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[U.S. customary units to International System of Units]

Multiply By To obtain
Length
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
square mile (mi?) 259.0 hectare (ha)
square mile (mi?) 2.590 square kilometer (km?)
Volume
cubic foot (ft*) 28.32 cubic decimeter (dm?)
cubic foot (ft®) 0.02832 cubic meter (m?)
Flow rate
cubic foot per second (ft*/s) 0.02832 cubic meter per second (m*/s)
Datum

Horizontal coordinate information is referenced to North American Datum of 1983 (NAD 83).

Vertical coordinate information is referenced to the North American Vertical Datum of 1988
(NAVD 88).
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Peak-Flow Frequency Analyses and Results Based on
Data through Water Year 2011 for Selected Streamflow-
Gaging Stations in or near Montana

By Steven K. Sando, Peter M. McCarthy, and DeAnn M. Dutton

Abstract

Chapter C of this Scientific Investigations Report docu-
ments results from a study by the U.S. Geological Survey,
in cooperation with the Montana Department of Transporta-
tion and the Montana Department of Natural Resources, to
provide an update of statewide peak-flow frequency analyses
and results for Montana. The purpose of this report chapter
is to present peak-flow frequency analyses and results for
725 streamflow-gaging stations in or near Montana based on
data through water year 2011. The 725 streamflow-gaging
stations included in this study represent nearly all streamflow-
gaging stations in Montana (plus some from adjacent states or
Canadian Provinces) that have at least 10 years of peak-flow
records through water year 2011. For 29 of the 725 stream-
flow-gaging stations, peak-flow frequency analyses and results
are reported for both unregulated and regulated conditions.
Thus, peak-flow frequency analyses and results are reported
for a total of 754 analyses. Estimates of peak-flow magnitudes
for 66.7-, 50-, 42.9-, 20-, 10-, 4-, 2-, 1-, 0.5-, and 0.2-percent
annual exceedance probabilities are reported. These annual
exceedance probabilities correspond to 1.5-, 2-, 2.33-, 5-, 10-,
25-, 50-, 100-, 200-, and 500-year recurrence intervals.

Introduction

Many individuals and agencies, including the Mon-
tana Department of Transportation (MDT) and the Montana
Department of Natural Resources (MT DNRC), have continu-
ing needs for peak-flow information for the design of highway
infrastructure, flood-plain mapping, and many other purposes.
The MDT has been a long-term cooperator with the U.S. Geo-
logical Survey (USGS) in operating partial-record crest-stage
gaging stations throughout Montana that provide peak-flow
data for numerous locations where continuous-record stations
are not operated. A study was completed by the USGS, in
cooperation with MDT and MT DNRC, to provide an update
of statewide peak-flow frequency analyses and results through
water year 2011.

In this report chapter, all streamflow data are referenced
to water years. A water year is the 12-month period from
October 1 through September 30 and is designated by the year
in which it ends. In this report chapter, the term “peak flow”
is frequently used. Peak flow refers to the annual maximum
instantaneous discharge, which is recorded for each water
year that a streamflow-gaging station (hereinafter referred to
as gaging station) is operated. Peak-flow frequencies refer to
peak-flow magnitudes, in cubic feet per second, associated
with given annual exceedance probabilities (AEPs), in percent.

Stationarity is an important issue in the statistical analysis
of hydrologic characteristics. For a given gaging station,
stationarity of peak-flow data requires that all of the data rep-
resent a consistent hydrologic regime within the same (albeit
highly variable) fundamental climatic system. Sando, McCar-
thy, and others (2016) investigated stationarity in peak flows
for selected unregulated long-term gaging stations in Montana.
The study results provided evidence that peak flows for most
of the long-term gaging stations could be reasonably consid-
ered as stationary for application of peak-flow frequency anal-
yses within a statewide gaging station network. However, for
two low-elevation gaging stations in eastern Montana, there
were substantial downward trends in peak flows after the mid-
1970s. Sando, McCarthy, and others (2016) concluded that a
conservative approach for handling the potential nonstationar-
ity issues for low-elevation sites in eastern Montana would be
to compute peak-flow frequency analyses based on the entire
periods of record. Thus, the results of Sando, McCarthy, and
others (2016) provide a basis for using all available data for
computing peak-flow frequency analyses for Montana gaging
stations.

Purpose and Scope

The study described in Chapter C of this Scientific Inves-
tigations Report is part of a larger study to develop a Stream-
Stats application for Montana, compute streamflow charac-
teristics at streamflow-gaging stations, and develop regional
regression equations to estimate streamflow characteristics at
ungaged sites (as described fully in Chapters A through G of
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this Scientific Investigations Report). The purpose of Chapter
C is to present peak-flow frequency analyses and results for
725 streamflow-gaging stations (fig. 1; table 1-1 in appendix 1
at the back of this report chapter [available at http://dx.doi.
org/10.3133/sir20155019C]; map numbers assigned accord-
ing to McCarthy and others [2016]) in or near Montana based
on data through water year 2011. Estimates of peak-flow
magnitudes for 66.7-, 50-, 42.9-, 20-, 10-, 4-, 2-, 1-, 0.5-, and
0.2-percent AEPs are reported. These AEPs correspond to 1.5-,
2-,2.33-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year recurrence
intervals. The procedures used for the peak-flow frequency
analyses are documented.

Data Compilation and Pre-Analysis
Augmentation and Manipulation

The 725 gaging stations included in this study (table 1-1)
represent nearly all gaging stations in Montana (plus some
from adjacent States or Canadian Provinces) that have at least
10 years of peak-flow records through water year 2011. Site
information for all gaging stations is presented in table 1-1
and locations of gaging stations are shown in figure 1. Gag-
ing stations in table 1-1 are arranged according to the USGS
downstream order system and are grouped according to major
river basins. Gaging stations beginning with 05 (for example,
05010000) are referred to as part 5 gaging stations and are in
the Saskatchewan River Basin, which flows into the Hudson
Bay. Gaging stations beginning with 06 are referred to as part
6 gaging stations and are in the Missouri River Basin, which
flows into the Gulf of Mexico. Gaging stations beginning with
12 are referred to as part 12 gaging stations and are in the
Columbia River Basin, which flows into the Pacific Ocean.

In this report chapter, the term “systematic record” is
sometimes used and warrants discussion. In a given year,
peak-flow data are collected at gaging stations that were part
of the statewide gaging-station network operated during that
year, and the peak-flow data are considered to be systematic.
In a given year, if an individual gaging station was not part of
the statewide gaging-station network but a peak-flow record
was collected based on a special (nonsystematic) effort, the
peak-flow record generally is considered to be nonsystematic.
In many cases, a nonsystematic peak flow was (1) determined
to be the largest peak flow in a period longer than the period
of systematic record and defined as a historic peak flow, and
(2) included in the peak-flow frequency (hereinafter referred
to as frequency) analysis by using a historical adjustment
procedure (Appendix 6 in U.S. Interagency Advisory Council
on Water Data, 1982). In older records (that is, those gener-
ally before about 1980), when a small number of peak flows
(generally one or two) are detached from the main series of
peak flows and not specifically defined as historic peak flows,
it can be difficult to confidently determine whether the gag-
ing station was part of the statewide gaging-station network
in the detached years. Thus, it can be difficult to determine

whether the peak flows in the detached years should be con-
sidered systematic or nonsystematic. In cases of uncertainty
in determining whether a detached peak flow was systematic
or nonsystematic, the detached peak flow was considered to
be systematic and included in the frequency analysis. This
method for handling uncertainty in whether detached peak
flows are considered systematic or nonsystematic is consistent
with the method used in the previous reporting of frequency
analyses for Montana gaging stations (Parrett and Johnson,
2004).

