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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain

cubic foot per second (ft3/s) 0.02832 cubic meter per second

foot (ft) 0.3048 meter

square mile (mi 2) 2.590 square kilometer

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929--a geodetic datum derived from 
a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.

PEAK-DISCHARGE AND GAGE-HEIGHT QUALIFICATION CODES USED IN TABLES 2-251

DISCHARGE CODES

No code - Peak flow or discharge is a maximum instantaneous value.
1 - Discharge is a maximum daily average.
2 - Discharge is an estimate.
4 - Discharge less than indicated value, which is minimum recordable discharge at this station.
5 - Discharge affected to unknown degree by regulation or diversion.
6 - Discharge affected by regulation or diversion.
7 - Discharge is a historic peak.
8 - Discharge actually greater than indicated value.
9 - Discharge due to snowmelt, ice jam, or debris dam breakup.
B - Month or day of occurrence is unknown or not exact.
E - Only annual maximum peak available for this year.

GAGE-HEIGHT CODES

No code - Stage or gage height is the maximum, unaffected value for the station during the year.
1 - Gage height affected by backwater.
2 - Gage height not the maximum for the year.
3 - Gage height at different site and/or datum.
4 - Gage height below minimum recordable elevation.
5 - Gage height is an estimate.
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GLOSSARY

Backwater. Water backed up or retarded in its course as compared with its normal or natural condition of flow. In stream
gaging, a rise in stage produced by a temporary obstruction such as ice or weeds, or by downstream flooding. The
difference between the observed stage and the stage indicated by the stage-discharge relation is reported as backwater. 

Base discharge (for peak flow). In the Geological Survey's annual report on surface-water supply, the streamflow above
which peak-flow data are published. The base discharge at each station is selected so that an average of about three peaks
a year will be presented. In this report, peak flow and peak discharge are the same. 

Crest-stage gage. A device for obtaining the elevation of the flood crest of streams. 
Flood-frequency curve. A graph showing either the annual exceedance probability or the recurrence interval, plotted along

the abscissa, of various peak-flow estimates, plotted along the ordinate.
Flood peak. The highest value of the stage or discharge attained by a flood; thus, peak stage or peak discharge. 
Gage height. The water-surface elevation referred to some arbitrary gage datum. Gage height is often used interchangeably

with the more general term stage although gage height is more appropriate when used with a reading on a gage. The stage
or water-surface elevation in feet above sea level can be obtained by adding the gage height to the sea-level elevation of
gage datum. 

Gaging station. A particular site on a stream, canal, lake, or reservoir where observations of gage height and/or discharge
are obtained. 

Partial-duration flood series (partial peaks). A list of all flood peaks that exceed a chosen base stage or discharge,
regardless of the number of peaks occurring in a year. 

Recurrence interval (return period). The average interval of time in years within which a given discharge will be equaled or
exceeded once. 

Regulation. The artificial manipulation of the flow of a stream. For the purposes of this report, this refers only to regulation
that affects flood peaks.

Stage. The height of a water surface above an established datum plane; also gage height. 
Stage-discharge curve (rating curve). A graph showing the relation between the gage height (usually plotted as ordinate)

and the discharge, expressed as volume per unit of time (usually plotted as abscissa). 
Stage-discharge relation. The relation expressed by the stage-discharge curve.
Stream gaging. The process of measuring depths, areas, velocities, and rates of flow in natural or artificial channels. 
Streamflow-gaging station. A site where a continuous record of stage/discharge of a stream is obtained. 
Water year. In Geological Survey reports dealing with surface-water supply, the 12-month period, October 1 through

September 30. The water year is designated by the calendar year in which it ends; thus, the year ending September 30,
1994, is called "water year 1994."

