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Figure 7. Cross section 92, which is typical of split-flow conditions in Reach 7 along the Jocko River, western Montana. The water-
surface elevations for the 100-year and 500-year flood discharges are shallow, but indeterminate between the main channel and the
meander channel.
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in Reach 8 along the Jocko River, western
Montana.
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Figure 9. Cross section 108, which is typical of wide flood-plain conditions and
multiple channels in Reach 8 along the Jocko River, western Montana.
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—Reach 7 Split-Flow 4 (Map segment 3)
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Table 4. Streambed- and calculated water-surface elevation data for the main channel of the Jocko River,
western Montana.
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Distance
upstream

from cross
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Minimum
streambed
elevation,

in feet

100-year flood discharge 500-year flood discharge

Existing
condition

(with levee)

Hypothetical
condition
(no levee)

Existing
condition

(with levee)

Hypothetical
condition
(no levee)

Calculated water-surface elevation, in feet, for
indicated flood discharge and condition

Continued—

[Distance upstream from cross section 1 measured along channel centerline shown on U.S. Geological Survey 7.5-minute quadrangle maps. Vertical coordinate
information referenced to North American Vertical Datum of 1988 (NAVD 88). Abbreviations: DS, downstream side of bridge; US, upstream side of bridge]

Table 5. Streambed- and calculated water-surface elevation data for split-flow reaches for the 100-year
flood discharge on the Jocko River, western Montana.

[Distance upstream from cross section 1 measured along channel centerline shown on U.S. Geological Survey 7.5-minute
quadrangle maps. Vertical coordinate information referenced to North American Vertical Datum of 1988 (NAVD 88).
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encroachment,
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water-surface
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width,
in feet 1

1

Table 6. Floodway data for the Jocko River, western Montana.

[Floodway determined for Reaches 1, 4, 5, 6, and 8 for existing (1999-2001) conditions. Floodway width was expanded to equal the width of
the 100-year flood area at all cross sections in split-flow Reaches 2, 3, and 7. Vertical coordinate information referenced to North American
Vertical Datum of 1988 (NAVD 88). Abbreviations: DS, downstream side of bridge; US, upstream side of bridge]

Cross
section

(Map
segments

1-3)

Continued

1 May include small areas that are not inundated by the 100-year flood discharge and may include some areas where water is ponded in
meander channels (no effective conveyance of floodwater).
2 Cross sections not shown on map segments.

Looking downstream at Highway 93 bridge at cross section 103
from Old Highway 93 bridge at cross section 104.
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acre 0.4047 hectare (ha)

square mile (mi )2 259.0 hectare (ha)

square mile (mi )2
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cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)
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USGS U.S. Geological Survey

Fahrenheit (°F) as follows:

Acronyms used in this report:

Arcement, G.J., Jr., and Schneider, V.R., 1989, Guide for selecting
Manning’s roughness coefficients for natural channels and flood
plains: U.S. Geological Survey Water-Supply Paper 2339, 38 p.

Barnes, H.H., Jr., 1967, Roughness characteristics of natural
channels: U.S. Geological Survey Water-Supply Paper 1849, 213 p.

Coon, W.F., 1998, Estimation of roughness coefficients for natural
stream channels with vegetated banks: U.S. Geological Survey
Water-Supply Paper 2441, 133 p.

Henderson, F.M., 1966, Open channel flow: New York, MacMillan
Co., 522 p.

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, 183 p.

Kendy, Eloise, and Tresch, R.E., 1996, Geographic, geologic, and
hydrologic summaries of intermontane basins of the Northern Rocky
Mountains, Montana: U.S. Geological Survey Water-Resources
Investigations Report 96-4025, 233 p.

Montana Administrative Rules, 1995, 36.15.502: Montana Department
of Natural Resources and Conservation.

Parrett, Charles, and Johnson, D.R., 2004, Methods for estimating flood
frequency in Montana based on data through water year 1998: U.S.
Geological Survey Water-Resources Investigations Report 03-4308,
101 p.

Rantz, S.E, and Riggs, H.C., 1949, Floods of May-June 1948 in
Columbia River basin with a section on Magnitude and frequency of
floods: U.S. Geological Survey Water-Supply Paper 1080, 476 p.