Peak-flow records were retrieved from the peak-flow
database in the USGS National Water Information System
(NWIS; U.S. Geological Survey, 2014a) database. The specific
Web site for the peak-flow data used in this study is presented
in U.S. Geological Survey (2014b). The peak-flow records
were collected according to procedures described by Rantz
and others (1982). In some cases, the raw data retrieved from
NWIS were manipulated before analysis. The manipulations
were related to (1) data augmentation and (2) manual manipu-
lation of individual peak-flow records.

Data Augmentation

Data augmentation refers to combining peak-flow records
of two or more closely located gaging stations on the same
channel, generally with drainage areas that differ by less than
about 5 percent. When two or more closely located gaging
stations are on the same channel, frequency analyses on the
combined peak-flow records represent a larger range in hydro-
logic conditions than analyses on the records of the individual
gaging stations. Information on combining records of multiple
gaging stations is presented in table 1-2 in appendix 1 at the
back of this report chapter (also available at http://dx.doi.
org/10.3133/sir20155019C).

Manual Manipulation of Individual Peak-Flow
Records

Manual manipulations of individual peak-flow records
are related to (1) changes to the gage base within the period
of systematic record; (2) handling of peak flows coded in the
NWIS database as historic peak flows; (3) and manual exclu-
sion, substitution, or insertion of peak-flow values to maintain
consistency with the previous reporting of frequency analyses
for Montana gaging stations (Parrett and Johnson, 2004).

For an individual gaging station, the gage base represents
the lowest streamflow that can be measured by instrumenta-
tion of the gaging station. For many gaging stations, the gage
base is zero streamflow. For 20 gaging stations (table 1-3 in
appendix 1 at the back of this report chapter [also available at
http://dx.doi.org/10.3133/sir20155019C]), during the routine
operations, the gage base was temporarily altered from zero
streamflow to a value in the typical range of the systematic
peak flows. In some cases, the temporary alteration in the gage
base resulted in peak flows that were coded as “less than gage
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base” in the database. For all of the 20 gaging stations with
peak flows coded as “less than gage base,” peak-flow records
before and after the gage-base alterations were less than the
temporary gage bases. In the frequency analysis using the
PEAKFQ program (Flynn and others, 2006), for an individual
gaging station, the highest gage base in the period of record

is applied to all peak-flow records. Any peak-flow that is less
than the highest gage base is handled as a low outlier, which
can substantially and sometimes inappropriately affect the
frequency results. To avoid the potential problems associated
with temporary alteration of the gage base, the values of all
peak flows coded as “less than gage base” (34 individual peak
flows) were manually set to one-half of the temporary gage
base. The frequency analyses for the affected gaging stations
were reviewed and the data manipulations were considered to
provide accurate frequency results.

Nonsystematic peak flows that were determined to be the
largest peak flow during a period longer than the period of sys-
tematic record are defined as historic peak flows and coded as
such in the database. In some cases, additional data collection
has resulted in the original historic coding to be considered
inappropriate. In these cases, the historic coding was removed,
and the affected peak flows were considered part of the
systematic record. This method for handling inappropriately
coded historic peak flows is consistent with the method used
in the previous reporting of frequency analyses for Montana
gaging stations (Parrett and Johnson, 2004).

In three cases, peak-flow values were manually excluded,
substituted, or inserted to maintain consistency with the
previous reporting of frequency analyses for Montana gaging
stations (Parrett and Johnson, 2004). The August 1959 peak
flow for Madison River below Hebgen Lake, near Grayling,
Montana (gaging station 06038500; map number 70) was
excluded from the frequency analysis because the peak flow
resulted from an earthquake seiche wave in Hebgen Lake. The
June 1964 peak flow for Marias River near Shelby, Montana
(gaging station 06099500; map number 161) was affected by a
dam break; a value of 150,000 cubic feet per second (ft*/s) was
substituted for the measured 241,000 ft*/s based on investiga-
tion of the effect of the dam break (Charles Parrett, U.S. Geo-
logical Survey, written commun., June 2000). No peak-flow
data were collected for Marias River near Brinkman, Montana
(gaging station 06102000; map number 173) in 1964; how-
ever, it was determined that the estimated peak flow at Marias
River near Shelby, Montana (gaging station 06099500; map
number 161) could reasonably be extrapolated downstream
to gaging station 06102000 (Charles Parrett, U.S. Geologi-
cal Survey, written commun., June 2000). Thus, a value of
150,000 ft*/s for 1964 was inserted into the peak-flow records
for gaging station 06102000.

Determination of Regulation Status of
Streamflow-Gaging Stations

Reservoir storage and operations have the potential to
substantially affect streamflow characteristics. Documentation
of methods of classification of the regulation status of gaging
stations is important. The USGS maintains a geospatial data-
base of dams in Montana (McCarthy and others, 2016) that
was used to define the regulation status for Montana gaging
stations. The specific methods used to determine the regulation
classification of gaging stations in Montana are described by
McCarthy and others (2016).

Based on the USGS regulation-classification criteria, a
gaging station is considered to be regulated if the cumulative
drainage area of all upstream dams exceeds 20 percent of the
drainage area of the gaging station. If the drainage area of a
single upstream dam exceeds 20 percent of the drainage area
of a given gaging station, the regulation is classified as major.
If no single upstream dam has a drainage area that exceeds
20 percent of the drainage area of a given gaging station, the
regulation is classified as minor. In this study, for cases where
a large diversion canal was known to be located on the chan-
nel upstream from a gaging station, the gaging station also was
classified as major regulation. A gaging station is considered to
be unregulated where the cumulative drainage area upstream
from all dams is less than 20 percent of the drainage area of
the streamflow-gaging station and no large diversion canals
are upstream from the streamflow-gaging station. Information
on the regulation structures affecting most of the gaging sta-
tions classified as major regulation is presented in table 1-4 in
appendix 1 at the back of this report chapter (also available at
http://dx.doi.org/10.3133/sir20155019C).

In table 1-1, the regulation status and the total period of
record of each gaging station is presented. The total period of
record is broken down into periods of unregulated and regu-
lated conditions, when applicable. For most of the 128 gaging
stations classified as having major regulation (either dam or
canal regulation), frequency analyses were done only for the
regulated period; however, 29 gaging stations had 10 years or
more of peak-flow records before the start of regulation. For
these gaging stations, frequency analyses also were done for
the unregulated period before the start of regulation to provide
regional information on unregulated peak-flow characteristics.

For gaging stations classified as having minor dam
regulation, frequency analysis was done on the total period
of record. If the total period of record was within unregulated
conditions, the period of record for the frequency analysis
is classified as unregulated. If the total period of record was
within regulated conditions, the period of record for the
frequency analysis is classified as regulated. If the total period
of record encompasses unregulated and regulated conditions,
the period of record for the frequency analysis is classified
as “total.” Many dams contribute to the minor dam regula-
tion classification and the effects of these dams on streamflow
characteristics are poorly understood. The dams that contribute
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to the minor dam regulation classification generally have
substantially less storage capacity than the dams that contrib-
ute to the major dam regulation classification, and currently
(2015) little documentation is available on the operations and
primary purposes of the minor regulation dams. All of the
gaging stations with minor regulation that were included in the
previous reporting of frequency analyses for Montana (Parrett
and Johnson, 2004) were considered to be unregulated in that
report.

