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Peak-Flow Frequency Relations and Evaluation of the
Peak-Flow Gaging Network in Nebraska

By Philip J. Soenksen, Lisa D. Miller, Jennifer B. Sharpe, and Jason R. Watton

ABSTRACT

Estimates of peak-flow magnitude and
frequency are required for the efficient design of
structures that convey flood flows or occupy
floodways, such as bridges, culverts, and roads. The
U.S. Geological Survey, in cooperation with the
Nebraska Department of Roads, conducted a study
to update peak-flow frequency analyses for selected
streamflow-gaging stations, develop a new set of
peak-flow frequency relations for ungaged streams,
and evaluate the peak-flow gaging-station network
for Nebraska. Datafrom stationslocated in or within
about 50 miles of Nebraska were analyzed using
guidelines of the Interagency Advisory Committee
on Water Datain Bulletin 17B. New generalized
skew relations were devel oped for use in frequency
analyses of unregulated streams. Thirty-three
drainage-basin characteristics related to
morphology, soils, and precipitation were quantified
using a geographic information system, related
computer programs, and digital spatial data.

For unregulated streams, eight sets of regional
regression equations rel ating drainage-basin to peak-
flow characteristics were developed for seven
regions of the state using ageneralized least squares
procedure. Two sets of regional peak-flow frequency
eguations were devel oped for basins with average
soil permeability greater than 4 inches per hour, and
six sets of equations were developed for specific
geographic areas, usually based on drainage-basin
boundaries. Standard errors of estimate for the
100-year frequency equations (1percent probability)
ranged from 12.1 to 63.8 percent. For regulated
reaches of nine streams, graphs of peak flow for
standard frequencies and distance upstream of the
mouth were estimated.

The regional networks of streamflow-gaging
stations on unregulated streams were analyzed to
evaluate how additional data might affect the
average sampling errors of the newly devel oped
peak-flow equations for the 100-year frequency
occurrence. Results indicated that data from new
stations, rather than more datafrom existing stations,
probably would produce the greatest reduction in
average sampling errors of the equations.

INTRODUCTION

Estimates of peak-flow magnitude and
frequency are required for the efficient design of
structures that convey flood flows, such as bridges
and culverts, or of structuresthat occupy floodways,
such asroads. In the fall of 1994, a 4-year coopera-
tive study was begun by the Nebraska Department of
Roads and the U.S. Geological Survey (USGS) to
update the methods for making these estimates.
Objectives of the study included (1) updating of the
peak-flow frequency analyses for selected stream-
flow-gaging stations, (2) development of a new set
of regional peak-flow frequency relations for
ungaged streams, and (3) eval uation of the peak-
flow gaging-station network for Nebraska.

A number of new technologies had recently
become available that made improvementsin the
peak-flow relations possible. New computer
programs and procedures had been devel oped by the
USGS for anayzing peak-flow frequency data for
gaging stations. A geographic information system
(GIS) and digital data could be used to compute
drainage-basin characteristics that previously were
undefined because they were too difficult or time-
consuming to compute manually. For relating
drainage-basin characteristics to peak-flow charac-
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teristics, ageneralized least squares (GL S) regression
program was available that could adjust for differ-
ences in record length and flow variance, and for
cross-correlations among gaging stations. A
companion network-analysis program (NET) also
was available that could use the output from the GLS
program to evaluate how the addition of new data
from existing or new peak-flow gaging stations might
reduce the average sampling errors of any newly
developed peak-flow frequency equations. Thesetwo
programs were available together as GLSNET from
Gary Tasker (USGS, written commun., 1995).

Background

Several methods of computing peak flows for
selected frequencies of occurrence had been devel-
oped previously by the USGS and others for
Nebraska. Furness (1955) presented a method for
computing peak flows up to the 50-year frequency
(recurrenceinterval or probability) for two regionsin
Nebraska. The equations were considered applicable
to sites with at least 100 mi of drainage area.
Beckman and Hutchison (1962) presented a method
for computing peak flows up to the 100-year recur-
rence interval for sites with less than 300 mi? of
drainage area. There are 10 hydrologic areas within
two regions for this method. Patterson (1966) and
Matthai (1968) developed methods for sections of
Nebraska as part of regional studies on the Missouri
River Basin. All of the above are index-flood
methods; they use a dimensionless frequency curve
and arelation for predicting the mean-annual flood
from hydrologic characteristics to estimate a
frequency curve for any location in aregion.
Beckman (1976) used multiple-regression techniques
to develop regional equationsfor peak flowsup to the

100—year recurrence interval. Basin characteristics

made to the default frequency analyses for individual
stations (Rollin Hotchkiss, University of Nebraska-
Lincoln, oral commun., 1997). The mean-square
errors (MSEs) for the updated equations, as reported
by Cordes (1993, p. 70), apparently were based on
natural logarithms (Rollin Hotchkiss, University of
Nebraska-Lincoln, oral commun., 1998). The MSEs
were converted to standard errors of estimate (SEES),
in natural logarithms, by taking the square root of the
values; those values then were converted to SEEs, in
percent, using tabled values from Tasker (1978,

p. 87). A comparison of SEEs, in percent, for corre-
sponding equations shows that SEEs are smaller, in
all cases, for the Beckman (1976) equations than for
the Cordes (1993) equations. Therefore, newly devel-
oped equations in this report are compared only to the
Beckman (1976) equations.

Experience has shown that the Bulletin 17B
default low-outlier tests are not well suited for
detecting multiple low outliers and that the
log-Pearson Type Il (LP3) distribution recom-
mended by Bulletin 17B is sensitive to high outliers.
The treatment of outliers can have substantial effects
on peak-flow analyses, including skew coefficients
from which a generalized skew-coefficient map is
developed.

As part of this study, annual peak-flow data for
Nebraska were compiled, checked, and published by
Boohar and Provaznik (1996). Provaznik also inves-
tigated L-moments and several frequency distribu-
tions as possible alternatives to the methods recom-
mended in Bulletin 17B. Results of the L-moment
investigation can be found in Provaznik (1997), and
Provaznik and Hotchkiss (1998).

were used as the explanatory variables in the five selurpose and Scope

of regional equations.

Cordes (1993) updated Beckman'’s (1976)

The purposes of this report are to: (1) present
updated peak-flow frequency analyses for selected

equations based on additional data and the new floo8treamflow-gaging stations in Nebraska; (2) present

flow frequency guidelines of Bulletin 17B (Inter-

and describe the development of new methods to

agency Advisory Committee on Water Data, 1982). estimate peak flows for selected frequencies for

He developed a generalized skew coefficient map (ofingaged streams in Nebraska; and (3) present an
base-10 logarithms of annual maximum peak flows)evaluation of the peak-flow gaging-station network
for Nebraska and included several new explanatoryin Nebraska. Peak-flow frequency analyses and the
variables in the regional regression analyses of peaketwork analyses were done for streamflow-gaging

flow frequencies. However, no new hydrologic

stations in or within about 50 miles of Nebraska

regions were developed, and no adjustments were (fig. 1).

2 Peak-Flow Frequency Relations and Evaluation of the Peak-Flow Gaging Network in Nebraska
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QUANTIFICATION OF DRAINAGE-BASIN
CHARACTERISTICS

Morphometric, soil, and precipitation drainage-
basin characteristics were determined for stream-
flow-gaging stations having 10 or more years of
record in Nebraska and for selected stations outside
of Nebraska. Most of the out-of-state stations had
25 years of record and had basin centroids within
50 miles of Nebraska; however, some stations had as
few as 18 years of record or were asfar away as about
80 miles. Gl S-related programs and procedures were
used or modified to quantify drainage-basin charac-
teristics from digital datalayers of basin boundaries,
elevations, streams, soil, and precipitation.

Morphometric Characteristics

Twenty-seven drainage-basin characteristics
were quantified using amodified version of Basinsoft
(Harvey and Eash, 1996), a computer program devel-
oped by the USGS (Mgjure and Soenksen, 1991; and
Eash, 1994). These morphometric characteristics
generally describe the form and structure of a
drainage basin and its drainage network, including
measurements of area, length, relief, aspect, and
stream order (appendix A and table B1). Four source-
data layers, representing the surface-water drainage
divide (basin boundary), hydrography (stream
network), hypsography (elevation contours), and a
lattice elevation model of the drainage basin, were
required to run Basinsoft.

Existing data layers of drainage-basin bound-
aries for gaging stations were obtained from the
Nebraska Natural Resources Commission and the
lowa City, lowa, office of the USGS. Boundaries for
Nebraska basins had been delineated using
1:24,000-scal e USGS topographic maps; those for
lowa basins had been delineated using
1:250,000-scale USGS topographic maps. The

remaining basin boundaries for Nebraska and
surrounding states were delineated on
1:250,000-scale USGS maps and digitized manually
to produce GIS digital data layers. Because of the
difficulty in delineating noncontributing drainage
area (NCDA) over the large sandhills areas of
Nebraska (fig. 1), basin-characteristic measurements
were made over the total drainage area (TDA) rather
than over the contributing drainage area (CDA).
Some basin characteristics were computed from
other characteristics rather than being measured
directly. Characteristics that required CDA in their
computations were computed using published values
of CDA.

Stream-network source-data layers were
created by scanning mylar maps of 1:250,000-scale
USGS hydrography data, which were converted to
digital datalayersusing ARC/INFO version 7.0.4
(Environmental Systems Research Institute, 1996).
Unfortunately, 1:250,000-scale hydrography datadid
not always extend to some small drainage-area
basins. USGS 1:100,000 digital line graph (DLG)
Quadrangle Series hydrography data were retrieved
from the EROS Data Center of USGS, but these data
were not used because of edge-matching problems.

Source-data layers of elevation contours and
the lattice elevation model were created from
1:250,000-scale U.S. Defense Mapping Agency
digital elevation model (DEM) data. GI S software
was used to convert the DEM datainto alattice of
point elevations and create elevation contours
(Harvey and Eash, 1996). The elevation contour
interval was selected to provide at least 10 contour
lines per basin.

Manual topographic-map measurements of
sel ected drainage-basin characteristicswere madefor
11 drainage basins in lowa by Harvey and Eash
(1996) to verify the accuracy of drainage-basin char-
acteristics quantified using Basinsoft. Manual
measurements and Basinsoft quantifications were
made at identical scales. Comparison tests indicated
that Basinsoft quantifications were not significantly
different from manual measurements.

Asan additional check of Basinsoft quantifica-
tions, manual topographic-map measurements of
sel ected drainage-basin characteristicswere madefor
five Nebraska drainage basins. Basinsoft quantifica-
tions did not appear to be significantly different than

Peak-Flow Frequency Relations and Evaluation of the Peak-Flow Gaging Network in Nebraska



the corresponding manual measurements. Also, all
TDAs determined using Basinsoft were compared
with published values. Basinsoft was unable to
compute basin characteristics for severa stations;
the reasons are not understood. These stations were
not used in the development of peak-flow
frequency relations for unregulated streams.

Soil Characteristics

Four drainage-basin characteristics (Dugan,
1984) that describe some aspect of theinteraction of
soil and water were computed from devel oped
equationsusing ARC/INFO. Soil datafor Nebraska
and surrounding states were obtained from adigital
datalayer of the State Soil Geographic Data Base
(STATSGO) (Natural Resources Conservation
Service, 1994). The upper 60 inches of the soil
profile were used to determine the mgjority of the
soil characteristics, which include average perme-
ability rate of the soil profiles (P60), average avail-
able water capacity of the soil profiles (AWC),
average permeability of the least permeable layers
of the soil profile (PLP), and the average maximum
soil slope (MSS) (appendix A and tableB1). Manua
calculationswere madeto verify soil characteristics
for selected drainage-basins.

Precipitation Characteristics

Two drainage-basin characteristics
describing expected precipitation were quantified
using ARC/INFO. The 2-year (recurrenceinterval),
24-hour (duration) precipitation (TTP) 1-inch
contours were digitized manually from Weather
Bureau Technical Paper 40 (Hershfield, 1961) into
aGlSdigital datalayer. Additionally, 0.1-inch
interval contours were interpolated and digitized
(fig. Al). Mean annual precipitation (MAP) data
compiled by the National Oceanic and Atmospheric

calculations were performed to verify precipitation
values for selected drainage basins.

