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FORT RANDALL DAM AND RESERVOIR
MISSOURI RIVER
SOUTH DAKOTA

PERTINENT DATA

1. PURPOSE

Fort Randall Dam and Reservoir, in coordination with other projects
in the Missouri River main stem system, 1s operated as a multiple-
purpose reservoir for navigation, flood control, hydroelectric power,
irrigation, water supply, recreation, fish and wildlife and other
conservation purposes.

2.  AUTHORIZATION

Authorized by the Flood Control Act approved 22 December 1944
(Public Law 534, 78th Congress, 2nd Session) as part of the general
comprehensive plan for flood control and other purposes in the

Missouri River Basin.

3. LOCATION OF DAM

State South Dakota

Counties Charles Mix and Gregory

River Missouri River, 880.0 above the
mouth (1960 mileage)

Town Approximately 6 miles south of

Lake Andes, South Dakota

4, DRAINAGE AREAS

Total Missouri River Basin, sq. mi. 529,350
Above Fort Randall Dam, sq. mi. 263,480
Oahe Dam to Fort Randall Dam, sq. mi. 19,990
Fort Randall Dam to Gavins Point Dam,

sq. mi. 16,000
Fort Randall Dam to Sioux City, Iowa,

sq. mi. 51,140

5. STREAM FLOW DATA

Natural Flow at Dam Site, c.f.s. (1898-1977)

Maximum of Record (1952) 447,000
Minimum (1940) 2,300
Average 30,000

ix



Actual Regulated Flow at Dam Site, c.f.s, (1953-1977)

Maximum (1953) 103,000
Minimum (1960 & 1962) 0
Average 23,500
Average Annual Runoff at Dam Site, Acre-Feet (1898-1977)
21,700,000
6. RESERVOIR DATA
Approximate Length of Reservoir, miles
(Pool Level at Maximum Normal Operating
Level and 1960 River Conditions) 107
Shoreline, miles at Elev, 1350 540
Elevation Gross Storage Gross Area
Storage Capacity M.S.L. Acre-Feet Acres
Maximum Operating Pool 1375 5,600,000 102,000
Maximum Normal Operating Pool 1365 4,600,000 95,000
Base of Flood Control Pool 1350 3,300,000 78,000
Minimum Operating Pool 1320 1,600,000 42,000
Exclusive Flood Control 1365-1375 1,000,000
Seasonal Flood Control 1350-1365 1,300,000
Carryover Multiple Use 1320-1350 1,700,000
Inactive Storage +230-1320 1,600,000
/2%
7. DAM
Embankment Type - Rolled Earth Fill
Abutment Formations - Niobrara Chalk
Top of Embankment, Elev. Ft. m.s.l. 1,395
Total Crest Length, Feet (excluding spillway) 10,700
Maximum Height, Feet 165
Damming Height (Low Water to Max. Oper. Pool) 140
Top Width, Feet 60
Maximum Base Width, Feet 4,300
Fill Quantity, Cubic Yards 28,000,000
8.  SPILLWAY
Location Left Bank - Adjacent

Type - Chute, Concrete Lined with Gated Overflow Weir

Crest Elevation, Feet m.s.l.
Crest Length, Gross, Feet
Crest Length, Net, Feet

1,346
1,000
840



Gates - Tainter - No. & Size, Feet 21 - 40 x 29

Design Discharge Capacity, c.f.s. 620,000
Discharge Capacity at Maximum Operating Pool,

(Elev. 1375) c.f.s. 508,000
OUTLET WORKS
Location Left Bank
Type - Concrete Lined Tunnels
Tunnels, No. and Dia. in Feet 4 - 22

(Tunnel No. 10 - Diameter Increased Downstream
to 28 Feet for 22-Foot Steel Penstock)

Tunnels, Length, Feet, Approx. 1,013
Service Gates, Type Vertical Lift Tractor
Service Gates, No. & Size in Feet 2 -11 x 23

per tunmnel

Regulating Gate, Type (2) Vertical Lift Wheeled Gate
(In Downstream End Tunnel No. 10 for Fine Regulation)

Emergency Gates, Type Vertical Lift Tractor

Emergency Gates, No. & Size in Feet 4 - 11 x 23

Discharge Capacity per Tunnel, c.f.s.

(Reservoir Water Surface at Elev. 1375) 32,000
Present Tailwater Elevation, Feet m.s.l. 1237~-1240
Elevation, Intake Invert, Feet m.s.l. 1229
Elevation, Invert at Downstream Portal,

Feet m.s.l. 1219

NOTES: (1) Length from upstream face of intake to downstream face of

10.

NOTE:

tunnel outlet portal.
(2) This gate unusable because of damage during high release
period of 1975. Tunnel can be used without this gate.

POWER STRUCTURES

Location Left Bank
Powerhouse, Type Indoor, Reinforced Concrete
Tunnels - Concrete with Steel Penstocks

Tunnels, No. & Dia. in Feet (Upstream) 8 - 22

(Diameter Increased Downstream to 28 Feet for
22-Foot Steel Penstocks)

Tunnels, Length in Feet, Approx. 1,074 (3)
Service Gates, Type Vertical Lift Tractor
Service Gates, No. & Size in Feet 2 -11 x 23

per tunnel

Emergency Gates (See Outlet Works)
Surge Tanks 59 Ft. Dia., 2 per
Alternate Penstock

(3) Length from upstream face of intake to scroll case.

xi
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11.

