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1.0 INTRODUCTION

DNRC is completing a new detailed riverine floodplain study, with floodway, for a section of the
Clearwater River beginning downstream of the Owl Creek confluence north of Salmon Lake and
extending approximately 9.6 miles upstream to just downstream of the Boy Scout Road bridge
near the channel outlet from Seeley Lake (see Figure 1). DNRC has completed a hydrologic
analysis to be utilized for the new study in Missoula County.

The floodplain boundary of the study reach is currently mapped by FEMA. The boundary has
been delineated from the upstream extents to slightly downstream of the Placid Creek Road
Bridge using detailed mapping methods, and a 1.5 mile stretch downstream of the Placid Creek
Road bridge has been delineated using approximate methods. The new study will extend
approximately 2,600 ft downstream of the approximate level mapping. This study will be
completed satisfying current state and FEMA standards for Detailed/Enhanced floodplain
studies. A Flood Insurance Study (FIS) has been completed for Missoula County and
Incorporated Areas dated August 16, 1988; however, a revision to the FIS was completed on
July 6, 2015. A summary of the Digital Flood Insurance Rate Map (DFIRM) panels covering this
study reach is presented below (Reference 3):

Community Community No. DFIRM Panels Effective Date
Missoula County, MT 300048 30063C0720E
30063C0740E 07/06/2015
30063C1030E

This report summarizes the hydrologic analysis and results for the new detailed study 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 the Clearwater River.

1.1 LiDAR Collection

In 2012, Missoula County contracted with Watershed Sciences, Inc. to collect Light Detection
and Ranging (LIDAR) data for four areas of interest for the purpose of supporting floodplain
mapping projects:

1. Rock Creek floodplain,

2. Bitterroot River floodplain,
3. Swan River floodplain, and
4. Clearwater River floodplain.

Accuracy of the topographic data meets FEMA standards for detailed level floodplain mapping.
The LiDAR data covers the project reach for this study.

1.2 Watershed Description

The Clearwater River originates approximately 23 miles north of this project near the boundary
between the Lolo and Flathead National Forests in the Mission Mountain Range and flows
generally in a southeasterly direction for approximately 50 miles before its confluence with the



Hydrology Design Report, Clearwater River Detailed Floodplain Study February 2017

Blackfoot River. At its mouth, the river drains a watershed area of approximately 388 square
miles. The Clearwater River is fed by steep mountain streams from the Mission Range on the
west and the Swan Range on the east, but slopes decrease quickly at the valley floor. The river
flows through several lakes, and the study reach gradient is approximately 10.5 feet per mile
(0.002 foot per foot).

The river valley consists mainly of forest and pasture land. Agriculture is primarily limited to
sparse areas of hay crops. The Clearwater valley is a popular summer recreation area due to
the presence of numerous lakes (Reference 5).

1.3 Effective FIS (Flood Insurance Study) Hydrology

As previously stated, the floodplain for this study reach is currently mapped by FEMA, and there
is no other floodplain mapping along the Clearwater River outside of this reach. Of the 9 miles
of mapped floodplain, 7.5 miles are detailed level mapping and 1.5 miles are approximate level
mapping. The effective study for the detailed level mapping dates back to 1978, and the
hydraulic modeling was completed using the US Army Corps of Engineer’'s (USACE) software
HEC-2. The author of the study could not be identified. Records detailing the delineation of the
approximate areas could not be located.

In addition to the hydraulic analysis and floodplain mapping, the 1978 study also included a
hydrologic analysis. According to the FIS (Reference 5), the peak flows for the given recurrence
intervals were not estimated based on stream flow records from the gaging station located on
the Clearwater River due to the short period of record. The 1978 analysis included five different
peak flow estimation methods, and the selected recurrence interval discharges were calculated
based on a weighting procedure using the flows estimated by each of the analyzed methods.
Flows were weighted according to reliability and significance of the method. Separate flows
were estimated for the reaches upstream and downstream of Morrell Creek. The effective
recurrence interval discharges for the Clearwater River are shown in Table 1. A four percent
annual chance interval was not estimated.

Table 1: Currently Effective Peak Flows

Discharges (cfs)
. Drainage
Location Area (mi?) 10% Annual | 2% Annual | 1% Annual | 0.2% Annual
Chance Chance Chance Chance
Above Morrell Creek 140 2,340 2,940 3,170 3,650
Atdownstream detailed 220 3,040 3,840 4,180 4,860
study limit

The effective flows in Table 1 will be replaced by the results of this analysis.
1.4 Historic Data

There is one USGS gaging station present on the Clearwater River (see Figure 1); Gage
12339450 Clearwater River near Clearwater, MT is located approximately 9 miles downstream

2
N
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of the study reach and has 19 years of record (1975-1992, 1997). The five highest annual peak
discharges recorded at the gage are listed in Table 2.

Table 2: Clearwater River Gaging Station Peak Discharges

USGS Gage No. 12339450 near
Clearwater (345.0 mi?)
Rankin .
ng Peak Discharge
Date
(cfs)
1 May 28, 1997 3,800
2 May 17, 1975 2,900
3 April 24, 1989 2,790
4 May 12, 1976 2,320
5 May 19, 1982 2,030

Notice that all of the peaks in Table 2 occur in either April or May; this is the case for all of the
annual peaks within the entire period of record. The most severe flooding on the Clearwater
River typically occurs in the spring and early summer as a result of snowmelt and/or rainfall
runoff.

For the purpose of documenting historic flood records, county officials were contacted; records
of historic flood events through the project reach consist of aerial photographs of the 1997
spring flood event as well as several photos from property owners showing flooding on DNRC
leased property parcels. These photos should be referenced for comparison purposes during
the hydraulic analysis and floodplain mapping phases of this project; the Missoula County
Floodplain Administrator has these files on record.

2.0 HYDROLOGIC ANALYSIS

The new detailed study project covers approximately 9.6 miles of the Clearwater River,
beginning approximately 1.9 miles downstream of the Placid Creek Road bridge and extending
upstream to the Boy Scout Road bridge (see Figure 1). This section of the report describes the
various hydrologic analyses performed for estimating flood discharges within the study reach.
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Figure 1: Study Reach Site Map
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2.1 Hydrologic Analyses Reference Publications

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 has performed an update to this report designated Montana StreamStats Scientific
Investigations Report 2015-5019, herein referred to as SIR 2015-5019. 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. Since the methods in the Montana
StreamStats Reports (specifically chapters SIR 2015-5019-C, SIR 2015-5019-D, and SIR 2015-
5019-F) are intended to be an improvement to those documented in WRIR 03-4308, these
methods have been utilized where applicable.