U.S. Army Corps of Engineers, 2002a, HEC-RAS river analysis
system, user’s manual version 3.1: Davis, Calif., Hydrologic
Engineering Center [variously paged].

U.S. Army Corps of Engineers, 2002b, HEC-RAS river analysis
system, hydraulic reference manual version 3.1: Davis, Calif.,
Hydrologic Engineering Center [variously paged].

U.S. Army Corps of Engineers, 2002c, HEC-RAS river analysis
system, applications guide version 3.1: Davis, Calif., Hydrologic
Engineering Center [variously paged].

U.S. Census Bureau, 2005, American FactFinder, accessed July 5, 2005
at http://factfinder.census.gov/home/saff/main.html?_lang=en.

U.S. Geological Survey, 1955, Compilation of records of surface waters
of the United States through September 1950, Part 12, Pacific Slope
basins in Washington and upper Columbia River basin: U.S.
Geological Survey Water-Supply Paper 1316, 592 p.

U.S. Geological Survey, 2004, Water resources data, Montana, water
year 2003, v. 2, Yellowstone and upper Columbia River basins and
ground-water levels: U.S. Geological Survey Water-Data Report
MT-03-2, 437 p.

Western Regional Climate Center, 2003a, Montana climate summary,
accessed November 25, 2003 at http://www.wrcc.dri.edu/cgi-
bin/cliMAIN.pl?mtstig.

Western Regional Climate Center, 2003b, Montana average annual
precipitation map, accessed November 25, 2003 at
http://www.wrcc.dri.edu/pcpn/mt.gif.

References Cited

Looking upstream at cross section 109 from high bank on south side of
river between Highway 93 and the fish hatchery.
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ESTIMATED FLOOD DISCHARGE--Includes
floodway where floodway data were available

AREA INUNDATED BY THE 500-YEAR ESTIMATED
FLOOD DISCHARGE--Includes the area inundated by
the 100-year flood

FLOODWAY--Existing conditions (1999-2001)

CHANNEL CENTERLINE

CROSS SECTION AND NUMBER--Red cross-section symbol represents
cross section in split-flow reach
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Summary
The Jocko River flows across the Flathead Indian Reservation

in western Montana and provides irrigation water for several thousand
acres of hay and grain that are produced throughout the Jocko River
valley. Much of the agricultural land along the river is being considered
for residential and commercial development. In addition, proposed
levee modifications and stream-restoration work could further affect the
Jocko River channel and its aquatic habitat. The potential for increased
development highlighted the need for a better understanding of the
boundaries of the 100- and 500-year floods.

The 100- and 500-year flood discharges for the Jocko River at
Dixon were estimated by applying the log Pearson Type III probability
distribution to the recorded and estimated annual-peak discharges for
the period of record from 1907-1910, 1948, and 1986 to 2001. The
large annual-peak discharges of 1908 (7,500 ft3/s) and 1948 (3,700
ft3/s) are considered to be the largest during the entire period from 1907
to 2001; thus, these values were treated as historic peak discharges
(largest peak discharges in 94 years).

The 100- and 500-year flood discharges for the Jocko River
near Arlee were estimated by applying the log Pearson Type III
probability distribution to the recorded and estimated peak discharges at
the USGS and CSKT gaging stations for the period of record from
1908, 1916, 1948, and 1990 to 2001. The peak discharges for 1908
(6,200 ft3/s) and 1948 (2,660 ft3/s) also were treated as historic peak
discharges (largest peak discharges in 94 years).

