone River
and a deep drain sloping directly toward the river was constructed
in the SEf sec. 15. Because it was realized that excess irrigation
water applied to terrace 4 would eventually collect in the aban-
doned channel of Bad Route Creek and thus become a source of
recharge to the gravel layer underlying terrace 2, shallow drains
to intercept this waste water were constructed along the north
edge of the abandoned flood plain of the creek. Six years after
these remedial measures were taken, however, the water level
was lowered nowhere as much as 2 feet and in some places had
even risen. (See fig. 29.)

Much of the area north of the old channel in secs. 14 and 15
and the topographic depression in the N3 sec. 12 are waterlogged;
the affected area in secs. 14 and 15 is reported to be extending
northward. The other waterlogged lands on terrace 2 have never
been irrigated.

Profiles of the land, ground-water, and gravel surfaces along
the A, B, and C lines (figs. 30, 31, and 32) illustrate, in part,
the cause of the waterlogging in secs. 14 and 15. In its riverward
movement, much of the ground water in the gravel layer under-
lying terrace 4 must pass through fine-grained sediments before
it can enter the gravel layer underlying terrace 2, and it is where
the water is forced to move through the fine-grained sediments
that the waterlogging occurs. This waterlogging results, there-
fore, from the coincidence of a convex ground-water surface and
a concave land surface.

Well III P1 is situated where the zone of saturation consists of
23 feet of fine-grained sediments underlain by 12. 5 feet of gravel
(see fig. 32), and at the beginning of the irrigation season the
water level in this well rises sharply (see fig. 15). This initial
rise is caused by a rapid increase in artesian pressure which is
the result of rapid recharge to the upgradient terrace gravel. The
slow decline that follows is caused by a release of pressure re-
sulting from the gradual saturation of the fine-sediment zone and
consequent increased transmission of ground water into the down-
gradient terrace gravel.
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Figure 30, —Profiles of the land, ground-water, and gravel surfaces along the A line in Area IIL
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Figure 31. —Profiles of the land, ground-water, and gravel surfaces along the B line in Area IIL
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Although mostof terrace 1 is underlain by relatively thick, per-
meable gravel, subsurface drainage is inadequate; as a result,
much of this terrace is waterlogged. (See pl. 6). The existing
shallow drain through the center of the waterlogged area is in-
effective insofar as subsurface drainage is concerned. If the drain
were deepened, however, and if relief wells were ins:ialled along
the floor of the drain where it does not incise the water-bearing
gravel, the excess underflow from the higher terrace could be
intercepted and the cause of waterlogging thereby eliminated.

In addition to the large area of waterlogged land in Area V, two
small areas need drainage. (See pl. 6.) One is in the SEzSWj;
sec. 14, where the amount of underflow from terrace 4 is greater
than that which the adjacent creek-terrace deposits are capable
of transmitting. A short, deep drain incising the deposits under-
lying terrace 4 where they are in contact with the creek-terrace
deposits would intercept enough of the underflow to relieve the
waterlogging of the latter. The other small waterlogged area is
in the south-central part of the NW sec. 23. The poorly drained
material consists of fine-textured colluvium, but if a ditch cutting
into the underlying gravel fill were constructed down the middle
of this natural drainageway, the colluvial material could be
drained. Lateral ditches into the fields on either side of the main
ditch probably would be required if waterlogging is to be elimi-
nated completely.

Although to date (1952) no waterlogging has occurred on terrace
4, it is possible that heavy applications of irrigation water for
several successive years would result in a threatening rise of
ground-water levels. Because, in July 1951, the water level in
observation well V Al rose to a point only 6 feetbelow the land
surface (see fig. 36), measurements of the water level in this
well should be made frequently to forewarn the landowners of
possible damage to their fields.

AREA V1

Except for an isolated remnant of terrace 3 and those terrace
lands that are either waterlogged or too steeply sloping to be
cultivated, all of Area VI is supplied with irrigation water. A
rise in the water level of as much as 4 feet during the irrigation
season indicates that the infiltration of leakage from irrigation
laterals and of applied irrigation water is the principal source of
recharge to the terrace deposits. In part of Area VI, as evidenced
by differences in the chemical quality of water samples from
wells, springs, and ground-water drains, another significant
source of recharge to the terrace deposits is inflow from under-
lying truncated bedrock aquifers. (See figs. 37 and 38.) No

458513 O ~58 -4
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Figure 37. —Map of Area VI showing areas where truncated bedrock aquifers discharge artesian
water into the mantling terrace deposits.

evidence indicates that leakage from the main canal is a signifi-
cant source of recharge in Area VL

Several extensive tracts within Area VI still are waterlogged
(see pl. 7) despite the construction of drains to remedy the con-
dition. The principal causes of the waterlogging and practicable
remedial measures are described in the following paragraph.

In the southern part of sec. 12 the bedrock is close to the land
surface (see fig. 39) and the thin mantle of colluvium cannot
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Figure 39, —Profiles of the land, ground-water, and gravel surfaces along the D line in Area VL

transmit all the recharge. The drain across this area effectively
intercepts and confines to a narrow channel most of the surface
runoff but does not remove any of the ground water., By deepening
this drain so that it would incise the full thickness of the uncon-
solidated deposits, all the underflow from the north could be in-
tercepted and most of the waterlogged land south of the drainre-
claimed. A better plan, however, would be to construct a new
drain that would intercept all the underflow from the north before
it reaches the waterlogged area. Such a drain not only would pre-
vent enlargement of the waterlogged area but would make possible
the reclamation of part, and possibly most, of the area now af-
fected by a high water table.

Waterlogging of terrace 4 is due to a combination of excessive
recharge from irrigation and inflow of water from underlying
artesian aquifers. A deep drain, which cuts into the terrace
gravel and follows the course of a naturaldrainageway across this
terrace, intercepts almost all of the ground-water underflow from
the northwest. The flow in the drain at station VI-2 was 1, 460
gpm, a rate which nearly equals the theoretical rate of southeast-
ward underflow toward the drain (1, 500 to 2, 000 gpm) that would
exist if the coefficient of transmissibility of the terrace deposits
north of the drain were the same as that computed for the terrace
deposits at test site VI P1., Because this drain is so effective,
the direction of ground-water movement southeast of the drain is
northeastward, or at a right angle to that of the ground water
northwest of the drain. By drilling wells that would tap the un-
derlying artesian aquifers, the inflow of water from bedrock could
be reduced or eliminated. The wells should be located along the
floor of a drain that would slope toward the river. The wells
would flow if the drain wereincised below the piezometric surface
of the artesian aquifer, but pumping the wells would so increase
their discharge that equivalent effectiveness could be attained with
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lateral crossing terrace 1 is a third important source of re-
charge. The drain along the base of the slope between terraces
4 and 1 is shallow and intercepts only a small part of the ground
water discharged from terrace 4. Theflow in this drain at station
VI-1 (sec. 18) was only 31 gpm.

Several measures to reduce waterlogging in this area are pos-
sible. One would be the construction of shallow drains to channel
irrigation wastewater from the terrace so that it would not in-
filtrate to the zone of saturation; another would be the deepening
of the existing drain so that more of the underflow from terrace 4
would be intercepted; and, if wet areas persist, still another
would be the lining of the irrigation lateral. Also helpful would be
either thefilling in of topographic depressions or the construction
of ditches to effect drainage of these depressions.

The waterlogged area between terrace 4 and the isolated rem-
nant of terrace 3 is reported to be increasing in extent. The
waterlogging is caused by restricted underflow from terrace 4;
therefore a drain that would intercept most of this underflow not
only would relieve the condition but would prevent its spread to
surrounding irrigable land.

AREA VII

Of the two terraces in Area VII, only the upper (terrace 4) is
irrigated; the lower (terrace 3) is mostly nonirrigated pasture.
The principal sources of recharge to the unconsolidated deposits
underlying terrace 4 are canal leakage and infiltration of both
spring discharge and applied irrigation water.

A comparison of the water-level fluctuations in wells along the
B line (see figs. 42 and 43) indicates the relative importance of
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Figure 42, —Profiles of the land, ground-water, and gravel surfaces along the B line in Area VIL
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canal leakage and applied irrigation water as sources of re-
charge. In 1951 the water level in the well nearest the canal rose
6 feet, largely as a result of canal leakage, whereas the level rose
about 2 feet in the wells where irrigation water was the only
source of recharge. As the average rise of the water table on ter-
race 4 along the B line was about 4.4 feet, it may be assumed that
about 2.4 feet of this amount is due to leakage from the canal.

The gquantity of recharge required to effect a water-level rise
of 2.4 feet in a section 1 foot wide along the B line from the canal
to the edge of terrace 4 may be computed as follows:

Let

Q= volume of water, in cubic feet;

L= distance from canal to terrace edge (6,000 ft);

H= average rise of water level caused by canal leakage
(2.4 ft); and

p - porosity (0.3, estimated);

then

Q=L xHxp
= 6,000 x 2.4 x 0.3
= 4,320 cubic feet;

and if it is assumed that this change in storage represents the
minimum amount of leakage per foot of canal (that is, discharge
from terrace 4 is not considered), then the leakage rate per mile
of canal may be computed thus:

Let

A
"

rate of leakage, in cubic feet per second per mile of
canal, and
t = time during which water flowed in the canal, in seconds,

then

- ©x5,280
¢
4,320 x 5,280
112 (days) x 1,440 (minutes per day)x 60 (seconds per minute)
= 2.4 cfs per mile of canal,

Although this value may be considerably in error, it is indicative
of the magnitude of recharge attributable to canal leakage.

