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For those readers interested in converting inch-pound units
to the International System of units (SI), the following factors
are used:

Multiply inch-pound unit By To obtain SI unit
cubic foot per second 0.02832 cubic meter per second
foot 0.3048 meter

square mile 2.590 square kilometer

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A
geodetic datum derived from a general adjustment of the first-
order level nets of both the United States and Canada, formerly
called mean sea level.




GLOSSARY

Backwater.--Water backed up or retarded in its course as compared
with its normal or natural condition of flow. 1In stream
gaging, a rise in stage produced by a temporary obstruction
such as ice or weeds, or by the flooding of the stream
downstream. The difference between the observed stage and
that indicated by the stage-discharge relation, is reported
as backwater.

Flood-frequency curve.--1. A graph showing the number of times
per year on the average, plotted as abscissa, that floods of
magnitude, indicated by the ordinate, are equaled or
exceeded. 2. A similar graph but with recurrence intervals
of floods plotted as abscissa.

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 arbi-
trary 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. When
added to the gage datum, gage height gives the water surface
elevation in feet above National Geodetic Vertical Datum of
1929,

Gaging station.--A particular site on a stream, canal, lake, or
reservoir where observations of gage height 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 within which the given flood will be egqgualed or
exceeded once.

Regulation,.,--The artificial manipulation of the flow of a stream.

Stage.--The height of a water surface above an established datum
plane; also gage height.

Stream gaging.--The process measuring the depths, area, veloci-
ties, and rates of flow in natural or artificial channels.

Stream-gaging station.--A gaging station where a record of dis-
charge of a stream is obtained. Within the Geological
Survey, this term is used only for those gaging stations
where a continuous record of discharge is obtained.

xX1i



Water year.--In Geological Survey reports dealing with surface-
water supply, the 1l2-month period, October 1 through
September 30. The water year is designated by the calendar
year in which it ends and which includes 9 of the 12 months.

Thus, the year ending September 30, 1985, is called the
"1985 water year."
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ANALYSES OF FLOOD-FLOW FREQUENCY FOR SELECTED
GAGING STATIONS IN SOUTH DAKOTA

THROUGH SEPTEMBER 1985
by Eugene B. Hoffman, Mark E. Freese, and Douglas R. Winter

ABSTRACT

Analyses of flood-flow frequency were made for 80 active
continuous-record gaging stations and 105 discontinued crest-
stage partial-record stations in South Dakota with 10 or more
years of record. The analyses were developed using the log-
Pearson Type III procedure recommended by the U.S. Water
Resources Council (Interagency Advisory Committee on Water Data,
1981).

INTRODUCTION

The South Dakota Department of Transportation has a need for
data pertaining to flood-flow frequency for use in the design of
highway structures. To meet this need, analyses of flood-flow
frequency were made for each continuous-record gaging station in
South Dakota with 10 or more years of record (as of the end of
water year 1985) and each discontinued crest-stage partial-record
station with 10 or more years of record. The locations of the
stations are shown in figures 1 and 2.

FLOOD-FREQUENCY ANALYSES

The analyses of flood-flow frequency were made for 80 gaging
stations and 105 partial-record stations using the log-Pearson
Type III procedure recommended by the U.S. Water Resources
Council (Interagency Advisory Committee on Water Data, 1981).
This publication contains a complete and definitive description
of the recommended procedure, which is summarized below.

The procedure characterizes flood occurrence at a single
site as a sequence of annual peak flows. The magnitudes of the
annual peak flows are assumed to be independent random variables
following a log-Pearson Type III probability distribution; that
is, the logarithms of the annual peak flows follow a Pearson Type
III distribution. This distribution defines the probability that
any single annual peak flow will exceed a specified discharge.
By considering only annual peak flow, the flood-frequency
analysis becomes the estimation of the log-Pearson annual-

probability curve using the record of annual peak flows at the
site.
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The recorded data are divided into two classes: systematic
and historic. The systematic record includes all annual peak
flow determined in the process of collecting a systematic gaging
record for each site. The annual peak flow is determined for
each year of the record. The systematic record is intended to
constitute an unbiased and representative sample of the
population of all possible annual peak flows at the site.

The historic record consists of annual peak flows that would
not have been determined except for evidence indicating their
unusual magnitude. Flood information acquired from historical
sources almost invariably refers to floods of noteworthy, and
hence extraordinary, size. Although historic records form a
biased and unrepresentative sample, historic records can be used
to supplement the systematic record.

