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GEOLOGY AND GROUND-WATER HYDROLOGY OF THE
ANGOSTURA IRRIGATION PROJECT, SOUTH DAKOTA

By Robert T. Littleton

WITH A SECTION ON THE MINERAL QUALITY OF WATERS

By Herbert A. Swenson

ABSTRACT

The lands to be irrigated from water stored in the Angostura Re-
servoir are situated on the lower of two terraces along the southeast
side of the Cheyenne River in northeastern Fall River County and on the
terrace known as Harrison Flat in southeastern Custer County, S. Dak.
The terrace deposits are composed of relatively permeable sands and
gravels that rest on a shale bedrock platform. The terrace surfaces
are mantled in part by slope wash derived from higher shale slopes and
by wind-blown sand.

Ground water occurs under water-table conditions in the river
alluvium and in terraces above the river. Although the zone of satura-
tion in the terrace deposits is gemerally thin, it is essentially
continuous in the area southeast of the river, and the water issues as
springs in the terrace faces along the inner valley of the river and
along the valleys of tributary streams cutting back into the terraces.
A zone of saturation is present only in part of the Harrison Flat area,
and it extends to the terrace face only along Cottonwood Creek. Wells
in the unconsolidated mantle rock supply water for domestic and stock
purposes, but yields are small. Abundant supplies of artesian water
are avallable at depths ranging up to 3,000 feet but are not now
utilized except at the extreme western end of the area where the bed-
rock aquifer is close below the surface.

The effect of applying irrigation water on the terrace lands will
depend on the character of the underlying material and on the measures
taken to forestall waterlogging and other undesirable effects. Terrace
areas that are mantled by slope wash will be especially susceptible to
waterlogging, as will valley-bottom areas mantled by colluvium that
are adjacent to irrigated terraces. Periodic measurements of water

1l



2 ANGOSTURA IRRIGATION PROJECT, SOUTH DAKOTA

levels in observetion wells will give warning of potential waterlogging
in time to permit tekling preventive measures.

Analyses of samples of both ground water and surface water indicate
& high mineral content. In general, samples from the Cheyenne River

are higher in total dissolved solids and lower in percent sodium than
the ground water.

INTRODUCTION

Purpose and scope of investigation

This report describes an area a part of which is to be irrigated
with water from the Angostura Reservpir. The lands to be irrigated
are on the lower of two terraces along the southeast side of the
. Cheyenne River in northeastern Fall B;iver County and on the terrace
known as Harrison Flat in sontheas,tezh Custer County, S. Dak. Included
are (1) a description of the topography and geology as they relste to
ground-vater conditions and (2) basic data pertaining to the occurrence
of ground water in the Angostura irrigation project. 'The field in-
vestigation thut provided the basis of the report was made by the
writer between August 5 and November 15, 1946.

During the course of the field stpdies algeologic map of the area
was prepared, an inventory of dnmestik: and stock wells and springs was
made, a water-level observation prégrfém was established, and test holes

were drilled at strategic sites.

Previous situdies

The stratigraphy and structure oﬁ the Oelrichs quadrangle were
|
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INTRODUCTION ' 3
described and mepped by Darton ea:cly. in the present century,l and his
report was used in preparing the geologic msp included here. Since that
time g number of studles of specific geologic problems have been made
in the Black Hills region, several of which contain general references
to the area covered by this report. In more recent years the Amerade
Petroleum Corp. of Tulsa, Okla. has drilled 60 shallow holes within
the area in conjunction with a seismic survey. The logs of these holes
are not available for publication but were made availeble for study by
the writer. Data collected by the Soil Conservation Service, United

States Department of Agriculture, also were made availeble to the writer.

Acknowledgments

This study was made under the general direction of 0. E. Meinzer,
Chief,Division of Ground Water (now Ground Water Branch), Federal
Geological Survey, until December 1, 1946, on which date he was suc-
ceeded by A. N. Sayre. G. H. Taylor, regional engineer in charge of
all ground-water studies in the Missouri River Basin, directly super-
vised the field work.

Special acknovledgment is due all those who contributed to the
successful prosecution of this investigation. H. V. Hubbell and W. L.
McClure, Bureau of Reclamation, United States Department of the
Interior, were especially helpful and cooperative during the course of
the field work. George Schmid, of the Soil Conservation Service, made
availsble data previously colleci;ed on the project aréa, arranged to

1l Darton, N. H., U. S. Geol. Survey Geol. Atlas, Oelrichs folio
(no. 85), 6 pp., 1902.



b ANGOSTURA IRRIGATION PROJECT, SOUTH DAKOTA
meke availsble & drilling machine for test-hole drilling, and ar-
ranged to have measurements made of the water levels in observation
wells after November 15, 1946. H. F. Haworth, Division of Ground
Weter, rendered much service during the drilling of test holes. G.
A. Waring end P. C. Tychsen, Division of Ground Water, located and
initially measured 27 observation wells in the area during April
1946. B. B. Weatherby and J. E. Upp, Amerada Petroleum Corp., fur-
nished information concerning test holes drilled by that corporation.
Dr. E. P. Rothrock, State Geologist of South Dakota, made available
logs of two exploratory oil wells. Thanks slso are due residents
of the area and other persons who supplied much advice and infor-
mation.

Quality-of -water studies were under the general direction of S.
K. Love, Chief, Quality of Water Division (now Quality of Water Branch),
and under the immediate supervision of P. C. Benedict, district
engineer in charge of quality-of-water investigaxions in the Missouri
River Basin. Analyses of samples collected for this report were made
by J. G. Connor of the Federal Geolngical Survey. Special thanks are
due the Bureasu of Reclamation and the Soil Conservation Service for
reéords of earlier analyses of surface and ground waters in the
Angostura 1frigation project. | )

Special acknowledgment is given Ray Bentall, Geologist, United States

Geological Survey for his painstaking review and editing of this report

and for his great assistance and help to the author.



GEOGRAPHY 5

Well-numbering system

Wells, Jsprings , and test holes are numbered in this report ac-
cording to their location within the land subdivisions of the General
Land Office survey of the area. A graphical explanation of this
method of well identification is shown by figure 1. The first numeral
of a well number indicates the township, the s;cond the range, and the
third the section in which a well is located. The lower-case letters
following the section number indicate the location of the well within
the section. The first letter denotes the quarter section, the second
the quarter-quarter section, and the third (if present) the quarter-
quartef-quarter section or l0-acre tract. The letters are assigned in
s counterclockwise direction, beginning in the northeast quarter of
the section, quarter-quarter section, or guarter-quarter-quarter sec-
tion. When more than one well is located in a 1l0-acre tract, con-

secutive numbers beginning with 1 follow the lower-case letters.

GEOGRAPHY

Location and extent of the area

The Cheyenne River rises in eastern Wyoming, skirts the southern
end of the Black Hills uplift, and then follows a northeasterly course
across southwestern South Dakota to its confluence with the Missouri
River near the center of the State. ' The lands of the proposed
Angostura irrigation project border the Cheyenne River where it first

swings northeastward after skirting the southern end of the Black Hills.
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(See f£ig. 2.) The ares of thé project ranges from half a mile to 3
miles in width and is about 2k miles long. It includes two distinct

units, designated in this report as the "area south of the Cheyenne
Ranges East
123456789
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Figure l.--Sketch showing well-numbering system.

River" and the "Harrison Flat" area. (See pls. 1 and 2.) The former
area is restricted to northeastern Fall River County, whereas the

latter is restricted almost wholly to southeastern Custer County.
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Climate

Precipitation in the ares covered by the proposed Angostura
irrigation project is deficient for m&st sgriculturasl practices. No
precipitation records have been kept within the area, but weather-
observation stations have been maintained at Hot Springs since 1908
and at Oelrichs since 1890. Both stations are within a distance of
20 milesrfrom the center of the area %nd their records sre considered
reasonably representative of the climate of the Angostura 1£r1ga$ion
project area. The average precipitat;on for the period of record
through 1947 was 18.81 inches at Hot Springs and 18.58 inches at
Oelrichs, a surprisingly small difference considering the contrasting
topographic situations of the two towns. The total annual precipitation
at both stations is shown in figure 3; The cumilative departure from
average preéipitation at both stationé is shown in figure b; in this
grabh the periods of higher-than-avergge precipitation are shown by
a rising trend and the periods of lesé-than~average precipitation by
8 declining trend.

The normal or "adjusted meen" temperature st Hot Springs is 48.0°
F.; at Oelrichs it is 46.8°. The highest recorded temperature at both
stations is 112° F.; the lowest recoried temperature at Hot Springs is

-35° F., and that at Oelrichs is -38°,
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GEOMORPHOLOGY

The Cheyenne River flows in a meandering, sharply defined inner

valley that has been entrenched in the floor of a broader, earlier-

. =
. Y

Oelrichs weather station I \

35 ————----Hot Springs weather station
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Figure 4.--Cumulative departure from average precipitation at Oelrichs and
Hot Springs, South Dakota ,

developed valley. The floor of the inmer valley is underlain by
Recent alluvial deposits and isolated remnants of low terraces. Its

walls are of bedrock and are capped by the alluvial sediments deposited -



GEOMORPHOLOGY 11
in earlier stages of valley formation. (See figs. 5 and 6.) Alluvial
fans have been built up in places where tributafy streams enter the inner
valley. Weathering of the inner-valley walls has resulted in the de-
position of colluvium along the foot of these slopes except where meanders
of the river impinge against the valley wall and create steep bluffs.

Two distinct terrace levels have been developed on the alluvial de-
posits that extend back from the crest of the imner-valley walls. Both
terraces are present in the area south of the river, but in the Harrison
Flat area no evidence remains of a uniform upper-terrace level. Where
both terraces are preserved, bedrock is exposed in places on the slope
between them. In general, the terraces present very gentle slopes to-
ward the inner valley. Along the frontal edge of the lower terrace,
gullies have‘been developed in places, and over much of the area the
terrace deposits are masked by slope wash derived from the higher hed-
rock slopes and by wind-blown sand. The eclian deposits present a
somewhat hummocky topography in pleces. Irrigation is proposed only
for lands on the lower of the terraces above £he inner valley,

The relations of the mantle-rock deposits to each other and to the
underlying bedrock platform are shown by four geologic sections based

on test drilling. (See pl. 2.)
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Figure 5.--Upstream view of bluffs along the Cheyenne River in secs. 9 and
10, T. 8 S., R. 6 E., showing contact between the lower-terrace deposit
(Qt1) and the Belle Fourcheshale-Mowry shale sequence (Kbm). Greenhorn
limestone (Kg) in background.

Figure 6.--Downstream view of bluffs along the Cheyenne River
in the northeast corner of sec. 5, T. 8 S., R. 7 E., showing
contact between the lower-terrace deposit (Qtl) and the
Pierre shale (Kp).



GEOLOGY 13

Stratigraphy

Cretaceous system

The Fall River sandstone is the oldest formation exposed in the area
covered by this report. It consists mainly of gray to buff sandstone,
which in meny places is impregnated with iron oxide; streaks of con-
glomerate occur in the basal beds. The formation is thin-beddgd at its
base, massive in its middle part, and thin-bedded at the top. The
thickness of the formation is about 75 feet. Although the formation
underlies the entire area, it is exposed only at the extreme west end
of the aresa where it rises on the southeast flank of the Black Hills up-
1ifs.

A shale sequence, the Mowry and Belle Fourche shales, overlies the
Fall River sandstone. It is dark-colored to black and breaks into thin
flekes on weathering. ILens-shaped concretions, ranging in size from a
few inches to several feet, are common in the shales. In places the
sequence is traversed by sandstone dikes. In the Amerada Petroleum well
1 (sec. 27, T. 8 8., R. T E.) the thickness of the sequence is 775 feet,
and in the Mildred Voorhees well 1 (sec. 25, T. 10 S., R. 8 E.) it is
640 feet.2 The outcrop underlies a valley that skirts the base of the
outside range of the Black Hills and transects the Cheyenne River valley
at the west end of the Angostura irrigation project. (See fig. 7.)

The Greenhorn limestone, overlying the shale sequenée (the Mowry
and Belle Fourche shales), contains a considerable amount of clay and

2 Unpublished logs of deep wells in Fall River County, on file in
the office of the State Geologist of South Dakota.
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GEOLOGY 15
some sands. It hardens on exposure and breaks out into thin buff-colored
slsebs t.;ontaining numerous fossils, of which Inoceramus labiatus is the
most characteristic. The formastion averages 50 feet in fhickness. It
is distinctly separated from the underlying shales, but its upper beds
grade into the overlying Carlile shale.

The Carlile shale consists mainly of shales but includes two thin
hard beds of sandstone and several layers containing oval concretions.
It ranges in thickness from 430 to 590 feet. Its belt of outcrop cuts
across the Cheyenne River valley near the west end of the pi'oject. In
the area mapped for this report the Carlile shale is exposed on the
north side of the river only.

The overlying Niobrara formation consists of soft shaly liﬁestone
and impure chalk and includes thin beds of hard limestone. In fresh
exposures it is light gray, but on weathering it becomes a bright
yellow.' It averages sbout 200 feet in thickness.

The Pierre shale, overlying the Niobrara formation, is the youngest
bedrock formation exposed in the area. It is dark bluish gray to black
in fresh exposures but weathers to a light brown. At a horizon abou'b
1,000 feet &bove the base of the formation are lenses of limestone that
on exposﬁre give rise to low conical buftes because of their greater
resistance to weathering. The Pierre shale ranges up to 1,200 feet in
thickness. It is almost continuously exposed in the inner-valley walls
downstream from a point about 4 miles east of the upper end of the
project and it underlies the terraces extending back fro:ﬁ the inner-

velley walls. The Pierre shale forms a sticky gumbo on weathering.
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Quaternary system

The terrace gravels in this segment of the Cheyenne River Valley
were laid down by the river at the tim; it occupied a brdad velley 75
feet or more above its present level. ‘Two distinct terraces are re-
cognized, but the upper one is preserv;d only in isolated remnants or
is overlain by dune sand and slope-wash materisls. The terrace deposits
consist mostly of gravel and sand through which boulders es much as 4
feet in diameter are scattered. The térrace deposits range up to 45
feet in thickness and rest on a bedrocﬁ shelf, the bedrock being ex-
posed both higher in the outer-valley x;alls and lower in the inner-
valley walls. The lower terrace is designated on the geologic map as
Qtl and the upper terrace as Qt,. (See pl. 2.) |

Deposits of eolian sand mantle a large proportion of the area
underlain by terrace sediments. The sand is in general uniformly fine-
grained and ranges in thickness up to 65 feet. It has been derived from
alluvial deposits on the river flats and has been transported south-
eastward by the stronger prevailing Mds. A typical éand-hill topography
has been developed in the sandy :a;x'eai.sw .

The slope wash that overlies th; terracel deposits in many places
was derived from the higher bare slopest1 of the Pierre shale. It con-
sists of tough gray clay, which is mucjth as 25 feet thick near its .
source but thins rivei'wa:rd until it me:;'ges with the soil mantle devel-
oped on the terrace. The thickness Lof the slope wash is 4 feet or ‘more
in all the areas shown on the map (§1. I2) to be msntled by this material;

areas mantled by lesser thicknesses are not represented on the map.

1
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Colluvium derived from the valley walls occurs as wedge-shaped de-,
poslits extending outward from the foot of the walls of the 'inner valley.
It is composed of a mixture of materials derived from exposures of bed-
rock and terrace gravels higher on the immer-valley walls.

Alluvial fans distinct from the alluvium underlying the flood plsin
and low river tei'races have been recognized in a few places. These sand
and gravel deposits were laid down by tributary streams where their
gradient is reduced on entering the main inner valley of the Cheyenne
River. '

The alluvium that underlies the floor of the inner valley consists
of poorly sorted gravel and sand with varying amounts of admixed silt
and silty clay. It renges in thickness up to about 20 feet beneath
the low river terraces but: is thinner beneath the flood plain of the
river. The river terraces within the inner valley are designated in
sscending order on plate 2 as Qt} and Qts. Areas underlain by flood-
Plain deposits or by alluvium noi distinguished as river terraces are

designated ss Qal.

Structure

The stretch of the Cheyenne River valley considered in this report
has been cut into the southeastern slope of the Biack Hills uwplift. At
the west end of the area the strike of the bedrock averages N. 8° E.,
but within 2 miles to the east the strike changes to approxiﬁately N.

55° E. Eastward to the lower end of the project the strike progressively
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changes to about N. 65° E. Dips at the west end of the area average
gbout 8°, and except for the interruption of a local flexure asbout 2
miles downstream from the west end of the 'pro.ject, the dips decrease‘
prog;'essively in an eastward direction:.

The structure of the bedrock has influenced the course of Cheyenne
River, especially al the west end of the project area where the general
direction of flow veers from almost due north :bo a little more than 60
degrees east of north. The river flows in this latter direction to the
Custer County line, where it changes to a more northerly course for the

remaining length of the project.

GROUND WATER IN THE INNER VALLEY AND ITS TRIBUTARIES

Source and ocg urrence

Ground wa;'ber occurs under water-teble conditions in the alluvium
of the immer valley and in the alluvium of the tributary valleys. It
is derived principally from precipitation and from seepage through the
river or stream bed vwhen the level of the water in the stream is above
that of the water table. The saturated thickness of the materials in
the inner-valley alluvium is probebly jnowhere greater than 15 feet,
and in the inner valley it is consider}n:bly less. In places near the
edges of lthe inner valley the bedrock hoor is sufficiently high that

no alluvial meterials are saturated.
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Depth of the water table

In the seven wells that derive water from the alluvium of the
inner velley, the depth to stetic water level ranged from 11 to 26 feet
below land surface at the time of measurement. In places on the flood
fplain the depth to the water table is less than in any of the existing
wells farther from the river banks. The water table was encountered at
depths ranging from 5 to 15 feet in six vells drilled into the alluvium
of the tributary velleys. Ground water issues at the surface as springs
in at least two places (7-8-16cba and 8-6-lcda) where the underflow is

forced to the surface by the underlying shale. (See table 1.)

Direction of movement

If based on closely spaced control points, contours drawn on the
water table in the river alluvium would probably present a vn:iety of
patterns and would indicate a direction of movement ranging from
parallel to the downstream flow of the river to toward the river at
almost a right angle. The general direction of movement, however, is
toward and down the axis of the inner valley. At times when the water
table is high relative to the level of the rivervwa‘.ter ; ground water is
discharged into the river aloné its banks. Conversely, the river loses
water through seepage to the ground-wgter reservoir during high stesges of
river flow. However, during the greater part of the year the water table

and the level of river water probably are in spproximate equilibrium.