12.

NOTE:

POWER INSTALLATION

Average Gross Head Available, Feet

Number of Generating Units

Turbines, Type

Turbines, Speed, rpm

Discharge Capacity at Rated Head (112 feet) cfs
Generator Rating, KW

POWER AVAILABLE

Plant Capacity, KW
Dependable Capacity, KW (4)
Average Annual Energy, KWH (4)

(4) Based on Operation Study 2-76-1975.

xii

115

8
Francis
85.7
44,500
40,000

320,000
285,000
1,715,000,000



MISSOURI RIVER BASIN
MAIN STEM RESERVOIR SYSTEM

RESERVOIR REGULATION MANUAL
IN 7 VOLUMES - VOLUME NO, 6

FORT RANDALL DAM AND RESERVOIR

SECTION I - AUTHORIZATION AND SCOPE

1-1. Authorization. This mgnual has been prepared as directed in
ER 1110-2-240 and in accordance with pertinent sections of EM 1110~2-3600,
"Reservoir Regulation",. :

1-2, Scope. This manual is one of the 7 volumes being prepared
for the main stem system of reservoirs as follows:

Volume Project
1 Master Manual
2 Fort Peck
3 Garrison
4 Oahe
5 Big Bend
6 Fort Randall
7 Gavins Point

1-3. The system of reservoirs on the main stem of the Missouri
River comsists of six projects, Fort Peck (Fort Peck Lake), Garrison
(Lake Sakakawea), Oahe (Lake Oahe), Big Bend (Lake Sharpe), Fort
Randall (Lake Francis Case), and Gavins Point (Lewis and Clark Lake)

constructed by the Corps of Engineers for the purpose of flood control
and other multiple use purposes. In order to achieve the multipurpose

benefits for which the main stem reservoirs are authorized and con-
structed, they must be regulated as a hydraulically and electrically
integrated system. Therefore, the Master Manual presents the basic
operational objectives and the plans for their optimum fulfillment,

with supporting basic data. The Fort Randall Manual supplements the
Master Manual by discussing the factors pertinent to the regulation of

the Fort Randall Reservoir. The regulation of major tributary reser-

voirs located within the Missouri River Basin affecting the regulation
of the Fort Randall project is detailed in separate manuals prepared
for the individual tributary projects.

1-4. 1In an effort to reduce redundancy, frequent reference will
be made in this, the Fort Randall project manual, to information
contained in the Master Manual. This is particularly true with respect
to details concerning organization, coordination with other projects
and agencies, and other factors that are pertinent to operationm of the
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system as a whole. This project manual should therefore be considered
as a supplement to the Master Manual, presenting further information
and expanding or emphasizing details that are of particular importance
to the Fort Randall project.
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SECTION II -~ DESCRIPTION OF MISSOURI RIVER AND DRAINAGE AREA

II-A Basin Geography

2-1, Areal Extent. The Missouri River Basin drainage area
upstream from Fort Randall Dam includes all of Montana east of the
continental divide, northern Wyoming, southwestern North Dakota,
western South Dakota, a very small portion of northwestern Nebraska,
and portions of the tributary Milk River drainage lying in southern
Canada. The total area controlled by Fort Randall Dam is 263,480
square miles. This includes 57,500 square miles of drainage above Fort

Peck Dam, 123,900 square miles between Fort Peck and Garrison Dams,
62,090 square miles between Garrison and Oahe Dams, and 5,840 square

miles of incremental drainage area between Oahe and Big Bend Dams.
Those portions of the Missouri River drainage area lying upstream from
Big Bend Dam are described in the Fort Peck, Garrison, Oahe, and Big

Bend Reservoir Regulation Manuals. The portion of the Missouri Basin

described in this manual consists of the 14,150 square miles of
incremental drainage area between Big Bend Dam and Fort Randall Dam, as

well as the drainage area contributing to the Missouri River in the
reach immediately below Fort Randall Dam. Further description of this

2-2, Topography. The Missouri River drainage area between Big
Bend Dam and Eott EEndall Dam forms a portion of the Great Plains

province of the United States. The area to the north and east of the

Missouri River is within the Glaciated Missouri Plateau consisting of
gently rolling topography in which stream dissection and drainage are

not well established except in areas immediately adjacent to the
Missouri River. Drainage in upland areas is largely into pot holes,
small intermittent lakes and a few larger permanent lakes. Most of the
drainage in the Big Bend-Fort Randall incremental area lies within the

Unglaciated Missouri Plateau which is to the south and west of the
Missouri River. This region is characterized by numerous small hilly

areas, buttes and hogbacks having elevations higher than the general

level of the plains. While the region as a whole is rolling and rather
thoroughly dissected by streams, there are small, nearly level areas on

the stream divides. There are a few relatively larger areas of gently
rolling relief scattered throughout the region,

2-3. The Unglaciated Plateau region, comprising most of the

incremental drainage area, has a general west to east slope of about 10
feet to the mile. Elevations range from about 5,000 feet in the
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western part of the incremental drainagg area to near 1,250 feet on
bottom lands adjacent to the Missouri River. Badlands, characterized

by extremely rough topography, are contained within the drainage area.

