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PREFACE

This report was prepared by the U. S. Geological Survey in cooperation with the North Dakota State Highway
Department and the South Dakota Department of Highways, The work was performed under the supervision of H. M.,
Erskine, District Engineer, Surface Water Branch, Water Resources Division, U. S. Geological Survey. The
authors were assisted by R, E, West. Advice and review were furnished by the Floods Section, Surface Water
Branch, Washington, D. C,

The streamflow records used in this report were collected and compiled by the U, S. Geological Survey co-
perating with the following agencies: the North Dakota State Engineer and State Water Conservation Commission;
the South Dakota State Engineer, State Geologist, State Fish and Game Commission, and State Water Resources
Commission; the Corps of Engineers, Department of the Army; the Department of State; the Bureau of Reclamation
and the Fish and Wildlife Service, Department of the Interior; the Soil Conservation Service, Department of
Agriculture; and others,
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FLOODS IN NORTH AND SOUTH DAKOTA
FREQUENCY AND MAGNITUDE

By

John A. McCabe and Orlo A. Crosby

ABSTRACT

The magnitude of a flood of a selected frequency
for any point in the two states may be determined by
methods outlined in this report, with two limitations.
These methods are not applicable for regulated streams
or for smalldrainage areas (in general, less than 100
square miles). The determination of the magnitude of
a flood of a selected frequencyinthe two-state areais
accomplished by the use of composite frequency curves
for 2 flood regions and curves showing variation of
mean annual flood with drainage area for 9 hydrologic
areas and 10 main-stem streams.

These curves are based on all flood data collected
in North and South Dakota with some use made of rec~
ords from adjoining states. These data are tabulated
in the report.

Also included in the report is a tabulation of maxi-
mum flood experiences at gaging stations and outstand-
ing floods at many miscellaneous sites.

INTRODUCTION

When loss of life is not a factor, it is generally not
economically sound to design structures in or across
streams for the maximum flood that may occur. Eco-
nomic considerations will dictate the choice of a design
frequency. An evaluation of these economic factors is
beyond the scope of this report. With the procedures
outlined in this report it will be possible to determine,
at any point on most streams, the magnitude of a flood
for the frequency selected. These procedures are not
applicable to regulated streams or small (less than 100
square miles) drainage areas. The results obtained in
this study have been based on all flood experiences in
the Dakotas. The methods used are those developedby
the Geological Survey.

Description of the Area

Physiography

The Dakotas are located in two provinces of the
Interior Plains. Fenneman (1930, 1938) defines the
boundary between these provinces; the Great Plains lie
to the west and the Central Lowland to the east. The
boundary between the glaciated and unglaciated portions
of the Missouri Plateau and the outline of the Black Hills,
taken from Fenneman, are shown on figure 1. The out-
line of the Turtle Mountains and glacial Lake Agassizin
North Dakota was taken from a report by Simpson (1929),
The outlines of glacial Lakes Souris, Sargent and Dakota
were supplied by the Bismarck office of the Bureau of

Reclamation. The remaining detail in South Dakota was
obtained from a report by Flint (1955).

West of the Missouri River, the drainage patternis
well defined but east of the Missouri River, owing to
glacial activity, the drainage pattern is relatively new
and poorly defined. Much of the Area in the Central
Lowland and in the glaciated portion of the Missouri
Plateau does not contribute runoff to the major streams.
There are many closed basins varying in size from a
few acres up to 3,940 square miles in the closed Devils
Lake Basin. The surface runoff of these areas drains
into potholes and lakes where it is lost through evapor-
ation, transpiration and infiltration.

The Dakotas vary in altitude from 750 feet above
mean sea level in northeastern North Dakota to 7, 240
feet on Harney Peak in the Black Hills of South Dakota.
With the exception of the Black Hills, all of the Dakotas
is under 4, 000 feet altitude.

Climate

Climate is one of the more important factors that
influence flood frequencies and magnitudes. The cli-
mate in the Dakotas is of the Continental type with ex-
tremes of heat and cold and rapid fluctuations of tem-
peratures. The average annual precipitationis 17inches
in North Dakota and 19 inches in South Dakota. This will
vary from less than 15 inches in western North Dakota
and northwestern South Dakota to 22 inches in eastern
North Dakota, and 25 inches in southeasternSouth Dakota
and in parts of the Black Hills.

