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- I Carter Bridge four ungaged reaches between Mol Herron Creek and Tom Miner 4700 ' ' ' ' ' ' ' ' ' Table 2. Drainage-area and flood-frequency data for selected stream reaches on the upper Yellowstone River, Montana. A
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FIOOd and FIOOdway Boundal’les were based on a linear interpolation between logarithms of flood 4,69 - T . Stream reach D;z;aigne secgon interval, in years
. discharges at the two gaged sites using logarithms of drainage area as square ’m"es n(iz]e;;s
for the Upper Yel IOWStone R|Ve r’ the basis for interpolation (Parreit and Johnson, 2004). Drainage-area 15 2 10 50 100 500
information and flood-frequency data for the Yellowstone River 4,690 - T
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By Charles Parrett, Stephen R. Holnbeck, and Katherine J. Chase A one-dimensional, hydraulic-flow model was used to determine = | | and Big Creek
water-surface elevations for selected flood discharges where channel § Between Big Creek and Mill 3,060 87-113 18,900 26,800 32,800 35,100 40,300
Introduction cross sections were surveyed. The hydraulic flow model developed by o Creek
the U.S. Army Corps of Engineers (USACE), HEC-RAS, version 3.0, 4575 - - Between Mill Creek and Trail 3,400 6258 19900 28100 34,700 37,300 43,500
The upper Yellowstone River in south-central Montana is an (2001a,b,c), requires channel, bridge, and flood-plain geometry data | Creek
. JOWSIO " and channel and flood-plain roughness characteristics (Manning's n Ground surface Trail Creek to Carter Bridge 23,551 5462 20300 28700 35500 38300 44,800
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Livingston (fig. 1). Following the flood, numerous projects were characteristics, which were determined in the field at the time of a0 0 20 w0 60 80 100 1200 140 1600 180 '
completed to stabilize the l?anks. In 1997, a severe flood again caused channel surveys, ranged from 0.025 to 0.065 for the main channel and DISTANCE FROM LEFT BANK LOOKING DOWNSTREAM, IN FEET
char_1r_1e| .and pank erosion. Al_thOl_Jgh previ ous!y constructed from 0.030 to 0.150 for the flood plain. High-water marks (such as Figure 2. Crosssection 71, which istypical of alocation in the lower study reach with multiple
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downstream locations, and future bank-stabilization projects, therefore, water marks, though of variable reliability, were used to help calibrate 4,865 : : . . . . . . .
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overnor of Montana. The Upper Yellowstone RIVer orce Resources Conservation Service (NRCS), and were included in this '
initiated a cumulative-effects study of the upper Yellowstone River. analysis (Ralph Bergantine, Natufal Re;)urces Conservation Service,
The main objective of the cumulative-effects study was to gather written commun., 2000). Interpolated cross-section data were used at 4,855
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erm, cumulalive eftects of propo: reambank-stabifization projects. total of 157 cross sections were used for the determination of water- H
The U.S. Geol;)glcal Survey (USGS), in cctj)operan;n with Montang surface elevations in the entire study area. The total number of cross 2 e
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; . N . - clarity. & 100-year flood
e o o et | e ot fronq o oo Field surveys and elevations are referenced to U.S. Geodetic R S RRLREEEE . S
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bound_ariesfor parts of the upper Yellowstone River and (_2) simulation upp;y Yellowstone River which are showr?, on the flood-plain r?waps. . |