2.2 Stream Gage Analyses

As previously mentioned, there is one USGS stream flow gage present on the Clearwater River
(see Figure 1); Gage 12339450 is a discontinued gage downstream of the study reach located
near Clearwater, MT with 19 years of record. A summary of the Clearwater River gage is
provided in Table 3. Based on USGS published methodologies (Reference 11), recurrence
interval discharge estimates at gaging stations can be transferred to ungaged sites throughout
the study reach. These methodologies are discussed in Section 2.4.2 of this report.

Table 3: Stream Gage Summary Table

. . Highest Peak of
Site Basin Area . Number of g
Gage Name . Period of Record Record (cfs) /
Number (mi2) Annual Peaks
Year Recorded

Clearwater River

12339450 345 1975 - 1992, 1997 19 3,800/ 1997
near Clearwater, MT

Prior to transferring discharges to the study reach, recurrence interval flows at the stream gage
must be estimated. There are multiple ways to estimate peak flow discharges at the stream
gage, and the following methods were evaluated:

Systematic estimation,
Regional Regression, and
Weighted estimation.

The following sections provide a description of each estimation method.

2.2.1 Systematic Estimation

The Systematic analysis involves development of a flood flow frequency curve using a Log-
Pearson Type Il (LP3) distribution based on recorded annual stream flow peaks following
Bulletin 17B guidelines (Reference 6). As part of SIR 2015-5019-C Peak-Flow Frequency
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Analyses and Results Based on Data through Water Year 2011 for Selected Streamflow-Gaging
Stations in or near Montana (Reference 9), the USGS performed an LP3 analysis on all of the
Montana stream flow gaging stations based on recorded annual peaks through water year 2011.
Since gage 12339450 was discontinued after 1997 and the entire period of record is prior to
2011, the recurrence interval flows published in SIR 2015-5019-C were used directly for this
analysis and are shown in Table 4.

Table 4: Systematic Peak Flow Estimates for Gage 12339450

Percent Annual Chance Peak Discharge

Gage Period of Record
10% 4% 2% 1% 0.2%

1975-1992, 1997

12339450 (19yrs)

2,630 3,210 3,670 4,160 5,410

2.2.2 Regional Regression Equations

The second method of estimating flood frequency discharges at the USGS gaging station
12339450 is through the use of USGS published regression equations derived from basin and
channel characteristics (Reference 11). The Basin Characteristics equations have been
developed using characteristics of drainage basins within designated regions throughout the
state with similar hydrologic properties. The study reach for this project is located in the “West”
region, and the regression equations for the region are based on drainage basin characteristics
variables of:

1) area,
2) average precipitation, and
3) percent of the basin that is forested.

All of the data needed to perform the regression analysis at USGS gage 12339450 has been
provided by USGS in SIR 2015-5019-F Methods for Estimating Peak-Flow Frequencies at
Ungaged Sites in Montana Based on Data through Water Year 2011 (Reference 11). Results of
the Basin Characteristics regression analysis are provided in Table 5.

Table 5: Basin Characteristics Regression Estimates for Gage 12339450

Recurrence Discharge
Interval Estimates (cfs)
10yr 3,110
25yr 3,670
50yr 4,140
100yr 4,610
500yr 5,590
6
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Similar to the regression equations derived from basin characteristics, USGS WRIR 03-4308
provides regression equations based on the stream active channel width and bankfull width for
each region (this methodology is not included in the SIR 2015-5019-F update). Included in
WRIR 03-4308 and as shown in Table 6 are Standard Errors of Prediction (SEP) for each of
these regression equations.

Table 6: Regression Equations Standard Errors of Prediction

Standard Error of Prediction
Location 10% Annual | 25% Annual | 2% Annual | 1% Annual | 0.2% Annual
Chance Chance Chance Chance Chance
Basin Characteristics 54.3 54.6 56.0 58.5 67.9
Active Channel Width 61.4 63.4 66.2 69.6 79.8
Bankfull Width 66.6 67.5 69.5 72.3 81.7

Smaller SEP percentages point to greater reliability of the regression equations used. In the
West hydrologic region, the basin characteristics equations have the lowest SEPs; thus, the
Channel Characteristics regression equations were not evaluated for estimating flows at the
gaging station.

2.2.3 Weighted Estimation

The final technigue employed for estimating flood discharges at gaging station 12339450 are
several weighted estimation methods. The first method includes a weighting of the Systematic
discharges with the regional regression equation discharges. This technique is documented in
SIR 2015-5019-D (Reference 10). The purpose of this technique is to improve flood frequency
data at gaged sites (particularly with short periods of record) which may have large errors due to
large variability in annual peak discharges (time-sampling errors). As part of the draft
publication, the USGS has selected the gages throughout the state which they have determined
the use of this technique to be appropriate, and the weighted recurrence interval flows have
been published. Gaging station 12339450 was deemed appropriate for the use of this
technigue and the results of this weighting technique, as published in SIR 2015-5019-D, are
shown in Table 7.

Table 7: Systematic + Basin Characteristics Regression Weighted Discharges for Gage 12339450

Recurrence Discharge
Interval Estimates (cfs)
10yr 2,660
25yr 3,260
50yr 3,740
100yr 4,240
500yr 5,470
7
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In addition to weighting the Systematic estimates with regression equations, there is also a
process for weighting the regional regression equation estimates amongst themselves
documented in WRIR 03-4308 (Reference 8). There are four weighted regression equation
combinations available:

Basin Characteristics + Active Channel + Bankfull Width (SEP = 55.0%)
Basin Characteristics + Active Channel (55.0%)

Basin Characteristics + Bankfull Width (55.6%)

Active Channel + Bankfull Width (69.4%)

E A

In the West hydrologic region, the combinations with the lowest SEP are the weighting of the
Basin Characteristics with both the Active Channel and Bankfull Width regression estimates, as
well as, the weighting of the Basin Characteristics with only the Active Channel regression
estimates. The results of these two weighted estimates are shown in Table 8.