HEC-RAS, version 3.1.1, a one-dimensional, hydraulic-flow
model developed by the U.S. Army Corps of Engineers, was used to
calculate water-surface elevations at cross sections for the 100-year and
500-year flood discharges and for the 1997 peak discharge. Channel
and flood-plain geometry for 113 cross sections were surveyed between
1999 and 2001 for use in the model. Bridge geometries at 9 of the 113
sections located just downstream from bridge crossings also were
surveyed. Surveyed cross section data downstream from the bridges
were used to estimate channel and flood-plain geometry at the upstream
and downstream edges of the bridges for use in the HEC-RAS model.
For clarity, only the surveyed cross section immediately downstream
from each bridge is shown on the map segments. Interpolated cross-
section data were used at 15 more locations where the hydraulic-model
results indicated that additional channel and flood-plain geometry were
required. For clarity, only 5 of the 15 interpolated sections are shown
on the map segments. Overall, a total of 146 cross sections (113
surveyed cross sections, 15 interpolated cross sections, and 18 cross
sections at the upstream and downstream bridge edges) were used for
hydraulic analyses. Data for the cross sections are available in files at
the USGS Montana Water Science Center office in Helena, Mont.

Although berms and levees are present in all reaches of the
Jocko River, only in Reaches 2, 3, and 5 are they long enough and high
enough to create split-flow conditions. The berms and levees in
Reaches 2, 3, and 5 tend to keep floodwater confined to the main
channel, but overtopping floodwater from upstream is confined behind
and along the left side of the berms and levees. In addition, the
calculated water-surface elevations of the 100- and 500-year flood
discharges are greater than the ground elevations along the top of the
berms and levees in many locations in Reach 2. Thus, the amount of
flood discharge on the left-flood plain continually increases in the
downstream direction in Reach 2 as more floodwater from the channel
spills over the top of the levees.

The flood boundaries along the Jocko River define areas that
would be inundated by the 100- and 500-year flood discharges (Map
segments 1, 2, and 3). The flood boundaries were delineated using
water-surface elevations calculated at each cross section. Between
cross sections, the flood-profile graphs were used to determine water-
surface elevations, which in turn were used to interpolate flood
boundaries based on interpretation of aerial photography, limited onsite
surveys, and onsite visual inspection. The calculated water-surface
elevations and flood-profile graphs are based on unobstructed flow and
are valid only if structures remain clear of debris and do not fail. Some
ground elevations within the flood boundaries might be higher than the
calculated water-surface elevations. In these instances, the small areas
of high-elevation ground generally cannot be shown due to lack of
detailed topographic data and the map scale. Flood boundaries for
tributary streams and irrigation ditches are not shown.

The boundaries of the floodway (for existing conditions) were

calculated by incrementally simulating encroachment on the 100-year
flooded area from each side of each cross section and re-running the
hydraulic model until calculated water-surface elevations for the 100-
year flood discharge increased by a maximum of 0.5 foot at all sections.
Areas within the 100-year flood plain, where high depths (greater than
3 ft) and high velocities (greater than 3 ft/s) occurred, were included in
the floodway even if the increase in the water-surface elevation was less
than 0.5 ft. The floodway width was expanded to include the entire

flood plain at all cross sections in split-flow reaches 2, 3, and 7.flood plain at all cross sections in split-flow Reaches 2, 3, and 7.

The boundaries of the floodway (for existing conditions) were

Data for floodway widths and changes in water-surface
elevations for the 100-year flood discharge as a result of floodway
delineation are presented in table 6 (sheets 1, 2, and 3). Floodway
boundaries are shown together with the 100- and 500-year flood
boundaries (Map segments 1-3).

Flooding on the Jocko River, June 4, 2005. View is looking northwest (downstream) from near cross section 71 (sheet 2) about 3 miles upstream from Ravalli, Montana.
Photograph by Les Evarts, the Confederated Salish and Kootenai Tribes of the Flathead Nation.

Water-Surface Elevation Data
Water-surface elevations were calculated for the 100- and 500-

year flood discharges for all surveyed and several interpolated cross
sections in the study area for both existing and hypothetical (no-levee)
conditions (table 4). Also presented in table 4 are the minimum
streambed elevations at the cross sections and the locations of bridges.
Water-surface elevations were calculated for the 100-year flood
discharge for both existing and hypothetical (no-levee) conditions for
the main channel and left-flood plain for cross sections in the split-flow
reaches (table 5). Also presented in table 5 are the minimum streambed
elevations at the cross sections. For all cross sections shown in tables 4
and 5, cumulative distances upstream from cross section 1 (most
downstream cross section) also are presented.