2-4, Land Use. Agriculture represents the primary use of the
land in this portiomn of the Missouri Basin, estimated to extend over 95
percent of the total area. Cropland comprises about 18 percent of the
total area. Woodlands, or forests, are generally restricted to bottom
lands adjacent to streams or to woodlots and groves planted for pro-
tective or aesthetic purposes. Additionally, minor amounts of rela-
tively sparse forests occur in extreme western portions of the incre-
mental drainage area. Due to the general lack of an assured water
supply, irrigation is practiced om only a minor amount of land in the
incremental drainage area, with irrigated lands less than one percent
of total cropland. Water areas in this incremental drainage make up
about one percent of the total area, but the rivers, lakes, reservoirs,
farm ponds and other bodies of water involved are extremely important
to the region's economy.

2-5. Drainage Pattern. The drainage pattern of the Missouri
River Basin is shown on,Plate 1, Noteworthy in the drainage basin
above Fort Randall Dam is the large area of the upper Missouri River
Basin controlled by the Fort Peck, Garrison, Oahe, and Big Bend pro-
jects. These upstream main stem projects control about 95 percent of
the total drainage comtributing to the Fort Randall project, including
all of the mountainous area contributing to the Missouri River above

Fort Randall Dam.

2-6. The prominent feature of the incremental portion of the
Missouri Basin between Big Bend and Fort Randall Dams is the single
major tributary in this reach, the White River, a right bank tributary
flowing in an easterly direction. This direction of flow is of par-
ticular importance from the standpoint of flow contribution from storms
that typically move in an easterly direction. Additionally, it becomes
important at the time of snow melt and ice breakup in the spring since
normal temperatures at that time in the triubtary headwaters are signi-
ficantly higher than at the tributary mouth, resulting in an aggra-
vation to ice jamming near the mouth during the ice break-up period.
The drainage pattern contributing from the area west of the Missouri in

this reach is generally well defined, However, to the east of the
river there are numerous potholes and depressions and portions of the

region to the east will not contribute directly to streamflow unless

substantial amounts of runoff were to occur, sufficient to fill and
overflow the low depressions that normally restrict rumoff.

2-7. The prominent White River tributary between Big Bend and
Fort Randall Dams heads in northwest Nebraska, flows eastward through
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southwestern South Dakota and joins the Missouri River at River Mile
955 (1960 mileage) some 75 river miles above Fort Randall Dam and 32
river miles below Big Bend Dam. The White River drains 10,200 square

miles of the 14,150 square miles drainage area between Big Bend and
Fort Randall Dams. Minor tributaries entering Fort Randall Reservoir

include Crow Creek and Platte Creek entering from the northeast and

American Crow Creek, Bull Creek and Whetstone Creek, all right bank
tributaries. The drainage area of each of these minor tributaries is

less than 1,000 square miles,

2-8., Stream Slopes. The total fall of the Missouri River from
Big Bend Dam to Fort Randall Dam is about 115 feet, averaging about one
foot per river mile, Tributary stream slopes are significantly
steeper, generally averaging between 5 and 8 feet per mile. Slopes at
the tributary streams progressively tend to flatten toward their
mouths,

11-8 Climatology. —

2-9, General. The incremental portion of the Missouri Basin dis-
cussed in this manual is located near the geographical center of the
North American continent. The region lies near the center of the belt
of westerly winds; however, the Rocky Mountains to the west form a

barrier to a Pacific moisture source. Consequently, the climate of the
region is generally classified as continental semi~arid. Through the
region there is a marked seasonal variation in all weather phenomena.

2-10. Annual Precipitation. Annual precipitation over the Big
Bend- Fort Randall drainage area generally increases from west to east,

ranging from about 16 inches over portions of the tributary White River
to about 23 inches at the Fort Randall Dam. The pattern of average

annual precipitation throughout the Missouri Basin, including the

incremental drainage area emphasized in this manual, is presented on an
appropriate plate in the Master Manual. Wide variations from the

average amounts may be experienced in any year, with severe, extended
drought periods as well as successive years of well above normal
amounts of precipitation occasionally occurring.

2-11, Seasonal Precipitation. Precipitation over the incremental
drainage area between the glg Bend and Fort Randall Dams usually occurs
as soow during the months of November through March and as rain during

the remainder of the year. About three-fourths of the total yearly
precipitation occurs during the rainfall season, with May, June and

July normally being the wettest months. Most rainfall occurs in
showers or thunderstorms; however, steady rains lasting for several
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hours or a day or two may occasionally occur. Excessive rainfall over
a relatively large area is unusual; more common are intense thunder-~
storms resulting in large precipitation amounts in a short period of
time over a very restricted area.