Table 8: Regression Equation Weighted Discharges for Gage 12339450

Discharge Estimates (cfs)
Recurrence Basin Characteristics Basin
Interval + Active Channel + Characteristics +
Bankfull Width Active Channel
10yr 3,290 3,290
25yr 3,970 3,970
50yr 4,560 4,530
100yr 5,150 5,120
500yr 6,580 6,580

The weighted estimates for these regression equation combinations are very similar, and for
some recurrence intervals, they are identical. This is a result of the low weighting factor (0-3%)
associated with the Bankfull Width estimates while the Basin Characteristics and Active
Channel estimates carry the other 97 to 100 percent of the weight. These estimation methods
were not updated in the SIR 2015-5019 publication.

2.3 Comparison of Discharge Estimates & Selected Gage Estimates

A summary of the recurrence interval discharge estimates for USGS Gage 12339450 is shown
in Table 9, and the estimates have been plotted in Figure 2.

The Systematic estimates are the lowest of the analyzed methods, while the two weighted
regression estimates are the highest, and the Basin Characteristics regression estimates are
near the median. As one would intuitively expect, the Systematic estimates weighted with
Basin Characteristics regression estimates are between the Systematic and Basin
Characteristics regressions estimates.
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Table 9: Discharge Estimate Summary for Gage 12339450
Discharge Estimates (cfs)
Basin BC + AC + BFW BC+AC
Recurrence Characteristics Systematic Regression Regression
Interval Systematic Reqression Weighted + BC Weighted Weighted
(SEPg- 58.50)" Regression Estimates Estimates
B (SEP =55.0%)* | (SEP = 55.0%)*
10yr 2,630 3,110 2,660 3,290 3,290
25yr 3,210 3,670 3,260 3,970 3,970
50yr 3,670 4,140 3,740 4,560 4,530
100yr 4,160 4,610 4,240 5,150 5,120
500yr 5410 5,590 5,470 6,580 6,580

SEPs shown are for the 100yr event.
Selected discharges are shown in RED.
BC = Basin Characteristics

AC = Active Channel

BFW = Bankfull Width

Figure 2: Flood Discharge Estimates at USGS Gage 12339450
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When possible, it is preferable to estimate peak stream flow discharges based on the records of
nearby gaging stations. With only 19 years of record at gage 12339450, it was decided that
comparison of regional regression equations to the Systematic estimates is a worthwhile
exercise. The regression equation estimates are considerably higher than the Systematic
estimates, which may either conclude that the annual peak flows at the gaging station are not
completely representative of the flood discharges typical on the Clearwater River; or, the
regression equations overestimate the flood discharges. According to Dalrymple and Benson
(Reference 1), in order to accurately estimate the 1-percent annual chance discharge, it is
recommended that the analyzed gage have a minimum record of 20 years. The 19 years of
record at gage 12339450 is considered a reasonable period of record; however, in accordance
with SIR 2015-5019-F, to increase the reliability of the Systematic discharge estimates, the
discharges selected for representing the recurrence intervals at gage 12339450 are the
Systematic estimates weighted with the Basin Characteristics regression estimates.

2.4 Ungaged Sites Analyses

As shown in Figure 1, the project study reach is located upstream of USGS gaging station
12339450. The discharges estimated at the gaging station may be transferred to the study
reach, depending on whether certain criteria are met. If flows cannot be transferred from the
gaging station, other methods must be employed to estimate discharges within the study reach.
The following sections discuss transfer of flows to the study reach as well as other methods
used to estimate flows throughout the reach.

2.4.1 Streamflow Change Locations

Throughout the study reach, there are two significant tributaries to the Clearwater River, Morrell
Creek and Owl Creek. For the purpose of developing a one-dimensional “steady flow” hydraulic
model, the stream study reach must be divided into sections based on the flow estimated to be
in the floodplain. The study reach was divided into upper, middle, and lower reaches. The
upper reach spans from the upstream limit of the study to immediately upstream of the Morrell
Creek confluence; the middle reach spans from the Morrell Creek confluence to just upstream of
the location which Owl Creek enters the floodplain; and the lower reach spans from the Owl
Creek confluence to the downstream study limits. 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 three study reach
sections have been delineated and are shown in Figure 3. A summary of the three model
reaches is shown in Table 10.

Table 10: Hydraulic Model Stream Reaches

. . Reach Length Subbasin Subbasin Cumulative Basin
Reach | River Station (ft) (f) Name Area (mi) Area (mi?)

Downstream

1 0-10,870 10,870 Study Extents 92.0 309.7

2 10,870 22,210 11,340 Upstream of 653 2177

Owl Creek

3| 22210-50541 28331 Upstream of 152.4 152.4
Morrell Creek
10
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Figure 3: Drainage Basin Area
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2.4.2 Drainage Area Ratio Transfer

As previously stated, one method of estimating discharges within the project reach is to transfer
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 drainage basin area is between 0.5 and 1.5 (Reference 11).
All three of the drainage basin areas for the individual reaches within the project extents as well
as the ratio of each basin to the basin area of the gaged site are shown in Table 11.

Table 11: Drainage Basin Area Ratios

Basin Area Ratio to USGS
Site (mid) Gage 12339450
(Area =345.0 mi?)
Downstream Study Extents 309.7 0.90
Upstream of Owl Creek 217.7 0.63
Upstream of Morrell Creek 152.4 0.44

Values in RED are outside of the typical limits of applicability for gage transfer.

Based on the ratios in Table 11, only the downstream and middle reaches meet the criteria for
use of a gage transfer from USGS gage 12339450. This does not mean that flows cannot be
transferred to the upstream reach, but rather the flows may be less reliable due to the distance
between the ungaged site and the gaging station. For comparison purposes, flows were
transferred from gage 12339450 to all three stream reaches and the results are shown in Table
12. However, due to the uncertainties of these estimates, additional methods have been
analyzed to estimate flows throughout the study reach.