of Sefjl_';f‘ent tra;sport fotr apa?r t of ﬂf]e upger ;?”0\’;10”3 R"_/eera o et Information about the bench marks can be obtained from the National ' Ground surface
IS report presents waler-surface eiévalion dala required to m Geodetic Survey at http://www.ngs.noaa.gov (accessed March 16,
objective 1 and shows the mapped flood and floodway boundaries. The 2004). & P g gov 4825 - .
mapped flood boundaries show the extent of flooding from flood Data from about 53 surveyed cross sections from various sources
discharges having recurrence intervals of 500 and 100 years. The were being used for hydraulic analyses by the USACE downstream 420 ; o L L = - = L L e Tow
mapped floodway boundaries show the area within the boundaries of from Carter Bridge. Calculations by the hydraulic model proceed in an 1S TANGE FROM LEFT BANK LOOKING DOWNSTREANL I\ FEET ’
the 100-year flood dlschargg t_hat is reserved for the passage of flood upstream direction; consequently, cross sections used for this study . . M . '
flows un_der Mor?tar_la Administrative Rule 36.15.502 (_1995). The were numbered in an upstream direction starting with cross section 54 _F|gur_:;. C;cls: sftTctlc(;n SIBO vyh|ch istypical of alocation in the lower study reach where the channel
hydrologic analysis is based on recorded annual-peak dlgcharge _dama just below Carter Bridge (segment 1, sheet 1). Graphs showing sample isincised and the flood plain is narrow.
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= ) X section 90, fig. 3), and a channel reach with a typical bridge and pier
detailed for the lower study reach from Carter Bridge upstream to Point (cross section 149, fig. 4). Data for all cross sections used in the study - AREA INUNDATED BY THE 100-YEAR FLOOD--Includes
of Rocks bridge than for the upper study reach from Point of Rocks are available in files at the USGS Montana District Office in Helena, 5100 - : a floodway where floodway data were available
bridge upstream to Gardiner. Mont. Bridge structure
Two different levels of hydraulic analysis were used for the study, e flond AF:]EA 'WND’;TE% EY ;Hf 5°°'YEﬁR ';LOOD"'“C'“C'ES
depending upon the accuracy and resolution of the digitized aerial- sos b | femmmmeeeeeeeeaal B R ] the area inundated by the 100-year floo
photographic base used for flood-plain mapping, the availability of g ' - FLOODWAY
e < digital topographic data, and the number of and spacing between z
MONTANA 2 surveyed channel cross sections. The best resolution (1:8,000 scal€) 5 STREAM CENTERLINE--Connects approximate centroids of
& z digital orthophotographs were available for the lower study reach from = 5090 - 7 flow areas during the 100-year flood discharge
& $ just below Carter Bridge (cross section 54) upstream to just above Point Z
of Rocks bridge (cross section 124).  Digital topographic maps % _ CROSS SECTION AND NUMBER
Map area 6 with 4-ft contour intervals and intermittent elevation data (spot oo [ COUndsurface i QX0174
o EE elevations) meeti ng Federal Emergency Management Agency (FEMA) X U.S. GEODETIC SURVEY AND U.S. COAST AND
3% mapping standards also were available for this reach. Accordingly, a (C1=eleiByE SEIRYISY AN LSRG AN NELA 22
3% apping gly
r — WYOMING more-detailed hydraulic analysis was performed for this lower study
. P vellowstone reach. The more-detailed hydraulic analysis included determination of 5,080 - 7
T " e o water-surface elevations at cross sections for the 2-, 10-, 50-, 100-,
7 . S . and 500-year flood discharges, determination of a floodway, and
e - o . e T determination of the areas that would be inundated by the 100-year and 5075 L | | | | | |
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500-year flood discharges.

