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ANALYSIS OF FLOOD-FLOW FREQUENCY, FLOW DURATION, AND CHANNEL-FORMING 

FLOW FOR THE JAMES RIVER IN SOUTH DAKOTA

By Rick D. Benson

ABSTRACT

The James River, which originates in North Dakota and joins the Missouri 
River near Yankton, South Dakota, is about 747 miles long, with about 
474 river miles located in South Dakota. The James River basin includes 
21,116 square miles, with 14,428 square miles located in South Dakota.

Bankfull capacity of the James River in South Dakota ranges from a mini­ 
mum of about 200 cubic feet per second in the northern portion to a maximum of 
about 10,000 cubic feet per second near the mouth. Discharges that produce 
bankfull conditions on much of the river in South Dakota occur on an average 
of once in about 2 years. The 10-year flood flows, which range from 
1 ,620 cubic feet per second (at the gage near Stratford) to 8,870 cubic feet 
per second (at the gage near Scotland), cause major flooding on most of the 
river in South Dakota.

The river also has potential for extended periods of low or zero flow, 
especially in the northern portion within South Dakota. Generally, low flows 
occur from late summer until spring snowmelt. The James River at Columbia had 
zero flow for 623 consecutive days from July 13, 1958, through March 26, 1960.

The channel pattern (channel alignment) has changed little since 1922. 
This channel stability indicates that channel formation is approaching a state 
of equilibrium. It does not appear that velocities in the river are suffi­ 
cient to carry the sediment being delivered by the tributaries.

INTRODUCTION 

Background

In 1984, a Federally appointed Garrison Diversion Unit Study Commission 
recommended major changes in the Garrison Diversion Unit (GDU) in North Dakota 
(Garrison Diversion Unit Commission, 1984). On May 12, 1986, the Garrison 
Diversion Unit Reformulation Act of 1986 was signed into law. There are eight 
specific study areas identified within the Reformulation Act (H.R. 1116), 
seven of which are directly associated with impacts to the James River. The 
Reformulation Act directs the Secretary of Interior to submit a comprehensive 
report to the Congress as soon as practicable but not later than the end of 
fiscal year 1988 (Amended Section 5(C)(1) Public Law 89-108).



The U.S. Bureau of Reclamation is the lead agency for evaluating the 
potential effects of GDU on the James River in South Dakota. As part of this 
evaluation, the Bureau requested that the U.S. Geological Survey conduct the 
flood-frequency, flow-duration, and channel-forming-flow studies that are 
summarized in this report.

Objectives

The objectives of this study were to analyze flood-flow frequency, flow 
duration, and channel-forming flow for the James River in South Dakota. 
Flood-flow frequency analyses also were made for certain tributaries within 
the James River basin. The study effort was limited to the analysis of 
existing discharge records.

The drainage area for the entire basin within South Dakota was deter­ 
mined. A separate drainage-area map report was prepared (Benson and others, 
1987).

Physical Setting

The James River, which originates in North Dakota and joins the Missouri 
River near Yankton, S. Dak., is about 7^7 mi long, with about 474 river miles 
located in South Dakota (fig. 1). The total area of the James River basin is 
21,116 mi 2 , with 14,428 mi 2 located within South Dakota. Additional informa­ 
tion concerning the river setting and hydrology can be found in a previous 
study by Benson (1983).

The gaging stations for which discharge records were analyzed as a part 
of this study are identified on figure 1. Data for continuous-record gaging 
stations operated by the U.S. Geological Survey within the James River basin 
in South Dakota are included in table 1 (main-stem stations) and in table 2 
(tributary stations).

ANALYSIS OF FLOOD FREQUENCY

Statistical flood-flow frequency analyses were made for the main-stem 
gaging stations and .for gaged tributaries that have 10 or more years of con­ 
tinuous record. The analyses were made by using the log-Pearson Type III 
frequency distribution based on procedures recommended by the U.S. Water 
Resources Council (1981).

The frequency analyses were made on two sets of flow data for the main- 
stem locations and for the tributary gages. The first frequency analyses were 
made for the instantaneous peak flow data stored in the Water Data Storage and 
Retrieval System (WATSTORE) Peak Flow File for each gaging station. The 
second frequency analyses were made for data sets containing the maximum daily 
mean discharge which occurred at each gaging station during the months of 
June, July, and August of each year (that is, a summer discharge). The 
analyses were made on the maximum daily mean discharge because instantaneous 
peak flow data are not generally available for the months of June, July, and 
August. Inspection of flow data on the James River indicates that the maximum 
daily mean discharge generally is within 5 percent of the instantaneous peak 
flow occurring on that same day.



NORTH DAKOTA 

SOUTH DAKOTA

EXPLANATION

GAGING STATION. Nuntbtr is / 
station identification V

.VP64785I4

Figure 1. James River basin in South Dakota.
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Table 2. Drainage area, period of record, and discharges of continuous-record streamflow-gaging
stations within the James River basin in South Dakota

Station
number

06471200

06471500

06471898

06472500

06473500

06473700

06473750

06474000

06474300

06474500

06475500

06476500

06477150
.
06477500

06478052

06478083

06478320

06478390

06478420

06478514

Distance 
upstream 
from mouth luua^. nun

Drainage area 
(square miles)

T^t-nl U^n_

Station name (river miles) contrib-

Maple River at North
Dakota-South Dakota
State line

Elm River at
Westport, S. Dak.