About 75 percent of the precipitation will occur dur-
ing the months from April to August. Most of the pre-
cipitation in the months from May to August is from
thunderstorms.

The average annual temperature is 40° in North
Dakota and 45° in South Dakota. This will vary from a
mean January temperature of 7° in North Dakota and 17°
in South Dakota to a mean July temperature of 70° in
North Dakota and 73° in South Dakota.

The relatively low winter temperatures can result
in an accumulation of snow cover from storms in
November or December through March.

Causes of Floods

Annual floods in the Dakotas are of two distinct
types that are primarily influenced by different weather
conditions. The magnitude of the spring flood peak is
the resultant of several factors: snow cover, antecedent
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Figure 1. --Map of North and South Dakota showing variations in physiography.

soil moisture conditions, precipitation during the break-
up, previous winter temperatures, temperatures during
the breakup, penetration of frost, ice jams, and time of
occurrence of the breakup. The greatest breakup floods
are caused by high antecedent soil moisture, heavy snow
cover, frozen ground surface, precipitation during the
breakup, and a seasonally late breakup. Whenthe break-
up is early in the spring, the timing of the changes in
temperature may be such that the melting of the snow
pack is spread over a week or two, thus reducing the
magnitude of the peak. During a late breakup the tem-
peratures will generally rise and remain above the

f. 2ezing point, so that the melting of thé snow cover
will occur in a few days time.

One of the characteristics of breakup floods is the
formation of ice jams. The forming and breaking of
ice jams with the resultant storage and release of water
can result in peak discharges that have no relation to

the amount of snow cover, precipitation, or any of the
other factors that influence the magnitude of a peak.

The other type of flood peak is caused by rainfallin
the late spring, summer, or fall. In summer thunder-
clouds may produce heavy rainfall in a short time over
small areas.

In eastern and central North Dakota and eastern
South Dakota the annual maximum flood nearly always
occurs during the spring breakup. In western North
Dakota the annual maximum flood is associated withthe
spring breakup about two-thirds of the time. In south-
western South Dakota the annual maximum flood occurs
during the spring breakup about half the time except
throughout the Black Hills where the annual maximum
flood is usually caused by heavy rainfall during the sum-
mer months.
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More than 90 percent of the stations used in this
analysis have a drainage area in excess of 200 square
miles. On smaller drainage areas the thundercloud
type of storm may produce proportionally more annual
floods than our present data indicate.

Drainage Areas

East of the Missouri River, owing to poorly de-
fined drainage patterns, there are large areas that do
not contribute directly to surface runoff. Precipitation
that falls on these areas is collected in lakes and pot-
holes where it is intercepted through evaporation, tran-
spiration, or infiltration. Therefore, contributingdrain-
age area rather than total drainage areahas been used
in this analysis. The noncontributing area is relatively
large at some stations, being as great as two-thirds of
the total area. The division between contributing and
noncontributing area is frequently difficult to define.
Until good topographic maps are available for the
Dakotas, a usable figure can be obtained from the
best available maps.

DETERMINATION OF DISCHARGE FOR A
SELECTED FLOOD FREQUENCY

Tributary Sites (except for regulation)

At gaged or ungaged sites on the tributaries of the
Missouri River and the Red River of the North, the fol-
lowing procedure will enable the reader to determine
the magnitude of the flood for the selected frequency.
This procedure is not applicable for the main stems of
the Red River of the North, Missouri, Pembina, Little
Missouri, Cheyenne, Belle Fourche, White, James, Big
Sioux and Souris downstream from Lake Darling, N.
Dak. Furthermore it is not applicable for reaches of
certain other streams, as explained on page 5.

1. Determine the contributing drainage area of
the stream above the site.

2. Determine the number of the hydrologic area
in which the site is located from figure- 2.

3. With the contributing drainage area as deter-
mined in step 1 and the number of the hydrologic area
in step 2, select the mean annual flood from figure 3.

4. Determine the flood-frequency regionin which
the site is located from figure 4.

5. Determine the ratio of the flood for the selec-
ted frequency to the mean annual flood from figure 5 or
6.

6. Multiply the mean annual flood obtained in
step 3 by the ratio obtained in step 5. This is the dis-
charge of the flood for the selected frequency.