Ground water in the deposits underlyingterrace 4 moves river-
ward and discharges through the colluvium that mantles the slope
between terraces 4 and 3. Much of this discharge infiltrates the
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deposits underlying terrace 3 and eventually reappears either in
the naturaldrainageways that cross the terrace or as springs and
seeps that issue at the exposed contact of the terrace deposits
and the underlying Pierre shale. Where Whoopup Creek cuts
through the deposits of terrace 3, its flow is maintained by
ground-water discharge; at the old U. S. Highway 10 crossing, the
rate of flow was estimated to be between 1 and 2 cfs. The flow of
the stream that is about 1,000 feet north of Whoopup Creek was
0.8 cfs at station VII-3 (table 3); the flow of this stream, as well
as that of the stream between it and Sand Creek, also is derived
largely from ground-water discharge.

Three parts of Area VII are waterlogged: one is a very small
area of colluvium and terrace deposits near the main canal;
another extends across terrace 4 in the S sec. 30; and the third
includes most of the riverward margin of terrace 4, the colluvial
slope between terraces 4 and 3, and most of the southern half of
terrace 3. (See pl. 8.)

The waterlogging of the small area near the canal is the result
of canal leakage into unconsolidated material that is too thin to
transmit all the recharge. This area of waterlogging is not likely
to enlarge because the unconsolidated material thickens consider-
ably within a distance of a few hundred feet and its transmitting
capacity increases accordingly. Lining the canal where leakage
is occurring would remedy the condition.

According tolongtime residents, the several large springs near
the base of the colluvial slope inthe NW3SW3 sec. 30 existed prior
to construction of the project. (See fig. 44.) In an effort to drain
the marsh caused by these springs, a ditch was constructed to
collect and channel the spring discharge acrossterrace 4 and into
a natural drainageway to the river. The drain is not wholly ef-
fective, however, and, although waterlogging has been alleviated
somewhat, it has not been entirely remedied. The flow in the
drain, as measured during the period October 1951 through Jan-
uary 1952 at station VII-1, ranged from 0. 076 to G.138 cfs, but
these measurements represented only a part of the total flow from
the springs. If the springs at the head of the drain were cleaned
out so that they would flow at a maximum rate and if the capacity
of the drain were increased so that all the spring discharge could
be accommodated, drainage of this waterlogged area would be
hastened materially. The difference in the position of the water
level in wells VII Ela and VII Elb indicates that the waterlogging
in the vicinity of the springs is caused by a body of perched
ground water rather than the main zone of saturation in the de-
posits underlying terrace 4.
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Figure 46. —Water level in observation well VIII E2.




56 GROUND-WATER FACTORS, BUFFALO RAPIDS IRRIGATION PROJECT, MONT.

near maximum, the rate of flow at both sites through a section of
the aquifer 1 foot wide was computed from the formula

Q=-TIL,
in which

Q= rate of flow, in gallons per day;
T = coefficient of transmissibility;
I = slope of the water surface; and
L= length of section.

As the slope of the water table at site VIII P1 was 0. 73 foot in the
400-foot distance betweenobservation wells VIII 1W2and VIII 1E2,

0.73

Q= 250,000 x x 1
400

= 456 gpd.

The flow through a 1-foot wide section of the aquifer at site VIII
P2, where the hydraulic gradient is more than 4 times as steep,
was computed in a similar manner and found to be 440 gpd. The
close agreement between the rates of underflow suggests that the
coefficient of transmissibility obtained from the pumping tests
may be used with confidence.

A cross section of the terrace deposits along the F line (fig. 47)
shows that gravel underlying Area VIII is much thinner at well V1II
F2 than at test hole VIII F13. It is this north-trending constriction
inthe water-transmitting gravel that impedes ground-water move-
ment to the extent that the water table is mounded and a large
area is waterlogged.

2

] Land surface
Estimated by averaging ] 1000 2000Feet

2140 4 data from wells

2120

YELLOWSTONE
RIVER

1
2100 Z Estimated bedrock surface

ALTITUDE, IN FEET ABOVE MEAN SEA LEVEL

2080 t+

Figure 47. —Profiles of the land, ground-water, and gravel surfaces along the F line in Area VIII,
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drains that incise the terrace gravel. Topographic maps should
be prepared for this part of the area so that the best locations for
drains can be determined.

CHEMICAL QUALITY OF THE WATER
By E. R. Jochens

During the study of the First Division, 32 samples of ground
water were collected for chemical analysis, and during an earlier
study of an area which included the First Division (Torrey and
Swenson, 1951), 8 samples of ground water and 1 sample of
Yellowstone River water were collected and analyzed. The loca-
tion of all sampling points and the geologic source of all ground-
water samples are shown on plate 11. However, for some of the
samples the geologic source given in this report differs from that
reported by Torrey and Swenson because more accurate informa-
tion was obtained during this study. The ground-water samples
were obtained from drains, seeps or springs, and wells in the un-
consolidated deposits and from wells tapping bedrock aquifers.
The sample of river water was collected atthe pumping plantnear
Fallon, Mont. The results of the chemical analysis of all 41
samples are given in table 4.

Ground water in the report area is used mostly fordomestic
purposes and the watering of livestock, whereas water from the
Yellowstone River is used for irrigation. Most of the ground-
water samples were moderately mineralized and contained ob-
jectionably large quantities of several mineral constituents. The
softest water was obtained from bedrock sources. The maximum
and minimum values for dissolved solids, hardness, and percent
sodium in the ground-water samples are as follows:

Water from Water from both

T Water from unconsolidated
uncco{nsolz!:fated bedrock deposits and
eposits (5 samples) bedrock
(28 samples) (7 samples)

Maximum Minimum Maximum Minimum Maximum Minimum

Dissolved
solids..... (ppm).. 7,520 408 1,760 824 1,940 778
Hardness... (ppm).. 2,690 241 19 5 260 17

Percent sodium..... 71 29 99 98 97 70

458513 O -58 -5



60 GROUND-WATER FACTORS, BUFFALO RAPIDS IRRIGATION PROJECT, MONT.

Table 4. Mineral constituents and related

[Analytical results in parts per

Source of waters Kfh, Fox Hills sandstone; Khc, Hell Creek formation; Tfu, Fort Union forma-

Well no,
Tem-| Mag- Po-
. Source Depth Date per- | Silica 'ljotal C;al— ne- Sp- tas-
Coordinate | po1q | of ereery | O lamre|(sio))| iror |clum |, |diumlg o,
system water collection CF) 27| (Fe) | (Ca) (Mg) (Na) (K)
Yellowstone
Pumping plant near
Fallon, Mont. SRR I o 10-16-48 |.veee| 14 |uvennn| 70 | 28 59
Area
13-52-25bda (I Fal Tfu-Khe| 611 5-23-51 |.cenee. 6.3 feeeeren 2.0 0.71374 | 1.3
53-29acb |1 E1 Qt2 18.1}10-18-51 47( 21 veeseey 89 |103 (327 9.3
Area
13-53-10dbc) 111 Fal |Qty 40 9-29-50 48| 24 0.291 224 (321 415 ]19
10dbc 111 Fa2 | Tfu~Khec| 540 }10-15-48 52| 12 1.5 3.0 4 585
1lacc Il Fa3 | Tfu-Khc| 772 |10-15-48 58] 14 .20 2.0 .0 310
11cd [ieeeeeeeees| Qtyg Seep |10-15-48 48] 15 .20} 233 |255 576 6.4
11daa | Il Fa4 | Qty 41 |10-16-48 52| 28 201305 (470 |547 |14
12acblf I P3 Qal 20.1] 9-17-51 52| 23 561265 |360 [472 |18
15aac3 I P1 Qclfrom 52.9 9-11-51 48[ 20 6.9 | 357 (283 (464 {12
Qt
15dad) 1l P2 Qty 4 20.21 9-27-51 48| 22 1.0 | 104 85 237 | 7.4
14-53-36aa |.seereeneas Qts Spring| 5-23-51 {..... o) 12 veeeans| 72 61 179 4.9
Area
14-54-28bb |.eernsees.| O, Seep {10-15-48 48 9.81 0.20] 214 |272 [L,790}23
28dd |IV G3 Qasl 16.5 10—-11-'50z 49| 20 6.2 | 200 (102 910| 9.2
8-22-50! 47 20 3.4 70 (103 4201 7.0
33ballcurernens| Oy 40.0{ 553750 47| 20 | 30|103 |106 | 422| 7.4
33bc9 |IVC4 10y 13.310-12-50 49| 22 2.6 81 58 450| 8.9
33ccl [eaerasrens.| Tfu~Khe| 412 |10-15-48 54 11 .02 4.5 2.0] 733| 4.8
33cdl |[IVCE | Qty 17.0/10-11-50 49] 20 |ieeeoend 74 58 153| 6.1
33da2 [IV E5 Qty 21.5/ 10-12-50 49| 22 4.1 87 62 376| 1.8
Area
]4-54-23bdc|V A2 IQu l 8.9[10-18-51] 53[ 27 | | 74 ] 78 | 433]79.3]
R Area
14-54- laa |..... aeenne] Oty Drain | 10-16-48 48! 19 0.30| 68 71 532 | 6.8
13dbb| VI Fa3 | Tfu-Khe| 703 |10-15-48 54{ 15 .14 6.0 51356 2.0
24ba | .ceeever.. | Qel fromy Spring| 9-29-50 49{ 21 ,20] 136 152 (735 |16
Qg
55~ 6ddal.cceeece.. | Qal . Drain | 10-18-51 48| 17 .14] 73 87 |600 |10
TbdaZ VI P2b | Qty~Kfh 14.2{10-17-51 53| 26 weeess| 13 5.01338 | 4.5
7deb | VI Fa2 Qt‘-ths 42 9-29-50 48| 26 20| 18 15 (273 T4
18cad [ceeennee o] Qty Drain | 10-18-51 47| 16 .09| 90 {126 |810 (15
18ceccl VI P1 Qty~Khc 21.110- 9-51 53| 19 |..een .| 44 36 568 8.4
18cda | VI E6 Qtrths 13.310-18-51 49 9.6 [..ses 9.0] 1.11380 1.6