The aerial-photographic base map available for the upper study
reach just upstream from the Point of Rocks bridge (cross section 124)
upstream to Gardiner (cross section 160) had less resolution (1:12,000
scale) than the base map for the lower study reach. Also, the only

Figure4. Cross section 149, which istypical of alocation in the upper study reach with a bridge and pier.
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125. 10 !m Ve available digital topographic data for this upper study reach were USGS
%! | streamflgw-gaging station{(06192500) 1:24,000 digital-elevation-model (DEM) data with 20-ft contour
i intervals. Finaly, because of the lower-resolution aerial photography
A and less-detailed topographic information, fewer cross-sections were
T3 S surveyed in this upper study reach than in the lower study reach.
\J ! Consequently, a less-detailed hydraulic analysis was performed from w  ROE 1100
co _J' Point of Rocks bridge to Gardiner. The less-detailed analysis included — r—
o [ B only determination of the 100-year water-surface elevation at cross |
150 - A Fine~ | sections and the areas that would be inundated by the 100-year flood S LA . / N
T4, 3! < Q& discharge. A floodway was not determined for this less-detailed, upper /
| Eightmje study reach. Water-surface elevations and mapped limits of the L] UET&E;E%S&:;@EE 195 B 4500
. . . L . 1| | . T T T T T T T T T
! /ﬁ\f\ 100-year flood dlschargc_e are considered to be less reliable within this 1 VAP SEGMENT NUMBER--Red " LOWER STUDY REACH ]
j J!J \ upper study reach than in the lower study reach because of the less- T B D (e ] L (Map segment 1)
755, 1 detailed base map and topography and few cross-section data. segments shown on this sheet N i .
K emigrant £ @ Slboy, Yankee Jim Canyon islocated within the less-detail ed, upper study A A" MATCHLINE-Line separating - AF=TA" 4580 1 ]
N Z & reach (segment 6). Streamflow is very turbulent in this steep canyon map segments 1-8 s Ve L .
7 and cross sections could not be safely surveyed. Thus, water-surface o [ i ]
B elevations were not determined between cross sections 131 and 135. 2 4570 -
T6s| Nevertheless, flood boundaries in the canyon are considered to be no / 3 - 1
=4 wider than the channel because of the steep canyon walls. 45° RS8E. B / g i i
25 ‘ L/‘ E i
45°15' N L ¥ = 4560 -
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g Table 3 (sheet 2) presents the streambed- and calculated water- 3 — é S ]
surface elevation data for the 2-, 10-, 50-, 100-, and 500-year flood 110%5'  R7E.  50° B [ \@ 69 6 .
discharges at each cross section in the more-detailed, lower study reach 2ol } | X J @ B9 1
s from Carter Bridge upstream to Point of Rocks bridge. Table 4 (sheet . asn | -
G ical Survey 2) presents the calculated water-surface elevations for the 100-year 47 |© .
N streamflow-gaging station (06191500) flood discharge at each cross section in the less-detailed, upper stu T6S. / \. ]
Al Jardine 9 » Upp dy K T
Tos. }%ﬁﬁs ALNE\, reach from Point of Rocks bridge upstream to Gardiner. Cumulative | / / (589 . . . . . . . . 1
H\ N P I’ Gardinér distances for al cross sections upstream from cross section 54 (most D 4530 5 1 2 3 4 5 6 7 8 9 10
= = l downstream cross section) used in the hydraulic analysis are presented 15 / DISTANCE, IN THOUSANDS OF FEET UPSTREAM FROM CROSS SECTION 54
e o oo, 206 oo o % [PMILES in both tables. The water-surface elevation data can be used with the (Yo
American Vertical Datum of 1927 (NAD 27) 0 5 10 KILOMETERS distance data to construct profiI&s of flood devations throughout the 5 / 4,695 [ T T T T T T T T T ]
EXPLANATION study area (except for Yankee Jim Canyon). Flood profiles are useful 778 B L LOWER STUDY REACH .
[_] UPPER YELLOWSTONE RIVER STUDY AREA for estimating flood elevations at selected locations between cross i ( - (Map segment 1) ]
S LOWER STUDY REACH, more-detailed sections. Three representative flood-profile graphs are shown in figure 8 4685 -
=1 UPPER STUDY REACH, less-detailed 5. This hydraulic analysis was based on unobstructed flow. Water- 0 6 I i
' surface elevations presented in tables 3 and 4 and in the representative \y\ \& L i
. ' : profiles (fig. 5) are valid only if hydraulic structures remain clear of F - 1
Figure 1. Location of the upper Yellowstone River study area, Montana debris and do not fail. The water-surface elevations also are valid only . . \|\ . 4675 | -
for channel and flood-plain conditions at the time of the surveys. o g - g
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Study Area Description ] 4905 || | L asos | ]
Flood Boundaries 0 \C g | i
The Yellowstone River originates in Wyoming, in and near the ) ) ) T9S. é - .
