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WATER SUPPLY HYDROLOGIC INVESTIGATIONS

Purpose:

(1) To provide the necessary hydrologic information for the design
of a proposed reservoir in Section 28, T, 104 N., R. 61 W.; and

(2) to estimate the availability of surface runoff from Firesteel
Creek for municipal and industrial water supply for the city of
Mitchell.

Physical Description

Firesteel Creek is located in Jerauld, Aurora, and Davison Counties
and comprises an estimated total contributing drainage area above
Lake Mitchell of 531 square miles., The drainage originates along
the eastern slopes of the Wessington hills in Jerauld and Aurora
Counties, flows in a southerly direction along the hills and then

- turns to a southeasterly direction where it joins the James River
about 2 miles east of Mitchell. BExcept for the fairly steep slope
of the Wessington hills the topography is generally flat to gently
sloping. The main stem drainage heads in the hills to the north of
Wessington Springs and flows for a distance of about 55 miles to
Lake Mitchell. Its flood plain is about 4 to % mile in width and
has a stream gradient of about 0.08 to 0.10 foot drop in 100 feet.

Vegetative cover conditions are estimated to be 19 percent in row
crops, 15 percent in small grain, and 66 percent in pasture and
hayland. Soil associations found in Firesteel Creek drainage area
follows: Houdek-Stickney, Houdek-Prospen, Dudley-Stickney, Beadle-
Stickney-Dudley, Clarno-Ethan, Highmore-Eakin, Enet-Delmont, Redstoe-
Firesteel, Ethan-Clarno-Betts, Jerauld-Lane, Lane, Lamo, and Clayey
Alluvium,

Watei,Supply

At the present time the city of Mitchell draws all of its water from
Lake Mitchell. Because of the apparent shortage of water during
drought periods and due to the depletion of storage in the lake through
the accumulation of sediment, the city has shown an interest in the
development of another reservoir about 3 miles upstream from Lake
Mitchell,

A water budget table (see Figure 1H) was prepared for the proposed
reservoir and Lake Mitchell using the following information:
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INTRODUCTION

This preliminary engineering report was prepared at the request of the city
of Mitchell, South Dakota, to the Davison County Conservation District.

The city requested this assistance as part of an overall effort to enhance
and protect Lake Mitchell, a multi-purpose structure providing water supply
and recreation to the city. The city desires the proposed structure to

(a) greatly reduce sediment inflow to Lake Mitchell, s (b) @ stabilize

‘the water level of Lake Mitchell, (c) increase the water supply available

from Lake Mitchell, and (d) provide additional recreation for the general
area. This report considers engineering feasibility for the type of structure
requested and does not cmsider economic feasibility, environmental impact,
availability of water rights, etec. '

Technical data were collected, feasibility studies were made, and this
report was prepared by the Soil Conservation Service of the U.S. Department
of Agriculture.

This report consists of a preliminary geologic, hydrologic, and engineering
evaluation of a damsite on Firseteel Creek, 3 miles upstream from Lake
Mitchell. The site is located a few hundred feet upstream from the road
in Section 28, T104N, R61W in Davison County, South Dakota.

Consideration was given to various types of dams and epillwsy conbinations
consistent with the anticipated used. Preliminary work indicates the most
economical structure would be an earth dam with a storage capacity of 10,000
acre-feet, a large open concrete chute spillway and a wide vegetated emergency
spillwa3)r. (Dimensions used are shown in the preliminary structural design
report.

The material in this report is preliminary and should be regarded as such.
Additional data will have to be obtained and investigations made prior to
the final design and construction phases. Some changes in structure
dimensions may occur during final design, however, major changes are

not anticipated,

The preliminary design is based on current Soil Conservation Service
design criteria for high hazard dams designed for the above purposes.
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The Bureau of Reclamation, report on Mitchell Unit, dated October 1968,
based their investigations on the availability of water supply during
the drought period of 1931 to 1942. The results showed that for this
period the firm water yield from Firesteel Creek at Lake Mitchell
amounted to 1500 acre-feet per year which does not meet present water
requirements.

The following brief information is a comparison of surface runoff for
periods of 1956 through 1972 and 1931 through 1941:

Estimated
Period of Contrib, Av. Ann, Av. Annual
Record Drainage Runoff Runoff
Drainage Years Area Sq. Mi. Ac-Ft Ac-Ft/Sq.Mi.

Firesteel Creek above 1956~
stream gauge 1972 ;78 19,406 L0.6
Drainage area between
stream gauges on James
River at Forestburg 1956~
and Scotland 1972 ' 2,67 107,161 L40.0
Drainage area'above .
stream gauge on James 1956~
River at Scotland 1972 16,500 321,920 19.5
Drainage area above
stream gauge on James 1931~
River at Scotland 1941 16,500 52,960 3.2

The above information shows that the amount of runoff at Scotland for
the period of 1956-1972 was about 600 percent more than occurred during
the period of 1931-1941. If you assumed that this sdme percentage would
occur on Firesteel Creek the average runoff for period 1931-1941 would
amount to 6.66 acre-feet per square mile. This would amount to an
average anmual runoff at Lake Mitchell of (6.66 x 531) 3,536 acre-feet.
This amount of runoff would not be sufficient to satisfy the storage
requirements at Lake Mitchell for consumptive use, evaporation and
seepage loss.