See footnotes at end of table.
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physical measurements of surface and ground water
million except as indicated]

tion; Qt, terrace deposits (numeral indicates terrace number); Qcl, colluvium; Qal, alluvium

Harcd:és& as Percent-| Specific
Bicar- [C3'” | sul- [Chlo- {Fluo-|Ni- Dis- Per-| age of conduct-
bon- . . Boron cent | carbon ance
bonate fate | ride |ride |trate solved | Cal- |Non-| - d | ¢micro- |PH
ate (B) v N sodi-|ate and |(micro
(HCOY)| &5 1| (59| (€D |(F) [Ny solids |cium, | car- (00" | 5 E 2 |
3 mag- | bon- bonate | 25°C)
esium| ate
River
193 10} 214 12 0.5 2.4) 0.20 604 290} 11 31 42 920 [8.4
1
756 821 171 | 19 3.0 0.6} 0.81 9201 8 o 99 817 1,440 |8.8
578 0| 825 | 41 8111 .25 1,710 6461 173 52 34 2,370 |7.6
i1
459 013130 | 20 0.8 |254 0.20] 3,630 1,880{1, 500 32 13 4,120 7.7
1,440 217 8.0 28 2.0 2.5] .56| 1,390 9 a 99 96 2,190 8.3
681 43| 10 | 22 2.2 2.56] .64 824 S o 99 93 1,330 (8.8
646 02,220 | 63 91 22 46| 3,710 1,630|1, 100 43 18 4,410 |1.7
376 083,140 | 94 .9 |115 57| 4,900 | 2,690{2,380 30 8 5,410 |8.0
530 0R430 | 46 .8 {191 .831 4,070 2, 140{1, 710 32| 14 4,660 117.5
368 0R,600 | 31 N 5| .36 3,960|2,050{1,750 33 10 4,460 {7.2
383 ol 715 7.5 .5 .61 .22{ 1,430 611 2971 45 28 1,980 (7.5
598| ol 292 7.0 1.5 3.7] .59 984 430 417 60 1,390 |17.8
Nl
625 844,860 | 26 0.6 2.1 1.3 | 17,520 1,650}1,120 70 9 8,610 |8.1
1,070 0[1,970 | 35 .8 2.9] .20| 3,780 920 43 68 29 4,550 }7.3
600 ol 975 | 17 .8 3.4{ .30[ 1,920 599 107 60 32 2,580 {8.1
702 0| 995 | 18 .8 4.1 .30] 2, 020 692 116 517, 35 2,660 |7.8
644, 0] 795 | 13 .8 .5 .30f 1,750 440 0 68 38 2,460 {7.6
1, 950 0 %24 24 1.4 9] .00} 1,760 19 ) 98 98 2,580 | 7.9
509 0| 304 | 13 .81 13 20 920 424 7 43 55 1,310 |7.5
736 0| 625 | 17 1.0 7.5 .30f 1,570 470 0| 63 47 2,180 |7.6
v
741| OI 750 | 18 ’ 0.6 I 1.2' 0.39' 1,760 l 507| 0|l B;I 43 I 2, 530 I 7.7
VI
589 711,030 | 40 0.8 19 0.59] 2, 090 462 [ T 33 2,710 | 8.1
734 65| 38 | 27 2.8 2.5 .78 878 17 o 9§ 89 1,460 | 9.0
651 0{1,840 | 42 .8 5.8 .20] 3,270 965 431 62) 21 3,970 |17.6
520 0[1,280 | 50 9| 46 .66| 2,420 539 113 170 23 3,310 |17.9
8417 of 86 | 20 1.6 1.0] .56 924 53 0| 93 85 1,440 (8.0
499 29| 233 | 12 1.0 10 .20 893 108 0| 83 63 1,290 | 8.7
725 0{1,840 | 35 1.2 1.5] .61} 3,290 742 147 70f 23 4,290 | 8.1
721 0| 885 | 117 1.2 1.1] .36 1,940 260 0] 82 38 2,830 |17.9
683 0] 244 | 30 2.0 3.2| .51 1,020 27 0 97 65 1,600 } 8.1

See footnotes at end of table.
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Table 4,— Mineral constituents and related physical

Well no.
Source Date |Tem-|  |Total| Cal- | M28-| 5o- | Po-
Coordinate of 831’3‘ of Puel"' (Sélhoc‘; iron |cium | P€” [dium| tas-
. ee :onlature sium sium
system Field | water collection| F) 2’| (Fe) |(Ca) (Mg) (Na) )
Area
15-55-30cba |-veeceneeesd Qclfrom| Spring [10-18-51 {..ceee.| 22 0.09( 58 | 23 46 | 3.8
Qts

31cbb |VII Fal |Qt, 55 9-29-50 48| 27 51| 83 | 62 90 | 6.6
31daal] VII A3a [Qts 45.6 |10-17-51 49| 25 1.6 95 | 78 172 | 9.2
Area
15-55~ 4cda [veee.ns vese | Qtg=Kfh |Spring |10-18-51 45| 16 0.07| 33 | 15 | 463 | 6.7
16babl] VIII P2 {Qty 17.5| 9-28-51 49| 28 .06 70 | 40 300 | 6.9

16cbb2 VIII Fal|Qy 17.4 | 9-29-50 49] 25 49| 101 | 84 218 (15
17daall VIII E4, |Qtg 51.6 [10- 2-51 48 25 .64| 96 | 58 193 | 7.2

t Pl

Area
16-55-26bb  {cveeeeeenes| Qty Spring [ 9-29-50 48] 31 0.10( 110 | 42 279 | 9.9
26cecll X P1 Qtrth; 11.9 {10-12~51 52| 19 A3 59 | 21 262 | 4.8
27cad [X C1 QtgKhe®| 452 | 4-17-51|ceeees]|  9.5]0ueneee 5.00 1.1 285]( 1.8
27deC |eerenerenn Qty Spring | 10-18-511....... 18 1.8 | 137 | 49 353 | 9.1

!For records of wells in Area IV, see table 1 in Moulder, Torrey and Koopman (1953).
2After 2 hrs of pumping.
$After 23 hrs of pumping.

EXPRESSION OF RESULTS

The expression of analytical results in this report is in accord-
ance with Geological Survey Water-Supply Paper 1102 (p. 5-6),
which reads as follows:

The dissolved mineral constituents are reported in parts per million, A part per million
is a unit weight of a constituent in a million unit weights of water. * * * An equivalent
per million is a unit chemical combining weight of a constituent in a million unit weights
of water and is calculated by dividing the concentration in parts per million by the chem-
ical combining weight of the constituents, For convenience in making this conversion
the reciprocals of chemical combining weights of the most commonly reported constituents
are given in the following table:

Constituenl F Constituent F
[Basic radicals] actor [Acid radicals] actor
Iron (Fe++) 0.0358 Carbonate (CO3--)
Iron (Fettd) .0537 Bicarbonate (HCO;g")..
Calcium (Ca++) Sulfate (SO47).......
Magnesium (Mg+4) Chloride (C1).....ccereererenee

Sodium (Na+)
Potassium (Kt)........

Fluoride (F-)
Nitrate (NO;) ...

Results given in parts per million can be converted to grains per United States gallon
by dividing by 17.12. A calculated quantity of sodium and potassium is given in some
analyses and is the quantity of sodium needed in addition to the calcium and magnesjum
to balance against the acid radicals, ***The hardness caused by calcium and magnesium
(and other ions if significant) equivalent to the carbonate and bicarbonate is called carbo-
nate hardness; the hardness in excess of this quantity is called noncarbonate hardness.
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measurements of surface and ground water— Continued

Hardness as Percent-| Specific
Car- CaCQy Per- | age of |conduct-
Bicar- Sul- |Chlo-|Fluo- Ni- Dis- ent [carbon- | ance

bonate ]:c::; fate | ride [ride |trate BE’B";"‘ solved [Cal- |Non- sodi-{ate and |(micro- PH
(HCO, (S0 [(C1) | (F) NGOy solids |cium, | car- [um | bicar- |mhos at

(€% mag- | bon- bonate | 25°C)
résium! ate
v
266 0 114] 5.5|0.5( 1.2]0.12; 408| 241 231 29 63 643 {7.9
485 0| 212 |13 2| 30 .20 768 461 63| 29 60 1,110 8.1
576 0| 425 17 5 6| .18/1,110| 558 86 40 50 | 1,610 [7.4
i
579 14 ) 613 | 31 0.8 7.6]0.46/1,490| 145 0 87, 42 | 2,230 8.3
508 0| 490 | 42 .6 | 38 421,270 | 339 0| 65 41 | 1,850 (7.8
579 0] 505 | 41 .6 [ 39 .30 1,310 596 121 | 44 43 1,850 |7.9
512 0| 418 33 4| 74| .15/1,090} 476 56| 46 46 | 1,590 [7.8
X
445 0| 655| 32 0.6 | 5.5 0.20| 1,380 447 82| 87 33 1,910 |7.7
576 0| 305| 19 .9 9 .39 996 233 0 70| 58 | 1,480 (7.5
534 16 | 168| 4.5] 1.0 14| .63 778 17 ol 97 71 | 1,190 |8.5
544 0} 773 31 .6 | 48 .52| 1,690 | 542 96| 58 33 | 2,330 |7.6

4Well bottomed in gravel.
5Casing perforated in bedrock and gravel.