PEAK-FLOW FREQUENCY ANALYSES

Relations between peak flows and frequency
of occurrence (recurrence interval or probability of
occurrence) for individual drainage basins are basic
to the development of peak-flow frequency
relations for larger areas. Bulletin 17B of the
IACWD (Interagency Advisory Committee on
Water Data, 1982) contains guidelines for the
development of these basic relations using the log-
Pearson Type Il (LP3) frequency distribution.
Three parameters—the mean, the standard
deviation, and the skew coefficient of the loga-
rithms of the annual maximum peak flows—are
used to fit the station data to the LP3 distribution.
These parameters can be thought of as the middle
point, average slope, and bend or shape of a
computed peak-flow frequency curve. Increasing
the standard deviation or range of the peak-flow
data increases the slope or steepness of the
frequency curve, and decreasing the standard
deviation flattens the slope of the curve. Positive
skew coefficients cause the frequency curve to
bend upward, negative skews cause the curve to
bend downward, and zero skews produce a straight
line.

For stations with unregulated (natural)
streamflow, station skew coefficients of peak flows
should be weighted with generalized skew coeffi-
cients for that area or for basins with similar char-
acteristics. The assumption is that skews will be
similar for stations that have similar basin charac-
teristics or are in close proximity, and that the accu-
racy of the applied skew can be improved by incor-
porating the influence of other stations. The
national map of generalized skew coefficients in
Bulletin 17B provides default values for areas

Administration were retrieved for the periOd 1961where local values have not been determined inde-
90 from the National Climatic Data Center Web sitependently. For stations with regulated streamflow,

(URL http: //mmww.ncdc.noaa.gov/ol/climate/online/

only the station skew coefficients were used in

coop-precip.html). These data were used to create geak-flow frequency analyses because the flow
data layer of points from which Thiessen polygonscharacteristics are based on imposed criteria, not on

were created (fig. A2)ITP andMAP values then
were determined by taking the area-weighted

the characteristics of the drainage basins. Bulletin
17B also provides guidelines for making adjust-

average of precipitation polygons coincident to thements for historic data and low outliers. It also
total drainage area of each basin (table B1). Manugrovides guidelines for developing composite

PEAK-FLOW FREQUENCY ANALYSES 5
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peak-flow frequency relations for stations with peak streams. The first set of standard analyses was used
flowsthat are produced by different runoff-producing  to determine skew coefficients from the peak-flow

mechanisms, such asrainfall and snowmelt. data for each station. Using these station skews,
several generalized skew relations then were devel-
Standard Analyses oped. The second set of standard analyses was done

using the individual station skews weighted with the
newly developed generalized skews. For stations on

located in or within about 50 miles of Nebraskawere regulated streams, one set of standarq analyses was
: , . made based on station skews only. Adjustments were
retrieved from the USGS’s national streamflow data

base (Dempster, 1983). Peak-flow data were loaded"" ade to individual peak-flow frequency analyses, as

into a Watershed Data Management (WDM) file app_ropriate, for histor_ic data, and_for high_ and low
(Flynn and others, 1995) and then checked and outliers as described in the following sections. ‘
updated as necessary. Stations in the study area, bllﬁes.ults of fre_quenpy analyses for peak-flow gaging
with streams that do not flow into Nebraska and with® ations are listed in table B2.
drainage areas that are mostly outside of the study o
area, were not used. The program PEAKFQ—an  Adjustments for Historic Data
updated version of program J407 (Kirby, 1981) that
utilizes WDM files— follows the guidelines of
Bulletin 17B and was used for the peak-flow
frequency analyses for all the gaging stations. The
program outputs computed peak flows for standard
exceedance probabilities (frequencies) in a tabular
form and as a peak-flow frequency curve in graphica
form.

Annual peak flows for USGS gaging stations
with at least 10 years of record through 1993 and

The number of annual peak flows, during
which data were collected systematically at a gaging
station (systematic record), is used in the computa-
tion of the LP3 parameters and in the determination
of the plotting positions of the peak flows for the
(Ar/equency curve. If one or more of the peak flows

ithin the systematic record are known to be the
largest in a period longer than the systematic record,

Peak flows that were known to have been or the frequency analysis can be adjusted to this historic
could possibly have been affected to some degree bReriod. This provides a means to correct, at least
regulation—such as flood control, irrigation diver- Partially, for the adverse effects that a very large peak
sions, power generation, storage detention, or otherflow might otherwise have on the computed peak-
factors—were separated from unregulated peaks flow frequency curve. Historic peak flows without an
before further analysis. Determinations generally ~associated historic period cannot be added to the
were based on information from the peak-flow data récord being analyzed. Historic periods for peak-
base, water-data and flood-frequency reports, USG80ow data were determined primarily from the peak-
files, topographic maps, and a statewide data base f§Pw data base, but also from water-data and flood-
dams, which contains location, year of completion, frequency reports, USGS files, newspaper accounts
and amount of storage. A rough criterion was devel©f floods, and comparisons with records for other
oped for estimating possible effects of regulation onn€arby stations.
peaks using a comparison of the average flow to the
amount of storage in the basin. It was developed fromrAdjustments for High and Low Outliers
data for stations with significant changes in storage _
during their periods of record by comparing changes ~_ Extremely high or low annual peak flows that
in peak-flow frequency relations to the changes in significantly qlepart from the trend Qf the re;t of the
storage for both earlier and later periods of record. data are outliers that can have a disproportionate
The criterion was developed primarily for estimating €fféct on the LP3 parameters used to compute
whether the cumulative storage of numerous small frequency curves. High outliers tend to increase both
dams might be affecting peaks at downstream skeyv coefficients and standard deV|§1t!ons. Low
stations. Because of the limited data upon which it outliers tend to decrease skew coefficients but
was based, the criterion was used only as a guidelingcrease the standard deviations. The outcome can be

varied depending on the number of outliers and their

Two sets of standard peak-flow frequency analvalues. Decreasing the skew bends the frequency
yses were computed for stations on unregulated  curve downward and reduces expected high-end peak

Peak-Flow Frequency Relations and Evaluation of the Peak-Flow Gaging Network in Nebraska



flows; increasing the standard deviation steepens
the slope and increases expected high-end peak
flows. Statistical tests done by the program
PEAKFQ identify both high and low outliers, but
adjustments cannot be madefor high outliersunless
historic data are avail able, as previously discussed.
By default, any identified low outliers are elimi-
nated (censored) by PEAKFQ and a conditional
probability adjustment is made based on the
assumption that the remaining values are represen-
tative of the entire period of record. Experience of
the authors has shown that the statistical tests
included in Bulletin 17B are not well suited for
detecting multiple low outliers for many Nebraska
stations. Therefore, adaptations of the existing
procedure, other tests, and considerable judgment
were used to identify and censor low outliersin
those situations. If numerous enough, multiple low
outliers can become aspecial case of mixed popula-
tions, as discussed later, requiring the devel opment
of composite frequency curves (see Composite
Analyses).

The default PEAKFQ procedure for identi-
fying low outliers was adapted to test other peak
flows suspected of being low outliers based on a
visual inspection of the default peak-flow
frequency curve. The gage-base threshold can be
set in PEAKFQ to isolate specific peak flowsto be
tested aslow outliers. Peaks below the user-set gage
base are not used in PEAK FQ computations, except
for determining plotting positions, and a new low-
outlier threshold is computed from the remaining
data. This allowed the first peak above the gage
base to be tested as alow outlier against the
remainder of the data. Thiswas donein two ways.
(2) by raising sequentially the gage-base threshold
from the lowest flows, and (2) by setting the gage-
base threshold based on breaks in the data. Data
breaks were identified visually on plots of the
default peak-flow frequency curves. The sequential
test was used when at least one low outlier had
already beenidentified, either by theoriginal outlier
test or by abreak test. The gage-base threshold was
set to the value of the largest identified low outlier
and the analysis was recomputed. If a new outlier
was identified, the process was repeated until no
morelow outlierswereidentified. Thisworked well
if the low-end values were well spaced. If peak

flows were grouped together below a data break,
then the gage-base threshold was set to the second
largest peak flow of the group, to isolate the largest
peak flow below the data break, and the analysis
was recomputed. Judgment was used in both of the
low-outlier identification procedures when the
criterion was within at least 90 percent of the peak-
flow value being tested.

Another low-outlier test used was to censor
peak-flow values, either individually or in groups,
and observe the effects on the high end of the peak-
flow frequency curve. Thiswas done by setting the
low-outlier criterion to the value of interest. For
stations with multiple low outliers, this procedure
was usually not very effective until most or all of
the low outliers were censored. Considerable judg-
ment was used with this procedure, but usually at
least a10-percent changein the 100-year frequency
peak flow was required before the censored value
or values were considered low outliers. For many
stations, although the lower peak-flow values did
not appear to be representative, there was no clear-
cut databreak and the quantitative outlier testswere
not definitive. In these cases, avisual evaluation of
thefit, especially of the upper half of the peak-flow
frequency curve, from which all of the peak-flow
frequency values of interest were determined, was
the final and overriding test of low outliers.

Generalized Skew Coefficients

Regional equationsrelating generalized skew
coefficients (of base—-10 logarithms (jgpof
annual maximum peak flows) to basin characteris-
tics were developed for most of the state, and a
statewide map of generalized skew coefficients for
basins with relatively low soil permeability also
was developed. These relations were based on
frequency analyses from 224 gaging stations (fig. 2
and table B2) and the procedures given in
Bulletin 17B (Interagency Advisory Committee on
Water Data, 1982). The national skew coefficient
map included in Bulletin 17B was developed origi-
nally for Bulletin 17 (U.S. Water Resources
Council, 1976), and was based on a relatively small
number of stations with minimal evaluation of low
outliers, no adjustments for historic data, no identi-
fication or treatment of high outliers, and no

PEAK-FLOW FREQUENCY ANALYSES 7
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Figure 2. Location of streamflow-gaging stations in Nebraska and adjacent states used to develop generalized skew coefficient relations for log-Pearson Type Il peak-

flow-frequency analyses.




detailed evaluation of individual peak-flow
frequency curves. In Nebraska, values shown by the
national map were influenced by the high positive
skews from a few stations with drainage areas
mostly in the sandhills. Because the map is general-
ized, thisinfluence went beyond the actual area of
the sandhills.

Station skew coefficients were computed
using PEAKFQ for stations in or within about
50 miles of Nebraska that, generally, had 25 years
or more of unregulated peaks. Several stationswith
as few as 18 annual peaks were used where data
were lacking. Adjustments for historic information
and low outliers were made as previously
described. Low outliers tend to make the station
skew more negative and high outliers tend to make
it more positive. Because procedures were applied
to reduce the effects of low outliersin most cases, it
also was considered necessary to limit the effects of
high outliers, identified by PEAKFQ, to limit bias
in any skew relations devel oped.

After other adjustments had been madeto the
peak-flow frequency analyses, stations with
PEAKFQ high outliers were analyzed further to
estimate how sensitive the station skew coefficients
were to the high outliers. Using the historic adjust-
ment procedure in PEAKFQ, high outliers for a
station were assumed to be historic peaks and then
the record length was doubled, tripled, and quadru-
pled arbitrarily. The new skew coefficients were
noted and differences from the original valueswere
computed. The skew was considered fairly stableif
it did not change by more than 0.20, 0.30, or 0.40,
respectively, for sandhills stations, and by more
than 0.10, 0.15, or 0.20, respectively, for all other
stations. Stations with skew changes greater than
these were considered unstabl e because of the high
outlier(s), and those stations were eliminated from
further consideration in the skew relations.

Equations to predict skew coefficients were
preferred to a skew map because equations elimi-
nate the assumption that basins in close proximity
have similar skew values. Rather, skews estimated
using equations are based on measurable character-
istics for each individual basin. It is more difficult
to compute skews with equations compared to
determining skews from maps because each of the

explanatory variables in the equation must be
measured or computed.