Classification of the regulation status of a gaging station
is based on a 2014 analysis of dams present in the gaging-
station drainage basins and the storage start dates of the dams
(McCarthy and others, 2016). In a few cases, a gaging station
was classified as regulated in 2014, but the construction of
dams in the gaging-station drainage basin was such that the
20-percent regulation criteria was not met until after the gag-
ing station was discontinued. Thus, a gaging station might
have been classified as regulated in 2014, but have no peak-
flow data (or associated frequency analysis) for a regulated
period. In such a case, the approach for classifying the regula-
tion status of the gaging station is intended to provide accurate
classification if the gaging station is reactivated.

The current (2015) criteria of the USGS for defining
regulation status of gaging stations in Montana is based solely
on affected drainage area and does not account for storage
capacity characteristics of the dams or other regulating factors
such as stream diversions. Storage capacity data are included
in the geospatial database of dams (McCarthy and others,
2016), and future activities to more clearly define regulation
effects on streamflow characteristics should incorporate stor-
age capacity information considered in relation to streamflow
characteristics. Furthermore, datasets for irrigation diver-
sions currently (2015) are not readily available at sufficient
scale and coverage for assessing effects on the application of
frequency analyses within a statewide gaging-station network.
Compilation of a statewide dataset of locations and capacities
of irrigation canals would be important for better definition of
regulation effects on streamflow characteristics.

Peak-Flow Frequency Analyses and
Results

Frequency analyses procedures and results are reported
for 725 gaging stations in tables 1-5 and 1-6, respectively,
in appendix 1 at the back of this report chapter (available
at http://dx.doi.org/10.3133/sir20155019C). For 29 of the
725 gaging stations, frequency analyses are reported for both
unregulated and regulated conditions; thus, a total of 754
analyses are reported. Documentation on various details of
analytical procedures for each gaging station is included in
table 1-5 . The frequency results for each gaging station are
presented in table 1-6 .

In addition to the frequency results in table 1-6, addi-
tional graphical and tabular information for each gaging
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station can be accessed by links included in tables 1-5 and
1-6. This additional information for each gaging station
includes (1) a graph showing the frequency curve in associa-
tion with the probability plots of the peak flows (with plot-
ting positions determined by using the Cunnane formulation,
as described by Helsel and Hirsch [2002]), (2) a time-series
graph of the peak flows, (3) a table with summary information
on the frequency analysis, and (4) a table of the peak flows
(in time series and also ranked). In the probability plots of the
peak flows, all peak flows less than or equal to 0.1 ft*/s have
been adjusted to 0.1 ft¥/s, and the plotting positions of indi-
vidual peak flows reflect effects of historical adjustments in
the frequency analyses.

Procedures for Frequency Analyses

Frequency analyses for 725 gaging stations (table 1-1)
were developed by using various specific procedures that are
described in this section of the report chapter. Selected infor-
mation regarding application of these specific procedures for
all stations is summarized in table 1-5.

Most Federal agencies and many State, local, and private
entities follow procedures described in Bulletin 17B “Guide-
lines for Determining Flood Flow Frequency” (U.S. Inter-
agency Advisory Council on Water Data, 1982; hereinafter
referred to as Bulletin 17B) for developing frequency esti-
mates. Bulletin 17B uses the log-Pearson III probability distri-
bution, which is fit by using the mean, standard deviation, and
skew of the logs of the peak flows for a given gaging station.
Procedures described in Bulletin 17B were used as primary
guidelines for developing the frequency estimates presented in
this report chapter. The computer program PEAKFQ, which
was developed by the U.S. Geological Survey (Flynn and oth-
ers, 2006), was used to run the frequency analyses.

Frequencies initially were analyzed for the 725 gaging
stations by using standard Bulletin 17B procedures for fitting
the log-Pearson III distribution (as described in the follow-
ing section “Standard Procedures for Fitting the Log-Pearson
Type III Probability Distribution™). The resulting preliminary
frequency curves were next plotted on a log-probability scale
in conjunction with the peak flows, for which plotting posi-
tions were determined by using the Cunnane formulation,
as described by Helsel and Hirsch (2002). In cases where
historical adjustments were used, the plotting positions were
adjusted using procedures described in Bulletin 17B. Fits of
the preliminary frequency curves with the probability plots
of the peak flows were then evaluated. In most cases (about
80 percent of the frequency analyses), fits of the standard Bul-
letin 17B analyses were determined to be satisfactory.

In other cases, however, the frequency results could be
improved by using alternative procedures for handling specific
characteristics of the peak-flow records for some gaging
stations. The specific characteristics of peak-flow records
addressed by alternative procedures include (1) regulated
peak-flow records, (2) mixed-population peak-flow records,
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and (3) atypical low-end peak-flow records. The alternative
procedures are described in the section “Alternative Proce-
dures Used for Fitting the Log-Pearson Type III Probability
Distribution.”

Standard Procedures for Fitting the Log-Pearson
Type Il Probability Distribution

In this report chapter, standard Bulletin 17B procedures
are considered to include the use of weighted skew coef-
ficients, the use of the Grubbs-Beck outlier test (Grubbs and
Beck, 1972) for identifying low outliers, and, where applica-
ble, the use of historical adjustment procedures. The standard
procedures were applied to about 80 percent of the reported
frequency analyses. Specific information regarding application
of the standard procedures is presented in the following sec-
tions: “Standard Procedures for Determining Weighted Skew
Coefficients,” “Standard Procedures for Handling Low-Outli-
ers,” and “Standard Procedures for Historical Adjustments.”

Standard Procedures for Determining Weighted Skew
Coefficients

Bulletin 17B recommends the use of a skew coefficient
that is based on the skew of the logs of the peak flows (com-
monly termed the “station skew”) weighted with a general-
ized, or regional, skew coefficient. The weighting is based on
the length of the peak-flow record and the estimated standard
error for the method used to determine the generalized skew
coefficient. The generalized skew coefficient can be deter-
mined by using a national skew map presented in Bulletin
17B (plate 1 in U.S. Interagency Advisory Council on Water
Data, 1982) or by using methods based on data from long-term
gaging stations in the area of interest as described in Bulletin
17B. Parrett and Johnson (2004) analyzed skew coefficients
in Montana and determined that the skew coefficients of the
Bulletin 17B national map could be slightly improved by skew
coefficients determined from their analysis; however, Parrett
and Johnson (2004) concluded that the differences between the
skew coefficients from the Bulletin 17B national map and the
skew coefficients from their analysis were “small and probably
not significant” and, thus, Parrett and Johnson (2004, p. 8)
used the Bulletin 17B national skew map to determine the gen-
eralized skew coefficients used to determine weighted skew
coefficients. Parrett and Johnson (2004) determined that the
standard error of the Bulletin 17B national map was 0.64 for
Montana gaging stations. Consistent with Parrett and Johnson
(2004), the frequency analyses presented in this report chapter
also used the Bulletin 17B national skew map (with a standard
error of 0.64) to determine the generalized skew coefficients
used to determine weighted skew coefficients.

Standard Procedures for Handling Low-Outliers

Bulletin 17B recommends the use of the Grubbs-Beck
outlier test to determine the low-outlier threshold on the basis

of the mean and standard deviation of the log series of peak
flows. The low-outlier threshold serves to censor low-lying
data points so that they do not exert a large distorting effect
on the fitted frequency curve (Advisory Committee on Water
Information, 2007). However, the Bulletin 17B procedures for
handling low outliers do not ignore the censored low-lying
data points, but rather incorporate their frequency of occur-
rence through the use of a conditional probability adjustment
(Appendix 5 in U.S. Interagency Advisory Council on Water
Data, 1982).

