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1.0 INTRODUCTION

As part of the Mapping Activity Statement (MAS) for the Phase Il Musselshell River Watershed
Project, the DNRC is completing a new floodplain study for a section of Antelope Creek in
Wheatland County (Reference 1). A detailed floodplain study, with floodway, will begin at the
confluence of Antelope Creek and the Musselshell River and extend approximately 1 mile
upstream to the US Highway 12 bridge. A limited detailed floodplain study will begin at the US
Highway 12 bridge and extend approximately 3.2 miles farther upstream on Antelope Creek
(see Figure 1). DNRC has completed a hydrologic analysis to be utilized for the new study in
Wheatland County.

The floodplain boundary of the study reach is currently mapped by FEMA, from the confluence
of Antelope Creek and the Musselshell River to US Highway 12 the boundary has been
delineated using detailed methods, and from US Highway 12 to approximately 3.2 miles
upstream the boundary has been delineated using approximate methods. This study will be
completed satisfying current state and FEMA standards for Detailed/Enhanced floodplain
studies. A Flood Insurance Study (FIS) was completed for Wheatland County on March 16,
1981. A summary of the Flood Insurance Rate Map (FIRM) panels covering this study reach is
presented below (Reference 2):

Community Community No. FIRM Panels Effective Date
Wheatland County, MT 300172 3001720234B 08/16/1981
3001720250B

This report summarizes the hydrologic analysis and results for the new detailed study stream
reach as well as the limited detailed stream reach described. The new study includes hydrologic
analysis to estimate the 10-, 4-, 2-, 1-, and 0.2 percent-annual-chance flood discharges for
Antelope Creek.

1.1 LiDAR Collection

Light Detection and Ranging (LIiDAR) data was collected in Wheatland County for the purpose
of supporting the Phase Il Musselshell Watershed Project. Data was collected for the area of
Harlowton, which included the project reach for Antelope Creek. Accuracy of the topographic
data meets FEMA standards for detailed level floodplain mapping.

1.2 Watershed Description

Antelope Creek originates in the Little Belt Mountains near the northwestern Wheatland County
line and flows southeasterly for approximately 28 miles before its confluence with the
Musselshell River just south of Harlowton, MT. The total watershed area at the confluence is
approximately 91 square miles. Many small tributaries contribute to the flow of Antelope Creek
including Alkali Creek.
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1.3 Effective FIS (Flood Insurance Study) Hydrology

As stated previously, the floodplain for this study reach of Antelope Creek is currently mapped
by FEMA. Of the mapped floodplain, the first mile is limited detailed level mapping and 3.2 miles
are approximate level mapping. The current FIS was published by FEMA for the city of
Harlowton and Wheatland County, MT. The hydrologic and hydraulic analyses for the study
were completed by Morrison-Maierle, Inc. in November 1979. A summary of the hydrologic
analysis for Antelope Creek used for the current FIS (Reference 4) is as follows:

“Systematic records from U.S. Geological Survey Gage No. 061209 (located east of
Harlowton, with 20 years of record) were analyzed using the log-Pearson Type Il
distribution program and a generalized skew from U.S. Water Resources Council Bulletin
17. The 1950 flood was not used in a frequency analysis of the station record (even as a
historic event) because the extreme nature of the event would cause unrealistically high
10-, 50-, 100-, and 500-year flood peaks.”

A summary of the peak discharge values found in the FIS are provided in Table 1.

Table 1. Currently Effective Peak Flows

] ) Peak Discharges (cfs) for annual exceedance probability
oot S S ies =
10% 2% 1% 0.2%
Antelope Creek at Harlowton 06120900 88.7 593 2,440 4,090 11,930

1.4 Historic Data

There are three USGS gaging stations present on Antelope Creek (see Figure 1); 1) Gage
06120600 Antelope Creek tributary near Harlowton, MT is located approximately 16 miles north
of Harlowton, MT; 2) Gage 06120700 Antelope Creek tributary near mouth, near Harlowton, MT,
is located approximately 14 miles north west of Harlowton, MT just upstream of the Lode
Reservoir on the west fork of Antelope Creek; 3) Gage 06120900 is located near the east end of
Harlowton, MT just south of the US 12 bridge. All three gaging stations are inactive. The five
highest annual peak discharges recorded at each gage are listed in Table 2.
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Table 2. Highest Peaks Recorded at Antelope Creek Stream Gages

USGS Gage No. 06120900 r?ei(r;;ﬁﬁen’:; ?46:”20%%?1 USGS Gage No. 06120600
at Harlowton (90.85 mi?) (1 '83 mi) near Harlowton (0.53 mi2)
Ranking
Date Discharge Date Discharge Date Discharge
(cfs) (cfs) (cfs)
1 June 17, 1950 24,400 June 6, 1969 307 June 6, 1969 68
2 June 22, 1976 7,000 March 17, 1956 207 June 15, 1956 13
3 June 16, 1962 4,000 June 16, 1957 188 March 1957 7
4 June 12, 1980 1,750 April 1965 165 March 18, 1960 6
5 August 15, 1954 1,600 March 20, 1959 65 March 1959 3

The most extreme flooding event on Antelope Creek occurred on June 17, 1950. The flood was
recorded at USGS gage 06120900, by indirect methods, with a peak discharge of 24,400 cubic
feet per second (cfs). According to local residents, approximately eight to ten inches of rain fell
within a 20 square mile area centered over Antelope Creek, about five miles north of Harlowton
(Reference 11). USGS gage 06120800 Alkali Creek near Harlowton, MT was placed in the
approximate location of the cloudburst after the extreme flood event.

A scour analysis was completed by the Montana Department of Transportation (MDT) on
December 29, 2004 for the US 12 bridge that crosses Antelope Creek near gage 06120900. As
part of the scour analysis a hydrologic analysis was done on Antelope Creek using a Log-
Pearson Type Il (LP3) analysis. The LP3 analysis excluded the three highest peaks at the site
and the resulting 100 year peak discharge was 7,660 cfs.

A hydrologic analysis was completed by Pioneer Technical Services, Inc. in May of 2015 for the
Musselshell River. As part of the analysis USGS gage 06120500 Musselshell River at
Harlowton was analyzed. The gage is located near US Highway 191 just upstream of the
confluence of Antelope Creek and the Musselshell River with a drainage area of 1,125 square
miles. The recommended 100 year flood peak discharge at this gage is 5,848 cfs.

2.0 HYDROLOGIC ANALYSIS

The new floodplain study covers approximately 4.2 miles of Antelope Creek, beginning at the
confluence of Antelope Creek and the Musselshell River and extending upstream (see Figure
1). Various methods of estimating flood discharges were analyzed as are discussed in the

following sections of this report.
3
A
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2.1 Stream Gage Analyses

As previously mentioned, there are three stream flow gages present on Antelope Creek. A
summary of the gages is provided in Table 3. Based on USGS published methodologies
(Reference 5 & 10), recurrence interval discharge estimates at gaging stations can be
transferred to ungaged sites, such as flow change locations throughout the study reach. These
methodologies will be discussed in Section 2.4 of this report.

Table 3. Stream Gage Summary Table

! . Highest Peak of
Gage Name l\usr;:f)er Bas(lr:igrea Period of Record An’\:lgber of S Record (cfs) /
Year Recorded
Antelope Creek tributary near o000y 53 1956-1973 18 68 /1969
Harlowton, MT
Antelope Creek tributary near 0 o570 183 1956-1973 18 307/ 1969
mouth, near Harlowton, MT
1950, 1954-1973,
Antelope Creek at Harlowton 06120900 90.85 1976, 1978-1980 25 24,400/ 1950

USGS gages 06120600 and 06120700 are located upstream of the study reach, over 12 miles
north of the upstream boundary extent of the floodplain study. The basin area of these gages is
extremely small in comparison to gage 06120900, located within the study reach. An ungaged
site close to a gaging station can be used to estimate peak-flow frequencies using a drainage-
area ratio adjustment as documented in SIR 2015-5019-F. However, the equation is not reliable
if the ratio of ungaged drainage area to gaged drainage area is less than 0.5 or greater than 1.5.
The small drainage areas of USGS gage 06120600 and 06120700 will result in a ratio outside of
the acceptable range, and therefore will not be used in this study.

2.2 Hydrologic Analyses Methods

There are currently two publications by the USGS containing methods for estimating flood
frequency. In 2004, the USGS published Water Resources Investigations Report (WRIR) 03-
4308, Methods for Estimating Flood Frequency in Montana Based on Data through Water Year
1998, herein referred to as WRIR 03-4308. This publication documents standard practices for
estimating peak flow discharges at gaged and ungaged stream locations throughout Montana.
The USGS in collaboration with the State of Montana performed an update to this report,
designated Scientific Investigations Report (SIR) 2015-5019 A-G, based on data through water
year 2011, herein referred to as SIR 2015-5019 A-G. The new publication provides enhanced
methods for estimating peak flows at ungaged stream locations, as well as methods for
calculating more accurate estimates of peak flows at gaged stream locations for gaging stations
with shorter, less reliable periods of record. Methods for estimating flood frequency discharge
from both documents were evaluated at USGS gage 06120900.
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2.2.1 WRIR 03-4308 Flood Frequencies

There are multiple ways to calculate peak flow estimates at the stream gage. The following
methods from WRIR 03-4308 were evaluated at gage 06120900:

Systematic estimation,
Regional Regression Equations, and
- Weighted estimation.

The following sections provide a description of each estimation method.

Systematic Estimation

As previously mentioned, only one of the three USGS stream flow gages present on Antelope
Creek is within the study area and will be utilized; Gage 06120900 is a discontinued gage about
one mile upstream of the confluence within the study area, with 25 years of record.

Flood flow frequency curves for selected gaged sites were determined by fitting a log-Pearson
Type Il distribution to recorded annual peak discharges in accordance with Bulletin 17B
guidelines (Reference 3). The program PeakFQ v. 7.1, developed by USGS, performs flood
frequency analysis by running a text file of annual peak flow downloaded from the USGS
website. Certain parameters can be altered by the user as necessary.

A summary of the basin characteristics and flood frequency discharges in WRIR 03-4308 for
gage 06120900 is provided in Table 4.

Table 4. Systematic Peak Flow Estimates in WRIR 03-4308

Site Basin Percent of Peak discharge (cfs) for annual exceedance probability (%)
Gage Number Area basin above
(mi2) 6000 (Esooo) 10 4 2 1 0.2
06120900 216 88.7 8 1,520 4,370 8,820 16,800 64,400

In an effort to reproduce the same published flows, the annual peak discharge data was
downloaded from the USGS website for gage 06120900 and run using PeakFQ v 7.1. Results
were replicated by excluding the 1950 peak discharge, using a historic analysis on the 1976
peak discharge, a record history of 48 years (1951-1998), and using a low outlier value of 20
cfs. A weighted skew was used with a generalized skew standard error of 0.64, as
recommended for Montana in WRIR 03-4308. The input and output files are in Appendix B.

Regional Regression Equations

The second method of estimating flood frequency discharges at USGS gaging station 06120900
is through the use of published regression equations derived from basin characteristics.
Regression equations were developed based on eight regions in Montana having similar basin
and climate characteristics. Antelope Creek is located in the Upper Yellowstone-Central
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Mountain Region. The regression equations for this region are based on drainage basin
characteristic variables of basin area and the percent of elevation over 6000 feet. Results of the
regression equation methods are in Table 5.

Table 5. Basin Characteristic Regression Estimates for USGS Gage 06120900
using WRIR 03-4308

AEP (%) Peak I(Z(]:'fss(;harge
10 1,040
4 1,600
2 2,090
1 2,650
0.2 4,250

Weighted Estimation

In addition to basin characteristic regression equations, regression equations based on active-
channel width and bankfull width were also published in WRIR 03-4308 for each region. Using
weighted equations generally decreases the error in comparison to the individual method. There
are four weighted regression equation combinations available:

1. Basin Characteristics + Active-channel Width (SEP = 56.4%)

2. Basin Characteristics + Bankfull Width (56.4%)

3. Basin Characteristics + Active-channel Width + Bankfull Width (56.4%)
4. Active-channel Width + Bankfull Width (88.6%)

In the Upper Yellowstone-Central Mountain Region the weighting of active-channel width and
bankfull width regression estimates results in a higher standard error of prediction. Therefore
only the weighted combinations with basin characteristics will be compared.

Results of the weighted estimations are in Table 6.

Table 6. Weighted Regression Equation Discharges from WRIR 03-4308

Discharge Estimates (cfs)
Basin Basin Basin
AEP (%) Characteristics - Characteristics +
. Characteristics .
+ Active- + Bankiull Width Active-Channel +
Channel Bankfull Width
10 770 790 770
4 1,330 1,350 1,330
2 1,880 1,890 1,880
1 2,530 2,540 2,530
0.2 4,250 4,250 4,250
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2.2.2 SIR 2015-5019 Flood Frequencies

Several chapters of SIR 2015-5019 contain different methods for estimating flood frequency
data at both gaged and ungaged sites in Montana. However, not all methods documented in

April 2016

WRIR 03-4308 were updated. The following methods from SIR 2015-5019 C-D & F were

evaluated:

Systematic Estimation,
Regional Regression Equations, and
Weighted estimation.