A skew equation first was developed for
basins with average soil permeability (P60) greater
than 2.5 in/hr (high-permeability regional skew
equation); this eliminated the need to map the high
positive skew areas of the sandhills aswas donefor
the national map. A skew map then was devel oped
for basins with P60 less than 4 in/hr, and for the
entire Elkhorn River Basin (seefig. 1 for location
of specific streams), which includes basins with
P60 greater than 4 in/hr. This resulted in some
overlap with the high-permeability equation.
Regional equations, based mostly on geographic
areas, also were developed; however, only those
with mean-sguare errors (M SES) less than those for
the newly developed skew map were used, as
recommended in Bulletin 17B. Because of the
importance of P60 in deciding which skew relation
to use, a generalized map of P60_SS (appendix A)
is presented (fig. A3). For actual measurements of
P60 for a drainage basin, values should be quanti-
fied using a GIS, as previously described. Using
Statit statistical programs (Statware, Inc., 1990)
standard multiple-regression techniques were used
to develop skew estimation equations (table 1).
Residuals were analyzed to define regions and to
try and determine the best combination of explana-
tory variables. Equations were examined to ensure
that they were hydrologically reasonable. The
adjusted R-square, M SE, ratio of MSE to variance,
and standard error of estimate (SEE) were
computed from or taken from Statit output files for
each equation (table 1). Regions and skew coeffi-
cients that have been defined geographically are
shown in figure 3.

High-Permeability Regional Skew Equation

The high-permeability regiona skew equa-
tion isbased on 38 stationswith at |east 25 years of
record and with P60 greater than 2.5 in/hr, except
those in the Elkhorn River Basin. The equation
appliesto high-permeability basins, not to adistinct
geographic area. However, it is uncertain whether
the equation is applicable to: right-bank tributaries
of the Little White River and adjoining left-bank
tributaries of the Niobrara River upstream of and
including Minnechaduza Creek; and right-bank

PEAK-FLOW FREQUENCY ANALYSES 9



Table 1. Generalized skew equations

[BS, basin slope, in feet per mile; CR, compactnessratio, dimensionless; GSkew, generalized skew coefficient of base—10 logarithms, f)aaf
annual maximum peak flows, dimensionlddSE, mean square errdviSS average maximum soil slope, in percét@f, permeability of the
60-inch soil profile, in inches per hol®tP, permeabilitiy of the least permeable layer, in inches per hour; SEE, standard error of eSRmate;
slope ratio of main-channel slope to basin slope, dimensionless; >, greater than]

Estimation equation

Ratio of
Adjusted MSE to
R-square MSE variance SEE

(based on logqqg transforms of
peak-flow data)

High Permeability Skew Region

(38 stationswith 25 or more years of record)

1 261

GSkew = +1.169 log,P60) —0.112

0.74 0.055 0.23 0.234

Northern and Western Skew Region

(31 stationswith 20 or more years of record)

1.216 0.6688

GSkew = 0.1716PLP + ==— +0.109 .84 .033 .16 .182
MSS CR
Northeastern Skew Region
(30 stationswith 20 or mor e years of record)
— 0.4452
GSkew = 0.4811(log, ;SR )_T —0.559% logyMSS) +1.129 .63 .024 .35 .155

Southeastern Skew Region

(28 stationswith 25 or mor e years of record)

GSkew = -0.001853BS+0.4928( log,P60) —0.058

.54 .018 .46 134

NOTE: CR, SR, and BS are data-scale dependent.

tributaries of the Niobrara River that are
adjacent to the Elkhorn River Basin (left and
right banks are referenced to facing in the
downstream direction). Stations from these
areas were not used because of insufficient
record length or problems in computing the
basin characteristics. ThreestationsintheLittle
White River-Minnechaduza Creek divide area
had negative skews, which were not consistent
with the equation results of positive skews for
stations with high permeabilities and low
compactness ratios (CR). Therefore, station
skews were used in the peak-flow frequency
analyses for this areainstead of skews
estimated from the equations.

Northern and Western Regional Skew Equation
The northern and western regional skew
equation is based on 31 stations with at |east
20 years of record, from southeastern

Wyoming, southern South Dakota, and
northern and western Nebraska. Stations are
in the following basins: right-bank Cheyenne
River, upper White River, Little White River,
Missouri River tributaries from the South
Dakota-Nebraska state line to and including
right-bank tributaries of the Big Sioux River,
and the North and South Platte Rivers. This
region (fig. 3) overlaps with the northeastern
skew region and includes some stations used
in the high-permeability regional skew
equation.

Northeastern Regional Skew Equation
The northeastern regional skew
equation is based on 30 stations with at least
20 years of record, from northeastern
Nebraska, southeastern South Dakota, and
northwestern lowa.

10 Peak-Flow Frequency Relations and Evaluation of the Peak-Flow Gaging Network in Nebraska
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Stations are in the following basins: Ponca
Creek, lower Niobrara River (adjacent to the Elkhorn
River Basin), Missouri River tributaries from the
Niobrara River to the Platte River, Middle Loup and
Loup River tributaries downstream of and including
Turkey Creek, Shell Creek, and the Elkhorn River.
Theregion also is considered to include other |eft-
bank Platte River tributaries downstream of the Loup
River. Thisregion (fig. 3) overlaps with the northern
and western skew region and includes some stations
used in the high-permeability regional skew equa-
tion.

Southeastern Regional Skew Equation

The southeastern regional skew equation is
based on 28 Nebraska stations with at least 25 years
of record, from the Salt and Weeping Water Creek
Basins, the Little and Big NemahaRiver Basins, and
the Littleand Big Blue River Basins. Theregion also
is considered to include other right-bank tributaries
of the Platte River downstream of Hydrologic Unit
10200103 (U.S. Geological Survey, 1976) (which
extends several miles below the mouth of the Loup
River) and of the Missouri River between the Platte
River and the Nebraska-K ansas state line. Theregion
isshown in figure 3.

Low-Permeability Skew Map

A low-permeability skew map of Nebraska
(lines of equal generalized skew coefficient, fig. 3)
was devel oped for basins with P60 less than 4 in/hr,
and including the entire Elkhorn River Basin regard-
less of soil permeability. Skew valueswere plotted at
the centroid of the drainage areafor each station. The
skew values were clustered geographically based on
judgment with consideration given to such factors as
basin similarity and apparent trends. An average
skew value, weighted by the number of annual peak
yearsfor each station, was computed for each cluster.
The weighted-average value then was assigned to
every point in the cluster. Lines of equal skew coeffi-
cient initially were determined using a contouring
program and were revised manually using judge-
ment. Differences between the lines and the actual
station skew values were determined and the MSE
was computed by summing the squares of the differ-
ences and dividing by the total number of stations
used. Several clustering schemes were used in an
attempt to minimize the M SE while still keeping the
lines general enough to represent broad trends. The
map became more general as the number of clusters
was reduced; a single cluster would result in an
overal average skew for the state. The final map
(fig. 3) is based on 189 stations and has an M SE of

0.052 and a SEE of 0.24. The skew map in

Bulletin 17B has a standard deviation (computed the

same asthe SEE reported here) of 0.55, but thisis not
comparable because it is for the whole country.

Cordes (1993, p. 59-60) reports that the standard
deviation is 0.78 for the Nebraska part of the national
map in Bulletin 17B. The skew map for Nebraska
presented by Cordes, which includes the high-perme-
ability sandhills areas, as was done for the national
map, has a standard deviation of 0.59.

Composite Analyses

Using a conditional probability method
suggested by William Kirby (USGS) (Wilbert
Thomas, Jr., USGS, written commun., 1995), an
alternative set of frequency analyses were computed
for selected high-permeability stations that appar-
ently have two different populations of annual peak
flows in the data. A pattern that showed different
flow characteristics for the largest peaks seemed
apparent from the initial peak-flow frequency curves
for most of the high-permeability stations. Because
sandhills terrain typically includes large areas of
noncontributing drainage and high permeability, it
was theorized that most of the lower-flow peaks
consisted primarily of interflow and baseflow and
that the higher-flow peaks had a significantly greater
proportion of surface runoff than the lower-flow
peaks.

Unit-value flow data were not readily available
for using a flow-hydrograph separation technique to
test the theory. Therefore, plots of peak flow versus
the lower of the 1- or 2-day lag of daily flow were
made for several stations to determine if the theory
was at least plausible. Three such plots, along with
their respective peak-flow frequency plots, are shown
in figure 4. The results are not definitive because
daily value data are so generalized compared to unit
value data (commonly 15-minute intervals) and true
recessions are not always apparent, especially if
secondary peaks are masked within the daily values.
Even so, there is a general tendency for the higher
flows to have a greater proportionate drop-off in flow
than do the lower flows. This supports the theory
because flows with proportionately more surface
runoff than interflow or baseflow would have steeper
recessions for a given station. Based on the

12 Peak-Flow Frequency Relations and Evaluation of the Peak-Flow Gaging Network in Nebraska
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observed patterns in the peak-flow frequency plots
and the lag plots, it was decided to treat the peak
flows above and below the breaks on the peak-flow
frequency plots as two different populations, or
regimes, of flow for an alternative set of frequency
analyses.

Kirby’s method of developing a composite
peak-flow frequency curve for a station requires that
there be enough annual peaks of each flow regimeto
compute separate frequency curves. PEAKFQ
requires at |least three peaks to make a computation.
Peak-flow values for the selected stations were sepa-
rated into higher- and lower-flow regimes and |oaded
into special WDM files. Because there were no
generalized skew relations established for these situ-
ations, analyseswere computed with PEAKFQ using
station skews only. The use of zero skews or
weighted skews might have been preferable in some
situations to limit the effects of outliers on curves
with already limited data. The results from the indi-
vidual analyses were combined using conditional
probabilities as shown in Kirby’s equation modified
from Thomas (Wilbert Thomas, Jr., USGS, written
commun., 1995):

_ [P(F>X\FOH)xP(FOH)] +
[P(F>xX\FOL)xP(FOL)]

where: P = probability that

F = annual maximum peak flow

P(F >X) (1)

x = given value of peak flow
\ = given that

F O H = annual maximum peak flow isa
higher-regime flow

F O L = annual maximum peak flow is alower-
regime flow

Composite peak-flow frequency curves were

mixed populations were dropped from the regional
analyses of peak-flow frequency but are listed with
appropriate notes in table B2. Preliminary composite
analyses were done for several Platte River stations,
including Platte River at Brady (7660) (fig. 5).
However, most stations on partially regulated streams
were simply computed with station skews and, where
mixed populations appeared to be most apparent,
notes were included in the appropriate figures and
tables.

In the more arid areas of Nebraska, annual
maximum peak flows can be very small or even zero.
The lower-regime flows are essentially low outliers
from the remaining peak-flow data. When these
lower flows comprise a large proportion of the data,
they cannot all be censored because Bulletin 17B
analyses require that at least half of the data be used.
If they are numerous enough and their range in flow
is great enough, the computed peak-flow frequency
curves are too steep and the indicated high-end peak
flows can be unreasonable. Chadron Creek tributary
at Chadron Creek State Park near Chadron (4455a)
and Antelope Creek tributary near Gordon (4578) are
two examples of this situation (fig. 5). For the
Chadron Creek tributary station, 12 of the 26 peaks
were zero and no more peaks could be cut off in the
standard Bulletin 17B analyses or the calculations
would abort. For this station the data were simply
split into zero and non-zero flows, analyzed sepa-
rately and then recombined with the conditional
probability adjustment.

For the Antelope Creek tributary station
(4578), less than half of the non-zero flows appear to
be true indicators of flood flow and splitting the data
into zero and non-zero flows does not produce a

plotted and peak flows for the standard exceedanceeasonable fit of the largest flows. The fairly obvious

probabilities were determined visually from the
graphs. This was done for 22 high-permeabif§Q
greater than 4 in/hr) stations with unregulated flows
(fig. 4 and figs. C1 to C4).

Other types of mixed populations in station

break used to split the non-zero flow data for this
station is not always as apparent for other stations and
is difficult to justify without more investigation.
Another solution might be to use a different type of

analysis that uses all of the peak flows above a

data also were apparent, including stations with relase|ected base flow in the computations (partial-dura-

tively low permeability and precipitation—especially
in northwestern Nebraska—and stations on patrtiall
regulated streams. The thorough investigations

tion series) rather than just the annual maximum peak

Ylows (annual maximum series). Some, if not all, of

required to split the data and to do the analyses of af€ lower peak flows from dry years potentially could

of these other cases were beyond the scope of this
study. Low-permeability stations with apparent

14

be replaced in the analyses with larger peak flows
from wetter years. Unfortunately, all of the stations
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where this was observed were operated as peak-stage
gages where only annual maximum peaks were
reported. For both the Chadron Creek and Antelope
Creek tributary stations, regional skews were used
when analyzing the higher flows.