Glossary



PEAK-FLOW FREQUENCY ESTIMATES 

THROUGH 1994 FOR GAGED STREAMS 

IN SOUTH DAKOTA

By Michael J. Burr and Kelly L. Korkow

ABSTRACT

Annual peak-flow data are listed for 250 
continuous-record and crest-stage gaging stations 
in South Dakota. Peak-flow frequency estimates 
for selected recurrence intervals ranging from 2 to 
500 years are given for 234 of these 250 stations. 
The log-Pearson Type III procedure was used to 
compute the frequency relations for the 
234 stations, which in 1994 included 105 active 
and 129 inactive stations. The log-Pearson 
Type III procedure is recommended by the 
Hydrology Subcommittee of the Interagency 
Advisory Committee on Water Data, 1982, 
"Guidelines for Determining Flood Flow 
Frequency." No peak-flow frequency estimates 
are given for 16 of the 250 stations because: 
(1) of extreme variability in data set; (2) more 
than 20 percent of years had no flow; (3) annual 
peak flows represent large outflow from a spring; 
(4) of insufficient peak-flow record subsequent to 
reservoir regulation; and (5) peak-flow records 
were combined with records from nearby stations.

INTRODUCTION

The South Dakota Department of Transportation 
has a continuing need for peak-flow information for 
use in the design of highway structures. The U.S. 
Geological Survey is completing a Statewide study of 
peak-flow frequency in cooperation with the 
Department of Transportation. Part of the study 
included updating and checking the Peak-Row File of

WATSTORE (Lepkin, DeLapp, and Dempster, 1981) 
and developing peak-flow frequency estimates for 
gaging stations (Kirby, 1981). The purpose of this 
report is to present: (1) An updated list of peak-flow 
values through water year 1994; and (2) peak-flow 
frequency estimates, using log-Pearson Type III 
procedures, for South Dakota active and inactive 
streamflow stations with 10 or more years of annual 
peaks. The locations of the active stations are shown 
in figure 1 and the locations of the inactive stations are 
shown in figure 2.

Publication of a second report summarizing 
development and use of regression equations for 
computing peak-flow frequency estimates for ungaged 
sites is planned.

PEAK-FLOW FREQUENCY ESTIMATES 
FOR GAGING STATIONS

Log-Pearson Type III Computation for 
Gaging- Station Records

Peak-flow frequency estimates were determined 
for 105 active and 129 inactive stations using the log- 
Pearson Type III procedure recommended in 
Bulletin 17B of the Hydrology Subcommittee of the 
U.S. Interagency Advisory Committee on Water Data, 
1982, "Guidelines for Determining Flood Flow 
Frequency." Peak-flow frequency estimates for all 
continuous-record and crest-stage gaging stations with 
10 or more years of record were analyzed, and the 
results are listed in table 1 for selected recurrence 
intervals ranging from 2 to 500 years.

Peak-Flow Frequency Estimates for Gaging Stations 1
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Annual peak-flow records for some stations 
were analyzed and adjusted for high and low outliers, 
and the historic peak flows are listed in tables 2-251 in 
the Supplemental Data section at the end of this 
report. In most cases, all of the annual peak values 
were used; however, in some cases, only a portion of 
the values were used. This is especially true for 
stations downstream of reservoirs, for which the 
period of record prior to reservoir regulation was 
excluded and only the record subsequent to reservoir 
regulation was included.

The peak-flow frequency estimates were 
computed using Program J407 of the WATSTORE 
User's Guide (Kirby, 1981). The peak-flow frequency 
estimates in this report may differ slightly from those 
reported in Benson and others (1985) and Hoffman 
and others (1986), even for inactive gaging stations 
that have identical periods of record. The computer 
program used by the U.S. Geological Survey (USGS) 
to perform Bulletin 17B peak-flow frequency analyses 
was modified in February 1994 to include an 
improved interpolation method for determining peak- 
flow frequency ordinates when a given peak-flow 
record contains low outliers, zero flows, or flows 
below the gage base (William Kirby, U.S. Geological 
Survey, written commun., 1996). Both versions of the 
USGS program technically conform to Bulletin 17B 
guidelines, but the new version is considered to be an 
improvement. When discrepancies do exist in peak- 
flow frequency estimates between the two versions, 
the differences generally are small for South Dakota 
stations and typically are within 5 percent.