Standard Procedures for Historical Adjustments

Bulletin 17B recommends the use of historical adjust-
ment procedures in frequency analyses when information
indicates that any peak flows that were before, during, or after
the period of systematic record are the largest in a period
longer than the period of systematic record (referred to as the
“historic period;” U.S. Interagency Advisory Council on Water
Data, 1982, p. 6—1). In this study, the Bulletin 17B historical
adjustment procedure (Appendix 6 in U.S. Interagency Advi-
sory Council on Water Data, 1982) was applied to frequency
analyses for 230 gaging stations.

For gaging stations with historical adjustments, informa-
tion regarding large peak flows used to define the high-outlier
threshold in the historical adjustment procedures is presented
in table 1-5. The large peak flows used to define the high-
outlier thresholds might have been outside of the systematic
record (and coded as historic peak flows in the database) or
part of the systematic record and determined by the frequency
analyst (or user) to have not been exceeded during the historic
period.

For some Montana gaging stations with historical adjust-
ments, documentation of especially large peak flows has been
maintained as part of the gaging-station history file and vari-
ously consists of newspaper accounts, published information,
or reliable recorded information from local residents. Docu-
mentation of a large peak flow used in a historical adjustment
relates to the year and magnitude of the peak flow and also
to the ungaged period during which the peak flow was not
exceeded.

Because of the large number of Montana gaging stations
with historical adjustments and because many of the gaging
stations are in remote, sparsely inhabited locations, specific
information on streamflow conditions during ungaged periods
often is difficult to acquire. To assist in determining appropri-
ate historic periods for historical adjustments, the magnitudes
of peak flows (normalized by drainage area) for all active
gaging stations for each year of Montana peak-flow data col-
lection were plotted in a geographic information system (GIS)
using standard tools available in ArcMap (Environmental Sys-
tems Research Institute, Inc., 2014). Normalizing was done by
dividing each peak flow by the drainage area of the gaging sta-
tion raised to the 0.57 power. The 0.57 coefficient was based
on the mean (for all hydrologic regions in Montana) of the
regression coefficients from ordinary least squares regressions



relating 2- and 1-percent peak flows to drainage area (Par-

rett and Johnson, 2004, table 13). The plots of normalized
peak flows were investigated to identify the spatial charac-
teristics of important regional flood events that were used to
appropriately define the historic period used in the historical
adjustment for an individual gaging station. For this investiga-
tion, the drainage area of the gaging station was an important
consideration because there is larger uncertainty that relatively
small drainage areas (less than about 20 square miles [mi?])
would be affected by regional flood events in comparison to
uncertainty associated with drainage areas greater than 20 miZ.
Historic periods for gaging stations with relatively small drain-
age areas (less than about 20 mi?) generally were defined more
conservatively than for gaging stations with relatively large
drainage areas (greater than about 20 mi?). The approach used
to determine the appropriate historic period for an individual
gaging station with historical adjustment is based on consider-
ation of peak-flow data from nearby gaging stations, which is
consistent with the methods used in the previous reporting of
frequency analyses for Montana (Parrett and Johnson, 2004).

Alternative Procedures Used for Fitting the Log-
Pearson Type Il Probability Distribution

In cases where the standard Bulletin 17B analyses were
considered to provide inappropriate results, the analyses
were improved by using alternative procedures for handling
specific characteristics of the peak-flow records for some gag-
ing stations. The specific characteristics of peak-flow records
addressed by alternative procedures include (1) regulated
peak-flow records, (2) mixed-population peak-flow records,
and (3) atypical low-end peak-flow records, which include a
special case for gaging stations that have a large proportion
(generally greater than about 35 percent) of peak flows that are
less than the gage base (that is, zero streamflows) and strongly
negative skews.

In all cases, the alternative procedures used a fit of the
log-Pearson Type III probability distribution. The deviations
from the standard Bulletin 17B analysis in all cases involved
selection of the station skew instead of the weighted skew,
definition of a user-defined low-outlier threshold instead of the
standard Grubbs-Beck low-outlier threshold, or both. Fre-
quency analyses based on alternative procedures are specifi-
cally noted in table 1-5 in the column “Primary reason for
deviation from standard Bulletin 17B procedures.”

Alternative Procedures Used for Handling Regulated
Peak-Flow Records

Frequency analyses on regulated peak-flow records are
presented for 128 gaging stations. Most (greater than 90 per-
cent) of the regulated peak-flow records are affected by major
dam regulation (as discussed in the section “Determination of
Regulation Status of Gaging Stations”). The following discus-
sion focuses on alternative procedures for handling peak-flow
records affected by major dam regulation; however, similar
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concepts also apply to major canal regulation. Examples of
gaging stations with regulated peak-flow records include Ruby
River below reservoir, near Alder, Montana (gaging station
06020600; map number 35), Tongue River at Tongue River
Dam, near Decker, Montana (gaging station 06307500; map
number 513), and Flint Creek near Southern Cross, Montana
(gaging station 12325500; map number 640) shown in table
1-1. Examples of gaging stations with both unregulated and
regulated peak-flow records include Bighorn River near St.
Xavier, Montana (gaging station 06287000; map number 470)
and Flathead River near Polson, Montana (gaging station
12372000; map number 732) shown in table 1-1. For the
example gaging stations, examination of the frequency curves
plotted in conjunction with the peak flows (which are accessed
by links in tables 1-5 and 1-6) provides insights concerning
regulation effects on peak-flow records.

Dam regulation effects on peak-flow records can be
complex and are dependent on many factors, some of which
include (1) the drainage area upstream from the dam in rela-
tion to the drainage area of the gaging station, (2) available
storage capacity in relation to streamflow conditions, and (3)
the operating criteria of the reservoir. Depending on the inter-
action of the various factors, regulation can affect frequency
curves in many variable ways. Recommendations on the
application of Bulletin 17B procedures to regulated peak-flow
records (Advisory Committee on Water Information, 2007)
allow substantial freedom on the part of the analyst.

For regulated peak-flow records, peak-flow frequen-
cies initially were analyzed by using standard Bulletin 17B
procedures, and the preliminary frequency curves were then
evaluated. Additional frequency analyses were then done
using the station skew, a user-defined low-outlier threshold, or
both. For a given gaging station, final selection of the appro-
priate frequency analysis was based on several considerations,
including (1) the fit of the frequency curve in relation to the
peak flows (especially in the range of AEPs from 50 to 2 per-
cent), (2) the percent of the drainage area affected by regula-
tion, (3) the maximum storage capacity of the dam in relation
to the median peak flow of the gaging station, and (4) where
possible, maintaining consistency in analytical approach
among regulated gaging stations with similar hydrologic char-
acteristics. For gaging stations with greater than 85 percent of
drainage area affected by regulation, the station skew was used
in most (about 75 percent) of the cases.

In some cases, the regulation effects resulted in abnormal
slope changes in the probability plots of peak flows in the low
end of the frequency curve at high AEPs (greater than about
50 percent). To address the low-end abnormal slope changes,
a user-defined low-outlier threshold was applied on a case-by-
case basis.

Alternative Procedures for Handling Mixed-Population
Peak-Flow Records

Peak flows for gaging stations in Montana can result
from different types of events, primarily snowmelt, rainfall, or



8 Peak-Flow Frequency Analyses and Results Based on Data through Water Year 2011, Montana

the combination of rainfall and snowmelt. In such cases, the
peak flows “may not be homogeneous and may require special
treatment” (from Bulletin 17B; U.S. Interagency Council on
Water Data, 1982, p. 7). For most Montana gaging stations,
the peak flows are reasonably homogeneous, even though
they contain different types of events; however, in some cases,
the mixed-population characteristics result in nonhomogene-
ity and are not well represented by the standard Bulletin 17B
procedures.

