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GROUND-WATER RESOURCES OF THE RAPID VALLEY UNIT
CHEYENNE DIVISION, SOUTH DAKOTA

WITH A SECTION ON THE SURFACE WATERS OF RAPID VALLEY

-

ABSTRACT

The Rapid Valley unit is in Pennington
County, S. Dak., and extends from the east
city limits of Rapid City southeastward for
21 miles along Rapid Creek.

The bedrock formations that underlie the
region are chiefly marine in origin, and they
generally dip eastward from the center of the
Black Hills uplift. The exposed formations
are of Cretaceous age and consist of the
Greenhorn limestone, the Carlile shale, the
Niobrara formation, and the Pierre shale. The
Pierre shale, which underlies the unconsoli-
dated flood plain and terrace deposits in
much of the region,is exposed in the erosional
slopes along the south side of the valley and
in the deeper draws on the north side. The
areas in which the other formations are ex-
posed are relatively small and are restricted
to the western part of the region.

Four terraces are present on the north
side of Rapid Creek. The lowest terrace and
the flood plain in the western half of the
region are irrigated at the present time, and
the two lower terraces and the flood plain in
the eastern half have been proposed for irri-
gation.

Abundant supplies of ground water occur in
the flood plain and terrace deposits where
they are now irrigated. Because the water-
bearing materials consist of interfingering
layers of differing permeability, the ground
vater is under water-table conditions in some
places whereas it is confined in others.

Locally, where there is a confining layer be-
low other water-bearing materials or where a
confining layer is itself saturated, the
ground water may occur under both water-table
and artesian conditions. Seepage from irri-
gation canals, which is the principael source
2f recharge, causes high ground-wate;'levels
rom June to November; as a result, parts of
+he areas have.become waterlogged. In the
parts of the region that are not now affected
by irrigation, the surface of the ground water
is only a few feet above the bedrock surface
and 6 £t to 42 ft below land surface; its
position is relatively constant throughout
the year.’ ’

Harmful concentrations of salt in the soil
are in part due to evaporation of ground water.
These are found only locally in the Rapid
Valley region and do not present a serious
problem at this time. It is thought, however,
that the fine-grained materials underiying
the Rapid terrace may contain sufficient salt
to cause detrimental salt accumulations in
the soil if the proposed irrigation causes
ground -water levels to rise close to the sur-
face.

Lining of the irrigation canals would
reduce the amount of seepage and would effect
a lowering of ground-water levels. 3if irri-
gation practices are extended to other areas,
drainage facilities will be necessary both to
avoid aggravating the existing conditions of
waterlogging and to prevent the waterlogging
of other low-lying lands.
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The flow of Rapid Creek is affected by a
variety of conditions. A few miles west of
Rapid City, where Rapid Creek flows over the
Englewood and Pahasapa limestones and the
Minnelusa sandstone, there is a loss of about
8 Efs of water in a distance of a few miles.
In the 3-mile reach:of Rapid Creek between
the Canyon Lake stream-gaging station and the
Rapid City stream-gaging station, there is a
gain of about 20 c¢fs; much of this gain in
flow may be attributed to the inflow from

INTRODUCTION

Location and extent of the region

The Rapid Valley unit, which covers about
71 sq mi, is in Pennington County in south-
western South Dakota (see fig. 1); it extends
from the eastern edge of Rapid City south-
eastward for 21 miles along Rapid Creek where
the creek flows through the low foothills on
the east-southeast flank of the Black Hills.
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Figure 1.--Map of the Missouri River basin showing areas in which ground-water studies have been
made under the Missouri Basin development program.

Cleghorn and Jackson springs and to the addi-
tion of water from the State-owned cement
plant. In the Rapid Valley unit, the flow of
the creek during the irrigation season is
affected largely by the amount of water di-
verted for irrigation. The irrigation canals
act as bypass channels, much of the water
being returned to Rapid Creek by way of spill-
age into normally dry tributary creek chanrels
and by movement through ground-water bodies
that discharge into Rapid Creek.

(See figs. 1 and k.) Rapid Creek drains a
part of the area of metamorphic rocks in the
Black Hills, and it follows a southeasterly
course to its confluence with the Cheyenne
River.

Purpose and scope of the investigation

The investigation on which this report is
based is one of several that are being made
by the Ground Water Branch of the Geological
Survey as a part of the program of the U. S.



Department of the Interior for development of
the resources of the Missouri River basin.

The purpose of this investigation was to
assemble data from which areas in the Rapid
Valley unit that are either waterlogged or in
danger of becoming waterlogged could be
delineated and to determine the probable
reasons for the high ground-water levels.

This report, which describes the area that
is being irrigated and the adjacent area that
may be irrigated, includes a description of
the geology and topography and a discussion
of basic data pertaining to the occurrence of
ground water. The field investigation was
made between June 15 and November 10, 19L49.

During the course of the field study a
geologic map of the region was prepared, an
inventory of domestic and stock wells and
springs was made, and a water-level measure-
ment program was begun.

The study was made under the general
direction of A, N. Sayre, chief of the Ground
Water Branch, U. S. Geological Survey, and
G. H. Taylor, regional engineer in charge of
ground -water studies under the Missouri River
basin development program. G. A. LaRocque,
Jr., district engineer in charge of Missouri
Basin ground-water investigations in North
and South Dakota, supervised the work.

Acknowledgments
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tigation. P. C. Jones and R. L. Solheim of
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logs of shot holes drilled by that corpora-
tion; and residents of the region and other
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Well-numbering system

Wells, springs, and test holes are num-
bered in this report according to their
location within the land subdivisions of the
Bureau of land Management survey of the area.

The first letter of a well number indicates
the quadrant of the base line and the prin-
cipal meridian system in which the well is
located; the northeast and southeast quad- -
rants, in both of which the Rapid Valley unit
lies, are designated A and D, respectively.
The first numeral of a well number.indicates
the township, the second one or two numbers
the range, and the third one or two numbers
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 (160-acre tract), the
second the quarter-quarter section (L4O-acre
tract), and the third the quarter-quarter-
quarter section, or 1l0-acre tract. The
letters are assigned in a counterclockwise
direction, beginning in the northeast quarter
of the section, quarter-quarter section, or
quarter-quarter-quarter section. For non-
uniform sections, the southeast cormer is
used to measure off the units of the sections.
Thus, 10- or LO-acre tracts along the west
row and north tier of the section may be
larger or smaller than 10 or 40 acres in
size. If more than one well is in a lO-acre
tract, consecutive numbers beginning with 1
are added to the well numbers. A graphical
explanation of this method of well identifi-
cation is shown in figure 2.
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Figure 2.--Sketch showing well-
numbering system.



Precipitation

Precipitation in the Rapid Valley unit
ranges from an average of 17.5 in. a year at
the western edge to an average of about 16.6
in. a year at the eastern edge of the region.

cumulative depa: ture from average precipita-
tion for the Rapid City station are shown
Zraphically in figure 5. The value of 16.6
in. of precipitation per year for the eastern
edge of the region was interpolated from the
map (fig. 4) that shows average annual pre-

There are no precipitation stations, but a
continuous record has been maintained at
Rapid City since 1888. The average annual
precipitation for the period 1888-1948 is
17.52 in. The annual precipitation and the

cipitation in southwestern South Dakota for
the period 1930-48.

The graph of the cumulative departure from
average precipitation shows that precipitation
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Figure 3.--Annual precipitation and cumulative departure.from average precipitation at Rapid City,
S. Dak., 1888-1948.
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Figure L.--Map of part of southwestern South Dakota showing average annual precipitation, in

inches, for the period 1930-48 and location

was generally below average for the periods
1890 to 1900 and 1930 to 1940 and generally
above average from 1901 to 1929 and from 1941
to 1947. The total deficiency in precipita-
tion for the period 1930 to 1940 was the
greatest for the period of record.

GEOLOGY
Previous studies

The stratigraphy and structure of the
central Black Hills were described and mapped
by Darton and Paige (1925),% and their report
was used in the preparation of the geologic
map included with this report. Thé terrace
deposits were described and mapped by
Fillmen (1929) and Plumley (1948), and their
reports were used in the naming of the ter-
race deposits as shown on plate 1. In recent
years the Amerada Petroleum Corp. of Tulsa,
Okla., drilled seven shot holes in conjunc-
tion with their seismic surveys within the

1 See page 18 for list of references cited.

of gaging stations on Castle and Rapid Creeks.

area; the logs of these holes are included in
this report.

Topography and structure

The Black Hills uplift was developed in a
thick section of beds that are chiefly of
marine origin. This uplift, which is a large
dome -shaped anticline about 125 miles long
and 60 miles wide, trends nearly northwest.
The schists, gneisses, and granites, which
were the basement rocks underlying the sedi-
mentary strata, were raised above the level
of the surrounding plains during the period
of uplift. The sedimentary strata have been
completely eroded from the central Black
Hills; their eroded edges now encircle the
elevated core. ‘The diagrammatic cross sec-
tion (fig. 5) illustrates the general rela-
tions. In the vicinity of the Black Hills,
these sedimentary formations dip sharply away
‘from the central core, but & few miles away
from the Black Hills they retain their
original nearly horizontal position. The
areas where the softer shale formations crop
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Figure 5.--Diagrammatic cross section of a part of the Black Hills showing relationship
between the basement rocks and the overlying sedimentary strata, which have a total
thickness of 5,000 ft and which were once continuous across the dome.

out now form valleys that encircle the Black
Hills; the most conspicuous of these valleys
is called the "Race Track." Erosion of the
basement rocks has produced the ridges and
peaks of the central Black Hills, of which
the highest, Harney Peak, is 7,242 £t above
mean sea level.