Table 1.--Records of springs in the Angostura irrigation project, South Dakofa.

n
o
Spring Owner or Topographic Geologic Use of | Altitude | Flow (gallons| Date of
numberl tenant situation source w;ter3 (feet) | per minute) |measurement
6-9-8bcb |U.S. Soil Terrace face |Contact, S -- 0.24 9-11-46
Conservation Qt; and Kp.
Service.
Bbce |.  do. do do s -- 4o 9-11-46 &
7-T-24cac |G. Evans Head of gully do s 3,031 .80 9- 5-46 &
31ddd | 0. Crossier Gully do S 3,067 - -
33ada |Bert Ray - do do ) 3,070 (&) - é
7-8-2acb |J. Norman Head of gully do D,s 2,975 (5) --
12bdd |R. Gamet Bench do N - -- -- &
12caa do Head of gully do s 2,923 1.18 9- 5-46 H
15bad | C. Hughes Gully do D,s 3,007 2.00 9- 5-46 5
16chc |R. Gamet do Contact, 1 s 3,014 3.00 9-11-46 o
. Qal and Kp. =
18dad |P. Fleming Bench Contact, S 2,982 46 9- 5-45 o
S ) 1 Qty and Kp. o o
19csa3|W. G. Tice Gully do S 3,018 (6) - H
8-6-1cda |J. Petty do Contact, D,s 3,03k 1.50 10- 5-46 3
4 Qal and Kp. o
" 1lbca |U.S. Soil do Contact, S 3,084 -- -- o
Conservation Qt; and Qal. 5
. Service. . o
1lbdc do do Contact, S 3,088 - - B
) Qt1 end Kn. é
8-7-3dac |J. Hines Terrace face | Contact, D,S 3,078 - -
| Qb and Kp.
5bab |O. Crossier | Gully Contact, s 3,048 - -
Qtl_ and Kp.
6ccd |H. Kneupple Terrace face do s 3,100 .38 9-25-46
Toad do Slope Contact, S,I 3,183 - -

Qto and Kp.




1 8See explanation of well-numbering system in body of text.
2 Kn, Niobrara formation; Kp, Pierre shale; Qt3, deposits of lower terrace; Qto, deposits of
upper terrace; Qal, alluvium.
3, Stock; D, domestic; N, not used; I, irrigation.
Flowing from five openings; not collected in single storage.
Sealed to prevent contemination.
General seepage; not centrally collected.
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GROUND WATER IN THE TERRACE DEPOSITS

Source and occurrence

Ground water is contained under water-table conditions in the terrace
:deposits that extend back from the walls of the inner valley. At the pre-
sent time water in thése deposits is derived almost wholly from precipi-
tation. The terrace deposits rest on impermeable bedrock formations,
principally the Pierre shale. 1In the area south of the Cheyenne River
the upper surface of the bedrock floor beneath the terrace deposits slopes
towerd the inner valley in a downstream direction. Below the terrace de-
posits in the Harrison Flat area, however, the bedrock surface is gently
concave, with a longitudinslsaxis essentially parallel to the course of
the river. Because the amount of recharge from precipitation is low and
a8 natural escape is afforded in the exposed edges'of the terrace faces,
the thickness of the zone of saturation is dependent mainly on the con-
figuration of the underlying bedrock surface and on the ability of the
terrace materials to transmit the water downward and laterally. The great-
est <thicknesses of water-saturated materials generally occur in places
where the water has collected in depressions on the underlying bedrock sur-
face; and probably such thicknesses do not exceed 15 feet. In places in
the area south of the Cheyenne River the.zone of saturation was found to
be less than 1 foot thick, and it is possible that in some parts of the
area no permanent zone of saturation exists. In the Harrison Flat area
the shale bedrock was penetrated in several test holes without encountering
any water; hence at the time of tﬁis gtudy the zone of saturation was

not continuous over this part of the project. The ground water present in

i
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the Harrison Flat area appears to be largely ;estricted to a narrow belt
that parallels the. inner valley but lies back from the terrace face. The
slope wash that mantles much of the Harrison Flat area does not readily
transmit water downward; this may account in pasrt for the thinness of the
zone of saturation beneath it. In the area south of the Cheyenne River,
where eoclian sand mantles parts of both the upper and lower terraces as
well as the intervening slope, the zone of saturation is probably
continuous from the upper. to the lower terrace. The slope of the water
table between the two terraces probably conforms approximately to the
slope of the underlying bedrock surface. Springs and seeps occur in
places where the zone of saturation igs interrupted by a steep slope be-
tween the two terraces. They occur, also, where the zone of saturat;on
in the lower terrace extends to the terrace face either in the walls of
the inner valley or in the walls of . narrow tributary valleys that have
been cut back into the terrace. All the springs have an almost con-
tinuous flow, and most have been developed for domestic use and for water-
ing stock. Data obtained on the springs in the terrace faces are pre-

sented in table 1 (p. 20).

Depth to the water table

The depth to water level in wells on the lower terrace in the sarea
south of the Cheyenne River ranges from 1% to 45 feet below land surface,
and on Harrison Flat it ranges from 9 to 33 feet below land surface. On

the upper terrace the depth to the water table below land surface ranges
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from 18 to 76 feet in existing wells. The considerable range in depth
" to the water table is probably due more to the irregularities of the
topographic surface than to any other f’actor; the depth to water level
is least in the topographically low situations on the terrace and

greatest in the topogrephically high situations.

Direction of movement

Ground-water movement in the lower terrace of the area south of
the Cheyenne River is toward the inner valley and et a slight down-
stream angle. In general, the slope of the water teble in much of the
lower terrace is approximately equal to or slightly greater than the
slobe of the underlying bedrock surface. Near points of issue such
as springs in the terrace face, however, the direction of movement is
locally changed. Springs and seeps are common in the terrace face
along the immer valley and in the valley walls of the tributery streams
that have cut into the terrace below the level of the water table.

In places where the water table is continuous from the higher
terrace to the lower terrace, the direction of ground-water movement
is approximately the same as the direction of the greatest topographic
slope -- that is, directly toward the inncr valley.

Movement of the ground water in the remnants of the higher terrace
is also toward the inner valley, but irregularities in the direction
of the slope of the underlying bedrock surf?ce control the local di-

rection of movement.
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Bedrock is exposed on the slope between the two terraces in places,
and the water table is not continucus down the slope from the higher to
the lower terrace. In some places ground water in the upper-terrace
deposits issues as springs and seeps at points along the contect with
the underlying bedrock. |

In the f!arrison Flat area the direction of ground-water movement
ranges from toward the river at the southwest end of the area to
perallel to and slightly away from the inner valley in that part of the
area between the main inner valley and the tributary valley of Cotton-

wood Creek.

GROUND WATER IN THE BEDROCK FORMATIONS

Source and occurrence

Water is confined under artesian pressure in several formations
that underlie the Angostura irrigation project. The more accessible
of the artesian aquifers are the Fall River and Lakotea ssndstones, both
of Lower Cretaceous age. These two sandstones, which are sei)&rated by
about 125 feet of impervious beds (Fuson shale and Minnewaste limestone),
crop out in a wide belt that completely encircles the Black Hills wup-
1ift. The formations @ip away from the central part of the uplift, and
beneath the area covered by this report they dip in a southeasterly di-
rection. The water in these formations is derived partly by absorption
of rain falling on the outcrop area and partly by seepage njom stresms
crossing the outcrop area. The Lakota sandstone is the moré producti‘ve

of the two, but the Fall River sandstone contains a moderate supply of
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water. Other artesian aquifers occur at greater depths.

As the Fall River sandstone is exposed at the extreme western end
of the project area, it is encountered at relatively shallow depths in
the western part of the area. The depth to the top of the Fall River
sandstone increases to about 2,700 feett3 at a point sbout 5 miles
downstream from Oral. However, the det?pth to this aquifer decreases to

|

less than 2,500 feet under the Harrisd.n Flat area.

Relation of pressure surface to land surface

Dartonh has indicated that throughout the area of the project the
pressure surface of waters confined under srtesian head in the bedrock
aquifers is at & highei‘ altitude than the topographic surface. Pro-
vided that the artesian head has nbt declined significantly in recent
years, flowing wells may be expected in much of the ares if they are
drilled to a productive formation.

Well 8-6-1Tccd, 221 feet deep, anoun:tered water under sufficient
‘head to raise it to a level 5k feet bg;low land surface. The log kept
by the drillers is given below. Geoldgicv.cérrelations' are by the
writer. |

3 Darton, N. H., op. cit., Artesian water sheet.
L Idem.
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Log of well at construction camp near site of Angostura dam
[ﬁiilled by Lewis Brothers Drilling Co., Hill City,
S. Dak., for the Utah Construction Co./
Thickness | Depth
(feet) (feet)
Soil, clayey, red (Recent)...cececeecesevescaconse b
Lakota sandstone (Cretaceous):
Sandstone, red; calcareous in upper 5 feet;
seep of water at 7O feet..cceeeeecerocences 76 1
Shale, moderately hard, dark-gray...cecesee.s b5 128
Sandstone, hard, Ied..cseecocsccesccccosscssss 8 136
Shale, Soft,38YK-graY.cccecccccscscossscsonses k2 178
Smdstone, hud..‘....0.‘...0.".0‘0.00'..0.' 11 189
Unkpapa sandstone (Jurassic):
Shale, dark~gray.ccecetccsccccsoscsssroanncnn 3 192
Sandstone, soft, cream-colored; increased
inflow Of Water..ceeeescosccsscossssnoscnes 23 215
Limestone (?)t(..l0.-0000'.00.0.......0‘0..00 6 221

Direction of movement

Water in the bedrock agquifers moves in the direction of greatest

dip, which, under the area of this report, ranges from almost due east

at the southwest end of the project to southeast under the middle and

northeast parts of the area.
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' MINERAL QUALI®Y OF THE WATERS
By Herbert A. Swenson

In'brodubtion

The composition of ground wa.tersi in the Angostura project was
de‘l;ermined in order to define the chemi*lcal character of these waters
prior to extensive irrigation development. Later studies should re-
veal any changes in mineral content due to mixing of ground waters
with irrigation water diverted from the Cheyenne River.

For this study, chemical analyses were made of ground waters
from the area south of the Cheyenne R:h‘rer and from the Harrison Flat
area north of the river. (See pl. 1.) Most of the water samples were
obtained from dug wells ranging in depth from 9.4 to 88 feet. Con-
centrations of dissolved solids ranged from 246 to 3,260 parts per
million. Hardness as calcium car‘bonaté ranged from 95 parts per
million for a spring water to 946 parts for a water from an 88-foot
dug well. Practically all well wa.ters‘; sampled were uéed for domestic
purposes and were high in mineral contént. Farmers and ranchers us-
ing these waters frequently complained of heavy deposits of salts in
pipe lines to kitchens, as well as coatings inside cooking utensils.

Also included in this section a:ré a brief comparison of eaflier
salinity measurements for 23 well wa.tefs analyzed by the Soil Con-
servation Service and a general discussion, with special reference to
percent sodium, of the relation of fluctuations in Cheyenne River flows

to the chemical character of the river ‘water.
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Mineral constituents in solution

The characteristics and dissolved mineral constituents of ground
waters discussed in the following paragraphs include those found in
quantities sufficient to have a practical effect on the value of the

waters for irrigation and domestic uses.

pH

The degree of acidity or alkalinity of water, as indicated by the
hydrogen-ion concentration, or pH, is related to the corrosive properties
of water. The value pH, which represents the negative logarithm of the
number of moles of ionized hydrogen per liter of water, should also be
kriown so that proper treatment for coagulation may be made at water-
treatment plants. A pH value of 7.0 indicates that the water is neither
acid nor alkaline. For practical purposes, the pH scale may be used
with reference to acidity and alkalinity as a temperature scale is used
with reference to heat conditions. The pH of most natural waters is
between 6.0 and 8.0. Some alkaline waters have pH values greater than
8.0, and waters containing free mineral acid have values less than 4.5.
The pH of water indicates its activity toward metal surfaces, and as
the pH increases, the corrosiveness of the water decreases. Values of
PpH ranged from 7.8 to 8.8 in the 10 samples of ground water analyzed by

the Geological Survey for thils report.
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Iron

Iron is dissolved from many rocks and soils and frequently frgm
the iron pipes through which the water flows. Iron in water in the
home is obJjectionable because it makes stains on porcelain or enameled
fixtures and on clothing and other 'fahri‘cs. Water furnished to
domestic consumers prefersbly should not contain more than 0.3 part
per million of iron. On exposure to air, water that contains more than
1l part per million of iron soon becomgs turbid with the insoluble com-
pound produced by oxidation; surface waters therefore rarely contain as
much as 1 part per million of dissolved iron. Ground waters and cer-
tain spring waters, however, frequently contain seversl parts per
million of dissolved iron until they are brought in contact with air.
Ground waters sampled in the Angosi;ura area contain from 0.10 to 0.40

part per million of Itron.

Calcium

Calcium is dissolved from practically all rocks but particularly
from limestone, dolomite, gypsum, and gypsiferous shales. Calcium and
magnesium make water hard and are the iactive agents in forming boiler
scale. Most waters associated with granite or siliceous sands contain
less than 10 parts per million of caldium; many waters from limestone
contain from 30 to 100 parts; and waters that leach deposits of gypsunm
may contain several hundred parts. Maximum and minimum values for

ground waters are 228 and 20 parts per million of calcium, respectively,
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in the analyses given in this report.

Magnesium

Magnesium is dissolved from many rocks, particularly from
dolomitic types. Its effects are similar to those of calcium, but
waters that contain much magnesium and chloride are likely to be
corrosive. The magnesium in soft waters may amount to only 1 part or
2 parts per million, but water in areas thet contain large quantities
of dolomite or other magnesium-bearing rocks may contain from 20 to
100 or more parts per million of magnesium. Msgnesium values range
from 10 to 96 parts per million in the samples of ground water collected

in the Angostura irrigation project.

Sodium and potassium

Sodium and potassium are dissolved from practically all rocks.
For most surface waters in humid regions, sodium and potassium make
up only a small part of the dissolved mineral matter. However, in many
semiarid sections of the western United States, such as southwestern
South Dakotsa, sodium is often the predominant basic radical in the
more highly minerslized waters. Waters that carry more than 50 or 100
parts per million of sodium and potassium msy require careful operation
of steam boilers to prevent foaming. Where sodix;.m salts make up most
of the composition, the water may not be satisfactory for irrigation,

and a few waters contain so much sodium that they are unfit for nearly
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all uses. A more detailed discussion of the sodium effect in
irrigation waters is éiven under the heading "Percent sodium." In
the analyses given for ground waters in this report, values for sodium

and potassium range from 10 to 616 parts per million.

Carbonate and bicarbonate

Carbonste and bicsrbonate occur in waters largely through the
action of carbon dioxide, which enables the water to dissolve car-
bonates of calcium and megnesium. Carbonate is not present in
spprecisble ‘quantities in many nstural waters. The bicarbonate in
waters that come from relatively insoluble rocks may amount to less
than 10 parts per million; many waters from limestone contain from
200 to 400 parts per million. Results for bicarbonste in ground
waters sampleci in this study are fairly uniform, ranging from 207 to

416 parts per million.

Sulfate

Sulfate is dissolved in large quantities from gypsum in beds of
shale and from deposits of sodium sulfate. It is also formed by the
oxidation of sulfides of iron and is therefore present in considerable
quantities in water from mines. Sulft.té in waters that contain much
calcium and magnesium causes the formation of hard scale in steam
boilers and may increase the cost of softening the water. Extremes in

sulfate content, with results ranging from 22 to 1,810 parts per
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million, were found by analysis 6f the ground-water samples.

Chloride

Chloride is dissolved in small quantities from réck materials in
most parts of the country. The chloride content has little effect on
the use of the water unl;ss it is present in excessive quantities, as -’
in brines. Surface waters in humid regions are usually low in chloride,
whereas streams in arid or semiarié regions may have severel hundred
parts per million of sodium chloride that has been lesched from the
soil and rocks, especially where they receive return drainage from
irrigated lands. Drinking waters containing much over 500 parts per
million of chloride have a characteristic salty taste. The chloride
concent:ation of ground waters sampled in the Angostura irrigation pro-

ject was low, ranging from 5 to 40 parts per million.

Fluoride

Fluoride may be present in some rocks to about the same extent
as chloride. However, the quantity present in natural waters is
usually much less than that of chloride. Fluoride in water is known
to be associated with the dental effect known as mottled enamel if the
water is used for drinking by young children during calcification or
formation of the teeth. This condition becomes more noticeable as
the quantity of fluoride in water increases above 1 pért per million.

It is reported that the incidence of dental caries (decay of teeth) is
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decreased or prevented by quantities of fluoride that are not sufficient
to cause permanent disfigurement from moftled engsmel. The fluoride
content of samples of ground waters analyzed for this report was less

than 1 part per million.

Nitrate

Nitrate in water may indicate pr‘jevious contamination by sewage
or other organic matter, as it represents the .final stage of oxidation
in the nitrogen cycle. The quantities of nitrate usué.lly present havé
no effect on the value of water for ordinary uses. Nitrate results
for ground waters ranged from 0.0 to 83 parts per million. The high

value of 83 was reported for a well water of which no use was made.

Boron

The boron content of an irrigatibn water is of great importance
for many crops. Some crops,5, such as beans, are ve:ysepsitive to an
excess of boron, vhereas others, such as sugar .'beets, will tolerate
large quantities. A water containing kno:e than 2.0 ‘parts per million
of boron will, in time, usually cause trouble with many crops. The
boron concentration of sampied ground waters did not exceed 0.3 part
per million. ‘

5 Magistad, O. C., and Christiansen, J. E., Saline soils, their
nature and management: U. S. Dept. Agr. Circ. 707, p. 9, Sept. 194k.



NINERAL QUALITY OF THE WATERS : 35

Dissolved solids

The guantity reported as dissolved solids--the residue on
evaporation--consigts mainly of the dissolved mineral ccx,xstituents in
the water. It may also contain some organic matter and water of
crystallization. Waters with less than 500 parts per million of
dissolved solids are usually satisfactory for domestic and some in-
dustrial uses. Waters with more than 1 ,OQO parts per million of
dissolved solids are likely to be unsuitable for most domestic and
industrial uses. Waters containing several thousand parts per
million are sometimes successfully used for irrigation when “irrigation
practices permit removal of soluble salts through the application of
large volumes of water on well-drained lands. As pointed out by
Magistad and Christiansen, fc;r a class-l irrigstion water otherwise
suitable for most plants under most conditions the dissolved solids
preferably should not exceed 700 parts per million. The dissolved
" solids ranged from 246 to 3,260 parts per million in the samples

analyzed for this study.