For regulated or partially regul ated streams, the
farther downstream from a control structure a station
islocated, the more likely it isthat peaks will be
produced from the unregul ated drai nage area between
the structure and the station; even a small amount of
drainage areacan produce alarge peak if astorm over
the areais intense enough. The Republican River at
Hardy (8535) is an example of a partially regulated
station with an apparent mixed population (fig. 5).
Based on a comparison with two other long-term
stations between the Hardy station and the Harlan
County Dam upstream, it is apparent that at |east the
two largest peaks at the Hardy station, which are
distinctly different from the majority of the other
peaks, were produced from the unregul ated drainage
area below the dam.

PEAK-FLOW FREQUENCY RELATIONS

Peak-flow frequency relations were devel oped
for standard exceedance probabilities of 50, 20, 10, 4,
2,1, 0.5, and 0.2 percent, or frequencies of occur-
rence (recurrence intervals) of 2, 5, 10, 25, 50, 100,
200, and 500 years, respectively. For unregul ated
streams, eight sets of regression equations relating
drainage-basin characteristics to annual peak flows
for selected frequencies of occurrence were devel-
oped for seven regions of the state. Two sets of
regional peak-flow frequency equations were devel-
oped for a high-permeability region that includes
basins with P60 greater than 4 in/hr. Six sets of equa-
tions were developed for specific geographic areas,
primarily on the basis of drainage-basin boundaries.
One set of the high-permeability equations was
developed using data from standard frequency anal-
yses and the other was developed using data from
composite frequency analyses. In general, the two
sets of high-permeability equations were devel oped
for basins with sandhills-type terrain. Statewide
regression equations also were computed, but they
are not presented because M SEs were larger than
those for regional equations. Data from stations in
Wyoming, South Dakota, Colorado, and Kansaswere
used along with datafrom stations in Nebraskain the

development of unregulated peak-flow frequency
relations (fig. 6).

Stations along streams with flows that are
known to have been or possibly could have been
affected to some degree by regulation (flood control,
irrigation diversions, power generation, storage
detention, or other factors) were excluded from
regional analysesrelating drainage-basin characteris-
tics to peak-flow characteristics (fig. 7). Log-linear
relations of peak-flow frequency and distance
upstream from the mouth were developed for parts of
nine streams.

Unregulated Streams

Using analyses for stations with at |east
10 years of record, preliminary peak-flow frequency
equations were devel oped and regions were defined
using ordinary least squares (OLS) multiple-regres-
sion procedures. Final equations were developed
using ageneralized least squares (GLS) multiple-
regression procedure. OL S regression procedures
were used to identify the most likely combinations of
drainage-basin characteristicsfor the devel opment of
peak-flow frequency equations and to define regions.

OL Sregression analyseswere done using Statit
statistical programs (Statware, Inc., 1990). Peak-flow
datawere transformed to base-10 |ogarithms (109 ).
Several additional drainage-basin characteristics
were computed using Statit from the existing charac-
teristics before log, and reciprocal transforms were
computed. Correlation coefficients and plots of the
data were used to screen out drainage-basin charac-
teristics that were highly correlated with each other
or were poorly distributed relative to the peak-flow
datafor statistical analyses. Multiple-regression
programs ALLREG, GREGRES, and REGRES
(Statware, Inc., 1990) were used to identify statisti-
cally significant combinations of explanatory vari-
ables(basin characteristics) for predicting peak flows
for standard frequencies of occurrence. Initial selec-
tion of explanatory variables for OLS regression
equations was based primarily on minimizing the
Mallow's Cp statistic in ALLREG. Mallow’s Cp was
used to achieve a balance between minimizing bias,
by including all relevant variables, and minimizing
the variance of the estimator, by keeping the number
of variables small (E.J. Gilroy, D.R. Helsel, and
T.A. Cohen, USGS, written commun., 1991).
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This aso usually resulted in minimizing the MSE
and in keeping the absol ute value of the t-ratios
greater than 2. The t-ratio was computed for each
explanatory variable as the fitted coefficient
divided by its standard error; it was used to test
whether or not the coefficient (slope) of each
explanatory variable was significantly different
than zero.

Regional Equations

Residual values and plots from preliminary
OL Sregression analyses were used to delineate the
six hydrologic regions (fig. 8) based on geography
and outlier stations before final regression equa-
tions were developed using the GL S program in
GLSNET (Gary Tasker, USGS, written commun.,
1995). The GL S program adjusts for differencesin
record lengths, differencesin peak-flow variances,
and cross-correlations of concurrent peak-flows
among stations used in the regression analysis
(Tasker and Stedinger, 1989). Only log;q trans-
forms of peak-flow and drainage-basin character-
istic data were used for GL S regression analyses.
This alowed for the simple transformation of the
final equations to exponential form. Selection of
drainage-basin characteristics as explanatory vari-
ables for GL S regression equations was based
primarily on minimizing the GLS version of the
prediction error sum of squares, or PRESS statistic,
(Gilroy and Tasker, 1989; and E.J. Gilroy, D.R.
Helsel, and T.A. Cohen, USGS, written commun.,
1991) and, to alesser extent, on minimizing the
standard error of prediction (SEP).

The PRESS statistic isthe sum of the squared
prediction residuals. The prediction residuals are
the differences between each observed value of the
dependent variable and its predicted value that is
determined from a regression equation computed
with all data except that of the observed value for
which the residual is being determined. The SEP
was preferable to the standard error of estimate
(SEE) for equation comparisons because the SEE is
based only on the model error (error in the equation
that will change only if the equation itself is
changed, not by collecting more data) while the
SEP also includes the sampling error (error in esti-
mating the true equation parameters from limited
data) (Gary Tasker, U.S. Geological Survey, written

commun., 1995). The t-ratios for each of the
explanatory variables also were examined; those
with an absolute value of lessthan 2 were not used,
inmost cases. Also, explanatory variablesthat were
not considered hydrologically valid were elimi-
nated from the regression analyses on a case-by-
case basis.

Short-record stations with less than 15 years
of peak-flow record were not used, except for two
regions in eastern and southeastern Nebraska. In
general, use of short-record stations added consid-
erable variability to peak-flow frequency relations;
commonly, these stations had individual peak-flow
frequency relations that did not fit the data well.
Stations with an excessive number of low outliers
that precluded development of reasonable peak-
flow frequency curves, most typically in northern
and western Nebraska, also were not used (see
previous discussion “Composite Analyses”). In
addition, stations with total drainage areE3A) of
less than 1 n%igenerally were not used. For most
regions where a slope characteristic was identified
as significant, stations with drainage areas of less
than 5 mf were not used. The 1:250,000-scale
DEM data used to quantify basin characteristics
resulted in some characteristics that were regarded
as too low and unreliable for use in the regression
analyses—this was patrticularly evident for basins
with small drainage areas and low relief.

For both OLS and GLS regression analyses,
allowances were made in the basic selection
process to try to keep drainage-basin characteristics
consistent for the various peak-flow frequency
equations within a region. This was not always
possible, however, and some equations for the same
region have different sets of characteristics as
explanatory variables. Judgement must to be used
in the application of these equations in these situa-
tions.

For each region, equations were developed
for the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year
frequencies of occurrence (recurrence intervals),
designated aQ;, Qs, Q10, Q25 Qs0, Q100 Q200:
andQsgq respectively. A table of equations for each
region with summary statistics follows a discussion
of each of the regions. There is overlap between
several of the regions where more than one equa-
tion can be used to estimate peak flows.

PEAK-FLOW FREQUENCY RELATIONS 19
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Tables of equationsinclude: the average River Basin is included within one of the six
sampling error (ASE), averagemodel error (AME),  geographically based regions.
SEP, and SEE— all based on thelggansforms of ) ) . _
the data; SEE in percent of the untransformed data;  E9uations for the High-Permeability Region
and the average equivalent years of record (AEYR#Nd standard-frequency analyses (HPS) (table 2)
for each equation. SEP was computed as the squadge based on data from 49 stations with at least
root of the sum of ASE and AME. SEE was 15 years of record artDAs of 94.8 to 15,200 Mi
computed as the square root of AME (Gary TaskerThe explanatory variables for the HPS equations
U.S. Geological Survey, written commun., 1995). \yere not entirely consistent for all frequencies.

For comparisons to equations developed by Contributing drainage are€DA) and mean annual

Beckman (1976), for which SEPs were not o o
reported, SEEs in percent were computed from th@recipiation MAP) were the two most significant

SEEs in log units using tabled values from Tasker Variables in all equations. Basin slofs(was
(1978, p. 87). The AEYR is an estimate of the significant at the smaller frequencies, and available
number of years of at-site streamflow data that  water capacityAWC) and main-channel slope
would be required to predict the streamflow characdMICS) were significant at the middle and larger
teristic with accuracy equivalent to that of the frequencies. Stations wifDAs less than 5 ri
regression equation (Hardison, 1971, p. C232). Th&ere not considered becalR8andMCSwere in

explanatory variable_s are "S.tEd in the equations irl[he equations (see previous discussion of Regional
the order of decreasing t-ratios from the GLS Equations)

output. This was done to illustrate the changing

significance, if any, among the variables from one Equations for the High-Permeability Region

frequency of occurrence (recurrence interval) 0 and composite-frequency analyseC)(table 2)

another. were based on data from 23 stations with at least
For unregulated stations, estimated peak 20 years of record aritDAs of 172 to 4,490 i

flows were computed (table B2) from the appli- The number of stations used to develop the regres-

cable regional equations using basin-characteristigjon equations was limited because of the amount
data (tablg B1). Code;(s) deS|gnat|ng‘ the applicabley time required to compute the composite-
set of regional equation(s) are also listed for eachfrequency curves. Also, not every high-perme-

station. ability station had enough peaks in the higher-flow
High Permeability Region regime to which a separate peak-flow frequency
. . . , curve could be fitted. The explanatory variables for
This region generally includes drainage

basins with sandhills terrain (figs. 1 and 8): it the composite-analysis equatioqs are very similar
includes a large area of Nebraska, not all of it to those for the standard-analysis equations except
contiguous, and smaller areas in Colorado, Southfor the addition of drainage frequen@H), which
Dakota, and Wyoming. The region is nearly coinciis significant for all frequencies.

dent with Beckman's Region 2 (1976, p. 10-11), . -
which was defined geogrgaphicafly; in thri)s report)the_ SEEs for both sets of hlgh-permeablll_ty equa-
region is defined by basin characteristics. Only ~ tions are lower than are those corresponding to
basins withP60 greater than 4 in/hr and with some Beckman's Region 2 (1976, p. 60) equations. The
noncontributing drainage aredCDA) were used  SEEs for the standard equations generally are lower
to develop the equations. These criteria eliminatedhan are those for the composite equations; this
the lower Niobrara River Basin stations down-  could be because of the limited number of stations
stream of Long Pine Creek (fig. 1). Although theseyseq to develop the composite equations. However,
basins have values BSO greater than 4 in/hr, they the peak-flow frequency curves that are the basis

have little or nNANCDA and the terain is distinctly or the composite equations are considered to fit the
different from that of the nearby sandhills areas, ag P 9

determined from visual inspection of topographic Peak-flow frequency data better at the high ends

maps. Peak-flow frequency data from these basinghan do the standard peak-flow frequency curves.
also did not fit well with that from the sandhills- Judgment is required in determining which equa-
type basins. Consequently, the lower Niobrara  tions should be used in a particular instance.
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Table 2. Peak-flow equations for the High-Permeability Region

[AEYR, average equivalent years of record; AME, average model error; ASE, average sampling error; AWC, available water capacity of
60—inch soil profile, in inches per incBS, basin slope, in feet per milEDA, contributing drainage area, in square mil2g; drainage

frequency, in first-order streams per square nMIAP, mean annual precipitation, in inch&CS, main-channel slope, in feet per mi@; peak
discharge, in cubic feet per second, for a given recurrence interval, in years; SEE, standard error of estimate; SEPratafgaediction]