southern part of Yellowstone National Park. The river enters Montana ~ The flood boundaries along the river define areas that would be 3 4655 b ]
near the town of Gardiner and flows north and east across 500 mi of inundated by the 100- and 500-year flood discharges. The flood \T\Rl ]
southern Montana, joining the Missouri River just inside North Dakota. boundaries were delineated using water-surface elevations determined - 1
The study area consists of the Yellowstone River flood plain from e ach cross section,  Between cross sections, the flood elevation DIAGRAM SHOWING RELATIVE POSITION OF MAP SEGMENTS 4645 -
Gardiner, near the boundary of Yellowstone National Park, to Carter profiles were used to determine water-surface elevations, which in turn AND MATE RISl s et v eyl e ]
Bridge, about 56 river mi downstream near Livingston (fig. 1). The were used to interpolate flood boundaries based on mapped elevation ]
topography through this reach varies from steep, winding mountain contours. RiverCAD (Boss International, 2000) was used to interpolate |
canyons to a broad aluvial valley bordered by high mountains. and draw flood boundaries between cross sections. _ 4635, pe P P % % m m 2 2 A
Estimated elevations in the drainage basin range from 12,160 ft at the Flood boundaries for both the 100- and 500-year flood discharges DISTANCE, IN THOUSANDS OF FEET UPSTREAM FROM CROSS SECTION 54
headwaters in Yellowstone National Park to 4,480 ft at Livingston. are shown for the |ower, more-detailed study reach (map segments 1
Land uses in the study area include irrigated hay production, through 4), while flood boundaries for just the 100-year flood discharge 5,250 . . . . . .
livestock grazing, and residential development. Cottonwood, western are shown for the upper, less-detailed study reach (map segments 5 UPPER STUDY REACH
snowberry, woods rose, red-osier dogwood, and various native grasses through 8). In both study reaches, small areas within the flood (Map segments 5, 6, 7, and 8)
and sedges grow along the stream banks (U.S. Department of boundaries for the 100-year flood discharges might be above the water- 5200 .
Agriculture, Natural Resources Conservation Service, 2001). surface elevation, but cannot be shown because of the limitations of the
The climate is semiarid with cold winters and warm summers. map scale or the lack of sufficiently detailed topographic data.
Based on climatic data for the period of record, 1971-2000, average Likewise, small areas within the flood boundaries for the 500-year 5150 - Corwin X
monthly temperatures at Livingston range from 25.6 °F in January to flood discharge shown in the more-detailed study reach might be above - Springs
67.3 °F in July. Average annual precipitation in Livingston is 15.7 in., the water-surface efevation. o bridge
with about 53 percent of this amount falling in April through July. May 2 5100 [ Yankee Jim Canyon Gsa) 7
typically is the wettest month, with an average of 2.8 in. of . 2 (’:" Watbe';f(‘;”tace or <@
precipitation, whereas February typically is the driest month, with an Floodway Boundaries = Al
average of 0.5 in. (National Oceanic and Atmospheric Administration, o _ _ ) S 5050 [ 4495 .
2001, p. 14, 21). - The_z area within Fhe boundaries of _the 100-year flood discharge is % Loif:er s qaa)
Major tributaries of the Yellowstone River in the study area divided into two portions for flood-plain management purposes. The " bridge @ Q) @@ )
include Mol Heron Creek, Tom Miner Cresk, Big Cresk, Mill Cresk, floodway, which i reserved for the passage of flood flows, includes the 2y b e O & l
and Trail Creek (fig. 1). These are perennial streams, and most runoff channel and some adjoining flood plain. The flood fringe,_ which _is cteambed @
results from snowmelt or snowmelt augmented by rainin May or June. allowed to be developed with structures elevated on suitable fill \ \@
material, includes the outer parts of the area inundated by a 100-year 4950 - \. i
flood discharge. The width of the floodway under Montana }/ é é @@
. Administrative Rule 36.15.502 (1995) is determined by hydraulic
Methods OfAnalySIS calculation such that the water-surface elevation of the 100-year flood 4,900 d & & e L L L L
discharge is increased by no more than 0.5 ft by complete filling 180 20 220 240 260 20 30 &
(encroachment) of the flood fringe. Montana Administrative Rule DISTANCE, IN THOUSANDS OF FEET UPSTREAM FROM CROSS SECTION 54
. . 36.15.502 (1995) further requires that flood-plain areas where flow EXPLANATION
Hydrologlc AnaIyS|s depths or flow velocities for the 100-year flood discharge exceed 3 ft or FLOOD PROFILE ¢ 1996 or 1997 HIGHWATER MARK