Moccasin Creek near
Warner, S. Dak.

Mud Creek near
Stratford, S. Dak.

South Fork Snake Creek
near Athol, S. Dak.

Snake Creek near
Ashton, S. Dak.

Wolf Creek near
Ree Heights, S. Dak.

Turtle Creek near
Tulare, S. Dak.

Medicine Creek near
Zell, S. Dak.

Turtle Creek at
Redfield, S. Dak.

Dry Run near
Frankfort, S. Dak.

Sand Creek near
Alpena, S. Dak.

Rock Creek near
Fulton, S. Dak.

Firesteel Creek near
Mount Vernon, S. Dak.

Enemy Creek near
Mitchell, S. Dak.

Pierre Creek near
Alexandria, S. Dak.

Plum Creek near
Milltown, S. Dak.

Wolf Creek near
Clayton, S. Dak.

Lonetree Creek near
Olivet, S. Dak.

Beaver Creek near
Yankton, S. Dak.

'15.7

30.4

21.5

14.7

i

21.5

i

33.7

i

6.8

8.1

40.7

9.5

30.2

7.3

6.5

.9

4.1

.7

1.2

716

1,493

304

738

1,743

2,657

334

1,124

202

1,481

201

261

240

521

163

78.7

55.2

396

110

145

uting

332

444

0

64.2

48.4

48.4

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Discharge records

Discharge 
Period        

of Minimum

(cubic feet per second)

Average
record daily

6/56-9/85

10/45-9/85

10/76-9/80

9/55-9/69,
10/76-9/77
3/50-9/72

10/55-9/69,
10/76-9/79,
10/84-9/85
9/59-9/81 ,
10/84-9/85
8/53-9/56,
9/65-9/81,
10/84-9/85
9/59-9/81 ,
10/84-9/85
10/45-9/72

9/55-9/69

3/50-9/85

10/66-9/72

9/55-9/85

10/75-9/85

10/81-9/83

10/81-9/83

10/75-9/85

10/81-9/83

10/81-9/83

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1.5

0

0

0

0

19.8

45.7

2

9.34

11.2

23.1

3.73

13-2

5.67

24.8

3.54

8.33

9.01

22.9

12.6

2

2

37.8

2

2

Maximum
instantaneous

5,930

12,600

387

1 ,180

6,810

6,980

990

6,000

2,210

7,660

772

2,240

2,040

6,610

4,280

119

774

6,520

1,090

1,110

'Tributary does not discharge directly to the James River. 
'Average discharge for period of record has not been computed.



Main-Stem Locations

The frequency analyses were made on the main-stem gages using records 
subsequent to the closure of Jamestown Dam in May 1953. Jamestown Reservoir, 
located near Jamestown, North Dakota, has a total capacity of 220,978 acre-ft, 
of which 185,^35 acre-ft are for flood control (U.S. Bureau of Reclamation, 
1985).

The results of the analysis of instantaneous peak flows are contained in 
table 3 and the results of the analysis of summer discharges are contained in 
table 4. Frequency curves for instantaneous peak flow are contained in the 
Supplemental Information section (figs. 9-16) at the back of the report. Fre­ 
quency curves for the maximum daily mean flow during June, July, and August 
are contained in figures 17-24 in the Supplemental Information section. The 
frequency analyses for the gaging stations near Stratford and near Mitchell 
should be interpreted with caution because of the shorter periods of record.

Tr i bu t ar y L o c a t ions

Benson (1983) indicated that improved drainage area data for the James 
River basin would facilitate improved interpretation of the tributary fre­ 
quency analyses. This is because most of the tributary gaging stations are 
located several miles upstream from the mouths. With complete drainage area 
data, frequency data for the gaged tributaries could be extended from the gage 
to the mouth by a drainage area ratio (Chow, 1964; Linsley and Franzini, 1964; 
Linsley and others, 1949). Frequency data for ungaged tributaries could be 
developed using the drainage area data in conjunction with methods developed 
by Becker (1974). A summary of the drainage area data which were used to 
develop the tributary frequency results are contained in table 5.

Gaged Tributaries

Results of the frequency analyses for the gaged tributaries are contained 
in table 6 (instantaneous peak flow) and table 7 (summer flow). Extension of 
the frequency data from each tributary gaging station to the confluence with 
the James River was accomplished by multiplying the gaging station data by the 
square root of the ratio of the drainage areas in accordance with the 
following relation:

where

Q - discharge at mouth of tributary,
Q - discharge at gaging station,
A = drainage area of tributary at mouth, and
A = drainage area of tributary at gage.
o

The results of extension of the tributary frequency data from the gage to the 
confluence with the James River are contained in table 8.
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Table 5. Drainage area data for tributaries which discharge directly 
into the James River within South Dakota

Tributary name

Drainage 
area upstream 
from mouth 
(square 
miles)

Drainage 
area upstream 

from gage 
(square 
miles)

Non-contributing 
drainage area 
upstream from 
gage or mouth 
(square miles)