In the analyses of most waters used for irrigation, the quantity of dissolved solids is
given in tons per acre-foot as well as in parts per million. Percent sodium [percentage
of sodium among the cations] has been computed for those analyses where sodium and
potassium are reported separately by dividing the equivalents per million of sodium by
the sum of the equivalents per million of calcium, magnesium, sodium, and potassium and
multiplying the quotient by 100, In analyses where sodium and potassium were calculated
and reported as a combined value, the value reported for percent sodium will include the
equivalent quantity of potassium. In most waters of moderate to high concentration, the
proportion of potassium is much smaller than that of sodium,

* * * Hydrogen-ion concentration (pH) is given as the negative logarithm of the number
of moles of ionized hydrogen per liter of water,

Specific conductance, in micromhos at 25°C is anelectrical
measurement of the ionized salts in solution. Percentage of car-
bonate and bicarbonate, as used in this report, has been com-
puted by dividing the equivalents per million of carbonate plus
bicarbonate by the sum of the equivalents per million of bicarbon-
ate, carbonate, sulfate, chloride, fluoride, and nitrate.

QUALITY OF THE WATER IN RELATION TO SOURCE

In the report area, water derived from bedrock aquifers is ex-
tremely soft and the percent sodium is relatively high, whereas
water derived from unconsolidated deposits is very hard and the
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percent sodium is relatively low. Water from wells tapping both
bedrock and unconsolidated deposits is intermediate in chemical
character and is referred to as “mixed water. ” Plotting the per-
centages of carbonate and bicarbonate and the percent sodium on
a diamond graph shows that the source of the three types of water
can be identified by the relative concentration of minerals in the
water. (See fig. 50.)

BEDROCK

Water from bedrock aquifers contains appreciable quantities of
sodium bicarbonate. In general, water from this source is more
uniform in concentration than is that from the overlying unconsol-
idated materials, Renick (1924)states that the softness of the water
from the Fort Unionformation is caused by natural base-exchange
minerals, which are plentiful in the formation. He refers to these
minerals as belonging to the leverrierite group, but that name
has since beendiscarded for beidellite (Ross and Hendricks, 1945).

UNCONSOLIDATED DEPOSITS

Water in the unconsolidated deposits has a wide range in con-
centration of dissolved solids, hardness, and percent sodium.
Where water has moved rapidly from the point of recharge to the
point of sampling, the dissolved mineral content of the water is
less than where the water has been in contact with soluble rock
materials for long periods. In places where the water table is
high and drainage is poor, the concentration of dissolved solids
may be increased as a result of evaporation.

MIXED WATER

Water from wells that tap both unconsolidated and bedrock
aquifers orthat tap unconsolidated deposits recharged by artesian
flow from underlying bedrock is intermediate in chemical quality.
The hardness and percent sodium in such mixed water probably
are related directly to the relative amount of water from each
source,

SURFACE WATER

Only one sample of water was obtained from the Yellowstone
River in the report area. The sample was collected atthe
pumping plant near Fallon in October, at which time the river
probably contains a higher percentage of ground water and is
more mineralized than during the irrigation season. In addition,
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EXPLANATION

65

+
Bedrock
O
Unconsolidoted deposits
&
@) Mixed
O
()]
(@)
o\ O
O
(@) O
0] o
@)
7an¥
& o
@
0"’
O
o T
Q) -4 %
((\
X ® ° .
[s) ()
[y )
7’/\
&
¢ O D/e ©
O © O(;o
° =) S
< A
* s
S s &
L)
© éu

100

Figure 50. —Relation of the chemical composition of ground water to geologic source.
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several samples were collected during the period 1948-50 from
the Yellowstone River at Miles City and Sidney. The concentra-
tion of dissolved solids in the water at the Fallon pumping plant
was 604 ppm (table 4), whereas the highest concentration at
either the Miles City or Sidney station throughout the 3-year
period was 680 ppm (tables 5 and 6). The sample containing 680
ppm was collected at Sidney, about 50 miles downstream from
the report area, where the concentration would more likely be
substantially greater than it is in the report area.

In October 1948 a sample of water was collected from a drain
in Area VI and in October 1951 samples were collected from
two other drains in the same area. Water in all three drains had
a high percent sodium and was highly mineralized and very hard.
In chemical composition the water more nearly resembled ground
water from the unconsolidated deposits than water from the
Yellowstone River.

QUALITY OF THE WATER IN RELATION TO USE
DOMESTIC SUPPLY

Although most of the samples for this study are from test
wells, they probably are representative of water used for do-
mestic purposes throughout the report area. Ground water suit-
able for domestic use may contain variable amounts of dissolved
minerals. Some of these minerals, when present even in small
amounts, are objectionable in water used in the home as they
may affect the health of the user or cause inconvenience or
expense.

Excess fluoride (more than 1.5 ppm) in drinking water used
by children during the period of calcification of the teeth may
cause permanent mottling of tooth enamel. However, the in-
cidence of dental caries (tooth decay) is decreased by a small
quantity of fluoride (about 1 ppm) in drinking water (Dean and
others, 1941).

Nitrate in water often indicates pollution by sewage or other
organic matter. Comly (1945), Waring (1949), Bosch (1950), and
others have written articles on the occurrence of cyanosis in
infants, in relation to nitrate in drinking water. The National
Research Council (Maxcy, 1950), through its Committee on Sani-
tary Engineering and Environment, recommended that, pending
further study, water from private sources having a nitrate content
(NO3) in excess of 45 ppm should be regarded as unsafe for infant
feeding.
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Iron and manganese in water are objectionable because, if
present in sufficient quantities, they stain porcelain, enamel, and
fabrics. Iron also may cause turbidity in water and introduce an
unpleasant taste,

Large amounts of calcium and magnesium in water may cause
much expense and trouble in the home. Scale formed from cal-
cium and magnesium -salts reduces flow in hot-water pipes, and
excessive hardness leads to increased consumption of soap. Wa-
ter having a hardness of 120 to 200 ppm is considered to be hard,
and domestic users may find softening of the water advantageous.
Water much harder than 200 ppm may be expensive to soften or
to use untreated.

The U, S. Public Health Service (1946) established standards
by which the suitability of water for drinking purposes can be
evaluated, The concentrations of chemical substances preferably
should not exceed the following limits:

Constituent Parts per million
Iron and manganese (together) 0.3
Magnesium 125
Sulfate 250
Chloride 250
Fluoride L5
Dissolved solids 500 (1,000 permitted)

However, people accustomed to drinking highly mineralized wa-
ter may find less mineralized water, which conforms to these
standards, unpalatable.

The concentrations of constituents that exceed the suggested
limits are underscored in table 7 for ground water in the report
area. Many of the samples from unconsolidated deposits were
excessively hard and contained excessive amounts of iron, sul-
fate, and dissolved solids. A few contained excessive amounts
of magnesium and nitrate, but none contained concentrations of
fluoride or chloride higher than the standards. Four of the five
samples of water from bedrock contained excessive amounts of
fluoride. In general, however, water from the bedrock aquifers
is of better quality for domestic use than water from the un-
consolidated deposits. The analyses of the samples of mixed wa-
ter indicated that the water is of intermediate chemical quality
and, therefore, of median value for domestic use.