Examples of gaging stations with strong mixed-popula-
tion characteristics include Swiftcurrent Creek at Many Gla-
cier, Montana (gaging station 05014500; map number 9), Ten-
mile Creek near Rimini, Montana (gaging station 06062500;
map number 101), Marias River near Shelby, Montana
(gaging station 06099500; map number 161), and Middle Fork
Flathead River near West Glacier, Montana (gaging station
12358500; map number 708) shown in table 1-1. Examples of
gaging stations with weaker mixed-population characteristics
include Flower Creek near Libby, Montana (gaging station
12303100; map number 611), Lake Creek at Troy, Montana
(gaging station 12303500; map number 614), Clark Fork near
Drummond, Montana (gaging station 12331800; map number
646), and Prospect Creek at Thompson Falls, Montana (gaging
station 12390700; map number 749). For the example gag-
ing stations, examination of the frequency curves plotted in
conjunction with the peak flows (accessed by links in tables
1-5 and 1-6) provides insights concerning issues relating to
frequency analyses for mixed-population gaging stations.

The selected approach for handling nonhomogeneous
mixed-population peak-flow records that was used in this
study (and was applied to all of the example gaging stations)
differs from Bulletin 17B guidelines and from the previous
reporting of frequency analyses for Montana (Parrett and
Johnson, 2004). Discussion of the differences is considered
important.

In the discussion on the handling of nonhomogeneous
mixed-population peak-flow records in the following sections
(“Bulletin 17B Guidelines for Analysis of Mixed-Population
Peak-Flow Records,” “Mixed-Population Procedures of
Previous Frequency Analyses,” and “Selected Approach for
Handling Mixed-Population Peak-Flow Records”), general
observations are made on types of peak-flow events (snow-
melt, rainfall, and the combination of snowmelt and rainfall)
in relation to peak-flow timing (that is, the calendar day of
occurrence). The observations are relevant to considerations in
segregating peak-flow events into discrete types of events. A
detailed analysis of the type of event for individual peak flows
was not done for this study. General observations on types of
events in relation to peak-flow timing are based on consider-
ation of mean monthly temperature and precipitation charac-
teristics in Montana (PRISM Climate Group, 2015), as well
as principles described by Mock (1996), Knowles and others
(2006), Pederson and others (2010), and Shinker (2010).

Bulletin 17B Guidelines for Analysis of Mixed-Population Peak-
Flow Records

In the case where the nonhomogeneous peak flows for
a gaging station can be confidently segregated into discrete
types of events, Bulletin 17B guidelines include a mixed-
population procedure (U.S. Interagency Council on Water
Data, 1982, p. 14). In the case where the nonhomogeneous
peak flows for a gaging station cannot be confidently segre-
gated into discrete types of events, Bulletin 17B states “the
record shall be treated as coming from one population” (U.S.
Interagency Council on Water Data, 1982, p. 16).

The Bulletin 17B guidelines for mixed-population analy-
ses present particular difficulties for flood-frequency analysis
for Montana gaging stations. The Bulletin 17B mixed-popula-
tion procedure is not well defined and the presented examples
for application bear little resemblance to Montana gaging sta-
tions. The primary problems with application of Bulletin 17B
guidelines for mixed-population analyses relate to (1) confi-
dent segregation of peak flows into discrete types of events,
and (2) in some cases, inappropriate frequency results when
the entire peak-flow record for a given gaging station is treated
as coming from a single population. In Bulletin 17B, the iden-
tification and treatment of mixed-population distributions was
specifically cited as a topic requiring additional study (U.S.
Interagency Council on Water Data, 1982, p. 28).

For many gaging stations in Montana, accurately seg-
regating peak flows into discrete types of events (snowmelt,
rainfall, and the combination of snowmelt and rainfall) is not
feasible. In many areas of Montana (especially mountain-
ous areas), the timing of high rainfall periods (typically May
and June) is somewhat synchronized with or substantially
overlaps the typical period of snowmelt runoff (May through
mid-July; Pederson and others, 2010). Distinguishing the
relative contributions of snowmelt and rainfall for all peak
flows would be a large, if not impossible, task. Furthermore,
throughout the range of peak flows for many individual gaging
stations, the relative contributions of snowmelt and rainfall
likely are within a continuum ranging from near zero to near
100 percent; however, with respect to magnitudes of peak-flow
events, the relative contributions of snowmelt and rainfall
might not be uniformly distributed across the snowmelt- and
rainfall-dominance continuum. For many Montana gaging sta-
tions, in the probability plots of the peak flows, the large peak
flows that plot at the high end of the frequency curve at low
AEPs (generally in the range of AEPs from 4 to 0.2 percent)
likely are dominated by events caused by the combination
of rainfall and snowmelt or, in a few cases, rainfall only. A
snowmelt-only event generally is not the cause of unusually
large peak flows.

As specifically recognized in Bulletin 17B, frequency
analysis of peak-flow records that include snowmelt, rainfall,
and the combination of snowmelt and rainfall events can
result in “flood frequency curves with abnormally large skew
coefficients reflected by abnormal slope changes when plotted
on logarithmic normal probability paper” (U.S. Interagency



Council on Water Data, 1982, p. 16). In some cases, treating
the data as coming from a single population (as recommended
in Bulletin 17B when the peak-flow events cannot be con-
fidently segregated) can result in frequency curves that are
substantially above the plotting positions of the peak flows in
the lower end of the frequency curve (typically in the range
of AEPs from 10 to 4 percent) and are substantially below

the plotting positions of the peak flows in the high end of the
frequency curve (typically in the range of AEPs from 1 to 0.2
percent). In some cases, the standard Bulletin 17B procedures
result in frequency curves that are so far below the plotting
positions of individual large gaged peak flows that the indi-
vidual peak flows have estimated AEPs less than 0.01 percent
(corresponding to a recurrence interval greater than 10,000
years) based on the frequency curves. Thus, in some cases, the
standard Bulletin 17B procedures were considered to sub-
stantially underestimate peak-flow magnitudes for low AEPs;
this underestimation was considered to have the potential to
increase risk of failure in structure design applications.

Mixed-Population Procedures of Previous Frequency Analyses

The handling of mixed-population analyses in the previ-
ous reporting of frequency analyses for Montana (Parrett
and Johnson, 2004) is relevant to the discussion of mixed-
population issues. The discussion of their methods is intended
to present the approach they used to handle the difficulties
presented by mixed-population characteristics, the differences
between their approach and the selected approach used for this
report chapter, and the effect of the differences on the reported
frequency results.

In general, the Parrett and Johnson (2004) mixed-popu-
lation approach was applied at a given gaging station by (1)
estimating the nonexceedance period for a large predomi-
nantly rainfall peak flow, (2) estimating the frequency of
predominantly rainfall peak flows, (3) developing a straight-
line frequency curve between the estimated exceedance
probability of the large predominantly rainfall peak flow and
another selected predominantly rainfall peak flow (that typi-
cally was similar in magnitude to presumed large predomi-
nantly snowmelt events), (4) calculating a frequency curve for
a dataset of presumed predominantly snowmelt events, with
the predominantly rainfall events excluded, and (5) combining
the frequency curves for predominantly rainfall and presumed
predominantly snowmelt events using a joint probability
method for mixed-population analysis (U.S. Army Corps of
Engineers, 1958). In the Parrett and Johnson (2004) approach,
the high end of the frequency curve (generally in the range of
AEPs from about 2 to about 0.2 percent) is strongly affected
by three subjectively based decisions, including estimation of
the nonexceedance period of the large predominantly rainfall
peak flow; estimation of the frequency of predominantly rain-
fall peak flows; and selection of a predominantly rainfall peak
flow similar in magnitude to presumed large snowmelt events.