The following sections provide a description of each estimation method.

Systematic Estimation

Flood flow frequency curves for selected gaged sites were also determined with a log-Pearson
Type Il distribution in SIR 2015-5019-C, Peak-Flow Frequency Analyses and Results Based on

Data through Water Year 2011 for Selected Streamflow-Gaging Stations in or Near Montana
(Reference 8). A summary of the basin characteristics and flood frequency discharges in SIR
2015-5019-C for gage 06120900 is provided in Table 7.

Table 7. Systematic Peak Flow Estimates in SIR 2015-5019-C

Site Basin Percent of Peak discharge (cfs) for annual exceedance probability (%)
Gage b Area basin above
Number (mi2) 6000 (Esoo) 10 4 2 1 0.2
06120900 523 90.85 6.91 2,650 8,010 15,400 26,500 71,000

In an effort to reproduce the same published flows, the annual peak discharge data was
downloaded from the USGS website for gage 06120900 and run using PeakFQ v 7.1. Results
from SIR 2015-5019 were replicated by using a historic analysis on the 1950 peak discharge, a
record history of 103 years (1909-2011), and using a manual low outlier of 30 cfs. A weighted
skew was used with a generalized skew standard error of 0.64. The input and output files can

be found in Appendix B.

Regional Regression Equations

Regression equations for basin characteristics were updated as part of SIR 2015-5019-D,
Adjusted Peak-Flow Frequency Estimates for Selected Streamflow-Gaging Stations in or near
Montana Based on Data through Water Year 2011 (Reference 9). The updated regression
equations are considered to be an improvement due to the increase in peak-flow data and

number of gaging stations, as well as advancements in the methods used to obtain the basin
characteristic data. Results of the basin characteristic regression equation discharges are in

Table 8.
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Table 8. Basin Characteristic Regression Estimates for USGS Gage 06120900
using SIR 2015-5019-D

AEP (%) Peak I(Z(]:'fss(;harge
10 1,040
4 1,690
2 2,260
1 2,880
0.2 4,580

Weighted Estimation

The weighting method published in SIR 2015-5019-D (Reference 9) adjusts frequency
discharges through weighting at-site frequencies with results from the regression equation.
Short-term gaging stations that met the criteria for this method were analyzed by the USGS
using the Weighted Independent Estimates (WIE) program. Results from the analysis are show
in Table 9.

Table 9. Weighting with Regression Equation Discharges for USGS Gage 06120900

o Peak discharge (cfs) for annual exceedance probability (%9
Estimation Method (SIR 2015-5019-D)
10 4 2 1 0.2
At-Site Frequency Estimate 2,650 8,010 15,400 26,500 71,000
Regression Equation Estimate 1,040 1,690 2,260 2,880 4,580
Weighted At-site + Regression Equation Estimate 1,610 2,880 3,790 4,670 6,980

2.2.3 Expected Moments Algorithm (EMA)

A fourth method for estimating flood frequency discharge is the application of the Expected
Moments Algorithm (EMA). An EMA analysis can be run using the PeakFQ v 7.1 program
discussed in section 2.2.1. The EMA analysis adopts the changes to Bulletin 17B that will be
published in Bulletin 17C. These changes include the representation of peak flow data and low
flow outliers. Through perception thresholds, EMA is capable of managing multiple historic
peaks and multiple gage bases. This is particularly important at this project site.

The peak discharge for several years was below the bottom of the gage, and therefore the peak
has not previously been accurately represented in the peak flow files. The USGS Water-Supply
Paper (WSP) 1679 was published in 1966 with flood magnitude and frequency data for gaged
and ungaged sites in the Missouri River Basin. The publication included peak stages and
discharges for Antelope Creek at Harlowton. As indicated in WSP 1679 annual peak flows for
water years 1958-1961, 1964 and 1966 were below the bottom of the gage, therefore discharge
would have been less than 30 cfs (Reference 6).
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The input file for USGS gage 06120900 that was used for the EMA analysis in PeakFQ was
manually manipulated to reflect these changes. The historic period for the 1950 flood was
extended to 1909, and the historic period for the 1976 peak was extended to 2015. The analysis
was approved by USGS. Results of the EMA analysis are in Table 10.

Table 10. EMA Analysis Flood Frequency Discharge Results

Gag Peak discharge (cfs) for annual exceedance probability (%)
e

10 4 2 1 0.2
06120900 1,520 4,920 10,640 21,490 91,550

2.3 Comparison of Discharge Estimates & Selected Gage Estimates

For USGS gage 06120900, the flood frequency discharge methods in WRIR 03-4308 and SIR
2015-5019 were analyzed in the above sections. A summary of discharge estimates for USGS
Gage 06120900 is shown in Table 11.

Table 11. Discharge Estimate Summary for USGS gage 06120900

WRIR 03-4308 SIR2015-5019
. . Weighted Weighted
AEP (%) . pc | VWeidnted | Weighted | oo for | loystematic|  BC Atsite+ | EMA
Systematic . BC+AC BC+BF . .
Regression Regression | Regression AC At-site  |Regression BC
Regression Regression
10 1,520 1,040 770 790 770 2,650 1,040 1,610 1,520
4 4,370 1,600 1,330 1,350 1,330 8,010 1,690 2,880 4,920
2 8,820 2,090 1,880 1,890 1,880 15,400 2,260 3,790 10,640
1 16,800 2,650 2,530 2,540 2,530 26,500 2,880 4,670 21,490
0.2 64,400 4,250 4,250 4,250 4,250 71,000 4,580 6,980 91,550

Selected discharges are shown in RED.
BC = Basin Characteristics

AC = Active Channel

BF = Bankfull Width

The systematic flood-frequency data is significantly higher compared to the current effective
flows (Reference 4). The systematic peak discharge values, as published in WRIR 03-4308 and
SIR 2015-5019-C, for the 1% annual exceedance probability are over 4 and 6 times,
respectively, the magnitude of the current effective flow of 4,090 cfs.

When possible, it is preferable to estimate peak stream flow discharges based on the records of
the gaging station when adequate data is available (Reference 3). With 25 years of record, gage
06120900 has a reasonable length of record to represent Antelope Creek. The extreme range of
discharge estimates may be attributable to the variability of the basin. With the origin of

10
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Antelope Creek in the Little Belt Mountains, and the Big Snowy Mountains to the northeast of
the basin, precipitation can have a significant effect as witnessed in the historic 1950 flood.

EMA is currently the preferred method by the USGS for analyzing peak flow frequency at a
stream gage. As mentioned previously, EMA is capable of managing multiple historic peaks and
multiple gage bases which is particularly important at gage 06120900. Since the EMA analysis
can better account for the historic peaks and low flow outliers present at this gage, the selected
discharge values for gage 06120900 are the EMA analysis.

All riverine analyses must model the “1-percent plus” flood elevation to show the uncertainty of
the flood elevation. Therefore, in accordance with the FEMA Standards for Flood Risk Projects,
the 1-percent plus discharge was calculated as part of this hydrologic study as well. The 1%
plus discharge was determined from the upper 84% confidence limit of the 100 year discharge,
which was calculated using PeakFQ. A discharge of 74,070 cfs was determined for the 1% plus
discharge.

2.4 Ungaged Site Selection

As shown in Figure 1, USGS gaging station 06120900 is located within the project study
extents. Flows at this gage will be directly applied to the study reach. However, to accurately
represent flow throughout the study extents discharge estimates at the gaging station may be
transferred to different reaches of the stream, depending on whether certain criteria are met.
This method is outlined in SIR 2015-5019-F (Reference 10).

2.4.1 Streamflow Change Locations

Alkali Creek is a significant tributary to Antelope Creek with the confluence located upstream of
the gaging station. For the purpose of developing a one-dimensional “steady flow” hydraulic
model, the stream reach must be divided into sections based on the flow estimated to be in the
floodplain. The study reach was divided into two reaches: upper and lower. The lower reach
extends from the confluence of Antelope Creek and the Musselshell River (downstream study
extents) to the Alkali Creek confluence; the upper reach extends from immediately upstream of
the Alkali Creek confluence to the upstream limit of the study. This method of dividing the
stream will allow the modeler to apply the additional flow resulting from the tributary hydrology to
be applied in the hydraulic model at the appropriate location. Drainage basins for the two study
reach sections have been delineated and are shown in Figure 2. A summary of the model
reaches is shown in Table 12.

Table 12: Hydraulic Model Stream Reaches

: . Reach Length Subbasin Subbasin Cumulative Basin
Reach = River Station (ft) (f) Area (mi?) Area (mi?)
Downstream
1 0-14,450 14,450 Study Extents 19.6 91.2
Upstream of
2 14,450 - 22,610 8,160 Alkali Creek 71.6 71.6

11
b,
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Sowrces: Esri, HERE, Déi_urme. USGES, Inteffis o t
—— 25 . i Corp., NRCAN, Esri Japén.MEﬂ.EriGhina{ngKDn “Eari
E {Thailand}), Mapmylndia, ® OpenStestiap contributors, and the
M GI5 User Community, Cepyright® 2014 Esri

Upstream of A [kali Creek
SubbasinArea 71.6 mi®

Figure 2: Drainage Basin Area
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2.4.2 Drainage Area Ratio Transfer

As previously stated, discharges within the project reach can be estimated by transferring the
discharges from the gaging station. Documented in SIR 2015-5019-F is a transfer equation
based on the ratio of the drainage basin area at the gaged site to the drainage basin area at the
ungaged site. However, this transfer equation is only deemed reliable if the ratio of the ungaged
drainage basin area to the gaged basin area is between 0.5 and 1.5 (Reference 8). Drainage
basin areas for each reach within the project extents as well as the ratio of the ungaged basin
area to the basin area of the gaged site are shown in Table 13.

Table 13: Drainage Basin Area Ratios

' . . Ratio to USGS Gage
Site Basin Area (mi?) (Area=9085mi?)
Downstream Study Extents 91.2 1.00
Upstream of Alkali Creek 71.6 0.79

Both reaches meet the criteria for use of the gage transfer from USGS gage 06120900.
However, since the gage is located in such close proximity to the downstream extent of the
project reach, the at-site discharge value will be used for the downstream reach. Flows were
transferred from gage 06120900 to the upper reach and results are shown in Table 14.

Table 14. Area-Weighted Gage Transfer Results

Discharge Estimates (cfs)
AEP (%) ,
Upstream of Alkali Creek Confluence

10 1,290

4 4,230
9,234

1 18,800

1+ 64,808
0.2 81,310

3.0 HYDROLOGIC ANALYSIS SUMMARY & SELECTED
DISCHARGES

Several methods of estimating flood frequency discharge were analyzed in this report.
Published discharges and methods from WRIR 03-4308 and SIR 2015-5019 C-D and F were
evaluated as well as the EMA estimation method for gage 06120900. The USGS is continually
updating and revising data with new and improved methods to better handle the variability of
each unique site. Streamflow gage records are typically the most reliable hydrologic information
when the periods of record are of sufficient length. Of the three discontinued gages on Antelope
Creek, one is located within the project extents. With 25 years of record, gage 06120900 is a
reliable source for estimating peak discharges.
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In comparison to the current FIS value and regression equation estimates, the systematic
estimations are significantly higher. The extreme difference in discharge values can be
attributed to how the historic peak data was handled in each method. The WRIR 03-4308
analysis did not include the 1950 historic peak, whereas the SIR 2015-5019-C analysis did
include it. Although the flood in 1950 was extreme, there is published data and indirect
measurements confirming the occurrence.

Particularly for Antelope Creek, the EMA analysis is the preferred systematic estimation
method for estimating flood frequency discharge at gage 06120900 due to the multiple
historic peaks as well as multiple gage bases. The at-site discharge values were transferred to
the upstream study extents as the criteria were met for use of the gage transfer equation.
Selected discharge values for the study reach are shown in Table 15.

Table 15. Selected Discharges

River Station Drainage Peak Discharge Estimates (cfs) for AEP (%)
Study Re ach licabili ‘

Y App ) b4 Area (mi2) 10 4 2 1 1+ 02
Downstream 0- 14,450 912 1520 4920 | 10640 | 21490 | 74070 | 91,550
Study Extents
Upstream of
Alkali Creek | 14,450 - 22,610 716 1,290 4,230 9,230 18,800 | 64,810 81,310
Confluence

14
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Appendix A

USGS Stream Gage Data

e USGS Gage 06120900 Antelope Creek at Harlowton, MT
0 Peak Streamflow — Table
0 Peak Streamflow — Graph
0 LP3 Analysis through WY 1998 (WRIR 03-4308)
0 LP3 Analysis through WY 2011 (SIR 2015-5019-C)



USGS Surface Water for USA: Peak Streamflow http://nwis.waterdata.usgs.gov/nwis/peak?site_no=06120900&agency ...