ASE AME SEP SEE
Estimation equation ) . SEE
(based on variables in (per-  AEYR
logqg units) cent) (years)
Sandard analysis
(49 stations with 25 or more years of record)
Q, = 0.066DA% " (MAP — 15)***ag" 9% 0003 0030 0183 0174 418 36
Qs = 0.408DA” " (MAP - 15)%°pg> % 004 030 182  A72 412 70
Qqo = 8.76cDA’ ™ (MAP - 15)°% "B *FAwc 8P 005 031 189 176 422 97
Qs = 14.8cDA% ¥ (MAP - 15°9Banct T mcs” s 007 033 200 .81 435 132
Qsg = 73.2cDA% P (MAP - 15)> P awc! Pmes> 7 007 036 208 189 458  15.9
Quoo = 119cDA> " (MAP - 15)> " anctPmc s E° 008 038 214 195 472 187
Quoo = 184cDA> ™ (MAP - 15) > anc *mc s 009 041 224 203 493 208
Qsgo = 313cDA” P (MAP - 15 awc #*mcst* 011 047 240 217 531 227
Composite analysis
(23 stations with 20 or more years of record)
Q, = 0.127cDA”**'Bs>*®(MAP - 15) 07150456 006 022 167 149 354 33
Qs = 1.09CDA°'774(MAP 15)0590p 576 0454 008 031 196 175 420 52
Qqo = 21.8DA% ™ (MAP - 15)0%ps D% apct 011 033 211 182 439 71
Qus = 159cDA P (MAP - 15)° 8D awc! Omcs> 7 014 038 220 195 472 92
Qsp = 368cDA” ™ (MAP - 15)* D% awc! Mg 016 040 238 201 488 113
Qqoo = 776CDA’ ¥ (MAP - 1574 WCZ'O7DF0'641MCSO'941 019 044 251 210 514 130
Quop = L 520cDA” AW 235(MAP 15" PDEO By cst 022 050 267 223 550 141
Qsop = 3 390CDA’ T AWC?® (AP - 150 DF®cs® 026 oe0 208 244 610 150

APPLICABLE RANGES OF VARIABLES:

Standard-analysis equation&BA 8.6-6,230; MAP 15.12-26.09; AWC 0.07-0.17; MCS 4.41-28.22;BS 41.0-286

Composite-analysis equation&€BA 8.6-1,310; BS 55.7-249; MAP 16.39-26.09; DF 0.05-0.60;

AWC 0.08-0.15; MCS 5.6-19.4

NOTE: BS, MCS, and DF are data-scale dependent.
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Northern and Western Region

This region was devel oped from stationsin
eastern Wyoming, southern South Dakota, and
northern and western Nebraska and includes the
Cheyenne, White, and Niobrara River Basins
except as noted (figs. 1 and 8). Theregionis
roughly coincident with Beckman's Region 1
(1976, p. 10-11), but excludes (1) the Niobrara
River mainstem, (2) the Platte River Basin down-
stream of where the sandhills near the Platte River
end along the left bank of the Platte and down-
stream of Plum Creek on the right bank, and (3 the
Republican River Basin. There is some overlap
with the High-Permeability Region, because

stations with P60 greater than 4 in/hr were used if
the ratio of CDA to TDA was at least 50 percent.

Equations for the Northern and Western
Region (table 3) are based on datafrom 34 stations
with at least 15 years of record and TDAs of 0.6 to
2,160 mi2. CDA and MAP are significant explana-
tory variablesat al frequencies. Relativerelief (RR)
and average permeability of the least permeable
layer (PLP) are significant for the Q, through Qs
eguations, and BSis a significant explanatory vari-
ablefor the Qg through Qs equations. SEEs for
all equations, except for Q,, are lower than
Beckman’s Region 1 equations (1976, p. 60), espe-
cialy at the larger frequencies.

Table 3. Peak-flow equations for the Northern and Western Region

[AEYR, average equivaent years of record; AME, average model error; ASE, average sampling error; BS basin slope, in feet per mile; CDA, contribut-
ing drainage area, in square miles; MAP, mean annual precipitation, in inches; PLP, permeability of least permeable layer, in inches per hour; Q, peak dis-
charge, in cubic feet per second, for a given recurrence interval, in years; RR, relative relief, in feet per mile; SEE, standard error of estimate; SEP,

standard error of prediction]

ASE AME SEP SEE

SEE
(based on variables in (per- AEYR
Estimation equation logg units) cent) (years)
(34 stationswith 15 or more years of record)

Q, = 0.176cDA>"*RR*#"8(mAP - 12)2929p p 0% 0032 0180 0460 0424 126 17
Qs = 0.686CDA”*?RR % (mAP - 12)" ®pLp 0360 04 061 275 247 6l8 60
Qqp = 1.69CDA”%(MAP - 12) Prr*8%p p~03%7 o4 o049 251 222 545 95
Qus = 5.06CDA”*®(MAP - 12)" 0" RRO8%p p~0.302 016 050 257 224 552 124
Qg = 10.7CDA%*¥(MAP - 12) 1 PrR? PlpLp 0272 018 056 271 23 585 135
Quoo = 35.20DA%%%8" 3 (Map - 12) 204 018 064 288 254 638 140
Qugp = 37.4CDA% B (mAP - 129%™ 00 067 25 250 653 153
Qegp = 41.6cDA% P89 (Map —12)0 7% 023 o075 313 274 700 161

APPLICABLE RANGES OF VARIABLES: CDA 0.61-2,160; RR 4.2-48.3; MAP 14.19-24.69; PLP 0.10-5.00BS 52.5-462

NOTE: BSand RR are data-scal e dependent.
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Northeastern Region Elkhorn and Cedar Rivers and Beaver Creek. The
left bank Loup River tributary basins also overlap
with the low-permeability Central and South-
Central Region discussed next.

Thisregion covers most of the northeastern
part of Nebraska. It includes (1) the right bank
Missouri River tributary basins downstream of
the Niobrara River and upstream of the Platte Equations for the Northeastern Region

River, (2) the left bank Platte River tributary (table 4) are based on data from 40 stations with
basins downstream of the Loup River, and (3) the  at |east 15 years of record ahbAs of 1.5 to

left bank Loup River tributary basinsdownstream 6 950 mf. TDA, shape factorSF), andDF are

of the North Loup River (figs. 1 and 8). It significant explanatory variables for all of the
includes all of Beckman's Region 3 (1976, p. 10-Northeastern Region equatiofd.P is the

11) north of the Platte River plus some other areasecond most significant variable for B and
farther west. Unlike Beckman’s Region 3, but Qg equations, but it becomes less significant at
similar to the Northern and Western Region, thergarger frequencies and is not significant for the
is some overlap of the Northeastern Region withg, ; andQs, equations. SEEs for all equations

the High-Permeability RegiorP@0 greater than  are lower than Beckman's Region 3 equations
4 in/hr), most notably the entire basins of the (1976, p. 60).

Table 4. Peak-flow equations for the Northeastern Region

[AEYR, average equivalent years of record; AME, average model error; ASE, average sampling error; DF, drainage frequency, in first-order
streams per square mile; PLP, permeabilitiy of the least permeable layer, ininches per hour; Q, peak discharge, in cubic feet per second, for agiven
recurrence interval, in years; SEE, standard error of estimate; SEP, standard error of prediction; S-, shape factor, dimensionless; TDA, total drain-
age area, in square miles]

ASE AME SEP SEE

SEE

(based on variables (per-  AEYR

Estimation equation in logqg units) cent) (years)

(40 stations with 15 or more year s of record)

Q, = 132TDA*%70p p0292ge 03390295 0007 0037 0209 0191 462 44
Qg = 395TDA%P2p pOMge 042 0323 006 028 170 153 363 86
Qp = 715TDA% OB g 0409p| p044%, 0338 006 022 167 147 349 119
Qus = 1, 360TDA PG 0518p 035Gy pm0-352 007 028 173 151 358 152
Qgg = 2, 070TDA ™ g 0580370y 0286 o8 25 s 157 375 169
Quop = 3 000TDA* g 0573p 0389 0223 010 028 192 166 396 179
Qo0 = 5 240TD AP0 067 p 0452 009 031 201 176 42.3 19.0
Qegp = 7 030TDA% P1gr 085 p 0440 o1l 04 213 185 447 201

APPLICABLE RANGES OF VARIABLES: TDA 1.50-6,950; PLP 0.38-5.56; SF 0.49-56.4; DF 0.01-1.33

NOTE: DF is data-scale dependent.
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Central and South-Central Region

This region consists of low-permeability (P60
less than 4 in/hr) basins, generally south and east
of the central sandhills, that are tributaries within
the middle Platte, Loup, and middle Republican
River Basins (figs. 1 and 8). It includes (1) left
bank Platte River tributary basins downstream of
where the sandhills end along the | eft bank of the
Platte River to just downstream of the Loup River
but excluding the left-bank Loup River tributary
basins downstream of Spring Creek (shortly
below the confluences of the Middle and North
Loup Rivers)—Beckman's Region 4 (1976,
p. 10-11), and (2) Republican River tributary

Dam—part of Beckman's Region 1 (1976, p. 10—,
11). The Central and South-Central Region is

presumed to include right bank Platte River tribu-
tary basins, for which there are no stations, down-
stream of Plum Creek, to the Loup River. Spring
Creek, a left-bank Loup River tributary, overlaps
with the Northeastern Region.

Equations for the Central and South-Central
Region (table 5) are based on data from 37
stations with at least 15 years of record and with
TDAsof 1.5 to 711 nfi. Explanatory variables are
the same for all equations, and incldd2A, RR,
2—year, 24—hour precipitatiom [P), andSF. For
the Q, andQs equationsT TP is the second most
significant variable, but for equatiog and
larger,RR is more significant. SEEs are lower

Xhan Beckman's Region 1 equations (1976, p. 60),

“and lower than Beckman’s Region 4 equations
(1976, p. 60) for equatiord,s and larger.

Table 5. Peak-flow equations for the Central and South-Central Region

[AEYR, average equivalent years of record; AME, average model error; ASE, average sampling error; Q, peak discharge, in cubic feet per second,

for agiven recurrence interval, in years; RR, relativerelief, in feet per mile;
shape factor, dimensionless; TDA, total drainage area, in square miles; TTP,

SEE, standard error of estimate; SEP, standard error of prediction; SF,
2—-year, 24-hour precipitation, in inches]

ASE AME SEP SEE

SEE
(based on variables (per- AEYR
Estimation equation in logqg units) cent) (years)
(37 stationswith 15 or more years of record)
Q, = 54.8TDAY (TP - 2)***5r 70RO 0016 0072 0297 0269 683 4.1
Qg = 73.4TDAYY¥(TTP - 2)> P¥RR! g 0¥ 011 038 222 196 474 82
Qo = 80.8TDAY P RRMH (TP - 2)% (SF)_0'614 012 035 216 187 451 110
Qs = 89.4TDAYR 171(TTP 2)388 50587 014 039 230 198 479  13.0
Qgg = 96.4TDA Y PRRI (TP _ )3 840572 016 045 247 212 518 135
Quu0 = 104TDA0'914RR BrTP-2)* SF‘0'56° 019 052 263 228 564 136
Quop = 111TDAYORR*P(17p — 2)3 81570549 021 060 285 245 613 135

Qggo = 121TDAYPRR* (TP 2)% SF_O'538

.025 .072 .310 .268 68.0 13.2

APPLICABLE RANGES OF VARIABLES: TDA 1.50-711; TTP 2.35-2.55; SF 0.89-13.0; RR 2.72-21.4

NOTE: RRis data-scal e dependent.
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Eastern Region

Thisregion consists of Missouri River trib-
utary basins from and including Omaha Creek
(several miles below the mouth of the Big Sioux
River) to the Nebraska-K ansas state line, but only
includes Platte River tributary basins down-
stream of Hydrologic Unit 10200103 (U.S.
Geological Survey, 1976)(which extends severd
miles below the mouth of the Loup River) along
the right bank and downstream of the Elkhorn
River along the left bank (figs. 1 and 8). Itisa
sub-areaof Beckman'sRegion 3 (1976, p. 10-11).
The Eastern Region north of the Platte River
overlaps with the Northeastern Region.