Square root 
of ratio of 
contributing 
drainage area 1

Dry Run (Mud Lake) 2 9
Elm River
Crow Creek 1*
Moccasin Creek
Mud Creek (North) 2
Snake Creek
Turtle Creek
Dry Run (North) 2
Timber Creek
Foster Creek5
Shue Creek
Stony Run (West) 2
Cain Creek
Pearl Creek
Stony Run (East) 2
Redstone Creek
Sand Creek
Jim Creek
Dry Run (East) 2
Dry Run (South) 2
Rock Creek
Firesteel Creek 6
Enemy Creek
Johnson Creek
Pierre Creek
Bloom Creek
Twelvemile Creek
Dry Creek
Plum Creek
Wolf Creek
Furlong Creek
Lonetree Creek
Dawson Creek
Prairie Creek
Mud Creek (South) 2
Beaver Creek

122
1,536
836
387
782

2,657
1,499

213
617
243
171
61.7

381
287

. 37.1
264
397
102
11.4

222
280
699
179
53.5
93.4
40.5

276
131
55.5

398
16.8

110
68.9
54.9
27.4
145

__
1,493
 

304
738

2,657
1,481

201
 
 
 
 
 
 
 
 

261
 
 
 

240
521
163
 
78.7
 
 
 
55.2

396
 

110
 
 
 

145

53.2
444
185

0
64.2
48.4
0
0

30.8
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

__

1 .0203
 

1 .1283
1 .0321
1 .0000
1 .0061
1.0291*
 
 
 
 
 
 
 
 

1.2333
 
 
 

1.0801
1.1583
1.0179
 

1 .0894
 
 
 

1.0027
1.0025
 

1 .0000
 
 
 

1 .0000

'The square root of the ratio of the contributing drainage area upstream from the 
mouth and the contributing drainage area upstream from the gage.

2 Names in parenthesis added to differentiate between tributaries with identical names.
'Discharges into Mud Lake within Sand Lake National Wildlife Refuge.
"Crow Creek flows enter James River via Crow Creek Drain.
'Foster Creek flows through Lake Byron and is thereby regulated before entering James 
River.

6 E,iresteel Creek flows through Lake Mitchell and is thereby regulated before entering 
James River.
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Ungaged Tributaries

Estimates of peak discharges for the 2-, 5-, 10-, 25-, 50-, and 100-year 
recurrence interval floods were computed using the following relations 
developed by Becker (1974). Equations are:

(2)

(3)

(4)

(5)

(6)

(7) 

where

Q = discharge in cubic feet per second,
A = contributing drainage area in square miles (limited to areas less

than 4,000 mi 2 ), and 
P = mean annual precipitation, in inches, minus 11 inches.

Estimated flood flows (instantaneous peak discharge) of selected ungaged 
tributaries at their confluence with the James River are contained in table 9. 
Seeker's method is for peak flows and is not applicable to estimation of 
summer discharges.

ANALYSIS OF FLOW DURATION

Duration hydrograph plots (Wilson, 1981) were prepared for each of the 
main-stem gaging stations using daily mean discharge data stored in the U.S. 
Geological Survey's WATSTORE daily-values file. Each plot shows the daily 
discharge values for the 20-, 50-, and 80-percent exceedance values, as well 
as the minimum and maximum recorded daily values for each day of the year. A 
20-percent exceedance value represents a daily mean discharge that can be 
expected to be equaled or exceeded on the indicated day an average of once in 
5 years (sometimes referred to as a 5-year flow). Likewise, the 80-percent 
value represents a daily mean discharge which can be expected to be equaled or 
exceeded on the indicated day an average of 4 years out of 5 (a 1.25-year 
flow). The 50-percent value (or median) can be expected to be equaled or 
exceeded on the indicated day an average of once in 2 years (a 2-year flow).

The computer program used to generate the duration hydrographs requires 
that the analysis be conducted for a period of 9, 19, 29, 39, or 49 years. 
Therefore, it was not possible to use the entire period of record for the 
analysis of each gaging station. The period of record used for each duration 
hydrograph is specified in the discussion'of the duration hydrographs for each 
of the James River main-stem gages in South Dakota.
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James River at_Cqlumbia

The duration hydrograph for the James River at Columbia (station no. 
06*171000) is shown in figure 2. The hydrograph is based on the 39 years of 
discharge record from water year 1947 through water year 1985.

The bankfull capacity of the James River between Columbia and Stratford 
has been estimated to be as little as 200 to 300 ftVs at certain locations 
(U.S. Bureau of Reclamation, 1977; Missouri River Basin Commission, 1980a; and 
Benson, 1983). The duration hydrograph indicates that a discharge of 
200 ftVs can be expected to be equaled or exceeded on any individual day at 
least 20 percent of the time from April 7 through July 31 and at least 
50 percent of the time from April 16 through April 19 and from April 2*1 
through May 17 (table 10 in the Supplemental Information section). A dis­ 
charge of 200 ftVs has never been exceeded at Columbia during the period from 
December 19 through March 20.

The 50-percent exceedance discharge (median) at Columbia ranges from zero 
on many days to 325 ftVs on May 10 and is less than 10 ftVs from August 3 
through August 11, August 14 through March 25, and March 31 through April 2. 
Zero flow has occurred on each day of the year sometime during the 39 years 
which were analyzed. In fact, zero flow was recorded for 623 consecutive days 
from July 13, 1958, through March 26, 1960. Zero flow can be expected 
50 percent of the time on September 1*1 and on any individual day between 
September 17 and October 28 and between December 22 and March 12.