The first step of the analysis of flood-flow frequency is to
compute the statistics of the common logarithms of the annual
peak flows in the systematic record. At some sites, annual peak
flows of zero can occur; more generally, the annual peak flows
occasionally may be equal to or less than some lower limit of
measurement called the gage base (flood base), which may be zero.
To account for this possibility, the number of annual peaks below
the gage base is computed in addition to the mean, standard
deviation, and skewness of the logarithms of the annual peak
flows that are higher than the gage base. These statistics
provide an initial estimate of the frequency curve and are
modified as necessary by succeeding steps.

The second step is to detect and make appropriate
adjustments for low outliers, high outliers, and historic peak
flows. The sequence of these tests and adjustments depends on
the station skew computed in the first step. Because a large
skew of either sign is likely to be caused by an outlier on the
corresponding end of the sample, this possibility is checked
first and any necessary adjustment is applied before checking for
outliers on the other end. If the skew is of moderate size, the
existence of both high and low outliers can be checked before
applying any adjustments. If one or more high outliers are
detected, they are compared with historic flood data in order to
make a determination to either treat the outlier as part of the
systematic record, or adjust the outlier as specified in
Appendix 6 of the U.S. Water Resources Council guidelines (1981).
If one or more outliers are detected, they are deleted from the
computation.

If no low outliers, zero flows, or below-gage-base peak
flows are present, the frequency curve can be tabulated. This
process involves selection of the Pearson Type III standardized
ordinates at the desired skew and probability, and computing the
ordinates of the logarithmic frequency curve. When annual peak
flows are below the gage base, an adjustment needs to be applied
to account for the fraction of the population below the gage base
(including zero flows).
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The foregoing calculations define a frequency curve based
solely on flood peaks determined for each site in question. This
curve is subject to unreliability due to random sampling fluctua-
tions in the record. To decrease this unreliability, the calcu-
lated station skew is compared with a generalized skew coeffi-
cient, which represents the skew that might be expected on the
basis of experience at neighboring stations. A recommended skew
is calculated as a weighed average of the generalized skew
coefficient and the station skew. This resulting skew
coefficient is used to tabulate the final log-Pearson Type III
frequency curve.

The magnitudes of instantaneous peak flows for various
recurrence intervals are listed in table 1. The flood-flow
frequencies were computed using Program J407 of the WATSTORE
User's Guide (Kirby, 1981). Listings of the peak discharges for
the stations are included in tables 2-186 in the Supplemental
Information section at the end of this report.

REMARKS

Three stations, Little White River tributary near Martin
(06447490), Preachers Run tributary at Ipswich (06473300), and
Enemy Creek near Mitchell (06478052), are not included in this
report even though they had 10 years of record. They failed to
meet the criteria after screening for the gage base test.

Data for the station, Battle Creek tributary near Keystone
(06403800) should be used with caution. The station was in
operation for 25 years and the peak of record was 1,300 cubic
feet per second which resulted from a 1972 storm event. The next
largest peak was 16 cubic feet per second. 1In this situation the
computer program weighted the skew and computed a discharge value
for the 100-year recurrence interval of 254 cubic feet per
second.
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SUPPLEMENTAL INFORMATION

Peak-Discharge and Gage-Height Data - Tables 2-186

Explanation

The following abbreviations are used:

SQ MI
CFS
FT

square miles
cubic feet per second
feet

NGVD - National Geodetic Vertical Datum of 1929: A geodetic
datum derived from a general adjustment of the first-
order nets of both the United States and Canada, formerly
called mean sea level.

The following codes are used:

DISCHARGE

No code -
]__

2
4 -
5

O 3O
|

CODES

Discharge is a maximum instantaneous value

Discharge is a maximum daily average

Discharge is an estimate

Discharge less than indicated value, which is minimum
recordable discharge at this site

Discharge affected to unknown degree by regulation or
diversion

Discharge affected by regulation or diversion

Discharge is a historic peak

Discharge due to snowmelt, ice jam, or debris dam
breakup

GAGE-HEIGHT CODES

No code

1
2 -
4

Gage height is the maximum, unaffected value at the
site during the year

Gage height affected by backwater

Gage height not the maximum for the year

Gage height below minimum recordable elevation

12
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