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INTRODUCTION

Knowledge of the extent of the £flood plain
along Porcupine Creek (fig. 1) that would be in-
undated by a peak discharge having a recurrence
interval of 100 years (the 100-year flood) is
needed by the Fort Peck Tribes to control flood
damage in the Fort Peck Indian Reservation. One
approach for decreasing flood damage is control-
ling land use adjacent to the stream by planned
development and management of flood-hazard areas.
Delineation of flood-hazard areas will allow
selection of the type of desired development that
is compatible with the flood risk.

The U.S. Geological Survey, 1in cooperation
with the Fort Peck Tribes, conducted a hydrologic
and hydraulic analysis of Porcupine Creek to
identify areas along the creek subject to flood-
ing. A specific objective of the study was to
determine the extent of flooding that would re-
sult from a 100-year flood. This report presents
the results of the study.

The magnitude of the 100-year flood was de-
termined using techniques described in a report
by Omang (1992), using data from an existing U.S.
Geological Survey streamflow-gaging station
(station 06175000 located at Nashua) on Porcupine
Creek, and using procedures recommended by the
Interagency Advisory Committee on Water Data

(1982). Fifty-seven channel and £flood-plain
cross sections were surveyed and 20 cross
sections were synthesized along a 29-mi reach.

Physical dimensions of hydraulic structures were
measured. Manning’s roughness coefficients were
determined at each cross section. Field survey
data and a hydraulic model were used to calculate
water-surface elevations for the 100-year £flood
at each cross section. These elevations were
used to determine the inundated area for the 100-
year flood.
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Figure 1.--Location of study area.

From its origin near the town
Porcupine Creek flows southerly about 50 mi
through northeastern Montana and joins the Milk
River near the town of Nashua. The study area
includes the drainage of Porcupine Creek from a
point 1.9 mi downstream from the joining of the
Middle and West Forks downstream to the mouth.
The Porcupine Creek basin is sparsely populated
and consists of gently rolling hills and broad,
flat wvalleys. Areas of the valley adjacent to
the stream are densely vegetated with bushes and
trees. The land surface has little relief, with
elevations ranging from 2,050 to 2,600 ft. The
West Fork and mainstem of Porcupine Creek form
the west boundary of the reservation.

of Opheim,

The climate
plains, with hot,

is typical of the northern
moderately dry summers and
cold, dry winters. Mean daily temperatures at
Glasgow range from 86 °F in July to -2 °F in
January. Average annual precipitation is about
12 in.; more than 8 in. of the total is received
from May through September. June is the wettest
month, with an average of about 3 in. of pre-

cipitation, and December is the driest, with an
average of 0.3 in. (U.S. Environmental Data
Service, 1971, p. 10).

Streamflow Conditions and Flooding

Porcupine Creek has perennial flow and all
tributaries that enter the river are intermittent

or ephemeral. Most runoff results from snowmelt
in the spring and rainfall from thunderstorms
during the summer. Occasionally, late snowmelt

and rain combine to cause runoff.

Porcupine Creek is commonly affected by ice
during spring breakup. The elevation of maximum
observed ice-affected stage at the gaging station
for the period of record (intermittently 1908-92)
was 2,053.4 £t in 1986. For comparison, the 100~
year flood elevation at the gage was determined
to be about 2,055.3 ft.

Prior to 1939, flow was partly regulated by a
dam on the Middle Fork Porcupine Creek, 23 mi
south of Opheim. Remnants of this structure,
which was washed out in 1939, have no appreciable
effect on the 100-year flood in either the up-
stream or the downstream reaches.

The largest known peak discharge on Porcupine

Creek recorded at the gaging station was 3,600
ft3/s on April 13, 1982. Floodwaters reached an
elevation of 2,053.9 ft. A peak discharge of

35,000 £t3/s on March 24, 1939, was caused by the
failure of the dam on the Middle Fork. That
discharge was determined by the U.S. Indian
Service (now the U.S. Bureau of Indian Affairs).

METHODS OF ANALYSIS

Standard hydrologic and hydraulic methods
were used to analyze the flood hazard for Por-
cupine Creek. The magnitude of a flood that is
expected to be equaled or exceeded once on the
average during any 100-year period (recurrence
interval) was selected by the Fort Peck Tribes
for analysis. This 100-year flood has a 1-
percent chance of being equaled or exceeded in
any given year. Although the recurrence interval
represents the long-term average period between
floods of a specific magnitude, rare floods could
occur at shorter intervals or even within the
same year. The analyses reported herein reflect
flooding potentials based on conditions existing
in the basin in 1991.