Hardness

Hardness is the characteristic of water that receives most
attention with reference to industrial and domestic use. It is re-
cognized by the quantity of sosp requiréd 0 produc‘e a lather, by the
formation of the insoluble curd that is objectionsble in all washing

processes, and by the deposits of insoluble salts formed when & water
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is heated or evaporated. Hardness is caused slmost entirely by calcium
and magnesium and is reported a.s calcium carbonate (03003) equivalent
to the calcium and magnesium. The ﬁardness caused by ca],ciiﬁn and
magnesium equivalent to the bicarbonate or carbonate in a water is
called carbonate hardnes‘b ; the hardness! caused: by ot}ier compounds of
calcium and magnesium is called noncarbonate hardness.

| Water that has less than 60 parts per million of hardness is
usually regerded as soft and suitable for most purposes without further
softening. Hardness between 60 and 120 parts per million does not
seriously interfere with the use of water for most purposes exceﬁt for
use in high-pressux;e steam boilers and in some industrial processes.
Waters with hardness ranging from 120 to 200 are cqnsidered hafd , and
laundries and industries may profitably soften the supply if the pard-
ness is in the upper ranges. Water with hé.rdness beyond 200 parts per
million usually requires some treatment for removal of hardness before
it is satisfactory for most purposes. Ground waters sampled in the .
Angostura irrigation proJject had hardness values ranging from 95 to 96k

parts per million.

Percent sodium

The proportion of sodiﬁm to other basic constituents in a water
has a bearing on the suitability of the water for irrigation.. Percent
sodium is defined as the result obtained by dividing the equivalents

per million of sodium by the equivalents per million of cations (usually
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calcium, magnesium, sodium, and potassium) and multiplying by 100.
Waters in which the percent sodium is more than 60 may be injurious
when applied to certain types of soils, particularly when adequate
drainage is not provided.

The ratio of sodium to other bases in an irrigation water is:
important becauvuse the qﬁantities of ca.t‘ions absorbed in a soil are
governed by the quantities of these cations in tfxe irrigation water
or soil solution. The relative quantities of calcium and sodium ab-
sorbed in a soil greatly modify its physical properties and its
permesbility to water. An irrigation water having a high sodium per-.
centage will, after a time, give rise to a soil having a large pro-
portion of replacesble sodium in the colloid. It has been reported6
that even on sandy soils with good drainage, waters of 85 percent
sodium or higher will give rise to impermeable soils after prolonged
use. The percent sodium 1n ground waters analyzed in this study varied

considersbly, ranging from 11 to 85.

Quality 6f the ground waters

General

Ten samples of ground water were taken from wells: or springs in
the Angostura project and were analyzed for mineral content. The re- ,, N
sults of the chemical analyses are given in table.2 ; where sampling
points are listed in west-to-east order. Wells 8-6-1Tccd to 7-8-21ddf.:,‘

inclusive, are in the area south of the Cheyenne River, and the re-

& Magisted, O. C., and Christiansen, J. E., op. cit., p. 8.

*



Table 2.--Chemical analyses, in parts per million, and related physical measurements

water_in the Angostura irrigation project, South Dakota

/Well numbers are listed in west-to-east order/
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maining wells and a spring that was sampled are in the Harrison Flats
region north of the river.

The dissolved solids of the ground waters analyzed ranged from
246 to 3,260 parts per million, with en erithmetic mean of 956 parts.
This mean is in close agreement with the value of 1,160 parts per
million that represents the average concentration of 23 well waters
previously reported by the Soil Conservation Service for wells in the
Angostura irrigation project. Hardness of the ground waters except
that for spring T7-8-2acb, exceeds 120 parts per million. With in-
creasing salinity, sodium is usually the predominant cation and sulfate
the predominent anion. This relation is shown for sodium in figure 8,
where concentrations of individual cations are plotted against the sum
of dissolved solids. As shown in this figure, sodium increases in
fairly direct proportion to the dissolved solids after the concentration
of solids has reached sbout 600 parts per million, but calcium snd
magnesium have little relation to concentration. A similar relastion-
ship is found for sulfate in figure 9 which shows that sulfate is the
predominant anion after the concentration of solids has reached
approximately 600 parts per million and that it increases roughly in
proportion to the concentration of dissolved solids. Little relation
was observeé in values for carbonate (calculated from bicarbonate)
and chloride to increased mineral content.

The increase in dissolved solids above 600 perts per million is
generally due to the addition of sodium and sulfate. This is more

easily seen in analyses 8-6-3ddd and 7-8-21lddc in figure 1%, where
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ho ANGOSTURA IRRIGATION PROJECT, SOUTH DAKOTA
g.naly'ﬁical results are expressed in equivalents per million, the
heights of the respective diagrams being proportional to the concen-

tration in equivalents.

Ares south of the Cheyenne River

The sample from well 8-6-17ccd , & drilled well 221 feet deep
drawing water from the Lakota and Unkpapa sandstones, contained T94%
parts per million of dissolved solids, including an appreclable
amount of magnesium sulfate. (See fig. 10.) This water, used as a
domestic supply by the Utah Construction Co., has Va hardness of 527
parts per million, which greatly exceeds the limits considered de-
sireble for most domestic purposes.

Sodium sulfate mskes up most of the mineral content of the
sample from well 8-6-3ddd, a 58-foot dixg well used for domestic pur-
poses. This well draws water from the sands and gravels of the lower
terrace. The hardness of 364 parts per million, largely calcium
bicarbonate, shows this sample to be a very hard water.

Wells 8-6-13aac and 7-T-2kcacl, both shallow, yield waters of
similar concentration but of different; composition. The sample from
well 8-6jl3a.ac, dug 11.7 feet into eolian sand, contains 723 parts
per million of dissolved solids, and has a hardness of 386 parts. The
well is not used. Well 7-7-2hcacl is a 30-foot dug well that obtains
water from the lower-terrace sands and gravels and is used for do-

mestic purposes. The dissolved-solids concentration of the water
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bl | ANGOSTURA IRRIGATION PROJECT, SOUTH DAKOTA
sample from this well was 624 parts per million, but its hardness was
considerably less than half that of the weter from T-6-13asc. Sodium
salts account for much of the mineral content of the sample from well
T-T-2h4cacl.

Of the ground waters collected in the Angosturae irrigetion project
and analyzed for this report, the water from well 7-8-21ddc, with 3,260
parts per million of dissolved solids, is the most highly mineralized.
This water, used for domestic and stock purposes, is obtained from an
88-foot dug well in the upper-terrace sands and gravels. With 964 parts
per million of total hardness, this water isr also the hardest of those
sampled. Sodium comprises 58 percent of all cations, and considerable

sodium sulfate is present.

Harrison Flat

The sample of water obtained from spring 7-8-2acb is rather highly
mineralized, having 836 parts per million of dissolved solids. It is
quite soft, however, the hgrdness of 95 parts per million being the
iowest for all ground waters sémpled in the Angostura project. Con-
sidersble sodium bicarbonate and sodium sulfate are present.

The water from well §=8-25dab, a dug well of undetermined depth
in the lower-terrace sa.mis end gravels, has the least concentration of
dissolved solids of all ground waters 5considered in this report. This
water contains 246 parts per million of dissolved solids, most of which

is calcium bicarbonate, and is used for domestic and stock purposes.
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The samples from wells 6-8-24ddc and 6-9-18accl are ver& similar
in both dissolved-solids concentration and composition. The first was
obtained from a dug well 41.3 feet deep, that penetrates the lower-
terrace sands and graveis. This water contained 491 parts per million
of dissolved solids and is used for domestic and stock purposes. The
sample of water from well 6-9-18accl, a dug well 9.4 feet deep drawing
from the alluvium, contained 542 parts per million of dissolved solids.
It is used for domestic purposes. Both samples contained more sodium
than calcium and magnesium combined.

Well 6-9-18dcc2, a dug well 37.3 feet deep, obtains water from
the lower-terrace sands and gravels. Sodium salts make up most of the
chemical composition, and the dissolved-solids content of 882 parts per
million merks this water as definitely mineralized. The water is used

for domestic and stock purposes.

Quality of the surface water

Irrigation water to be diverted from the Cheyenne River will
normally provide some artificial recharge to the ground-water reservoir.
Mixing of the surface and ground waters should modify the concentration
as well as the present chemical composition of well waters in this ares.

Cheyenne River water near Hot Springs, S. Dak., carries considerable
mineral matter in solution, particularly during low flows. The re-
lstion of the mineral content of the river water to discharge is shown

graphically in figure 11, where it is seen that the higher concentrations
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MINERAL QUALITY OF THE WATERS u7
of dissolved solids are obtained with the lower discharges.

Although the surface water is highly mineralized, values of per-
cent sodium were found tC; be fairly low. For 25 analyses of samples of
water collected from the Cheyenne River near Hot Springs during the
period 1941-46 at various stages of flow, the percent sodium ranged
from 2 to 41. Little relation was found between percent sodium snd
discharge, as can be seen by reference to figure 12.

With respect to sodium content, Scofieid7 has said:

The significance of this characteristic of the salt com-
plex in irrigation water lies in the results of reactions of
base exchange on the physical properties of thesil. If the
disgolved salts are preponderantly those of calcium and mag-
negium, i. e., if the percent sodium is low, then the reactions
of basge exchange are in the direction of msintaining good
tilth and good permeability in the soil. On the other hand if
the percentage of sodium is high the consequent reactions of
base exchange in the soil tend in the direction of the replace-
ment of calcium and masgnesium by sodium in the exchange com-
plex with the results that the soil becomes deflocculeted and
impermeable to water. Experience indicates that if the sodium
percentage is below 50 there is little danger of impairing
gseriously the physical condition of the soil. If it is above
60, such danger exists. The critical ratio is believed to
lie between 50 and 60.

On the basis of Scofield's classification, water from the Cheyenne |
River near Hot Springs should have little tendency to impeir the
physical condition of the soil, assuming proper drainasge. It should
be noted, however, that any land would probably be injured by the best
| of natursl waters if irrigated with them for a long period of time
without natural or artificial drainage, for most irrigetion waters

7 Scofield, C. S., South coastal basin investigation, quality of
irrigation waters: Csalifornias Dept. Public Works Bull. ko 5 1933.
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PROBABLE EFFECT OF IRRIGATION ON GROUND~-WATER CONDITIONS Lo
contain sufficient mineral content to cause gradual accumulation of

salts if drainage is not adequate.

Sumnary

Both ground and surface waters in the Angostura project are rather
highly mineralized and hard, the river water being characterized by re-
latively low values of percent sodium. Well waters are used almost ex-
clusively for domestic and stock purposes. The analyses of selected
ground waters sampled from wells lying in the ares south of the
Cheyenne River and in the Harrison Flat region provide information on
the salinity of these waters prior to irrigation development. On the
baslis of the grester mineralization of river waters, mixing of surface
water with ground water will probably increase the mineral content of
most existing ground-water supplies. Chemical analyses of both ground
and surface waters, if made concurrently with the application of
irrigetion water, will show any change in the quality of the ground

waters.

PROBABLE EFFECT OF IRRIGATION ON GROUND-WATER CONDITIONS

The application of irrigation water on the terrace areas over
8 period of years will have varied results, depending on the per-
meability of the material underlying the irrigated land and on

measures tesken to forestall undesirable effects.
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Water gpplied to areas underlain by a conside_fa.ble thiclmess of
impermegble slope wash soon will become waterlogged unless adequate
drasinage is provided at the outset of irriga:tioﬁ; the use of the
smallest practicsble amounts of irrigation water may help to alleviate
this condition. In the areas where the permesble terrace materials are
close below the surface, s gradual rise of the water table will take
place. The water table will first approach the surface over areas of
shallow bedrock, and if it rises to a level permitting discharge by
evé.poration , remedial measures will be required to lower the water table
and prevent deposition of miz;erals in concentrations injurious to plant
growth. The rise in the water table also will result in the increased
flow of existing springs and in the formation of new springs along the
terrace faces. This in turn may result in an acceleration of the rate
of slumping along the edges of the inner valley. Uncontrolled seepage
along the terrsce faces may result in waterlogging of the bottom lande
of the inner valley, especially those mantled by colluvium, unless
drainage is provided. Some terrace areas are underlain by a sufficient
thickness of permeable sends and gravels with adequate outlets for
drainage to prevent waterlogging; however, a close watch of the ground-
water levels under all land should bed kept after irrigation begins so
that threatening high water tables may be discovered and remedial
action taken before damage to the land occurs.

The practice of irrigation will increase the amount of ground
water availsble to wells in the greater part of the ares, bﬁt because

of the poor quality of the Cheyenne River water, which is to be used
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for irrigation, the quality of the ground water will likely become even

- worse than it is now.

FLUCTUATIONS OF WATER LEVELS IN WELLS

Measurements of the depth to water in wells in the Angostura
irrigation project are given in the following table. Measurements

from April through October 1946 were made by the Geological Survey;

those from November 1946 through August 1947 were made by the Soil |
Conservation Serviée; and those after August 1947 were made by the
Buresu of Reclamation. Pertinent data for all observation wells are
listed in teble 5 (see p. 89). Locations of all wells except 5-10-
13aa, 5-10-Tac, 5-10-9bc, and 5-10-18ba, which are outside the area

proper, are shown on plate 1.

Teble 3.--Records of ground-water levels in the Angostura irrigation
project, South Dekota, in feet helow land surface

5-9-13aa.
Water Water Water
Date level Date level Date _| level
Apr. 24, 1946 | Dry at Aug. 9, 1946 | Dry at Nov. 14, 1946 [Dry at
37.7 . 37.7 37.7
June 4 do.
5-10-Tac.

Apr. 2k, 1946 | 15.41 || Aug
June L 15.42

9, 1946 | 15.10 || Nov. 1k, 1946 | 1%.99
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Table 3.--Records of ground-water levels in the Angostura irrigation

project, South Dakota, in feet below land surface--Continued

5-10-Sbc.
Water Water Water

Date level Date | level Date level
Apr. 24, 1946 9.11 Aug. 9, 19k6 6.84 Nov. 1k, 1946 7.80
June 6.44

5“10718!)8..
Apr. 2k, 1946 |[1k.17 Aug. 9, 1946 [1hk.39 Nov. 14, 1946 | 1k.58
June 13.65 l

6-8-13aad.
Apr. 23, 1946 [15.75 Jen. 6, 1947 [15.89 Aug. 5, 19487 | 15.h47
June 15.74 31 16.27 Dec. 10 1%.60
Aug. 9 13.85 Feb. 27 15.48 Mar. 31, 1948 | 1k.55
Sept. 5 15.88 Mar. 31 15.88 || Apr. 29 15.52
Oct. 1 15.86 May 1 15.89 May 27 15.52

29 15.88 June 5 15.88 July 2 16.20
Nov. 29 15.89 July 2 15.88 29 15.65

6-8-2kddec.
Apr. 23, 1946 | 37.22 Jan. 6, 1947 | 37.25 Dec. 10, 1947 | 36.90
June 5 37.2k 31 37.20 Mar. 3, 1948 | 37.07
Aug. 9 37.33 Feb. 27 37.22 || Apr. 29 37.07
Sept. 5 37.2h Mar. 31 37.2k4 May 27 37.10
Oct. 1 37.28 May 1 37.26 July 2 38.00

29 37.26 June L 37.26 28 37.12
Nov. 29 37.22 July 2 37.20

6-8-25deb.
Apr. 23, 1948 | 33.22 || Jan. 31, 1947 | 32.91 || Mar. 31, 1948 | 32.15
June 5 32.90 Feb. 27 133.09 || Apr. 29 32.55
Oct. 1 32.39 Mar. 31 1 33.09 May 27 32.42

29 33.31 May 1 33.01 July 2 33.00
Nov. 29 33.04 || Ju1y 2 32.12 29 32.58
Jan. 6, 1947 |32.96
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Table 3.--Records of ground-water levels in the Angosturs irrigation
project, South Dakota, in feet below land surface--Continued

5

[N )

6-8-26aac.
Water Water Water
Date level Date ' level Date level
Apr. 23, 1946 | 36.32 Jan. 6, 1947 | 36.45 Aug. 5, 1947 | 33.48
June 5 36.64 31 - 36.47 Dec. 10 34.70
Aug. 9 36.63 Feb. 27 36.55 Mar. 31, 1948 | 3k.
Sept. 5 37.48 Mar. 28 36.82 Apr. 29 3%.07
Oct. 1 ‘| 36.80 May 1 36.4%4 May 27 34.04
29 36. June & 36.46 July 2 35.70
Nov. 29 36. 74 July 2 31.41 29 33.97
6-9-8cchb. ‘
|
Apr. 23, 1946 | 35.10 Jan. 6, 1947 | 35.19 Aug. 5, 1947 | 35.27
June 35.11 31 35.21 Dec. 10 35.19
Aug. 9 35.15 Feb. 27 35.22 Mar. 31, 1948 | 35.12
Sept. 5 35.16 Msr. 31 35.24 Apr. 29 35.10
Oct. 1 35.16 May 1 35.24 || May 27 35.15
29 35.18 June § 35.26 July 2 35.90
Nov. 29 35.22{ July 2 35.26 : 29 35.10
6-9-8dcc2. 1
|
Sept.10, 1946 |17.75 Mar. 31, 1947 | 17.91 Mar. 31, 1948 | 16.40
Oct. 29 17.77 || May 1 17.93 Apr. 29 - | 16.36
Nov. 29 17.80 || June 5 17.95 || May 27 16.&E
Jan. 6, 1947 |17.79 July 2 17.78 July 2 17.T!
31 17.84% Aug. 5 17.07 29 16.40
Feb. 27 17.8% || Dec. 10 16.33
6-9-18acc2.
Aug. 21, 1946 8.48 Mar. 31, 1947 7.48 Mar. 31, 1948 T.61
Oct. 1 8.31 May 1 8.25 Apr. 29 7.62
29 8.21 June 5 8.31 May 27 T.73
Nov. 29 8.22 July 2 5.88 July 2 - 8.60
Jan. 6, 1947 8.19 |l Aug. 5 6.92 29 7.78
31 8.18 Dec. 10 6.43
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Table 3.--Records of ground-water levels in the Angostura irrigation

projJect, South Dakota, in feet below land surface--Continued

6-9-18dcc2.
Water Water Water

Date level Date level Date level
Apr. 23, 1946 | 32.50 || Jen. 6, 1947 | 32.16 || Aug. 5, 1947 | 32.32
June & © | 32.44 31 32.52 || Dec. 10 32.02
Aug. 9 32.55 Feb. 27 32.46 || Feb. 20, 1948 | 32.57
Sept. 5 32.48 Mar. 28 32.47 Mar. 31 | 31.92
Oct. 1 32.45 My 1 32.61 || Apr. 29 31.93

29 32.46 June 5 32.48 || May 27 31.99
Nov. 29 32.47 July 2 32.46

6-9-184ad4d.
Oct. 28, 1946 [ T7.80 Jan. 31, 1947 8.51 || Apr. 30, 1947 | 9.06
Nov. 29 8.22 Feb. 27 8.68 June 5 8.64
Jan. 3, 1947 | 8.31 || Mar. 31 8.78 || July 2 caved

6-9-19bda.
Avg. 21, 1946 [ 32.79 Mer. 31, 1947 [ 3%.28 || Feb. 20, 1948 | 31.92
Sept.30 32.82 || May 1 34.70 || Mar. 31 31.99
Oct. 29 32.97 June 5 32.45 Apr. 29 31.80
Nov. 29 33.51 July 2 33.07 May 27 31.76
Jan. 6, 1947 | 33.5% || Aug. 5 32.79 July 2 33.50

31 33.57 || Dec. 10 32.16 29 31.68
Feb. 28 34.48

6-9-20bce.
Oct. 28, 1988 | 9.57 || Jan. 3L, 10W7 | B.57 || June 5, 1947 |10.19

29 9.05 Feb. 27 9.00 July 2 8.7k
Nov. 29 ' 8.29 Mar. 31 9.39 Aug. 5 7.12
Jan. 6, 1947 8.37 May 1 9.84

6-9-20bcd.
Sept.10, 1946 [10.27 Feb. 27, 1947 [ 10.72 || Dec. 10, 1947 | 9.20
Oct. 1 10.51 || Mar. 28 10.81 || Mar. 31, 1948 9.39

29 10.55 May 1 10.87 || Apr. 29 9.%0
Nov. 29 10.64 June 5 10.80 May 27 9.h2
Jen. 6, 1947 |10.65 July 2 10.10 July 2 9.80

31 10.66 || Aug. 5 9.1k 39 9.28
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Table 3.--Records of ground-water levels in the Angostura irrigation

project, South Dakota, in feet below land surface--Continued

T-T-25¢ccc. .