Proposed Reservoir

The hydrologic data for the design of the proposed structure is
as follows:



1. Annual runoff amounts measured at the stream gauge on Firesteel Creek
for the period 1956 through 1972.

2. Contributing drainage area:
a. above stream gauge = 478 square miles
b. above proposed reservoir = 511 square miles
¢. above Lake Mitchell = 531 square miles

3. Assumed the same rate of runoff for the drainage area between the
stream gauge and Lake Mitchell as for the drainage area above the

stream gauge.

L. Annual precipitation amounts for station at Mitchell for period
1956 through 1972.

5. Average annual lake evaporation of 36 inches - from U. S. Weather
Bureau TP 37.

6. Annual sediment yields (SCS State Geologist):
a. Proposed reservoir = [0 acre-feet per year
b. Iake Mitchell = none
7. Annual seepage loss (SCS State Geologist):
a. Proposed structure = 1,100 aére-feet per year
b. Lake Mitchell stfucture = 1,100 acre-feet per year

8. Estimated consumptive use of water for city of Mitchell will
increase from the present use of 2,350 acre-feet ‘per year in 1973
to 3,050 acre-feet per year in 1990, a 17-year period.

9. Total available storage iﬁuproposed reservoir of 10,056 acre-feet
at elevation 1300.0. :

In the preparation of the water budget table for the two reservoirs
the main objective was to make use of the total available storage in
the upper structure, releasing water if necessary, to maintain the
water level in Lake Mitchell at an elevation of 1262.0 which is one
foot below the crest &6f the emergency spillway. The table shows that
there were 2 years (1956 and 1965) that this water level could not
be maintained. The table also ‘shows that there were 8 years where
an excess of water would be discharged through the emergency spill-
way. Likewise, the upper reservoir shows 2 years with no water
storage and 8 years with full storage.
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Contributing drainage area above structure = 511 sq. mi. (see Figure 2H)
Runoff curve number = 75

Time of concentration = 53 hours

Elevation - top of conservation pool = 1300.0

100-year sediment storage = 4,000 acre-feet

Structure classification (SCS ENG Memo 27) = "C"

Conclusions -

The foregoing water budget table shows that the surface runoff on
Firesteel Creek for the period of 1956 through 1973 is sufficient

to meet the city of Mitchell's water requirement needs assuming the
upper or proposed structure is in place. It also shows that the carry-
over storage in the proposed structure, in 11 of the 16 years of record,
is sufficient to maintain a water level in Lake Mitchell at 1.0 foot
below the crest of the emergency spillway assuming no surface runoff
occurs during the year.

The available data also show that for extended dry periods, as occurred
during the 1931 through 1941, surface runoff from Firesteel Creek would
not be sufficient to meet Mitchell's water needs.
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. By:
Firesteel Creek Structure James B, Hyland
Geologist 9/5/73
ENGINEERING GEOLOGY INVESTIGATION
FEASIBILITY INVESTIGATION OF FIRESTEEL CREEK DAMSITE

Proposal Data:

An earth fill damsite is proposed at SE} Section 28 and NE} Section 33,
T10LN, R61W, Davison County, South Dakota. The site is upstream from
Leke Mitchell, approximately 3 miles, on Firesteel Creek. The primary
purpose is sediment control and protection for Lake Mitchell.

The structure dimensions for the purposes of this geologic investigation
are estimated as follows:

h = hs feet .
1 = 3,000 feet .. -
- fi1l = 250,000 cubic yards

total storage = 25,000 acre-feet (@ L5 feet high)

Purpose of Investigation:

The investigation was conducted to determine the suitability of the
general site conditions for a structure of this description and the
sediment storage requirements of a site at this location and for this

purpose.

The site was iﬁvestigated using Soil Conservation Service owned drilling
equipment and personnel during the week of September L, 1973.

Physical Damsite Conditions:

The géneral geologic section is shown on Figure 1G. The Sioux Quartzite
forms the basement rock. The quartzite is non-compressible and often
fractured,

The Carlile shale overlies the Sioux Quartzite and consists of light
gray to black shale interbedded with silt and sand layers. The Carlile
includes the Codel sandstone member just below the Niobrara Formation
and is exposed in the lower L feet of the left abutment of the proposed
damsite.

The Niobrara Marl overlies the Carlile Formation and is exposed in the
left abutment of the damsite. It is composed of light to medium blue
gray (unweathered) and light yellow brown to dark yellow brown (weathered)
shaley marl, The Niobrara is moderately permeable along bedding plains
and joints. It is preconsolidated but light in specific gravity.
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