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Peak Stages from Backwater Conditions at Streamflow-
Gaging Stations in and near South Dakota through Water

Year 2001

By Ryan F. Thompson

Abstract

Stream stages associated with the annual peak discharge
are presented for 182 streamflow-gaging stations in and near
South Dakota. The peak stage at a station can occur as the
result of the annual maximum discharge, but also as the result
of backwater conditions. Backwater, often caused by ice, can
produce a peak stage higher than the stage coincident with
annual maximum discharge. The U.S. Geological Survey has
cooperated with the South Dakota Department of Transpor-
tation to prepare this report, which provides a summary of
peak-stage data through water year 2001 for gaging stations
in and near South Dakota where annual peak stages resulting
from backwater conditions have exceeded stages associated
with annual peak discharge by as much as several feet. Where
applicable, data summaries include the flood stage that is
assigned by the National Weather Service.

Introduction

The U.S. Geological Survey (USGS) collected peak-flow
and stage data for many years at numerous streamflow-gaging
stations in and near South Dakota. Backwater conditions are
conditions that temporarily impede the flow of water in the
channel. Backwater, often caused by ice, can produce a peak
stage higher than the stage coincident with annual maximum
discharge. Many of the reported annual peak stages have
resulted from backwater conditions in the vicinity of gaging
stations, and such stages have exceeded stages associated with
annual peak discharges by as much as several feet at some
gaging stations.

Annual maximum instantaneous (peak) discharges and
stages for continuous-record and partial-record streamflow
gaging stations in and near the State historically have been
reported in a series of annual statewide “Water Resources
Data” reports for South Dakota for water years 1966-2001
(U.S. Geological Survey, 1967-2002). For water years 1961—
1965, streamflow records for South Dakota were included
in joint annual reports for North Dakota and South Dakota

(U.S. Geological Survey, 1962—-1966). Prior to water year
1961, streamflow records for South Dakota were published in
a series of USGS Water-Supply Papers that contained stream-
flow records for the Missouri River Basin (U.S. Geological
Survey, 1959, 1964).

The South Dakota Department of Transportation
(SDDOT) uses peak-flow data for many purposes, and more
detailed knowledge of the effects of backwater conditions at
gaging stations could have utility for various applications. For
example, if a bridge is to be placed over a stream that is known
to commonly have backwater-influenced peak stages that are
much higher than stages associated with peak flow, the bridge
may be designed with countermeasures to help prevent ice
jams on piers, or additional freeboard to low steel. The USGS,
in cooperation with SDDOT, prepared this report to provide
a summary of peak-stage data through water year 2001 for
gaging stations in and near South Dakota where annual peak
stages resulting from backwater conditions have exceeded
stages associated with annual peak discharge.

Peak Stages due to Backwater
Conditions

For purposes of USGS streamflow gaging, backwater
typically refers to any condition that temporarily impedes
the flow of water in a channel, and subsequently results in
temporary influence of the stage-discharge relation at a gag-
ing station. Peak stage can exceed the stage associated with
annual peak discharge within the same year at any given
gaging station for several reasons. The most common rea-
son is backwater. Although there are conditions other than
backwater that can cause a stage within a given water year to
exceed the stage associated with peak discharge, these condi-
tions are rather uncommon. These uncommon conditions can
occur when there is a change in control at a gaging station,
or when dikes are built, rebuilt, or raised. For the purposes of
this report, annual peak stages greater than the stage at annual
peak discharge were assumed to be influenced by backwater
conditions.
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Stages associated with annual peak discharge were
exceeded within the same year by higher stages resulting from
backwater conditions at 182 streamflow-gaging stations in and
near South Dakota (fig. 1). Selected data regarding peak stages
for these gaging stations through water year 2001 are sum-
marized in table Al in the Supplemental Information section
of this report. One of the columns in this table provides the
percentage of peak stages from backwater conditions that have
exceeded stages associated with annual peak discharge for
each gaging station. These percentages are shown in figure 2.

Plots showing annual peak stages and stages associated
with annual peak discharge are presented in Section B of the
Supplemental Information section. Although annual peak-flow
data are compiled by water year, which runs from October 1
through September 30, the plots are shown by calendar year.
These plots show that annual peak stages from backwater
conditions can exceed stages associated with annual peak dis-
charge by as little as a few hundredths of a foot to as much as
several feet for some gaging stations. Where applicable, these
plots also show the flood stage for the site assigned by the
National Weather Service. Additional details regarding flood
stages and percentages of backwater peaks that exceed flood

104°

Base from U.S. Geological Survey digital data 1:100,000, 1990
Universal Transverse Mercator projection

Figure 1.

stages are provided in table 1, and the percentages are shown
in figure 3.