Figure 2 and table 10 further indicate that a daily mean discharge of 
1,010 ft 3 /s can be expected to be equaled or exceeded an average of once in 
5 years (20-percent flow) on April 25, 325 ftVs can be expected to be equaled 
or exceeded an average of once in 2 years (50-percent flow) on May 10, and 
49 ftVs can be expected to be equaled or exceeded an average of once in 
1.25 years (80-percent flow) on May 1. These are the maximums of the 20-, 
50-, and 80-percent discharges in figure 2 and table 10.

James Rivej2._n_ear Stratford

Continuous discharge records for the James River near Stratford (station 
no. 06472000) were collected from March 1950 through September 1972 and again 
during water year 1977. The duration hydrograph analysis was conducted for 
the 19 water years from 1954 through 1972 and the hydrograph plot is shown in 
figure 3-

The hydrograph is quite similar to the one for Columbia discussed 
previously. The duration hydrograph indicates that flows exceeding 200 ft s /s 
can be expected to be equaled or exceeded on any individual day at least 
20 percent of the time from March 2*1 through August 17 and at least 50 percent 
of the time from April 29 through May 15, May 17-18, and May 21-24 (table 11 
in the Supplemental Information section). Zero flow was recorded at Stratford 
for 601 consecutive days from August 4, 1958, through March 26, 1960.
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James River at Ashton

The duration hydrograph for the James River at Ashton (station no. 
06473000) is presented in figure 4. The hydrograph is based on 39 years of 
discharge record (water years 1947 through 1985).

The bankfull capacity between Stratford and Ashton has been estimated to 
range from 500 to 1,000 ft 3 /s (Benson, 1983). The duration hydrograph 
indicates that discharges exceeding 500 ftVs have occurred at Ashton during 
March 21 through September 28 (table 12 in the Supplemental Information 
section). The 20-percent exceedance daily mean discharge is greater than 
1,000 ft 3 /s from May 13 through May 16 and greater than 500 ft 3 /s from 
April 14 through July 7, July 18-29, and August 2-6. The 10-percent exceed­ 
ance daily mean discharge (table 12) is greater than 1,000 ftVs on any 
individual day from April 16 through May 29.

The median discharge at Ashton ranges from 0.1 ft 3 /s on January 31 to 
399 ftVs on May 13 and is less than 10 ftVs from August 31 through March 19. 
As with the previous stations, zero flow has occurred on each day of the year 
sometime during the period of record. Zero flow was recorded at Ashton for 
590 consecutive days from August 14, 1958, through March 25, 1960.

James River near Redfield

The duration hydrograph for the James River near Redfield (station no. 
06475000) is presented in figure 5. The hydrograph is based on 29 years of 
discharge record (water years 1957 through 1985).

The bankfull capacity between Ashton and Redfield has been estimated to 
be as little as 800 ftVs (Benson, 1983). The 20-percent exceedance daily 
mean discharge exceeds 800 ft 3 /s for 61 days from April 3 through June 2 
(table 13 in the Supplemental Information section). Thus, flow exceeding 
bankfull capacity between Ashton and Redfield can be expected to occur on any 
given day between April 3 and June 2 an average of at least once every 
5 years. The 10-percent exceedance daily mean discharge exceeds 800 ftVs 
from March 20 through June 7, June 14, June 17-19, June 21 through July 7, and 
July 13-17.

The median discharge at the gage near Redfield ranges from 1.5 ftVs on 
February 1 to 434 ftVs on May 17 and the discharge is less than 10 ftVs from 
January 6 through March 11 and from September 19 through November 23- Zero 
flow at the gage near Redfield has never occurred during the periods April 5 
through May 13, May 17-19, and May 23-24 although the discharge has been less 
than 3 ftVs during these periods. Zero flow was recorded at Redfield from 
August 15, 1958, through March 1, 1959 (199 consecutive days), and from 
June 11, 1959, through March 26, 1960 (290 consecutive days).

James River at Huron

The duration hydrograph for the James River at Huron (station no. 
06476000) is presented in figure 6. The hydrograph is based on 39 years of 
discharge record (water years 1947 through 1985).
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Much of the reach between Redfield and Huron is in backwater from the 
James Diversion Dam or from the Third Street Dam. The bankfull capacity 
between the James Diversion Dam and the gage at Huron is about 3,800 ftVs 
(Missouri River Basin Commission, 1980a). The duration hydrograph indicates 
that maximum daily mean discharges exceeding bankfull capacity have occurred 
during the period March 25 through May 12 and during May 18 through June 8. 
The 20-percent exceedance daily mean discharge does not exceed 3i800 ftVs and 
the 10-percent exceedance daily mean discharge only exceeds 3,800 ftVs on 
April 7 (table 14 in the Supplemental Information section).

The median discharge at Huron ranges from zero on many days in October 
and November to 478 ftVs on May 9 and May 26 and is less than 20 ftVs from 
September 2-18 and from September 21 through March 6. Zero flow was recorded 
on each day of the year sometime during the analysis period.