After the initial uplift of the Black
Hills area, meandering streams that drained
the area reduced the surrounding foothills to
a peneplane. Materials that were eroded from
the mountainous areas were deposited on this
surface. Further uplift and consequent re-
Juvenation of the streams left a part of
these deposits as the highest terraces in the
region. On the east flank of the Black Hills,
repetition of the cycle of deposition and
subsequent erosion by the persistently south-
ward-shifting streams shaped the present-day
stream valleys.

The log of a deep water well drilled at the
Rapid City Airport during 1942 has been pub-
lished (Gries, 1943). This well, which 1is
known as Rapid City Airport well 2, is in the
NW$ sec. 13, T. 2 N., R. 8 E.

The Fall River sandstone has an eastward
dip of 20° where exposed 7 miles west of
Rapid City Airport well 2. Its altitude in
well 2 is 2,100 £t lower than in the area;
hence the apparent dip between the two is 3°.
Between Rapid City Airport wells 1 and 2
(located in the NEf sec. 18, T. 2 N., R. 9 E.)
the same formation dips eastward at the rate

Log of Rapid City Airport well 2
(Altitude of land surface about 3,200 ft above
sea-level datum)

(Abridged)

Thickness | Depth
(feet) | (feet)

Top of Kelly bushing to
cellar £loor...eeeeesens . 1h 1%
Pierre shale: shale, me-
dium- to dark-gray, highly
bentonitic toward base... 611 625
Niobrara formation: shale,
highly bentonitic, calca-
reous, medium- to dark-
Bray.eeecens Cetiereneeans 195 820
Carlile shale: shale,
silty, calcareous, medium-
BraY e e renasnonnonns 370 1,190
Greenhorn limestone: shale,
silty, calcareous; stredss
of limestone....ceeveeess 110 1,300
Graneros shale: shale, mi-
caceous, medium- to dark-
gray; bentonite seam;
silty streaks; sandstone,
fine, white (Newcastle
sandstone member)........ 805 2,105
Fall River sandstone:
sandstone; gray to white.
(Water, derived from the
2,095 to 2,170-ft level,
rose 1,740 ft in the drill
stem in 32 min.).e.ceev.. 45 2,150




Log of Rapid City Airport well 2--Continued

Thickness | Depth
(feet) | (feet)

Fuson shale: siltstone,
clay, and sandstone, buff,
yellow and pinK......... . 105 2,255

Lakota sandstone: sand-
stone, clay, and siltstone
(Water rose 2,227 ft in
the drill stem in 33 min.
After 7-in. casing was
set and well plugged back
to the Lakota, casing was
shot -perforated between
2,195 and 2,320 ft, and
water then rose to within
110 ft of the land sur-
face).e.oveennn. PN 135 2,390

Morrison formation: clay,
silty to sandy, vari-
COLOTrEd.vvenenrnsannaens . 230 2,620

Unkpapa sandstone: sand-
stone, silty, glauconitic;
white clay partings...... 80 2,700

Sundance formation: sand-
stone; some argillaceous
Shale.veeiieinscenennncnn 320 3,020

Spearfish formation: silt~
stone and clay, brick-red
to brown; some sandy beds 340 3,360

Minnekahta limestone:
limestone, dense to fine-
ly crystalline, gray to
cream-colored.eee.ceess. “e 50 3,410

Opeche formation: shale,
silty, with basal sand-
stone, red to brown...... 120 3,530

Minnelusa sandstone: dolo-
mite, sandstone, and
shale. (Water, derived
from the 3,778 to 3,825~
ft level, rose 3,118 ft
in the drill stem in 30
Min.)eeeeeeienenenenanns 675 4,205

Pahasapa {Madison) lime-
stone: limestone and
dolomite, medium crystal-
1iNe e e veveenaennes eeees . 231 4,436

of only 50 ft to the mile, or 0.5°. From the
airport eastward to the Gypsy's Hunter well,
which is 45 miles east of Rapid City Airport
well 1, the dip averages 26 £t to the mile,
or 0.3°. The top of the Minnekahta limestone
dips about 35 ft to the mile, or 0.4°, be-
tween the two airport wells.

Strati raph

Bedrock formations.--The oldest formations
exposed in the Rapid Valley region are those
of the Cretaceous system. These formations
from oldest to youngest are the Greenhorn
limestone, the Carlile shale, the Niobrara
formation, and the Pierre shale.

" The Greenhorn limestone consists of alter-
nate beds of shale and limestone. The lime-
stone, which is characterized by the fossil
pelecypod Inoceramus labiatus, is thin-bedded
and contains considerable clay and some sand;
on exposure it hardens and breaks into thin
pale-buff slabs, most of which show impres-
sions of the distinctive fossil. The average
thickness of the formation in the area where
the rocks crop out is about 90 ft. A dis-
tinct break separates the Greenhorn limestone
from the underlying shales, but its upper
beds grade into the overlying Carlile shale.
It is exposed in the Cyclone Canal, 3 miles
southeast of Rapid City. It is, apparently,
almost impermeable.

The Carlile shale, which is about 400 ft
thick, is mostly gray shale but contains
several thin hard beds of buff sandstone.
There are many oval-shaped concretions near
the top. This formation is poorly exposed in
the dry creek bottoms in the northwest cormer
of the area. It is too dense to yield appre-~
ciable amounts of water.

The Niobrara formation is about 200 ft
thick ana is composed of soft shaly limestone,
or impure chalk, which contains some clay and
fine sand, and beds of limy shale. Unweath-
ered exposures are light gray, and weathered
exposures are yellow or buff. This formation
may yield small quantities of water.

The Pierre shale, which is the youngest
bedrock formation in the area, is about 1,200
£+ thick. Fresh exposures of this formation
are dark bluish gray, and weathered exposures
are light brown. North of Rapid Creek it is
continuously exposed along the slopes of the
small north-facing bluffs. Because of their
greater resistance to weathering, lenses of
limestone, which are about 1,000 ft above the
base of the formation, form low conical
buttes where that part of the formation is
exposed to erosion. The Pierre shale is
almost impermeable.



Terrace deposits.--Rapid Creek valley,
like the valleys of most of the creeks that
flow eastward from the Black Hills, is char-~
acterized by an asymmetrical north-south
profile. The north-facing slopes are steeper
than the terraced, south-facing slopes. This
is probably due to the generally persistent
southward shifting of the creek, which has
left terrace deposits on the north side of
the valley and steep erosional slopes on the
south side.

In the Rapid Creek valley, four distinct
terraces are present north of Rapid Creek.
Fillman {1929) differentiated and named the
three highest: Mountain Meadow (Tertiary),
Rapid (Quaternary), and Sturgis (Quaternary).
Plumley (1948) differentiated and named the
younger Farmingdale terrace (Quaternary).

The outline of the terrace deposits as mapped
by the author shows the approximate maximum
extent of terrace deposits that have a sub~
stantial thickness, whereas Plumley's map
shows the outline of the upper terrace sur-
face, or about the minimum extent of the ter-
race deposits. Thus the maps of the author
and of Plumley are not necessarily in agree-~
ment.

The Mountain Meadow stage‘is believed by
Plumley (1948) to have ended during the
middle part of Oligocene time after an uplift
of 2,000 to 3,000 ft in the central Black
Hills, 250 ft in the foothills, and 20 to 30
ft in the Badlands that are east of the foot-
hills. The present-day stream valleys were
carved in the central Black Hills on this
uplifted surface. While the streams that
flowed eastward from the Black Hills were
cutting these valleys, they also meandered
across the foothills and thus reduced them to
a peneplane. The surface of the alluvial
material that was deposited on this peneplane
is the Mountain Meadow terrace. After the
formation of the Mountain Meadow surface, the
streams were confined to the valleys. Later
uplift and consequent rejuvenation of the
streams resulted in the formation of the
three additional and distinctive terraces.

The Mountain Meadow surface consists of
flat-topped divides on the interstream areas
adjacent to the east side of the Black Hills.
This terrace is not shown on the geologic map
(pl. 1), but it is present to the north of
the Rapid Valley unit. The location of the
other three terraces is shown on the geologic
map; the Rapid and Sturgis terraces are

extensive areas in the Rapid Valley unit
whereas the Farmingdale terrace is present
only in the southeast corner of the region.

In the south part of secs. 8 and 9, T. 1
S., R. 10 E., Plumley shows a remnant of the
Farmingdale terrace; if there is such a rem-
nant, the author was not able to locate or
distinguish it.

Bach of the terraces and also the present
flood plain of Rapid Creek are underlain by
unconsolidated lenticular deposits of gravel,
clay and sand. (See table 2.) The gravel
immediately overlying the bedrock seems to be
continuous and ranges in thickness from a few
inches to about 35 ft. The average thickness
of the terrace deposits is between 35 and 45
ft. Erosion has completely removed the ter=-
race deposits in the deeper draws and has
exposed the shale bedrock.

In many places, the terrace deposits are a
source of shallow ground water.

During the formation of each successive
terrace, an alluvial fan was formed on the
surface of the adjacent flood plain at the
mouth of each of the many draws that dissect
the higher terraces. These fans are composed
of gravels that were eroded from the higher
terraces and of finer materials that were
derived from the shale bedrock. In general,
the coarser materials (boulders and coarse
gravel) are at the base and the finer
materials near the surface of the fans. The
finer materials of some of them apparently
have been removed by erosion.

Alluvium.~~The alluvium consists of inter-
fingering lenses of gravel, sand, and clay
and a basal layer of sand and gravel that
seems to be essentially continuous. The
thickness of the alluvium beneath most of the
flood plain is between 12 and 30 ft; in the
draws the thickness generally is less than 10
ft. All the wells in the flood plain area
obtain water from the alluvium.

HYDRCLOGY

Ground water

Source, occurrence, and movement.--During
part of 1949 the water table or piezometric
surface beneath about 4,300 acres of the
10,740 acres of irrigated land in the Rapid




Valley unit was within 5 £t of the land sur-
face. (See pl. 2.) Landowners have reported
that this condition has existed generally
since irrigation was begun.. Many stockmen
consider the high-water level to be advan-
tageous because it promotes the growth of hay
with little or no need for irrigation. Other
stockmen, however, and those who desire to
raise crops other than hay, wish to have the
water levels lowered because the land is too
moist for necessary farming operations--
plowing, cultivation, and harvesting. Col-
lectively the greater number of landowners
seem to favor the higher-water levels pro-
vided the height of the water table does not
interfere with the usual farming operations.