2-12. Precipitation occurring as snow usually is at a very slow
rate, During the entire winter season about 20 inches of total smow-
fall can usually be expected through most of the incremental region.
Snow does not usually progressively accumulate through the winter
season, but is melted by intermittent thaws. However, there have been
notable exceptions when plains area smow accumulations containing as
much as 6 inches or more of water equivalent have blanketed large areas
prior to a significant melt period. Snowfall is usually accompanied by
high winds resulting in much drifting.

2-13. Temperatures. Resulting from its mid-~continent locationm,
this region experiences temperatures noted for fluctuations and
extremes. Temperatures each year can usually range from a maximum of
over 100 degrees Fahrenheit at some time during the summer mounths to a
minimum of 30 degrees below zero or colder during the mid-~winter
period. Winters are long and cold; however, cold temperatures may be
interrupted during periods of downslope or "chinook" winds when mild
temperatures (for the season) prevail. Moderate temperatures usually
prevail during the non-winter season, although periods of high temper-

ature can be expected during every summer season, interrupted by
outbreaks of cooler air from the north and west,

2-14, Evaporation. Annual evaporation from the surface of the
Fort Randall Reservolr is normally slightly more tham three feet.
Studies made by the Reservoir Control Center conclude that the average
net evaporation (evaporation adjusted for precipitatiomn on the reser-
voir surface, runoff that would have occurred from land area now
inundated by the reservoir and the channel surface area existing prior
to development of the Fort Randall project) amounts to about 19 inches
annually. Due to seasonal precipitation patterns, seasonal patterns of
gross evaporation depths and to the lag in normal lake surface temper-
atures from corresponding air temperatures, essentially all of the
annual net evaporation from Fort Randall Reservoir can be expected to
occur during the six-month period, July through December.

2-15. Storm Potentialities. The source of moisture for all major
storms in the plains region of the Missouri Basin is the Gulf of
Mexico. Based on available moisture alone, major storms would be most
probable in late July or early August, since it is at this time that

normal and maximum recorded air mass moisture is at its highest.
However, major storms result almost exclusively from conditions
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accompanying frontal systems, and since frontal passages are more
numercus and more severe in May and June than later in the year, major
storms occur more frequently in late spring and early summer than at
the time of maximum moisture charges. Major storms alone do not
provide a complete index to the probability of large amounts of runoff
within the region. A sequence of minor storms may saturate the soil
and subsequently contribute much larger volumes to streamflow than
would be the case if dry conditions prevailed prior to the rumoff
producing events. During winter months continued minor storms are the
rule, occasionally producing significant snow accumulations over the
drainage area. Usually the highest annual flows experienced in the
region result from melt of these snow accumulations. Severe flooding
only occasionally will occur over portions of the basin due to an
individual major storm event.

II-C Runoff.

2-16. Streamflow Records. With the exception of a few stations,
records of runoff from the incremental area comsidered in this manual
exist only from the early 1930's to date. As discussed in the Master
Manual, planning of the main stem reservoir system made it desirable to
extend Missouri River streamflow records to the extent practicable. In
these studies it was not considered practicable to divide the upper
Missouri Basin to the degree defined by all of the main stem reservoir
projects., In view of the relatively small incremental area between
Oahe and Big Bend projects (5,840 square miles) and the unavailability
of stage data, the decision was made to eliminate the Big Bend site as
a location for which Missouri River flows would be developed. Conse-
quently, from the studies carried on at the time, based on main stem
stages and the discharge records available, supplemented by analyses of
stream data available in recent years, records of monthly incremental
flows between the Oahe and Fort Randall dam sites were developed for an

extended period and are now available from 1898 to date. Daily flows
at tributary locations within the incremental area are avilable for

varying periods of time since 1928. Inasmuch as water use for all
purposes has expanded significantly since settlement of the regiom
began, it is necessary to ad just main stem incremental inflow records
to a common level of water resource development in order that flow data
are directly comparable from year to year. The total flows originating
in the Oahe to Fort Randall reach have been adjusted to the 1949 level
of water resource development, with such ad justment being a continuing
process as further data are accumulated. While any development level
would have been satisfactory, the 1949 level, prior to recent accel-
erated resource development, was selected.

2-17. Sources of Runoff. The primary source of runoff from the
Big Bend-Fort Randall incremental drainage area is melt of the snow
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accumulated during the winter months, However, om occasion rainfall
during May and June has resulted in substantial runoff amounts from the

total incremental area. Runoff is extremely variable from year to
year. Throughout most of the drainage area annual runoff averages less
than one inch. Generalized estimates of a mean annual runoff through-
out the Missouri Basin are presented by a plate in the Master Mzanual,
while normal contributions to annual runoff from drainage areas within
or near to the incremental drainage area discussed in this manual are
given in Table 1.

TABLE 1

NORMAL ANNUAL RUNOFF, MISSOURI RIVER BASIN
BETWEEN OAHE DAM AND FORT RANDALL DAM

Contributing Drainage Area Average Annual Runoff(l)
Area Square Miles 1,000 AF ~ Inches
Bad River
Ft. Pierre 3,107 108 0.65
White River
Oacoma 10,200 377 0.69
Missouri River(2)
Oahe Dam 243,490 20,906 1.61
Ft. Randall Dam 263,480 21,819 1.55
Oahe~-Ft. Randall
Incr. Drainage 19,990 913 0.86
Local Drainage(3) 6,683 428 1.20

(1)Based on available record at each location.