IRRIGATION

The Yellowstone River is the only source of water used for
irrigation in the report area. In many places, ground water is too
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Table 5,— Mineral constituents and related physical measure-

[Analytical results in parts per

: <12 ) Mag- s Potas-| Bicar-

Date of collection Dx(s:fl;;nge (sg:oc:; (l;.:; C?éc:)lm nesium Sz);i];u)m sium |bonate
(Mg) () |(Hco)
Sept. 10, 1948..cccecirrenens 4,720 | 13 0.10 61 27 86 3.2 190
6,820 | 9.6 ] .04 70 28 84 220
4,550 | 18 .08 84 29 78 244
3,840 20 .03 66 23 55 180
8,590 | 17 .10 54 11 3 180
22,900 | 16 .15 40 22 20 128
35,100 | 13 .10 28 8.1 21 96
5,880 | 31 .02 69 23 87 214
3,360 20 .04 76 26 ikl 230
Feb, Buieerrieecnririnenenens 4,350 117 .02 69 24 81 226
) ¢ 4,950 [ 21 .02 5 29 72 234
Mar, 2. 9,080 21 .04 59 26 59 198
Apr. 6 28,800 21 .02 65 17 Nl 191
Apr. 21. . 7,680 17 .02 67 23 79 206
May 10.cciemienemsensnccnenss 7,850} 11 .04 57 23 85 194
18 cereiennnreceiansannns 12,020 | 17 .02 53 18 62 184
21,260 | 18 .04 38 10 30 124
51,7401 11 .04 38 5.7 30 126
47,180} 15 .08 27 6.0 14 87
27,840 | 13 .02 30 9.4 24 100
19,460 | 16 .02 46 11 43 123
13,310 ) 14 .04 47 9.6 45 137
6,530 13 .02 55 18 70 1m
9,920 15 .02 65 18 8 168

Table 6.— Mineral constituents and related physical measure-

[Analytical results in parts per

. <1 s Mag- . Potas-| Bicar-

Date of collection Dx(s:flsrge (S;ﬁ)cs (I;?;; C?lcca“;m nesium S?g;:)m sium | bonate
(Mg) (K) |(HCO,)

Sept. 26, 1948..ccirerrrannes 6,850 | 17 |0.02 65 31 100 220
veenen 6,400 | 16 .02 66 29 87 220

16,900 9.8 | .02 60 20 83 162

9,030 | 13 .00 66 28 66 194

37,300 | 14 .10 38 12 35 124

17,100 | 13 .05 32 11 28 108

4,290 | 12 .05 47 14 81 167

. 19,200 | 17 .04 64 25 83 188

. 15 creeseenerenareennennes | 16,000 | 14 .04 64 25 73 184
ADT. 5 eversreverereaneresenes | 130,000 | 18 .04 44 14 62 160
My  5.ecesrencsonsieserones 9,160 | 23 .10 60 26 81 212
.| 121,400 18 .04 46 12 42 146

39,400 | 13 .03 35 4.5 24 102

14, 900 | 12 .02 53 11 47 131

4,990| 11 .08 55 18 73 166

IMean daily discharge.
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ments of Yellowstone River water at Miles City

million except as indicated]

69

Dissolved Hardness as Specific
solids CaCOy conduct-|
Sulfate| Chloride |Fluoride | Nitrate| Boron Tons Percent| ance pH
(s0g)| (€Y (F) (NOy)| (B) | Parts | per | Calcium, | Non- |sodium (?;i;l:m-
per . i €20 05
illion} foge | & ™ bonate at 25°C)
2761 13 0.5 1.0} 0.35 59210.81 263 107 41 767 | 1.7
258 14 .5 2.1 .20 628 | .85 290 110 39 826 |8.2
264 14 .6 3.3y .20 628| .85 328 128 34 926 |8.4
202 12 4 3.2 .03 498 .68 259 11 32 745 | 7.4
168 10 4 1.8 ieceeses 450 .61 181 33 47 648 | 7.2
102 14 3 1.8[seeeeeee| 276 .38 191 86 18 414 {17.0
62 4.0 2 1.3 feeeencas 196 | .27 104 25 31 302 7.1
248 13 4 4.1| .40 584 .79 267 92 42 841 | 1.9
242 12 .5 4.T|oacoseee 638 | .87 297 108 36 850 |17.9
228 15 2 4.6].00000e. 582 | .79 271 86 40 808 | 7.6
240 12 4 4.0 608 .83 307 115 34 850 | 1.5
200 6.0 2 4.3]. 506 | .69 254 92 34 714 | 1.5
215 12 .6 21 506 .69 232 15 42 747 (7.5
230 16 .6 1.7 538 .73 262 93 40 794 | 1.7
233 12 4 1.9 540 .73 237 78 44 800 | 7.8
163 12 4 4.21.. 462 .63 207 56 40 618 | 7.6
88 5.0 .2 1.5[.. 258 .35 136 34 33 394 {17.9
69 3.0 2 3.5 226! .31 119 16 35 355 | 7.7
43 3.5 3 1.3 168| .23 92 21 26 256 |1.3
71 4.5 3 1.6 208| .28 114 32 31 335 | 7.8
135 1.5 3 1.3 338| .46 161 60 37 516 { 7.7
124 8.0 4 1.6 330| .45 157 45 39 494 | 1.7
201 10 .5 1.8(. 466| .63 213 73 42 695 7.5
242 11 4 2.6 542 .74 238 100 42 713 | 7.8
ments of Yellowstone River water near Sidney
million except as indicated]
Dissolved Hardness as s
a Specific
solids CaCOs conduct-
Sulfate|Chloride |Fluoride |Nitrate | Boron Tons Non- |Percent| ~ance
(S0 | (€D (F) (NGg) | (B) l:;:'s per | Calcium, ca:- sodium ('2:;:1:- pH
million ?‘;l;i - [magnesiumi bonate at 25°C)
294 13 0.6 2.0 | 0.18 6801{0.92 290 110 43 946 | 7.5
260 13 .5 2.4 24 616| .84 284 104 40 878 1.6
250 11 2 2.8 12 531§ .72 232 99 44 762 |7.6
234 12 4 2.2 .00 543| .74 279 120 34 787 | 1.6
107 4.0 3 1.8 |eersees 286| .39 145 43 35 436 (6.8
817 4.0 .3 1.8 |eeeeense 244 .33 126 37 33 374 |6.8
190 10 4 1.8 [eeasese.| 446] .61 175 38 50 678 |8.0
260 11 21 4.4 || 574f .78 263 | 109 41 809 |7.5
243 10 2 3.3 feeereens 544 .74 263 112 38 781 |1.6
150 7.0 31 4.0 20 460 .63 168 37 44 548 |17.9
2217 14 .6 2.1 612] .83 257 83 41 836 {7.9
119 6.0 4| 25 3241 .44 165 45 35 491 |7.7
64 3.5 31 2.9 198| .27 106 22 33 300 {8.0
153 6.5 4 3.3 370| .50 177 70 37 534 7.9
208 10 .5 1.8 482| .66 211 5 43 694 |8.3
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Table 7.— Concentration of several constituents in water from wells and springs

[Parts per million. Underscored figures exceed suggested limits]

Well no. Hardness
Mag- | Sul- |Chlo- |Fluo- | Ni- | Dis- a8 1
Coosdinate g__‘:; nesium | fate | ride | ride |trate | solved (Ccl::lf:i?:m
system Field (Mg) [(SOy) | (CY) | (F) [(NGQy)| solids |* "0
nesium)
Water from unconsolidated deposits
13-53-10dbcl..... | 11l Fal........| 0,29} 321 {2,130 | 20 0.8 {254 | 3,630 1, 880
-l1cd.. .20 255 {2,220 | 63 9{ 22 [3,710 1,830
-11daa. 1II Fa4. .| 20| 470 [3,340 | 94 9(115 | 4,900 690
-12acbl..... | Il P3... .56| 360 (2,430 | 46 .8|191 |4,070 2,140
-15aac3..... [ 111 Pl.........| 6.0 | 283 [2,600 | 31 N .5|73,960 2,0 50
-15dadl.c... [ 1 P2ueeernee] 1.0 | 85 715 1.5 5 .6 1,430 611
-29acb.. .... 5] 41 8| 11 (1,710 46
292 7.0/ 1.5 3.7\ 984 430
750 | 18 6| 1.2 1,760 507
1,840 | 42 8| 5.8(3,270 965
4,860 [ 26 6| 2.1|17,520| 1,650
1,970 | 35 8| 2.9/73,780 920
975 | 17 .81 3.4|71,920 599
7951 13 .8 .5 | 1,750 440
-33cdl...... 304 | 13 8| 13 |7 920 »ne
-33da2..eeee.| IV ESuvreenennd 4.1 | 62 625 | 17 1.0 7.5|1,570 470
15-55-16babl..... | VI P2........|  .06| 40 490 | 42 6| 38 .270 339
-16¢cbb2..... | VII Falieueoo| 49] 84 505 ( 41 6| 39 , 310 596
-17daal.....| VII1 E4, P1...| -64] &8 418 | 33 4| 7.4(71,090 476
~30Cbasuesees|serencsrarennnnns| 09| 23 114 5.5 5| 1.2|° 408 241
-31cbb,..eeo.| VIl Fal.oeweoo| .51 62 212 | 13 2! 30 768 461
-31daal.....| VIl A3a.......| 1.6 | 78 425 [ 17 5 .611,110 558
16-55-26bb........ reeereanese J T I0] 42 655 | 32 6] 5.5)7T,380 447
~27dCCuesunne|eeene verrees ceee] 1.8 49 773 | 31 8| 48 , 690 542
Water from bedrock
13-52-25bda..eecee| 1 Falovveeeasechnnnns 0.7 71 19 3.0/ 0.6 901 8
-53-10dbc2 .e.e.| I FaZeceuues.| 1.5 4 8. 28 2.0/ 2.5(1,39 9
-1lace2. ....| HI Fa3...... .20 .0 10 | 22 22| 2.5 824 5
14-54-13dbb.......[ VI Fa3..cceeea| .14 5| 38 27 28| 2.5 878 17
=33CCLacinces|sasinnienrosnoncad .02 2.0 24 24 14 .9 1,760 19
Mixed water
14-55-7bda2..ceus| VI P2bueceerefereee| 5.0 | 86 | 20 | 1.6| 10! 924 53
~7dcb..seese. | VI Faluee.one.| 0.20] 15 233 12 1.0 10 893 108
-18¢cclreee] VI Pluvevereeceennene 36 885 17 1.2| 11] 1,940 260
-18cdaeecess| VI E6uvnvnnens [ueenes 1.1 | 244 30 2.0| 3.2(7,020 27
15-55-4cda.cescen. ereesronsessenn | 07| 15 613 31 .81 7.6( 1,490 145
16-55-26ccclore | X Ploverereens | 13| 21 | 305 | 19 9| 9|9 233
-27cad.e. .0 X Cleveresseefesennes] 1.1 | 168 4.5 1.0 1.4 778 7

!Limit of 120 ppm. A somewhat arbitrary figure.
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highly mineralized or has too high a percent sodium to be used
safely for irrigation. The results of the analyses of river water
(tables 5and6)indicate a variation in the chemical quality of the
water during the irrigation season. A comparison of applied irri-
gation water from the Yellowstone River and of ground-water
discharge from drains can be made by rating the waters graphi-
cally according to their suitability for irrigation. (See fig. 51.)
The graphic method of classification of water was proposed by
Wilcox (1948). This classification is somewhat arbitrary, how-
ever, because the soil composition, permeability, drainage, irri-
gation practices, precipitation, and crop tolerances must be taken
into consideration.