Measurements of ground-water levels in
wells indicate that the water table and
piezometric surfaces fluctuate within a
fairly wide range. {(See tables 3 and 4.)
However, these fluctuations do not seem to be
related primarily to precipitation, which
averages sbout 16.6 in. & year, but rather to
be caused by seepage from the irrigation
canals and from water spread on the land for
irrigation purposes.

Water generally flows in the canals from
May to November, although it may be diverted
in April after a winter of subaverage precip-
itation. Because the canals are not lined,
the greatest water losses are where the canals
cut into the more permeable materisl along
the lips of the terraces or into the alluvium
of the larger draws. The stretches where the
greatest water loss from the canals probably
occurs are shown by dashed lines on plate 2.
Between Iowa Ditch and Hawthorn Ditch, the
principal source of ground water is seepage
from Jowa Ditch. In the remainder of the
Sturgis terrace that is irrigated by water
from Hawthorn Ditch, the source of ground
water 1s seepage from Iowa and Hawthorn
Ditches and seepage from irrigation water.

It seems that the latter is only a small
fraction of the ground-water recharge to the
unconsolidated deposits that underlie the
Sturgis terrace. The flood plain aquifers
are recharged by seepage from Rapid Creek,
seepage from the irrigation canals on the
flood plain, underflow of ground water from
the higher-lying terraces, waste irrigation
water from the higher-lying terraces, and
seepage from irrigation om the flood plain.

The ground water north of Rapid Creek
generally moves in a southeasterly direction,
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largely following the slope of the bedrock .
surface. - (See pl. 1.} Ground water in the -
aquifer of the Sturgis tertace deposits is
unconfined. The ground water in the main
aquifer that underlies the flood plaln is
unconfined at the toe of the Sturgis terrace.
However it is locally confined toward Rapid
Creek, and one or more semicontinuous water-
bearing lenses may overlie the main aquifer.
The water in some of the perched or semi-
perched aquifers may be locally confined
under artesian pressure. ‘ '

The ground water south of Rapid Creek
moves generally in a northeasterly direction,
conformably with the slope of the bedrock
surface. (See pl. 1.} The main aquifer,
which is probably continuous with that north
of the creek, apparently is locally confined,
and one or more semicontinuous water-bearing
lenses may also overlie the main aquifer. The
water in some of the perched or' semiperched
aquifers may be locally confined.

As the clays or sandy clays that overlie
and underlie the perched or semiperched aqui-
fers generally are slightly permeable, verti-
cal movement of the ground water through them
is possible. In.order to determine whether
the hydraulic pressure differs within a
vertical section of the alluvium or terrace
deposits, groups of three or four observation
wells were installed at 12 locations. (See
pl. 2.) Each such installation is referred
to as a piezometric station. The diameter of
the wells is three-fourths of an inch and the
wells are spaced 1 £t apart. The depths of
the wells at each piezometric station are
4.5, 9.0, 13.5 and 18.0 ft, respectively,
below land surface. The measuring points of
the wells at each station are in the same
horizontal plane. o h

During the winter of 1949-50, the water
level in some of the shallower wells was
higher than that in the deeper wells. Scon
after water was diverted to the irrigation
canals, the water lével in the deeper wells
roge to approximately the same or to a
slightly higher altitude than that of the
water level in the adjacent shallower wells.
This marked change in the relative position
of the water levels and the relatively
greater fluctuation of the water level in the
deeper wells indicates that conditions for
recharge to and discharge from the deeper
aguifer are more favorable, and that the
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transmissibility of the deep aquifer is

probably greater than that

of the more

shallow ones. The water-level fluctuations
in the wells at four typical piezometric
stations are shown in figure 6.

Excess ground water that is transmitted to
the flood plain from the higher terraces is a
factor in the overburdening of aquifers that
underlie the flood plain and in the conse-
quent waterlogging of much of the land. If
the materials of which the alluvial deposits

are composed were homogeneous and sufficiently
thick and permeable, the excess ground water
would be transmitted through the deposits
without causing waterlogging of the land.
However, as the alluvium is composed of a
basal gravel that ranges widely in trans-
missibility and is generally overlain by
lenses of clay, sand, and gravel that also
range widely in permeability,’ thickness, and
extent, the water-bearing materials cannot
transmit the amount of ground-water recharge
at a sufficiently rapid rate to prevent
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either a rise in the water table or an in-
crease in the hydrostatic pressure. Wherever
water is confined in the discontinuous sand
or gravel lenses, the hydrostatic pressure
forces the water through the slightly perme-
able confining beds in the direction of least
confinement. Thus the waterlogging of an
area or part of an area may be the result of
the movement into the area of either confined
or unconfined ground water or both.

In the nonirrigated areas that are under-
lain by terrace deposits, the water table is
generally only slightly above the shale bed~-
rock (from 15 to 40 ft below the land sur-
face). Precipitation that falls in the
region is the only source of recharge to the
aquifers in these terrace deposits. In some
areas the upper few feet of the bedrock for-
mations may also yield water to wells.

Fluctuations of the water level.--During
the summer and early fall, the seepage of
water from the unlined irrigation canals and
the infiltration of excess irrigation water
generally maintains the water table or

11

piezometric surface at undesirably high
levels in much of the area. In January 1950,
several months after 1949 irrigation opera-
tions had been stopped on the Sturgis terrace,
the decline of the water table from the
summer high levels ranged from about 1 ft at
the 1lip of the terrace to about 28 £t along
the northern edge of the terrace. In the
area that is underlain by alluvium, the de-
cline of the water table or piezometric sur-
face ranged from sbout 0.5 ft to about 8 ft.
Superimposed on the seasonal fluctuations of
ground -water levels due to seepage from the
canals are the fluctuations due to ground-
water underflow and to recharge from precipi-
tation, from the creek, and from irrigation.

Hydrographs of the water-level fluctua-
tions from August 1949 to September 1950 in
seven wells along a north-south line from the
Hawthorn Ditch to Rapid Creek in T. 1 N., R.
8 E., are shown in figure 7. A profile along
the same line (fig. 8) shows the position of
the water table in January and June 1950.
Hydrographs of the water-level fluctuations in
four additional wells are shown in figure 9.
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Salt deposition.~--When, for long periods,
the surface of the ground water is suffi-
ciently shallow that evaporation occurs, the
dissolved salts in the ground water become
concentrated at or closer below the land sur-
face. Harmful concentrations of salts are
only in a few localized areas in the Rapid
Valley unit, despite the fact that the
ground~water surface is at a shallow depth in
large areas in the unit. A low original con-
tent of salt in the water-bearing materials
and the leaching by seepage from irrigation
water of those salts that were present in the
soll may account for the lack of harmful salt
concentrations in the waterlogged areas dur-
ing the 50- to 60-yr period since the irriga-
tion ditches were constructed.

The extension of irrigation to the remain-
ing part of the Sturgis terrace probably will
not create harmful concentrations of salt for
at least a similar period, and any concentra=-
tions that may appear when this part of the
terrace is first irrigated are likely to
exist only until the salts are leached from
the underlying materials by seepage of irri-
gation water. ' )

The materials underlying the Rapid terrace
are finer-grained than those that underlie
the Bturgis terrace and may contain a greater
concentration of detrimental salts. As a
result, irrigation of this terrace may even-
tually cause the development of alkaline
soils in areas where the water table rises to
a level that is close below the land surface.

Present and potential use.--At the present
time the principal use of ground water in the
Rapid Valley unit is for domestic purposes
and for the watering of stock. Only three
wells are being used to obtain water for
irrigation. (See table 5.) Much additional
use of the ground water of the flood plain
deposits could Be made without exceeding the
rate of replenishment of the aquifer or aqui-
fers; not only could more water be made
available for irrigation, but the increased
withdrawals would result in a lowering of the
water table in the waterlogged areas.

Many landowners report that their wells
yvield 180 gpm on a sustained basis; larger
yields probably could be obtained if pumps of
greater capacity were installed, and also if
the wells were of nore effi¢ient design and
construction. - : ‘
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" It is egtimated that 10,000 acre-ft of the
gain of 11,000 acre-ft in stream flow between
Rapid City and Farmingdale between May and
September in both 1948 and 1949 is from
ground -water sources. Hence an average
10,000 acre~ft a year is the greatest amount
of ground water that is.recoverable for use
on a susteined basis within the area at the
present time (disregarding the effect on
stream flow and the legal problems related
thereto, and not taking into account the part

‘of the 10,000 acre-ft that might reenter the

streams as return flow).

Lowering the water table in the water-
logged areas would reduce losses that result
from evaporation and transpiration. This
would represent a net increase-in the amount
of ground water. that could be developed, so
that the meximum would be more than the
10,000 acre~-ft per year mentioned above.

The amount of ground water that is avail-
able for further use, the rate at which the
water may be withdrawn from the aquifer, and
the best means for removal of excess ground
water may be determined by detalled studies.
Though detailed hydrologic studies may show
that a quantity of water is available for
diversion, the legal aspects of such a diver-~
sion would also have to be explored.

Surface waters of Rapid Creek valley

By Leonard J. Snell

Precipitation is generally greater and is
more evenly distributed throughout the year
in the central Black Hills than it is along
the foothills. In the spring, the snow cover
of the central Black Hills melts slowly and
much of this moisture penetrates the ground
surface and moves downward to the zone of
saturation. For example, in spite of the
heavy snows of 1949, the discharge of Castle
Creek during April, as measured at the gaging
station above Deerfield Reservoir (see fig.
4), was less than double that of the period
of low flow from December through March.