(2)Missouri River runoff at the 1949 level of water resource
development.

(3)Incremental drainage area between Oghe and Ft. Randall Dams
less Bad River of Ft. Pierre and White River at Oacoma.

2-18. Seasonal Runoff Pattern. Runoff from the Missouri River
drainage basin between Big Bend and Fort Randall Dams usually follows a
characteristic seasonal pattern as follows:

a, Winter is characterized by frozenm streams and intermittent
snowfall and thaws in the area where the season usually ends with a
"spotty"” snow cover of relatively low water content and a considerable
amount of water im ice storage in the stream channels. Runoff during
this period, which usually extends from late November into March, is
very low.
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b. Early spring is marked by a rapid melting of snow and ice upon
frozen ground, usually in March or April, as temperatures rise rapidly,
accompanied usually by very little rainfall. This causes a charac-
teristic early spring ice breakup and rise. Ice jams are frequently
experienced on tributary streams during this period. The rapid release
of water from melting snow and ice jams results in a flashy "March"
rise in flow., Annual maximum peak stages and flows frequently occur at
this time along tributary streams.

c. Late spring consists of the months of May and June. At this
time extensive general rains may occasionally occur, sometimes accom-
panied by severe local rainstorms. Runoff is usually quite low unless
these rains occur.

d. Summer and autumn in this portion of the Missouri Basin are
generally characterized by a lack of general rainfall and frequent,
widely scattered thundershowers that contribute little to runoff.
Total runoff to the Fort Randall incremental drainage area is usually
very low from July through the remainder of the calendar year.

2-19. Total unregulated Missouri River runoff originating above
the Fort Randall Dam usually follows_a_definite and characteristic

annual pattern as illustrated onPlate 3.. Normal monthly runoff from

through June and then decreases through December. As illustrated on
Plate 3, wide variations in total runoff have occurred during every
month of "the year. As would be expected, the variations are largest
during the months comprising the March-July flood season, with total
flood season volumes ranging from a maximum of 27,7 million acre-feet
in March-July 1978, and 25.5 million acre-feet in March-July 1927 to a
minimum of 5.5 million acre-feet in 1961. During 1975 the 1927 flood
season runoff volume was almost equaled, while the four-month April-
July period runoff during 1975 (23.8 million acre-feet) exceeded the
1927 volume during these months by 1.8 million acre-feet and the 1978
volume by 2.2 million acre-feet. The effects of project regulation

upon these runoff patterns is discussed in Section X.

monthly runoff originating from the incremental drainage area between
Oahe Dam and Fort Randall Dam. Average runoff from this incremental
area is at a maximum through the March-June period, with the average
monthly maximum occurring in March as a result of runoff from the melt
of accumulated winter snow cover. As shown by this plate, greatest
monthly runoff recorded from this reach occurred in May 1942 as a
result of rainfall over the incremental drainage area. Very little
runoff usually occurs, or has been recorded in any month, during the
period extending from August through February. Monthly runoff
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from this incremental drainage area has frequently been calculated to
be negative throughout the available record period, indicating that
evaporation from the Missouri River chamnel (or other losses) often
exceeds the flow of tributaries entering the Missouri River in this
reach.

2-21. Floods. Regulation provided by Fort Randall and upstream
main stem reservoir projects, augmented by upstream tributary reservoir
storage space, has virtually eliminated flooding along the portion of
the Missouri River in the vicinity of Fort Randall Dam. Many instances
of above bank-full flows were experienced through this reach prior to
construction of the msin stem projects and would be continuing if the
projects were not in operation. All floods recorded in this portionm of
the Missouri River prior to main stem reservoir operation occurred in
the March-July flood season.

2-22. The Master Manual contains relatively detailed descriptions
of several of the experienced Missouri River floods, including data
that is pertinent to the incremental reach described in this Fort
Randall Manual. Since there is little additional data beyond that
given in the Master Manual for several of these floods, they will not
be discussed further in this manual. Paragraphs that follow present
descriptions of large flows that have originated in the Oahe to Fort
Randall incremental inflows experienced during selected runoff periods
since regulation of Fort Randall began in 1958, Inflows shown on this
plate are based on elevation changes of Fort Randall Reservoir, Fort
Randall releases and the upstream Big Bend releases coincident with the
changes in elevation.