Table 6. Peak-flow equations for the Eastern Region

Equations for the Eastern Region (table 6)
are based on data from 42 stations with at least
10 years of record and TDAs of 1.6 to 1,640 miZ.
The explanatory variables of CDA, BSand, PLP
are consistent for all equations. SEEs are lower
than Beckman’s Region 3 equations (1976, p. 60),
especialy at the larger frequencies. Five stations
with TDAs less than 5 mi? were used to develop
the equations even though BS was a significant
explanatory variable; al values of BSfor thefive
stations were relatively large (greater than
100 ft/mi) and appeared very reasonable
compared to other stations in the region with
larger TDAs.

[AEYR, average equivalent years of record; AME, average model error; ASE, average sampling error; BS, basin slope, in feet per mile; CDA,
contributing drainage area, in square miles; PLP, permeability of the |east permeable layer, in inches per hour; Q, peak discharge, in cubic feet per
second, for a given recurrence interval, in years; SEE, standard error of estimate; SEP, standard error of prediction]

ASE AME SEP SEE

SEE
(based on variables (per-  AEYR
Estimation equation in logqg units) cent) (years)
(42 stationswith 10 or more years of record)

Q, = 5.70cDA>*Ppg?0p p~0470 0006 0036 0206 0191 461 44
Qg = 21.1CDA% s> *lp p 0% 004 016 141 126 297 109
Qqq = 42.1CDA%*0g’*Pp p05 004 012 125 107 251 180
Qus = 90.2CDA% g’ *F¥p p~05%0 005 01 124 104 243 245
Qgp = 151CDA* B> 3Fp p048 005 012 131 109 254 266
Qqgp = 242CDA% s34 p0474 o006 013 140 116 272 273
Qupp = 377CDAY*0pg310p p~04%0 007 015 150 124 293 272
Qggp = 650CDA%4Ppg>20p p0417 008 019 163 136 322 266

APPLICABLE RANGES OF VARIABLES: CDA 1.55-1,640; BS 12.8-315; PLP 0.13-0.60

NOTE: BSis data-scale dependent.
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Upper Republican River Region Equations for the Upper Republican River
Region (table 7) are based on data from

33 stations with at least 15 years of record and
TDAs of 6.8 to 7,740 nfi The explanatory vari-
ablesCDA, MCS, and compactness ratioR) are
included in all of the equations, wigR andMCS
varying in significance afte€DA. SEEs are
lower than Beckman's Region 1 and 2 equations
(1976, p. 60), especially for Region 1. Stations
with TDAs less than 5 miwere not used to
develop the equations becald€Sis a signifi-
cant explanatory variable (see previous discus-
sion of “Regional Equations”).

Thisregion was developed from stationsin
the Republican River Basin upstream of Harlan
County Dam, and includes parts of southwestern
Nebraska, northeastern Colorado, and north-
western Kansas (figs. 1 and 8). The South Fork of
the Republican River (below Bonny Dam in
Colorado) and the mainstem of the Republican
River downstream of the South Fork are not
included in this region because of regulation.
Because the upper Republican River Region
includes basins with P60 greater than 4 in/hr, it
overlaps with the High-Permeability Region and
contains parts of Beckman’'s Regions 1 and 2
(1976, p.10-11).

Table 7. Peak-flow equations for the Upper Republican River Region

[AEYR, average equivalent years of record; AME, average model error; ASE, average sampling error; CDA, contributing drainage area, in
sguare miles; CR, compactness ratio, dimensionless; MCS, main-channel slope, in feet per mile; Q, peak discharge, in cubic feet per second, for a
given recurrenceinterval, in years; SEE, standard error of estimate; SEP, standard error of prediction]

ASE AME SEP SEE

SEE
(based on variables (per- AEYR

Estimation equation in logg units) cent) (years)

(33 stations with 15 or more years of record)

Q, = 1.97cDA”*®mcst RO 0008 0045 0229 0211 516 50
Qg = 3.67CDAYOcR 8%y o132 008  .037 210 192 463 81
Qqq = 49cDA” PR 0% ycsh¥ 008 038 216 19 475 103
Q5 = 6.58CDA> Y Mcst 40 cr 094 010 .04 233 211 515 12.3
Qgg = 7.84CDA Mgt PR 012 050 250 224 553 133
Qo0 = 9.12cDA By sl cr 09 014 057 266  .239 59.6 13.9
Qugp = 10.4cDA*®*¥Mcs!* R 088 016 065 284 255 642 142
Qggo = 12.2c0A>%vcst Ot cr 08 018 076 307 276 705 145

APPLICABLE RANGES OF VARIABLES: CDA 6.78-4,450; MCS 7.1-46.3; CR 1.22-11.2

NOTE: MCSand CR are data-scal e dependent.
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Big Blue River Region range of values of the drainage-basin characteris-

Thisregion was developed from stationsin ~ tics used to develop the equations. The minimum
the Big Blue River Basin, whichincludespartsof ~ and maximum values of the characteristics used
southeastern Nebraska and northeastern K ansas to develop the equations are listeddhles 2—8

(figs. 1 and 8). It is the same as Beckman'’s For the best compatibility with the equations,
Region 5 (1976, p. 10-11). drainage-basin characteristics should be deter-

mined using the same scale and type of data used
in the development of the equations. The same
method of quantification (GIS/Basinsoft) also
should be used for the measuremer¥@iS and

BS. For equations that have different explanatory
variables for the various frequencies, judgment
must be used, because predicted peak flows may
not always increase for successively larger
frequencies. One approach might be to compute
estimated peak-flow values from the equations
for each recurrence interval and then plot the
results on probability paper. A smoothed curve

) . i then could be drawn through the points, perhaps
Application of Equations giving more influence to points with lower SEEs.

The applicability of each of the regional
peak-flow frequency equations is limited to the

Equations for the Big Blue River Region
(table § are based on data from 32 stations with
at least 10 years of record anibAs of 2.0 to
4,450 mf. The explanatory variableSDA,
average maximum soil slopMgS), and stream
density @) are significant for all equationSF
is significant for all equations exceps, andT TP
is significant only folQ,o and smaller. Except for
the Q, equation, SE&are lower than Beckman's
Region 5 equations (1976, p. 60), especially for
equationsQ,s and larger.

Table 8. Peak-flow equations for the Big Blue River Region

[AEYR, average equivalent years of record; AME, average model error; ASE, average sampling error; MSS, average maximum soil slope, in per-
cent; Q, peak discharge, in cubic feet per second, for a given recurrence interval, in years; SEE, standard error of estimate; SEP, standard error of
prediction; SD, stream density, in miles per square mile; SF, shape factor, dimensionless; TDA, total drainage area, in square miles; TTP, 2—year,
24—hour precipitation, in inches]

ASE AME SEP SEE

SEE
(based on variables (per- AEYR
Estimation equation in logqg units) cent) (years)
(32 stationswith 10 or more year s of record)
Q, = 54.0TDAY TPt P gp 098y 5420 0007 0027 0185 0164 391 49

Qg = 160TDA” P Mg’ *Pgp* B rrpt Bge0.220 004 006 103 079 184  19.6

0.546 0.534 —0.264$D0.512L|_TP0.790

Qo = 267TDA%*PMss> ¥ sr 004 002 075 044 102 497
Q25 = 463TDA0'500M550'618SF_0'3605D0'631 .004 .002 .075 .041 9.5 69.2
Qg = 607TDA%* Mss>OBgr0372p 001 005 002 .08l 045 103 712
QlOO = 764TDA0.483MSSO'GSBSF_OBSZSDO'GO:L .006 .003 .091 .052 12.1 67.2
Quop = 936TDA>Y " Mss>072gr0-389p 0584 006 004 101 061 141 618
QSOO =1, 190-|—DA0'469MSSOlBgZSF_O'3965D0'557 .008 .005 116 .074 17.2 55.0

APPLICABLE RANGES OF VARIABLES: TDA 2.03—4,450;TTP 2.62-3.358D 0.14-1.39;MSS 1.9-14.5;
S 0.13-7.60

NOTE: SD is data-scale dependent.
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Regulated Streams Patterson (1966, p. 410) noted that the peak flows
at Agate are materially affected by diversions for
irrigation; however, the ratios of irrigated acres to
drainage area are nearly identical (8.0 to 10.4) for
all three stations, with Agate actually having the
smallest ratio (Boohar and others, 1992, p. 55-57).

kIt is possible that the flow records for one or more
of the stations is not representative of their long-

the period of current regulated condition were used®™m peak-flow charactens‘n‘cs, but the dlfferences
for these analyses: they are identified as “REG” are so large that some additional e‘xplanatlon seems
under the type of analysis in table B2. For reachedva@rranted. One possible explanation, or contrib-

of streams that include more than one station with/ting factor, could be that the drainage basin

at least 25 years of regulated record, approximaten@mows and the channel gradient decreases from
graphical relations of peak-flow frequency and the state line to Agate; this could result in signifi-

distance upstream of the mouth also were devel- cant attenuation of flows. Because of the uncer-
oped. These relations are very generalized. tainty, no estimated relations between peak-flow
frequency and distance from the mouth were devel-

Graphical peak-flow frequency relations  gped for this reach of the Niobrara River.
were developed for the Niobrara, North Platte,

South Platte, Platte, and Republican Rivers, and for ~ TW0 major dams are located in the Niobrara
Salt, Antelope (not shown), Frenchman, and Red River Basin—Box Butte on the mainstem and
Willow Creeks (fig. 1). Peak-flow frequency values Merritt on the Snake River (table 9). Except@yr
for 58 stations were plotted against distance, in B0ox Butte Dam causes large reductions in the peak
miles, as measured upstream from the mouth alon@ews downstream, especially as frequencies
their respective streams. Only the 49 stations withincrease (fig. 10). The effects of the dam appear to
at least 25 years of regulated record were used todiminish within about 70 mi downstream of the
develop approximate log-linear relations. The ~ dam. Merritt Dam appears to have little effect on
remaining stations, with less than 25 years of ~ the Niobrara River peak flows, especially consid-
record, were used only for reference. The periods d#ring its small reduction in peak flows for the Snake
the current regulated condition for each of these River itself (table B2).
streams were identified and used to determine the .
period for which the peak-flow frequency analysesNorth Platte River
would be computed for each station (table 9). Each The North Platte River originates in the
of the nine regulated streams is discussed separateiyountains of northern Colorado and flows through
in the following sections, and the locations of the mountains and plains of Wyoming to its conflu-
selected dams are shown on figures 1 and 9. ence with the South Platte River in western
Nebraska. There are four major dams on the North
Platte River—Seminoe, Pathfinder, and Glendo, in
The Niobrara River originates in Wyoming, Wyoming, and Kingsley in Nebraska (table 9).
flows through northern Nebraska, and drains as aGlendo was the last of these dams built on the
right-bank tributary into the Missouri River in North Platte River, and it is the most downstream of
northeastern Nebraska. Major tributaries to the  the three Wyoming dams; therefore, its operational
Niobrara include, in downstream order: Snake  date of October 1957 was used as the beginning
River, Minnechaduza Creek, and Keya Paha Riverdate of the current regulated condition of the North
Values ofQg throughQsqg decrease measurably  Platte River between Glendo and Kingsley Dams.
from the station at the Wyoming state line to the The operational date of Kingsley Dam, February
station at Agate and they increase from there to th&941, was used as the beginning date for stations
station above Box Butte Reservoir (fig. 10) even fordownstream of Kingsley Dam because the large
concurrent periods of record (data shown). storage capacity of Lake McConaughy would be

Peak-flow frequency analyses for stations on
regul ated streamsin Nebraskawith at least 10 years
of regulated peak flows were done using program
PEAKFQ based on Bulletin 17B guidelines and the
log-Pearson Type |11 (LP3) distribution with skew
coefficients derived only from each station’s pea
flow data. All available peak-flow records within

Niobrara River
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Table 9. Summary of regulation data for selected stream reaches
[Apr, April; Aug, August; Feb, February; Nov, November; Oct, October; Sept, September; POR, period of record)]

Period of
current
regulated
Stream name Stream reach condition Remarks?