Water || Water Water

Date level Date level Date level
Apr. 19, 1946 | 11.63 Jan. 30, 1947 | 11.29 Oct. 25, 1947 | 10.89
June 3 11.04 Feb. 27 11.32 Dec. 16 10.74
Aug. 8 11.25 Mar. 28 11.3% Mar. 31, 1948 | 10.73
Sept. 4 11.31 Apr. 29 11.17 Apr. 29 10.76
Oct. 2 11.30 June 11.25 May 27 10.79
Nov. 1 11.27 July 1 10.34 July 2 11.60

29 11.28 Aug. 4 10.53 28 10.32
Jan. 3, 1947 |11.38

T-T7-26adc.
Aug. 16, 1946 | 38.45 || Sept.30, 1946 | 37.13 ||

T-7-2Tbab.
Aug. 16, 1946 | 18.66 Mar. 28, 1947 | 18.85 Feb. 16, 1958 | 18.32
Oct. 2 18.70 Apr. 29 18.89 Mar. 31 18.26
Nov. 1 18.73 June 4 18.81 Apr. 29 18.23
Dec. 2 18.86 July 1 18.45 May 27 18.30
Jan. 3, 1947 | 19.01 Aug. & 18.78 July 2 19.40

30 18.76 Oct. 25 18.28 28 18.26
Feb. 27 18.79 Dec. 16 18.33

T-7-33daa.
Aug. 8, 1046 | 37.46 || Sept. 4, 10k6 | 37.27 || Jan. 31, 1047 | 37.21

T-7-34aba.
Apr. 22, 19%6 | 19.55 Jan. 3, 1947 | 20.29 Aug. 4, 1047 | 15.h46
June 3 17.34 30 19.30 Oct. 25 20.67
Aug. 8 18.59 Feb. 27 20.38 Dec. 16 20.55
Sept. & 20.19 Mar. 28 19.86 May 27, 1948 | 17.80
Oct. 2 21.23 Apr. 29 20.02 July 2 19.80
Nov. 1 20.97 June L 19.60 28 17.08
Dec. 2 20.18 July 1 15.85
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Table 3.--Records of ground-water levels in the Angosturs irrigation

project, South Dakota, in feet below land surface--Continued

T-T-35baa.
Water Water Water
Date level Date level Date level
Aug. 16, 19h6 | 28.27 Feb. 27, 1947 | 28.%3 || Dec. 16, 19%7 | 28.13
Sept. 4 28.28 Mar. 28 28.33 Feb. 20, 1948 | 28.25
Oct. 2 28.27 || Apr. 29 28.35 || Mar. 31 28.21
Nov. 1 28.28 June 4 28.35 || Apr. 29 28.18
29 . 28.28 July 1 28.29 || May 27 28.16
Jan. 3, 1947 | 28.57 || Aug. & 28.24 July 2 29.00
30 28.30 || oct. 25 28.22 28 28.09
T-8-10cba.
Aug. 19, 1946 | 12.80 || Maxr. 28, 1947 | 13.93 || Feb. 20, 1948 | 13.00
Sept.30 15.16 || Apr. 29 13.96 (| Mar. 31 12.76
Nov. 1 14.06 June 14.08 Apr. 29 12.82
29 14.00 July 2 12.45 May 27 13.01
Jan. 3, 1947 | 13.96 || Aug. & 13.12 July 2 13.%0
30 13.94 Oct. 25 13.05 28 13.44
Feb. 27 13.91 || Dec. 16 12.84
7-8-11ccd.
 Apr. 19, 1946 | 3%.27 || Dec. 16, 1947 | 29.45 || Apr. 27, 1948 | 29.47
June 5 29.84 || Feb. 20, 1948 | 29.44 July 2 31.30
Avg. 8 31.06 || Mar. 31 29.91 28 29.29
Oct. 25, 1947 | 30.35
T-8-1k4cdd.
Apr. 19, 1946 | 48.10 Jan. 30, 1947 | 48.46 || Dec. 16, 1947 | 48.1k
June 5 48.57 || Feb. 28 48.50 || Feb. 20, 1948 | 48.1k
Aug. 8 48.55 Mar. 28 48.43 || Mar. 31 48.12
Sept. 5 48.55 Apr. 29 48 .42 Apr. 29 48.13
Oct. 2 48.49 June L8.uk || May 27 48.13
Nov. 1 48.47 July 2 h8. 41 July 2 49.90
29 48.48 || Aug. & 48.36 28 48.11
Jan. 3, 1047 | 48.46 Oct. 25 48.17
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Table 3.--Records of ground-water levels in the Angostura irrigation
project, South Dakota, in feet below land surface--Continued
T-8-1Tcbe.
Water Water Water
Date level Date level Date level
Apr. 19, 1946 | 29.04 Jan. 30, 1947 | 25.05 Oct. 25, 1947 | 2&.
June 3 25.45 Feb. 27 25.07 Dec. 16 24,38
Aug. 8 25.21 Mar. 28 25.10 Mar. 31, 1948 | 24.90
Sept. § 24 .89 Apr. 29 25.01 Apr. 29 25.08
Oct. 2 25.52 June & 25.07 May 27 25.10
Nov. 1 25.05 July 1 24.02 July 2 26.00
24 25.07 Aug. 5 24.39 28 25.15
Jan. 3, 191'-7 25 .Oh‘
T-8-19cab
Sept. 5, 1946 | 13.73 Mar. 28, 1947 | 13.64 Feb. 20, 1948 | 13.30
30 13.71 Apr. 29 ' 13.71 Mar. 31 13.34
Nov. 1 13.72 June 4 13.80 || Apr. 29 13.41
- 29 13.53 July 1 12.83 May 27 13.50
Jen. 3, 1947 | 14.15 Aug. & 13.15 July 2 1%.15
30 13.67 Oct. 25 13.3%4 28 13.42
Feb. 27 13.63 Dec. 16 13.08 ‘
7-8-204dc. |
|
Apr. 19, 1946 | 71.00 Jan. 31, 1947 | 71.39 Dec. 16, 1947 | T1.17
June 3 T1.27 Feb. 28 T1.3% Feb. 20, 1948 | 71.02
Aug. 8 T1.43 Mar. 28 T1.36 Mar. 31 76.95
Sept. &4 T1.32 Apr. 29 T1.69 Apr. 29 70.89
Oct. 2 T1.34 June L4 T1.43 May 27 T1.1%
Nov. 1 71.32 July 1 71.39 || 1y 2 72.00
29 71.57 || Aug. 4 71.43 28 70.55
Jan. 3, 1947 | 71.29 Oct. 25 T1.54 '
7-8-21ddc.
Apr. 19, 1946 | 62.69 (| Feb. 28, 1947 [61.7h Dec. 16, 1947 | 61.67
June 5 62.20 || Mar. 28 61.60 || Feb. 20, 1948 | 61.56
Aug. 8 62.10 Apr. 29 61.66 Apr. 29 61.46
Sept. &4 62.21 June & 61.67 || May 27 61.47
Oct. 2 62.00 July 1 |1 61.63 July 2 62.90
Nov. 1 62.05 Aug. L 61.29 28 61.42
Jan. 3, 1947 | 62.58 |l Oct. 25 61.65
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Table 3.--Records of ground-water levels in the Angostura irrigetion

project, South Dakota, in feet below land surface--Continued

7-8-29ccc.
Water } ' Water Water

Date level Date level Date level
Aug. 20, 1946 | T72.31 Mar. 20, 1947 | T2.32 Feb. 20, 1948 | 71.74
Sept.30 T72.30 Apr. 29 - 72.34 Mar. 31 T2.27
Nov. 1 72.31 June 4. - 72.3% || Apr. 29 T72.28

29 T72.31 July 1 72.30 May 27 72.33
Jen. 3, 1947 | 72.31 Aug. 4 T2.25 July 2 73.00

30 72.32 Oct. 25 72.25 28 T2.24
Feb. 27 72.31 Dec. 16 72.27

[

T-8-31bba
Apr. 19, 1946 | 54.85 Sept. 4, 1946 | 54.66 Nov. 1, 1946 | 54.79
June 3 54 .64 Oct. 2 5h.64 Nov. 29 54,75
Aug. 8 54.70 \ :

T7-8-33bbb.
June 5, 1946 | 23.45 Feb. 27, 1947 | 18.03 Dec. 16, 1947 |18.00
Aug. 8 18.57 Mer. 28 18.19 Feb. 20, 1948 | 18.31
Sept. 4 18.35 Apr. 29 18.07 Mar. 31 18.37
Oct. 2 18.33 June 18.05 Apr. 29 18.58
Nov. 1 18.03 July 2 18.08 May 27 18.65

29 18.00 Aug. & 17.85 July 2 19.90
Jan. 3, 1947 |18.11 Oct. 25 17.94 28 18.62

30 18.03

-6-1bad

Aug. 13, 1946 | 22.90 Mar. 28, 1947 | 23.28 Feb. 16, 1948 |23.21
Sept. & 23.23 Apr. 29 | 23.28 Mar. 31 23.22
Nov. 1 23.25 June | 23.28 Apr. 29 23.18
Dec. 23.27 July 1 | 23.28 May 27 23.18
Jen. 3, 1947 | 23.18 Aug. 4 23.30 July 2 23.50

30 23.30 Oct. 25 { 23.27 28 23.15
Feb. 28 23.25 Dec. 11 . 1 23.25
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Table 3.--Records of ground-waterlevels in the Angostura irrigation
project, South Dakota, in feet below land surface--Continued
8-6-3add. |
Water Water Water
Date level Date level Date level
Aug. 28, 1946 U44.h45 Dec. 2, 1946 | 44.5h Jan. 31, 1947 [ kk.50
Nov. 1 Wi b7 || Jen. 3, 1947 | .51 || Feb. 28  Well sealed.
8-6-9dca. A .
Apr. 22, 1946 41.20 Jan. 31, 1947 | 42.63 Dec. 11, 1047 | 42.81
June 3 ho.24 Feb. 27 ko.57 Feb. 16, 1948 | 42.62
Aug. 7 42.19 Mar. 31 k2,56 Mar. 31 k214
Sept. 4 k2.20 Apr. 29 43.50 Apr. 29 ho.25
Oct. 2 4o kg June 4 42.35 || May 27 k2.05
Nov. 1 ho.5h 30 ko .52 July 2 43.60
Dec. 2 ho.56 Aug. & 42,43 28 42.05
Jan. 3, 1947 h2.52 Oct. 25 42,98
8-6-10das.
Apr. 22, 1946 39.12 Jen. 31, 1947 | 39.27 Dec. 11, 1947 | 39.06
June 3 39.29 Feb. 28 39.27 Feb. 16, 1948 | 39.0%
Aug. 7 39.26 Mar. 28 39.28 Mer. 31 39.00
Sept. & 39.30 Apr. 29 39.25 Apr. 29 39.05
Oct. 2 39.30 June &4 39.25 May 27 38.95
Nov. 1 39.23 30 39.25 July 2 39.50
Dec. 2 39.30 Aug. 4 39.14 28 38.84
Jan. 3, 1947 39.31 Oct. 25 39.12
' 8-6-13aac. |
June 3, 1946 7.8 Feb. 28, 1947 8.4h Dec. 11, 1947 T.45
Aug. 7 8.69 || Mar. 28 8.41 || Feb. 16, 1948 | 7.65
Sept. 4 8.65 Apr. 29 8.37 Mar. 31 7.48
Oct. 2 7.99.| June & 8.36 || Apr. 29 7.46
Nov. 1 8.4%9 30 T7.01 May 27 T7.60
Dec. 2 8.49 Aug. &4 T.31 July 2 9.00
Jan. 3, 1947 8.49 Oct. 25 7.66 28 7.77
31 8.43
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Table 3.--Records of ground-water levels in the Angostura irrigation
project, South Dakota, in feet below land surface-~--Continued

8-6-13bad.
Water Water Water
Date level Date level Date level
Aug. T, 1946 | 10.28 Mar. 28, 19h7 10.27 Feb. 20, 1948 | 9.15
Oct. 2 10.36 || Apr. 29 10.25 Mar. 31 9.07
Nov. 1 10.27 June &4 10.21 Apr. 29 9.03
Dec. 2 10.28 30 9.27 May 27 9.00
Jan. 3, 1947 | 10.33 Aug. L 8.70 July 2 9.70
31 10.27 Oct. 25 9.45 28 | 9.17
Feb. 28 10.25 Dec. 11 9.25
‘ 8-6-15bdcl.
Rug. 20, 1946 | 76.26 || Maxr. 31, 10%7 | 73.50 || Dec. 11, 19k7 |66.3%
Sept.30 T7.61 Apr. 29 T3.62 Feb. 16, 1948 | 67.50
Nov. 1 .21 June & 7%.12 || Apr. 29 69.19
Dec. 2 73.50 30 T73.97 Mey 27 69.64
Jan. 3, 19%7 | 73.87 Aug. & Th.01 July 2 T70.50
31 73.41 Oct. 25 66.53 28 70.05
Feb. 28 75.18 :
8’6'16&&0
Apr. 22, 1945 39Q50 Feb. %, 1007 | 39.82 || Dec. 11, 1947 | 39.52
June 3 39.56 28 | 39.71 Feb. 16, 1948 |39.k1
Aug. T 39.59 Mar. 31 39.73 Mar. 21 39.32
Sept. & 39.62 || Apr. 29 39.78 || Apr. 29 39.25
Oct. 2 39.62 June 4 bo.12 || May 27 39.20
Nov. 1 39.67 30 39.72 July 2 ko.70
Dec. 2 39.68 || Aug. L 39.79 28 39.35
Jan. 6, 1947 | 39.96 Oct. 25 39.61
8-6-1Tccd.
Aug. 13, 1046 | 56.36 [[ Aug. 30, 10k6 | 5h.25 ]| Sept.26, 1046 [5h.05
8-6-1Tdch.
Aug. 13, 1946 [ 4k3.15 || Oct. 3, 1046 | 39.08 || |
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Teble 3.--Records of ground-water levels in the Angostura irrigetion
project, South Dakota, in feet below land surface--Continued

8-T-heee.

. Water V Water ' ’ Water
Date level Date level Date ‘ _] level
Apr. 22, 19k6 | 36.50 Mar. 31, 1947 | 39.69 Mar. 31, 1948 | 38.65
June 3 39.28 Apr. 30 39.65 Apr. 29 37.97
Avg. 8 39.59 June 30 39.05 May 27 38.60
Oct. 2 39.32 || Aug. 5 39.52 July 2 39.70
Fov. 1 39.k5 Oct. 25 | 39.17 28 38.63
Dec. 2 39.29 Dec. 11 38.95

8-7-5acc.

Aug. 13, 1946 | 45.26 Mar. 28, 1947 | 45.47 Feb. 16, 1948 | 44,99
Sept.30 k5.23 Apr. 29 4s5.61 Mar. 31 44 .98
Nov. 1 k5,25 June L 45 .62 Apr. 29 L4 .ok
Dec. 2 "45.43 July 1 45.33 May 27 4y 92
Jan. 6, 1947 | 45.34 || Aug. & 45,18 Juy 2 45.50

30 45.35 Oct. 25 45.08 28 Yy 72
Feb. 28 45.51 || Dec. 11 45.03

8-7-6dcd.

Apr. 22, 1946 | 34.05 Jen. 30, 1947 | 3%.17 Dec. 11, 1947 | 33.32
June 3 | 34.03 Mar. 28 34.19 Feb. 16, 1948 | 34.6h
Aug. T 3%.04 Apr. 30 34.89 Mar. 31 3%.79
Sept. 4 33.92 June 4 35.02 Apr. 29 34.73
Oct. 2 3h.01 || July 1 34.11 || May 27 C 1 3h.Th
Nov. 1 34.00 || Aug. & 33.87 July 2 35.60
Dec. 2 34.08 Oct. 25 33.60 28 34.83
Jan. 3, 1647 | 3h.07 : '
8-T-Tbbb2.