This temporary retention of runoff is due
presumably to the thick vegetal and humus
cover and to the very numerous beaver dams
that are present on all tributaries, both of
which tend to decrease the maximum runoff
during the spring break-up and during periods
of heavy rains and to 1ncréasg the minimum
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runoff during the drier periods of the year.

The Deerfield Reservoir on Castle Creek,
which is a tributary of Rapid Creek, has a
spillway altitude of 5,908 ft above sea-level
datum and has a usable storage capacity of
15,140 acre-ft. An agreement among Rapid
City, the Rapid Valley Comservancy District,
and the U. S. Bureau of Reclamation, gives
the city prior right to the use of the first
7,000 acre-ft and the Conservancy District
the right to the remainder. A minimum flow
of 2 cfs is maintained below the reservoir in
order to sustain aquatic life in Castle Creek.

foothills. This loss in stream flow occurs
primarily in the area where the Englewood and
Pahasapa limestones and the Minnelusa sand-
stone crop out. (See fig. 10.) Many of the
streams have a well-sustained flow upstream
from the outcrop area, and all, except Rapid
Creek, may become completely dry in the
approximately 3-mile stretch that is under-
lain by the Englewood and Pahasapa limestones
and the Minnelusa sandstone. The stream-flow
records for Rapid Creek from June 1945 to
July 1947, which were obtained by the Geo-
logical Survey in cooperation with the State
of South Dakota, indicate that losses in this
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Figure 10.--Geologic sketch map of & part of the Black Hills.

The drainage area of Rapid Creek at the
stream-gaging station near Pactola is 315 sq
mi, and the drainage area of Rapid Creek
above Canyon Lake is 379 sq mi (fig 4). Al-
though the size of the drainage areas differs
considerably, the low-water flows at the two
stations generally are in close agreement
except when local rains may cause a temporary
rise at either station. During extended
periods of low runoff, in spite of the 20
percent greater drainage area, the flow at
the station above Canyon lake is less than
the flow near Pactola; this was true during a
part of 1949 and 1950. The first studies of
the area indicated that all streams flowing
east from the Black Hills lose considerable
water to the permeable sedimentary formations
over which they flow before they reach the

stretch at times may exceed 10 cfs. The
Bureau of Reclamation made a study prior to
the construction of Deerfield Dam in 1939
that indicated a loss for Rapid Creek of
about 7 cfs between Big Bend and Jackson
Springs. The Geological Survey made a series
of six discharge measurements in 1948 and one
in 1949; these indicated a loss of about 5
cfs between the Lockhart Ranch and Jackson
Spring. An average loss of 8 cfs has been
tentatively accepted as approximately correct
for this segment of Rapid Creek where the
losses are measurable.

Jackson and Cleghorn Springs, which are
above Canyon Lake and upstream from the State-
owned fish hatchery, have a combined flow of
approximately 14 cfs. Cleghorn Spring



supplies the water for the fish hatchery, and
Jackson Spring is one of the sources of water
for Rapid City. For a few days in 1949,
Jackson Spring was pumped at the rate of 9
cfs; it was observed that this pumpage
affected Cleghorn Spring, which is about 150
ft to the north. A discharge measurement
made below the hatchery on October 21, 1947,
indicated a flow of 9% cfs from Cleghorn
Spring into Rapid Creek. Because the gain
from the springs is nearly twice the esti-
mated average loss from the creek, it is
questionable whether the loss from the stream
is the source of water for these springs.

" Part of the spring flow may be water from the
Minnelusa sandstone or other formations.

The flow of Rapid Creek increases between
the gaging station above Canyon Lake and
Rapid City station. (See table 1.) Records
for the 1947-48 water year indicate a gain of
22 cfs, for 1948-49 a gain of 25 cfs, and for
1949-50 a gain of 23 cfs; this gain includes
the return flows from Leedy and Bennett
Ditches and the natural runoff from South
Canyon, Red Dale Gulch, and other catchment
areas, as well as water from Jackson and
Cleghorn Springs and waste water from the
State-owned cement plant (about 3 cfs), which
obtains its water from wells. Other relatively
small springs in the Canyon Lake area con-
tribute an estimated 2 cfs of additional in-
flow.

The effluent from the Rapid City sewage
treatment plant enters Rapid Creek about 800
ft downstream from the gaging station on
Rapid Creek below Hawthorn Ditch. The aver-
age measured flow through the plant is
approximately 4% cfs. According to city
officials, the flow is sometimes 50 percent
greater than the amount of water pumped
through the municipal water system. This
indicates that considerable ground water may
seep into the sewer lines.

In addition to the above-mentioned stream-
gaging stations, there are also stations on
Rapid Creek below Little Giant Ditch near
Rapid City, at Caputa, and near Farmingdale.

The stream-flow records for the various
stream-gaging stations correlate closely for
periods when there is no water diversion;
however, considerable inflow occurs between
gaging stations during the irrigation season.
(See figs. 11 and 12.) Slight losses occur
during the late autumn and winter months;
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some of this loss may be due to the freezing
of some of the water and is regained during
the spring break-up period. Local residents
report that during dry years Rapid Creek has
been dry at Farmingdale, but that the flow

was continuous at Caputa. Recent stream-flow
records substantiate the fact that losses do
occur in that reach during part of the year.
The reverse has been true when return flows

of ground and surface water between Caputa and
Farmingdale have been sufficient to cause a

10 cfs increase in flow at the lower station.
Many canals remain full of water whether or
not irrigation is in progress; in other canals
the diverted water that is not used for irri-
gation is returned to the creek by means of
surface drains or by percolation through the
relatively pervious underlying materials.

The total diversions, the net flow after
diversions, and the gains or losses between
Rapid Creek gaging stations for the 1948 and
1949 water years are shown in table 1. The
following peculiarities in the gains and
losses in the flow of Rapid Creek are evident:
the small gain (1948 water year) and small
loss {1949 water year) between the station at
Pactola and the station above Canyon lLake, the
large gain in the 3-mile stretch from the
station above Canyon Lake to the Rapid City
gage, and the greater gains during the irri-
gation season (compared to the nonirrigation
season) between the gaging station below
Hawthorn Ditch and the gaging station near
Farmingdale.

The actual discharge at each station, the
diversions between gaging stations, and the
computed net discharge after diversions are
shown in figures 11 and 12; in addition, the
cumulative diversion below Rapid City is indi-
cated and is compared with the cumulative gain
or loss between stations. The total amount of
water diverted below Rapid City during
September 1948 exceeded the flow at Rapid City
by 1,130 acre-ft, or by more than one-third.
(Ssee fig. 11.)} The cumulative gain during a
month follows the same general trend as the
cumulative diversions.

During the irrigation season, the inflow
from outside the irrigated area is practically
nonexistent; therefore the accumulated gains
must be attributed to the surface return of
unused water that was diverted for irrigation
purposes (including that applied to the land
in excess of field percolation capacity) and
to ground -water seepage from irrigated lands.
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CONCLUSION

At the present time much of the irrigated
land in the Rapid Valley region is water-
logged. This condition is caused by leakage
from unlined irrigation canals that traverse
highly permeable deposits and by the appli-
cation of irrigation water in excess of the
transmission capacity of the natural drains
and of the underlying aquifers. The water-
logging will become a problem that may be
more widespread and serious if irrigation is
extended to the new areas. A part of the
irrigation water that will be applied to the
higher terraces will seep downward through
the now unsaturated underlying materials and
eventually will reach the aguifers that
underlie the lower lands, especially the
flood-plain area, where it will probably
cause waterlogging. Springs and seeps will
appear along the lips of the terraces and
along the contact of the terrace deposits
with the underlying shale in many of the
deeper draws. The alluvial deposits of the
draws will be recharged by the discharge of
the springs and seeps and will transmit water
to the alluvial fans, which will transmit
water to the flood-plain alluvium. Most of
the larger draws will probably have flowing
streams during the irrigation period.

Ditch losses can be reduced by lining the
canals, especially where they are in gravel
beds or in other highly permeable materials.
Waterlogging of present areas could be re-
duced by construction of an adequate and
integrated system of surface and subsurface
drains. Such a system of drains would be
used advantageously for the problem areas of
this additional area for which irrigation is
contemplated. This should be done either
prior to or concurrent with further develop=-
ment and enlargement of the irrigated area.
The lining of canals and the construction of
adequate surface and subsurface draing would
make more water available for the irrigation
of additional lands not now under considera-

tion. Drainage of the region cannot be accom=-

plished completely without some system for the
effective relief of the hydrostatic pressure
in the~ basal gravels.

A much more detailed ground-water investi-
gation of the Rapid Valley region is necessary
i1f adequate drainage facilities are to be de-
signed. The investigation should include the
determination of the configuration of the
underlying shale surface and the extent of

various aquifers; the determinations of the
permeability and transmissibility of the
terrace~deposit and flood-plain aquifers;
determinations of the quantity of ground
water in storage and determination of the
type of drainage measures that would best
control and conserve the available water

supply.

It is reported that no harmful salt con=-
centrations exist in the Rapid Valley unit.
Extension of irrigation to the remaining
portion of the Sturgis terrace should not
cause serious permanent concentrations of
salt here or in the adjacent lower lands in
the future. However, as the terrace deposits
underlying the Rapid terrace are composed of
finer materials and may possibly contain
greater amounts of detrimental salts, a de=~
tailed study should be made of this area to
determine if alkaline problems will accompany
irrigation.

Further studies should be made to deter-
mine the quantitative potentialities of the
water sources. It is estimated that a sus-
tained yield of more than 10,000 acre~ft a
year could be developed under the present
irrigation regimen. Even if the vater table
were lowered as a result of improved irriga-
tion and drainage facilities, & ground-water
supply of 5,000 to 10,000 acre-ft might still
be developed.