Niobrara Wyoming state line to Box Butte Dam Entire POR Affected by irrigation during entire POR

River Box Butte Dam to Snake River Oct 1945—- Box Butte Dam (1,460 i approximately; Oct 1945)
(fig. 10) Snake River to mouth Feb 1964— Merrit Dam (640 nf, approximately; Feb 1964)
North Platte  Wyoming state line to Kingsley Dam  Oct 1957— Affected by Seminoe (7,230 ?miApr 1939), Pathfinder
River (10,711 mf, Apr 1909), and Glendo (15,5450ct 1957)
(fig. 11) Dams in Wyoming
Kingsley Dam to mouth Feb 1941- Kingsley Dam (29,300 i approximately; Feb 1941)
South Platte  South Platte River near Balzac, Colorad&ntire POR  Affected by transmountain and irrigation diversions, storage
River to mouth reservoirs, power generation, and irrigation return flows
(fig. 12) during entire POR; because of large amount of intervening

drainage area, Chatfield Dam (3,01§n1\1|ay 1975) assumed
not to increase regulation significantly

Platte River  Confluence of North and South Platte Feb 1941— Effects of regulation much less below Loup River
(fig. 13) Rivers to mouth

Salt Creek Hickman Branch to Cardwell Branch 1965—-  Olive Creek Lake (8.2 i 1964), Bluestem Lake (16.6 i
(fig. 14) 1963), Wagon Train Lake (15.6 ?n'&963), and Stagecoach
Lake (9.2 mf, 1964) Dams
Cardwell Branch to Oak Creek 1966—  Yankee Hill Lake (8.4 i 1965), Conestoga Lake (15.12mi
1964), Pawnee Lake (35.9 ?nll.965), East and West Twin
Lakes (11.0 nfi 1965), and Holmes Lake (5.4 iL962)

Dams
Oak Creek to mouth 1968—-  Branched Oak Lake Dam (88.72011967)
Antelope Holmes Lake Dam to mouth 1962- Holmes Lake Dam (5.24 19i62)
Creek
(fig. 14)

Republican  South Fork Republican River to TrentonJuly 1950- Bonny Dam (1,820 i approximately; July 1950)
River Dam
(fig. 15) Trenton Dam to Frenchman Creek May 1953— Trenton Dam (8,620 R approximately; May 1953)
Frenchman Creek to Red Willow Creek May 1953— Enders Dam (950 i approximately; Oct 1950)
Red Willow Creek to Medicine Creek Sept 1961 Red Willow Dam (730 n, approximately; Sept 1961)
Medicine Creek to Harlan County Dam Sept 1961— Medicine Creek Dam (880 ﬁ)iapproximately; Aug 1949)
Harlan County Dam to Kansas state lineNov 1952— Harlan County Dam (20,750 ?miapproximately; Nov 1952)

Frenchman  Colorado state line to Enders Dam Entire POR Affected by irrigation during entire POR
Creek Enders Dam to mouth Oct 1950- Enders Dam (950 i approximately; Oct 1950)
(fig. 16)
Red Willow  Above Red Willow Dam Entire POR Peak flows do not appear to be affected substantially by
Creek irrigation development although natural streamflow is affected
(fig. 16) Red Willow Dam to mouth Sept 1961 Red Willow Dam (730 n, approximately; Sept 1961)

1For dams, numbersin parentheses are drainage area and beginning date of operation.
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expected to mask the effects of the operation of
Glendo Dam that began in 1957. Peak-flow
frequency relations for the North Platte River
downstream of the Wyoming-Nebraska state line
are fairly uniform, with anoticeable reduction in
peak flows downstream of Kingsley Dam (fig. 11).

South Platte River

The South Platte River originates in the
mountains of central Colorado and flows acrossthe
plains to its confluence with the North Platte River
inwestern Nebraska. Regulation of the South Platte
River began prior to collection of streamflow
records. Reservoir storage created by damsin the
South Platte River Basin is less than in the North
Platte River Basin (Eschner and others, 1983, page
A6). Chatfield, the largest dam in the South Platte
River Basin, began operationin May 1975. Because
Chatfield Dam is located near the upstream end of
the basin and controls less than 13 percent of the
drainage area upstream of Nebraska, it was
assumed that its affect on peak flowsin Nebraska
was minimal. Therefore, the entire periods of
record were used for South Platte River stations.
Peak-flow frequency relations decrease in the
downstream direction, generaly with only small
increases for several frequencies from South Platte
River at Paxton (7650) to South Platte River at
North Platte (7655) (fig. 12).

Platte River

The Platte River begins at the confluence of
the North and South Platte Riversin western
Nebraska and drains into the Missouri River asa
right-bank tributary in eastern Nebraska. In addi-
tion to the mainstem Platte River stations, peak-
flow frequency values were computed for Wood
River near Alda (7720), Loup River at Columbus
(7945), Elkhorn River at Waterloo (8005), and Salt
Creek at Ashland (8050) to estimate each tributary’s
effect on Platte River peak flows. Wood River peak
flows wererelatively small, but the peak flows for
the Loup River were larger than those estimated
graphically for the Platte River just upstream of the
mouth of the Loup River. Therefore, the peak-flow
values for the Loup River are used for the Platte
River mainstem at their junction; thisresultsin a
discontinuity in the plots at that point (fig. 13). The
peak-flow frequency values for the Platte River

above and below the Elkhorn River (also a discon-
tinuity on fig. 13) were extrapolated from the
values for the Platte River at North Bend (7960)
based on respective estimated drainage areas. The
effect of Salt Creek could not be determined reli-
ably. Although Kingsley Dam appearsto havelittle
effect on the peak-flow frequency values of the
Platte River below the Loup River, for consistency,
none of the Platte River stations were analyzed for
periods prior to the Kingsley Dam operational date
of February 1941.

Salt and Antelope Creeks

Salt Creek originates in southeastern
Nebraska and flows north and northeast through
Lincoln before draining into the Platte River in
northwestern Cass County (fig. 9). The upper basin
is fan shaped with a number of tributaries
converging withthemain streamin or near Lincoln,
including Antelope Creek (not shown), which
flows northwest through the middle of Lincoln.
After two largefloodsin the early 1950s, a series of
flood-control dams were constructed on several
streams around Lincoln (table 9). Peak-flow
frequency analyses for periods since regulation
began were computed for three stations on Salt
Creek and for three stations on Antelope Creek
(fig. 14). Olive Creek, Bluestem Lake, Wagon
Train Lake, and Stagecoach Lake Dams are located
upstream of Salt Creek at Roca (8030). Yankee Hill
Lake, Conestoga L ake, Pawnee Lake, East and
West Twin Lakes, Holmes L ake, and Branched Oak
Lake Dams are located downstream of Roca and
upstream of Salt Creek at Lincoln (8035). Holmes
Lake Dam is located upstream of the three Ante-
lope Creek stations (not shown). The peak-flow
frequency relations for both Salt and Antelope
Creeks increase in the downstream direction with
the exception of Qggg 0N the upper reach of Ante-
lope Creek, which decreases dightly (fig. 14).

Republican River

The Republican River Basin isin parts of
three states—Colorado, Nebraska, and Kansas. The
Republican River begins at the confluence of the
North Fork Republican and the Arikaree Rivers,
both of which originate in Colorado. It then flows
through southern Nebraska, and joins the Smoky
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Hill River to form the Kansas River in north-central McCook (8370) (fig. 15). There are discontinuous
Kansas. Two mainstem dams and fivetributary dams  increases in peak flows at the junction with Sappa
have been constructed in the Republican River Basin ~ Creek, especially at the larger frequencies. Else-

upstream of the Nebraska-Kansas state line. The where, peak-flow frequency relations increase in the
operational dates for Bonny, Trenton, Enders, Red downstream direction with the exception@§,; and
Willow, Medicine Creek, and Harlan County Dams Qoo between the stations at Guiderock (8530a) and
and their effects on the period of current regulated near Hardy (8535), where they decrease slightly.

condition were determined (table 9). Norton Dam is
not listed because Prairie Dog Creek, on which itis
located, flows directly into Harlan County L ake Frenchman Creek originates in northeastern

bel ow which the effects of Norton Dam are masked Colorado and drains as a left-bank tributary into the
because of Harlan County Lake’s relatively large ~ Republican River in southwestern Nebraska. Irriga-

Frenchman Creek

stations were used in estimating peak-flow frequency?efore streamflow gaging began and the entire
relations for the Republican River (fig. 15). periods of record were used to compute peak-flow

frequency analyses for stations above Enders Dam,
The operational date of July 1950 for Bonny  the only major dam on Frenchman Creek. The oper-
Dam on the South Fork of the Republican River in  ational date of October 1950 for Enders Dam was
northeastern Colorado was used as the beginning daiged for the beginning date of analyses for stations
of the current regulated condition for the South Forkgownstream of the dam. In addition to the Frenchman
below Bonny Dam and for the Republican River  Creek stations (fig. 16), peak-flow frequency values
mainstem between the mouth of the South Fork anqure Computed for St|nk|ng Water Creek near Pali-

Trenton Dam farther downstream. Considering the sade (8350) to estimate its effect on Frenchman
amount of intervening drainage area, the effect of Creek values.

Bonny Dam on most peak flows into Nebraska is

probably not very significant. However, it could have for Q4 throughQego, with increasingly larger reduc-

had a significant effect, had it existed, on the very . . ,
tions for the larger frequencies (fig. 16). Peak flows
large flood of 1935 because much of the flow for that : S
. . . increase in the downstream direction below the dam,
flood originated in the upper part of the basin. See the

maximum peak flows for South Fork Republican %ggﬁgﬁgigﬂ?iigﬂtgﬁ rrJIL;rr:Cgcr)gevl\("g][ ?:ﬂ?tﬁ??son
River near Idalia, Colorado (8250) and Republican

River at Max (8280) in table B2. (8355), which decreases slightly.

Enders Dam causes reductions in peak flows

The peak-flow frequency values for the Repub-ReOI Willow Creek

lican River above Trenton Dam were extrapolated Red Willow Creek originates in southwestern
from those for Republican River at Stratton (8285) Nebraska and flows to the southeast before draining
based on respective drainage areas. Peak-flow valué§ @ left-bank tributary into the Republican River.

for the Republican River below Sappa Creek were Red Willow Dam is the only major dam on the creek.
based on the larger of those computed for Sappa !tS operational date of September 1961 was used as
Creek near Stamford (8475) and those for Republicaf€ beginning date for peak-flow frequency analyses
River near Orleans (8445) extrapolated for the of the two stations Io_cated downstream of the dam
increased drainage area from Sappa Creek. The pe4fg- 16). For comparison, the peak-flow frequency
flow values for the Republican River above Harlan values for an unregulated station, Red Willow Creek
County Dam were extrapolated from the values ~ @bove Hugh Butler Lake (8373) located upstream of
below Sappa Creek, previously described, based or{he dam, also are included on figure 16.

drainage areas.