Apr. 22, 1946 6.4h Jan. 30, 1947 6.36 Dec. 11, 1947 5.30
June 3 5.20 Feb. 28 6.12 Feb. 16, 1948 5.67
Aug. T 7.98 Apr. 29 5.94 Mar. 31 5.22
Sept. 4 6.89 June 4 6.25 Apr. 29 5.27
Oct. 2 6.36 July 1 2.83 May 27 5.53
FNov. 1 6.26 || Aug. 4 5.77 July 2 6.80
Dec. 2 6.50 Oct. 25 5.85 28 6.77
Jan. 3, 1947 6.37
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Table 3.~-Records of ground-water levels in the Angostura irrigation
project, South Dakota, in feet below land surface--Continued

8-7-8dcc.
Water Water Water
Date ' level || Date level || Date level
June 5, 1946 | 17.51 || Feb. 28, 19%T | 16.92 || Dec. 11, 1947 | 16.06
Aug. 8 17.21 Mar. 28 16.96 || Feb. 16, 1948 | 16.15
Sept. 5 16.57 Apr. 29 16.99 Mar. 31 16.20
Oct. 2 17.08 June 4 17.0k || Apr. 29 16.24
Fov. 1 17.16 30 16.74 || May 27 16.21
Dec. 2 17.17 Aug. 4 | 15.47 July 2 16.12
Jan. 3, 1947 | 16.82 Oct. 25 15.95 28 15.87
31 16.84 :
TEST DRILLING

The drilling of test holes revealed the charscter of the un-
consolidated mantle deposits, the dei:th to the water tab;l.e , and the
depth to bedrock in parts of the area for which this information could
not otherwise be obtained. A total of 87 test holes were drilled, all
by a Buda auger equipped with 30 feet iiof auger stem. Logs of these
test holes were kept by the writer at the time of drilling and are
given in the table below. Th; altitude of the land surface at the site
of ea.ch. test hole was determined from topographic plane-table sheets
made by the Bureau of Reclamation and is given in the table of records

of wells and test holes. (See table 5, p. 85.)
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Table 4.--Logs of test holes in the Angostura irrigation project, South
Dakota
6-8-2heba. 1,848 feet west of NE.cor. sec. 2h.
Thickness| Depth
: (feet) |[(feet)
S0il, ClayeY.eoacocoscsccocooacsscnsscsnssnnsssass 4 i
Clay, brown to buff, hard, alkaline, soapy-

DDA ING . eeteerreccsssssvevsrsessssccscsscnncan 2 6
Clay, dark-brown, hard, alkaline...eeecececeescse 2 8
Clay, slightly gritty, buff, very hard.ceececece. 6 14
Send, dirty, with some gravel...cececccsscccssces 6 20
Sand, fine to medium, fairly clean, with some

BravVel..cceescesecossscncscsessassoscssncasssnnss b 24
Sand, fine to medium, Gark-broWN....ececccecsccsss 6. 30

No water encountered.

6-8-2hacd. 2,620 feet south and 1,848 feet west of NE. cor.

sec. 2k,

S01l, Clayeyeeceeeorcocesscoscsssocrsssonssscnnsnes
Clay, brown to buff, hard.ccecceccoscccesesccsces
Clay’ bu.ff, ha.‘!'d, alkaline..-...'...-.............
Clay, brown to buff, hard, alkalin®...ceeeceeesss
Clay, silty to sandy, buff, alkaline..ceeecescsses
Sand, medium, dirty, with some gravel.....c.cc...

Sand, fine to coarse; some gravel; layer of coarse

gravel and pebbles at 24 feet...cceveeeccccvoss
Sand md @avel'olocooca.o.lo.toc‘..c-.o'.o0.0000
No water encountered.

O\

1
5
6 1

158

19

2h
30

6-8-24add. 2,600 feet south and 22 feet west of NE. cor.

sec. 2k.

Soil, cl&yey, dark’brom, hardacaoo-oQOQQOOOQQQGO

Clay, Silty, h”dcvo.t.ot.'...colo‘..o‘t......ot. '

clay, brom to b'uff, hard-.....-...........‘......
Sand, coarse, with some fine gravel.c.ceeccecesses
Sand and fine gravel, dirty, with some coarse
EPOVEl . . veeorscceccsosvronassssssesssasscnsssses
Gravel and sand, fine to coarse, Airty¥..cscecccss
Sand; coarse, clean..............-.-.........o...
No water encountered.

O & F oA

RN

9
11

15

19
28

32
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Teble 4.--Logs of test holes in the Angostura irrigation project, South
‘ Dakota--Continued

6-8-24bdd. 2,620 feet south and 2,930 feet west of NE. cor. sec.

2k,
Thickness Depth
‘ (feet) (feet)
Cley, brown, hard, alkaline....eecceceescocses 6 6
Silt, clayey, hard, alkaline....ceeeeececsecee 2 8
Clay, brown to buff, hard.ccceecceoeccccccccss 1 l&i
Clay, olive to dark-brown, very hard....c..... 3 1T
Clay, sandy, with some gravel; hard....oececees 13 19
Sand, fine to coarse, dirty, with a little
BraVEel .. ccieeercosssscssrcccsncscssssnsnsone 11 30
No water encountered.

6-8-24cdd. 2,640 feet west and 60 feet north of SE. cor. sec. 2k.

Soil, clayey; alkaline at 4 feet..ceocceceess 9 9
Clay, hard, brownish, greasy-appearing....... 2 11
Gravel, dirty, with pebbles up to 3 inches in
diameter...cccececsvecerccccnccncsocccnncses 2 13
Gravel, 88NAY.cseesccscscoscccocsscsasconsocce 12 25
Sand, fine, SiltYeescereccoscsocsvececcsosncs 6 31
No water encountered.

6-8-26bbb. 80 feet east and 80 feet south of NW. cor. sec. 25.

Soil; crumbly clay; slightly gritty from 3 to
i3 2 L h

Clay, sandy; alkeline to 63 feet; less sandy at

S S P 9% 133
Silt, sandy, with pebbles and gritty clay; very

hard Arilling...ceeesecevsscccssccocarconss 1 1
Clay, with soft layers; some iron staining... 11 16
Silto’coo-o.oc-.o.....oo.ooo-coo.ooo.a.boo--o 2 18
Clay, hard.iccecececocescssossncssssscesoncncss 2 20
Clay, silty-o-oocoocoo.ooo.-oo.oo.aooo;buoooo 7 27

No water encountered.
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Table 4.--logs of test holes in the Angostura irrigation project, South
Dekota--Continued

6-8-25cba. 2,560 feet north and 1,300 feet east of SW. cor. sec.

25.
-Thickness Depth
(feet) (feet)
Soil, 8ilty and ClayeY.c.eceoececscssscvcasoses 4 8
Clay, brown, compact...ccocceccosesssccssccnnnsne 3 7
Clay, S8ilty.cceceeveccrocosscssassssscoscnanses , 2 9
Clay, COmPACt, GTY.ceeceeeeecsosessosccsosnnnssn -1% 103
Clay, silty.eccececceenscscscenssessracocssancsas 23 13
Sand and gravel, dirty, with scattered coarse
PEDD e, i iiecscoscorsccsesscsssccccaascaracns 2 15
Sand, coarse, and gravel, with a few large
pebbles; loose; drilled easily...occcsececcss 15 30
No water encountered. : ;

6-8-35acb. 1,500 feet south and 2,620 feet west of NE. cor. sec.

35.
S01l, clayey, heavy.ceecesoescocacsasssscsscnas 3= 3z |
Gravel, sandy and silty, Airty.cececececcaccces 1 -5
Gravel, coarse, with some sand; pebbles b to

5 inches in diameter..cccceceecevecorcoencccns 11 16
Sand, fine to coarse, with some gravel; dirty.. ll% 27%
Gravel, Clayey. . cceeveresvsassssccossonccsscnscas 1z 29
Shale, weatheréd (Pierre)....ccceececccrccccaces 1 30

No weter encountered.

6-8-36bbb. 10 feet east, 10 feet south of NW. cor. sec. 36.

S0il, clayey, G&rk-DYOWN..ccecececcsssssasaness Eﬁ 24
Sand, fine, with scattered pebbles; dirty...... T
Sand, with some gravel; a few large pebbles up

to 2 inches in diameter...ccveevcecosccccosss i 11
Sand, with coarse gravel; scattered pebbles up

to 3 inches in dismeter below 15 feet........ 11 22
Sand, clayey t0 8ilb¥ecoeeceeececccccsconaasnnas 2 2k
Clay, reddish-hrOWh.csscrecosososasessersnccses 1 25
Sand, with coarse gravel, dirty.cccescocscccces T 32

No water encountered.
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Teble 4.--Logs of test holes in the Angostura irrigation project, South

Dakota--Continued

6-9-5dbd. 1,900 feet north and 1,560 feet west of SE. cor. sec. 5.
Thickness | Depth
(feet) (feet)
S0il, 8aNAY.eceecctasctcscrsccrcrcococesncanae 2 2
Sand, fine, silty, hard, alkaline......ccccee.s 6 8
Sand, fine to coarse, with some fine gravel... 7 15
Sand, coarse, with fine to coarse gravel; =a
few large pebbles between 15 and 25 feet.... 17 32

No water encountered.

6-9-5dcc.

2,048 feet west and 25 feet north of SE. cor. sec. 5.

3011, Sa.ndy Clay.............n...............
Clay, gritty brown, harG..cccceecescscccscscesccs
Sand, coarse, with scattered pebbles...ccecsee
Sand, with some gravel; some large pebbles;
10089.-oooo..’o¢otoo-c.ootooooooooooooaooooo
Gravel, fine to coarse; large pebbleS..cseceee
Gravel, fine to coarse, pebbles up to 4 inches
in diemeter.cecececcrevrcccscecrsscsvasenscoce
Sand-’ fine‘....006.6....'...‘.....0...‘...0..0
Shale, hard, compact, blue-gray (Pierre)......

Depth to wvater, 28.2 feet below lggd surface.

oo+

TP

1

3
5

15%
20

28

o

6-9-8adc. 2,640 feet south and 1,280 feet west of NE. cor. sec. 8.
S011, SANAY...cceeterscorcsccsscccsansencocsss 1z 1%
Sand, silty, compact, alkaline....c.ceeveesaces 4
Sand, fine to coarse, with some gravel........ b gg
Sand, cosrse, with some coarse gravel......... e 17
Shale, dark blue-gray; upper few inches '

weathered (Pierre).cc. ccceececccccccnscscse 3 20

Water at about 16 feet; slumping of hole prevented

accurate measurement of the ‘depth to water.

|
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. TPable L.--Logs of test holes in the Angostura irrigation project, South
Dakota--Continued

6-9-8ccc. 11 feet east of SW. cor. sec. 8.

Thickness Depth

(feet) (feet)

Soil, sandy and clayey, DrOWh..ecoscsccscscossass l% 15
Smd...oi...'0".0......00.'0..00.00...........0. 2_2— h
Sand, coarse, fairly clean, with a little gravel. 6 10
Sand and fine to coarse gravel; 1loOS€....ec000000 T 17

Gravel, fine to coarse, and sand; scattered small

shale fragments in lower part...cccvecvcecscecs 15 32

Depth to water, about 31 feet below land surface; slumping
of hole prevented accurate measurement of depth to water.

6-9-8cdc. 1,330 feet east and 10 feet north of SW. cor. sec. 8.

S01l, SANAYccsaaceesecescssercsencsessscesssasane 1 1
Clay, gritty.ceeceeccosssossccssassssossasccanccas 1 2
Sand, fine to medium, 10OS€...cccecoescscscccsnns 2 3
Sand, coarse, with a little gravel; clean..csece. 9 13
Sand, coarse, with some gravel.....cceecesceccsss 1 1t

Shale, weathered, 0live-colored.ccscscesscscncnns 17
Shale, dark-gray, very slightly weathered
(Pierre).tt..t.o..-oOOOOOOOOOOI‘..O......QO....
Thin zone of saturation penetrated; slumping pre-
vented measurement of depth to water. ]

[
=
(o2]

6-9-8daa. 275 feet west and 2,630 feet north of SE. cor. sec. 8.

"80il, sandy and Clay®V.scoecscnceosscccossscesacso

Sand, with some gravel....ccceeensrccscceccsccose

Sand, with fine to coarse gravel.ccceccccsscosces

Clay, olive-drab, with scattered shale fragments.

Shale, olive-drsb to blue-gray, hard (Pierre)....
No water encountered.

A%, W) I\)hI)?H&L
N o-sl\n'&?_‘

o

6-9-8dbb. 18 feet east and 9 feet south of fence corner at center
of sec. 8. '

Soil, sandy and ClayeY.ceccececoscrscssccosssonss 2 2
Sand, fIN®.ceecoseesocssvsesvscssssscoscscsascvanss 6 8
Sand, coarse, with some gravel; clefN...ccececose 2 10
Gravel, fine to coarse, lOOS@.ccessecsecosssascns 5 15
Gravel, fine to coarse; some pebbleS..ccocscesses 10 25
Sand, coarse; very loose at 25 feet..ccosccscesss T 32

Water at bottom of hole; slumping prevented measurement of
depth to water. | |
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Table 4.--Logs of test holes in the Angostura irrigation project, South

Dakota--Continued

6-9-8dcc. 2,770 feet east and 25 feet north of SW. cor. sec. 8.

Thickness Depth

_ (feet) (feet)
Soil, sandy, brown, loOS€..cevcecesacsssscosasass 1 1
Clay, DroWD.cccesseorcesossossossossscecosnscscncaes 1 2
Sand, fine, with some coarser material; dirty;

JOOS® . .ceciceesnncssossssscasscossscenenccccns 3 5
Sand, coarse, with a little coarse gravel;

100S@. s asseeosassssssssascnnsscssanassacnsnnnas 8 133
Shale, blue-gray; upper part slightly weathered

but lower part fresh (Pierre).................. 5% 19

No water encountered.

6-9-8ddd. 60 feet west and 50 feet north of SE. cor. sec. 8.

Soil, sandy and Clayey..ccoceecocsvosacscssssvnse
Sand, fine to coarse; gravel at 4 feet; loose....
Sand, with large proportion of coarse gravel;

10088-.-‘-.....0.--o....-......ooo--....o......

Shale, olive to greenish-gray, grading downward to

dark blue-gay (Pierre).O..O...'t....4‘......‘..
No water encountered. ‘

Vi o Wi

2
>
10

15

6-9-1Tbcc. 2,500 feet south and 3b feet east

of NW. cor. sec. 17.

Soil, sandy and clayey, dark-DIroWh..cecocsssavoes 13 l%
Clay, s8ilty, hard..cccecovcssecessessssccascscscs 1 25
Sand, fine to coarse, with some coarse gravel;

o hi 7
Sand, coarse, and some Eravel..c.cccsicsesccsscnas 3 10
Sand and fine gravel, with some very coarse

EraVel. ..ot iiiseecncescssscncsannsassncascosoce 2 12
Sand and gravel, with scattered very large

PEDDLEE . et varerasoonconnsssccarcnsssncensasces 13 133
Shale, weathered, greenish-gray...c.ccceeeesscccese 1 15
Shale, blue-gray, hard (Pierre)...cceceeececessse 2 17

No water encountered.
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Table L4.--Logs of test holes in the Angostura irrigation project, Scuth
Dakota--Continued
6-9-17bdd. 2,565 feet south and 2,482 feet east of NW. cor. sec.
17. 1
Thickness Depth
(feet) (feet)
Soil, clayey, with some coarse gravel; hard;
alkalinelQ...."'.O‘...OO.‘O..0......“.‘..‘.0 3 3
Pebbles....i.....’.."...0...0..01..0’0"0..‘.. l% h%
Shale (weathered zone), light-brown to buff with
. olive cast; iron stresks common below 10 feet 7% 12
Shale, dark-gray (Pierre)...................... T 19

Water level on Oct. 25, 1946 (4f hours after hole was

completed), 8.20 feet; on Oct. 28 7.90 feet; on Oct.

29, 7.96 feet,

6-9-1Tcdc. 1,848 feet east and 35 feet south of SW. cor. sec.

17.

Clay, wet, SsticKY.eeecosocecsossnrscsacnssncnes
Gravel, fine, dirty.icceeceteccsssscossscacccnne
Sand and gravel...ccceceeccccscscosscccccsocacss
Clay, silty, blue-gray; contains small shale:
fragments and grades downward into shale; wet;
sticky.a0Q.Q'.0.0.00.QC.OOCOOO.‘.O..O.QC‘.QC.

Sha].e’ blue‘yay.;........C......‘...........0.

™

0\#‘““’)_

12
15

6-9-18ccc. 80 feet north and 80 feet east of SW. cor. sec. 18.

Clay, tough.vsevescscsascocecscssccssocsssnscas
Clay, silty, buff to brown; quite alkaline to
depth of 2bout 6 feet..eeececrceececcvocccsns
Clay, silty, buff..cceececssesssscccccsoacansnas
Clay, brown, with scattered pebbles; hard......
Gravel, fine, sandy, dirty, loos€...cccecevececs.
Gravel, mostly fine, with layers of coarse to
very coarse gravel; scattered pebbles, loose.
Gravel, fine, sandy, with some coarse to very
COAYrse gravel; lOOBC..sceecececsscasanssvocnes
Sand, coarse, with some fine gravel; clean;
loose. 06.....D..QQ.'Q.C..I...O0.0QDQQ....C.'O
Sand, fine to coarse, buff, clean......ccceeeee
No water encountered.

£ W w
Nf0l

e & oW

11
15

2k

28
32




T0 ANGOSTURA IRRIGATION PROJEC&, SOUTH DAKOTA

Table 4.--Iogs of test holes in the Angostura irrigation project, South
Dakota--Continued

6-9-18dccl. 2,630 feet east snd 30 feet north of SW. cor. sec. 18.

Thickness | Depth
(feet) (feet)
Soil, clayey, dark-brown, Compact...ccceeeesscceaces 2 2
Clay, brown, with some fine gravel; hard.....ecece. 1 3
Sand, silty to clayey, buff...cceveeccrcencancncens 2 5
Sand, fine, Airty, 1lo0S@..ciceveersscccecoccscsense 2 T.
Sand, fine to coarse, with fine to coarse gravel;
10088 . . tetttcncsrrecsseasncassssssssassesancanses 4 11
Sand, coarse, with fine gravel; some coarse gravel;
100G . centescscsncessrcsssssconcessassscsasscrcas 7 18
Sand, coarse, and coarse gravel; some large pebbles;
lOOSC.......‘.-.........-....‘..............‘..... 9 27
Same as above but contains more large pebbles and
a few shale fragments; 100S®...cveecsvavcccencces 5 32
Water level, sbout 32 feet; slumping of hole prevented
accurate measurement of depth to water.
6-9-18ddd. 20 feet north and 36 feet west of SE. cor. sec. 18.
011, Clayey.eeceesseceoscsorscscoscccososesessonens 2 2
Sand, silty to clayey, alkaline...ccecresrevenccccce 1 3
Sand and gravel, hard, compact...cceescsscccocceces 2 5
Clay, silty, buff to gray to light greenish-brown;
PlastiC.vieieeeeesasscsnscasrsosaressscosossocnsonns 7 12
Clay, silty, light-brown to buff, with shale pebbles;
PlastiC. . icecacersesescssesosscsososocssasssansssne 5 17
Shale, AarK-gray..ceeecseesesccootcscscscscscansoses 1 18
Water level, 8.75 feet.