100
\\
— UNSUITABLE
'\
” \
\ BTF
8 - DOUBTFUL
\ T~  UNSUITABLE
4290
70 A\ L - |
\ PERMISSIBLE
TO
DOUBTFUL
60 EXPLANATION
§ X
a Yelknﬂs%onec !ziver
S at Miles City
P 50 S~ °
5 Yellowstone River
o X near Sidney
] NP, A
o X Yellowstone River sampled at
40 (e pumping plant near Fallon
‘-’ X x Drain
30 » A
X
20
X
10
EXCETLCI’.ENT GC_)rgD DOU%FUL UNSUITABLE
GOOD PERMISSIBLE UNSUITABLE
0 1 ] ]
0 500 1000 1500 2000 2500 3000 3500 4000

SPECIFIC CONDUCTANCE IN MICROMHOS AT 25 DEGREES CENTIGRADE

Figure 51. —Classification of water for irrigation use (after Wilcox)
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Water from the Yellowstone River rates as excellent to per-
missible for irrigation. The water is still acceptable for irriga-
tion, even at times when the flow is relatively low. Water from
the drains, on the other hand, has a higher percent sodium and is
much more highly niineralized than the Yellowstone River water
because it is derived from waterlogged areas where the high rate
of evaporation causes an increase in concentration of mineral
matter.
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Table 8,—Pumping-test data

Drawdown, test site 1, Area IIl. September 13, 1951

[Well 13-53-15aab2 (IN2) plugged; no water-level measurerm ents made]

Time since pumping
began (constant
pumping rate,

25.7 gpm)

Well no.

13-53- 13-53-
15aabl 15aac2

(

IN1) | (1s1,C3)

(100 feet| (87 feet

from from

pumped | pumped

well) .| well)

13-53-
15aac6
(152)
(200 feet
from
pumped
well)

13-53-
15aac?
(1E1)
(100 feet
from
pumped
well)

13-53~
15aac4
(1wWl)
(100 feet
from
pumped
well)

13-53-
15aacs
(1W2)
(200 feet
from
pumped
well)

Minutes

b
by
.

o . .
Suvowmon;
e o R H

Feet Feet

0.00 0.00

.15 184

....:.5.6. .......:.5.4.

ececavave| cevsucase .on

.15 .67

XY PTITTTTTIN RTTTTPPrrees

.93 .83

Tm e

mssssssscacecscenres

eeessscrcsee

1,07 .95

sesesssescsscrrsseare

PR LN WY

eeossscasecee

.
N

1.30 116

eecsssccocesescsanane

1.34 |7 T2s

wwwmﬂﬁuuwuquo}&.w!do

GANFODODMWN

eUesesesssescnccrancrcn

CJ’\OU‘O.U\OC"DC"D

NN
S0 3

3L.5eeucrreenrennnnnns

33.0,

o |even

1.44 | 129
e

essscenss|evcconsccese

1,46 1.54

34.5.cicceernerencarannns

36.0.

1.45 1,49

37.50ceeeseensesncnsanee

tecessncesee

1,69 1.50

39.0... e
41, cicrerncerierncarones

43 cees

1.58 1.66

L 3 T,

47

1.60 | 150

L R, 1.72
51 ee
53.ieeceerencecaonnncanes 1,74

55

5Trveerereeernsnsnsnnens | 17T ] 1,82
R EEWT

184190

U1 197

1,93 1.81
1.89 Lvvueranens
1.89 1,98

102, ecreeernnceencane

110

1.91 | 1.86

112 eviennennneens
120

1.95 | 2001

122 eerereecrennnnees

130

ecsessnsevne

1.99 1,94

132 criirecennsnnenns

140....

2.00 2,01

.ee voe

‘Feet .

.........‘.3..1.
........:33.8.
..........‘ié.
"""".‘6.3.'
........'.é.s.
..........é.s.
..........6.2.
"""“.'8"6.
esenee ‘9'.7.

.

sessesscscen

......i.,-i.s.
......i.'.z.:l.

secessseccne

1.24

ERYTYTTYYI Ty

1,30

Feet
0.00
.24
44
.64

.19

.86

95
1.04
1.06
1,08
1,06
1.14
1.18
131
126
131
1.35
1,34
L35
1.50
1,51
1.58
1,51
1.58
1.59
1.59
1,59
1.59
1.62
1,71

1,91

Feet
0.00
.23

....... csnnee

cevere i','éé'
"“"Y.'zﬁ.
'"""1'.25
"“"i.,.é.G.
......i...éa.
“"."1..."-[‘2'

esnsesncenes

1.85

.......1...6.2.
......i...g.:{
"".'I..SS‘S.

eseoscosnane

2.00

ecccccesssss

2.04

—
R—

.

2.23

1.31

oess fao

1.91

2.24

1.32

1.94

2.25

...... :12
........'.5..8.
crenes "..6.5.3'
".82
.89

g

1.00
1,03

...... 110
.......1...56.
1.23

1.23

beseasesscss

ecossocsoae
P

9.33

seseenseces

""".9._.5"8

eccscssscsn

9.68

eseacesssces |o

9.83

crereceence

sesescsnces

10.05

1006
e

esesescnces

10.09
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Table 8,—Pumping-test data—Continued
Drawdown, test site 1, Area Ill, September 13, 1951 —Continued

77

Well no,
13-53- 13-53- | 13-53- [ 13-53- | 13-53~ 13-53-

Time since pumping| 15aabl| 15aac2 | 15aac6 | 15aac? | 15aac4 | 15aac5 | 13-53-
began (constant (IN1) |(1s1,C3)| (152) (1E1) (1wl) (1W2) | 15aac3
pumping rate, (100 feet | (87 feet | (200 feet [(100 feet| (100 feet K200 feet (P1)
25.7 gpm) from from from from from from |(pumped

pumped | pumped | pumped | pumped | pumped pumped well)
well) well) well) well) well) well)

Minutes Feet Feet Feet Feet Feet Feet Feet
142.c.cieeienaseanennee 2.01 2.04| seveceernne | ceseenvecnefecronesncenees 1.24 | ceversenses
150 v 1.32 198 |ecererensonee 1.25 10,09
1520 cceceeceessensossnces 2.03 1.96 2,27 |eearsececsen
160. 1,27 2.06 1,25
162.ueeiiencenssneccnanns 2.03 2,06 coeseceesens
170 1,31 2.01 [iceesecseonere . ceeacnseans
172 cuieenessnccncessonss 2.03 1,99 2.27 |eeeesvssnses 10,13
180, 1.31 2.03 [eeeeersecnesas . eoeseseases
182 ueecestesncrccocesen 2,04 2.03 | cecesecsess| secsesreses 2.28 [eeercsnccnse 10.13
195..c0esen 2404 | cenrsesecens| csrsen sesessssese 2029 lieeeroesaces | seseecenees
1962,.. s sese .

aI“un'n[:bing stopped.
Residusl drawdown, test site 1, Area IIl, September 13, 1951

Time since ly%lé Time since I;V?BI; Time since 1;” gg Time since lg'l.eslé_
pumping Gy pumping 997 |l pumping pumping (15,3
stopped %15113‘;13) stopped (lllsla;‘i)s stopped (1115?;?;3 stopped (111 P1)

Minutes Feet Minutes Feet || Minutes Feet Minutes Feet
10,13 [[18.0scerereccecs] 0.86 ||39.0c0erecrsecne| 0.45 0.25
2.29 | 19.5. .81 |41 .43 23
1.92 ||21.0 L7 |48 41 .20
1,68 {1 22.50uuc0n0n0neel T3 [[450icanracancnns .39 17
1.53 |1 24.0. .69 .37 .15
1,40 || 25.5. .65 .35 .13
1,29 {1 27.0. .63 .33 12
1,19 [;28.5. .59 32 .08
1,11 ] 33.0. .51 31 07
1,04 eSueresassansel] 50 |]59ieierccnronenes) 428 .07
.97 || 36.0. .48 [(62 «26 [|180us0ececscncse 07

92 1| 8Te8eucacrannene]j .46
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Table 8.— Pumping-test data— Continued