- USGS Home
‘ Contact USGS

science for a changing world Search USGS

National Water Information System: Web Interface

USGS Water Resources (Cooperator Access) Data Category: Geographic Area:
Surface Water United States GO

Click to hideNews Bulletins

e August 8, 2013
e Try our new Mobile-friendly water data site from your mobile device!
* New improved user interface.

e Full News B}

Peak Streamflow for the Nation

USGS 06120900 Antelope Creek at Harlowton MT

Available data for this site  Surface-water: Peak streamflow GO
Wheatland County, Montana
Hydrologic Unit Code 10040201
Latitude 46°26'18.57", Longitude 109°49'21.11" NADS83
Drainage area 90.9 square miles
Gage datum 4,160 feet above NGVD29
Output formats

‘Table

‘Graph

‘Tab—separated file

‘Deaqu (watstore) format

’Reselect output format

Water Gage Stream-
vear Date Height flow
(feet) (cfs)
1950 Jun. 17, 1950 16.73 24,4007
1954 Aug. 15, 1954 4.52 1,600
1955 Jun. 26, 1955 3.01 591
1956 Jun. 15, 1956 3.28 800
1957 Jun. 21, 1957 1.52 170
1958 1958 30.08
1959 1959 30.08
1960 1960 30.08

10of3 12/30/2015 5:23 PM



USGS Surface Water for USA: Peak Streamflow
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http://nwis.waterdata.usgs.gov/nwis/peak?site_no=06120900&agency ...

Gage Stream-
\\’(Vez‘rer Date Height flow
(feet) (cfs)
1961 1961 30.0B
1962 Jun. 16, 1962 7.00° 4,0002
1963 Feb. 04, 1963 30
1964 1964 30.08
1965 Jun. 12, 1965 2.20 318
1966 1966 30.08
1967 Jun. 07, 1967 0.60 70
1968 Jun. 13, 1968 0.90 95
1969 Apr. 1969 0.47 60
1970 May 07, 1970 102
1971 May 30, 1971 15
1972 May 10, 1972 5.02
1973 Jun. 02, 1973 20
1976 Jun. 22, 1976 9.28 7,0007
1978 Mar. 21, 1978 4.33 1,475
1979 Jun. 19, 1979 2.57 425
1980 Jun. 12, 1980 4.20 1,750
?
Peak Gage-Height Qualification Codes.
e 5 -- Gage height is an estimate
?
Peak Streamflow Qualification Codes.
e 2 -- Discharge is an Estimate
e 7 —- Discharge is an Historic Peak
e B -- Month or Day of occurrence is unknown or not exact
Questions about sites/data?
Feedback on this web site
Automated retrievals
Help
Data Tips
Explanation of terms
Subscribe for system changes
News
Accessibility Plug-Ins FOIA Privacy Policies and Notices
. . —
U.S. Department of the Interior | U.S. Geological Survey USA.aov

12/30/2015 5:23 PM



USGS Surface Water for USA: Peak Streamflow

30f3

Title: Surface Water for USA: Peak Streamflow
URL: http://nwis.waterdata.usgs.gov/nwis/peak?

Page Contact Information: USGS Water Data Support Team

Page Last Modified: 2015-12-30 19:22:56 EST
0.35 0.35 nadww02

http://nwis.waterdata.usgs.gov/nwis/peak?site_no=06120900&agency ...

N ot BN

12/30/2015 5:23 PM
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Montana Flood-Frequency and Basin-Characteristic Data

Montana Flood-Frequency

10of3

and Basin-Characteristic Data

Flood-frequency data are based on recorded annual peak discharges through 1998. Peak discharges for
specified frequencies (exceedance probabilities) were determined by fitting a log-Pearson Type 3
probability distribution to base 10 logarithms of recorded annual peak discharges as described by the
Interagency Advisory Committee on Water Data (1982, Guidelines for Determining Flood Flow
Frequency--Bulletin 17-B of the Hydrology Subcommittee: U.S. Geological Survey, Office of Water
Data Coordination). Note: Data are provisional and user is responsible for assessment and
interpretation of flood-frequency data.

Most of the basin characteristic data were measured in the 1970s from the best-scale topographic maps
available at the time. Some data, such as mean annual precipitation, soil index data, and mean January
minimum temperatures, were compiled from maps prepared by other agencies. Channel widths were
measured in the field by USGS personnel.

The flood-frequency and basin characteristics data were used in a new flood-frequency report just
published by the USGS, entitled "Methods for estimating Flood Frequency in Montana Based on Data
through Water Year 1998" (Water-Resources Investigations Report 03-4308). Information about the
equations described in that report can be found at the following link.

For more detailed information contact Wayne Berkas:
Phone: 406-457-5903 or by e-mail.

06120900 Antelope Creek at Harlowton, MT

Annual peak discharge, in cubic feet per second (top line),

for indicated exceedance probability, in percent (bottom line):

http://wy-mt.water.usgs.gov/freq?page_type=site&site_no=06120900

-- -- -- -- 20 103 585| 1520| 4370 8820 16800| 30600

64400

99.5 99 95 90 80 50 20 10 4 2 1

0.5

0.2

12/29/2015 3:21 PM



Montana Flood-Frequency and Basin-Characteristic Data

http://wy-mt.water.usgs.gov/freq?page_type=site&site_no=06120900

2 of 3

1UE T T T T T T T T T T T T T T T T
Bull. 17-B frequency
) < SBystematic peaks
L — Systemnatic frequency 4
+ +  Historical adjusted L
L
o2 10t b 1
T o
T3
e
[4a]
= [
i T
E o oqp? b 4
|_
o
1
2
é D | .
Z0
10 F -
MOTICE - Preliminary computation
Uzer iz responsible for
asseszment and inerpretation.
! 93599 98 95 80 &0 7O 50 30 20 10 5 2 1 05 02
ANNUAL EXCEEDANCE PROBABILITY, FERCENT
NOTE: Systematic peaks are those that are recorded within the period of gaged record. The computed systematic
flood-frequency curve is based only on the systematic peaks. The computed Bulletin 17-B flood-frequency curve
often is different from the systematic flood-frequency curve because of differences between station skew and
regional skew, low- or high-outlier adjustments, or the presence of one or more historical peaks outside the
systematic record. Historical peaks also result in historical adjusted plotting positions (exceedance probabilities)
for all peaks.

Recorded Annual Peak Discharge:

06120900 Antelope Creek at Harlowton, MT

Location.-- Lat 46 26700, Long 109 49°00", Hydrologic Unit 10040201.
Drainage area.-- 88.70 square miles.

Datum of gage.-- 4160.00 ft above sea level.
Table of annual peak discharge data [--, no data]

Water Date Gage height Discharge Date of Max. Maximum gage
year (fo) ft3/s gage height height (ft)
1950 June 17, 1950 16.73 24400 /7 - -

1954 Aug. 15, 1954 4.52 1600 -- --

1955 June 26, 1955 3.01 591 - -

1956 June 15, 1956 3.28 800 - --

1957 June 21, 1957 1.52 170 - --

1958 1958 -- 30 -- --

1959 1959 -- 30 -- --

1960 1960 -- 30 -- --

1961 1961 -- 30 -- --

12/29/2015 3:21 PM



Montana Flood-Frequency and Basin-Characteristic Data

1962 June 16, 1962 7.00 _/5 4000 /2 -
1963 Feb. 4, 1963 - 30 -
1964 1964 - 30 -
1965 June 12, 1965 2.20 318 -
1966 1966 - 30 -
1967 June 7, 1967 0.60 70 -
1968 June 13, 1968 0.90 95 -
1969 Apr. -- 1969 0.47 60 -
1970 May 7, 1970 - 10 /2 -
1971 May 30, 1971 - 15 -
1972 May 10, 1972 - 5.0 _/2 -
1973 June 2, 1973 -— 20 -
1976 June 22, 1976 9.28 7000 77 -
1978 Mar. 21, 1978 4.33 1475 -
1979 June 19, 1979 2.57 425 -
1980 June 12, 1980 4.20 1750 -

_/ Explanation of

the footnotes used for Gage height data:

5 Gage height is an estimate.

_/ Explanation of the footnotes used for Discharge data:
2 Discharge is an estimate.
7 Discharge is an historic peak.

Basin Characteristics:

Value Abbrev Explanation

69.3 SLOPE |Main channel slope, in ft per mile

27.8 LENGTH |Total stream length, miles

4930.0 ELEV Mean basin elevation, ft above msl

8.0 EL6000 |Percent of basin above 6,000 ft, msl

0.0 STORAGE |Percent of basin in lakes, ponds, and swamps

7.0 FOREST |Percent of basin in forest

3.0 SOIL_INF |Soil index, in inches

46.43333333 | LAT_GAGE | Latitude of gage, in decimal degrees

109.81666667 |LNG_GAGE |Longitude of gage, in decimal degrees

14.0 PRECIP |Mean annual precipitation, in inches
Precipitation intensity for a 24-hour storm

15 124 2 having a 2-year recurrence interval, in inches
per hour

9.0 JANMIN (I;/ézarlger:rimum January temperature, in

15.0 WAC Width of active channel, in feet

1.1 W2 Mean depth for active channel, in feet

23.0 WBF Width of bankfull channel, in feet

3.1 w4 Mean depth of bankfull channel, in feet

http://wy-mt.water.usgs.gov/freq?page_type=site&site_no=06120900

Montana Flood-Frequency and Basin-Characteristic Data
Retrieved on: 2015.12.29 17:20:42

Department of the Interior, U.S. Geological Survey

Privacy Statement || Disclaimer || Accessibility || EOIA
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06120900 Antelope Creek at Harlowton, Montana 06120900 Antelope Cre

Map number 216 Map nt
Analysis period of record, water years: 1950, 1954-73, 1976, 1978-80 Analysis period of record, water y
Analysis period of record considered unregulated Analysis period of reco
Table 1-1 Table 1-2 Table 1-3 Table 1-4 Table 1-5 Table 1-6
[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. [Water year is the 12-month period from October 1 through September 30
NR, not reported] --, not or not
Water year of Peak-flow data®
Number of peak flow for
years of peak- Low-outlier High-outlier user or Length of Peak flow, in Gage
Drainage  flow records Skewtype  threshold, Type of threshold, ~ Type of high- historic high-  historic Water cubic feet per  height,
area, square  in analysis usedin  cubic feet per low-outlier cubic feet per ~ outlier outlier period, in year Date second in feet
miles period analysis second threshold" second threshold" threshold years 1950 6/17/1950 24,400 16.73
90.9 25 WEIGHTED 30 user 24,400 historic 1950 103 1954 8/15/1954 1,600 4.52
Peak flow, in cubic feet per second, for indicated annual exceedance probability (bold values), in percent 1955 6/26/1955 591 3.01
66.7 50 42.9 20 10 4 2 1.0 0.5 0.2 1956 6/15/1956 800 3.28
NR® 66 120 835 2,650 8,010 15,400 26,500 42,200 71,000 1957 6/21/1957 170 1.52
Upper and lower 95-percent confidence intervals, in cubic feet per second, for indicated annual exceedance probability, in percent 1958 111958" 30 -
66.7 50 42.9 20 10 4 2 1.0 0.5 0.2 1959 1/1959* 30 -
NR® 215 393 3,920 16,000 63,600 145,000 288,000 522,000 1,020,000 1960 111960" 30 -
NR® 21 39 254 724 1,920 3,360 5,350 7,940 12,400 1961 1/1961* 30 -
1962 6/16/1962 4,000 7.00
1963 2/4/1963 30 -
10000000 1964 111964° 30 -
EXPLANATION 1965 6/12/1965 318 2.20
1966 111966° 30 -
o Peak flow 1967 6/7/1967 70 0.60
1,000,000 1968 6/13/1968 95 0.90
® Peak flow greater than or equal to high-outlier 1969 4/11969* 60 0.47
threshold 1970 5/7/1970 10 -
X Peak flow less than or equal to low-outlier 1971 5/30/1971 15 -
100,000 threshold 1972 5/10/1972 5.0 -
E Peak-flow frequency curve / 1973 6/2/1973 20 -
b4 e 1976 6/22/1976 7,000 9.28
5 —_— _Upper and lower 95-percent confidence 1978 3/21/1978 1,475 4.33
< 10000 H intervals = 1979 6/19/1979 425 2557
2 / // 1980 6/12/1980 1,750 4.20
: 9|
= 1,000
H o2
% o7
: J
100 5
ol
XXX KX X
>
10
1
8 88 8 8 8 & 8 8 3 8 38 &5 8 8 5 @ D O 2
g © © & IS

Exceedance probability, in percent

Figure 1-1. Annual peak flows (plotting positions determined using the Cunnane formulation; Helsel and Hirsch, 2002) and peak-flow frequency curve.