6-9-19adc. 2,640 feet north and 1,320 feet west of SE. cor. sec.
15. '

S01l, 5andy, DrOWN..cccecsecsocsssscsssscccsocasoss
Clay, gritty, hard...ccceeeccseocsonssnssssconscess
Sand, silty, COmMPACt.ccvveesasscesasrrssssscnsscnse
Send, fine to medium, with some gravel...ccceceecoee
Sand, coarse, with scattered pebbles; clean; loose.
Sand, coarse, to fine gravel, with a few shale
pebbles in lower Part...ccccecescecsssesosocnscsss
Shale, weathered..veieceersesescceosverccscnsaconne
Shale, derk blue-gray t0 blacK..ceevetvrococascsces
No water encountered.

N
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TEST DRILLING

Table 4.--Logs of ‘test holes in the Angostura irrigation project, South

T1

Dakota~--Continued
6-9-19caa. 2,625 feet north and 2,340 feet east of SW. cor. sec. |
19. 3
Thickness | Depth |
(feet) (feet)
Soil, clayey, dark-browWl.seecececcesccsscsssasnccs 2 2
Clay, silty to sandy, brown to buff, alkaline... l% 3% |
Clay, DrOWN..ceeceeorescasccocsccsssrsscencscane 1z 5
Sand, fine to coarse, Airty...cecececocceccocnes 2 T
Gravel and coarse sand, with scattered large
pebbles 2 to 3 inches in diameter; loose...... 3 10
Gravel, fine to coarse, poorly sorted, loose.... -3 13
Sand, fine to coarse, yellow-brown, clean, loose 2 15
Sand, coarse, to fine gravel, with some coarse
gravel and scattered large pebbleS......ee.ce. 11% 26z
Sand, coarse, with a few shale pebbles.......... 55 32 |

Depth to water, 24.8 feet.

6-9-19cdc. 1,320 feet east and 25 feet north of SW. cor. sec. 19'1

|

Soil, clayey, dark-brown, cCOmpact..cccecocscesss 15 lg
Clay, Duff, NBrd..cceseeececoccconsasesssosscnes 2 3
Sand, silty, with some coarse gravel.....cecee.. 13 5
Sand, with some gravel; 10OSE@...cccsoscecsccsses 1 6
Gravel.and sand, dirty, loos€...c.cceecsessccses T 13
Sand, coarse, with some gravel from 20 to 25

feet. i ieecccssscssnsscrocrorconcnssacssssans 12 25
Sand, silty and somewhat clayey, with some fine

gravel; contains a few shale pebbles.....ec00. T 32

Water level, about 30 feet; slumping of hole prevented

accurate measurement of depth to water.

6-9-19ddc.

1,300 feet west and 36 feet north of SE. cor. sec. 19.

Soll, SANAY.vtevecrtcoscocascsscassssnossnssoasses
Soil, clayey.ceeeeccrorscascsnccacescssscsvonons
Sand, silty, alkaline.....ceec0cces000000s000nvae
Sand, fine, with some gravel...ccocececccossoces
Sand, fine, with some gravel; looS€..ceccesescse
San.di medium, with clayey silt streak from 13 to

135 feet....‘...'.....,........u..............
Sand, coarse, with layers of pebbleS..ccoeeecess
Shale, olive-colored, weathered..cccceeeccecesss
Shale, dark blue-gray to black, hard, (Pierre)..

No water encountered.

HN~IH WVIWN
o

[

12

13%
21
23
ol




T2 ANGOSTURA IRRIGATION PROJECT, SOUTH DAKOTA

Table 4.--Logs of test holes in the Angostﬂa. irrigation project, South

Dakota--Continued

6-9-20bcc. 2,425 feet south and 22 feet east of KW. cor. sec. 20.

Thickness
(feet)

'Depth

(feet)
1

Soil, clayey, Aark=brown..ccccsccssscvsosscssccccssns
Clay, 8ilty t0 S8NAY.cceecesssrcaorrssnscscccansssns
Sand, fine to coarse, with some layers of gravel and
scattered pebbles; Airty.cceceerssccrvcccsccaccnces
Sand and gravel, some very coarse; Airty..ceceeccees
Clay, slightly silty, greenish-gray, tough, plastic.
Clay, light-brown to gray, with scattered shale frag-
ments; tough.vccceococsecconssosseercoscaccensccccone
Clay, with numerous embedded shale fragments; tough.

Shale, d&'kblue-gl‘ay (Pierre).0'..0"000.00.0'.:0'0

1

2%
1

5
i

5
Depth to water on Oct. 25, 1946 (6 hours after completion)

18.1 feet. See table § for additional measurements.

3%

2

10

15
19
2k

6-9-29bad. 137 feet northwest of northwest end of Cheyenne River
bridge, 10 feet weat of center line of road, 25 feet south of cattle
gate, 250 feet northwest of northwest benk of Cheyenne River.

SOil, sand.y...oo-.a.o.-oOotloo.coo.ooo.t.o.ooc.'.o‘o
Smd’ silty, ‘b‘ﬁf‘.l‘CO"O...'...’..0.0..."0“...'.
Smd’ fine to medi‘m".‘O.'......"...!".‘..‘.....O

Sand, coarse, with some coarse gravel; scattered large

Pebbles‘t.oco.0'000000..00'00'.0..0..‘0..00000..'00

Sand and very coarse gravel, l00OB€.¢.cccscescwccrens

Shale, dark blue-gray to black (Pierre).....cceeees.
Zone of saturation above shale; slumping of hole

& WP

L
1}
prevented

measurement of depth to water.

6-9-29cca. 1,045 Peet east and 800 feet north of SW. cor. sec. 29.

SOil, Silty clay.»..o.ovoit.ooooo..'0.0...-000.....! ‘

Silt, grading downward to clayey silt at 4 feet.....
Send and gravel, dirty, becoming coarser at T feet..
shale’ darkblue-gay (Pierre).0"0..‘0...‘..0.'.0..

ot

W W

Depth to water between 5 and 6 feet; slumping prevented

accurate measurement of depth to water.

\O oW =
niH




TEST DRILLING

Table L4.--Logs of test holes in the Angostura irrigation project,

Dakota--Continued

73
Soutq

|
6-9-30acb. 1,930 feet south and 2.520 feet west of NE. cor. sec.}
i

30.
Thickness | Depth
(feet) | (feet) |

Soll, sandy t0 gravelly.ccveccsssscssecsnososconns 2 2
Sand, coarse, with some gravel...ccceeeeccvoccease 2 y
Sand, dirty; large number of scattered shale frag-

173X 7 - S 2 6
Sand, dirty, with scattered shale fragments and

BOME COBYBE EraVel...cccvavcesescscoscosssscsons 4 10
Sand, with large amount of reworked shale......... 2 12
Sand, coarse, fairly clean; lower part contains shale

fragmentS.ceeeesecscsraccsocecsscossssocoscsnnes 3 15
Clay, light-brown to olive-colored...c.cccecsecccsss 10 25
Sand; contains Clay..eceecescccssssssesssecascacns 3 28
Clay, light-brown to olive-colored....ceeeeceesees 3 28

No water encountered.

6-9-30dba.
30.

2,600 feet north and 1,850 feet west of SE. cor. sec.

5011, silby Clay.cceceroccsanscerscncnoseroscscess
Silt, grading downward to fine sand...ececccecccece
Gravel, with some Sand..ccseccescvccsecscscscsscce
Shale, dark blue-gray.coeevecsccsccsscccscascccocse

1

ol opOhe

Water level probsbly between 12 and 14 feet; slumping
of hole prevented accurate measurement of depth to

water.

3
0 .
20}

7-T-23deb.
23.

2,640 feet north and 1,320 feet west of SE. cor. sec.

v
eB s o0t rrrsEOGsOOOSOODOS

Soil, sandy and silty......
Clay, silty, alkasline (hardpan)..ccceccececaccocas
Silt and fine sand; coarser at 95 feet; dirty.....
Sand and Eravel...cccvecectcancsccssssssccscossncee
GraAVel.ciceeeecinncsnerocsssssosseossconnscescnccnssss
Sand and gravel....ccceccescsscserosoesesossscnnse
Shale, weathered, admixed with sand and gravel....
Shale, fresh (Pierre).............................
No water encountered.

wHWWO PW
MH\)’}?-‘ - n
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T ANGOSTURA TRRIGATION PROJECT, SOUTH DAKOTA

Table L.--Logs of test holes in the Angosturas irrigation project, South

Dakota-~-Continued

T-T-25aaa. 25 feet south and 25 feet west of NE. cor. sec. 25.

Thickness Depth
o (feet) (feet)
Soil, clayey and slightly gritty; alkali in-
Creases AOWNWATA...coeeeoscvevoranaansascssss 5% 5%
Sand, dirty, grading downward to clesn, yellow,
fine, uniform sand; coarser at T3 feet; gravel
1aYeT 8L O Ot veruieeeeerveneerecnnseocnnns 3% 9
Sand, coarse, fairly clean, with some gravel;
gravel layers at 16 and 20 feet.cvceviccocanss 12 21
Sand, gravelly, with layer of gravel at 26
T /2 9 30

Zone of saturation penetrated between 25 and 28
feet; slumping of hole prevented accurate measure-

ment of depth to water.

T-7-25abb. 2,640 feet west of NE. cor. sec. 25.

Soll, clayey, gritty.ciceecerecsosrvcesconsnnnns
Sand, fine’gained, dirtyoo'o.t.oolooc.coco.olo
cl&y.oatoso..oc--to'ooo.ooo.‘00000:0’0‘!.00.00'
Sand, fine-grained, dirty.ccecececececaccsscocs
SaNd, COAPBe.ccvecesrssserssnssesssrcccsiesnsscns
GravVel .. ..ieivaesseacccrnonsassssosssctsnsssosns
Sand, COArSe....vcressorsssscscosrassossnscenes
Gravel.coceeeeeesosssesssessnssssscscasonsnstsses
Sand and gravel..cicceescecsasssssssccsosonccons
No water encountered.

A% | (¥3) (¥3)
o o™ et ™

|

f- N

11
12
17
175
30

T-T7-25cdd. 2,520 feet east and 25 feet north of SW. cor. sec. 25.

Soil, sandy and clayey................,..,3....
Sand, fine, dirty.cceeeccrecoreccccacsiossronee
Clay, Silt¥esesececoceaconssscsscosscssossccons
Sand, fine, moist, Airty.ceceeecccrcccsrscseses
Cl&y, Slightly Sa.ndy........-.........p.......'
Sand, uniformly fine-grained, brownish-yellow..
Sand, fine to medium, grading downward to coarse

g‘aﬂvello..o...aoo.".o...‘QO..Otoo..bc.oot.oo

No water encountered.

m" "
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TEST DRILLING

Table 4.--Logs of test holes in the Angostura irrigation project, South

Dakota--Continued

T-7-25d2a. 2,390 feet north snd 24 feet west of SE. cor. sec. 25.

|
(§7

| Thickness Depth
(feet) (feet)
Soil, sandy, grading downward to fine-grained,

QITtY SBNA.ecveeeieenccoccncsacocsssaccsonacans 53 5%
Clay, gritbty.eeeceececsoscsceooscaccscssnoccacanes 2;- 8
Sand, fine, grading downward to medium-grained

88DA; AITtY.cceeeerarsseossscoonssscccsssascens 9% 173
Gravel, grading downward to coarser sand and fine -

BTBVEL . eeeeueeectcoanneonsnconnvesanccnsenconns 123 30

No water encountered.

T-7-25dbb. Center of sec. 25.

Clay, slightly gritty; alksline from3to &4
feet..'.......OQ..".’....'I.....Q‘.‘.‘.I‘.IOI.

Sand, fine, dirty, with clayey streak from 73 to

N

O PEOL.ccirceoreecarsassccccsrconsoressssasasas 32 9
Sand, fINe...eeeeceocsvcecssossscocanssscccnsnsos 173
Gravel and coarse sand with layer of gravel at

23 FEOL..ceieeeerrereccsrecsesorssasccssccsacans 124 30

No water encountered.

. T-7-268bb. 2,640 feet west of NE. cor. sec. 26.

S0il, ClayeY.ceceeecceccacssroccsnscoacassssncanses 3 3
Sand, fine, with gravel layer at 4l feet......... 2 5
Sand, medium, with some gravel...cceceececccssncss 5% 10%
Gravel, coarse, with boulders.ccccecccsccccccsase 1l 115

No water encountered. Hole abandoned because of

boulders.

T-T-26ccc. SW. cor. of sec. 26.
Soil, sandy Clay.ccccececesccecoscsscccssconcencns 2 2
Sand, fiN@...eiveervesceroscscasssceccassssnsenes 62 85
Sand, medium; clean except for dirty streak at

T T 8% 17
Gravel.o ------- 0 0SEPEIOLIEINOIESILIOIBESIOICIOEEOEEIEINREIGITVTES 2 17"%
Sand and gravel...cceeecsccccreccsscasveccscsassns 125 30

No water encountered.




76 ANGOSTURA IRRIGATION PROJECT, SOUTH DAKOTA

Table 4.--Logs of test holes in the Angostura irrigation project, South

Dakota--Continued

7-T-26cdd. 2,640 feet east and 40 feet north of SW. cor. sec. 26.

Thickness
(feet)

Depth .

S0il, 88NAY.ccererctrccosccoccrssssesssonsocnse
Soil, clayey and somewhat gritty, forming
REPADAN . s cvvcecaoosooscscccsscsossosssascncoce
Send, fine, with clayey streak from 73 to 8
feet and coarser sand at O feet...... 000000
Sand, medium...cceeceeococscccscocscasccosssess
GraVel...coveseosoecesccsesnsscacsssesesscsssse
Send and gravel.cccoeccecccssecocsssosccncssss
GIravel.c.icccceecscososcscocsasnsnosssscannsone
Sand and Eravel..c.ccccvccoscccocsccocecsassses
Shale (Pierre).c.ccoveecosccoscescosvescnsccns

1

P e O b TN i

Zone of saturation penetrated between 26 and 27 feet;
slumping prevented accurate measurement of depth to

wvater.

(feet)
1

7-7-26deb. 2,600 feet north and 1,320 feet west of SE. cor. sec.

2.

Soil, clayey; alkaline at 25 feet; forms
hardpan............a........................

Sand, fine.......,......G..............‘.......

S1lt, POWASry..coeescoecssccessscaccncssccccns

Sand, fine, grading downward to medium-~-grained
sand at 15 feet..oeceocccersocrosccoscsvoanas

Gra.vel'..Qa...bol.'ﬁ’tooo.‘..".0“000..0.1'0..

Sand and gravel.c.cccevsecsscoscsossscansscrssans

No water encountered.

)
PO A A

BBY 0w

T-T-2Tacb. 1,373 feet south and 2,640 feet west of SE. cor. sec.

7.

S0il, 811tY.oecoccccccssceconscscaconcecdonoses
S0il, clayey.vcecreesonssoceesnssoccncseccanonscs
Clay, 8ilty.coocccecsossscoscscoossasccancasncas
Silt.cecseconeccoecoscecsccocnsascscsessancosss
Clay, gritty.ccccceccescccscocsssncsonssansoses
sil‘tll.tﬂo.all.t."‘000“....90.00‘00.‘.6‘.Ql'
Gravel, Clayey.ccosocesoesccecessocsscecsscssse
Smd md gavel, dirty-'-............a..jo..'..
Gravel, fine, in matrix of dark-blue cl&y.....
Shale, blue-gray (Pierre)..ccccococcosscsscscs

MWW

Water level at 10.88 feet on complqtion of hole; water-

level rigir - slowl .




TEST DRILLING

0

Teble 4.--Logs of test holes in the Angostura irrigation project, Santq

Dakota--Continued
T-T-2Tccec. 250 Peet north of SW. cor. sec. 27. 1
Thickness Dep
(feet) (feet)
Soil, sandy, and clayey, with some reworked
Eravel..c.ceciriocensceconscssstscenscnssencns 1 1l
ClAY, B11tF.ceeeecsecesocnansessooocasssoncense 23 3
Sand, fine, dirty; slightly cleaner at 123 §
T 11 1hd
Gravel and coarse sand; heavy gravel at 16
feet.l.....l........'.C....'...'.‘...'.'.'.C 2 l%’
Shale, bluish-gray (Pierre)......cccecseeecess 3% 20

Water level at about 15 feet; slumping prevented

accurate measurement of depth to water.

T-T-33cde. 1,550 feet east of SW. cor. sec. 33.
Soil, sandy, with small amount of clay..ecoee. ;g 1z
Sand, fiNne.ceecceveerscececcctcossvoscassssnsse 1 3
Smd’ fine, dirty..‘...’......t....000.0.....' 9 12 1‘
Sand, medium to coarse, Airty...cceececeeceacss 3 15
Sand and gravel, with clayey streaks.....ccess ‘ 5 20
Sand and Eravel..cecceccecoceccsccocosrascscae ﬂ 2 22
Gravel and coarse clean SaNd..cccccccccncceccss . 8 30

No water encountered.

T-7-33ddd. 190 feet west of SE. cor. sec. 33.
Soil, clayey, with Bome fine grit..ccesoveeesc. 2 2
Sand, fine, clayey, light-colored..cceesecscccse 6 8
Sand, medium tO COAXrBe...cccecesvsscsccsscanes b 12
Sand and coarse gravel...cccccetoccccsscocrcccs 3 15
Gravel and medium- to coarse-grained sand..... 3 18
Sand and Eravel...ceccecsessansssccsccanscnnse 12 30

No water encountered.

T-7-34cbb. 2,635 feet north of SW. cor. sec. 3k.
Soil, clayey, @ritty.csececescccscosccssassancs 1 12
Chw,smﬂy“.“.u.".“.n.u.n.".".“.u 3z 5
Sand, FiN®.ceeseseosecsescaseccsescoscasssenoe y 9
Gravel, Qirtyeeceeoceveecscssoncocccsenscncnns 1 9%
Sand, COBrSe....ccceceesccassvcascsasscuscsnne 5§ 15
Sand and coarse gravel........................ 15 30

No water encountered.
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Table L.--Logs of test holes in the Angostura irrigation project, South

Dakota--Continued
T7-7-35bda. 2,640 feet east and 1,690 feet south of NW. cor. sec.
35.

Thickness Depth
(feet) (feet)
soil, smdy.0Q.ltl..'."..‘.......‘......Cl00 5 5
Smﬁ-’ fine, dirty'..0"....'.0"..'...'-..(.. ll 16

Gravel, grading downward to medium-grained
smd md yavel.‘O.l....'..."..‘..‘D'O.... lh 30
Shale, weatheredtoiioit..'.....‘.'.0.0‘."... l 31

Water level, sbout 18.5 feet.

35.

T-T-35cad. 2,640 feet east and 1,742 feet north of SW. cor. sec.