Table 12: Area-Weighted Gage Transfer Results

Discharge Estimates (cfs)
Recurrence

Interval Upstream of Morrell | Upstream of Owl Creek Downstream of Owl
Creek Confluence Confluence Creek Confluence

10yr 1,388 1,842 2,437

25yr 1,725 2,275 2,992

50yr 1,997 2,624 3,437

100yr 2,284 2,990 3,901

500yr 2,995 3,893 5,044

2.4.3 Basin Characteristics Regression

The second method used to estimate flows throughout the study reach is through the use of the
regional regression equations. As previously stated, the USGS has developed regression
equations based on both basin characteristics and channel characteristics; and the equations
with the lowest SEP in the West hydrologic region are the Basin Characteristics equations (see

12
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Table 6). The Basin Characteristics regression equation estimates for the study reach are
shown in Table 13.

Table 13: Basin Characteristics Regression Results

Discharge Estimates (cfs)
Recurrence

Interval Upstream of Morrell |  Upstream of Owl Downstream of Owl
Creek Confluence Creek Confluence Creek Confluence

10yr 1,628 2,133 3,027

25yr 1,938 2,529 3,552

50yr 2,200 2,864 3,997

100yr 2,462 3,198 4,437

500yr 3,014 3,897 5,347

The USGS web-based geographic information system StreamStats was used to delineate and
derive the basin characteristics for each drainage basin. StreamStats was developed by the
USGS to allow users to easily obtain streamflow and basin characteristic data at user-selected
locations along a stream (Reference 7). Results from this analysis are in Appendix A.

2.4.4 Weighted Regression

Although the Channel Characteristics regression estimates were not evaluated for direct
estimation of discharges within the study reach, field personnel did collect channel
measurements for use in the weighted regression equations. Channel measurements should
be taken outside of channel meanders, ideally within a channel riffle. Measurements should
also be conducted outside the extents of any man-made influences (i.e. bridges, culverts, riprap,
fill, etc.) (Reference 8). On October 20, 2014, DNRC personnel visited the site to obtain field
measurements. A summary of the field measurements is provided in Table 14.

Several locations were visited throughout the study reach; however, channel widths could not
be identified at all of the locations visited. The measurement sites were identified as being
either upstream of the Morrell Creek confluence or between the Morrell Creek and Owl Creek
confluences. Due to the braided nature of the channel downstream of the Owl Creek
confluence, channel widths could not be identified in the lower reach.
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Table 14: Clearwater River Channel Measurements

February 2017

Site 1 (downstream of Site 2 (upstream of Site 3 (downstream of | Site 4 (upstream of Morrell | Site 5 (upstream of Wagon
Scr0§3 Placid Lake Rd. bridge) Placid Lake Rd. bridge) | Morrell Ck. confluence) Ck. confluence) Wheel Way bridge)
ection
Wa (ft) Wi (ft) Wa (ft) Wi (ft) W (ft) Wi (ft) W (ft) Wi (ft) W (ft) Wit (ft)
1 57 48 59 515 62 48.5 69 56 62
2 56 69 55 66 52 64 49 70 67
3 58.5 67 52.5 59 49 57
Average 56.5 69.0 51.5 62.5 54.0 64.3 50.0 66.0 57.3 59.5

Wac — Active Channel Width

Downstream of Morrell Creek Confluence

& Upstream of Owl Creek Confluence

Upstream of Morrell Creek Confluence

Wec (ft)

54.0

Wec (ft)

53.7

Wt (ft)

65.3

Wt (ft)

62.8

Wi — Bankfull Width

Documented in WRIR 03-4308 (Reference 8) are methods used to combine Basin

Characteristics regression estimates and Channel Characteristics regression estimates based
on weighting factors; the combinations with the lowest SEPs are:

1. Basin Characteristics with Active Channel (SEP 1o, = 55.0%), and
2. Basin Characteristics with Active Channel and Bankfull Width (SEP1g0yr = 55.0%).

The results of the weighted regressions for the two segments of the study reach are shown in

Table 15.

Table 15: Regression Equation Weighted Results for Study Reach

Discharge Estimates (cfs)
Basin Characteristics + Active Channel | Basin Characteristics + Active Channel +
Recurrence Width (SEP100yr = 55.0%) Bankfull Width (SEP100yr = 55.0%)
Interval
Upstream of Upstream of Owl | Upstream of Morrell | Upstream of Owl
Morrell Creek Creek Creek Creek
10yr 1,750 2,080 1,750 2,080
25yr 2,120 2,540 2,120 2,540
50yr 2,420 2,910 2,410 2,910
100yr 2,730 3,300 2,720 3,300
500yr 3,500 4,270 3,500 4,270

As a result of the small weighting factor associated with the Bankfull Width regression
estimates, the results of these weighted estimates are very similar and in many cases, identical.

14
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3.0 RESULTS COMPARISON & SELECTED DISCHARGES

Throughout the study reach, four methods were analyzed for estimating recurrence interval
discharge estimates:

Basin Area-weighted Gage Transfer,

Basin Characteristics Regression,

Basin Characteristics Regression weighted with Active Channel Width Regression, and
Basin Characteristics Regression weighted with Active Channel Width Regression and
Bankfull Width Regression.

PwnpE

For comparison purposes, the estimates from all four methods as well as the currently effective
flows for the study reach are shown in Table 16. Additionally, all of the flows have been plotted
on line graphs in Figure 4, Figure 5, and Figure 6.

Table 16: Results Summary

Discharge Estimates (cfs)
Recurrence Basin Area-Weighted Gage BC Regression BC+AC
Interval Transfer (SEP100yr = 58.5%) (SEP100yr = 55.0%)
A B C A B C A B C
10yr 1,388 1,842 2,437 1,628 2,133 3,027 1,750 2,080
25yr 1,725 2,275 2,992 1,938 2,529 3,552 2,120 2,540
50yr 1,997 2,624 3,437 2,200 2,864 3,997 2,420 2,910 N/A*
100yr 2,284 2,990 3,901 2,462 3,198 4,437 2,730 3,300
500yr 2,995 3,893 5,044 3,014 3,897 5,347 3,500 4,270
Discharge Estimates (cfs)
Recurrence BC +AC +BFW Currently Effective
Interval (SEP100yr = 55.0%)
A B C A B C
10yr 1,750 2,080 2,340 3,040
25yr 2,120 2,540 N/A N/A
50yr 2,410 2,910 N/A* 2,940 3,840 N/A**
100yr 2,720 3,300 3,170 4,180
500yr 3,500 4,270 3,650 4,860

BC = Basin Characteristics

AC = Active Channel Width

BFW = Bankfull Width

A = Upstream of Morrell Creek Confluence

B = Upstream of Owl Creek Confluence

C = Downstream of Owl Creek Confluence

*Flows based on Channel Characteristics were not calculated for the reach downstream of the Owl Creek confluence.
*There are no effective flows downstream of the Owl Creek confluence.