James R i ver near Forestburg

The duration hydrograph for the James River near Forestburg (station no. 
06477000) is presented in figure 7. The hydrograph is based on the 29 years 
of discharge record from water year 1957 through water year 1985.

The bankfull capacity between Huron and Forestburg is estimated to be as 
little as 1,200 ftVs (Benson, 1983). The 20-percent exoeedance daily mean 
discharge equals or exceeds 1,200 ftVs during March 29 through April 1, 
April 13-20, May 9-10, and May 17-18 (table 15 in the Supplemental Information 
section). The 10-percent exceedance daily mean discharge equals or exceeds 
1,200 ftVs during March 14 through June 11 and June 19-29.

The median discharge at the gage near Forestburg ranges from 8 ftVs on 
October 2 to 438 ftVs on May 27 and exceeds 50 ftVs from March 12 through 
August 2 and August 9-10. Zero flow has been recorded on July 1-2, July 6 
through August 2, and August 4 through March 10.

James R i ver> _near^ Scotland

The duration hydrograph for the James River near Scotland (station no. 
06478500) is presented in figure 8. The hydrograph is based on the 49 years 
of discharge record from water year 1937 through 1985.

The bankfull capacity of the James River between Forestburg and Scotland 
ranges from 2,000 to 3,400 ftVs (Missouri River Basin Commission, 1980a). 
Discharges exceeding 3,400 ftVs have been recorded on March 15-17 and March 
20 through July 22 (table 16 in the Supplemental Information section). The 
10-percent exceedance daily mean discharge exceeds 3,400 ftVs during March 28 
through April 23 and June 12-13. Daily mean discharges equal to or greater 
than 2,000 ftVs have been recorded during March 3 through July 29, 
August 10-14, and August 20. The 20-percent exceedance discharge equals or 
exceeds 2,000 ftVs during March 27 through April 22 and the 10-percent 
exceedance discharge equals or exceeds 2,000 ftVs during March 19 through 
June 8 and June 10 through July 3.

The median discharge at the gage near Scotland ranges between 24 ftVs 
(October 22) and 864 ftVs (March 30) and exceeds 100 ftVs from March 9 
through August 9. Zero flow has been recorded during January 30 through 
February 4, August 4 through September 1, and September 5 through December 4.
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DISCHARGE. IN CUBIC FEET PER SECOND
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Summary of Analysis of Flow_ Duration

The duration hydrographs for the James River main-stem gaging stations 
indicate that the river has potential for relatively high flows during spring 
from snowmelt and during early summer from thunderstorms. The hydrographs 
also indicate that the river has extended periods of no flow from late summer 
until spring snowmelt. Upstream from Redfield, zero-flow conditions have 
occurred on the James River within South Dakota in excess of an entire year.

The use of the duration hydrograph analysis in conjunction with bankfull 
capacity data provides a tool to evaluate the potential flooding effects of 
additional flows in the James River. For instance, the importation of addi­ 
tional flow into the river reduces the river's capability to convey natural 
flows by a volume equal to the imported flow. Therefore, the duration of 
flooding subsequent to flow importation can be analyzed by subtracting the 
imported flow from the bankfull capacity and then comparing this to the 
applicable duration hydrograph (Benson, 1983). For example, importation of 
100 ftVs of flow would impair the river's capability to convey natural flows 
by that same 100 ft 3 /s. In an area where the bankfull capacity is as little 
as 200 ftVs (such as between Columbia and Stratford), the importation of 
100 ftVs would reduce the river's capacity to convey natural flows from 200 
to 100 ftVs. From figure 3 and table 11, the time during which the 5-year 
daily mean discharge (20-percent exceedance probability) exceeds bankfull 
discharge would be increased from 14? days (March 24 through August 17) to 
153 days (March 21 through August 20). The impact on the median discharge 
(50-percent exceedance probability) would be much greater in that the number 
of days with discharge equal to or greater than 200 ftVs would be increased 
from 23 to 94 days. Where the bankfull capacity is as little as 500 ftVs 
(such as between Stratford and Ashton), importation of 100 ftVs of flow into 
the river would reduce the river's capacity to convey natural flows from 500 
to 400 ft Vs. From figure 4 and table 12, the time during which the 5-year 
daily mean discharge exceeds bankfull discharge would be increased from 
102 days (April 14 through July 7, July 18-29, and August 2-6) to 132 days 
(April 6, April 8 through August 13> and August 15-17). Similar comparisons 
can be made for other imported flow amounts and at other locations.

ANALYSIS OF CHANNEL-FORMING FLOW 

Factors Affecting Channel Formation

The shape of the cross section of a river channel at any location is a 
function of the flow, the quantity and character of the sediment moving 
through the section, and the character and composition of the materials making 
up the bed and banks of the channel. The shape of a channel as viewed from 
above, referred to as channel pattern, is closely related to the amount and 
character of the available sediment and to the quantity and variability of the 
discharge. River channels having a ratio of channel length to valley length 
(sinuousity) of greater than 1.5 are considered to be meandering (Leopold and 
others, 1964). The sinuousity of the James River in South Dakota is about 
2.25. Chow (1964) states that at least four variables (valley slope, sediment 
load, discharge, and the characteristics of the bed and bank material) are 
known to control the shape of the channel and the process of meandering.
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There is evidence to indicate that the channel pattern of the James River 
changes very slowly. With the exception of some isolated reaches where human 
modifications have been made to the channel alignment and where a few natural 
oxbow cutoffs have occurred, the current channel pattern is very similar to 
the pattern that existed more than 60 years ago. Examination of data pre­ 
sented by Reeves (1922) also indicates that the general character of cross 
sections of the James River channel through South Dakota in 1922 was similar 
to current conditions. Reeves states: "Through parts of Spink and Brown 
Counties the channel is so small and badly choked with trees, deadfall, and 
other obstructions that extensive clearing operations are necessary." Reeves 
further indicated that sandbars, deadfall, and other channel obstructions were 
present in the river channel in the southern portion of the State.