Data for the largest recorded annual peak discharges from 1890
through 2001 at two streamflow-gaging stations on the Yellowstone
River within the study area are summarized in table 1. The 1997 peak
discharge, the largest recorded at both stations, was nearly equivalent to
the 100-year flood estimate at both sites. The 1996 peak discharge was
identical to the 1997 peak discharge at Corwin Springs and almost as
large as the 1997 peak discharge near Livingston. Other notable large
floods occurred in 1918 and 1974 (table 1).

Flood-frequency data (annual peak discharges having selected
recurrence intervals) were determined by application of the log Pearson
Type I11 probability distribution to the recorded annual peak discharges
at the mainstem streamflow-gaging stations at Corwin Springs and near
Livingston for their periods of record through 1998 (U.S. Geological
Survey, 2002). Flood-frequency data also are commonly referred to as
T-year floods, where T is the recurrence interval for a particular annual
peak discharge (flood). Flood-frequency data for the gaging station at
Corwin Springs were considered applicable to the reach from Gardiner
to the mouth of Mol Heron Creek. Flood-frequency data for the gaging
station near Livingston were considered applicable to the reach from
the mouth of Trail Creek to Carter Bridge, where the gage near
Livingston is located (fig. 1). Flood-frequency data were estimated for

Table 1. Largest recorded annual peak discharges for
the Yellowstone River at Corwin Springs and near
Livingston, Montana, 1890-2001.

Discharge of Yellowstone River,
in cubic feet per second

3 ft/s, respectively, need to be included in the floodway. Figure 6
(sheet 2) shows a hypothetical 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 calculate floodway
boundaries by incrementally encroaching 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 ft at al sections (U.S. Army
Corps of Engineers, 2001c). The water-surface elevation for the
100-year flood discharge at many cross sections was not increased by
the floodway-boundary calculations because the floodway width was
expanded to include areas of high depths and velocities. At afew cross
sections near bridges, the calculated water-surface elevation for the
100-year flood discharge with a floodway was less than that without a
delineated 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.

Data for floodway widths and changes in water-surface elevations
for the 100-year flood discharge as a result of floodway delineation at
al sections in the lower, more-detailed study reach are shown in
table 5 (sheet 3). Floodway boundaries are shown together with 100-
and 500-year flood boundaries (segments 1 through 4).

—e— 500-year flood disch
500-year flood discharge LOCATION OF CROSS SECTION

—=— 100-year flood discharge AND NUMBER
—=e— 50-year flood discharge Carter

e dgel BRIDGE AND NAME--Symbol

——o—— 10-year flood discharge reflects relative bridge size

——eo—— 2-year flood discharge

Figure 5. Streambed and flood profiles for selected reaches of the upper Y ellowstone River, Montana.
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