Drawdown, test site 2, Area IIl, September 27, 1951

Well no.
13-53- | 13-53- | 13-53- | 13-53- | 13-53-
Time since pumping began 1l4cbel 15dad3 | 1l4cbe2 | 15dad4 | 15dad2
(constant pumping rate, (2N1) (2s1) (2E1) (2W1) (P2a)
22.5 gpm) (200 feet | (100 feet| (100 feetj (200 feet| (1 foot
from from from from from
pumped | pumped | pumped | pumped | pumped
well) well) well) well) well)
Minutes Feet Feet Feet Feet Feet
Ouvecvererecossoranasarsasarasnssssasencenee 0.00 0.00 0.00
. .21 .29
.31 43
.54 .51
.56 .62
.67 .69
.80 A1
.81 .85 AT feeeeveceens
.92 .90 .20 2.56
.93 .94 .
1.06 .96
1.08 1.04 25 2.64
1.11 1.05 27 2.71
1.13 1.06 28 2.74
1.10 1.08 28 2.75
1.15 1.09 .29 2.81
1.19 1.10 29 2.81
1.20 1.12 .31 .
1.21 1.13 32 [ieeeereeenne
1.22 1.14 32 2.83
1.23 1.16 .33 [seeeeseraans
1.24 1.16 .33 2.87
1.23 1.17 33 [eresencerens
1.23 1.18 233 |cesnesnseces
1.26 1.18 .33 2.87
1.28 1.19 035 fevererncanes
1.28 1.20 .35 2.89
1.29 1.21 W36 Jeesseaceens
1.29 1.21 .36 2.91
1.31 1.23 .36 2.91
1.31 1.23 .38 2.91
1.33 1.24 .38 2.95
1.33 1.24 .38 2.96
1.35 1.25 .39 2.97
..... veeeres 1.26 41 2.98
1.36 1.27 Al 2.97
2Pumping stopped.
Residual drawdown, test gite 2, Area Ill, September 27, 1951
Well Well Well
Time since 13-53- Time since 13-53- Time since 13-53-
pumping stopped 16dad?2 pumping stopped 15dad2 || pumping stopped |15dad2
(P2a) (P2a) (P2a)
Minutes Feet Minutes Feet Minutes Feet
Oucenvenes sestessrescsares 2.9T || 18ucececocrecnscossanncansns 0.25 [N cesereseees| 0.15
.96 .24 .14
.78 .22 .14
.68 .19 .13
.61 .17 .12
.54 .19 .12
47 .18 .11
.42 .18 .10
.37 17 10
.34 17 .09
.30 .16 .08
228 | 55iecesecrranrnriraniaaanass 151 180 ccececencanssnnses .08
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Table 8.~ Pumping-test data— Continued
Drawdown, test site 3, Area IIl. September 17, 1951

Well no.
13-53- | 13-53- | 13-53- | 13-53-
Time since pumping began 12acb3 | 12acel | 12acb2 | 12ace2 | 13-53-
(constant pumping rate, (3N1) (381) (3E1) (3W1) | 12acbl
33.3 gpm) (50 feet |(100 feet| (50 feet | (100 feet| (P3)
from from from from (pumped

pumped | pumped | pumped | pumped well)
well) well) well) well)

Minutes Feet | Feet | Feet Feet
Oerecensssererareonnencrernscssassssconsesrssessennsanns 0.00 0.00 0.00 0.00
.25 .02 .08 16
27 .03 .09 .18
.28 .03 A1 .18
.28 .03 13 19
.27 .03 .15 .19
.28 .04 16 .20
.29 .04 18 .20
.29 .05 .16 .20
.30 .05 .20 .21
.31 .06 17 .22

essrssccanaes cecsccscates

IITTTTRTT IS FRPPPPRRTY S I . ses .ee

2Pumping stopped.
Pumping stopped for 40 seconds.

Residual drawdown, test site 3, Area HI. September 17, 1951

Time Well Time Well Time Well Time Well

since 13-53~ since 13-53- since 13-53- since 13-53-

pumping 12achbl pumping |12acbl| pumping 12acbl|l pumping 12acbl
stopped (P3) stopped | (P3) stopped (P3) stopped (P3)
Minutes Feet Minutes Feet Minutes Feet Minutes Feet

. 2.84 |[3seecececncnranns 017 [|6.50c00cececsceen 0.14 [[12.0esuvenrensee 0.13

.22 .14 . reee 12

17 .13 .12
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Table 8,— Pumping-test data— Continued

Residual drawdown, test site 3, Area IIl, September 17, 1951—Continued

Time Well Time Well Time Well Time Well

since 13-53- since 13-53- since 13-53- since 13-53-
pumping 12acbl pumping 12acbl|] pumping 12acbl|l pumping |12acbl
stopped (P3) stopped (P3) stopped (P3) stopped (P3)

Minutes Feet Minutes Feet Minutes Feet Minutes Feet

0.11 0.11 0,10 [[ 50.iiieueeenneas| 0.10
.11 .11 .10 .09
.11 .10 .10 .09

Drawdown, test site 1, Area VI. October 9, 1951
Well no. Well no.

Time since 14-55- | 14-55-| 14-55 Time since | 14-55- 14-55-| 14-55-
pumping began | 18ccc2 [18ccc3 | 18ccc4d || pumping began| 18cce2 | 18ccc3 | 18cecd
(constant pump-| (IN1) | (1E1) |(1W1, C4)||(constantpumpy (1N1) (1E1) 1(1W1, C4)

ing rate, 13.2 [(100 feet |(50 feet | (50 feet || ing rate, 13.2 | (100 feet| (50 feet| (50 feet
gpm) from from from gpm) from from from
pumped |pumped| pumped pumped |pumped | pumped
well) well) well) well) well) well)

Minutes Feet Feet Feet Minutes Feet Feet Feet
[ P 0.00 0.00 0.24 0.45 0.26

.09 .24 .26 46 .27
.05 .28 .27 A7 .28
.06 .31 .27 48 .29
.09 .33 .28 49 .29
.12 .34 .29 .50 .30
.14 .35 .30 .50 .30
.15 .36 .30 .51 .31
.19 .38 .31 .52 .32
.19 .39 .32 .53 .33
.20 40 .33 .55 .34
.20 .40 .34 .55 .34
.28 41 . .35 .57 .36
.22 .42 140.... .37 .59 .37
.24 43 Y OO DO 259 |iesneerieennes
.25 44
Drawdown, test site 2, Area VI. October 10, 1951

Well no. Well no.

Time since 14-55- | 14-55-| 14-55- Time since | 14-55- | 14-55- 14-55-
pumping began | 7bda3 Tbda4 7bdab |[pumping began| 7bda3 Tbda4 Tbdad
(constant pump- | (2N1) (2S1) [(2WL, G3)|/(constantpump-{ (2N1) (281) ((2wW1, G3)
ing rate, 22.5 [(50 feet [(50 feet|(100 feet | ing rate, 22.5 |(50 feet [(50 feet | (100 feet

gpm) from from from gpm) from from from
pumped |pumped | pumped pumped | pumped| pumped

well) well) well) well) | well) well)

Feet Feet Feet Feet Feet Feet

0.00 0.00 0.00 0.46 0.41 0.33
.28 A7 e .- 46 41 .34
.33 32 12 OO 47 42 34
.37 .34 .26 47 42 .34
.39 W36 feeearnns veseen 48 42 .34
.40 .37 .30 .48 A2 .34
.41 .38 .31 .48 42 .34
.41 .39 .31 .49 43 34
.42 .39 .31 49 43 .35
.43 .39 .32 .50 44 .36
.43 .39 .32 .51 45 .35
44 .40 .32 .52 46 .36
44 .40 .32 54 48 .37
.45 .40 .32 .55 .49 .38
.45 41 .33 .56 .50 .39
.45 41 .33 .57 .51 .39
.46 41 .33 .58 .51 .41
46 41 .33
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Table 8,— Pumping-test data— Continued

Drawdown, test site A3, Area VII. October 17, 1951

81

Well no. Well no.
15-55- 15-55-
Time since pumping began | 15-55- [ 31daa2 || Time since pumping began | 15-55-'[ 31daa2
(constant pumping 31daal | (A3b) (constant pumping 31daal | (A3b)
rate, 34.6 gpm) (A3a) [(92 feet rate, 34.6 gpm) (A3a) [(92 feet
(pumped| from (pumped] from
well) |[pumped well) [pumped
well) well)
Minutes Feet | Feet Minutes Feet | Feet
0.00 0.00 || 27uceesercarcecsensensansnsenenss| 1.10 0.10
certesuree . .03 1.10 11
ceseree .04 1.10 11
seesennesne .05 1.10 .12
1.01 .05 1.11 12
........ cee .05 1.12 .12
1.07 .05 1.12 .12
1.08 06 1.12 .12
1.08 .07 1.05 .13
1.09 08 1.07 .13
1.05 08 1.07 .13
1.08 08 1.08 .13
1.08 09 1.09 14
1.08 09 1.10 15
1.10 10 1.10 .15
Drawdown, test site 1, Area VII. October 11, 1951
Well no. Well no.
. . |15-55-|15-55- | 15-55- ) . |15-55-{15-55- | 15-55-
Time since pumping | g1aab | 31abd2 | 31abdl || Time since pumping(31aab |31abd2 | 31abdl
began (constant  |)N1,C1){ (1S1) | (1W1) began (constant (LNLCY){ (1S1) | (1W1)
pumping rate,  i(50 feet (100 feet|(50 feet pumping rate, (50 feet](100 feet| (50 feet
30.0 gpm) from | from from 30.0 gpm) from | from | from
pumped |pumped | pumped pumped! pumped|pumped
well) | well) well) well) | well) | well)
Minutes Feet | Feet | Feet Minutes Feet | Feet | Feet
. 0.00 0.00 0.00 o} 015 0.10 | 0.10
.06 .16 .11 .10
.08 .16 .10 A1
.08 .16 .11 11
.09 .16 .11 11
.09 .16 A1 12
.09 .17 11 12
.10 17 .12 12
.10 .17 .12 .12
.11 .18 12 12
12 19 13 13
13 19 .13 .13
.12 .19 .13 .13
13 .20 .14 .14
.13 .21 .15 .15
.14 .21 .15 .15
14 .22 .15 .15
15 .21 .15 15
.15 .22 .15 .16
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Table 8,— Pumping-test data—— Continued

Drawdown, test site 1, Ares VIII. October 2, 1951

Well no.