Trenton and Harlan County Dams cause large
reductions in Republican River peak flows, and
Enders Dam on Frenchman Creek probably contrib-
utes to the decreases@qyy andQsgg between the
Republican River stations at Trenton (8295) and at

38 Peak-Flow Frequency Relations and Evaluation of the Peak-Flow Gaging Network in Nebraska
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Red Willow Dam causes large reductionsin of any “new” stations could be analyzed, their lati-

peak flows compared to the unregulated flows tude and longitude needed to be known or deter-

upstream. In the downstream direction below the mined along with values of the explanatory

dam, peak flows increase. variables that had been used in the development of
the equation being evaluated. With the exception of

NETWORK EVALUATION the Eastern and Big Blue River Regions, stations

For each peak-flow frequency region, statis- with 10 to 14 years of record were not used in the
tical analyseswere doneto estimate how additional  development of regional peak-flow frequency
years of peak-flow data might affect the average equations (tables 2—-8). However, because basin
sampling errors (ASES) of the newly developed characteristics already had been determined for

100-year frequency (recurrenceinterval) equations.  most stations with 10 to 14 years of record, they
Four different scenarios were evaluated—10- andwere used as the “new” stations for the network

20-year periods of additional data collection (plan-gnalyses. The special nature of the composite equa-

ning horizons) with “equation” stations (those  ions prevented their evaluation by the network
stations used in the development of the eq“at'ons)analysis program for any of the “new” station
and 10- and 20-year planning horizons with “equa

tion” stations plus with new stations. Output for the

various scenarios for each region can be_compare'gn(,JllyseS and Output

to determine where the largest reduction in ASE of

the newly developed peak-flow frequency equa- To do the network analyses, output from the
tions could be gained for the least amount of new GLS (regression) part of the GLSNET program that

data collection, and hence for the least cost. had been used to compute a particular peak-flow
frequency equation was input to the NET program

Station Selection of GLSNET. The stations used in the development
_ _ - of the equation were flagged as either active or
Three types of stations were identified and jnactive. The NET program then was run for each

scenarios.

used for the network analyses of a particular ~ of the planning horizons being considered (10 and
regional equation: active, inactive, and new. Active20 years). For the other two scenarios, data for any
stations were “equation” stations that were still ~ “new” stations within the region were input, and the

being operated as of 1994. For analytical purpose@rogram was run again for the two planning hori-
it was assumed that they would continue to be opezons.
ated for the planning_ horizops with exi“sting pas?- For each scenario, the expected ASE of the
network funds. Inactive stations were “equation” gqation was computed first by NET assuming that
stations that had been discontinued by 1994; it wag)| qyajlable stations had been operated for the
assumed that they would be operated for the p|angiven planning horizon. Then the discretionary
ning horizons but only with new discretionary  station that would cause the ASE to increase the
funds. “New” stations could be completely new  |east if it were not operated for the planning horizon
stations with no peak-flow record available or theywas identified and removed from the data set, and
could be stations with some record but not enoughthe ASE was recomputed. This process was
to have been used in the development of the equaepeated internally within NET until only the active
tions. In either case, it was assumed they would bstations remained. For each scenario, the output
operated for the planning horizons but only with from the NET analysis was used to produce a plot
new discretionary funds. of the number of stations in relation to the ASE
_ _ (figs. 17 and 18). The analyses that include “new”

The future operation of “new” stations would gtations are unique for those sets of stations; a
not only provide additional peak-flow data for  gifferent set of “new” stations would produce
updating the regional equations, but potentially  different results. Therefore, those analyses should
could increase the range of the explanatory vari- be considered only examples of, not accurate deter-
ables in the regional equation, thereby broadeningninations of, how “new” stations would affect the
the applicability of the equations. Before the effectsASEs.
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Figure 17. Results of network analyses for 10- and 20-year planning horizons for High-Permeability—Standard,
High Permeability—Composite, Northern and Western, and Northeastern regional 100-year
peak-flow-frequency equations.
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Figure 18. Results of network analyses for 10- and 20-year planning horizons for Central and South-Central, Eastern, Upper
Republican River, and Big Blue River regional 100-year peak-flow-frequency equations.
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Discussion of Results tion, which had the largest ASE and the smallest

For each of the plots (figs. 17 and 18), the point number of stations of all the regional equations.

associated with the smallest number of stations repre- Based on the results, data from new stations,
sents the ASE with only the active or base-network rather than more data from stations used to develop
stations being operated for the various scenarios. The  the regional peak-flow frequency equations, prob-
second point represents the ASE with one discre- ably would most reduce the ASE of the equations.

tionary station being operated, the one that most
reduces the ASE for that scenario. The effect of that ~ SUMMARY AND CONCLUSIONS

points. The points associated with thelargest number  frequency are required for the efficient design of
of stations for each plot represent the ASEswithall  stryctures that convey flood flows, such as bridges

discretionary stations being operated for thevarious  and culverts, or of structures that occupy floodways,
scenarios. For scenarios with “new” stations, the firskuch as roads. In the fall of 1994, a cooperative study
stations included after the base-network stations  was begun by the Nebraska Department of Roads and
were, in all cases, the “new” stations.The results illusthe U.S. Geological Survey (USGS) to update peak-
trate that collecting data at “new” stations in a regionflow frequency analyses for selected streamflow-
probably would reduce the ASE for that region’s  gaging stations, develop a new set of peak-flow
peak-flow equations more than would collecting thefrequency relations for ungaged streams, and eval-
same amount of data at stations that are inactive butate the peak-flow gaging-station network for
that were used in the development of the regional Nebraska. Using a geographic information system
equation. (GIS) and digital spatial data, drainage-basin charac-
. _ teristics—many of which were previously undefined
Note that the ASEs for_ the gctlve stafuons Onlyfor Nebraska—were quantified. Regional equations
are not the same for scenarios with and without ¢|5ting drainage-basin characteristics to peak-flow
“new” stations, even for the same planning horizon.frequency characteristics were developed using a
In most cases, the ASEs actually are larger for the generalized least-squares (GLS) regression program.
scenarios with “new” stations. This is because NET ap, evaluation of each of the regional gaging-station
covers the entire range of basin characteristics, networks also was made to estimate how additional

including those of the possible “new” stations, even peak-flow data might reduce average sampling errors
before the assumed benefits of data from those “NneW(ASESs) of future equations.

stations have been incorporated into the analysis. The . -
updated equations would be applicable over a broader Twent_y-sevep morphometrlc characteristics
range of characteristics than the existing equations,Were quantified using Basinsoft, a computer program

but the ASE could be larger until data actually Weredeveloped _b_y the USGS' Four soil charactgrl_stlgs

. . were quantified using ARC/INFO. Two precipitation
available from those stations that had broadened the L - .
ran f the characteristi Characteristics were quantified using ARC/INFO.
ange ot the characteristics. Manual measurements and calculations were made to
Based on the plots, it appears that the Northerwerify computer-quantified values for selected

and Western, and Central and South-Central regionalrainage basins.
equations, which have the second and third largest Peak-flow frequency analyses were done for

ASEs, would benefit the most from additional discreynreqylated streamflow-gaging stations with at least
tionary peak-flow data, especially if collected at 10 years of annual peak-flow record through 1993
“new” stations. The High-Permeability—Standard, and located in or within about 50 miles of Nebraska
Eastern, and Big _Blue River regional equations prohssing the log-Pearson Type Il (LP3) frequency

ably would benefit the least from additional discre- djstribution and the guidelines in Bulletin 17B of the

tionary peak-flow data. Although not directly Interagency Advisory Committee on Water Data.
apparent from the plots, "new" data that could be  Two sets of standard analyses were made. The first
provided by additional composite analyses for set of standard analyses for unregulated streams was

existing stations probably would be of considerable done using skew coefficients derived only from each
benefit for the High-Permeability—Composite equa-station’s peak-flow data. These station skews then
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were used to develop generalized skew relations.
The second set of standard analyseswas done using
station skews weighted with generalized skews
from the new skew relations. One set of standard
analyses, using station skews only, was done for
stations on regulated streams. Adjustments were
made to peak-flow frequency anayses, as appro-
priate, for historic data and high and low outliers.
Experience of the authors showed that the stati stical
testsfor low outliersincluded in Bulletin 17B were
not well suited for detecting multiple outliers.
Therefore, adaptations of the existing procedure,
other tests, and considerabl e judgment were used to
identify and censor low outliers in these situations.

Regional equationsrelating generalized skew
coefficientsto basin characteristics were devel oped
for most of the state, and a statewide map of gener-
alized skew coefficients for basins with relatively
low average permeability also was devel oped.
Station skew coefficients were computed for
stations in or within about 50 miles of Nebraska
that, generally, had 25 years or more of unregulated
peak flows. Several stationswith asfew as 18 peak
flows were used where data were lacking. After
other adjustments had been made, stations with
identified high outliers were analyzed further to
estimate how sensitive the station skew coefficients
were to the high outliers. As aresult, some stations
were eliminated from further consideration in the
development of skew relations.

An eguation to estimate skew was devel oped
first for basins with average permeability of the
60-inch soil profile (P60) of more than 2.5 inches
per hour. A skew map of the state then was devel-
oped for basins with P60 less than 4 inches per
hour, except for the Elkhorn River Basin where al
basinswereincluded. Regional equations, based on
geographic areas, also were developed; those with
mean-square errors (M SES) less than those for the
new skew map were adopted. The standard error of
estimate (SEE) of the statewide skew map is 0.24.
This comparesto 0.78 for the Nebraska part of the
National skew map and to 0.59 for the map devel-
oped by Cordes (1993), both of which include the
high-permeability sandhills areas. SEEs for the
skew equationsranged from 0.13 to 0.23. The equa-
tions were developed using multiple-regression
analyses; residuals from the analyses were used to

define regions and to determine the best combina-
tion of explanatory variables that were reasonable
hydrologically.

An dternative set of peak-flow frequency
analyses were computed for selected stations using
aconditional probability method suggested by
William Kirby (USGS). Peak-flow frequency
curves for most of the high-permeability stations
appeared to indicate apattern of different character-
istics for the larger peak flows. Because of therela-
tively high permeabilities and large amounts of
noncontributing drainage area in typical sandhills
terrain, it was theorized that most of the smaller
peak flows primarily were interflow and baseflow
and that the larger peak-flows included a signifi-
cantly greater proportion of surface runoff. Plots of
peak flow compared to the 1- or 2-day lag of daily
flow for several stations appeared to indicate that
the theory was plausible.

Other types of mixed populations in peak-
flow data aso were apparent, including partialy
regulated stations and low-permeability stations
that were usually from the more arid parts of the
state. Composite analyses were done for several of
these stations; however, the thorough investiga-
tionsrequired to justify and split the data, and actu-
ally do composite analyses for all of these other
stations were beyond the scope of this study.
Instead, peak-flow frequencies for partially regu-
lated siteswere computed using only station skews,
and low-permeability stations were excluded from
the regional analyses of peak-flow freguency.

Peak-flow frequency relations were devel -
oped for standard probabilities of 50, 20, 10, 4, 2, 1,
0.5, and 0.2 percent or for frequencies of 2, 5, 10,
25, 50, 100, 200, and 500 years, respectively.
Streamflow-gaging stations with peak flows that
are known to have been or that could have been
affected to some degree by regulation (flood
control, irrigation diversions, power generation,
storage detention, or other factors) were excluded
from regional peak-flow frequency analyses.
Preliminary regional equationswere developed and
regions were defined using ordinary least squares
(OLS) multiple-regression procedures. Final
regression equations were developed using aGL S
multiple-regression procedure. The GL S procedure
adjusts for differencesin record lengths, differ-
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ences in peak-flow variances, and cross-correlations
of concurrent peak flows among stations used in the
regression analysis.

For unregulated streams, eight sets of regres-
sion equations relating drainage-basin characteristics
to peak flows for selected frequencies of occurrence
were developed for seven regions of the state. Two
sets of regional peak-flow frequency equations were
developed for a high-permeability region that
includes basins with P60 greater than 4 inches per
hour. Six sets of equations were developed for
specific geographic areas, usually based on drainage-
basin boundaries. Of the two sets of high-perme-
ability equations, one set was devel oped using data
from standard frequency analyses and the other was
devel oped using datafrom composite frequency anal-
yses. In general, these two sets of equations are for
drainage basins with sandhills-type terrain. The six
hydrologic regions based on geography were delin-
eated using residual values and plots from prelimi-
nary regression analyses. There is overlap between
severa of the regions where more than one equation
can be used to estimate peak flows.

Tables for each region include the equations,
the SEE in log;g units and in percent, the average
standard error of prediction (SEP) in 10g;q units, the
average equivalent years of record for each equation,
and the applicable range of the explanatory variables
used to develop the equations. SEEs for the 100-year
recurrence interval equations ranged from 12.1 to
63.8 percent.

For streamflow-gaging stations on regulated
streamsin Nebraskawith at least 10 years of regu-
lated peak flows, peak-flow frequency analyses were
done using the L P3 distribution and the guidelinesin
Bulletin 17B of the Interagency Advisory Committee
on Water Data. Skew coefficients used were those
derived only from each station’s peak-flow data.

Peak-flow records within the period of the current
regulated condition were used for the station anal-
yses. For nine streams that included more than one
station with at least 25 years of regulated record,

done to estimate how additional years of peak-flow
data might affect the ASEs of the equations for the
100-year frequency of occurrence. For each regional
equation, analyses were done for four different
scenarios—10 and 20 years of additional record from
the stations used to develop the equation; and 10 and
20 years of additional record from new stations as
well as from the stations used to develop the equa-
tion.

Various scenarios and regions can be compared
to determine where the greatest overall benefits
might be gained for the least amount of new data and
hence for the least cost. For each scenario, plots of
ASE and number of stations in the network were
presented. Based on the results, data from new
stations, rather than more data from stations used to
develop the regional peak-flow frequency equations,
probably would most reduce the ASE of the equa-
tions.
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