30,000

25,000

20,000

15,000

Peak flow, in cubic feet per second

10,000

5,000

° A/,—-O—/O
o o ©° 4 o o

1950 1955 1960 1965 1970 1975 1980 1985
Water year

o

EXPLANATION

O  Peak flow

Figure 1-2. Peak flows and 5-value moving average. 5-value moving average

historic: outlier threshold determined from a peak flow designated as a historic peak;

user: outlier threshold determined from a user-selected systematic peak flow.

2Confidence interval value manually calculated.

3peak-flows with a value of zero are plotted as 0.1 in figure 1-1.

“In cases where the month, day, or both are not present in the date of a peak flow (as indicated by adjacent slash marks with no intervening
values), the month, day, or both are unknown.

SFlood-frequency results not reported because of too many values less than the low-outlier threshold used in the analysis.






Appendix B

Hydrologic Calculations

Stream Gage Analysis using WRIR 03-4308 - USGS Gage 06120900
o Input— PeakFQWATSTORE data format
o Outputthrough WY 1998
Stream Gage Analysis using SIR 2015-5019-C - USGS Gage 06120900
o Outputthrough Wy 2011
Stream Gage Analysis using EMA - USGS Gage 06120900
o Input— PeakFQWATSTORE data format
o Outputthrough Wy 2015
Stream Gage Analysis using EMA - USGS Gage 06120900
o Outputfor 1% plus calculation
Weighted Regional Regression Results —USGS Online Calculator Output
Stream Gage Analysis Summary & Gage Transfer



peak

706120900 USGS

H06120900 4626181094921003030107SW1004020190.9 4160
N06120900 Antelope Creek at Harlowton MT
Y06120900

306120900 19500617 244007 16.73
306120900 19540815 1600 4.52
306120900 19550626 591 3.01
306120900 19560615 800 3.28
306120900 19570621 170 1.52
306120900 1958 30.0B

306120900 1959 30.0B

306120900 1960 30.0B

306120900 1961 30.0B

306120900 19620616 40002 7.005
306120900 19630204 30

306120900 1964 30.0B

306120900 19650612 318 2.20
306120900 1966 30.0B

306120900 19670607 70 0.60
306120900 19680613 95 0.90
306120900 196904 60 0.47
306120900 19700507 102

306120900 19710530 15

306120900 19720510 5.02

306120900 19730602 20

306120900 19760622 70007 9.28
306120900 19780321 1475 4.33
306120900 19790619 425 2.57
306120900 19800612 1750 4.20

Page 1
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PARRETTANALYSIS

1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq-002.000
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 12/16/2015 09:59

--- PROCESSING OPTIONS ---

Plot option = None
Basin char output = None
Print option = Yes
Debug print = No

Input peaks listing = Long

Input peaks format WATSTORE peak file
Input files used:
peaks (ascii) - C:\Users\cnalll\Desktop\Antelope
Creek\PeakFQ\PARRETTANALYSIS
specifications - C:\Users\challl\Desktop\Antelope
Creek\PeakFQ\PKFQWPSF.TMP
Output file(s):
main - C:\Users\cnalll\Desktop\Antelope
Creek\PeakFQ\PARRETTANALYSIS.PRT

1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.001
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 12/16/2015 09:59
Station - 06120900 Antelope Creek at Harlowton MT
INPUT DATA SUMMARY
Number of peaks in record = 24
Peaks not used in analysis = 0
Systematic peaks in analysis = 23
Historic peaks in analysis = 1
Beginning Year = 1951
Ending Year = 1998
Historical Period Length = 48
Generalized skew = 0.181
Standard error = 0.640
Mean Square error = 0.410
Skew option =  WEIGHTED
Gage base discharge = 0.0
User supplied high outlier threshold = -
User supplied PILF (LO) criterion = 20.0
Plotting position parameter = 0.00
Type of analysis BULL.17B
PILF (LO) Test Method FIXE
Perception Thresholds = Not Applicable
Interval Data = Not Applicable
FrFExA*xA*x  NOTICE -- Preliminary machine computations. Fekdekkkkox
FrExAxxAx  User responsible for assessment and interpretation. (F¥x*ixdx
WCF1341-NO SYSTEMATIC PEAKS WERE BELOW GAGE BASE. 0.0
WCF1561-17B HI-OUTLIER TEST SUPERSEDED BY MIN HIST PK  10701.3
WCF1651-HIGH OUTLIERS AND HISTORIC PEAKS ABOVE HHBASE. 0 1 7000.0
Page 1
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PARRETTANALYSIS
*WCF1911-USER LOW-OUTLIER CRITERION SUPERSEDES LIMIT CALCULATED BY
AUTOMATED LOW-OUTLIER DETECTION PROCEDURE. 20.0 0.5
WCF1981-LOW OUTLIERS BELOW FLOOD BASE WERE DROPPED. 4 20.0

Kendall®"s Tau Parameters

MEDIAN No. of
TAU P-VALUE SLOPE PEAKS

SYSTEMATIC RECORD -0.150 0.321 -1.364 23
1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.002
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 12/16/2015 09:59
Station - 06120900 Antelope Creek at Harlowton MT
ANNUAL FREQUENCY CURVE PARAMETERS -- LOG-PEARSON TYPE 111
FLOOD BASE LOGARITHMIC
EXCEEDANCE STANDARD
DISCHARGE PROBABILITY MEAN DEVIATION SKEW
SYSTEMATIC RECORD 0.0 1.0000 2.0161 0.8224 0.458
BULL.17B ESTIMATE 20.0 0.8297 2.0472 0.8682 0.248
BULL.17B ESTIMATE OF MSE OF AT-SITE SKEW 0.1255
ANNUAL FREQUENCY CURVE -- DISCHARGES AT SELECTED EXCEEDANCE PROBABILITIES
ANNUAL <-- FOR BULLETIN 17B ESTIMATES -->
EXCEEDANCE BULL.17B SYSTEMATIC  VARIANCE 95% CONFIDENCE INTERVALS
PROBABILITY ESTIMATE  RECORD OF EST. LOWER UPPER
0.9950 1.8 - - --
0.9900 2.4 - - --
0.9500 6.0 - - --
0.9000 10.2 - -— --
0.8000 20.3 20.5 -——- 7.9 421
0.6667 44 .2 41.1 -——- 19.7 87.9
0.5000 102.7 89.9 -——- 50.3 207.3
0.4292 146.9 126.1 -——- 73.4 304.7
0.2000 582.8 482.8 -——- 282.7 1492.0
0.1000 1515. 1265. -——- 669.0 4828.0
0.0400 4350. 3776. -——- 1667.0 18350.0
0.0200 8776. 7938. -——- 3018.0 45230.0
0.0100 16730. 15880. -——- 5175.0 104300.0
0.0050 30530. 30590. -——- 8526.0 228200.0
0.0020 64250. 69570. -——- 15740.0 603300.0
1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq-001.003
Version 7.1 Annual peak flow frequency analysis Run Date / Time
Page 2
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PARRETTANALYSIS
3/14/2014 12/16/2015 09:59

Station - 06120900 Antelope Creek at Harlowton MT

INPUT DATA LISTING

WATER PEAK PEAKFQ
YEAR VALUE CODES REMARKS
-1976 7000.0 H
1954 1600.0
1955 591.0
1956 800.0
1957 170.0
1958 30.0
1959 30.0
1960 30.0
1961 30.0
1962 4000.0
1963 30.0
1964 30.0
1965 318.0
1966 30.0
1967 70.0
1968 95.0
1969 60.0
1970 10.0
1971 15.0
1972 5.0
1973 20.0
1978 1475.0
1979 425.0
1980 1750.0

Explanation of peak discharge qualification codes

PeakFQ NWIS

CODE CODE  DEFINITION

D 3 Dam failure, non-recurrent flow anomaly

G 8 Discharge greater than stated value

X 3+8 Both of the above

L 4 Discharge less than stated value

K 6 OR C Known effect of regulation or urbanization

H 7 Historic peak

- Minus-flagged discharge -- Not used in computation

-8888.0 -- No discharge value given
- Minus-flagged water year -- Historic peak used in computation
1

Program PeakFq U. S. GEOLOGICAL SURVEY Seq-001.004
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 12/16/2015 09:59

Station - 06120900 Antelope Creek at Harlowton MT
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PARRETTANALYSIS
EMPIRICAL FREQUENCY CURVES -- WEIBULL PLOTTING POSITIONS

WATER RANKED  SYSTEMATIC B17B
YEAR  DISCHARGE RECORD ESTIMATE
-1976 7000.0 -- 0.0204
1962 4000.0 0.0417 0.0515
1980 1750.0 0.0833 0.0932
1954 1600.0 0.1250 0.1349
1978 1475.0 0.1667 0.1766
1956 800.0 0.2083 0.2183
1955 591.0 0.2500 0.2600
1979 425.0 0.2917 0.3017
1965 318.0 0.3333 0.3434
1957 170.0 0.3750 0.3851
1968 95.0 0.4167 0.4268
1967 70.0 0.4583 0.4685
1969 60.0 0.5000 0.5102
1958 30.0 0.5417 0.5519
1959 30.0 0.5833 0.5936
1960 30.0 0.6250 0.6353
1961 30.0 0.6667 0.6770
1963 30.0 0.7083 0.7187
1964 30.0 0.7500 0.7604
1966 30.0 0.7917 0.8021
1973 20.0 0.8333 0.8438
1971 15.0 0.8750 0.8855
1970 10.0 0.9167 0.9272
1972 5.0 0.9583 0.9689
1
End PeakFQ analysis.

Stations processed 1

Number of errors 0

Stations skipped 0

Station years : 24

Data records may have been ignored for the stations listed below.
(Card type must be Y, Z, N, H, 1, 2, 3, 4, or *.)

(2, 4, and * records are ignored.)

For the station below, the following records were ignored:

FINISHED PROCESSING STATION: 06120900 USGS Antelope Creek at Harlowton M

For the station below, the following records were ignored:

FINISHED PROCESSING STATION:

Page 4

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)




SIR2015ANALYSIS

1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq-002.000
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 12/16/2015 10:26

--- PROCESSING OPTIONS ---

Plot option = None
Basin char output = None
Print option = Yes
Debug print = No

Input peaks listing = Long

Input peaks format WATSTORE peak file
Input files used:
peaks (ascii) - C:\Users\cnalll\Desktop\Antelope
Creek\PeakFQ\SIR2015ANALYSIS
specifications - C:\Users\challl\Desktop\Antelope
Creek\PeakFQ\PKFQWPSF.TMP
Output file(s):
main - C:\Users\cnalll\Desktop\Antelope
Creek\PeakFQ\SIR2015ANALYSIS.PRT

1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.001
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 12/16/2015 10:26
Station - 06120901 Antelope Creek at Harlowton MT
INPUT DATA SUMMARY
Number of peaks in record = 25
Peaks not used in analysis = 0
Systematic peaks in analysis = 24
Historic peaks in analysis = 1
Beginning Year = 1909
Ending Year = 2011
Historical Period Length = 103
Generalized skew = 0.181
Standard error = 0.640
Mean Square error = 0.410
Skew option =  WEIGHTED
Gage base discharge = 0.0
User supplied high outlier threshold = -
User supplied PILF (LO) criterion = 30.0
Plotting position parameter = 0.00
Type of analysis BULL.17B
PILF (LO) Test Method FIXE
Perception Thresholds = Not Applicable
Interval Data = Not Applicable
FrFExA*xA*x  NOTICE -- Preliminary machine computations. Fekdekkkkox

FrExAxxAx  User responsible for assessment and interpretation. (F¥x*ixdx
WCF1341-NO SYSTEMATIC PEAKS WERE BELOW GAGE BASE. 0.0
WCF1651-HIGH OUTLIERS AND HISTORIC PEAKS ABOVE HHBASE. 0 1 19054.6

*WCF1911-USER LOW-OUTLIER CRITERION SUPERSEDES LIMIT CALCULATED BY
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SIR2015ANALYSIS