The Parrett and Johnson (2004) approach addressed
the mixed-population characteristics of the gaging stations
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to which it was applied and provided reasonable frequency
estimates throughout the frequency curves of individual gag-
ing stations. The approach was based on a large amount of
hydrologic expertise; however, some characteristics of the
Parrett and Johnson (2004) approach are problematic for rou-
tine application. Subjectively based simplifying presumptions
are used to classify peak flows into two discrete populations
(predominantly rainfall and predominantly snowmelt), when
in reality snowmelt runoff and rainfall runoff likely contribute
across a continuum, which makes accurate classification diffi-
cult. For a given gaging station, the simplifying presumptions
affect the estimate of the frequency of predominantly rainfall
events and the magnitude of the lowest predominantly rainfall
peak used to fit the predominantly rainfall frequency curve.
Also, the nonexceedance period of the large predominantly
rainfall peak flow at a given gaging station was “somewhat
arbitrarily estimated” (Parrett and Johnson, 2004, p. 8) with
consideration of recorded precipitation at a nearby rain gage
(Parrett, 1997) and general information from a regional flood
report (Boner and Stermitz, 1967). In some cases, documenta-
tion of the parameters used in the Parrett and Johnson (2004)
mixed-population analyses was not possible. As new peak-
flow records become available, consistent application of the
Parrett and Johnson (2004) mixed-population approach to the
changing datasets is problematic.

The Parrett and Johnson (2004) approach also is prob-
lematic in maintaining consistency in flood-frequency analy-
ses between gaging stations in areas where the strength of the
mixed-population characteristics of the peak-flow records are
variable. The decision to apply the Parrett and Johnson (2004)
mixed-population approach at an individual gaging station
results in using computational procedures that are distinctly
different from and more complex than analyzing the data using
the PEAKFQ computer program (Flynn and others, 2006)
that was used for other gaging stations. In some cases, gaging
stations that were geographically closely located and had gen-
erally similar peak-flow characteristics were not consistently
handled (with respect to applying or not applying the mixed-
population approach) by Parrett and Johnson (2004).

The Parrett and Johnson (2004) mixed population
approach does not allow determination of distributional
parameters for the combined predominantly snowmelt and
predominantly rainfall frequency curves. Thus, the approach
does not allow calculation of confidence intervals about the
frequency results and also limits the use of the results in vari-
ous applications.

Selected Approach for Handling Mixed-Population Peak-Flow
Records

The selected approach for handling mixed-population
peak-flow records (as described herein) was applied to 79
gaging stations (table 1-5) for which the nonhomogeneous
peak flows were considered not well represented as com-
ing from a single population according to standard Bulletin
17B procedures. The decision to apply the selected approach
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to an individual gaging station was based on the following
considerations: (1) in the probability plots of the peak flows,
at least two large peak flows are somewhat substantially
elevated above the main body of peak flows and the elevated
peak flows were known to be caused by large rainfall events,
alone or in combination with snowmelt, (2) in the probability
plots, a somewhat distinct upward break in slope is apparent
in the plotting position pattern of peak flows, typically in the
range of AEPs from about 20 to 2 percent, (3) in the prob-
ability plots, a somewhat distinct downward break in slope is
apparent in the plotting position pattern in the low end of the
frequency curve, typically in the range of AEPs from about
66.7 to 50 percent, (4) other gaging stations in the geographic
vicinity also are considered to have mixed-population charac-
teristics, and (5) the gaging station was considered by Parrett
and Johnson (2004) to have mixed population characteristics.
Nearly all of the gaging stations that were considered to have
mixed-population characteristics met at least three of the
considerations.

The primary characteristics of the selected approach
for handling mixed-population peak-flow records are the use
of the station skew, definition of a user-defined low-outlier
threshold (selected by the peak-flow analyst), or both. The pri-
mary objectives of the selected approach are to de-emphasize
subjectively based presumptions, emphasize the information
directly contained in the gaged records, and allow effective
handling of the data when considered as coming from a single
population.

The most important characteristic of the selected
approach is the use of the station skew instead of the weighted
skew. Bulletin 17B states that mixed-population peak-flow
records can result in “flood frequency curves with abnormally
large skew coefficients reflected by abnormal slope changes
when plotted on logarithmic normal probability paper” (U.S.
Interagency Council on Water Data, 1982, p. 16). Presumably,
the Bulletin 17B statements on abnormality relate to compari-
son of mixed populations to homogeneous populations. For
many Montana gaging stations with mixed-population charac-
teristics, large skew coefficients and unusual slope changes are
typical. Thus, use of the station skew, instead of the weighted
skew, can more appropriately represent the peak-flow distribu-
tional characteristics of a gaging station with mixed-popula-
tion characteristics. In most cases where the selected approach
was applied, use of the station skew is consistent with Bul-
letin 17B guidelines that permit altering the skew-weighting
procedure when the station and generalized skews differ by
more than 0.5 (U.S. Interagency Council on Water Data, 1982,
p. 15). For an individual Montana gaging station considered
to have mixed-population characteristics, frequency analy-
sis was initially done using the station skew. If the resulting
frequency curve appropriately represented the probability plot
of the peak flows, the analysis was accepted. If the frequency
curve was still considered to not well represent the probability
plot of the peak flows, a user-defined low-outlier threshold
(selected by the peak-flow analyst) was defined.

Definition of a user-defined low-outlier threshold manip-
ulates the frequency analysis so that the mixed-population
records are more effectively treated as coming from a single
population. For many of the Montana gaging stations consid-
ered to have mixed-population characteristics, a somewhat dis-
tinct downward break in slope is apparent in the plotting posi-
tion pattern in the low end of the frequency curve, typically in
the range of AEPs from about 66.7 to 50 percent. Presumably,
the unusual changes in slope reflect transitions between snow-
melt dominance and rainfall dominance within the snowmelt-
and rainfall-dominance continuum. The downward breaks in
slope in the low end of the frequency curve can distort the fit
of the frequency curve in the high end where the data are more
representative of substantial flood or near-flood events (Advi-
sory Committee on Water Information, 2007). For some of the
Montana gaging stations considered to have mixed-population
characteristics, downward breaks in slope in the low end of
the frequency curve are not apparent; however, definition of
a user-defined low-outlier threshold sometimes was used to
improve the frequency results. Most users of peak-flow data
have little interest in frequency estimates for AEPs greater
than about 50 percent, but this high range of AEPs accounts
for a large proportion of the gaged data. When treating the
entire nonhomogeneous gaged record as coming from a single
population, directly incorporating all of the specific values
in the high range of AEPs substantially affects the distribu-
tional parameters used in the frequency analysis. As a result,
the high end of the frequency curve in the low range of AEPs
(from about 2 to 0.2 percent) can be misrepresented. Setting a
user-defined low-outlier threshold allows more effective treat-
ment of the dataset as coming from a single population, but
does not exclude the data in the high range of AEPs. Instead,
the frequency of occurrence of values below the user-defined
low-outlier threshold is incorporated into the analysis through
a conditional probability adjustment (Appendix 5 in U.S.
Interagency Council on Water Data, 1982) but the specific
values below the threshold are not directly incorporated into
the determination of the overall distributional parameters. In
essence, this places greater emphasis on low AEP peak flows
and allows more appropriate treatment as a single population.