Hvdrologic Analvsi

Flood-discharge values for Porcupine Creek
are based on a statistical analysis of discharge
records at the gaging station at Nashua, tech-
niques developed for predicting flood-frequency
information, and procedures recommended by the
Interagency Advisory Committee on Water Data

(1982) . Twenty-three years of peak~-discharge
records are available at this station: 1909,
1912-21, 1923-24, 1939, 1982-90. The peak dis-

charges were analyzed by the standard log-Pearson

type III method as described by the Interagency
Advisory Committee on Water Data (1982). The
peak discharge for 1939 (35,000 £ft3/s) was not
used in the analysis because it occurred as the
result of dam failure. Using this method, the
100~year flood discharge determined for the
drainage area at the gaging station was 6,900

ft3/s. The drainage area at the gaging station
is the sum of drainage areas for both the main
channel and the overflow channel, which is near
the downstream end of the study area. Thus, part
of the 6,900 £t3 /s discharge will be contained in
the overflow channel.

Because the record of floods at the gaging
station was short and large floods probably oc-
curred in years when the gage was not operated,
such as 1952, the 100-year flood discharge also
was determined using techniques developed by
Omang (1992). This discharge was computed to be
12,500 £t3/s. The two 100-year flood discharges
were weighted using methods described by the
Interagency Advisory Committee on Water Data
(1982, p. 8-1), and the resultant 100-year £flood
was computed to be 8,750 ft3/s.
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Figure 2.--Cross section 63, which is typical of channel and flood-plain
conditions in the upstream reaches of the study area.
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Figure 3.--Cross section 18, which is typical of channel and floed-plain
conditions in the downstream reaches of the study area.
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The flood discharge at the gaging station was
transferred from the station to the upstream part
of the study area using the following transfer
equation developed by Omang (1992, p. 12).

e 0.49
Qtu = [Ag] : th

Q = flood magnitude being estimated at
tu the ungaged site, in cubic feet
per second;

where

Au = drainage area at ungaged site, in

square miles;
Ag = drainage area at gaged site, in
square miles;

Q
tg

flood magnitude at the gaged site,
in cubic feet per second.

The transfer method gives reasonably accurate re-
sults when the ungaged drainage area does not
differ from the gaged drainage area by more than
about 50 percent. In the reach analyzed, the
drainage area at the upstream part of the study
area (510 mi2) differs from the drainage area at
the gaging station (733 mi?) by about 30 percent.
The flood-discharge value computed by the trans-
fer method (7,330 ft3/s) was used from the nor-
thern boundary of the study area downstream to
cross section 43, then was increased at cross
section 42 to the discharge computed at the gag-
ing station for the rest of the study reach. The
change was made at cross section 42 because of
significant tributary inflow from the East Fork
just upstream from that location. The results of
the analysis are given in table 1.

Table 1.--Summary of 100-year discharges

100-year
flood
discharge
{(cubic feet
per second)

Drain-
age area
(square
miles)

Flooding
source

Porcupine Creek basin 510
upstream from cross

section 43

7,330

Porcupine Creek basin 733 8,750
upstream from gaging
station at Nashua

(station 06175000)

Hydraulic Analvsi

The hydraulic characteristics of the channel
cross sections along Porcupine Creek were ana-
lyzed to determine the elevations of the 100-year
flood. The method used to define hydraulic char-
acteristics requires cross-section geometry data
and roughness-coefficient estimates.

Cross-section data were obtained from field
surveys conducted during the summer of 1991.
Fifty-seven cross sections were surveyed and 20
were synthesized. The synthesized cross sections
(sections 5, 9, 15, 17, 19, 21, 23, 24, 45, A48,
51, 53, 56, 58, 61, 66, 68, 70, 72, and 75 on the
principal map) were estimated from adjacent sur-
veyed sections and topographic maps. Structural
geometry and elevations were also obtained for
four bridges. Cross sections were located up-
stream and downstream from the bridges to permit
computation of the backwater effects of these
structures. Cross sections typical of channel
and flood-plain conditions in the upstream and
downstream reaches of the study area are shown in
figures 2 and 3, respectively. A cross section
typical of channel conditions at bridges is shown
in figure 4.