Time since pumping began
(constant pumping rate,
60.0 gpm)

15-55-
172dd
(IN1)

(100 feet|(200 feeti(104 feet

from

pumped [pumped{pumped]

well)

15-55-

17daa3
(1s1)
from

well)

15-55-
17daa2
(1E1)

from

well)

15-55-
16cbbl
1E2)
(200 feet
from
pumped
well)

15-55-] 15-55-
17daa4 | 17daas
awl)| (1we)
(100 feet|(200 feet
from | from
pumped{pumped
well) well)

Minutes

Deccreerancrrecsscssessanssacane reennenves

25 cciiiennn
28 ciainee
[2) APPTT
RZ SN

20321 0mmesne vevmeseesessees

Feet

Feet
0.00
.02

seseesere

.10

.12

12

13

o sesscacece

Feet
0.00

ssecenenss

seserecnsssl

sesssserne

.01
.01
.01

csesevsers

ssenenness |ane

.00 |.ccue

Feet | Feet
0.00 0.00

O Y

cessesnnes sssessane

seveseres .02
.04 |..

sevevrenes

cesnsesees .01

[EPRRTTIN .02
07 feevseennans
.02

A1
11

sessescensf.

A1

ssscrsase|escrncnsss

FYRTTITTEN FYPT TP

.02 ).....

T3 IR B

essensarace

2Pumping stopped.
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Table 8,— Pumping-test data— Continued

Residual drawdown, teat site 1, Area VIII. October 2, 1951

Well Well Well

Time since 15-55- Time since 15-55- Time since 15-55-
pumping stopped | 17daal pumping stopped 17daal pumping stopped | 17daal
(P1, E4) (P1, E4) (1, E4)

Minutes Feet Minutes Feet Minutes Feet
6.48 [|10.ececrerrerrercucssencaned 0.12 {|29.ceerecesiececoncenees| 0.09

.21 . . 11 .. .09

a1 A1 .09

.15 .10 .09

.15 .10 .08

.14 10 .08

.13 .10 .07

.13 .09

Drawdown, test site 2, Area VIII. September 28, 1951

Well no.
15-55- 15-55- | 15-55- [ 15-55-
s - . . .
Time since pumping began (constant pumping (erg.‘:al;.zc) l(ggi"): 1?;’;’;’)4 1?;‘:}’1:;
rate, 25.0 gpm) (100 feet |(50 feet |(100 feet | (100 feet
from from from from
pumped pumped | pumped | pumped
well) well) well) well)
Minates Feet Feet Feet Feet
Deeeerencrrenisnenareiserasaonirnseressscosssrasersssrossssaneanens 0.00 0.00 0.00 0.00
o . .01 .04 |. .00
.02 .06 |.. .00
.02 .07 |o.e .01
.08 .10 |.. .01
.03 .09 |. .01
.03 .10 .00
.04 .10 .00
.05 .10 .02
.05 A1 .02
.05 12 .01
.05 .13 .00
06 .13 .02
.06 14 .02
06 14 .03
.07 15 04
.09 .16 .04
08 .16 .05
.07 .16 .04
.08 A1 .05
.09 .18 .05
.09 .18 .04
.09 .18 .05
.09 .19 .05
10 .20 .06
a1 21 .05
11 .21 .07
11 21 .07
12 22 .06
12 22 .07
12 .23 .07
12 .23 .08
13 .23 .07
.14 24 .07
.14 .24 .07
5 X: 25 PR .09
16 .26 .10
16 .27 a1
.16 21 A1
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Table 8.— Pumping-test data— Continued

Drawdown, test site 1, Area X, October 12, 1951

Well no, Well no.
Time since 16-55- | 16-55- | 16-55- Time since 16-55- | 16-55- | 16-55-
pumping began | 26ccc2 | 26ccc4d | 26cce3 pumping began | 26ccc2 | 26cccd | 26cce3
(constant pump- [ (1N1) [(1S1,B2)] (1E1) (constant pump-| (IN1) [(1S1,B2); (1E1)
ing rate, (50 feet |(50 feet (100 feet ing rate, (50 feet ({50 feet |(100 feet
24.3 gpm) from from from 24.3 gpm) from from from
pumped [pumped |pumped pumped |pumped | pumped
well) [ well) well) well) well) well)
Minutes Feet Feet Feet Minutes Feet Feet Feet
0.00 0.00 || 42cecrueuerrvecncenn 0.22 0.23 0.03
.15 01 [ 46ieiacennen .23 .23 .04
.16 .02 .23 .23 .03
17 .01 .23 .24 .04
a1 .02 24 .24 .04
a1 .02 24 .24 .04
.18 .03 .25 .25 .04
.19 .03 .25 .25 .04
.20 .03 .25 .25 .04
.20 .02 .25 .25 .04
.20 .03 .26 .26 .04
.20 .03 .26 .27 .05
.20 .03 .27 .28 .05
.21 .03 .28 .28 .05
21 .03 .28 .28 .05
.21 .03 .28 .30 .05
.22 .03 .29 .30 .05
.22 .03 .32 .31 .07
21 B .22 .03 .32 .32 .07




BASIC DATA

Table 9——Logs of wells and test holes
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[Unless otherwise indicated, all holes were logged by personnel of either the U. S, Bureau

Reclamation or U, S, Geological Survey, An asterisk (*) indicates hole was logged by

commercial driller, ]

AREA 1
Thickness | Depth
(feet) (feet)
13-52-24dca (I Cbl)
Loam 0.5 0.6
Loam, clayey 5.0 5.5
Loam, sandy and clayey 5.0 10.5
Loam, silty and clayey 2.5 13.0
13-52-25bda (I Fal)*
Sand and silt. 24,0 24.0
Gravel, sandy, coarse 18.0 42,0
Claystone, soft, plastic 2.6 44.6
Claystone, green, plastic 114 56,0
Coal and carbonaceous shale 3.0 59.0
Siltstone, clayey, light-gray. 6.0 65.0
Sandstone, clayey, fine-grained........ 15.0 80.0
Siltstone. Hard concretion at 80 feet 11.0 91.0
Coal 3.0 94.0
Claystone, gray 17.0 111.0
€oal 2.0 113.0
Siltstone, clayey, variably carbonaceous...esseesss 67.0 | 180.0
Coal 7.0 187.0
Claystone, gray.. 10.0 197.0
Shale, light-gray, hard 3.0 |200.0
Claystone .ses. 9.0 209.0
Shale, gray, hard 1.0 |210.0
Shale with thin coal seams 10,0 220.0
Claystone, gray, plastic. 20,0 240.0
Claystone. Thin coal seams at 263 feet. seces 30.u 270.,0
Sandstone, fine-grained, uncemented 1640 286.0
Claystone with hard concretions, . 5.0 291.0
Sandstone, fine-grained, medium-hard 46.0 3317.0
Claystone, variably carbonaceous 57.0 394.0
Siltstone, hard 25.0 419.0
Siltstone, greenish-gray, soft 41,0 460,0
Sandstone, fine-grained, unc ted 12,0 472,0
Claystone. 10,0 | 482.0
Sandstone, silty 29.0 | 511.0
Siltstone, greenish-gray, medium-hard, 59,0 570.0
Sandstone, medium-grained, gray, poorly cemented; principal aquifer........| 41.0 611.0
13-53-19cba (I Cb2)
Loam 0.5 0.5
Loam, clayey 9.5 10.0
13-53-19dba (I Cb 3)
Loam 0.8 0.8
Loam, sandy and clayey 3.7 4,5
Gravel, sandy 2.5 7.0
Sand, silty. 6.0 13.0
13-53-194dc (I C1)
Clay, medium 8.5 8.5
Loam, very fine sandy. 1.7 10.2
Loam, silty 1.8 12,0
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Table 9,—Logs of wells and test holes —Continued

AREA I—~Continued

|{Thickness

(feet)

Depth
(feet)

13-53-19dde (I C1)~~Continued

Gravel and cobbles

Gravel and sand

13-53-29acb (I E1)

Loam

Loam, clayey

Loam, fine sandy.
Loam, silty and clayey

Clay, medium

Loam, silty and clayey.

Gravel, coarse

13-53-29ace (I Bl 2/3)

Loam, silty,
Loam, fine sandy...ve..

Sand

Gravel

13-53-29bbc (I C2)

Loam, very fine sandy

Loam, silty,

Loam, very fine sandy,
Gravel

13-53-29bedl (I C3a)

Loam, clayey

Clay, light,

Loam, sandy and clayey

Clay, heavy
Loam, si<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>