Peak-flow frequency estimates are presented in 
table 1 for recurrence intervals of 2, 5,10, 25, 50, 100, 
and 500 years. Peak-flow frequency estimates are not 
listed in table 1 for nine stations (06400497, Cascade 
Springs near Hot Springs; 06408700, Rhoads Fork 
near Rochford; 06423010, Boxelder Creek near Rapid 
City; 06432200, Polo Creek near Whitewood; 
06432230, Miller Creek near Whitewood; 06447490, 
Little White River tributary near Martin; 06473300, 
Preachers Run tributary at Ipswich; 06473750, Wolf 
Creek near Ree Heights; and 06475500, Dry Run near 
Frankfort) because these stations had an extremely 
variable data set, had more than 20 percent of years 
with no flow, or the annual peak-flow values represent 
large outflow from a spring. Peak-flow frequency

estimates are not listed in table 1 for three stations on 
the Missouri River (06358500, near Mobridge; 
06440000, at Pierre; and 06443300, at Chamberlain) 
because of insufficient peak-flow record subsequent to 
reservoir regulation. Peak-flow frequency estimates 
are not listed in table 1 for four stations (06400500, 
Cheyenne River near Hot Springs; 06405000, Grace 
Coolidge Creek near Custer; 06482000, Big Sioux 
River at Sioux Falls; and 06482100, Big Sioux River 
near Brandon) because the peak-flow records were 
combined with those from nearby stations to increase 
the length of record used in the frequency analyses. 
For some other stations, peak-flow frequency 
estimates for the larger recurrence intervals are not 
given because they were judged to be unrealistic. The 
user also needs to realize that peak-flow frequency 
estimates for other stations listed in table 1 may not be 
representative of long-term conditions, especially for 
stations with only 10 years of record.

Methods for Adjusting Peak-Flow Frequency 
Estimates Using Records for Nearby Stations

It is common practice to consider peak-flow data 
from upstream or downstream gaging stations when 
determining the final peak-flow frequency estimate 
for a site with one or more nearby stations on the same 
stream. Two methods to consider are presented 
below.

Drainage-Area Ratio Technique

One method for transferring peak-flow 
frequency estimates for gaging stations to ungaged 
sites near gaging stations on the same stream is by 
using the drainage-area ratio technique. The peak- 
flow values defined for the gaging station are multi 
plied by a drainage-area ratio raised to an exponent. 
The ratio is the drainage area for the ungaged site 
divided by the drainage area for the nearby gaging 
station for which a frequency estimate is available. 
The exponent used generally is 0.5 or the exponent for 
the drainage area in the regional equation developed 
by regression analysis, such as the new equations 
planned to be developed as the other part of the 
Statewide peak-flow frequency study.

Peak-Flow Frequency Estimates for Gaging Stations 13



The following equation can be used to determine 
T-year peak-flow values for an ungaged site located 
near a gaging station on the same stream. This 
equation should be used only when the contributing 
drainage area for the ungaged site is within about 75 to 
150 percent of the contributing drainage area for the 
gaging station. Otherwise, regional regression 
equations developed for estimating peak-flow 
frequency estimates for ungaged sites should be used:

where

Q T( .

~ peak flow, in cubic feet per second, for 
the ungaged site for a recurrence interval 
of T-years;

= peak flow, in cubic feet per second, for 
the gaging station for a recurrence 
interval of T-years;

= contributing drainage area, in square 
miles, for the ungaged site;

= contributing drainage area, in square 
miles, for the gaging station; and

= mean exponent for the appropriate 
hydrologic region for a set of regression 
equations developed to estimate peak- 
flow frequency relations at ungaged sites. 
Generally, 0.5 can be used as a good 
approximation of x.