S01ll, B8NAY.. cocicarnssesessrcsccessoscssssncas

Sand, uniformly fine-grained..cccveesccccoces

Send, medium, and fine gravel....ccevvcaveces
No water encountered.

N—Tgt—'

1
28

30

T-T-35ccd. 845 feet east and 15 feet north of SW. cor. sec. 35.

L

Soilﬂbcot'OO00l'ootoc.‘....'oooooooo..oo'tooo

gwﬁ, fine.."..’.'...00....00‘0.0.0.'......0
Sand, coarse, and fine gravel.....ceovesecees
No water encountered.

2

z
20
26

T-T-35dcc. 2,060 feet west and 25 feet north of SE. cor. sec. 35.

Soil, sandy and clayey, compact...eeeeeececes

Sand, fin®.ccesccereccstscecossnssccssocessosss

Gravel and coarse-grained sand.....cc.sceeeeee
No water encountered.

n

\HRW

3
25
30




TEST DRILLING

Table 4.--Logs of test holes in the Angostura irrigation project, South

Dakota--Continued

T9

7-8-11lcad. 1,320 feet north and 2,6&0 feet east of SW. cor. sec.

il.
Thickness Depth
(feet) (feet

S0il, sandy and ClayeYo.ceococscoscocscrsscasscans 2 %
S8NA, TIN€.uearnerrsnsnessroosssocoseeessnncascnon 12 121
Gravel, grading downward to medium-grained sand... 3% 16
GIAVEL. . eceeanceencssnosorenscaosssnsscoscssnnnes 3 163
Sand, MediUm...eeveeseoccreoccssencssrscsonssancos hs 21
GTavEL, COBTSE...cuctueresonssossscossssancnssnsoe % 213
Sand and Gravel......cecoceceeosscscscescascassssas 83 30

No water encountered.

7-8-11cdd. 2,640 feet east and 45 feet north of SW. cor. sec. 11.
SaNd, Clayey..eeeescscsoossecsosossscssssassosscns 1 13
Sand, with some gravel; gravel streak at 42 feet... 3 5
Sand, medium to coarse; gravel streak at 12 feet.. 7= 123
Sand and gravel....cceceveoccsscsccosasorescescanss 2% 15
Sand, medium tO CORTS®...ccconvveccsverescscscecces 9 24

Water table encountered between 25 and 30 feet;
slumping of hole prevented accurate measurement
of depth to water.

7-8-1hbeb. 1,410 feet east and 25 feet south of NW. cor. sec. 1h.
smd, fine......’.Q.'.'...‘.O'Q.00.'....'.l'...'l. V\% %
Sand, medium, with gravel layer at 12 feet...o.... L 125
' Sand, coarse, with layers of gravel at 18 feet and
at 23%- feet.....'."..0‘.0.....‘.‘.O......“"" 17% 30

Zone of saturation penetrated at about 29 feet;
slumping of hole prevented accurate measurement
of depth to water.

7-8-15cdc.

1,520 feet east and 25 feet north of SW. cor. sec. 15.

Soil, sandy, grading downward to fine-grained dirty
sand; cleaner and slightly coarser at 8 feet....
Gravel and coarse sand, with scattered pebbles up
to 4 inches in diameter..cc.cceeoceceascscvcnscs
Sand, coarse, with some gravel.....ccoccesccecesvces
Shale, weathered (Pierre)..c.cceeeccvscscesssosscce
Zone of saturation penetrated at about 28 feet;
slumping of hole prevented accurate measurement
of depth to water.

13

26
28

30
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Table 4.--Logs of test holes in the Angostura irrigation project, South
Dekota--Continued

T-8-16ccc. 13 feet north and 18 feet east of SW. cor. sec. 16.

Thickness Depth

(feet) (feet)

8011, ClaYeY.eeteavascsesscosossoscscsasscences % 5
Gravel, dirty, becoming cleaner at 3 feet...... by 5
Sand, fine tO MeAiUM.ccoesvcroevercsoanccscnses 8 13
Sand, coarse; gravel layers at 16 and 22 feet.. 11 24
Shale, Weathered..coceeeeroseeceasccncascnoanss 2 26

Water level at 9.5 feet.

T-8-17dcd. 1,900 feet west of SE. cor. sec. 17.

Soill, 8aNAdY lOAM.ccececcessensssssosvscsasvonses 1l 1
LAY . s eeavossvesscsnasscossasssscscnsonccsnosss 3 y
Sand, Fine..vecevevcacesaccsessssssrsscsscsscssas 6 10
Gravel and coarse Sand....cesveesccesscscccsnce 20 30
Water level between 25 and 30 feet; slumping pre-
vented accurate measurement of depth to water.
7-8-18cdc. 1,300 feet east of the SW. cor. sec. 18.
Soll, gritty, clayey.eeeceececceresoassscnnsnns 1 1
Silt, POWAGTY.eeescesessarsosasscscsocnscssnscne L 5
Gravel, with large pebbles; dirty..ceccceceeess 2 T
Hole abandoned because of large boulder. Log of
shot hole nearby indicates shale within a depth
of 10 feet. TNo water encountered.
7-8-192dd. 2,640 feet north of SE. cor. sec. 19.
S011l, ClayeY eecsesosssssesssecorccscssacsassons 1l 1
Clay, dark-colored, sticky; some alkali at 3%

Peet . enieeitnrtecrenosescssscsacessacsannnns 3 4
Sand, fine, dirty; clesner at 7 feet......c.... Z% 133
Gravel and SANA...cccecesveessscscsssccssssnose 1 30

No water encountered.
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Table 4.--Logs of test holes in the Angostura irrigation project, South
Dakota-~Continued
7-8-19cbb. 2,640 feet north of SW. cor. ssc. 19.
Thickness Depth
' ' - (feet) (feet)
Soil, gitty, CIayey (hudpm).t..-..‘.l.-.".. 31 3%
silt’ powdery‘Q".OCOIOQCOOQQ..‘QQ......0..0.‘0 ‘ 2; 6
Sand, fine, with gravel layer at 8 feet........ 2 8
Sand, coarse, grading downward to sand and
yaveloi"oo.....ooo..l..oo.ooo..o.o-o...o.lo ll 19
S&nd’ fine.......‘..n.O............‘0..‘.0'-... 1 20
Sand ana. gavel.‘........’....‘..‘00...‘..00..0 10 30

Zone of saturation penetrated between 26 and 28
feet; slumping prevented accurate measurement

of depth to water.

7-8-19cdd.

2,640 feet east and 8 feet north of SW. cor. sec. 19.

soil, c}-ayey.."...ty.l."...OQOQOOOCQ...00.....
Smd, with -boulders &tz%feet...’.....’..’....
Gravel and coarse, dirty sand; gravel layer at

16 feet...........‘.....'0.......’....!...0.0

Sand, fine, 100”-;00.0..-aioonv"coooooo.ooctoo'

i

-2
16}

11

Drilled as if in saturated material from 25 to

30 feet.

£

23

19
30

T-8-20ccc.

634 feet east and 30 feet north of SW. cor. sec. 20.

Soil, clayey, slightly gritty.ceececcesceccecss

Sand, fine..cccecevccecsccecoccesnsencocsosesonsae

Sand and greavel.cccccccecssscescrsscsnsccnssoscas
No water encountered.

1f

17

T-8-21acc.
21.

2,640 feet north and 2,160 feet west of SE. cor. sec.

soil’ cla”y. .I. ." .o 000 “. .V' ® 5 6 0 00 G PO S OQ SIS EOeS '
cl‘y’ gitty..“......‘..'......’.’.’..."...‘.
Sand, fine, with clayey stresks at 7 and 8} feet;

clean, uniformly grained sand at 9 feet; dirty |-

stre&k at lh' feet..‘.-tt...c..o...o.OOOOOAOOQQ
No water encountered.

%

30
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Table 4.--Logs of test holes in the Angosfura irrigation project, South

Dakota--Continued
T-8-21adc. 860 feet west and 2,640 feet north of SW. cor. sec.
220
Thickness Depth
(feet) | (feet)
Soillto.‘...."Q.OOC...O.‘C'.'...".'.OO.....O %
Clay, slightly gritty.ccecececccccacvcccscsons 13 2
Sand, fine; dirty and powdery at 5 feet; coarser
between lh md- 30 feetOQODO'.0."0.‘.0....0' 28 30

No water encountered.

T-8-22a8b.

1,300 feet west and 18 feet south of NE. cor. sec. 22,

S0il, clayey..ccvosecececocacecncsasncccesscas

- Sand, fine, Airty.ccececnecrecccrtencnrecnnces

Clay.ococsoccecstencosconnscononccscssssscnssssse

Sand, dirby.cceecvveoscscccescscsccocnssccncoae

Sand, ClaAyeY.ocsessceescocoscrssancsssssoanssos

Sand, dirty; gravel layer st 28 feet...cccvese
No water encountered. -

:

T-8-22cab.
22.

1,540 feet east and 2,640 feet north of SW. cor. sec.

Soil, clayey, dark-colored; increasingly alkaline

below 3 feet...cceesecerconnssceroceonnnenes
Sand, uniformly fine, dirty; slightly clayey

stresk from 9 to 9% feet; cleaner sand at

B g
Sand, Clayey.occeessccosacsssccsoscsccscnsoncsses
S‘nd’ medim"to fine‘g&inedo sess0scaoescs s

No water encountered.

5%

23
28
30

7-8-28bbb.

18 feet north and 50 feet east of NW. cor. sec. 28.

Soil, clayey; slightly gritty at 3 feét.......
Sand, ClayeYescceocoresoscsocscnsocnsctsncsonas
Clay, gritty, soapy-appearing; alkaline from 7
to 15 feet, with irregular streaks of fine
Sand..............................o.b........
Sand, uniformly fine....cceoeevocscsavsoncssos .
No water encountered.

"
5%

17
20
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Table 4.--Logs of test holes in the Angosturs irrigation project, South

Dakota~-~-Continued
T-8-29aac. 1,300 feet south and 1,320 feet west of NE. cor. sec.
29.
Thickness Depth
(feet) (feet)
Clay, slightly to moderately gritty, soapy-
appearing; contains streaks of silt.cccesceereccen 25 25
Sand’ fine’ Somewhat dirty.’..'...‘....?.‘...Q.O"O’ 5 30
No water encountered.
7-8-30aac. 1,300 feet west and 1,300 feet south of NE. cor. sec.
30.

Soil’ clayey.‘....t...Q..C.QIOOOOODOOOUOOOOO..'OIO..‘l % %
Clay, in part gritty and alkaline; dark-colored; forms . :
h'rdpm....t'.'.'..‘.00.0'......"00"0.....‘..‘.. 1% ll
Cl‘y, silty’ ‘lkﬂ-ine'..0..‘.0.."..".!0..0..'....0 3? lh%
Smd, mfomly fine'C‘.‘0"0..‘0‘0..".........Ol.' lOé- 25
Gr&vel, fine’ and medim‘g’&imd 88115................ ) 5 30

No water encountered.
T7-8-30bdc. 2,640 feet north and 1,320 feet east of SW. cor. sec.

30.
Soil, clayey, in part gritty and alkeline; forms
NOY QDA e ceeveosscccscacocecsnsssesvssoessansnss 8 8
Clay, SoNAdT.ccescesscssssssresossssssosscrscssssocsss 3 12 |
Sand, fine-grained, dirty, with some clayey silt.... 5 7
Clay, 208Dy in 8pDPeATraNCe.cevsccerovercscsscsasssccns 2 19
Clay, 8ilbyeeeeceeesroccososccaccassosssncsssasoanns 7 26
Sand, fine, dirty; contains some gravel pebbles..... 33 294
No water encountered.
7-8-30ccc. L4T5 feet east and 10 feet north of SW. cor. sec. 30.
S0il, heavy Clay.eevscesccecensoerscoascaccnsccsancass 1 1
Sand, Tine...ciececcncssescvcccoscssonanssscsvannass 16 17
Clay, SANAYeeececevcossesocceacsnocoscsasscssoncssse -%— 18%
Sand, clayey from 27 40 30 feet..cceceeesrccoeccases 115 30
No water encountered.
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Table U4.--Logs of test holes in the Angosturg irrigation project, South
Dekots~-Continued

8-6-1daa. 2,112 feet north and 27 feet west of SE. cor. sec. 1.

Thickness Depth
(feet) (feet)
Soil, eslkaline, bentonitic at 2 feet; grades
downward t0 blue Clay...ccevovcscccccccscnnns T T
Clay, slightly gritty, light bluish-gray; smells
of hydrogen SULphid@.cceeececcccocsesvasscnns 11% 18%
Shale (Pierre)..cceccececccocccosooscssosonsnces 1 19

The area is probably site of former slough. Water
seeped into hole slowly; hole caved before water
stopped rising.

8-6-1ldac. 1,373 feet north, 1,056 feet west of SE. cor. sec. l.

S0il, silty, clayey.ccccascssscacsonsracsnscons 2 2
Silt and silty clay, light-browWn..ceeeececevess 2% 4
Clay, 8ilty.coeoeecscceoscscsasaccancosseansane l? 6
Silt, clayéy; alkaline in part.....ceceeeeeccss 22 8%
Silt, with clayey stresk at 12 feet.veiescccscs T 155
GTAVEL .. veeoeecoceocacossesoseccasnsosonsssscons i 16
Clay, Eritty.ccoceecceocenecesncoasasansncocess 9% , 253
Shale (Pierre)...cc.ccecereenccoccssasonasaconss 25 28
Water level, 15.85 feet.

8-6-1dbb. 8 feet south and 12 feet east of center of sec. 1.

Soil, s8Ndy..ccccevcsccovscrcscccsccssassansesns 2 2
Clay, silty; light color grading downward to dark
COLOX vocoo0ecoovesacscsosacenssosososcoaonssconose 10 12
Sand and coarse gravel; large pebbles; boulder
encountered at 20 feet..vcececcecocenscnscocs 8 20
No water encountered.

8-6-1ddd. T2 feet north and 78 feet west of SE. cor. sec. l.

Soil, clayey, Aark-colored..oecceeeescodocsoncss 2 2

Sand, fine, with few scattered pebbleS.....c.cee 12 14

SaNd, MEALiUM. o eoecrccceecsooscscosooasncccosces 2 16

Gravel..ococcveccasesscosssssocvcoessccsosssess 1l i7

Clay, slightly gritty, light-Drown.cceccsccsoss 2 19

Sand, Clayey.:ccceessscsscscocossccasrsossvorvas 11 30
Water level, 24 .45 feet.
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Table 4.--Logs of test holes in the Angostura irrigation project, South

Dakota--Continued

8-6-9ddd. 51 feet north and 60 feet west of fence cor. at SE. cor.

sec. 9.

85

Thickness Depth

(feet) (feet)
Soil, silty and clayey, light-colored...cecececss 4 4
GrBVELl.vuoeceancossonsncscsnsssssoscsassacanassas 1 5
Sand and gravel; boulders at 18 feet...cocecevecs. 13 18

No water encountered.

8-6-16abb. 2,640 feet west and 8 feet south of NE. cor. sec. 16.

S0il, sandy and ClayeY.ceceeossososssssssssvnsnce
Clay, silty, with scattered small pebbles; hard-
pa.n.............--........................‘..‘.
Gravel, silty, with scattered large pebbles......
Send and gravel, with layers of very coarse gravel
at 93 and 13 feet; boulders at 185 feet........
No water encountered.

=W
POV}

!

133

3

b3
5

182

8-6-16bdd. 120 feet north and 420 feet west of center of sec. 16.

Soil...'..‘...l'l.0..'.‘.0"......."C'."..O...

Silt, dirty, grading downward to fine-grained,
Airty sand..ccceececesesceccnscscsccssancnsoss
GraVel . oeeeescrorsescesccocssscsnssssssssssnsosns
Sand, medium, with some gravel, grading downward
10 coarser sanid and gravel....cievcecccorssans
No water encountered.

[

o
.

15%

8-7-3bbec. 1,200 feet south and 15 feet east of NW. cor. sec. 3.

Soil, clayey; gritty at 25 feet...ccveeuveres.n.
Sand, fine, grading downward to medium-grained
2+ T
Sand and gravel, grading downward to coarse gravel
Gravel, coarse, with scattered large pebbles....
Sand and gravel, COBrSe...cccrteaevievoccncssnss
No water encountered.

Ll ~l \V A Yol +7

13
15
19
30
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Table k.--Logs of test holes in the Angostura irrigation project, South
Dakota--Continued

8-7-kdbb. 12 feet east of center sec. k.

Thickness Depth
(feet) (feet)
Sand, fine-grained....cececececcscaccsssscanas 2F 24
Sand, medium-grained....cveceeecccccoccvonsans 2 26
Sand, coarse-grained, with scattered pebbles.. b 30
No water encountered. :

S-T-hdda; 980 feet north and 20 feet west of SE. cor. sec. k4.

So0ll, sandy lo&M..ccceeeccrrnsssssssaccccnssos

Sand, very fine grained, somewhat clayey; dirty

Silt, clayey; hardpaN.ccececescccscossssosenes

Sand, fine, dirty.ccecececeroccesscscnsssccsses

Clay, S8NAY.c.veesscesscossscsccrsoscncsscnsnss

Sand, uniformly fine-grained....ceecececessaas
No water encountered.

(=]
WhhwPpw -
W 4

OHOONFH

8-7-5bdd. Center sec. 5.

Soil, clayey, slightly gritty..cccevceecccccss
Sand, fine, dirty.ceecevcccesnccsosicosacnesss
Sand, fine, Clayey.ccoeecsescesnccncccasccsons
Sand, coarse, with some gravel...c.cceeecccosese
Gravel, coarse, with some dirty sand....ecccee
Gravel, coarse, with large pebbleS...ccceseesse 1

No water encountered.

LR AL

8-7-5dda. 845 feet north of SE. cor. sec. 5.

Soil, clayey and slightly sandy..eeeecsscscess 8 )
Sand, fin@.cevecccnorcossosesassccrnncroncsess 3 11
Clay, Sandy..veecececssaccssossossccsssascsnns 1 12
Sand, uniformly fine-grained, with scattered -
pebbles; grades downward to coarser sand.... 18 : 30
No water encountered.
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Table L4.--Logs of test holes in the Angostura irrigation project, South

Dakota-~-Continued

8-7-6dad. 1,340 feet north of SW. cor. sec. 5.