2-23. 1942 Floods. As illustrated od Plate 5 monthly runoff
during May 1947 from the Oahe-Fort Randall drainage area substantially
exceeded that recorded in any other month during the 1898-1977 period

of available record. June 1942 runoff from this reach was also well
above normal and the 2-month, May~June incremental volume of over 2

million acre-feet in 1942 exceeded the next largest 2-month volume,

that occurring in March-April 1952, by over 350,000 acre-feet. Exten-
sive rainfall in several separate rainstorms occurred over the southern

portions of South Dakota, beginning in late April 1942 and extending
through most of June, with the heaviest amount in May. Although the
crest flow of 35,300 cfs near the mouth of the White River has been
exceeded on other occasions, there were five distinct crests om this

stream during the May-June period, each exceeding 10,000 cfs. The Bad
River, draining into the upstream Big Bend Reservoir also experienced

large flows during this period. These 1942 flows were the first
substantial runoff to occur from this portion of the Missouri River
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drainage since extreme drought conditions began in 1930. Studies
conducted by the Reservoir Control Center indicate that, if the main
stem reservoirs had been in operation at the time, there would have
been no problems associated with the preventing downstream floods.
However, following the severe drought period of the 1930's, much
emphasis would be placed on filling vacant system storage space.
Runoff originating only below Oahe Dam during May was considerably
greater than necessary to sustain system release requirements and the
combined May-June runoff from this drainage area would serve the

requirement. Consequently careful scheduling of power releases from
the upstream Oahe and Big Bend projects would have been necessary

during this period in order to comserve water in the system while
maintaining the Fort Randall exclusive flood control space vacant for
the control of further inflows, should they have occurred.

2-24, 1952 Flood. The second largest monthly runoff of record
from the Oahe-~Fort Randall incremental drainage area occurred in April
1952 as a result of melting of an extremely large snow accumulation.

This was a portion of the large basin-wide flood discussed in the
Master Manual. The crest flow of 51,900 cfs near the mouth of the

White River is the largest crest that has been experienced at that
location since records began in 1928, A crest of 28,100 cfs occurred
on the upstream Bad River during this time. The main stem reservoir
system was not in operation during 1952; however, as discussed in the

Master Manual, studies conducted by the Reservoir Control Center
indicate that the system would have controlled inflows to prevent

downstream damages with a reserve of vacant exclusive flood control
space remaining throughout the flood.

2-25. 1960 Flood. The maximum mean daily incremental drainage

area inflow into Fort Randall Reservoir since operation of the project
began occurred in March 1960 when a crest daily flow of 60,000 cfs was

computed. The runoff resulted from the melt of a substantial snow

cover accumulated during the previous winter season. The crest flow
near the mouth of the White River was 23,400 cfs while the upstream Bad
River crested at 16,600 cfs at the same time. Considerable flow was

added to the incremental drainage area crest from minor tributaries
entering this reach of the Missouri River. This is confirmed by a

recorded crest of 8,970 cfs from the 465 square mile drainage area of
Medicine Creek at Kennebec, South Dakota.

2-26. 1962 Flood. Frequent rainfall throughout May-July 1962

over the incremental drainage area resulted in three-month runoff at a
level over 4 times the long term average. Runoff amounts from this

incremental reach during June and July.were.the maximum of record for
both of these months, as indicated on,Plate 4., However, crest flows on



tributary streams were not particularly high., Mean daily flows near
the mouth of the White River crested at 20,000 cfs while the upstream
Bad River crested at 10,500 cfs. Computed incremental flows from the
total Big Bend-Fort Randall incremental drainage area crested at 28,000
cfs. Similar to the 1942 flood flows discussed earlier, the primary
concern of regulation during a repeat of the 1962 rainfall flood, with
the entire system in operation, would be conserving the available
supply in an efficient manner rather than minimizing downstream flood
damages.

2-27, Basinwide Floods. Essentially all major Missouri River
floods of past record at the Fort Randall damsite have resulted from
runoff originating in the upper Missouri Basin, an area controlled by
Fort Peck, Garrison and Oahe Reservoirs. At times these floods have
been augmented by flows originating from the Oahe-Fort Randall incre-
mental drainage area. Floods of this type are described in the Master
Manual.

2-28. Effects of the Fort Randall Project on Flood Inflows.
Studies conducted by the Reservoir Control Center indicate that opera-
tion of the Fort Randall project in conjunction with other upstream
reservoir projects would virtually eliminate significant flood damages
in the reach extending downstream from Fort Randall to below Gavins

Point Dem if any past floods of record were to recur. Further dis-
cussion of regulation effects om flood inflows is given in Sectiom X of

this manual, Examples of Regulationm.

2-29, Water Travel Time to Fort Randall Reservoir. Since the
level of Fort Randall Reservoir is normally at such a level to extend
into the tailwaters of the upstream Big Bend project, releases from Big
Bend appear in a few hours as Fort Randall inflows. The White River
gaging station at Oacoma is also located very close to the reservoir
with a travel time between the two locations a matter of a few hours at
most. Runoff originating in the upper portion of the White River Basin
would take about 5 days to travel to the reservoir; however, most of
the incremental drainage area runoff, originating betwen Big Bend and
Fort Randall Dams will appear as inflow to the reservoir within two
days. A two-day travel time to Fort Randall Reservoir is also appro-
priate for White River flows observed at the Radoka, South Dakota
gaging stationm.