Combining Records for Two or More Nearby 
Gaging Stations

Different periods of record for two or more 
gaging stations on the same stream can result in peak- 
flow frequency estimates for a station that are not 
realistic when compared to estimates computed for 
stations either upstream or downstream. Many gaging 
stations listed in table 1 fit into this category including 
those for Belle Fourche, Big Sioux, Cheyenne, Grand, 
James, Keya Paha, Little White, Maple, Missouri, 
Moreau, Vermillion, and White Rivers, and Rapid, 
Horse, Turtle, and Whitewood Creeks. Some specific 
examples include: two stations on the James River 
(06478500 and 06478513); two stations on the 
Vermillion River (06479000 and 06479010); three 
gaging stations on Rapid Creek (06414000, 06418900,

and 06421500); and four stations on Whitewood 
Creek (06436170, 06436180, 06436190, and 
06436198). In these instances, the user may want to 
use the drainage-area ratio technique to transfer the 
peak-flow frequency estimate from the longer term 
station to the station with the shorter period of record. 
In other cases, the user may want to combine the 
records for two or more stations using routing 
techniques such as the drainage-area ratio technique or 
by relating peak flows at one station to peak flows at 
the other station using regression techniques. In many 
cases, combining the peak-flow records increases the 
length of record, and fitting a log-Pearson Type III 
distribution to the combined record can provide more 
reliable values of peak-flow frequency estimates. 
Records were combined in table 1 for three streams, 
Grace Coolidge Creek (06404998 and 06405000), 
Cheyenne River (06395000 and 06400500), and Big 
Sioux River (06482000, 06482020, and 06482100), 
because of drainage-area similarities. The degree of 
uncertainty associated with the peak-flow frequency 
estimates generally decreases as the length of the 
record increases.

ANNUAL AND PARTIAL-DURATION 
SERIES PEAK-FLOW VALUES 
FOR GAGING STATIONS

The peak-flow values for 250 active and inactive 
gaging stations operated by the U.S. Geological 
Survey in South Dakota are presented in tables 2-251 
in the Supplemental Data section. These stations 
include 125 continuous-record and 125 crest-stage 
stations. Annual peak-flow values, as well as peak- 
flow values above a selected base for many stations 
not appreciably affected by regulation, are given for 
all stations with 10 or more years of annual peak 
values. Including all of the peak-flow values that 
exceed a chosen base discharge, regardless of the 
number of peaks occurring in a year, would allow the 
user to analyze the "partial-duration flood series" 
(Dairymple, 1960, p. 10). However, the partial- 
duration flood series was not considered in computing 
the peak-flow frequency estimates presented in 
table 1.

14 Peak-flow Frequency Estimates through 1994 for Gaged Streams in South Dakota
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44 Peak-Flow Frequency Estimates through 1994 for Gaged Streams in South Dakota
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74 Peak-flow Frequency Estimates through 1994 for Gaged Streams in South Dakota
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û

^ o
(0 H »
^^

5 0 r
±; -H
^ 4J

8 I'
0
5
ô̂
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312 Peak-flow Frequency Estimates through 1994 for Gaged Streams in South Dakota
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ŝ
3

CO

(N
 H
g

or-
I  )

x

OJ

(fl
0)i-l
«5
0)
tr
(0
rj

 H

^ 
Q

^1
0

U
O
H

rj

0
 H
4J
ft
4J
M

tr
 H
-P

5
 H

>-l
4J

0
u

OJ
73
^]
4J
 H
0

0

d)

73
3
4J
 H
4J
(C
J

H
0)
£>
0)

rH

(0

0)
to

to9! §> g
o 3

-Q tO -H
(C \ O

CM m U
 H -P -P
g MH MH 0)

73
O

0 U
<Ti 1

-P
VO O O X!
r- in o tn
VO rH O -H
. . ^ <U

rH rH rH X!
1
0)

(0    tn
0) 0) (C
^ tn tn
<C i-i

   (C 73

tn p u iti
(0 -P tO
C! (C -H 0)

 H 73 73 73
n5 o
^ 0) 0) U 73 tn to i

(0 (C 0) O CQ tn

(0

u
to

 H 
73

i-l
o

(Tl MH
^

- r- 4J
m a
U3 (1)
(Tl U
O ><

OJr-
OJ
(Tl C
in o
OJ -H
^ 4J

g
^
O

MH 
C!