7. If a flood-frequency curve is required for the
site, steps 5 and 6 can be repeated for selected fre-
quencies and the curve developed. Caution should be
exercised in extending this curve beyond its limit of
definition.

Main Stems (except Souris and Missouri)

Certain larger streams in the two States have char-
acteristics differing from the smaller ones because they
cross boundary lines of hydrologic areas and flood-
frequency regions, The timing of flood peaks entering
the main stem from large tributaries compared to the
timing of the flood peak traveling down the main stem
is also a factor, For this reason separate curves of
mean annual flood plotted against drainage area are re-
quired.

These streams are the Red River of the North,
Pembina, Little Missouri, Cheyenne, Belle Fourche,
White, James, and Big Sioux. The discharge for a se-
lected frequency can be obtained by the same method
as outlined for the tributary sites except that the mean
annual flood is selected from figures 7 or 8. The dis-
charge for a selected frequency for the James River
for sites located in region B (fig., 4) can be obtained by
weighting region A and B factors according to drainage
area involved using the mean annual flood selected from
figure 7.

Souris River

A series of pools and dams was constructed by the
U. S. Fish and Wildlife Service on the Souris and Des
Lacs Rivers in the period 1935-37. Since that time the
Souris River downstream from Lake Darling has been
regulated. When a stream is so regulated, the natural
flood-frequency and magnitude characteristics are
modified. The records for this stream were analyzed
separately and separate frequency and magnitude curves
were determined for the base period 1937-55. The dis~
charge for a selected frequency on the Souris River be-
low Lake Darling can be selected in the following
manner;

1. Determine the distance downstream from the
Canadian-United States boundary and select the mean
annual flood from figure 9.

2. Using the frequency selected on the basis of
economic considerations determine the ratio of the flood
for the selected frequency to the mean annual flood from
figure 10,

3. Multiply the result obtained in step 1 by the re-
sult in step 2 to obtain the discharge, A flood-frequency
curve for the site can be computed by repeating steps 2
and 3 for selected frequencies.

These curves represent average operating proce-
dures at the U. S. Fish and Wildlife Service structures
and they should not be used in a probability sense with-
out a study of the operating procedures.

Missouri River

Major regulation began on the Missouri River with
the completion of Fort Peck Dam and Reservoirin1937,
No other large structures were built until the closure
of Fort Randall Dam in 1952, of Garrison Dam in 1954,
and of Gavins Point Dam in 1955. Flood-frequency and
magnitude characteristics were materially changed after
the closure of Fort Peck Dam and again when Fort
Randall, Garrison, and Gavins Point structures were
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Figure 3. --Variation of mean annual flood with contributing drainage
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built. With these changes in regulation it would not be
feasible to plan future events on the basis of past rec-
ords. If the past history of the flood events of this
stream is desired, figures 11 and 12 give the variation
of the mean annual flood and the frequency of annual
floods for the period 1938-52,

Regulated Streams

With the exception of the Souris River wherethere

has been sufficient record to define the modifications

due to regulation, the frequency methods outlined here-
in are not applicable where flood peaks have beenchanged
by the construction and operation of diversionand storage
projects. At the time of writing this report these meth-

ods are not applicable for the following reaches:

Sheyenne River from Baldhill Dam to the mouth.

South Branch Park River from Homme Dam to
the mouth.

Des Lacs River.

Missouri River downstream from Garrison Dam,

Heart River from Dickinson Dam to mouth of the
Green River and from Heart Butte Dam to the
mouth.

Grand River from Shadehill Dam to the mouth.

Cheyenne River from Angostura Dam to mouth of
Belle Fourche River.

Castle Creek from Deerfield Reservoir to the
mouth,

Rapid Creek from mouth of Castle Creek to the
mouth,

Belle Fourche River above Redwater Creek.

James River from Jamestown Dam to LaMoure,
N. Dak.

FLOOD-FREQUENCY ANALYSIS

Flood Frequency at a Gaging Station

Types of Series

There are two types of flood series, the annual-
flood and the partial-duration. The annual-flood series
is an array of the maximum discharge for each year of
record in order of magnitude. A fault of the annual-
flood series is that it omits the secondary floods, which
in high years might be higher than the annual floods in
most years. That fault is overcome in the partial-
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