Although not specifically documented, local residents maintain that the 
bankfull capacity in many areas has decreased in recent years due to bank 
sloughing or to the accumulation of sediment. Areas of obvious siltation are 
usually found near the mouth of a tributary or upstream from obstructions such 
as rock dams and log jams.

It was beyond the scope of this study to determine the causes of bank 
sloughing or the sources of sediment reaching the James River, or the specific 
factors influencing deposition in the main channel. Rather, the objective was 
to attempt to identify discharges most responsible for the present channel 
configuration of the James River in South Dakota. Ideally, this would involve 
the determination of a "dominant" or an "effective" discharge. Dominant dis­ 
charge is defined as "a discharge that molds a riverbed" (Johnson, 1970) and 
effective discharge is defined as "a discharge that maintains the present 
channel cross section" (Karlinger and others, 1983). Detailed sediment data 
are required to determine either of these discharges. However, sediment data 
have not been collected at the main-stem gaging stations on a regular basis, 
except for water years 1982 and 1983 when daily suspended sediment data were 
collected at the gages near Forestburg, Scotland, and Yankton (Little, 1983 
and 1985).

Bankfull discharge at a river cross section is the flow that just fills 
the channel to the tops of the banks. Bankfull discharge is thought to also 
have an important influence on the cross-sectional shape and size of the 
channel (Williams, 1978). Determination of the bankfull capacity of the James 
River in South Dakota has been made by the U.S. Bureau of Reclamation (1977), 
the U.S. Army Corps of Engineers (Missouri River Basin Commission, 1980a), and 
the U.S. Geological Survey (Benson, 1983).

Because insufficient sediment data are available to determine a 
"dominant" or an "effective" discharge on the James River in South Dakota and 
because bankfull discharge is thought to also have an important influence on 
the channel cross section, frequency data (peak flow and maximum daily mean 
discharge during June, July, and August) and duration data for daily mean 
discharges were related to bankfull capacity to assess channel-forming flow.

Relation Between Bankfu^l-Capacity, Flood-Frequency, and_Flow-Duration Data

Between Sand Lake and the confluence with the Elm River, the average 
bankfull capacity of the James River was estimated to be 200 ftVs (Missouri 
River Basin Commission, I980a). The recurrence interval of a peak flow of
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200 ftVs at the gage at Columbia is about 1.4 years (fig. 9). The recurrence 
interval of a maximum daily mean discharge of this magnitude during June, 
July, or August (that is, a summer discharge) is only slightly more than 2 
years (fig. 17). The duration hydrograph (fig. 2) indicates that a daily mean 
discharge of 200 ftVs has at least a 20-percent chance of being equaled or 
exceeded on any one day during the 116-day period from April 7 through July 31 
and has at least a 50-percent chance of being equaled or exceeded on any one 
day during the 28 days from April 16-19 and April 24 through May 17. The 
duration hydrograph for Columbia further indicates that a daily mean discharge 
of 325 ftVs can be expected to be equaled or exceeded an average of 1 year in 
2 (50-percent flow) on May 10; on other dates the probability of exceedance is 
less than 1 in 2 years.

Between the Elm River and the gage near Stratford, the bankfull capacity 
was estimated to range between 200-300 and 700 ftVs (Benson, 1983). The 
recurrence interval of an instantaneous peak flow of 200 ftVs at the gage 
near Stratford is about 1.4 years and the recurrence interval of an instan­ 
taneous peak flow of 700 ftVs is about 3.4 years (fig. 10). The recurrence 
interval of a summer discharge (that is, maximum daily mean discharge during 
June, July, or August) of 200 ftVs at the gage near Stratford is about 1 .7 
years (fig. 18). The duration hydrograph for Stratford (fig. 3) indicates 
that a daily mean discharge of 200 ftVs has at least a 20-percent chance of 
being equaled or exceeded on any given day during the 147-day period from 
March 24 through August 17 and at least a 50-percent chance of being equaled 
or exceeded on any individual day from April 29 through May 15, May 17-18, and 
May 21-24 (23 days).

Between Stratford and the gage at Ashton, the bankfull capacity was esti­ 
mated to range between 500 and 1,000 ftVs (Missouri River Basin Commission, 
1980a). The recurrence interval of an instantaneous peak flow of 500 ftVs at 
the gage at Ashton is about 2.2 years and the recurrence interval of a 
1,000 ftVs peak flow is about 4.2 years (fig. 11). A daily mean discharge of 
500 ftVs has a 20-percent chance of being equaled or exceeded at Ashton on 
any one day from April 14 through July 7, July 18-29, and August 2-6 
(102 days). The 50-percent discharge (median) does not equal or exceed 
500 ft 3 /s at Ashton. The duration hydrograph table for Ashton (table 12) 
shows that a daily mean discharge of 500 ftVs has a 10-percent chance of 
being equaled or exceeded on any one day from March 30 through August 17 
(141 days).