15



Hydrology Design Report, Clearwater River Detailed Floodplain Study February 2017

Figure 4: Results Summary — Upstream of Morrell Creek Confluence
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Figure 5: Results Summary — Upstream of Owl Creek Confluence
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Figure 6: Results Summary — Downstream of Owl Creek Confluence
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The currently effective flows are significantly (10-68%) greater than any of the discharge
estimates calculated in this analysis. The flows transferred from the downstream gaging station
(12339450) are the lowest of all the estimates while the weighted regressions are the highest.
The Basin Characteristics regression estimates typically fall between the weighted regressions
and the gage transfer estimates.

The greatest reliability in estimating recurrence interval discharges is typically found through the
use of stream gage records from a gaging station located on the stream of interest. Therefore,
the preferred method of estimating discharges throughout the study reach is the transfer of
estimates from gaging station 12339450. Unfortunately, the gage is located significantly
downstream of the upper segment of the study reach, and the drainage basin area ratio is
outside the recommended limits of applicability. The method with the second highest degree of
reliability (based on SEPSs) for estimating flows within the study reach is the Basin
Characteristics regression equation.

Based on method confidence and reliability, the selected discharges for use within the project
study reach are the Basin Characteristics regression estimates upstream of the Morrell
Creek confluence and the Basin Area-weighted Gage Transfer estimates upstream and
downstream of the Owl Creek confluence. The selected discharges have been rounded to
the nearest 10 cfs and are summarized in Table 17.
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Table 17: Selected Discharges

Upstream Limit of River Station Drainage Selected vs. Peak Discharge Estimates (cfs)
Applicability Applicability Limits! (ft) Area (mi?) | Currently Effective 10yr 25yr 50yr | 100yr | 500yr
mmediately D . ¢ Selected 2,440 | 2,990 | 3,440 | 3,900 | 5,040
mmediately Downstream o
Owl Creek Confluence 0-10870 3097
Currently Effective N/A
immediately D . Selected 1,840 | 2,280 | 2,620 | 2,990 | 3,890
mmediately Downstream o 10,870~ 22,210 2177
Morrell Creek Confluence .
Currently Effective 3,040 3,840 | 4,180 | 4,860
Selected 1,630 | 1,940 | 2,200 | 2,460 | 3,010
Upstream Study Extents 22,210 - 50,541 152.4
Currently Effective 2,340 2,940 | 3,170 | 3,650
18
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Appendix A

USGS Stream Gage Data

USGS Gage 12339450 (#58) Clearwater River near Clearwater

O O O O ©

Systematic Peak Streamflow — Table
Systematic Peak Streamflow — Graph
LP3 Analysis through WY 1998
Weighted Regression Equation Results
StreamStats Basin Characteristics



712339450
H12339450
N12339450
Y12339450
312339450
312339450
312339450
312339450
312339450
312339450
312339450
312339450
312339450
312339450
312339450
312339450
312339450
312339450
312339450
312339450
312339450
312339450
312339450

12339450peak. txt

4701071132315003030063SW17010203345
Clearwater River near Clearwater MT

19750517
19760512
19770504
19780403
19790527
19800501
19810526
19820519
19830530
19840424
19850419
19860531
19870502
19880420
19890424
19900424
19910520
19920509
19970528

2900
2320
1050
1600
1930
1480
1730
2030
1250
1370
1360
1350
1310
1220
2790
1550
1610
816
38007

Page 1

7.85
7.40
6.14
6.76
7.07
6.73
6.98
7.26
6.47
6.61
6.60
6.58
6.54
6.43
7.87
6.80
6.86
5.90
8.52

3814.23



12339450PEAK.PRT

1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq.000.000
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 10/31/2014 10:40

--— 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) -
G:\WATER_OP\Floodplain\Mapping\Projects Active\2014 Clearwater DNRC\Hydrology\Ga
specifications -
G:\WATER_OP\Floodplain\Mapping\Projects Active\2014_ Clearwater DNRC\Hydrology\Ga
Output file(s):
main -
G:\WATER_OP\Floodplain\Mapping\Projects_Active\2014_Clearwater_DNRC\Hydrology\Ga

1

Kendall®s Tau Parameters

MEDIAN No. of
TAU P-VALUE SLOPE PEAKS

SYSTEMATIC RECORD -0.307 0.081 -38.333 18

Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.001
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 10/31/2014 10:40

Station - 12339450 Clearwater River near Clearwater MT

ANNUAL FREQUENCY CURVE PARAMETERS -- LOG-PEARSON TYPE 111
FLOOD BASE LOGARITHMIC

EXCEEDANCE STANDARD
DISCHARGE PROBABILITY MEAN DEVIATION SKEW

SYSTEMATIC RECORD 1.0 0.0000 0.0000 0.0000 0.000
BULL.17B ESTIMATE 1.0 0.0000 0.0000 0.0000 0.000

BULL.17B ESTIMATE OF MSE OF AT-SITE SKEW 0.0000

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

Page 1



12339450PEAK.PRT

Program PeakFq U. S. GEOLOGICAL SURVEY Seq-.001.002
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 10/31/2014 10:40

Station - 12339450 Clearwater River near Clearwater MT

INPUT DATA LISTING

WATER PEAK PEAKFQ
YEAR VALUE CODES REMARKS
1975 2900.0
1976 2320.0
1977 1050.0
1978 1600.0
1979 1930.0
1980 1480.0
1981 1730.0
1982 2030.0
1983 1250.0
1984 1370.0
1985 1360.0
1986 1350.0
1987 1310.0
1988 1220.0
1989 2790.0
1990 1550.0
1991 1610.0
1992 816.0
1997 -3800.0 H

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-.001.003
Version 7.1 Annual peak flow frequency analysis Run Date / Time
3/14/2014 10/31/2014 10:40