AUTOMATED LOW-OUTLIER DETECTION PROCEDURE. 30.0 0.3
WCF1981-LOW OUTLIERS BELOW FLOOD BASE WERE DROPPED. 11 30.0
**WCF199W-NUMBER OF PEAKS BELOW FLOOD BASE EXCEEDS 17B SPEC. 11 30.0 6
Kendall"s Tau Parameters
MEDIAN No. of
TAU P-VALUE SLOPE  PEAKS
SYSTEMATIC RECORD -0.076 0.615 -0.333 24
1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.002
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 12/16/2015 10:26
Station - 06120901 Antelope Creek at Harlowton MT
ANNUAL FREQUENCY CURVE PARAMETERS -- LOG-PEARSON TYPE 111
FLOOD BASE LOGARITHMIC
EXCEEDANCE STANDARD
DISCHARGE PROBABILITY MEAN DEVIATION SKEW
SYSTEMATIC RECORD 0.0 1.0000 2.0923 0.8868 0.482
BULL.17B ESTIMATE 30.0 0.5461 1.6819 1.4465 -0.580
BULL.17B ESTIMATE OF MSE OF AT-SITE SKEW 0.0950
ANNUAL FREQUENCY CURVE -- DISCHARGES AT SELECTED EXCEEDANCE PROBABILITIES
ANNUAL <-- FOR BULLETIN 17B ESTIMATES -->
EXCEEDANCE BULL.17B SYSTEMATIC  VARIANCE 75% CONFIDENCE INTERVALS
PROBABILITY ESTIMATE  RECORD OF EST. LOWER UPPER
0.9950 1.6 - - --
0.9900 2.2 - - --
0.9500 5.8 - - --
0.9000 10.3 - - --
0.8000 21.5 - - --
0.6667 45 .4 - - --
0.5000 66.2 105.0 -——- 41.9 105.5
0.4292 117.6 151.3 -——- 74.2 189.8
0.2000 835.1 646.3 -——- 499.5 1478.0
0.1000 2647. 1839. -——- 1495.0 5079.0
0.0400 8014. 6049. -——- 4230.0 16810.0
0.0200  15370. 13610. -——- 7767.0 34110.0
0.0100 26480. 29040. -——- 12880.0 61730.0
0.0050 42140. 59530. -——- 19830.0 102500.0
0.0020  71030. 146500. -——- 32150.0 181500.0
1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq-001.003
Version 7.1 Annual peak flow frequency analysis Run Date / Time
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SIR2015ANALYSIS
3/14/2014 12/16/2015 10:26

Station - 06120901 Antelope Creek at Harlowton MT

INPUT DATA LISTING

WATER PEAK PEAKFQ
YEAR VALUE CODES REMARKS
-1950 24400.0 H
1954 1600.0
1955 591.0
1956 800.0
1957 170.0
1958 30.0
1959 30.0
1960 30.0
1961 30.0
1962 4000.0
1963 30.0
1964 30.0
1965 318.0
1966 30.0
1967 70.0
1968 95.0
1969 60.0
1970 10.0
1971 15.0
1972 5.0
1973 20.0
1976 7000.0
1978 1475.0
1979 425.0
1980 1750.0

Explanation of peak discharge qualification codes

PeakFQ NWIS

CODE CODE  DEFINITION

D 3 Dam failure, non-recurrent flow anomaly

G 8 Discharge greater than stated value

X 3+8 Both of the above

L 4 Discharge less than stated value

K 6 OR C Known effect of regulation or urbanization

H 7 Historic peak

- Minus-flagged discharge -- Not used in computation

-8888.0 -- No discharge value given
- Minus-flagged water year -- Historic peak used in computation
1

Program PeakFq U. S. GEOLOGICAL SURVEY Seq-001.004
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 12/16/2015 10:26

Station - 06120901 Antelope Creek at Harlowton MT
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SIR2015ANALYSIS

EMPIRICAL FREQUENCY CURVES -- WEIBULL PLOTTING POSITIONS

WATER RANKED  SYSTEMATIC B17B
YEAR  DISCHARGE RECORD ESTIMATE
-1950 24400.0 -- 0.0096
1976 7000.0 0.0400 0.0349
1962 4000.0 0.0800 0.0757
1980 1750.0 0.1200 0.1166
1954 1600.0 0.1600 0.1575
1978 1475.0 0.2000 0.1983
1956 800.0 0.2400 0.2392
1955 591.0 0.2800 0.2800
1979 425.0 0.3200 0.3209
1965 318.0 0.3600 0.3618
1957 170.0 0.4000 0.4026
1968 95.0 0.4400 0.4435
1967 70.0 0.4800 0.4844
1969 60.0 0.5200 0.5252
1958 30.0 0.5600 0.5661
1959 30.0 0.6000 0.6070
1960 30.0 0.6400 0.6478
1961 30.0 0.6800 0.6887
1963 30.0 0.7200 0.7296
1964 30.0 0.7600 0.7704
1966 30.0 0.8000 0.8113
1973 20.0 0.8400 0.8522
1971 15.0 0.8800 0.8930
1970 10.0 0.9200 0.9339
1972 5.0 0.9600 0.9748
1
End PeakFQ analysis.

Stations processed 1

Number of errors 0

Stations skipped 0

Station years : 25

Data records may have been ignored for the stations listed below.
(Card type must be Y, Z, N, H, 1, 2, 3, 4, or *.)

(2, 4, and * records are ignored.)

For the station below, the following records were ignored:

FINISHED PROCESSING STATION: 06120901 USGS Antelope Creek at Harlowton M

For the station below, the following records were ignored:

FINISHED PROCESSING STATION:
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s06120900.review?2

706120900 USGS

H06120900 4626181094921003030107SW1004020190.9 4160
N06120900 Antelope Creek EMA CORRECT CODING
Y06120900

306120900 19500617 244007 16.73
306120900 19540815 1600 4.52
306120900 19550626 591 3.01
306120900 19560615 800 3.28
306120900 19570621 170 1.52
306120900 1958 30.04

306120900 1959 30.04

306120900 1960 30.04

306120900 1961 30.04

306120900 19620616 40002 7.005
306120900 19630204 30

306120900 1964 30.04

306120900 19650612 318 2.20
306120900 1966 30.04

306120900 19670607 70 0.60
306120900 19680613 95 0.90
306120900 196904 60 0.47
306120900 19700507 102

306120900 19710530 15

306120900 19720510 5.02

306120900 19730602 20

306120900 19760622 70007 9.28
306120900 19780321 1475 4.33
306120900 19790619 425 2.57
306120900 19800612 1750 4.20
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S06120900.REVIEW2

1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq-002.000
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 12/21/2015 16:02

--- PROCESSING OPTIONS ---

Plot option Graphics device

Basin char output = WATSTORE
Print option = Yes
Debug print = No

Input peaks listing = Long

Input peaks format WATSTORE peak file
Input files used:
peaks (ascii) -
C:\Users\sksando\Documents\antelope creek\MT_part6\S06120900.REVIEW2_TXT
specifications -
C:\Users\sksando\Documents\antelope creek\MT_part6\PKFQWPSF_TMP
Output file(s):

main -
C:\Users\sksando\Documents\antelope creek\MT_part6\S06120900.REVIEW2_PRT
bcd -

C:\Users\sksando\Documents\antelope_ creek\MT_part6\S06120900.R

1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.001
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 12/21/2015 16:02

Station - 06120900 Antelope Creek EMA CORRECT CODING

INPUT DATA SUMMARY
Number of peaks in record = 25
Peaks not used in analysis = 0
Systematic peaks in analysis = 23
Historic peaks in analysis = 2
Beginning Year = 1909
Ending Year = 2015
Historical Period Length = 107
Generalized skew = 0.181
Standard error = 0.640
Mean Square error = 0.410
Skew option =  WEIGHTED
Gage base discharge = 0.0
User supplied high outlier threshold = -
User supplied PILF (LO) criterion = -
Plotting position parameter = 0.00
Type of analysis EMA
PILF (LO) Test Method MGBT
Perception Thresholds:
Begin End Low High Comment
1909 1953  24400.0 INF 1950 HISTORIC
1954 1966 30.0 INF CSG GAGEBASE=30 CFS
1967 1973 0.0 INF CSG GAGEBASE=0 CFS
1974 1977 7000.0 INF 1976 HISTORIC 1
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S06120900.REVIEW2

1981 2015 7000.0 INF 1976 HISTORIC 2
1978 1980 0.0 INF Default Threshold
Interval Data:
Year Low High Comment
1958 0.0 30.0 PEAK < STATED VALUE
1959 0.0 30.0 PEAK < STATED VALUE
1960 0.0 30.0 PEAK < STATED VALUE
1961 0.0 30.0 PEAK < STATED VALUE
1964 0.0 30.0 PEAK < STATED VALUE
1966 0.0 30.0 PEAK < STATED VALUE
FrFExAxxA*x  NOTICE -- Preliminary machine computations. Fekdekkdkkkex

FrExAxxAx  User responsible for assessment and interpretation. (F¥x*ixdxx

EMAOO1W-VARIANCE OF ESTIMATE WARNING, HISTORIC PERIOD > 2* SYS
EMAOO2W-CONFIDENCE INTERVALS ARE NOT EXACT IF HISTORIC PERIOD > O

Kendall®"s Tau Parameters

MEDIAN No. of
TAU P-VALUE SLOPE PEAKS

SYSTEMATIC RECORD -0.150 0.321 -1.364 23
1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq-.001.002
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 12/21/2015 16:02
Station - 06120900 Antelope Creek EMA CORRECT CODING
ANNUAL FREQUENCY CURVE PARAMETERS -- LOG-PEARSON TYPE 111
LOGARITHMIC
STANDARD
MEAN DEVIATION SKEW
EMA W/0 REG. INFO 1.8682 1.0268 0.080
EMA W/REG. INFO 1.8710 1.0120 0.145
EMA ESTIMATE OF MSE OF SKEW W/0 REG. INFO (AT-SITE) 0.1528

EMA ESTIMATE OF MSE OF SKEW W/SYSTEMATIC ONLY (AT-SITE) 0.2915

ANNUAL FREQUENCY CURVE -- DISCHARGES AT SELECTED EXCEEDANCE PROBABILITIES
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S06120900.REVIEW2

ANNUAL  EMA W/ EMA W/0 R FOR EMA ESTIMATES ------—- >
EXCEEDANCE REG INFO REG INFO VARIANCE 95% CONFIDENCE INTERVALS
PROBABILITY ESTIMATE ESTIMATE OF EST. LOWER UPPER

0.9950 0.3 0.2 0.3990 0.0 1.8

0.9900 0.4 0.3 0.3094 0.0 2.4

0.9500 1.8 1.6 0.1510 0.1 6.2

0.9000 3.9 3.6 0.1046 0.3 11.7

0.8000 10.3 10.0 0.0713 1.6 28.0

0.6667 26.0 26.0 0.0551 6.4 68.0

0.5000 70.2 71.5 0.0471 22.5 179.8

0.4292 106.6 109.2 0.0454 36.2 270.8

0.2000 518.6 534.8 0.0445 185.9 1308.0

0.1000 1522. 1558. 0.0495 518.0 4061.0

0.0400 4920. 4941. 0.0646 1511.0 16290.0

0.0200 10640. 10490. 0.0836 3004.0 46740.0

0.0100 21490. 20760. 0.1100 5516.0 137100.0

0.0050 41200. 38940. 0.1445 9472.0 409400.0

0.0020  91550. 83880. 0.2032 17760.0 1767000.0
1

Program PeakFq U. S. GEOLOGICAL SURVEY Seq-001.003
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 12/21/2015 16:02

Station - 06120900 Antelope Creek EMA CORRECT CODING

INPUT DATA LISTING

WATER PEAK PEAKFQ <--- Intervals --->
YEAR VALUE CODES LOW HIGH REMARKS
-1950 24400.0 H
-1976 7000.0 H
1954 1600.0
1955 591.0
1956 800.0
1957 170.0
1958 30.0 L 0.0 30.0 PEAK < STATED VALUE
1959 30.0 L 0.0 30.0 PEAK < STATED VALUE
1960 30.0 L 0.0 30.0 PEAK < STATED VALUE
1961 30.0 L 0.0 30.0 PEAK < STATED VALUE
1962 4000.0
1963 30.0
1964 30.0 L 0.0 30.0 PEAK < STATED VALUE
1965 318.0
1966 30.0 L 0.0 30.0 PEAK < STATED VALUE
1967 70.0
1968 95.0
1969 60.0
1970 10.0
1971 15.0
1972 5.0
1973 20.0
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S06120900.REVIEW2

1978 1475.0
1979 425.0
1980 1750.0

Explanation of peak discharge qualification codes

PeakFQ NWIS

CODE CODE  DEFINITION
D 3 Dam failure, non-recurrent flow anomaly
G 8 Discharge greater than stated value
X 3+8 Both of the above
L 4 Discharge less than stated value
K 6 OR C Known effect of regulation or urbanization
H 7 Historic peak
- Minus-flagged discharge -- Not used in computation
-8888.0 -- No discharge value given
- Minus-flagged water year -- Historic peak used in computation
1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq-.001.004
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 12/21/2015 16:02
Station - 06120900 Antelope Creek EMA CORRECT CODING
EMPIRICAL FREQUENCY CURVES -- HIRSCH-STEDINGER PLOTTING POSITIONS
WATER RANKED EMA INTERVALS
YEAR  DISCHARGE  ESTIMATE Low HIGH
-1950 24400.0 0.0047
-1976 7000.0 0.0173
1962 4000.0 0.0645
1980 1750.0 0.1039
1954 1600.0 0.1433
1978 1475.0 0.1826
1956 800.0 0.2220
1955 591.0 0.2614
1979 425.0 0.3008
1965 318.0 0.3402
1957 170.0 0.3795
1968 95.0 0.4189
1967 70.0 0.4583
1969 60.0 0.4977
1958 -—————- 0.9397 0.0 30.0
1959 —————- 0.8790 0.0 30.0
1960 --——-- 0.8184 0.0 30.0
1961 @ --——-- 0.7578 0.0 30.0
1963 30.0 0.5370
1964 -———-- 0.6972 0.0 30.0
1966 ~  --———-- 0.6366 0.0 30.0
1973 20.0 0.6607
1971 15.0 0.7457
1970 10.0 0.8306
1972 5.0 0.9155
1
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S06120900.REVIEW2