In applying the selected approach for handling mixed-
population peak-flow records, if the use of the station skew
alone did not result in a frequency curve that appropriately
represented the probability plot of the peak flows, a user-
defined low-outlier threshold was defined. Initially, the user-
defined low-outlier threshold was set to a value about equal
to the 20th nonexceedance percentile of the peak flows. If the
frequency curve appropriately represented the probability plot
of the peak flows, the analysis was accepted. If the frequency
curve was still considered to not well represent the probability
plot of the peak flows, the user-defined low-outlier threshold
was set to some other value generally less than the 45th non-
exceedance percentile of the peak flows. In most cases that the
selected approach was applied and a user-defined low-outlier
threshold was used, the user-defined low-outlier threshold was



set to a value about equal to the 20th nonexceedance percentile
of the peak flows.

The selected approach for handling mixed-population
peak-flow records generally provides frequency results that are
similar to results produced by using the Parrett and Johnson
(2004) approach, but the selected approach is more easily
and consistently applied. The selected approach is somewhat
robust. In cases where mixed-population characteristics are
weak, the selected approach generally provides frequency
results that are similar to results produced by using standard
Bulletin 17B procedures.

Alternative Procedures Used for Handling Atypical Low-
End Peak-Flow Records

Many partial-record crest-stage gaging stations in Mon-
tana have been located along ephemeral channels that seldom
flow, and many gaged streams can be subject to low- or zero-
streamflow conditions for extended periods. Probability plots
of peak flows for gaging stations that are strongly affected by
low- or zero-streamflow values frequently deviate from typical
patterns, primarily in the low end of the frequency curve at
high AEPs (greater than about 50 percent). The atypical pat-
terns in the low end of the frequency curve include abnormal
slope changes in the probability plots of peak flows or, for
some gaging stations, a few low peak flows that are some-
what distinctly separated from the main body of peak flows.
Examples of gaging stations with atypical low-end peak-flow
records include Little Prickly Pear Creek near Marysville,
Montana (gaging station 06068500; map number 106), Powell
Coulee near Browning, Montana (gaging station 06098700;
map number 159), Unger Coulee near Vandalia, Montana
(gaging station 06172300; map number 355), and Snell Creek
near Hathaway, Montana (gaging station 06296100; map
number 506) shown in table 1-1. For the example gaging sta-
tions, examination of the frequency curves plotted in conjunc-
tion with the peak flows (accessed by links in tables 1-5 and
1-6) provides insights concerning issues relating to frequency
analyses for gaging stations with atypical low-end peak-flow
records.

For some gaging stations (for example, Powell Coulee
near Browning, Montana [gaging station 06098700; map
number 159] and Snell Creek near Hathaway, Montana [gag-
ing station 06296100; map number 506] [table 1—1]), atypical
low-end peak-flow records can result in probability plots with
abnormal slope changes, and varying degrees of sigmoid or
S-shape curves. The log-Pearson III distribution typically is
most effective in fitting data that plot on log-probability scales
as either straight lines or arcs that are uniformly either convex
or concave. Standard Bulletin 17B procedures are not well
suited to S-shape curves.

For some gaging stations (for example, Little Prickly Pear
Creek near Marysville, Montana [gaging station 06068500;
map number 106] and Unger Coulee near Vandalia, Montana
[gaging station 06172300; map number 355], a few peak flows
are somewhat distinctly separated from the main body of peak
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flows. Because of the distributional properties of the peak-flow
data (typically having a large standard deviation), the unusu-
ally low peak flows are not identified as low outliers by the
Grubbs-Beck outlier test used in standard Bulletin 17B proce-
dures; however, the unusually low peak flows can distort the
fit of the frequency curve in the high end where the data are
more representative of substantial flood or near-flood events
(Advisory Committee on Water Information, 2007).

The alternative procedures used for handling atypi-
cal low-end peak-flow records involved the application of a
user-defined low-outlier threshold (selected by the frequency
analyst) to improve the fit of the frequency curve. The user-
defined low-outlier threshold serves to censor low-lying data
points so that they do not exert a distorting effect on the fitted
frequency curve (Advisory Committee on Water Information,
2007); however, the Bulletin 17B procedures for handling low
outliers do not ignore the censored low-lying data points, but
rather incorporate their frequency of occurrence through the
use of a conditional probability adjustment (Appendix 5 in
U.S. Interagency Advisory Council on Water Data, 1982).

Some gaging stations are considered to have atypical
low-end curves because of a special case. The gaging sta-
tions have a large proportion (generally greater than about 35
percent) of peak flows that are less than the gage base (that is,
zero streamflows) and strongly negative skews that are sub-
stantially less than the generalized skew coefficients from the
Bulletin 17B national skew map. Frequency curves determined
from standard Bulletin 17B procedures plotted substantially
above the plotting positions of the peak flows in the high end
of the frequency curve (typically in the range of AEPs from 2
to 0.2 percent). The alternative procedures used for handling
the atypical low-end peak-flow records involved the use of the
station skew instead of the weighted skew. Several of the gag-
ing stations have 10 or less peak flows greater than the gage
base; uncertainty in the frequency results is large for these
gaging stations.

Peak-Flow Frequency Results

Frequency results (estimates of peak-flow magnitudes
for 66.7-, 50-, 42.9-, 20-, 10-, 4-, 2-, 1-, 0.5-, and 0.2 per-
cent AEPs) are reported for 725 gaging stations (table 1-6 in
appendix 1 at the back of this report chapter). For 29 of the
725 gaging stations, frequency results are reported for both
unregulated and regulated conditions. Thus, frequency results
are reported for a total of 754 analyses.

Considerations for Interpreting Peak-flow
Frequency Analyses and Results for Montana

For gaging stations classified as having major dam regu-
lation, the frequency estimates for low AEPs at the high end
of the frequency curve (AEPs less than or equal to about 1 per-
cent) for the regulated periods of record should be used with
caution; frequency estimates for high AEPs in the low end of
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the frequency curve (AEPs greater than or equal to about 2
percent) generally are considered to be reliable. Concerning
frequency analyses for regulated gaging stations, Bulletin 17B
states that “procedures do not cover watersheds where flood
flows are appreciably altered by reservoir regulation or where
the possibility of unusual events, such as dam failures, must
be considered” (U.S. Interagency Advisory Council on Water
Data, 1982, p. 2-3). For gaging stations classified as having
major dam regulation, frequency results for the low AEPs are
presented for informational and consistency purposes, but cau-
tion should be used when using the results for important appli-
cations, such as structure design. For many regulated streams,
the potential effects of regulation diminish progressively in a
downstream direction. The proximity of the gaging station to
the regulating dam might be a consideration when evaluating
usage of the low AEPs.

Frequency analyses are reported for nearly all gaging
stations in Montana that have at least 10 years of peak-flow
records; however, the climatic conditions of the specific time
period during which the data were collected can substantially
affect how well the frequency results represent long-term
hydrologic conditions. Differences in the timing of the periods
of record can result in substantial inconsistencies in frequency
results for hydrologically similar gaging stations. Potential for
inconsistency is increased for short-term gaging stations that
have less than about 25 years of peak-flow records. The repre-
sentativeness of the frequency estimates for a short-term gag-
ing station can be improved by weighting the reported results
in association with frequency estimates from regional regres-
sion equations (as described by Sando, Roy, and others, 2016).
Frequency estimates for short-term gaging stations might also
be improved by investigation of record extension procedures,
including the two-station procedure (Matalas and Jacobs,
1964) recommended in Bulletin 17B, or the maintenance of
variance type I procedure (MOVE.1; Alley and Burns, 1983).
Application of the MOVE.1 procedure to peak-flow records is
described by Sando and others (2008) and Sando, S.K., Sando,
Roy, and others, 2016).