The water-surface elevation data in tables 4 and 5 can be used
with the distance data to construct profiles of 100- and 500-year flood
discharge throughout the study area. Flood profiles are useful for
estimating water-surface elevations at selected locations between cross
sections. Graphs showing flood profiles for the main channels of the
Jocko River based on channel and flood-plain conditions at the time of
the surveys (1999-2001) are included on sheet 2. The calculated water-
surface elevations (tables 4 and 5) and flood-profile graphs are based on
unobstructed flow and are valid only if hydraulic structures remain
clear of debris and do not fail.

Boundaries of the 100- and 500-year Flood Discharges
The flood boundaries along the Jocko River define areas that

would be inundated by the 100- and 500-year flood discharges (Map
segments 1, 2, and 3). The flood boundaries were delineated using
water-surface elevations calculated at each cross section. Between
cross sections, the flood-profile graphs were used to determine water-
surface elevations, which in turn were used to interpolate flood
boundaries based on interpretation of aerial photography, limited onsite
surveys, and onsite visual inspection.

Along the Jocko River, the ground surface of small areas
within the flood boundaries for the 100-year flood discharge might be
above the calculated water-surface elevation, but cannot be shown
because of the limitations of the map scale or the lack of sufficiently
detailed topographic data. Likewise, small areas within the flood
boundaries for the 500-year flood discharge might be above the
calculated water-surface elevation. Also, some locations in the study
area might be subject to flooding from Valley Creek, Finley Creek, or
other small tributaries to these streams or the Jocko River. In addition,
other locations might also be subject to flooding from overflows from
irrigation ditches. Flood boundaries for these streams and irrigation
ditches are not shown.

A levee or bankline is shown on the left bank (south or
western side of the Jocko River) in all split-flow reaches to indicate
where the main channel and left-flood plain are delineated. Main
channel areas on the right side of the bankline have calculated water-
surface elevations for the 100- and 500-year flood discharges that are
different from those in the left-flood plain. Although berms, levees, and
banklines exist in numerous locations outside the split-flow reaches,
they are not shown on Map segments 1, 2, or 3.

Boundaries of the Floodway
The area within the boundaries of the 100-year flood discharge

is divided into two parts for flood-plain management purposes. The
floodway, which is reserved for the passage of flood discharges,
includes the channel and some adjoining flood plain. The flood fringe,
which is allowed to be developed with structures elevated on suitable
fill material, includes the outer parts of the area inundated by the 100-
year flood discharge. The width of the floodway under Montana
Administrative Rule 36.15.502 (1995) is determined by hydraulic
calculation such that the water-surface elevation of the 100-year flood
discharge is increased by no more than 0.5 ft by complete filling
(encroachment) of the flood fringe. Montana Administrative Rule
36.15.502 (1995) further indicates that flood-plain areas where flow
depths or velocities for the 100-year flood discharge exceed 3 ft or 3
ft/s, respectively, need to be included in the floodway. Figure 10 (sheet
(sheet 3) shows a theoretical cross section with a floodway and water-
surface elevations for the 100-year flood discharge with and without
encroachment in the flood fringe.

The HEC-RAS hydraulic model was used to delineate
floodway boundaries for existing conditions (1999-2001) by
incrementally simulating encroachment on the 100-year flooded area
from each side of each cross section and re-running the hydraulic
model until calculated water-surface elevations for the 100-year flood
discharge were increased by a maximum of 0.5 ft at all sections. Areas
within the 100-year flood plain, where high depths (greater than 3 ft)
and high velocities (greater than 3 ft/s) occurred, were included in the
floodway even if the increase in the water-surface elevation was less
than 0.5 ft. The floodway width was expanded to equal the flood-plain
width at all cross sections in split-flow Reaches 2, 3, and 7. At a few
cross sections, the calculated water-surface elevation for the 100-year
flood discharge with a floodway was less than that without a floodway.
The calculated lower water-surface elevation probably is the result of
more efficient hydraulic transitions between adjacent cross sections
with a delineated floodway than without. For those few sections with
lower calculated water-surface elevations with a floodway, the lower
elevations were raised to match those without a floodway.

The HEC-RAS hydraulic model was used to delineate