Program PeakFq U. S. GEOLOGICAL SURVEY Seq-001.005
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 12/21/2015 16:02

Station - 06120900 Antelope Creek EMA CORRECT CODING

EMA REPRESENTATION OF DATA

WATER <----—- OBSERVED----- ><ommm EMA - —————- ><-PERCEPTION THRESHOLDS->
YEAR Q_LOWER Q_UPPER Q_LOWER Q_UPPER LOWER UPPER
1909 0.0 24400.0 0.0 24400.0 24400.0 INF
1910 0.0 24400.0 0.0 24400.0 24400.0 INF
1911 0.0 24400.0 0.0 24400.0 24400.0 INF
1912 0.0 24400.0 0.0 24400.0 24400.0 INF
1913 0.0 24400.0 0.0 24400.0 24400.0 INF
1914 0.0 24400.0 0.0 24400.0 24400.0 INF
1915 0.0 24400.0 0.0 24400.0 24400.0 INF
1916 0.0 24400.0 0.0 24400.0 24400.0 INF
1917 0.0 24400.0 0.0 24400.0 24400.0 INF
1918 0.0 24400.0 0.0 24400.0 24400.0 INF
1919 0.0 24400.0 0.0 24400.0 24400.0 INF
1920 0.0 24400.0 0.0 24400.0 24400.0 INF
1921 0.0 24400.0 0.0 24400.0 24400.0 INF
1922 0.0 24400.0 0.0 24400.0 24400.0 INF
1923 0.0 24400.0 0.0 24400.0 24400.0 INF
1924 0.0 24400.0 0.0 24400.0 24400.0 INF
1925 0.0 24400.0 0.0 24400.0 24400.0 INF
1926 0.0 24400.0 0.0 24400.0 24400.0 INF
1927 0.0 24400.0 0.0 24400.0 24400.0 INF
1928 0.0 24400.0 0.0 24400.0 24400.0 INF
1929 0.0 24400.0 0.0 24400.0 24400.0 INF
1930 0.0 24400.0 0.0 24400.0 24400.0 INF
1931 0.0 24400.0 0.0 24400.0 24400.0 INF
1932 0.0 24400.0 0.0 24400.0 24400.0 INF
1933 0.0 24400.0 0.0 24400.0 24400.0 INF
1934 0.0 24400.0 0.0 24400.0 24400.0 INF
1935 0.0 24400.0 0.0 24400.0 24400.0 INF
1936 0.0 24400.0 0.0 24400.0 24400.0 INF
1937 0.0 24400.0 0.0 24400.0 24400.0 INF
1938 0.0 24400.0 0.0 24400.0 24400.0 INF
1939 0.0 24400.0 0.0 24400.0 24400.0 INF
1940 0.0 24400.0 0.0 24400.0 24400.0 INF
1941 0.0 24400.0 0.0 24400.0 24400.0 INF
1942 0.0 24400.0 0.0 24400.0 24400.0 INF
1943 0.0 24400.0 0.0 24400.0 24400.0 INF
1944 0.0 24400.0 0.0 24400.0 24400.0 INF
1945 0.0 24400.0 0.0 24400.0 24400.0 INF
1946 0.0 24400.0 0.0 24400.0 24400.0 INF
1947 0.0 24400.0 0.0 24400.0 24400.0 INF
1948 0.0 24400.0 0.0 24400.0 24400.0 INF
1949 0.0 24400.0 0.0 24400.0 24400.0 INF
1950 24400.0 24400.0 24400.0 24400.0 24400.0 INF
1951 0.0 24400.0 0.0 24400.0 24400.0 INF
1952 0.0 24400.0 0.0 24400.0 24400.0 INF
1953 0.0 24400.0 0.0 24400.0 24400.0 INF
1954 1600.0 1600.0 1600.0 1600.0 30.0 INF
1955 591.0 591.0 591.0 591.0 30.0 INF
1956 800.0 800.0 800.0 800.0 30.0 INF
1957 170.0 170.0 170.0 170.0 30.0 INF
1958 0.0 30.0 0.0 30.0 30.0 INF
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S06120900.REVIEW2

1959 0.0 30.0 0.0 30.0 30.0 INF
1960 0.0 30.0 0.0 30.0 30.0 INF
1961 0.0 30.0 0.0 30.0 30.0 INF
1962 4000.0 4000.0 4000.0 4000.0 30.0 INF
1963 30.0 30.0 30.0 30.0 30.0 INF
1964 0.0 30.0 0.0 30.0 30.0 INF
1965 318.0 318.0 318.0 318.0 30.0 INF
1966 0.0 30.0 0.0 30.0 30.0 INF
1967 70.0 70.0 70.0 70.0 0.0 INF
1968 95.0 95.0 95.0 95.0 0.0 INF
1969 60.0 60.0 60.0 60.0 0.0 INF
1970 10.0 10.0 10.0 10.0 0.0 INF
1971 15.0 15.0 15.0 15.0 0.0 INF
1972 5.0 5.0 5.0 5.0 0.0 INF
1973 20.0 20.0 20.0 20.0 0.0 INF
1974 0.0 7000.0 0.0 7000.0 7000.0 INF
1975 0.0 7000.0 0.0 7000.0 7000.0 INF
1976 7000.0 7000.0 7000.0 7000.0 7000.0 INF
1977 0.0 7000.0 0.0 7000.0 7000.0 INF
1978 1475.0 1475.0 1475.0 1475.0 0.0 INF
1979 425.0 425.0 425.0 425.0 0.0 INF
1980 1750.0 1750.0 1750.0 1750.0 0.0 INF
1981 0.0 7000.0 0.0 7000.0 7000.0 INF
1982 0.0 7000.0 0.0 7000.0 7000.0 INF
1983 0.0 7000.0 0.0 7000.0 7000.0 INF
1984 0.0 7000.0 0.0 7000.0 7000.0 INF
1985 0.0 7000.0 0.0 7000.0 7000.0 INF
1986 0.0 7000.0 0.0 7000.0 7000.0 INF
1987 0.0 7000.0 0.0 7000.0 7000.0 INF
1988 0.0 7000.0 0.0 7000.0 7000.0 INF
1989 0.0 7000.0 0.0 7000.0 7000.0 INF
1990 0.0 7000.0 0.0 7000.0 7000.0 INF
1991 0.0 7000.0 0.0 7000.0 7000.0 INF
1992 0.0 7000.0 0.0 7000.0 7000.0 INF
1993 0.0 7000.0 0.0 7000.0 7000.0 INF
1994 0.0 7000.0 0.0 7000.0 7000.0 INF
1995 0.0 7000.0 0.0 7000.0 7000.0 INF
1996 0.0 7000.0 0.0 7000.0 7000.0 INF
1997 0.0 7000.0 0.0 7000.0 7000.0 INF
1998 0.0 7000.0 0.0 7000.0 7000.0 INF
1999 0.0 7000.0 0.0 7000.0 7000.0 INF
2000 0.0 7000.0 0.0 7000.0 7000.0 INF
2001 0.0 7000.0 0.0 7000.0 7000.0 INF
2002 0.0 7000.0 0.0 7000.0 7000.0 INF
2003 0.0 7000.0 0.0 7000.0 7000.0 INF
2004 0.0 7000.0 0.0 7000.0 7000.0 INF
2005 0.0 7000.0 0.0 7000.0 7000.0 INF
2006 0.0 7000.0 0.0 7000.0 7000.0 INF
2007 0.0 7000.0 0.0 7000.0 7000.0 INF
2008 0.0 7000.0 0.0 7000.0 7000.0 INF
2009 0.0 7000.0 0.0 7000.0 7000.0 INF
2010 0.0 7000.0 0.0 7000.0 7000.0 INF
2011 0.0 7000.0 0.0 7000.0 7000.0 INF
2012 0.0 7000.0 0.0 7000.0 7000.0 INF
2013 0.0 7000.0 0.0 7000.0 7000.0 INF
2014 0.0 7000.0 0.0 7000.0 7000.0 INF
2015 0.0 7000.0 0.0 7000.0 7000.0 INF
1
End PeakFQ analysis.
Stations processed : 1

Page 6

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)




S06120900.REVIEW2

Number of errors : 0
Stations skipped : 0
Station years : 25

Data records may have been ignored for the stations listed below.
(Card type must be Y, Z, N, H, 1, 2, 3, 4, or *.)

(2, 4, and * records are ignored.)

For the station below, the following records were ignored:

FINISHED PROCESSING STATION: 06120900 USGS Antelope Creek EMA CORRECT CO

For the station below, the following records were ignored:

FINISHED PROCESSING STATION:
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1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq.002.000
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 04/29/2016 10:10

--- PROCESSING OPTIONS ---

Plot option = Graphics device
Basin char output = WATSTORE

Print option = Yes

Debug print = No

Input peaks listing = Long
Input peaks format = WATSTORE peak file

Input files used:
peaks (ascii) - C:\Users\DNRC\Desktop\1l
plus\S06120900.REVIEW2.TXT
specifications - C:\Users\DNRC\Desktop\1l plus\PKFQWPSF.TMP

Output file(s):
main - C:\Users\DNRC\Desktop\l plus\S06120900.1PLUS.PRT

bcd - C:\Users\DNRC\Desktop\1l plus\S©6120900.1.BCD

1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.001
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 04/29/2016 10:10

Station - 06120900 Antelope Creek EMA CORRECT CODING

INPUT DATA SUMMARY

Number of peaks in record = 25
Peaks not used in analysis = 0
Systematic peaks in analysis = 23
Historic peaks in analysis = 2
Beginning Year = 1909
Ending Year = 2015
Historical Period Length = 107
Generalized skew = 0.181
Standard error = 0.640
Mean Square error = 0.410
Skew option =  WEIGHTED
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Gage base discharge = 0.0
User supplied high outlier threshold = --
User supplied PILF (LO) criterion = --
Plotting position parameter = 0.00
Type of analysis EMA
PILF (LO) Test Method MGBT
Perception Thresholds:
Begin End Low High Comment
1909 1953  24400.0 INF 1950 HISTORIC
1954 1966 30.0 INF CSG GAGEBASE=30 CFS
1967 1973 0.0 INF CSG GAGEBASE=0 CFS
1974 1977 7000.0 INF 1976 HISTORIC 1
1981 2015 7000.0 INF 1976 HISTORIC 2
1978 1980 0.0 INF Default Threshold
Interval Data:
Year Low High Comment
1958 0.0 30.0 PEAK < STATED VALUE
1959 0.0 30.0 PEAK < STATED VALUE
1960 0.0 30.0 PEAK < STATED VALUE
1961 0.0 30.0 PEAK < STATED VALUE
1964 0.0 30.0 PEAK < STATED VALUE
1966 0.0 30.0 PEAK < STATED VALUE
¥kkkkkk**  NOTICE -- Preliminary machine computations. HAA ARk K

¥xxkk*k**k*  User responsible for assessment and interpretation. kxxxxkkkxk

EMAGO1W-VARIANCE OF ESTIMATE WARNING, HISTORIC PERIOD > 2* SYS
EMAGO2W-CONFIDENCE INTERVALS ARE NOT EXACT IF HISTORIC PERIOD > ©

Kendall's Tau Parameters

TAU

Page 2
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SYSTEMATIC RECORD -0.150 0.321 -1.364 23
1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.002
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 04/29/2016 10:10
Station - 06120900 Antelope Creek EMA CORRECT CODING
ANNUAL FREQUENCY CURVE PARAMETERS -- LOG-PEARSON TYPE III
LOGARITHMIC
STANDARD
MEAN DEVIATION SKEW
EMA W/0O REG. INFO 1.8682 1.0268 0.080
EMA W/REG. INFO 1.8710 1.0120 0.145
EMA ESTIMATE OF MSE OF SKEW W/O REG. INFO (AT-SITE) 0.1528