 H

O

0)
-P
(0
u

 H
73

 H

to
A;
(0

rH

(Q 

0)
4J
O

W
A;

MH (C

O 0)
ai-i

0) rH
n (g
g -H
0 -P

(0
a

4J
| r| r«

(U D) Q)
&) -H rrt
Iti OJ O

O X! u

0)
4J
(0
Q

4J
g'O)
0 -H
g <1J - 

 H X! 4J
PS MH
(C 0) -^
S tn

(0
tn

4J
to 0)
OJ U
XI (H
Dl-H

 H to
X

4J
i X! to

CD u) Q)
tn-H 73
(0 OJ O
0 X! u

4J 
fll (-*
UJ AH ^-^ 
Ol Ol 4J

O 0) -^
X!

0)
tn
i-i to
(C 0)
X! 73
u o 
to u

-H
Q

0)
^) _ _ ̂

A; >H to
0) X!t^
dl U 4->

tO MH
 H  *
73

OJ
4J
(0
Q

H r(
0) (C
4J OJ
(C >i

O rH OJ OJ O OJ

rH rH rH rH rH

U3 00 (Tl O rH
^ ^ ^ in in

i i i ii
** ro in in o
OJ o o OJ ro

i i i ii
OJ ro ro ro ro
O O O O O

oo OJ o (Ti in
00 00 (Tl (Tl OJ

o in in ro us
rH rH rH rH rH

OJ OJ rH OJ OJ OJ

r  roou3ojojoooo'3< n
U3U3or-oou3ojinojoooo

ovjDinininojinojMM<*

ooooooooooo
00000000000

ooooooooooo
rorH(Ti'*ou3inoj(Tir-in
r- 0 rH <* rH 0 «J rH OJ "* U3

^^^°^~~555S!n
1 1 1 1 1 1 1 1 1 1 1

ioninooroojoo(Tioor  in
rHrHrHrHOOOOJOOJO

1 1 1 1 1 1 1 1 1 1 1
roU3'3<rorooororO'S< rO'S<
OOOOOOOOOOO

U3 C^* 00 (Tt O rH
^ ^ ^ ^ in in
(Tl (Tl (Tl C7\ (Tl (Tl

OJ rH OOOrH OOrH On OOOOO

rH rH rH

OJ  <* OJ
in in us

i i i
rH (Tl 00
n rH oj

1 1 1
n u? n
00 0

r- us in
n in r-

U3 U3 U3

rH rH rH

OJ rH rH rH OJ rH rH

(TiU3O'3<ononoju30or^'3< in'3< (Tioo r~-r~-'j< rHr~-
U3O'*inrHOJU300'*00'*'*00(Ti(TinO (Ti^OOOn

inninnininninojinuJojusnuJin'* inr-ojnoj

inininininininininininininin

oooooooooooooooooooooooooo
oooooooooooooooooooooooooo

ooooooooousoonoooooooonoooo
ncrioooinoo(Tiooincri(NOOoooou3O(TiojoooLnoo
in rH oj oj r- (T, rH r- o rH (T, rH n <* n oo in vo oj n in oj n rH en o

^[nSSSSInl^lninEnEnSSSSloSSSSSSSS^
i i i i i i i i i i i i i i i i i i i i i i i i i i

00(Tl'S< r~-OJrH'3<rHOJOOrHU300OJrHOOr~-rHrHOOrHr~-ininOJOJ

OOOrHOJrHrHOJrHOOJOOOOOrHnrHrHrHOJOJrHrHOJ

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1
r~-(Ti'3<ojnU3nu3nu3U3r~-'3<U3'3<'S< u3nu3U3r~-nnu3oju3
oooooooooooooooooooooooooo

oj n ^ m vo r*^ oo en c^ <   i oj n ^ in u? r*^
in in in m in m in in vo u? vo vo vo vo vo vo
o\ o^ o^o^o^o^ o^o^o^ o^o^ o^o^o^o^o^

Supplemental Data 347



w 
X

<4-l (0
O <U
n ft
(U H

 S m
P 4Js f

â
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398 Peak-flow Frequency Estimates through 1994 for Gaged Streams in South Dakota
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