Between Ashton and the gage near Redfield, the bankfull capacity was 
estimated to be as little as 800 ft 3 /s (Benson, 1983). The recurrence 
interval of an instantaneous peak flow of 800 ftVs at the gage near Redfield 
is about 2.3 years (fig. 12). A daily mean discharge of 800 ft 3 /s has at 
least a 20-percent chance of being equaled or exceeded on any one day from 
April 3 through June 2 (61 days). The 50-percent discharge (median) does not 
equal or exceed 800 ftVs at the gage near Redfield. The 10-percent discharge 
exceeds 800 ft 3 /s for 106 days from March 20 through June 7, June 14, 
June 17-19, June 21 through July 7, and July 13-17 (table 13).

Most of the reach between Redfield and Huron is in backwater from the 
James Diversion Dam or the Third Street Dam. The 1979 bankfull capacity 
between the James Diversion Dam and the gage at Huron was estimated to be 
about 3i800 ft 3 /s. The recurrence interval of an instantaneous peak flow of
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3,800 ftVs at the Huron gage is about 8 years (fig. 13). The duration hydro- 
graph analysis indicates that daily mean flows exceeding 3,800 ftVs have only 
been recorded at Huron during March 25 through May 12 and during May 18 
through June 8. Table 14 shows that there is at least a 10-percent chance of 
a discharge of 3,800 ftVs being equaled or exceeded on only one day of the 
year (April 7). The 20-percent and 50-percent discharges do not exceed 
3,800 ftVs at Huron.

The bankfull capacity between Huron and the gage near Forestburg was 
estimated to be as little as 1,200 ftVs (Benson, 1983). The recurrence 
interval of an instantaneous peak flow of 1,200 ftVs at the gage near 
Forestburg is about 2 years (fig. 14). Figure 7 shows that a daily mean dis­ 
charge of 1,200 ftVs has at least a 20-percent chance of being equaled or 
exceeded on any given day during the 16 days from March 29 through April 1, 
April 13-20, May 9-10, and May 17-18. Table 15 shows that there is a 
10-percent chance that the daily mean discharge will equal or exceed 
1,200 ftVs at the gage near Forestburg on any given day from March 14 through 
June 11 and June 19-29 (101 days).

The bankfull capacity between Forestburg and the gage near Mitchell was 
estimated to range between 1,000 and 3,400 ft 3 /s (Missouri River Basin 
Commission, 1980a). The recurrence interval for an instantaneous peak flow of 
1,000 ftVs at the gage near Mitchell is about 1.4 years and for a peak flow 
of 3,400 ftVs is about 4.5 years (fig. 15). The duration hydrograph analysis 
was not made for the gage near Mitchell due to insufficient data.

The bankfull capacity of the James River between Mitchell and the gage 
near Scotland was estimated to range from 2,000 to 3,400 ftVs (Missouri River 
Basin Commission, 1980a). The recurrence interval for an instantaneous peak 
flow of 2,000 ftVs at the gage near Scotland is slightly less than 2 years 
and the recurrence interval for a peak flow of 3,400 ftVs at the gage near 
Scotland is slightly less than 3 years (fig. 16). There is at least a 
20-percent chance that a daily mean discharge of 2,000 ftVs will be equaled 
or exceeded at the gage near Scotland on any given day during March 27 through 
April 22 (27 days) and at least a 10-percent chance that 2,000 ftVs will be 
equaled or exceeded on any individual day for 106 days from March 19 through 
July 3, excluding June 9 (table 16). The 50-percent discharge (median) does 
not exceed 2,000 ftVs.

Summary of A_nalysJ.s of Channel-Forming_ Flow

Table 17 summarizes the recurrence intervals of peak discharges which 
produce bankfull conditions in the reach upstream of various gaging stations, 
as well as the number of days the daily mean discharge exceeds -bankfull 
capacity for various exceedance probabilities.

As an explanation of the data in table 17, for the reach upstream from 
Columbia, the recurrence interval of an instantaneous peak discharge at 
Columbia which exceeds bankfull capacity (200 ftVs) is 1.4 years. There is 
at least a 10-percent chance that the daily mean discharge at Columbia will 
equal or exceed 200 ftVs for 154 days during the year, at least a 20-percent 
chance of equaling or exceeding 200 ftVs for 116 days, and at least a 50- 
percent chance that bankfull capacity will be exceeded for 28 days per year. 
Similar evaluations of the data for the other gaging stations can be made.
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Table 17.   R e cur r encei n t erva 1 of ins tan t aneus
bankful 1 _capa.c 1 ty _and_ jiay f or --which mmimum bankfull capac 1 y is equaled or 
exceeded for streamflow-gaging stations on the James River in South Dakota

James River 
gaging station

Minimum bankfull
capacity, in
cubic feet
per second,
in reach
upstream
from gage

Recurrence 
interval, in 
years, of peak 
flow equal to 
minimum 
bankfull 
capacity 1