2-30. Water Quality. Tributary streams originating in the Big
Bend-Fort Randall drainage area traverse areas with rocks and soils
containing many soluble salts, Water quality is frequently poor since
salts that are leached from the land cause the water in the streams to
be highly mineralized. While dissolved solid concentrations on the
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order of 500 milligrams per liter prevail over most of the drainage
area, there are portions where concentrations of up to 2,000 millgrams
per liter occur. Since the incremental drainage area is mostly thinly
populated, pollution problems caused by orgamnic loading are not
general, but confined to reaches below municipglities with inadequate
waste water treatment. The quality of Missouri River water within and
below Fort Randall Reservoir is considered to be good due to dilutiom
of the incremental inflows by upstream reservoir releases and the
stabilizing effect provided by the Fort Randall Reservoir and the other

upstream main stem reservoirs.

2-31, Sediment. Average annual sediment flow of the White River
is very high, amounting to 1,177 tons per square mile at Oacoma where
the drainage is over 10,200 square miles. Much of this sediment
originates in the Badlands areas of South Dakota and is the result of
erosion during high flow periods, Since the upstream main stem reser—
voirs act as traps to sediment, there is no appreciable sediment inflow
to Fort Randall Reservoir from Missouri River inflows. Average annual
sediment inflow to Fort Randall Reservoir is estimated to be 16,600
acre-feet, Since the reservoir traps the inflowing sediment, releases
are clear, but increasing sediment load is derived from the channel as
they move downstream.

II-D. Missouri River Channel Below Fort Randall Dam.

2-32, Areal Extent. The Missouri River below Fort Randall Dam
flows through a generally sparsely populated area down to the head-
waters of Gavins Point Reservoir, a distance of about 40 river miles.
Major tributaries entering this reach of the Missouri River are Pounca
Creek, draining an area of 827 square miles, and the Niobrara River.
This latter stream drains an area of 12,000 square miles and enters the
Missouri immediately upstream from Gavins Point Reservoir in the
vicinity of the municipality of Niobrara, Nebraska.

2-33. Channel Description. The Missouri River chanmel in this
reach meanders through an alluvial flood plain and with normal Fort
Randall releases required to sustain multiple-use requirements the
water surface of the channel is usually 5 to 10 feet below the adjacent
flood plain. However, in the reach extending about 10 miles upstream
from the mouth of the Niobrara River, located 36 miles below Fort
Randall Dam, this freeboard has been markedly reduced due to sediment
deposited in the Missouri River by the Niobrara River. The relatively
swift flows of the Niobrara River have always transported sediment into
the Missouri River. Prior to comstruction of the main stem reservoir,
periodic Missouri River flood flows would scour this sediment and
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transport it downstream on the Missouri River and a channel capacity in
the 150,000 cfs range would be maintained through this reach. Since
construction of the reservoir system, the periodic large flood flows
have been eliminated and sediment continues to accumulate in this
location. By the year 1975 the effects of the accumulated sediment had
progressed to the extent that Fort Randall releagses near the power
plant capacity of 47,000 cfs resulted in some flooding and water
logging of the adjacent low-lying flood plain. Use of portioms of the
flood plain for agricultural purposes has been restricted and remedial
measures consisting of obtaining flowage easements have begun.

2-34, Throughout most of its length the Missouri River in this
reach is a braided stream containing many small islands, sand bars and
ad jacent chutes. Channel widths at normal flows generally range
upwards from near 1,000 feet in relatively restricted areas to a
half-mile or more in some areas immediately above the mouth of the
Niobrara River. Very little bank stabilization has been dome in this
reach of the river and the channel is characterized by eroding banks,
although there are plans to construct stabilization structures at
locations where erosion has been particularly severe. There are no
communities developed on the adjacent flood plain upstream from the
Town of Niobrara, Nebraska, located in the headwaters region of Gavins
Point Reservoir. Due to the effects of the Niobraga- River-delta, the
stage-discharge relatiom varies through the reach. __glggg_é_zs the
relationship developed on the basis of recent Fort Randall releases at
a location about 7 miles above the mouth of the Niobrara River. The

extending from Fort Randall Dam to Niobrara, Nebraska.

2-35., River Ice. During every winter the Missouri River can be
expected to have a complete ice cover extending from a point about 10
miles below Fort Randall Dam into the Gavins Point Reservoir. The
upstream limits of this ice cover will vary, dependent upon the temper-—
atures being experienced. In exceptionally cold periods the head of
the ice cover can be expected to move upstream to such an extent that
Fort Randall tailwater levels will be affected. The formation of an
ice cover materially reduces the channel capacity; however, Fort
Randall average releases during the winter season are always restricted
to such an extent (to about the 20,000 cfs level) that problems asso-
ciated with high river stages at this time of the year have not been
reported since regulation of the project began. Since the river reach
between Fort Randall Dam and Gavims Point Reservoir is relatively short
and contains no major tributaries, the ice-cover is usually eroded by
progressive melt during the spring season rather than the break-up and
associated ice jams characteristic of the Missouri River prior to
construction of the main stem reservoirs.
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SECTION III - WATER RESOURCE DEVELOPMENT

I1I-A General

3-1. History. Due to the lack of tramsportation facilities,
development of water resources in the portion of the Missouri Basin
extending through the vicinity of Fort Randall Reservoir began soon
after settlement by the white man in the early 1800's. Initial develop-
ment was concerned with navigation as a means of transportation in the
region. The economy of the region is primarily agricultural. This,
combined with the semi-arid climate, could have been expected to foster
irrigation development. However, the lack of perennial streams in the
region discouraged such development except in scattered areas in the
White River headwater's region and in restricted areas immediately
adjacent to the Missouri River. The most widespread development in
relatively recent history has been construction of dams controlling
small drainage areas to provide a water supply for the extensive
livestock grazing practiced throughout this region. Control of floods
became a major concern in the 1940's and in recent years municipal and
industrial water supply, recreation, water quality enhancement, fish
and wildlife and the environment have been of increasing importance.