87

Thickness | Depth
: » (feet) (feet)
Sand, dirty in UDPPeT PATt..ccceccocsrsocsccrcnoes 13% 135
Gravel..IO..'.‘...A....Q‘.0.0.‘.0.0.“..‘."0.... 2 ll“
Sand, coarse, clean, with gravel and scattered
large pebbles at 19 and 26 feet.ceceeocoescenns 16 30
No water encountered.
8-7-6dcc. 2,640 feet west of SE. cor. sec. 6.
S8ilt, white and powdery, grading downward to fine
smd'..’.'...--....00‘.0...0'0.0“O....l...‘l‘. 16 16
Sand, coarse, with some gravel; gravel layer at
27feet.....“".Q...."..Q".'.‘.'O.'..l..l‘.. lh 30
No water encountered. i
8-7-6ddd. SE. cor. sec. 6.
Soil’ smdy..'..‘....-..‘..'-..0..-.0.00.“...... l l
Sand, uniformly fine-grained, grading downward to
slightly coarser s8and..coccececscscesaorsscnns 29 30

No water encountered.
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WELL INVENTORY

An inventory was made of all existing wells located within the
area. By far the greater number of these are dug wells situated on
the lower of the two terraces above the inner valley. The depth of
the wells on the terraces ranges from 10 to 73 feet, usually being
dependent on the depth at which shale bedrock was encountered. A
few of the wells, which penetrated onlir thin zones of saturation, were
dug several feet into the shale in order to provide a small reservoir
for storage of additional water. One well (7-8-29ccc) does not
penetrate a zone of saturation, but was dug about 60 feet into the
shale bedrock in order to provide catchment of seepage from the
overlying sand during periods of rainfall or melting snow.

All the wells currently in use are equipped with cylinder-type
pumps which either sre powered by the wind or are hand-operated. It
is believed that none yields more than 50 gallons per minute; most |
of them probably yield less than 10 gallons per minute.

Data pertaining to each well appear in the tsble of well and

test-hole records which follows.



Table 5.--Records of wells and test holes, Angostura irrigation
project, South Dakota




Teble 5.--Records of wells and test holes, Angostura irrigation project, South Dakota
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(1) (2) ()1 MWIGIHeN (7)1 (8) 1(9) (10) (11)](12) (13) [(14)
5-9-13ba | H. C. Bell Du [ 37.7[72|W |- N [N |Top of cover 0.0(2,850. Dry -2k
5-10-Tac - Du | 16.2{20|T |- N N |Top of casing .7{3,010. 16.11 | h-24
9be Sprouse Dul{ils |- |- |- CY |D |Base of pump 1.2|2,960. 10.38 | 4-2b4
~ 18ba D. K. Bell Du | 16.8|60|R |- CY |S |Top of cover .2|2,810. 1k.37 | h-2h
6-8-132ad | Williem Sneider | Du | 17.6|60|C |Qal | - - |Top of curb .8|2,962.52 16.55 | 4-23
2haba | Test hole B {30.0] 7|- |- - - |Land surface - 12,;998.
2hacd do B |30.0] 7]- |- - - do - {2,999.
ohadd do B |32.0| |- |- - - do - 12,993. - -
2hpdd do B |[30.0] 7}]- |- - do - |3,00k. -
2hcad do B |31.0| T|- |- - - do - 12,999. - -
2hddc | Earl Mohler Du | 41.3|48|R [Qtl | CY,W|D,S|Base of pump | 1.0|2,996.55 38.22| 4-23
25bbb | Test hole B |27.0] Ti- - - - |Land surface - 13,025. - -
25cba do B |30.0] T|- |- - - do - 13,008. - -
25dab | H. W. Mohler Du | - 48lc |qtl | CY,W|D,S|Base of pump 1.0]2,994.24 34.22] 4-23
26sac - Du | 37.9|48|R |- - - |Top of curb .3]3,040.99 36.62] 4-23
35acb | Test hole B [30.0} Ti- |- - - |Land surface - 13,015. - -

See footnotes at end of table.
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6-8-36bbb | Test hole B |32.0| 7]- | - - - |Land surface - |3,00T7. - -
6-9- 5dbd do B [32.0] T|- | - - - do - 12,958. - -
' 5dcc do B |30.5]| 7|- [ &t1 | - - do - |2,958. 110/28.2010-28
8adc do B |20.0| T|- | Q1 | - - do - 12,959. - -
8ccb | U. S. Government| Du | 39.0|60|C | Qt1 | CY,H|N {Top of curb 1.1(2,974.88 36.2 | 4-23
8ccc | Test hole B (32.0] Tl- | Q1 | - - |Land surface - l2,972. - -
8cdc do B [18.0| 7|- | Qt1 | - - do - |2,968. - -
8daa do B {15.0] 7|- | - - - do - |2,952. - -
8dbb do B |32.0] T|- | a1 | - - do - {2,965. - -
8dccl do B |19.0] T|- | @1 | - - do - |2,966. - -
8dcc2| U. S. Covernment|Du |20.7{48|- | qQt1 | - - |{Top of platforml .3|2,965.55 18.05| 9-10
8ddd | Test hole B |15.0] TiI- | - - - |Land surface - |2,959. - -
17bece do B |17.0l T|- | - - - do - |2,975. - -
17bdd do B |19.0| T7|- | Q1 | - - do - |2,963. 7.90(10-28
17cdc . do B |15.0] Ti- | - - - do - |2,968. - -
18accl | U. S. Government|Du | 9.4{36|~ | Qal | P,H |D |Top of casing -4.3}2,940. 2.55] 8-21
18acc2 do Du | - 60{C | Qa1 | - - |Top of well kl2,952.41 8.88| 8-21
18ccc | Test hole B |32.0f 7|- | - - - |Land surface - 12,989. - -
18dccl do B |32.0] 7|- | @1 | - - do - |2,984. - -
18dcc2| L. J. Berfiend |Du |37.3|48|C | qQtl | CY,H|D,S|Base of pump 1.5|2,985.53 34.00| 4-23
18ddc | School district |Du |27.5|60|C | Qtl | CY,H|D |qop of curb .9/2,982.75 25.45/10-1
183dd | Test hole B |18.0| T7|- | Qt1 | - - |Land surface - |2,972. 7.80(10-28
19adc do B |22.0| T7]- | - - - do - |2,976. - -
19bda | U. S. Government|Du | 32.0{48|C | Qtl | CY,H|D |Top of casing .5{2,988.42 33.29| 8-21
19caa | Test hole B [32.0] 7|- ] Q1| - |- |Land surface - |2,981. |10/24.80|10-2k
19cdc do B |32.0] 7|-| @1 | - - do - |2,98k. - -
19ddc do B |2k.0| T7{-1| - - - do - |2,978. - - -
20bcc do B [2k.0] T|-| Q1| - - do - |2,976. 9.57| 10-28
20becd | U. S. Government{Du |12.0}42{C | Qt1 | - - |Top of curb .2|12,977. 10.74 9-10

See footnotes st end of table. ’ —
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Table 5.--Records of wells and test holes, Angostura irri

gation project, South Dgkota--Continued

(1) (2) BR3) {¥) (5) [(6)f{7) [(8) T(9) {10) Jqi1l) 1 (12) {13) [(1i4)
€-9-29bad | Test hole T8 115.5] 7|- |@al |- |- |Lend surface |- |2,822. - - 9
2%cca do B 9.01 Ti- | Qal - - do - - - -
30ach do . B | 28.5] 7/~ | - - - do - |2,860.- - -
30dba. do B | 2.5 7/- |1 |{- |- do - |2,8%0. - -
T-T-23acd | John Rodecap Duf 26 (48|C [{Qal |CY,W|/D |Base of rail 0| 2,946. 22.70( 4-30
23dab | Test hole B | 2k.0| T|- |- - - | Land surface - |2,947. - - %
2hicacl| George Evans Du| 30 |koO|C {Qtl |CY,H|D |Top of casing .0| 3,057. 28.22| 9-5 o
25s2a | Test hole B | 30.0| 7{- |Qt1 |- |- |Land surface |- |3,061. - - g
258bb | ~  do B | 30.0] 7]- |- - |- do - |3,067. - -
25cec | U. S. Government|Du| 13 |48|W |Qal |CY,H{N |Base of pump .4 3,067. 12.03| 4-19 E
25cdd | Test hole B |30 |7- |- - |- |Land surface |- |[3,091. - - B
25daa do B |30 |T7/-|- - |- " do - |3,080. - - g
25dbb do B |30 - | - - - do - |3,076. - - S
26abb do B |11.5] 7/- |- - |- do - |3,0u5. - -
26adc | U. S. Government{Du| 39 |36|{C |Qtl |- N |Top of cover 0.0{3,073. 38.45| 8-16 %
26ccc | Test hole B |30 Ti- |- - - |Land surface - {3,087. - - g
26cdd do B | 30 T-1- - - do - |[3,08%. - - -
26dab do B |30 |7/-]- - |- do - {3,077 - - 0
27ach do B |14.5] 7|- [Qar |- - do .0|2,9%2. 10.88[11-1k4 a
2Toab | Cliff Fleming Du | 21.7|48|C |Qal |CY,H|N |Top of platform| .6|2,955. 19.26| 8-16 H
o
2Tcce | Test hole B |20.0] 7|- |Qal |- |- |Lend surface |- |[2,982. - - B
33cde do B | 30.0] 7|- |- - |- do - |3,111. - - B
33das | Bert Ray Duf k45 |48|C |qtl1 |CY,W|D,S|Top of platform|1l.1|3,095. 38.37] 9-4
33ddd | Test hole B |30.00 T|- - - - |Land surface - 3,104. - -
34aba | C. E. Chamberlin|Du | 23.7|24|C {Qal |CY,H|I |Top of cover .2|2,971. 19.75| L4-22
34cbb | Test hole B |30.00 T{- |~ - - |Land surface - 13,095. - -
35baa | A. W. Gamet Du| 31.7|36|R ] Qtl |CY,G|S |Top of cover .0/3,084. 28.27] 8-16
35bda | Test hole B |30.0] 7|- |&Qt1 |- - |Land surface 3,096. - -
35cad do B |30.0{ T(- |[- - - do 3,10k4. - -

See footnotes at end of table.




T-T-35ccd
35dcce
7-8-10cba
llcad
llced

llcdd
l2cba
1bab
1kcdad
15cdc

1l6cce
17cbe
17dcd
18cdc
19add

19caa
19cab
10c¢cbdb
19cdd
19dcd

20cecc

20ddc
2lacc
2ladc
2lddc

22asb
22cab
28bbb
29aac

Test hole
do
Dan Moiser
Test hole
Worth Gamet

Test hole
Robert Gamet
Test hole
Ward Gamet
Test hole

do
Paul Fleming
Test hole

do

do

W. G, Tice
do

Test hole
do

E4d Hagerman

Test hole
Robert Gamet
Test hole

do

John Eng

Test hole
do
do
do

wwmgw wgwgm gb’dgtﬂbﬁ

gwwgw gwwgg

W ww

26.0
30.0
16.1
30.0
38

30.0
35-5
30.0
5T-5
30.0

26.

35
30.

30.
35

16.
30.

30.
46.

oco0o O©

30.
T1.
30.
30.

o owno OO O

30.
30.

30.

0000

N B

N W
U1 O\

£ w
~3 ~J O~ O\ 3
Q1 1 QQ

&
[04)

~ 333

1 Q1 Qa

L1t Qa

=1 1t Q0

Qtl
Qtl

Qes

Qt2

Qtl
Qtl

Qtl
Qtl
Qtl

Qtl

Qes

Qt2

—

CY,W

CY,G

[ I I o B T

t =

Land surface
do
Top of platform
Land surface
Top of curb

Land surface

Land surface
Top of cover
Land supface

do
Base of pump
Land surface

do

do

do
Top of casing
Land surface

Top of cover

Land surface
Top of cover
Lend surface
do
Base of pump

Land surface
do
as
do

3,101.
3,102.
2,886.65
3,023.
3,023.

3,02k,

3,025.
3,066.
3,043.

3,03k
3,038.
3,040.
3,049,
3,05k,

3,0%2.
3,043.15
3,05h.
3,050.
3,071.

3,066.
3,103.
3,070.
3,072.
3,099.

3,062.
3,0T70.
3,084,
3,098.

71.0

8-16
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Table 5.--Records of wells and test holes, Angostura irrigation project, South Dakota--Continued , =

(1) (2) ()] () (5),‘(6)!(7) (8Y1(o) [ (10) 1(11) (12) (13) I QL)
T7-8-29ccc | U. S. Government|Du | 73.3[|48|C | - CY,W|N |Top of cover 0.0]3,120. 62.31| 8-20
30sac | Test hole B |30.0| 7|- | - - |- |Lend surface |- |3,077. - -
30bdc do B |29.5| T|- | - - - do - |3,086. - -
30cbb | W. B. Tice Du |55 [48|C | - CY,w(D,s - - |3,086. 52. k-19
30cce | Test hole B [30.0f T]- 1~ - - |Land surface - |3,098. - - 5
31bba | A. J. Sedar Du | 58.0|60(C | - CY,W|D,S|Base of pump .413,109. 55.25| 4-19 &
31awb | - Du | 18.8/60(C | - ¥ |N |Top of cover 0= 18.5%0| 8-20 3
33bbb | - Dul- |48lc | - CY,W|N do 1.1{3,157.8% | 2k4.55| 6-5 é
8-6- 1bad | U. S. Government|Du | 26.3/60|R | Qal |N N |Top of platform|1.5|3,042,~%7|. 2k.Lko| 8-13
1dss | Test hole B |18.5| 7|- | Kp(w)|- |- {Land surface .0(3,052. 16.00[11-5 §
=~
1dac do B |28.0] 7|- | @ |- |- do .0|3,057. 14.45(11-5 g
1dbdb do B | 20.0] T|- | - - - do - |3,045. - - =
1444 do B [30.0] 7|- | Qe |- |- do .0/3,069. ok .h5(11-5 =
3ddd | Al Billups Dr | 58 8{s | Qt1 |CY,H|D |[Top of casing .5(3,135. 44 .95| 8-28 X
Qaasb | Frank Parsons Du| 30.3] 5(- | Qa1 |N |D |Top of box 2.6|- 24.98| 8-13 %
9dca | U. S. Government| Du | 44.6[{36|C,R Qt1 |N N |Top of curb 43,19, 41.60[ 4-22 #
9ddd | Test hole B |18.0] 7|- | - - - |Land surface - 13,145, - - "
10dea | U. S. Government Du | 42.1|48|W | Qt1 |CY,H|N |Base of pump .513,135. 39.62| L4-22 &
12aad | Albert Judd pu|19 |48|R | Qes |cY,H|D do - .513,126. 2h.ho| 8-13 o
13asc | A. J. Kieffer Dul| 11.7|24|C | Qes |N N |Top of casing .013,207.96 “7.84 6-3 o
13bad do Du| 13.0|24|R | Qes |CY,H|D |Top of curb .3(3,213.49] 10.58| 8-7 %
1haba | Roy Pierce Dul| 29.1| 48|R | Qes |CY,W|D,S|Top of platform| .5|3,197. 24.65| 9-6 g
15bdcl| W. J. Beck Dul160. | 8|8 | - CY,H|D,S|Top of casing |1.5 3,2!;2; k1|10/77.78| 8-20
15bdc2 do Pu| 25. |36|C | Qes |CY,H|D,S|Top of platform| .5 3,233 91# 19.91] 9-h
16aba | Hot Springs, Dr120. | 6ls | - CY,H|D |Top of casing | .§|3,149 39.80| L4-22
D., Airport
16sbb | Test hole B | 18.5] T|- | - - -~ |Land surface - |3,1k9. - -
16bad do B 3o.o| -1 - - |- do - 13,1 - -

See footnotes at end of table.



8-6-1Tccd

174cd
8-7- 1bcdb
2888

3bbe

3cbb
heee
43bb
kada

5acc

5bad
5dda
6aad
6dad

6decc

Gacd
6add
Tbbbl

Tobb2

8ece
8cddb
8dce
Qabb

Utah Construc=
tion Co.

C. W. Kolterman

George Thompson

U. S. Government

Test hole

U. S. Governnent
Ira Graves
Test hole
do
Ed Hagerman

Test hole

do
U. S. Government
Test hole

do

Anson Mills
Tegt hole
Herman Kneuple

do

Hazel Reigler
do
do

William Cosgrove

PPy F gup vopguw guovy YPEY §

221.

60
15
15.4
30.0

.o
k2.5
30.0
30.0
k9.3

30.0
3C.0
h‘h‘9
30.0
30.0

37.3
30.0
17

k1.0
25

21.2
30.6

1 55N W

[ I - I

1 Qe

mBQw G =10

Qes

Qtl
Qes,
Qt2
Qes,
Qt2
Qes
Qes

Qes
Qes

T,E

CY,W
CY,H
CY,H
CY,G

CY,H

1 220 O

29 1 O

' O
-
1)

Uy U =H.0

)

-

-

-

w n

Top of casing

do

do
Top of platform
Land surface

do
Base of pump
Land surface

do
Top of platform

Land surface
do

Top of cirb

Land surface
do

Top of curb
Land surface
Top of platform

Base of pump

Top of platform
Top of curb
Bage of pump

do

1.7

5

1.4
.8
2.2
6
1.7

1.6
1.0

3,117.93

3,133.
3,118.05
3,111.11
3,102.

3,118.
3,139.
3,121.
3,137.
3,116.

3,11k,
3,129.
3,105.

56.08
Lk .05

5.65
15.23

37.80

k5.76
37.95

35.45
4.7
8.64

37.51
20.43
19.11
271.89

8-13

8-13
55
9-22

b-22

8-13

L '
R
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9-30
h-22
8-19
8-19

6-5
8-20

See footnbtes on following page.




Teble 5.--Records of wells and test holes, Angostura irrigation project, South Dakota--Continued

Footnotes:
1 See text for description of well-numbering 6 Method of 1lift: CY, cylinder; N, none;
system. P, pitcher pump. Type o power: W, wind; H,
2 B, bored well; Dr, drilled well; Du, dug hand; G, gesoline or diesci; B, electric.
well. T D, domestic; I, irrigation; In, in-

3 Reported depths below the land surface are dustrial; N, not being used; O, observation; P

given in feet; measured depths are given in feet public supply; S, stock.

and tenths below measuring points. 8 Altitude of land surface taken from
C, concrete; R, rock; S, steel; T, tile; W, USBR topographic maps are given in feet;
wood. altitudes determined by instrumental leveling
5 Qal, alluvium; Qalf, alluvial gravels; Qtl, given in feet, tenths, and hundredths.
sand and gravel of lower terrace; Qt2, sand and 9 Measured depths to water level given
gravel of upper terrace; Qes, eolian sand; Kp, in feet, tenths, and hundredths; reported
Pierre shale; lka, Lakota sandstone; Ju, Unkpapa depths to water level given in feet.

sandsto..e; Kp(w) , Pierre shale, weathered zone. 10 May not be static water level.
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