Station - 12339450 Clearwater River near Clearwater MT
Page 2



12339450PEAK.PRT

EMPIRICAL FREQUENCY CURVES -- WEIBULL PLOTTING POSITIONS

WATER RANKED  SYSTEMATIC B17B
YEAR DISCHARGE RECORD ESTIMATE
1975 2900.0 0.0000 0.0000
1976 2320.0 0.0000 0.0000
1977 1050.0 0.0000 0.0000
1978 1600.0 0.0000 0.0000
1979 1930.0 0.0000 0.0000
1980 1480.0 0.0000 0.0000
1981 1730.0 0.0000 0.0000
1982 2030.0 0.0000 0.0000
1983 1250.0 0.0000 0.0000
1984 1370.0 0.0000 0.0000
1985 1360.0 0.0000 0.0000
1986 1350.0 0.0000 0.0000
1987 1310.0 0.0000 0.0000
1988 1220.0 0.0000 0.0000
1989 2790.0 0.0000 0.0000
1990 1550.0 0.0000 0.0000
1991 1610.0 0.0000 0.0000
1992 816.0 0.0000 0.0000
1997 -3800.0 -- --

End PeakFQ analysis.
Stations processed :
Number of errors
Stations skipped
Station years : 1

©OoOOor

Data records may have been ignored for the stations listed below.
(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: 12339450 USGS Clearwater River near Clearwa

For the station below, the following records were ignored:

FINISHED PROCESSING STATION:

Page 3



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: West

Weighted estimate based on Basin and Climatic

Estimation method: Characteristics and Active-channel width

Drainage area in square miles: 217.7
Mean annual precipitation in inches: 35.2
Percent basin forested: 86
Width of active channel in feet: 54

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
West Region : A = 217.70: P = 35.20: F = 86.00
R1 DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICTION(%)
2 1220. 59.5 487.5 3030.
5 1760. 54 .4 756.4 4100.
10 2120. 53.3 924.8 4870.
25 2590. 53.5 1130.0 5950.
50 2970. 54.8 1270.0 6940.
100 3360. 57.2 1390.0 8120.
200 3780. 60.8 1490.0 9590.
500 4330. 66.3 1590.0 11800.
METHOD: Regression on active channel width
Flood frequency estimates for
Default
West Region: WAC = 54.00
R1 DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICTION(%)
2 1170. 63.2 445 .2 3050.
5 1670. 60.8 659.9 4240.
10 2010. 61.0 790.1 5120.
25 2450. 63.0 937.9 6390.
50 2800. 65.8 1040.0 7580.
100 3170. 69.1 1120.0 8950.

1of2

1/4/2016 2:03 PM



Montana Flood-Frequency and Basin-Characteristic Data

200
500

METHOD: Combined methods 1 and 2

3570.
4100.

73.2
79.2

Flood frequency estimates for

Default
Region 1
R1

10
25
50
100
200
500

(cfs)

1190.
1720.
2080.
2540.
2910.
3300.
3720.
4270.

DISCHARGE STD ERR OF
PREDICT ION(%)

49_4
46.5
46.8
48.6
51.0
54.3
58.4
64.5

http://wy-mt.water.usgs.gov/freq?page_type=gen_stats 4&estimate_nm...

1200.0
1290.0

90% PRED.

548.9
827.1
992.1
1180.0
1310.0
1420.0
1510.0
1600.0

10600.
13000.

INTERVAL

2590.
3590.
4350.
5450.
6470.
7670.
9140.
11400.

Montana Flood-Frequency and Basin-Characteristic Data

Retrieved on: 2016.01.04 16:03:02

Department of the Interior, U.S. Geological Survey

Privacy Statement || Disclaimer || Accessibility || FOIA

0.033
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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: West

Weighted estimate based on Basin and Climatic

Estimation method: Characteristics, Active-channel width, and Bankfull width

Drainage area in square miles: 217.7
Mean annual precipitation in inches: 35.2
Percent basin forested: 86
Width of active channel in feet: 54

Width of bank full channel in feet: 65.3

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
West Region : A = 217.70: P = 35.20: F = 86.00
R1 DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICT ION(%)
2 1220. 59.5 487.5 3030.
5 1760. 54 .4 756.4 4100.
10 2120. 53.3 924.8 4870.
25 2590. 53.5 1130.0 5950.
50 2970. 54.8 1270.0 6940.
100 3360. 57.2 1390.0 8120.
200 3780. 60.8 1490.0 9590.
500 4330. 66.3 1590.0 11800.
METHOD: Regression on active channel width
Flood frequency estimates for
Default
West Region: WAC = 54.00
R1 DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICT ION(%)
2 1170. 63.2 445_2 3050.
5 1670. 60.8 659.9 4240.
10 2010. 61.0 790.1 5120.
25 2450. 63.0 937.9 6390.

1of2
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Montana Flood-Frequency and Basin-Characteristic Data

50 2800. 65.8 1040.0 7580.
100 3170. 69.1 1120.0 8950.
200 3570. 73.2 1200.0 10600.
500 4100. 79.2 1290.0 13000.

METHOD: Regression on bank full channel width

Flood frequency estimates for

Default

West Region: WBF = 65.30
R1 DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICTION(%)

2 1100. 72.0 377.2 3230.
5 1600. 67.2 580.2 4400.

10 1930. 66.2 708.1 5250.

25 2350. 67.1 856.3 6480.

50 2700. 69.0 958.8 7610.
100 3060. 71.8 1050.0 8940.
200 3450. 75.6 1130.0 10500.
500 3970. 81.1 1220.0 12900.

METHOD: Combined methods 1, 2 and 3

Flood frequency estimates for

Default

Region 1

R1 DISCHARGE STD ERR OF 90% PRED. INTERVAL

(cfs) PREDICTION(%)

2 1190. 49_4 548.9 2590.
5 1720. 46.5 827.2 3590.

10 2080. 46.5 995.4 4330.

25 2540. 48.4 1180.0 5430.

50 2910. 50.3 1320.0 6400.
100 3300. 53.6 1430.0 7590.
200 3720. 58.1 1520.0 9100.
500 4270. 64.4 1610.0 11300.

http://wy-mt.water.usgs.gov/freq?page_type=gen_stats 4&estimate_nm...

Montana Flood-Frequency and Basin-Characteristic Data

Retrieved on: 2016.01.04 15:57:06

Department of the Interior, U.S. Geological Survey

Privacy Statement || Disclaimer || Accessibility || EOIA
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Montana Flood-Frequency and Basin-Characteristic Data

Montana Flood-Frequency
and Basin-Characteristic Data

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

http://wy-mt.water.usgs.gov/freq?page_type=gen_stats 4&estimate_nm...