Measurement of the flow of Rapid Creek at
gaging stations within the Rapid Valley unit
indicates a large fluctuation in flow along
the course of the creek during the irrigation
season. This fluctuation largely reflects
the withdrawal of water from the creek for
irrigation use, the flow into the creek of
waste water from irrigation, and ground-water
seepage that has resulted directly from irri-
gation.
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Table 2.--Logs of test holes in the Rapid
Valley unit, South Dakota

Thickness
(feet)

Depth
(feet)

A1-8-4dad. 75 ft south of Iowa Canal on sec-
tion line

Clay, light-brown......... 6 6
CObDLES tevnesnssansaennnnn .5 6.5
Clay, light-brown to yel-
low, some sand partings..
Gravel with coarse sand
(water bearing)........ .. Ceen ceen

A1-8~10acd.

6.5 13

175 ft south of Hawthorn Canal
on quarter-section line

Clay, dark-brown.......... 3 3
Clay, light-tan......... e 1.5 4.5
Clay, light-tan with some

yellow mottling.......... 1.5 6
Gravel and sand; coarser

with depthecvivcerniannn. 2 8
Cobbles...... cesesscancnne cens e
(Water encountered at

depth of 5 ft; rose to

2.74 ft below land sur-

face.)

A1-8-10adb. 200 ft north of Hawthorn Canal

on guarter-section line

Clay, dark-brown.......... 4 l
Clay, yelloWeseeoeans cenes 3 T
Gravel and coarse sand.... 2 9

(Water encountered at
depth of 6 ft; rose to
4.78 £t .below land sur-

face.)
Al-8-11dda. 225 ft south of Hawthorn Canal,
25 ft west of section line
Gumbo, black......... e 1.5 1.5
Clay, light-brown......... 4.5 6
Cobble........ Ceerreseaaan 1 T
Clay, yellow, with a few

partings of sand......... 5 12
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Table 2.--Logs of test holes in the Rapid
Valley unit, South Dakota--Continued

Thickness{Depth
(feet) | (feet)
Al1-8-11dda--Continued
[070] oY o) 1= S 1 13
Sand(2)eeeeeeecciiennannns 2 15

(Water encountered at
depth of 12 ft; rose to
8.49 ft below land sur-
face.)

Al1-8-1kada. NE corner of quarter-quartef

section

Gumbo, black.ieeeeereencesnn

Clay, yellowish-brown......

CobbleS.vseeassencansanoens
(Water encountered in cob-
bles; rose to 0.92 ft be-
low land surface.)

= E

Al-8-1hkdaa. NE corner of

quarter section

Gumbo, black........... ceee 1 1
Clay, Drown....cceveeoacsns 1.5 2.5
Clay, grayish-brown........ 3.5 6
Clay, red to dark-brown;

some iron oxide covered }

PEDDIES v eeeanennanearanes 1.5 7.5
Cobbles...... et eesreanan e

(Water level T7.06 £t below

land surface.)
Al-8-14dda. NE corner of quarter-quarter

section

Clay, dark-brown........... 3 3
Clay, tan, with gravel lens .

6 in. thick at depth of

IS, S i AN 2.h 5.4
Clay, tan; contains small )

pebbles at base..v.venen.. 6.1 11.5
CODDLES . vnrnrennanrivennn .. .5 12

(Water encountered at
depth of 5.3 ft; rose to
3.54 £t below land sur-
face.)

Al1-8-15abb.

75 £t south of intercection of

State Route 40 and section-line road

Gumbo, black to brown......
Clay, yellow..ecvineneannss
Cobbles in a clay matrix...
Clay, yellow, with partings
of fine sand....... [P .
CobbleS.reieereencennenennas
(Water encountered at depth
of 4 ft; rose to 1.75 ft
below land surface.)

3
2

1

= N
= T

AN\ Ww

O @
oo
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Table 2.--Logs of test holes in the Rapid
Valley unit, South Dakota--Continued

Thickness |Depth
(feet) [(feet)
A1-8-23ada. NE corner of quarter-quarter
section
Gumbo, black to brown..... 2 2
Clay, yellow, grading
downward into fine sand.. 3.5 5.5
Sand, fine...... [ 1 6.5
Sand, COATSe..vevescsnnens 1.5 8
Cobbles..veeeeeeensns e 2 10

(Water encountered at
depth of 3.k ft; rose to
2.11 ft below land sur-

face.)

A1-8-23daa. NE corner of quarter-quarter
section

Gumbo, black.....c.c.ociveen 1 1
Clay, reddish-brown....... 2 3
Clay, dark-brown.......... 2 5
Clay, brick-red..... eevena 1- 6
Clay, grayish-brown and

mottled red........ A 2 8
Clay, gray and mottled

yellow....oovennn cesaieenas -1 9
Sand, fine...eoceeeac.. cees L 13
Cobbles @teveeuinreennnnnss . 13

(Water level 3.89 ft be-
low land surface.)

A1-9-7dcc.l SW corner of

quarter section

Clay..... esecesnennas . 10. 10

Gravel, boulders, and sand 25 35

Shale..... Ceceecseseses . 10 L5

Al-9-8cdc.1 SW corner of quarter-quarter
section

Gravel and boulders....... 20 20

Shale..eeoeeasasanaans . 15 35

A1-9-8ddc.! SW corner of quarter section

Shale 8t.ceesavseoan ......J

ORR)

1 us

A1-9-9cdc.1 SE corner of quarter section

Clay and gravel........ . 20 20-
Shal.ceieeeoans . ceeeeans 35 55
A1-9-10cdd.1 SE corner of quarter section
Clay and gravel...coueue.. 20 20
Gravel and boulders....... 15 35
Al-9-16sab.l NW corner of quarter-quarter
section
Clay.eoeeeeeeoonccsnnaoanes 16 16
Gravel and boulders....... 6 22

1 From Amerada Petroleum- Corp.

Table 2.--Logs of test holes in the Rapid
Valley unit, South Dakota--Continued

Thickness |Depth
(feet) [(feet)
A1-9-1Gbch. WNW corner of quarter-quarter
section
Clay.cceeeenns fetaeeraaas 7 T
CobblesS.eeereecessecnonans 5 i2

(Water level 1.47 ft be-
low land surface.)

A1-9-3Lkaca. SW corner of stockyard

Clay, dark-brown....ceee.. T T
Clay, light-brown, with

sand lenses..... eteenase 2 9
Clay, light-brown, with

sand and small pebbles... 2.5 11.5
Cobbles at.ceeeee.n ceecssa e 11.5

(Water encountered at

depth of 7.5 ft; rose to

6.8 £t below land sur-

face.)

A1-9-35bbec. NE corner of stockyard
Gumbo, black to dark-brown 6 6
Clay, light-brown, with

partings of sand......... 5.5 11.5
Cobbles at....vu... ceeesen e 11.5

(Water encountered at~

depth of 5.5 ft; rose to

2.5 ft below land sur-
_face.) '

Al1-9-35bcb. SW corner

Clay, dark-gray to brown..

Loam, sandy, reddish-brown

Shale, dark-gray......... .

Cobbles at..cceeen..
(Water encountered at
depth of 6.0 ft; rose to
4.0 ft below land sur-
face.)

seccne

Table 3.--Measurements of the water level at
piezometric stations in the Rapid Valley

unit, South Dakota

[Feet below land-surface datum]

Well no. and depth
Date 1 2 3 I
(h.2) [(9.0) [ (32.8) | (37.0)

Al1-8-10dad1, 2, 3, L.
1.15 ft above land

Measuring points are
surface and 3,141.2 ft

above mean see level .
Nov. 4, 1949 | Dry 4.65 4.63 10.89
Dec. 29 Dry 6. 6.27

9.78



Table 3.--Measurements of the water level at
plezometric stations in the Rapid Valley
unit, South Dakota--Continued

Well no. and depth .

Date 1 2 3 4

(k.5) 1 (9.0) {(13.5) {(17.0)

Al1-8-15abal, 2, 3, 4. Measuring points are
0.35 ft above land surface and 3,098.4 ft
above mean gea level

Nov. &4, 1949 2.93 | 2.87 2.91 { 15.1k
Dec. 29 344 | 3.4 h.09 | 12.18
Jan. 23, 1950 Dry 5.69 5.61 | 15.89
Apr. 17 Dry 5.36 5.43 | 14.86
May 26 Dry 3.72 3.85 | 13.88
June 21 2.97 | 2.96 3.49 | 13.42
July 12 3.49 | 3.17 3.23 | 13.09
Sept. 5 3.09 | 2.62 2.59 | 12.05

A1-8-15abbl, 2, 3, 4. Measuring points are
1.1 £t above land surface and 3,090.1 ft
above mean sea level

Nov. L, 1949 0.46 | 0.47 1.03 7.43
Dec. 29 a7 3] ra2 | 7.07
Jan. 23, 1950 |a .37 |a .37 2.16 2.68
Apr. 17 2.38 | 2.46 2.12 1.99
May 26 1.14 .76 .69 .09
June 21 .95 .69 1.02 .53
July 12 .95 { 1.16 1.14 .52
Sept. 5 1.35 | 1.02 .89 .88

A1-8-15bdal, 2, 3. Measuring points are 1.0
ft above land surface and 3,075.0 £t above
mean sea level

Nov. L4, 1949 Dry 5.23 8.05 | «....
Dec. 29 ory | 5.78 | 8.15 | .....
Jan. 23, 1950 Dry 5.81 8.17 | .....

A1-9-19abdl, 2, 3. Measuring points are
0.95 ft above land surface and 3,048 ft
above mean sea level

Nov. L, 19kg Dry 5.96 8.91 |.....
Dec. 29 Dry 7.59 8.29 | .....
Jan. 23, 1950 Dry Dry Dry | «evs.
June 21 Dry Dry 10.23 | ...
Sept. 5 Dry 6.01 9.19 | .....