EMA ESTIMATE OF MSE OF SKEW W/SYSTEMATIC ONLY (AT-SITE) ©0.2915

ANNUAL FREQUENCY CURVE -- DISCHARGES AT SELECTED EXCEEDANCE PROBABILITIES

ANNUAL EMA W/ EMA W/0 {-=---- FOR EMA ESTIMATES ------- >
EXCEEDANCE REG INFO REG INFO VARIANCE 847% CONFIDENCE INTERVALS
PROBABILITY ESTIMATE ESTIMATE OF EST. LOWER UPPER

0.9950 0.3 0.2 0.3990 0.0 1.2

0.9900 0.4 0.3 0.3094 0.0 1.6

0.9500 1.8 1.6 0.1510 0.3 4.7

0.9000 3.9 3.6 0.1046 0.9 9.1

0.8000 10.3 10.0 0.0713 3.3 21.8

0.6667 26.0 26.0 0.0551 10.5 52.6

0.5000 70.2 71.5 0.0471 32.4 138.4

0.4292 106.6 109.2 0.0454 50.6 208.6

0.2000 518.6 534.8 0.0445 253.0 l1011.0

0.1000 1522. 1558. 0.0495 715.5 3085.0

0.0400 4920. 4941. 0.0646 2133.0 11450.0

0.0200  10640. 10490. 0.0836 4281.0 29420.0

0.0100  21490. 20760. 0.1100 7935.0 74070.0
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0.0050 41200. 38940. 0.1445 13800.0 183500.0

0.0020 91550. 83880. 0.2032 26500.0 594300.0

Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.003
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 04/29/2016 10:10

Station - 06120900 Antelope Creek EMA CORRECT CODING

INPUT DATA LISTING

WATER PEAK PEAKFQ  <--- Intervals --->
YEAR VALUE CODES LOW HIGH REMARKS
-1950 24400.0 H
-1976 7000.0 H
1954 1600.0
1955 591.0
1956 800.0
1957 170.0
1958 30.0 L 0.9 30.0 PEAK < STATED VALUE
1959 30.0 L 0.9 30.0 PEAK < STATED VALUE
1960 30.0 L 0.9 30.0 PEAK < STATED VALUE
1961 30.0 L 0.9 30.0 PEAK < STATED VALUE
1962 4000.0
1963 30.0
1964 30.0 L 0.9 30.0 PEAK < STATED VALUE
1965 318.0
1966 30.0 L 0.9 30.0 PEAK < STATED VALUE
1967 70.0
1968 95.0
1969 60.0
1970 10.0
1971 15.0
1972 5.0
1973 20.0
1978 1475.0
1979 425.0
1980 1750.0
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Explanation of peak discharge qualification codes

PeakFQ NWIS

CODE CODE DEFINITION

D 3 Dam failure, non-recurrent flow anomaly

G 8 Discharge greater than stated value

X 3+8 Both of the above

L 4 Discharge less than stated value

K 6 OR C Known effect of regulation or urbanization

H 7 Historic peak

- Minus-flagged discharge -- Not used in computation

-8888.0 -- No discharge value given

- Minus-flagged water year -- Historic peak used in computation
Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.004
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 04/29/2016 10:10

Station - 06120900 Antelope Creek EMA CORRECT CODING

EMPIRICAL FREQUENCY CURVES -- HIRSCH-STEDINGER PLOTTING POSITIONS

WATER RANKED EMA INTERVALS
YEAR  DISCHARGE ESTIMATE LOW HIGH
-1950 24400.0 0.0047

-1976 7000.0 0.0173

1962 4000.0 0.0646

1980 1750.0 0.1040

1954 1600.0 0.1433

1978 1475.0 0.1827

1956 800.0 0.2221

1955 591.0 0.2614

1979 425.0 0.3008

1965 318.0 0.3401

1957 170.0 0.3795

1968 95.0 0.4189

1967 70.0 0.4582

1969 60.0 0.4976
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1958  ------ 0.9395 0.0 30.0
1959  ------ 0.8790 0.0 30.0
1960 ------ 0.8184 0.0 30.0
1961 @ ------ 0.7578 0.0 30.0
1963 30.0 0.5369
1964 ------ 0.6973 0.0 30.0
1966 ------ 0.6367 0.0 30.0
1973 20.0 0.6609
1971 15.0 0.7457
1970 10.0 0.8305
1972 5.0 0.9153
Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.005
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 04/29/2016 10:10
Station - 06120900 Antelope Creek EMA CORRECT CODING
EMA REPRESENTATION OF DATA
WATER <----- OBSERVED----- PR GEEE R EMA ------- ><-PERCEPTION THRESHOLDS->
YEAR Q_LOWER Q_UPPER Q_LOWER Q_UPPER LOWER UPPER
1909 0.0 24400.0 0.0 24400.0 24400.0 INF
1910 0.0 24400.0 0.0 24400.0 24400.0 INF
1911 0.0 24400.0 0.0 24400.0 24400.0 INF
1912 0.0 24400.0 0.0 24400.0 24400.0 INF
1913 0.0 24400.0 0.0 24400.0 24400.0 INF
1914 0.0 24400.0 0.0 24400.0 24400.0 INF
1915 0.0 24400.0 0.0 24400.0 24400.0 INF
1916 0.0 24400.0 0.0 24400.0 24400.0 INF
1917 0.0 24400.0 0.0 24400.0 24400.0 INF
1918 0.0 24400.0 0.0 24400.0 24400.0 INF
1919 0.0 24400.0 0.0 24400.0 24400.0 INF
1920 0.0 24400.0 0.0 24400.0 24400.0 INF
1921 0.0 24400.0 0.0 24400.0 24400.0 INF
1922 0.0 24400.0 0.0 24400.0 24400.0 INF
1923 0.0 24400.0 0.0 24400.0 24400.0 INF
1924 0.0 24400.0 0.0 24400.0 24400.0 INF
1925 0.0 24400.0 0.0 24400.0 24400.0 INF
1926 0.0 24400.0 0.0 24400.0 24400.0 INF
1927 0.0 24400.0 0.0 24400.0 24400.0 INF
1928 0.0 24400.0 0.0 24400.0 24400.0 INF
1929 0.0 24400.0 0.0 24400.0 24400.0 INF
1930 0.0 24400.0 0.0 24400.0 24400.0 INF
1931 0.0 24400.0 0.0 24400.0 24400.0 INF
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1932 0.0 24400.0 0.0 24400.0 24400.0 INF
1933 0.0 24400.0 0.9 24400.0 24400.0 INF
1934 0.0 24400.0 0.0 24400.0 24400.0 INF
1935 0.0 24400.0 0.9 24400.0 24400.0 INF
1936 0.0 24400.0 0.0 24400.0 24400.0 INF
1937 0.0 24400.0 0.9 24400.0 24400.0 INF
1938 0.0 24400.0 0.0 24400.0 24400.0 INF
1939 0.0 24400.0 0.9 24400.0 24400.0 INF
1940 0.0 24400.0 0.0 24400.0 24400.0 INF
1941 0.0 24400.0 0.9 24400.0 24400.0 INF
1942 0.0 24400.0 0.0 24400.0 24400.0 INF
1943 0.0 24400.0 0.9 24400.0 24400.0 INF
1944 0.0 24400.0 0.0 24400.0 24400.0 INF
1945 0.0 24400.0 0.9 24400.0 24400.0 INF
1946 0.0 24400.0 0.0 24400.0 24400.0 INF
1947 0.0 24400.0 0.9 24400.0 24400.0 INF
1948 0.0 24400.0 0.0 24400.0 24400.0 INF
1949 0.0 24400.0 0.9 24400.0 24400.0 INF
1950 24400.0 24400.0 24400.0 24400.0 24400.0 INF
1951 0.0 24400.0 0.9 24400.0 24400.0 INF
1952 0.0 24400.0 0.0 24400.0 24400.0 INF
1953 0.0 24400.0 0.9 24400.0 24400.0 INF
1954 1600.0 1600.0 1600.0 1600.0 30.0 INF
1955 591.0 591.0 591.0 591.0 30.0 INF
1956 800.0 800.0 800.0 800.0 30.0 INF
1957 170.0 170.0 170.0 170.0 30.0 INF
1958 0.0 30.0 0.0 30.0 30.0 INF
1959 0.0 30.0 0.9 30.0 30.0 INF
1960 0.0 30.0 0.0 30.0 30.0 INF
1961 0.0 30.0 0.9 30.0 30.0 INF
1962 4000.0 4000.0 4000.0 4000.0 30.0 INF
1963 30.0 30.0 30.0 30.0 30.0 INF
1964 0.0 30.0 0.0 30.0 30.0 INF
1965 318.0 318.0 318.0 318.0 30.0 INF
1966 0.0 30.0 0.0 30.0 30.0 INF
1967 70.0 70.0 70.90 70.0 0.0 INF
1968 95.0 95.0 95.0 95.0 0.0 INF
1969 60.0 60.0 60.0 60.0 0.0 INF
1970 10.0 10.0 10.0 10.0 0.0 INF
1971 15.0 15.0 15.0 15.0 0.0 INF
1972 5.0 5.0 5.0 5.0 0.0 INF
1973 20.0 20.0 20.0 20.0 0.0 INF
1974 0.0 7000.0 0.0 7000.0 7000.0 INF
1975 0.0 7000.0 0.9 7000.0 7000.0 INF
1976 7000.0 7000.0 7000.0 7000.0 7000.0 INF
1977 0.0 7000.0 0.9 7000.0 7000.0 INF
1978 1475.0 1475.0 1475.0 1475.0 0.0 INF
1979 425.0 425.0 425.0 425.0 0.0 INF
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1980 1750.0 1750.0 1750.0 1750.0 0.0 INF
1981 0.0 7000.0 0.9 7000.0 7000.0 INF
1982 0.0 7000.0 0.0 7000.0 7000.0 INF
1983 0.0 7000.0 0.9 7000.0 7000.0 INF
1984 0.0 7000.0 0.0 7000.0 7000.0 INF
1985 0.0 7000.0 0.9 7000.0 7000.0 INF
1986 0.0 7000.0 0.0 7000.0 7000.0 INF
1987 0.0 7000.0 0.9 7000.0 7000.0 INF
1988 0.0 7000.0 0.0 7000.0 7000.0 INF
1989 0.0 7000.0 0.9 7000.0 7000.0 INF
1990 0.0 7000.0 0.0 7000.0 7000.0 INF
1991 0.0 7000.0 0.9 7000.0 7000.0 INF
1992 0.0 7000.0 0.0 7000.0 7000.0 INF
1993 0.0 7000.0 0.9 7000.0 7000.0 INF
1994 0.0 7000.0 0.0 7000.0 7000.0 INF
1995 0.0 7000.0 0.9 7000.0 7000.0 INF
1996 0.0 7000.0 0.0 7000.0 7000.0 INF
1997 0.0 7000.0 0.9 7000.0 7000.0 INF
1998 0.0 7000.0 0.0 7000.0 7000.0 INF
1999 0.0 7000.0 0.9 7000.0 7000.0 INF
2000 0.0 7000.0 0.0 7000.0 7000.0 INF
2001 0.0 7000.0 0.9 7000.0 7000.0 INF
2002 0.0 7000.0 0.0 7000.0 7000.0 INF
2003 0.0 7000.0 0.9 7000.0 7000.0 INF
2004 0.0 7000.0 0.0 7000.0 7000.0 INF
2005 0.0 7000.0 0.9 7000.0 7000.0 INF
2006 0.0 7000.0 0.0 7000.0 7000.0 INF
2007 0.0 7000.0 0.9 7000.0 7000.0 INF
2008 0.0 7000.0 0.0 7000.0 7000.0 INF
2009 0.0 7000.0 0.9 7000.0 7000.0 INF
2010 0.0 7000.0 0.0 7000.0 7000.0 INF
2011 0.0 7000.0 0.9 7000.0 7000.0 INF
2012 0.0 7000.0 0.0 7000.0 7000.0 INF
2013 0.0 7000.0 0.9 7000.0 7000.0 INF
2014 0.0 7000.0 0.0 7000.0 7000.0 INF
2015 0.0 7000.0 0.9 7000.0 7000.0 INF

End PeakFQ analysis.
Stations processed :
Number of errors
Stations skipped
Station years : 2

oo Kk

Data records may have been ignored for the stations listed below.
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(Card type must be Y, Z, N, H, I, 2, 3, 4, or *.)
(2, 4, and * records are ignored.)
For the station below, the following records were ignored:

FINISHED PROCESSING STATION: 06120900 USGS Antelope Creek EMA CORRECT CO

For the station below, the following records were ignored:

FINISHED PROCESSING STATION:
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Montana Flood-Frequency and Basin-Characteristic Data http://wy-mt.water.usgs.gov/freq?page_type=gen_stats_4&estimate_nm...