Summary of Estimation Parameters Selected:

Name for this estimation: Default
Region: West

Weighted estimate based on Basin and Climatic

Estimation method: Characteristics, Active-channel width, and Bankfull width

Drainage area in square miles: 152.4
Mean annual precipitation in inches: 35.9
Percent basin forested: 86
Width of active channel in feet: 53.7

Width of bank full channel in feet: 62.8

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
West Region : A = 152.40: P = 35.90: F = 86.00
R1 DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICT ION(%)
2 901. 59.4 362.0 2250.
5 1320. 54.3 567.6 3070.
10 1600. 53.2 698.4 3670.
25 1960. 53.4 855.4 4510.
50 2260. 54.7 966.1 5290.
100 2570. 57.1 1060.0 6200.
200 2900. 60.7 1140.0 7340.
500 3330. 66.2 1220.0 9070.
METHOD: Regression on active channel width
Flood frequency estimates for
Default
West Region: WAC = 53.70
R1 DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICT ION(%)
2 1150. 63.2 440.9 3020.
5 1660. 60.8 653.9 4200.
10 1990. 61.0 783.2 5070.
25 2430. 63.0 930.0 6330.

1of2
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Montana Flood-Frequency and Basin-Characteristic Data

50 2780. 65.8 1030.0 7510.
100 3150. 69.1 1120.0 8870.
200 3540. 73.2 1190.0 10500.
500 4060. 79.2 1280.0 12900.

METHOD: Regression on bank full channel width

Flood frequency estimates for

Default

West Region: WBF = 62.80
R1 DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICTION(%)

2 1020. 72.0 349.2 2990.
5 1490. 67.1 539.7 4090.

10 1800. 66.2 660.4 4890.

25 2200. 67.0 800.7 6050.

50 2530. 69.0 897.8 7130.
100 2870. 71.8 985.3 8380.
200 3240. 75.6 1060.0 9890.
500 3730. 81.1 1150.0 12100.

METHOD: Combined methods 1, 2 and 3

Flood frequency estimates for

Default

Region 1

R1 DISCHARGE STD ERR OF 90% PRED. INTERVAL

(cfs) PREDICTION(%)

2 1010. 49_4 464 .9 2190.
5 1450. 46.4 698.0 3030.

10 1750. 46.5 837.3 3640.

25 2120. 48.4 990.1 4540.

50 2410. 50.3 1100.0 5310.
100 2720. 53.5 1180.0 6260 .
200 3060. 58.0 1250.0 7480.
500 3500. 64.2 1320.0 9290.

http://wy-mt.water.usgs.gov/freq?page_type=gen_stats 4&estimate_nm...

Montana Flood-Frequency and Basin-Characteristic Data

Retrieved on: 2016.01.04 15:45:13

Department of the Interior, U.S. Geological Survey

Privacy Statement || Disclaimer || Accessibility || EOIA
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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: West

Weighted estimate based on Basin and Climatic

Estimation method: Characteristics and Active-channel width

Drainage area in square miles: 152.4
Mean annual precipitation in inches: 35.9
Percent basin forested: 86
Width of active channel in feet: 53.7

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
West Region : A = 152.40: P = 35.90: F = 86.00
R1 DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICTION(%)
2 901. 59.4 362.0 2250.
5 1320. 54.3 567.6 3070.
10 1600. 53.2 698.4 3670.
25 1960. 53.4 855.4 4510.
50 2260. 54.7 966.1 5290.
100 2570. 57.1 1060.0 6200.
200 2900. 60.7 1140.0 7340.
500 3330. 66.2 1220.0 9070.
METHOD: Regression on active channel width
Flood frequency estimates for
Default
West Region: WAC = 53.70
R1 DISCHARGE STD ERR OF 90% PRED. INTERVAL
(cfs) PREDICTION(%)
2 1150. 63.2 440.9 3020.
5 1660. 60.8 653.9 4200.
10 1990. 61.0 783.2 5070.
25 2430. 63.0 930.0 6330.
50 2780. 65.8 1030.0 7510.
100 3150. 69.1 1120.0 8870.
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Montana Flood-Frequency and Basin-Characteristic Data

200
500

METHOD: Combined methods 1 and 2

3540.
4060.

73.2
79.2

Flood frequency estimates for

Default
Region 1
R1

10
25
50
100
200
500

(cfs)

1010.
1450.
1750.
2120.
2420.
2730.
3060.
3500.

DISCHARGE STD ERR OF
PREDICT ION(%)

49_4
46.4
46.8
48.5
51.0
54.2
58.4
64.4

http://wy-mt.water.usgs.gov/freq?page_type=gen_stats 4&estimate_nm...

1190.0
1280.0

90% PRED.

464 .9
697.9
834.9
988.4
1090.0
1180.0
1250.0
1320.0

10500.
12900.

INTERVAL

2190.
3030.
3650.
4550.
5370.
6340.
7530.
9320.
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StreamStats Basin Characteristics Report

http://streamstatsags.cr.usgs.gov/v3_beta/BCreport.htm?rcode=MT&wo...

StreamsStats \ersion 3.0

Basin Characteristics Ungaged Site Report

Date: Mon Jan 4, 2016 10:54:25 AM GMT-7

Study Area: Montana

NAD 1983 Latitude:

47.1077 (47 06 28)
NAD 1983 Longitude: -113.4384 (-113 26 19)

| Label | Value | Units | Definition
| CONTDA | 309.7 [ square miles || Area that contributes flow to a point on a stream
| ELEV | 5180 | feet [ Mean Basin Elevation
| ELEVMAX | 9060 | feet [ Maximum basin elevation
| MINBELEV | 3910 | feet | Minimum basin elevation
| RELIEF | 5150 | feet [ Maximum - minimum elevation
| EL6000 | 19 | percent [ Percent of area above 6000 ft
| BSLDEM30M | 23.5 | percent [ Mean basin slope computed from 30 m DEM
| SLOP30_30M | 29 | percent [ Percent area with slopes greater than 30 percent from 30-meter DEM.
NFSL30_30M 10 | percent Ezlrvtl:.ent area with north-facing slopes greater than 30 percent from 30-meter
| SLOP50_30M | 10 | percent [ Percent area with slopes greater than 50 percent from 30-meter DEM.
| PRECIP | 35.8 [ inches [ Mean Annual Precipitation
| FOREST | 84 | percent [ Percentage of area covered by forest
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StreamStats Basin Characteristics Report

http://streamstatsags.cr.usgs.gov/v3_beta/BCreport.htm?rcode=MT&wo...