Days for which minimum
bankfull capacity is

equaled or exceeded for
exceedance probability,

in percent

10 20 50

at Columbia 
nr Stratford 
at Ashton 
nr Redfield 
at Huron 
nr Forestburg 
nr Mitchell 
nr Scotland

2 3
1
1

200
200
500
800
,800
,200
,000

2,000

1.4
1.4
2.2
2.3

2 8.0

2.0
1.4
2.0

154
168
141
106

2 1

101
3

106

116
147
102

61
2 0

16
3

27

28
23

0
0

2 0

0
3

0

1 Based on Water Resources Council Bulletin 17B flood-frequency analysis. 
2Most of reach is in backwater from James Diversion Dam and Third Street Dam. 
3 Duration hydrograph analysis not performed due to lack of data.

In summary, flows which produce bankfull conditions occur quite fre­ 
quently on the James River in South Dakota. The frequency of occurrence of 
bankfull flows on the James River suggests one of two things: (1) Channel 
formation is occurring almost continuously, or (2) channel formation is 
approaching an equilibrium condition. The slowness with which changes in 
channel configuration occur, as evidenced by the similarity between channel 
conditions which Reeves observed in 1922 and channel conditions which 
currently exist, would suggest an equilibrium condition.

The accumulation of sediment probably can be attributed to the flat slope 
of the James River. The slope of the river is so flat that velocities are not 
sufficient to carry the sediment being delivered to the river. Collection of 
detailed sediment data on the James River and on tributaries is necessary in 
order to ascertain the sources of sediment which are accumulating in the main 
channel. These sediment data would also facilitate a more detailed evaluation 
of "dominant flow" or "effective discharge" on the James River.

CONCLUSIONS

The flood-flow frequency data, when evaluated in conjunction with 
bankfull-capacity data, indicate that discharges that produce bankfull condi­ 
tions occur an average of once in about 2 years. Furthermore, the frequency 
data indicate that the 10-year flood flows, which range from 1,620 cubic feet 
per second at the gage near Stratford to 8,870 cubic feet per second at the 
gage near Scotland, cause major flooding on most of the river in South Dakota.

29



The frequency analyses of maximum daily mean discharges during June, 
July, and August were conducted to facilitate Bureau of Reclamation evaluation 
of "summer" discharges. For the main-stem gaging stations, the 10-year maxi­ 
mum daily mean discharges during June, July, and August are of a similar mag­ 
nitude to the 5-year instantaneous peak flow discharges.

The flood-flow frequency analyses of the gaged tributaries indicate that 
the tributaries have potential to contribute substantial flows to the main 
stem. For instance, the 2-year flow for the Elm River at Westport is 
678 cubic feet per second, which equals or exceeds the bankfull capacity of 
the James River a few miles downstream from its confluence with the main stem. 
Evaluation of the flood-flow frequency data, in conjunction with bankfull 
capacity data, reveals other instances where the 2-year tributary flood flows 
are greater than the channel capacity of the main stem near their confluence.

Determination of the drainage area for the entire James River basin in 
South Dakota allowed for the extension of flood-flow frequency data from the 
gaging station location to the mouth for gaged tributaries and allowed for the 
determination of flood-flow frequency data for ungaged tributaries. The loca­ 
tions of some tributary gaging stations are such that adjustments as much as 
13 to 23 percent are required to extend the tributary data from the gage to 
the mouth. The drainage area data allowed for the determination of frequency 
data for over M,100 square miles of tributary drainage within South Dakota.

The duration hydrographs for the James River main-stem gaging stations 
indicate that the river has potential for relatively high flows during spring 
from snowmelt and during early summer from thunderstorms. In the vicinity of 
Columbia, there is a 50-percent chance that the bankfull capacity will be 
equaled or exceeded for 28 days per year, a 20-percent chance that bankfull 
capacity will be exceeded for 116 days per year, and a 10-percent chance that 
bankfull capacity will be exceeded for 154 days per year. Downstream, at the 
gage near Scotland, there is a 20-percent chance that bankfull capacity will 
be equaled or exceeded for 27 days per year and a 10-percent chance that 
bankfull capacity will be equaled or exceeded for 106 days per year. The 
hydrographs also indicate that the river has extended periods of no flow from 
l"ate summer until spring snowmelt. Upstream from Redfield, zero-flow 
conditions have occurred on the river in excess of an entire year 
(623 consecutive days at Columbia, 601 consecutive days at the gage near 
Stratford, and 590 days at Ashton).

Evaluation of dominant discharge was limited by the lack of sediment data 
on the James River. An evaluation of channel-forming flow was conducted on 
the basis of an appraisal of discharge data in conjunction with channel 
capacity and channel geometry. An appraisal of channel cross sections and of 
the river pattern indicates that the frequent occurrence of bankfull condi­ 
tions (an average of about every other year) is not causing substantial 
changes in the river cross section or pattern. This channel stability indi­ 
cates that channel formation is approaching a state of equilibrium.
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Frequency curves for instantaneous peak flow in the James River
at eight locations
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Frequency curves for maximum daily mean flow during June, July, and 
August in the James River at eight locations
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Duration hydrograph tables for the James River at seven locations
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