Burr and Korkow (1996) provided tables of peak dis-
charge and stage data for 250 gaging stations in South Dakota
with 10 or more years of record through water year 1994,
which included many of the gaging stations that are considered
in this report. These tables provide specific dates and other
details regarding annual peak discharges and associated stages,
smaller peak discharges that comprise a “partial-duration flood
series,” and annual peak stages that exceed stage associated
with annual peak discharge. Current data regarding annual
peak discharges and associated stages can be obtained by
accessing the Web interface for the USGS National Water
Information System (NWISWeb) at http://nwis.waterdata.
usgs.gov/sd/nwis/peak. Data sets provided include only data
regarding annual peak discharges and associated stages for
gaging stations in and near South Dakota. Additional details
can be obtained upon request by contacting the USGS South
Dakota Water Science Center.

Backwater conditions can be caused by a variety of fac-
tors including ice formation, ice jams or debris jams, sediment
or leaf deposition, beaver dams, plant growth, or tributary
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Gaging stations in and near South Dakota for which peak-stage data are presented.



inflows within a reach. Some of these factors may have neg-
ligible effects during high-flow conditions; however, notation
of backwater conditions is independent of the magnitude of
a flow event, and annual peak discharges for many years at
many locations in South Dakota may be zero-flow or very low
flow. Backwater conditions can be widespread throughout a
reach of a river or very localized and restricted to the immedi-
ate vicinity of a gaging station. For example, ice jamming can
be widespread within a reach, or can be restricted to a bridge
in the vicinity of a gaging station. More detailed information
regarding backwater conditions at specific gaging stations gen-
erally can be obtained from examination of data provided in
the annual statewide “Water Resources Data” reports for South
Dakota described previously.

Various procedures related to database handling or coding
of peak-flow data also have potential to affect the data sets that
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are presented in this report. The following paragraphs include
brief examples of the peak-flow data sets for several of the
gaging stations and associated streams addressed within this
report, with a purpose of providing a brief overview of some
of the factors that affect backwater conditions at gaging sta-
tions in and near South Dakota and factors that have affected
reporting of backwater conditions. Examples are presented
according to the downstream ordering system used by USGS,
which determines the ordering of stations in table Al and the
plots in Supplemental Information Section B.

The first gaging station considered is station 05050000
(Bois de Sioux River near White Rock), which is located
in northeastern South Dakota (fig. 1, map number 1). Table
Al indicates that peak annual stages from backwater condi-
tions have exceeded peak stages associated with annual peak
discharge for 15 of 59 years of record, or 25.4 percent of the
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time. None of these backwater peak stages have exceeded the
flood stage of 15 feet assigned for this site by the National
Weather Service. The plot of annual peak stages for this site
(Supplemental Information Section B) illustrates a relatively
infrequent circumstance where peak annual stage is docu-
mented, but the smaller stage associated with annual peak dis-
charge is not populated in the USGS peak-flow database. This
is fairly common when the associated hydrographs are very
flat and maximum instantaneous discharge approximates aver-
age daily discharge, as was documented for water years 1996
and 1998 in the “Water Resources Data” reports for South
Dakota for these water years (U.S. Geological Survey, 1997,
1999). A similar circumstance can occur when the annual
peak discharge is coded as an estimate and the stage at peak
discharge is undocumented, as was done for station 05290000
(Little Minnesota River near Peever) for 1950 (Burr and
Korkow, 1996). A fairly unique example is water year 1976 for
station 06355500 (North Fork Grand River near White Butte),
where an annual peak discharge is noted as a maximum daily
average (Burr and Korkow, 1996); however, an annual peak
stage associated with the maximum daily average discharge is
not documented.

The data shown in the plots in Supplemental Information
Section B are for the period of available peak-stage record for
each gaging station, through water year 2001. Additional years
of peak-discharge record are available for some stations, most
typically for older records. An example is station 06356500
(South Fork Grand River near Cash), which has additional
peak-discharge record for water years 1946—-1966. Some years
without a recorded peak stage can result from a lack of docu-
mented flow (annual peak discharge equal to zero) for a year,
or minimal flow, which are not uncommon for some stations.
Station 06408500 (Spring Creek near Hermosa) provides such
an example for water years 1989 and 1990. This station also
has peak-flow data for water years 1950-1972. Additional
peak-discharge records for such stations typically can be found
by accessing the NWISWeb link that was referenced earlier.

Ice conditions are the predominant cause of backwater
conditions in South Dakota. Annual peak stages at some sta-
tions were caused by ice accumulating during winter months
within stream or river channels. Station 06436180 (Whitewood
Creek above Whitewood) is a good example of such a station,
with many backwater peak stages occurring during Decem-
ber through February (Burr and Korkow, 1996). Backwater
conditions resulting from ice jams during ice-out is a common
occurrence in many rivers and streams that can cause very
large increases in stage at some locations. An excellent exam-
ple is station 06452000 (White River near Oacoma), which is
a location where flood stages have frequently been exceeded
because of backwater effects. This site also illustrates that
annual peak stages associated with annual peak discharge can
have very large effects from backwater. An example is 1978,
when a peak stage of 23.59 feet resulted from backwater
conditions on March 14, in association with the annual peak
discharge of 25,000 cubic feet per second (ft*/s) (Burr and
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Korkow, 1996). A secondary peak of 23,100 ft*/s occurred on
March 20 of that year, but reached a stage of only 12.77 feet,
which is well below flood stage.