Several gaging stations have peak-flow records with
greater than 25 percent zero values. Frequency results for
these gaging stations generally should be used with caution.

The frequency analyses reported in this study differ in
some respects from the analyses done by Parrett and John-
son (2004). The mixed-population procedures of this study
differ from the procedures of Parrett and Johnson (2004) and
are considered to be simpler and more consistently applied,
while still providing reasonable frequency results. Another
difference between this study and Parrett and Johnson (2004)
includes the use of a documented method for consistent clas-
sification of regulation status of gaging stations. Furthermore,
Parrett and Johnson (2004) reported only a single frequency
analysis for an individual regulated gaging station. For 29
of the 725 gaging stations included in this study, frequency
analyses and results are reported for both unregulated and
regulated conditions.

The number of gaging stations included in this study
(725) increased from 660 gaging stations included in the
previous reporting of frequency analyses for Montana (Parrett
and Johnson, 2004), which was based on data through water
year 1998. For 35 of the additional 65 gaging stations, the
incremental data collected after 1998 provided enough data (at
least 10 years) for frequency analysis. The other 30 additional
gaging stations were not reported by Parrett and Johnson
(2004) for discretionary reasons.

In some cases, the additional data collected during
water years 1999-2011 has resulted in substantial changes
in frequency estimates. During water years 1999-2011,

78 gaging stations recorded the largest peak flow of record,

68 gaging stations recorded the second largest peak flow of
record, and 82 gaging stations recorded the third largest peak
flow of record. A large amount of flooding occurred in water
year 2007 in northwestern Montana and in water year 2011 in
central and southeastern Montana. For some gaging stations,
the large floods resulted in substantial increases in peak-

flow magnitudes associated with low AEPs (less than about

4 percent). The St. Mary River Basin (not shown in fig. 1) was
the primary drainage basin affected by the water year 2007
flooding. The Judith, Musselshell, Pryor Creek, Little Bighorn
River, and Rosebud Creek Basins (not shown in fig. 1) were
the primary drainage basins affected by the water year 2011
flooding. The water year 2011 flooding accounted for the
largest recorded peak flow for 40 gaging stations, the second
largest recorded peak flow for 30 gaging stations, and the third
largest recorded peak flow for 31 gaging stations. Further-
more, the water year 2011 peak flow served to define the
high-outlier threshold in historically adjusted flood-frequency
analyses for 17 individual gaging stations.

Summary

Chapter C of this Scientific Investigations Report docu-
ments results from a study by the U.S. Geological Survey, in
cooperation with the Montana Department of Transportation
and Montana Department of Natural Resources, to provide an
update of statewide peak-flow frequency analyses and results
for Montana. The purpose of this report chapter is to present
peak-flow frequency analyses and results for 725 streamflow-
gaging stations (hereinafter referred to as gaging stations) in
or near Montana based on data through water year 2011. The
725 gaging stations included in this study represent nearly
all gaging stations in Montana (plus some from adjacent
States or Canadian Provinces) that have at least 10 years of
peak-flow records through water year 2011. For 29 of the 725
gaging stations, frequency analyses and results are reported
for both unregulated and regulated conditions. Thus, peak-
flow frequency analyses and results are reported for a total of
754 analyses. Estimates of peak-flow magnitudes for 66.7-,
50-,42.9-,20-, 10-, 4-, 2-, 1-, 0.5-, and 0.2-percent annual
exceedance probabilities (AEPs) are reported. These AEPs



correspond to 1.5-, 2-, 2.33-, 5-, 10-, 25-, 50-, 100-, 200-, and
500-year recurrence intervals.

Methods of data compilation and analysis are described
in this report chapter. These methods relate to determination of
the regulation status of gaging stations, data compilation and
pre-analysis manipulation, and frequency analysis.

Most Federal agencies and many State, local, and private
entities follow procedures described in Bulletin 17B “Guide-
lines for Determining Flood Flow Frequency” (hereinafter
referred to as Bulletin 17B) for frequency analysis. Bulletin
17B recommends the use of the log-Pearson III probability
distribution, which is fit by using the mean, standard devia-
tion, and skew of the logs of the peak flows (maximum instan-
taneous discharge for each year) for a given gaging station.
Procedures described in Bulletin 17B were used as primary
guidelines for developing the frequency estimates presented
in this report chapter, and the computer program PEAKFQ,
developed by the U.S. Geological Survey, was used to run the
frequency analyses.

Peak-flow frequencies initially were analyzed for the
725 gaging stations by using standard Bulletin 17B procedures
for fitting the log-Pearson III distribution. Fits of the prelimi-
nary frequency curves with the probability plots of the peak
flows were then evaluated. In most cases (about 80 percent
of the frequency analyses), fits of the standard Bulletin 17B
analyses were determined to be satisfactory. In other cases,
however, the frequency results could be improved by using
alternative procedures for handling specific characteristics of
the peak-flow records for some gaging stations. The specific
characteristics of peak-flow records addressed by alterna-
tive procedures include (1) regulated peak-flow records, (2)
mixed-population peak-flow records, and (3) atypical low-end
peak-flow records. The alternative procedures are described in
this report chapter.

A large amount of flooding occurred in water year 2007
in northwestern Montana and in water year 2011 in central and
southeastern Montana, which resulted in substantial increases
in peak-flow magnitudes associated with low AEPs (less than
about 4 percent) for some gaging stations. The water year
2011 flooding accounted for the largest recorded peak flow for
40 gaging stations, the second largest recorded peak flow for
30 gaging stations, and the third largest recorded peak flow
for 31 gaging stations. Furthermore, the water year 2011 peak
flow served to define the high-outlier threshold in historically
adjusted flood-frequency analyses for 17 individual gaging
stations.
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Appendix 1. Information on Streamflow-Gaging Stations, Data Augmentation,
Regulation Structures, and Peak-Flow Frequency Analyses and Results

This appendix presents information on streamflow-gaging stations (table 1-1), data augmentation (table 1-2) and manipula-
tion (table 1-3), regulation structures (table 1-4), peak-flow analyses (table 1-5), and peak-flow frequency results (table 1-6).
In addition to the frequency results in table 1-6, additional graphical and tabular information for each streamflow-gaging station
can be accessed by links included in tables 1-5 and 1-6 in the “Station identification number” column. This additional informa-
tion for each gaging station includes (1) a graph showing the frequency curve in association with the probability plots of the
peak flows (with plotting positions determined by using the Cunnane formulation, as described by Helsel and Hirsch [2002]),
(2) a time-series graph of the peak flows, (3) a table with summary information on the frequency analysis, and (4) a table of the
peak flows (in time series and also ranked). In the probability plots of the peak flows, all peak flows less than or equal to 0.1 ft¥/s
have been adjusted to 0.1 ft*/s, and the plotting positions of individual peak flows reflect effects of historical adjustments in the
frequency analyses.

An Excel file containing the tables is available at http://dx.doi.org/10.3133/sir20155019C.
Table 1-1. Information on streamflow-gaging stations for which peak-flow frequency analyses are reported.
Table 1-2. Information on data augmentation by combining records of multiple streamflow-gaging stations.
Table 1-3. Information on data manipulation by substituting values for peak flows in years of gage base alterations.
Table 1-4. Information on major regulation structures affecting peak-flow records.
Table 1-5. Documentation regarding analytical procedures for peak-flow frequency analyses.

Table 1-6. Peak-flow frequency results.


http://dx.doi.org/10.3133/sir20155019C
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