Al-9-19accl, 2, 3, 4. Measuring points are
1.3 £t above land surface and 3,017.3 ft
above mean sea level

Nov. &, 1949 | 0.72 | 0.79 | 0.5k | 0.63

Dec. 29 1.25 | 2.67 2.58 2.46
Jan. 23, 1950 Dry 3.79 3.71 3.68
Apr. 17 2.91 |, 2.88 2.79 2.81
May 26 2.09 | 1.93 | 1.7% 1.69
June 21 1.70 | 1.51 1.47 1.26

a Frozen.
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Table 3.--Measurements of the water level at
piezometric stations in the Rapld Valley
unit, South Dakota--Continued

Well no. and depth
Date 1 2 3 A
(4.5) [(9.0) 1(13.5) J(17.0)

Al-9-19accl, 2, 3, 4~-Continued

July 13, 1950 2.07| 1.92 1.81 1.66

Sept. 5 2.64 | 2.61 2.4g 2.37

Al1-9-19dbecl, 2, 3. Measuring points are 1.1
ft above land surface and 3,004%.1 £t
above mean sea level

Nov. L4, 1949 1.83 | 1.80 1.39 | +....
Dec. 29 1.52 | 1.48 1.45 | ...,
Jan. 23, 1950 2.43 | 2.53 2.57 | «ven.
Apr, 17 2.23 | 2.27 2.21 { .....
May 26 2.07 | 2.12 2.09 | «....
June 21 1.88 | 1.92 1.87 | .....
July 13 1.91 | 1.83 1.63 | oeo.-

A1-9-19dcdl, 2, 3. Measuring points are 0.7
ft above land surface and 2,995.7 £t
above mean sea level

Nov. L4, 1949 ho73 ] 446 8.62 | v.usua
Dec. 29 Dry 4.84 4,99 | .....
Jan. 23, 1950 Dry 5.01 5.13 | ...,
Sept. 5 oo 537 ] ceene | ouues

Al1-9-28caal, 2, 3. Measuring points are 0.7
ft. above land surface and 2,965.7 £t
above mean sea level

Nov. 4, 1949 Dry 5.78 5.32 | .....

Dec. 29 Dry 5.03 SA47 | i..s.

Jan. 20, 1950 | Dry | 5.47] 5.67 | .....

A1-9-28cadl, 2, 3, 4. Measuring points are
0.8 ft above land surface and 2,961.8 £t
above mean sea level

Nov. L, 1949 Dry 5.4k 5.49 |1L4.71
Dec. 29 Dry 6.18 6.07 9.48
Jan. 20, 1950 Dry 6.27 6.21 8.68
Sept. 9 Dry 4,73 3.96 4.7h

D1-10-8abcl, 2, 3, 4. Measuring points are
0.5 £t above land surface and 2,863.5 ft
above mean gea level

Nov. 4, 1949 3.28 [ 2.25 9.32 1.86
Dec. 29 1.97 | 1.88 9.93 1.57
Jan. 19, 1950 2.41 | 2.33 9.48 2.24
Apr. 18 2.31 | 2.26 8.41 2.01
May 2L 2.28 | 1.52 7.76 1.1k
June 22 2.13 | 1.49 6.91 1.37
July 13 2.23 {1.92 6.33 1.16
Sept. 6 3.00 | 2.39 .37 2.90
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Table 3.--Measurements of the water level at
piegometric stations in the Rapid Valley
unit, South Dakota--Continued

Well no. and depth

Date 1 2 3 I
(4.5) ] (9.0) [(13.5) [ (17.0)

D1-10-8caal, 2, 3, 4. Measuring points are
0.5 ft above land surface and 2,863.5 ft
above mean sea level

Nov. 4, 1949 |..... 3.00 3.99 | 12.97
Dec. 29 3.81 | 2.94 3.87 9.76
Jan. 19, 1950 3.47 1 3.38 3.22 9.47
Apr. 18 2.91 | 2.92 2.83 3.48
May 2L 2.40 | 2.39 2.03 3.12
June 22 2.61| 2.70 | 2.47| 1.69
July 13 2.57| 2.58 2.51 2.06
Sept. 6 Dry 3.82 3.57 3.28

D1-10-8cacl, 2, 3, 4. Measuring points are
0.5 ft above land surface and 2,864.5 ft
above mean sea level

Nov. L4, 1949 Dry 4.89 RN 9.53
Dec. 29 Dry k.11 L.10 9.48
Jan. 19, 1950 Dry .17 b.15 8.23
Apr. 18 | ... ..., 3.67 8.04
May 24 | ....0f ..., 3.10 8.4k
June 22 | ... ...l 3.61 8.26
July 13 | eeeeef cunnn 3.56 7.82
Sept. 6 ... ...l 4.55 7.65

Table 4.--Measurements of the water level in
observation wells in the Rapid Valley
unit, South Dakota

[Feet below land-surface datum]

Y
Date Water Date Water
level level
Al-8-3aad

June 2k, 19459 | 0.02 [ Jan. 30, 1950 | 0.37
Qct. 3 .11

Al-8-3ccc .
June 24, 1949 | k.02 Nov. 30, 1949 | 8.29
Sept.19 4.13 Jan. 30, 1950 | 9.22
Oct. 3 7.25

A1-8-3cad
June 24, 1949 | 8.33 Apr. 17, 1950 [35.17
Sept.19 18.99 May 26 36.46
Oct. 3 28.64 June 21 35.37
Nov. 30 31.89 July 12 35.28
Jan. 30, 1950 |33.10 Sept. 5 29.89

Al1-8-3ddc

June 24, 1949 | 7.58 [ oct. 3, 1949 28.21

Table 4.--Measurements of the water level in
observation wells in the Rapid Valley
unit, South Dakota--Continued

Water Water
Date level Date level
Al -8-kcce
June 23, 1949 | 3.ko Oct. 3, 1949 | 3.08
Sept.19 3.13 Jan. 30, 1950] k.78
Al-8-kdad
Aug. 23, 1949 [ 13.93 Apr. 17, 1950) Dry
Sept.19 14.13 May 26 Dry
Oct. 3 14.31 June 21 Dry
Dec. 28 14.37 July 12 Dry
Jan. 30, 1950 | 16.21 Sept. 5 12.82
Al -8-Ldcd

June 24, 1949 | 10.64 || Jan. 30, 1950] 13.11
Oct. 3 11.96

Al1-8-5bce
June 22, 1949 | 7.87 Apr. 17, 1950]| 10.66
Sept.19 7.23 May 26 9.56
Oct. 3 10.91 June 21 9.17
Nov. 30 10.88 July 12 9.97
Jan. 30, 1950 11.13 Sept. 5 10.63
Al1-8-5bdbl
June 22, 1949 | 0.32 Oct. 3, 1949] 5.92
Sept.19 3.31 Jan. 3, 1950 6.89
A1-8-5bdb2
June 22, 1949 | 3.50 Oct. 3, 1949} 11.30
Sept.19 5.67 Jan. 30, 1950 1k.27
A1-8-5cab

June 23, 1949 | 6.62 Oct. 3, 1949} 9.08
Sept.19 | 7.7 |l _Jan. 30, 1950] 11.81

A1-8-5cdb

June 23, 19491 9.79 Jan. 30, 1950] 12.23
Oct. 3 11.07

A1-8-5cdc

June 23, 1949] 3.98 Jan. 30, 1950| 6.66
Oct. 3 5.01

A1-8-8aas.

June 27, 1949| T.11 Jan. 30, 1950 9.73
Oct. 3 8.62

A1-8-8aabl
June 27, 1949| 9.29 | Avr. 17, 1950} 12.51
Sept.1l9 9.73 May 26 12.22
Oct. 3 11.02 June 21 ) 8.23
Nov. 30 12.17 July 12 T.74

Jan. 30, 1950/ 13.23 Sept. 5 8.5k
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Table L.--Measurements of the water level in Table k4.--Measurements of the water level in
observation wells in the Rapid Valley observation wells in the Rapid Valley
unit, South Dakota--Continued unit, South Dakota--Continued

Date Water Date Water Date Water Date Water
level level level level
A1-8-8aab2 A1-8-10adb
June 27, 1949] 11.06 Jan. 30, 19501 12.17 Aug. 23, 1949} L.78 Dec. 29, 1949} 7.1k
Oct. 3 11.32 Sept.19 6.49 Jan. 30, 1950| 8.33
Al_8_8aad Oct. 3 6-90 i
Jane 27, 1949 11.28 || Oct. 3, 1049 10.95 A1-8-10bab
Sept.19 10.71 Jan. 30, 1950} 12.61 June 24, 1949 | 12.11 n Jan. 30, 1950} 15.73
A1-8-9abe Oct. 3 14 .47
A1-8-10cb
Sept.2k, 1949 s5.L2 Dec. 29, 1949 | 9.11 . e
Oct. 3 8.19 || Jan. 30, 1950} 10.02 June 29, 1949 | L.77 || Jan. 30, 1950] 7.12
Oct. 3 6.89
A1-8-9abd
Tune 23, 1949 ] 18.51 || May 26 A1-8-10cep
une 1949 . y 19501 25.99

oct. 3 19.51 || June 21 17.83 June 29, 19k9 | E.b5 T Jan. 30, 1950 6.88

Nov. 30 24.87 | July 12 18.89 Oct. 3 3.18

Jan. 30, 1950 25.1h4 Sept. 5 18.32 Al1-8-1labc

Apr. 17 25.14

June 2L, 1949 | 2725 Oct. 3, 1949| 3.23
A1-8-9adb Sept.19 2.16 | Jan. 24, 1950] 4.66
June 24, 1949 6.30 Nov. 30, 1949 | 11.4h A1-8-11ccd
Oct. . . 30, .
S 9:87 | Jen. 30, 1950112.73 Jane 2k, 1949 | 11.39 || dan. 2%, 1950] 12.76
A1-8-9bca Oct. 4 10.42
June 27, 1949[ 11.21 Jan. 30, 1950 11.78 A1-8-11cdal
Qet. 3 10.30 June 29, 1949 | %.90 ]| Jden. 25, 1950] %.92
Al1-8-9cab Oct. 4 L.71
June 27, 1949 11.22 Jan. 30, 1950 | 12.07 Al-8-11dad
Oct. .
= L1b June 29, 1949 [ 21.7h Oct. 3, 19kg} 22.27
A1-8-9cbbl Sept.19 22.10 | Jan. 24, 1950| 27.61
June 27, 1949 { 10.24 Jan. 30, 1950 | 11.48 Al1-8-11dda
Oct. 10.
. 2 AL Aug. 16, 19k9 | B8.Lg Apr. 17, 1950 Dry