3-2. Legislation. Federal legislation pertinent to water
resource development throughout the Missouri Basin is summarized in the
Master Manual. As indicated in that publication, the Flood Control Act
of 1944 is of primary importance through this portion of the basin.
This act authorized the construction of Fort Randall Dam, as well as
the other multiple-purpose aspects of water resource development.

3-3. Reservoirs. One important means of water resource develop-
ment in this section of the Missouri Basin is the construction of dams
controlling sizeable drainage areas and development of the associated
reservoirs. However, in the Big Bend~Fort Randall drainage area no
sizeable reservoirs (other than Fort Randall) have been developed. The
lack of an assured irrigation water supply and infrequent substantial
runoff amounts as well as the sparsely settled area, resulting in only
minimal flood damages, have precluded tributary reservoir development.

!

ITI-B. Functional Water Resource Development.

3-4. Flood Control. The Fort Randall Reservoir project is the
only major flood control project comstructed in this area of the
Missouri River Basin. There are no local flood protection projects
that affect, or are affected by, Fort Randall operation except those
downstream from the main stem reservoir system, such as the protective
works at Omaha and Kansas City.
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3-5. Irrigation. Irrigation is practiced at scattered locations
in the headwater's area of the White River and occasionally along the
main streams, There are also plans to withdraw water from Fort Randall
Reservoir to irrigate adjacent lands. There has been no Federally
funded irrigation development in this portion of the Missouri Basin.

In recent years there has been an increasing development of sprinkler
irrigation where ground water supplies are available.

3-6., Navigation. Although navigation on the Missouri River
through South Dakota opened up this region for initial Caucasion
settlement, there is now no commercial navigation through this reach of
the river., Storage has been provided in the Fort Randall Reservoir for
multiple purposes, including Missouri River navigation; however,
storage and releases from the project serve navigatiom only indirectly,
after re-regulation by the downstream Gavins Point project. A descrip-
tion of the Missouri River navigation project is contained in the
Master Manual.

3-7. Hydroelectric Power. The Fort Randall power plant, with an

installed capacity of 320,000 Rw is the only hydroelectric power gemer-—
ating facility located in the incremental Missouri River drainage area

discussed in this manual. All power generated by Federal facilities in
the Missouri Basin is marketed by the Western Area Power Administration
and Fort Randall power generatiom is integrated with the generation
provided from other main stem projects, as well as that generated from
other Federal and private facilities throughout the power marketing
area. Further details concerning hydropower generation and the WAPA
power marketing and transmission facilities are provided in the Master
Manual.

3-8. Municipal and Industrial Water Supply. The wmunicipality of
Fort Andes, South Dakota has entered into agreements with the Corps of
Engineers to withdraw water from Fort Randall Reservoir to serve its
needs. There are also plans under comsideration to use the reservoir
as a source of water supply for communities in southeasternm South
Dakota including the City of Sioux Falls, the largest city in the
state. Pickstown, South Dakota also uses the Missouri River in this
vicinity as its source of water supply.

3-9, Land Treatment. In response to the program administered by
the Department of Agriculture, land treatment measures designed to
reduce erosion and local floods and to increase the local surface water
supply are in operation throughout the incremental drainage area

discussed in this manual. Associated with this program are many stock
ponds or farm ponds that have been developed in recent years. While
these ponds and other land treatment measures have a depleting effect
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on the overall water supply to the Missouri River and provide a degree

of local flood protection, their effect on major Missouri River flood
flows is minimal.

3-10. Fish, Wildlife and Recreation. The effects of water
resource development upon fish and wildlife is a major concern through
the drainage area in the planning and operational processes. Recrea-
tion opportunities have generally been increased as a result of water
resource developments. To the degree practical, fish and wildlife
interests are consulted prior to operation of projects and the poten-
tial effects upon these functions become an important constraint upon
operations. Recreational use of the Fort Randall Reservoir continues
to increase through the years and is a factor to be comsidered in
actual regulation of the project.

3-11. Streambank Stabilization., Streambank erosion is a com-
tinuing process along the Missouri River and also along the tributaries
in the region. Sediment inflow to the Fort Randall Reservoir results
almost entirely from this erosion process along tributary streams
contained within the incremental drainage area. Since Fort Randall
Reservoir extends upstream to the tailwaters of the Big Bend project,
bank stabilization measures are not required. Additionall