Montana Flood-Frequency
and Basin-Characteristic Data

Estimate Flood Discharges at Ungaged Sites in Montana -- (continued)

Summary of Estimation Parameters Selected:

Name for this estimation: Default
Region: Upper Yellowstone

Weighted estimate based on Basin and Climatic
Characteristics and Active-channel width

Drainage area in square miles: 88.7
Percent basin above 6,000 feet: 8
Width of active channel in feet: 15

Estimation method:

Flood Discharge Estimation:

(In the Flood Discharge table, RI is the Recurrence Interval, in years; STD ERR is the
Standard Error; and 90% PRED. INTERVAL is the 90% Prediction Interval, in cubic feet
per second)

METHOD: Regression on basin characteristics
Flood frequency estimates for

Default
Upper Yellowstone-Central Mountain Region: A = 88.70 E6 = 8.
RI DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICTION(%)
2 302. 93.3 81.3 1120.
5 677. 71.4 233.2 1970.
10 1040. 62.2 401.1 2680.
25 1600. 55.9 672.8 3800.
50 2090. 54.6 896.9 4890.
100 2650. 55.4 1120.0 6260.
200 3280. 58.0 1340.0 8020.
500 4250. 63.5 1620.0 11200.
METHOD: Regression on active channel width
Flood frequency estimates for
Default
Upper Yellowstone-Central Mountain Region: WAC = 15.00
RI1 DISCHARGE STD ERR OF 90% PRED. INTERVAL

1of2 12/29/2015 12:32 PM



Montana Flood-Frequency and Basin-Characteristic Data

2

5
10
25
50
100
200
500

(cfs)
152.
337.
515.
800.

1060.

1370.

1720.

2280.

PREDICTION(%)
71.0
67.2
69.0
74.5
80.6
87.6
95.8
108.0

METHOD: Combined methods 1 and 2
Flood frequency estimates for

Default
Region 7

RI

10
25
50
100
200
500

DISCHARGE STD ERR OF
(cfs)
185.
463.
771.
1330.
1880.
2530.
3280.
4250.

PREDICTION(%)
66.3
56.9
54.0
52.9
53.6
55.2
58.0
63.5

52.
121.
181.
264.
326.
388.
448 .
525.

()}
~

192.
333.
583.
817.
1070.
1340.
1620.

QO OO OO W

NWhrMOoOOON

90% PRED.

440.

935.
1460.
2430.
3470.
4830.
6640.
9890.

INTERVAL

504.
1120.
1790.
3030.
4330.
5950.
8010.

11200.

http://wy-mt.water.usgs.gov/freq?page_type=gen_stats_4&estimate_nm...

Montana Flood-Frequency and Basin-Characteristic Data

Retrieved on: 2015.12.29 14:28:23

Department of the Interior, U.S. Geological Survey

Privacy Statement || Disclaimer || Accessibility || EOIA

0.041

2 of 2

12/29/2015 12:32 PM



Montana Flood-Frequency and Basin-Characteristic Data http://wy-mt.water.usgs.gov/freq?page_type=gen_stats_4&estimate_nm...

Montana Flood-Frequency
and Basin-Characteristic Data

Estimate Flood Discharges at Ungaged Sites in Montana -- (continued)

Summary of Estimation Parameters Selected:

Name for this estimation: Default
Region: Upper Yellowstone
Weighted estimate based on Basin and Climatic
Estimation method: Characteristics, Active-channel width, and Bankfull
width
Drainage area in square miles: 88.7

Percent basin above 6,000 feet: 8
Width of active channel in feet: 15
Width of bank full channel in feet: 23

Flood Discharge Estimation:

(In the Flood Discharge table, RI is the Recurrence Interval, in years; STD ERR is the
Standard Error; and 90% PRED. INTERVAL is the 90% Prediction Interval, in cubic feet
per second)

METHOD: Regression on basin characteristics
Flood frequency estimates for

Default
Upper Yellowstone-Central Mountain Region: A = 88.70 E6 = 8.
RI1 DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICTION(%)
2 302. 93.3 81.3 1120.
5 677. 71.4 233.2 1970.
10 1040. 62.2 401.1 2680.
25 1600. 55.9 672.8 3800.
50 2090. 54.6 896.9 4890.
100 2650. 55.4 1120.0 6260.
200 3280. 58.0 1340.0 8020.
500 4250. 63.5 1620.0 11200.

METHOD: Regression on active channel width
Flood frequency estimates for

1of2 12/29/2015 12:36 PM



Montana Flood-Frequency and Basin-Characteristic Data http://wy-mt.water.usgs.gov/freq?page_type=gen_stats_4&estimate_nm...

Default
Upper Yellowstone-Central Mountain Region: WAC = 15.00
RI1 DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICTION(%)
2 152. 71.0 52.2 440.
5 337. 67.2 121.8 935.
10 515. 69.0 181.6 1460.
25 800. 74.5 264.0 2430.
50 1060. 80.6 326.4 3470.
100 1370. 87.6 388.4 4830.
200 1720. 95.8 448.3 6640.
500 2280. 108.0 525.2 9890.

METHOD: Regression on bank full channel width

Flood frequency estimates for

Default
Upper Yellowstone-Central Mountain Region: WBF = 23.00
RI DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICTION(%)
2 185. 158.9 28.4 1210.
5 348. 71.6 118.8 1020.
10 525. 72.4 177.4 1550.
25 807. 77.6 256.7 2540.
50 1070. 83.7 316.2 3600.
100 1370. 90.8 374.5 4990.
200 1720. 99.2 430.8 6840.
500 2260. 111.8 502.2 10200.
METHOD: Combined methods 1, 2 and 3
Flood frequency estimates for
Default
Region 7
RI1 DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICTION(%)
2 185. 66.3 67.9 504.
5 465. 52.2 205.9 1050.
10 773. 50.9 348.4 1710.
25 1330. 51.5 595.3 2980.
50 1880. 53.0 823.9 4300.
100 2530. 55.2 1070.0 5950.
200 3280. 58.0 1340.0 8010.
500 4250. 63.5 1620.0 11200.

Montana Flood-Frequency and Basin-Characteristic Data

Retrieved on: 2015.12.29 14:36:25

Department of the Interior, U.S. Geological Survey

Privacy Statement || Disclaimer || Accessibility || EOIA

0.038
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12/29/2015 12:36 PM



Montana Flood-Frequency and Basin-Characteristic Data http://wy-mt.water.usgs.gov/freq?page_type=gen_stats_4&estimate_nm...

Montana Flood-Frequency
and Basin-Characteristic Data

Estimate Flood Discharges at Ungaged Sites in Montana -- (continued)

Summary of Estimation Parameters Selected:

Name for this estimation: Default
Region: Upper Yellowstone

Weighted estimate based on Basin and Climatic
Characteristics and Bankfull width

Drainage area in square miles: 88.7
Percent basin above 6,000 feet: 8
Width of bank full channel in feet: 23

Estimation method:

Flood Discharge Estimation:

(In the Flood Discharge table, RI is the Recurrence Interval, in years; STD ERR is the
Standard Error; and 90% PRED. INTERVAL is the 90% Prediction Interval, in cubic feet
per second)

METHOD: Regression on basin characteristics
Flood frequency estimates for

Default
Upper Yellowstone-Central Mountain Region: A = 88.70 E6 = 8.
RI DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICTION(%)
2 302. 93.3 81.3 1120.
5 677. 71.4 233.2 1970.
10 1040. 62.2 401.1 2680.
25 1600. 55.9 672.8 3800.
50 2090. 54.6 896.9 4890.
100 2650. 55.4 1120.0 6260.
200 3280. 58.0 1340.0 8020.
500 4250. 63.5 1620.0 11200.
METHOD: Regression on bank full channel width
Flood frequency estimates for
Default
Upper Yellowstone-Central Mountain Region: WBF = 23.00
RI1 DISCHARGE STD ERR OF 90% PRED. INTERVAL
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2

5
10
25
50
100
200
500

(cfs)
185.
348.
525.
807.

1070.

1370.

1720.

2260.

PREDICTION(%)
158.9
71.6
72.4
77.6
83.7
90.8
99.2
111.8

METHOD: Combined methods 1 and 3
Flood frequency estimates for

Default
Region 7
RI1 DISCHARGE STD ERR OF
(cfs) PREDICTION(%)
2 272. 87.9
5 486. 57.6
10 792. 54.2
25 1350. 52.9
50 1890. 53.6
100 2540. 55.2
200 3280. 58.0
500 4250. 63.5

28.
118.
177.
256.
316.
374.
430.
502.

~
~

200.
341.
590.
822.
1080.
1340.
1620.

OQOOQOUIOoO WO M

NOONNDIOODR

90% PRED.

1210.
1020.
1550.
2540.
3600.
4990.
6840.
10200.

INTERVAL

954 .
1180.
1840.
3070.
4360.
5980.
8020.

11200.
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Estimates at Gaging Station

Site Gaging Station 06120900
WRIR 03-4308 SIR 2015-5019
Method 1 Method 2 Method 3 Method 4 Method 5 Method 6 Method 7 Method 8 Method 9
o . .| Weighted Basin .
Estimation Method . Basin Weighted Basin Weighted Basin Characteristics, | Systematic Basin Weighted Expected
Systematic (LP3 i L Characteristics - L Systematic & Moments
R Characteristics | Characteristics & Active Channel, (LP3 Characteristics . .
Analysis) Regression Active Channel & Bankfull & Bankfull Analysis) Regression Basin Algorithm
g Width ; y 9 Characteristics (EMA)
Width
A 88.7 90.85
= |[E 4930
S F 7
&)
= P 14
é Wac 15
10 yr 1,520 1,040 770 790 770 2,650 1,040 1,610 1,520
§ = [25yr 4,370 1,600 1,330 1,350 1,330 8,010 1,690 2,880 4,920
% E 50 yr 8,820 2,090 1,880 1,890 1,880 15,400 2,260 3,790 10,640
é = |100 yr 16,800 2,650 2,530 2,540 2,530 26,500 2,880 4,670 21,490
500 yr 64,400 4,250 4,250 4,250 4,250 71,000 4,580 6,980 91,550
Gage Transfer Estimate
Upper Reach (Upstream of Alkali Creek Confluence
to upstream study limit)
Peak Q at gage Peak Q at ungaged
(cfs) EXPace site (cfs)
10 yr 1,520 0.697 1,288
§ = [25yr 4,920 0.634 4,231
[
5 [soyr 10,640 0.595 9,234
o <
& — |100yr 21,490 0.561 18,803
500 yr 91,550 0.498 81,313




Appendix C

Historical Data

e USAE Ft Peck 1950 Flood Report



REPORT OF FLOODING
MISSOURIIgIVER BASIN
JUNE 1950
l. General. A storm of cloudburst proportionse occured in an area about
five miles north of Harlowton, Montana, on 17 Jﬁne 1950. Official weather in-
formation was very meager since only one weather station is located in the
area at Harlowbon, and the record from that station showed only 0.66 of an
inch of rain falling from 5:30 until 6:00 Pe.m. Other weather information was
obtained from residents of the storm area which is spar¢sely populated with
only & few ranch houses. It was reported from these sources that eight to ten
inches of rain fell from S until 6 pem. in approximately a 20 square mile ares,
celitered on Antelope Creek five miles nofth of Harlowton, extending six or
seven miles in a northeasterly and southwesterly direction an& about 3 miles

in a northwesterly and southeasterly direction. Lighter rain extended south

and east of this area and approximately one-quarter of an inch of rain was

reported at Judith Gap and Shewmut, Montena. The newspapers reported a 10 or
12 foot wall of water came down Antelope Creek and reached the outlying add-
itions of Harlowbton about 6 p.m. The flood reached its crest at this point at
approximately 8 p.m., remained at peak stage for an hour, and fell rapidly
until 10 pem., but remained out of the channel banks until the next morning.
A small coulee about two miles west of Harlowton was apparently on the edge

of the intense storm area and the runoff caused high overbank flooding. The

flood flow from this coulee coursed easterly along the north side of the
Chicago, Milwaukee, St. Paul and Pacific Railroad until it reached State High=-

way No. 19 where ponding occurred. ‘This ponding flooded one setof farm im-
provements with water depths up to five feet in some of the outbuildings.

The flow on the Musselshell River was high on 17 June due to late snovmelt



runoff snd when combined with the runoff of the Antelope Creek flood caused
Overbank flooding from Antelope Creek to Shawmut, Montana, Tt was reported by
locel residents that the crest of the Musselshell flow was raised approximately
six feet by the Antelope Greek flood. At Shawmut the crest was raised approxi-
mately three feet on the upstream side of the county road which acted as a
barrier and forced the high waters under the county bridge over the Musselshell
River. The Chicago, Milwaukee, St. Paul ang Paqific Railroad suffered extremely
heavy damage to their roadbeg and bridges on the branch line along Antelope

Creek with some of the bridge,décks, rails and ties being floated downstream.

moved south a maximum of 24 feet with about two feet of grade being washed away.
The state and county highways, and agricultural and residential areas algo

suffered heavy losses,
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