StreamsStats \ersion 3.0

Basin Characteristics Ungaged Site Report

Date: Mon Jan 4, 2016 11:19:29 AM GMT-7

Study Area: Montana

NAD 1983 Latitude:

47.1152 (47 06 55)
NAD 1983 Longitude: -113.4424 (-113 26 33)

| Label | Value | Units | Definition
| CONTDA | 217.7 | square miles || Area that contributes flow to a point on a stream
| ELEV | 5210 | feet [ Mean Basin Elevation
| ELEVMAX | 9060 | feet [ Maximum basin elevation
| MINBELEV | 3910 | feet | Minimum basin elevation
| RELIEF | 5140 | feet [ Maximum - minimum elevation
| EL6000 | 21 | percent [ Percent of area above 6000 ft
| BSLDEM30M | 25.1 | percent [ Mean basin slope computed from 30 m DEM
| SLOP30_30M | 33 [ percent [ Percent area with slopes greater than 30 percent from 30-meter DEM.
NFSL30_30M 10 | percent Ezlrvtl:.ent area with north-facing slopes greater than 30 percent from 30-meter
| SLOP50_30M | 13 | percent [ Percent area with slopes greater than 50 percent from 30-meter DEM.
| PRECIP | 35.2 |inches [ Mean Annual Precipitation
| FOREST | 86 | percent [ Percentage of area covered by forest
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StreamStats Basin Characteristics Report

http://streamstatsags.cr.usgs.gov/v3_beta/BCreport.htm?rcode=MT&wo...

StreamsStats \ersion 3.0

Basin Characteristics Ungaged Site Report

Date: Mon Jan 4, 2016 11:25:03 AM GMT-7

Study Area: Montana

NAD 1983 Latitude:

47.1406 (47 08 26)
NAD 1983 Longitude: -113.4612 (-113 27 41)

| Label | Value | Units | Definition
| CONTDA | 152.4 | square miles | Area that contributes flow to a point on a stream
| ELEV | 5090 | feet [ Mean Basin Elevation
| ELEVMAX | 9060 | feet [ Maximum basin elevation
| MINBELEV | 3940 | feet | Minimum basin elevation
| RELIEF | 5110 | feet [ Maximum - minimum elevation
| EL6000 | 16 | percent [ Percent of area above 6000 ft
| BSLDEM30M | 22.3 | percent [ Mean basin slope computed from 30 m DEM
| SLOP30_30M | 28 | percent [ Percent area with slopes greater than 30 percent from 30-meter DEM.
NFSL30_30M 9 | percent Ezlrvtl:.ent area with north-facing slopes greater than 30 percent from 30-meter
| SLOP50_30M | 8 | percent [ Percent area with slopes greater than 50 percent from 30-meter DEM.
| PRECIP | 35.9 [inches [ Mean Annual Precipitation
| FOREST | 86 | percent [ Percentage of area covered by forest
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Estimates at the Gaging Station

Site Gaging Station 12339450
Method 1 Method 2 Method 3 Method 4 Method 5 Method 6 Method 7
. . Systematic
. . Systematlg Bas'r.] . Basin Basin Weighted with
N Systematic Basin Weighted with Characteristics, L -~ .
Estimation Method . . Characteristics & | Characteristics Basin
(LP3 Characteristics Basin Bankfull, & . . .
. . " . Active Channel Regression Characteristics
Analysis) Regression Characteristics | Active Channel - .
Rearession Weiahtin Weighting (SIR 2015-5019) Regression
g gnting (SIR 2015-5019)
8 A 345 345.8
‘g E 5280
2 E6000 26
s F 81 83.33
o P 37 34.28
= Wac 70
@ Whf 110
10yr 2630 3506 2700 3290 3290 3110 2660
25yr 3210 4105 3310 3970 3970 3668 3260
50yr 3670 4685 3798 4560 4530 4142 3740
100yr 4160 5298 4315 5150 5120 4612 4240
500yr 5410 6886 5627 6580 6580 5593 5470




Estimates within the Study Reach

Upstream of
Morrell Creek
Confluence

Creek Confluence

Upstream of Owl

Downstream of
Owl Creek
Confluence

Upstream of
Morrell Creek
Confluence

Upstream of Owl
Creek Confluence

Downstream of
Owl Creek
Confluence

Upstream of
Morrell Creek
Confluence

Upstream of Owl
Creek Confluence

Upstream of
Morrell Creek
Confluence

Upstream of Owl
Creek Confluence

Upstream of
Morrell Creek
Confluence

Upstream of Owl
Creek Confluence

Upstream of
Morrell Creek
Confluence

Downstream of
Morrell Creek
Confluence

Upstream of
Morrell Creek
Confluence

Upstream of Owl
Creek Confluence

Area Weighted Transfer of Method 7

Basin Characteristics Regression

Active Channel Regression

Bankfull Width Regression

Basin Characteristics & Active
Channel Weighting

Basin Characteristics, Bankfull, &
Active Channel Weighting

Effective Flows

152.4 217.7 309.7 152.4 217.7 309.7 152.4 217.7 152.4 217.7

86 86 84 86 86 86 86

35.9 35.2 35.8 35.9 35.2 35.9 35.2

53.7 54 53.7 54 53.7 54

62.8 65.3 62.8 65.3
1388 1842 2437 1628 2133 3027 2030 2047 1786 1915 1750 2080 1750 2080 2340 3040

1725 2275 2992 1938 2529 3552 2379 2399 2165 2316 2120 2540 2120 2540
1997 2624 3437 2200 2864 3997 2765 2788 2557 2732 2420 2910 2410 2910 2940 3840
2284 2990 3901 2462 3198 4437 3086 3111 2886 3079 2730 3300 2720 3300 3170 4180
2995 3893 5044 3014 3897 5347 4124 4157 3782 4028 3500 4270 3500 4270 3650 4860
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