Some very unique backwater conditions can occur along
upstream reaches of the James River in northeastern South
Dakota, where the channel gradient is very low. Large flows in
several major tributaries can cause backwater for many miles
upstream in the main stem of the James River, and can cause
“reverse flow” at some gaging stations. Station 06471000
(James River at Columbia) frequently experiences backwater
conditions from the Elm River, which enters the James River
about 0.3 mile downstream. The minimum daily mean flow
recorded at this site is reverse flow of 2,400 ft’/s on March
30, 1997. Peak stages at this station can occur at zero flow,
which occurs at the transition between reverse flow and flow
downstream. This circumstance occurred in association with
the annual peak stage of 16.93 feet for water year 1989, as
documented in the “Water Resources Data” report for South
Dakota for this year (U.S. Geological Survey, 1990). Station
06473000 (James River at Ashton) experiences backwater
conditions from the Snake River, which enters the James River
about 6.1 miles downstream. The minimum daily mean flow
recorded at this site is reverse flow of 8,400 ft’/s on March
31, 1997. In comparison, the maximum instantaneous peak
discharge and maximum daily mean discharge recorded at this
site are 9,150 and 9,100 ft*/s, respectively, on April 23, 1997.
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Section A. Information for Gaging Stations
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24 Peak Stages from Backwater Conditions at Streamflow-Gaging Stations in and near South Dakota

Section B. Plots of Annual Peak Stage and Stage at Peak Discharge
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Figure A1. Plots of annual peak stage and stage at peak discharge.—Continued
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Figure A1. Plots of annual peak stage and stage at peak discharge.—Continued
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Section B. Plots of Annual Peak Stage and Stage at Peak Discharge 35
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36 Peak Stages from Backwater Conditions at Streamflow-Gaging Stations in and near South Dakota
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Section B. Plots of Annual Peak Stage and Stage at Peak Discharge 39
» 06437000 Belle Fourche River near Sturgis, SD
— : X
w17 F x x
Z pfxo_ = 7 X2 ol < < % . X
40 F 8% xx y x5 X SxxTx X g x X o . X x o
E 7 i < o¢ "Bk XK X = X PO SVIaRS <
2t . . . . . . . . . . . . .
1946 1950 1954 1958 1962 1966 1970 1974 1978 1982 1986 1990 1994 1998 2002
. 06437200 Bear Butte Creek near Galena, SD
- ‘
TE X
= o
g x
= 4 X
@ 3 1 1 1
1998 1999 2000 2001 2002
. 06437500 Bear Butte Creek near Sturgis, SD
T T T A
E Note: Dates of 1990 and 1991 peak flows unknown, assigned to April 1
re ]
X
= XX X x XX oy X xo i
= X X X
2 7 x
('7) 2 g X X
1962 1967 1972 1977 1982 1987 1992 1997 2002
5 06438000 Belle Fourche Rlver near Elm Sprlngs SD
- X Nnte Date ufMay1920 peakflow unknown a53|gned to Mayl date of1933 peakﬂuw unknown, aSS|gned to Apnll
o 20 F % X
= 15§ X x
= E X O X ~ X
uj10§xx x X xxxxxxx X X)‘ XX X xxx )K);(X
% 5 E (V3 X o X % 28 R XXXD XX 3 X yxx X X XX )‘X X 5 e
2 ot X e = X ‘ ‘ X XX ‘
1927 1932 1937 1942 1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997 2002
5 06438500 Cheyenne Rlver near Plalnwew SD
E Note: Date of May 1920 peakflow unknown aSS|gned to May1 date ofMay]927 peakflow unknown a55|gned May 1 X
w20 X
Z |5 K XX XX
T X
e X XXX g osw
X m] oY X
o b X e OREREX X 0
1920 1924 1928 1932 1936 1940 1944 1948 1952 1956 1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004
2 06439000 Cherry Creek near Plainview, SD
. — ; ;
=20 X X X X Xg
f— 15 < 2 X L o—;
3 10 | XX X yx o X * x X =
5 X X X X X x X
o ; X X7 x X o x o xx X_X Xy Xy X
; 0 Il Il Il Il Il Il Il Il Il Il Il Il Il
1946 1950 1954 1958 1962 1966 1970 1974 1978 1982 1986 1990 1994 1998 2002
CALENDAR YEAR
Figure A1. Plots of annual peak stage and stage at peak discharge.—Continued
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42 Peak Stages from Backwater Conditions at Streamflow-Gaging Stations in and near South Dakota
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Figure A1. Plots of annual peak stage and stage at peak discharge.—Continued
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44 Peak Stages from Backwater Conditions at Streamflow-Gaging Stations in and near South Dakota
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46 Peak Stages from Backwater Conditions at Streamflow-Gaging Stations in and near South Dakota
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50 Peak Stages from Backwater Conditions at Streamflow-Gaging Stations in and near South Dakota
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52 Peak Stages from Backwater Conditions at Streamflow-Gaging Stations in and near South Dakota
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Section B. Plots of Annual Peak Stage and Stage at Peak Discharge
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