A1-8-9¢cbb2 Sept.19 Dry May 26 Dry

Tane 27, 194G | 6.78 || Jdan. 30, 1950 | 7.31 Oct. 3 Dry || June 21 11.28

Oct. 3 6.58 Nov. 30 Dry July 12 13.77

Dec. 29 Dry Sept. 5 11.02

A1-8-9cbe Jen. 24, 1950 | Dry

June 27, 1949 | 5.13 Jan. 30, 1950 | 6.09 A1-8-12ccc

Oct. 3 5207 m 3 1y b

N June 29, 1949 | 0.60 Oct. 3, 19491 3.7

A1-8-10aaa Sept.19 3.27 | _Jen. 23, 1950] 5.63

June 24, 1949 | 6.20 Oct. 3, 1949 129.26 A1-B-13aac

Sept.19 21.71 Jan. 30, 1950 | 30.19 - n L
AL-8-108cd June 29, 1966 T 938 T oct. &, 10ko] 15.70

Aug. 23, 1949 | 2.62 Dec. 28, 1949 | k.53 A1-8-13cad

Sept.19 3.97 | Jan. 30, 1950 | 5.64 Oct. 13, 1949 | 6.61 | Jan. 23, 1950{ T.55

Oct. 3 4.08 Dec. 29 7.18




24

Table 4.--Measurements of the water level in
observation wells in the Rapid Valley
unit, South Dakota--Continued

Water

Date Date Water
. level . level
A1-8-13dcd
July 1, 1949] 15.64 Jan. 23, 1950 ] 18.98
Oct. L 16.91 :
A1=8-1haaa
June 29, 19%9| 3.47 || dan. 23, 1950] 6.61
Oct. 3 L .98
_A1-8-1hada
Aug. 15, 19491 0.92 || Apr. 17, 1950 4.37
Sept .19 3.23 || ‘May 26 -3.84
Oct.. 3 3.42 || - June 21 - 1.20
Nov. 30 4.48 July 12 2.78
Dec. 28 4,51 Sept..5 3.05
Jan. 23, 1950 L.72
A1-8-1Ubbe
June 30, 1949} 9.92 Jan. 24, 1950 | 13.51
Oct. & 1 11.76
"7 TA1-8-1lced
June 30, 1949 5.52 Jan.-23, 1950 | 8.96
Oct. 3 7.56 4 ° .
Al1-8-1kdaa
Aug. 14, 1940 7.06 Apr. 17, 1950] 7.18
Sept.19 6.61 May 26 ) 6.46
Oct. 3 6.53 June 21 4.84
Nov. 30 7.19 July 12 6.16
Dec. 29, 7311 Ssept. 5 6.92
Jan. 23, 1950| T7.61
i A1-8-1kdbb
July 19, 1949} 7.65 Jan. 23, 1950 | 10:k6
Oct. A4 9.24
Al1-8-1kdda
Aug. 14, 1949 3.59 Apr. 17, 1950 | 7.37
Sept.19 5.58 May 26 5.52
Oct. 3 5.96 June 21 k.30
Nov. 30 7.4k July 12 5.48
Dec. 28 7.90 Sept. 5 4.81
Jan. 23, 1950 8.7h
Al-8-15abb
Aug. 24, 1949 | 1.75 Dec. 28, 1949 | 0.60
Sept.19 .51 Jan. 23, 1950 .83
Oct. 3 .48
A1-8-15add
Oct. 3, 1949 2.68 Dec. 28, 1949 | k.ol
Nov. 30 3.8k Jan. 23, 1950 | 3.89

Table L.--Measurements of the water level in
observation wells in the Rapid Valley
unit, South Dakota--Continued

Water Water
- Date level Date - level
Al-8-15add--Continued
Apr. 17, 1950| L4.79 f.- July 12 2.02
May 26 1.93 Sept+ 5 2.81
June 21 1.72
A1-8-15cbe
Sept.26, 1949 2.19 Apr. 17, 1950 2.47
Oct. 3 1.77 May 26 2.23
Nov. 30 2.08 || “June 21 1.87
Dec. 28 2.19 July 12 2.30
Jan. 23, 1950 2.4 Sept. 5 3.06
A1-8-15dca )
June 30, 1949| 0.13 Jan. 23, 1950| 1.15
Oct. 3 17
Al-8-16aaa
June 29, 1049] 11.38 | oct. - 3, 1949 ]11.25
A1-8-16ada o
Sept.26, 1949 | 6.83 || - Apr. 17, 1ig50] 8.4
Oct. 3 6.79 || - May 26 ' 7:87
Nov. 30 7.6k June 21 7.62
Dec. 28 8.07 July 12 6.58
Jan. 23, 1950| 8.51 Sept. 5 6.23
Al1-8-22daa
June 30, 1949 | 9.76 || . Nov. 30, 1949 | 17.63
Sept .19 14.01 || Jan. 23, 1950 | 19.26
Oct. 3 15.36 ) -
. ~ .A1-8-23asa
Aug. 15, 1949 3.87 Apr. 17, 1950| 3.11
Sept.19 2.h1 May 26 2.27
Oct. 3 2.4h June 21 .99
Nov. 30 2.19 July 12 1.3%
Dec. 29 2.4 Sept. 5 2.90
Jan. 23, 1950 3.32
Al-8-23ada
Aug. 14, 19¥6) _2.11 f Apr. 17, 1950 3.03
Sept.19 2.2 May 26 1.42
Oct. 3 2.55 June 21 1.61
Nov. 30, 2.28 July 12 1.74
Dec. 28 2.28 Sept. 5 2.14
Jan. 23, 1950 | 3.24 -
) A1-8-23bbe
June 30, 1949 | 3.63 § 'Jan. 20, 1950 | k.61
Oct. 3 : .32 )




Table %.--Measurements of the water level in
observation wells in the Rapid Valley
unit, South Dakota--Continued

Water Water
Date level Date | jevel
Al1-8-23daa
Aug. 14, 19491 3.89 Dec. 28, 1949 | k.27
Sept.19 5.51 Jan. 23, 1950] 4.83
Oct. 3 5.43 Apr. 17 3.19
Nov. 30 3.92 May 26 2.4
Al1-8-24aba
July 1, 1949 9.4o0 Jan. 20, 1950{ 10.02
Oct. L4 9.47
A1-8-2kcac
June 30, 1949 | 9.36 Jan. 23, 1950 [10.43
Oct. &4 9.31
A1-8-24dbbl
June 30, 1949 | 9.07 I Oct. L, 19h9] 9.11
Al1-8-26aba
June 30, 1949} 10.90 Jan. 23, 1950] 13.59
Oct. 4 12.19
Al-9-Tccd
June 29, 1949} 3.36 Oct. 4, 1949 3.61
Sept .20 3.60 Jan. 23, 1950 4.83
Al-G-Oced
July 1, 19k 1.68 Oct. 5, 1949 0.71
Sept .20 .91 Jan. 23, 1950| 1.4
A1-9-114dd4d
Aug. 29, 1949 | 12.98 Jan. 23, 1950| 13.3L
Oct. 5 12.56
Al-9-12ccc
Aug. 29, 1940 | 6.48 Nov. 30, 1949 6.13
Sept .19 6.51 Jan. 23, 1950| 6.83
Oct. 6 6.59
A1-9-13bba
Aug. 29, 1949 | 10.48 Oct. 6, 1949| 10.51
Sept.19 10.39 Jan. 23, 1950 9.02
A1-9-19bbb
July 1, 1949 9.77 May 26, 1950] 18.02
Oct. 5 14.35 June 21 17.61
Nov. 30 18.56 July 13 17.77
Jan. 23, 1950 | 19.17 Sept. 5 14.95
Apr. 17 18.71 -
A1-9-19bch
Sept.lh, 1949 | 1.47 || Nov. 30, 1949| 2.38
Oct. 3 2.31 Dec. 28 2.47
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Table 4.--Measurements of the water level in
observation wells in the Rapid Valley
unit, South Dakota--Continued

' Water Water
Date level Date i level
Al-9-19bcb--Continued
Jan. 23, 1950 | hk.11 June 22, 1950 2.37
Apr. 17 3.72 July 13 2.02
May 26 3.29 Sept. 5 1.61
A1-9-19cbe
June 30, 1949 | T.h49 May 26, 1950| 6.72
Oct. 5 7.66 June 22 7.4
Nov. 30 7.35 July 12 7.64
Jan. 23, 1950 | T7.53 Sept. 6 T.47
Apr. 17 7.49
A1-9-19dbce
Sept. 7, 1949 | 2.10 Dec. 28, 19k9| 2.21
Oct. 5 2.17
' A1-9-19dde
July 1, 1949} 9.27 Jan. 23, 1950| 9.63
Oct. 5 9.31
A1-9-20dcb
Aug. 12, 1949 | 13.47 Nov. 30, 1949| 1L4.9k
Oct. 5 13.61 Jan. 20, 1950{ 17.31
Al1-9-21abb
Aug. 14, 1949 | 2.38 Jan. 20, 1950 3.43
Oct. 5 2.76
A1-9-26ddd
Aug. 24, 1949 ] 10.16 Nov. 30, 1949 10.54
Sept.19 10.21 Dec. 28 10.67
Oct. 6 10.63
A1-9-27ddb
Sept. 7, 1949 ] 12.65 May 26, 1950] 16.17
Oct. 3 1k.51 June 22 13.21
Nov. 30 16.78 July 13 12.77
Jan. 20, 1950 | 18.27 Sept. 6 12.62
Apr. 17 17.54 ) - .
A1-9-28cbb
Oct. 13, 1949 | 6.35 May 26, 1950| L.6k.
Nov. 30 6.87 June 22 4.37
Dec. 28 7.13 July 13 L.17
Jan. 20, 1950| 6.99-| Sept. 6 5.97
Apr. 17 6.18 }
A1-9-28dac
Toly 1, 1959] 17.22 ] Jan. 20, 1950] 21.5k
Oct. 5 16.61
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Table L4.--Measurements of the water level in
observation wells in the Rapid Valley
unit, South Dakota--Continued

Déte Water Date Water
level level
Al1-9-28dda
July 26, 1949| 11.98 || Apr. 17, 1950| 11.83
Sept.20 9.17 May 26 11.77
Oct. 5 9.32 June 22 11.54
Nov. 30 12.42 July 13 11.73
Jan. 20, 1950| 14.19 Sept. 6 11.88
A1-9-29bad
July 1, 1ohkg| 2.69 Jan. 20, 1950] 3.9%
Oct. 5 2.71
A1-9-29cda
Oct. 13, 19%9| 8.12 Jan. 20, 1950 7.58
Dec. 28 8.29
A1-9-29ddd
Oct. 13, 1949 ! 9.65 May 26, 1950| 7.89
Nov. 30 T7.52 June 22 7.49
Dec. 28 8.37 July 13 T7.57
Jan. 20, 1950| 7.k49 Sept. 6 T7.52
Apr. 17 T-1T
Al-9-33bca
Oct. 13, 19k9| 8.88 Jan. 20, 1950] 11.66
Dec. 29 9.41
Al-9-3haca
Sept.lh, 1949 | 7.62 Jan. 20, 1950] 7.20
Oct. 3 6.57 Apr. 17 7.01
Nov. 30 6.38 May 26 6.94
Dec. 28 6.24
Al-9-35adc
July 13, 1949 L4.29 Nov. 30, 1949 5.91
Oct. 5 5.80 Jan. 19, 1950 T.57
Al-9-35baa
July 13, 1949 | 7.42 Oct. 5, 1949} 8.17
Sept.18 8.01 Jan. 20, 1950| 9.31
Al1-9-35bbe
Sept.1s, 1949 | 3.16 || Apr. 17, 1950| 2.67
Oct. 3 3.17 May 26 2.43
Nov. 30 3.39 June 22 2.37
Dec. 28 3.51 July 13 3.46
Jan. 19, 1950 | 4.92 Sept. 6 3.87
A1-9-35bch
Sept.l4, 1949 ] 8.12 Dec. 28, 1949] 3.83
Oct. 3 2.39 Jan. 19, 1950| 4.4

Table 4.--Measurements of the water level in
observation wells in the Rapid Valley
unit, South Dakota--Continued

Water Water
Date level Date level
A1-9-35cdd
July 13, 194%9| 6.63 Jan. 19, 1950] T.43
Oct. 5 6.69
Al1-10-1Tcce
July 12, 194%9| 9.62 Apr. 17, 1950 6.96
Sept.20 9.37 May 26 5.59
Oct. 5 9.41 June 21 6.63
Nov. 30 8.94 July 13 5.99
Jan. 19, 1950 8.68 Sept. 6 8.25
A1-10-18ccd
Aug. 29, 1949 | 26.11 Oct. 3, 1949| 26.20
Sept.19 26.17 Jan. 19, 1950| 26.22
A1-10-20bch
July 13, 1949| 2.34 Oct. 6, 1949] 1.98
Sept .20 2.17 Jan. 19, 1950 2.21
A1-10-21lcce
Sept.20, 1949 | 8.65 Apr. 18, 1950| 5.9%4
Oct. 6 7.87 May 24 5.38
Nov. 19 8.51 June 21 6.35
Dec. 20 8.11 July 13 T7.51
Jan. 18, 1950] 8.09 Sept. 6 8.79
Al1-10-22ccc
July 13, 1949 | 38.36 Oct. 6, 1949} 38.93
Sept .20 38.58 Jan. 18, 1950] 37.83
A1-10-22dcd
July 13, 1949 | 16.26 Oct. 6, 1949} 16.27
Sept.19 16.31 Jan. 18, 1950| 15.38
A1-10-23dcd
July 13, 1949 | 3.97 Apr. 17, 1950| 3.08
Sept.20 k.ot May 24 2.97
Oct. 6 k.19 June 21 3.72
Nov. 29 k.37 July 13 3.88
Jan. 18, 1950 | 4.47 Sept. 6 4.39
A1-10-27bad
July 13, 1949 | 21.39 Apr. 18, 1950 21.17
Sept.20 21.60 May 24 21.04
Oct. 6 21.62 June 21 21.39
Nov. 29 21.94 July 13 21.67
Jan. 18, 1950} 21.97 Sept. 6 21.62
A1-10-2Tche
July 1%, 19%9 | 10.97 Oct. 6, 1949 10.61
Sept.19 11.12 Nov. 29 13.1%



Table L4.--Measurements of the water level in
observation wells in the Rapid Valley
unit, South Dakota--Continued

Date Water Date Water
level level
Al1-10-27cbc-~-Continued
Jan. 18, 1950[ 13.22 June 21, 1950] 10.83
Apr. 18 11.33 July 13 11.03
May 24 10.05 Sept. 6 11.98
A1-10-31cdd
July 19, 1949 11.08 || Oct. 6, 1949 12.37
Sept .20 12.32 Jan. 19, 1950| 12.32
Al1-10-3kaaa
July 1b, 1949 21.88 | oct. 6, 1949] 21.92
A1-10-34bba
July 1%, 1949 17.11 Apr. 18, 1950] 18.07
Sept .20 17.45 May 2k 17.76
Oct. 6 17.51 June 21 17.77
Nov. 29 18.90 July 13 17.97
Jan. 18, 1950] 19.19 Sept. 6 18.66
D1-9-lada
July 13, 1949 11.95 Apr. 17, 1950 15.82
Sept.20 13.87 May 26 15.73
Oct. 6 1k.19 June 22 14.11
Nov. 30 14.18 July 13 12.87
Jan. 19, 1950] 15.62 Sept. 6 13.09
D1-9-ldaa
July 11, 19k9| 7.29 Oct. 6, 1949 10.18
Sept.20 g.42 Jan. 19, 1950] 11.05
D1-9-1dad
July 11, 19491 12.19 Oct. 6, 1949| 14.22
Sept.20 13.81 Jan. 19, 1950 13.32
D1-9-2daa
July 13, 1949] 9.59 [ oOct. 6, 19h9] 9.72
D1-10-3ada
July 1%, 1949 | 10.0k Oct. 6, 1949 9.97
Sept.20 9.92
D1-10-5cbd
July 11, 1949 23.89 Apr. 17, 1950 3L.41
Sept.20 29.78 May 26 34.43
Oct. 6 30.12 June 22 27.74
Nov. 30 27.80 July 13 26.83
Jan. 19, 1950] 34.37 Sept. 6 28.06
D1-10-5ccc
Oct. 5, 19497 12.66 May 26, 1950 Dry
Nov. 30 11.77 June 22 Dry
Déc. 28 13.07 July 13 Dry
Jan. 19, 19501 12.16 Sept. 6 Dry
D1-10-6bdb
July 19, 19491 12.54 Jan. 19, 1950 13.86
Oct. 6 12.31
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Table L.--Measurements of the water level in
observation wells in the Rapid Valley

unit, South

Dakota~--Continued

Date Water Dete Water
level level
D1-10-6dad .
July 11, 1949 ] 16.50 Jan. 19, 1950 17.63
Oct. 6 16.44
D1-10-8abc
July 27, 194ko| 4.39 May 24, 1950] 3.17
Oct. 6 - - 2.68 June 21 2.67
Nov. 30 2.53 July 13 2.84
Jan. 19, 1950] 2.76 Sept. 6 3.68
Apr. 18 3.07
D1-10-8add
July 11, 1949 13.10 Oct. 6, 19hkg| 11.41
Sept.19 12.58 Jan. 19, 1950 12.41
D1-10-8bece
Oct. 5, 19T 6.71 T Dec. 28, 19491 8.11
\ D1-10-8cda
Sept. 5, 1949 | L.05 Dec. 28, 1949] 3.53
Oct. 6 3.48 Jan. 19, 1950 3.23
D1L-10-Oaca
July 19, 1949| 2.32 Jan. 18, 1950| 2.26
Oct. 6 2.21
D1-10-9bca
July 11, 1939 9.11 Jan. 19, 1950] 11.32
Oct. 6 9.17
D1-10-9cdd
Sept.26, 1069| 1.02 | May 2%, 1950] 80.50
Oct. 6 1.86 June 21 .1k
Nov. 30 .01 July 13 .22
Dec. 28 1.44 Sept. 6 1.56
Apr. 18, 1950] ®.19
D1-10-10cbc
Sept.28, 1949 [ 3.76 Apr. 18, 1950{ Dry
Oct. 6 3.47 May 2k Dry
Nov. 30 Dry June 21 3.61
Dec. 28 Dry July 13 3.58
Jan. 18, 1950| Dry Sept. 6 3.44
Dl-10-14dbd
July 14, 1949] 28.19 Apr. 18, 19503 24.93
Sept.20 26.57 May 2k 2k.5L4
Oct. 6 25.84 June 21 23.68
Nov. 29 25.23 July 13 24,11
Jan. 18, 1950( 25.22 Sept. 6 25.07
D1-10-15bba
July 11, 1949] 7.78 | oct. 6, 1949] 7.79

& Feet above land-surface datum.
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