The roughness coefficient
resistance to flow. Factors that affect rough-
ness coefficients include the type and size of
materials that compose the bed and banks of the
channel and flood plain, shape of the channel,
variation in dimensions of cross sections, vege-
tation, structures, and degree of meandering,
Roughness coefficients (Manning’s "n") used in
the hydraulic computations were based on engi-
neering Jjudgment of onsite observations. Rough-
ness values along Porcupine Creek range £from
0.030 to 0.085 for the main channel and from
0.035 to 0.100 for the flood-plain areas.

represents the

Water-surface elevations for the 100-year
flood were computed using a water-surface-profile
computation model (WSPRO) developed by the U.S.
Geological Survey for the Federal Highway Admin-
istration (Shearman, 1990).

WSPRO is a computer program that is used to
analyze one-dimensional, gradually varied, steady
flow in open channels. Cross-section geometry
and location, roughness coefficients, and start-

ing water-surface elevation data are needed to
compute water-surface profiles using step-
backwater techniques. The surveyed and synthe-

sized cross sections then were used to define the
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physical characteristics of the channel.
surveyed and synthesized
cross sections were used to define the hydraulic
of the channel.
each cross section at Porcupine Creek was select-
ed to represent the hydraulic characteristics of
a reach, and each section was surveyed to define

computer program, the

characteristics

its shape.

For the WSPRO assumption of gradually varied,
to be valid within a stream

steady-state flow
reach,
to be short. However,
to survey sufficient
been prohibitive.
sections
57,

thesized and
crease possible
errors. If additional

cupine Creek in

peak discharge from a

subject to change.

the distance between cross sections
for the great distance of
Porcupine Creek involved in this study, the cost
cross sections would have
Therefore,
surveyed for this report was limited to
Twenty additional cross sections
added to the WSPRO program to de-
step-backwater
surveyed cross sections
are added to the WSPRO input data
the future,

surface elevations associated with the estimated
100-year flood could be
For the downstream end of the
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Figure 5.--Gage height-discharge relation at streamflow-gaging
station Porcupine Creek at Nashua (station 06175000).

INDEX MAP SHOWING MATCHLINES

10,000

48° 17'30" £

48° 10'

NORTH THIRD

CENTRAL THIRD

EXPLANATION .

AREA THAT WILL BE INUNDATED BY THE 100-YEAR
FLOOD--Centerline connects the centroids of flow of
water at cross sections during the 100-year flood

CROSS SECTION AND NUMBER--Letter "o" indicates
overflow channel; no letter indicates main channel

SOUTH THIRD

A' MATCHLINE-Line separating north, central and southern
thirds of the study area

STREAMFLOW-GAGING STATION AND NUMBER
ELEVATION REFERENCE MARK AND DESIGNATION

06175000,
RM5>(

SCALE 1:24,000

2 MILES
—3

2 KILOMETERS
|

o
=

0
L_
CONTOUR INTERVALS 10 AND 20 FEET
DATUM IS SEA LEVEL

b

lw

48° 22'30" A

48° 15' B

MAP SHOWING AREA INUNDATED BY THE 100-YEAR FLOOD, LOCATION OF CROSS SECTIONS, AND LOCATION OF ELEVATION REFERENCE MARKS

In this tion to estimate normal depth. The computed
elevation (2,056.3 ft) for the portion of 100~
year flood discharge at cross section 6 where the
gaging station is located was converted to the
datum used at the station (0.0 ft gage datum =
2,038.0 sea-level datum) and plotted on the gage
height~discharge curve (fig. 5). The gage
height~-discharge relation matches the computed,
theoretical water-surface elevation to within 0.2
ft. The close agreement helps to substantiate
the hydraulic model used.

The location of

needs

WATER-SURFACE PROFILE
the number of cross The water-surface profile for the 100-year
flood (fig. 6) was drawn for the entire reach
within the study area. The reach at the down-
stream end (cross sections 1-7) was drawn showing
computation a profile for the main chdnnel and a profile for
the overflow channel upstream to near cross
section 8, where the two channels converge. The
profile shows the computed water-surface eleva-
tions, the streambed elevations, and the location
of bridges and cross sections used in the hydrau-
lic analysis.

were syn-

set for Por-
computed water-

study area from cross section 7 to cross section

1, flood flows were divided into a main channel The hydraulic analyses were based on un-
and an overflow channel. Each channel in this obstructed flow, The flood elevations shown on
area was considered as a separate reach. The the profile thus are considered to be valid only

portion of the

ft3 /s) that will flow in each

100-year flood discharge (8,750

if hydraulic structures remain unobstructed and

channel was de- do not fail.

termined by methods described by Davidian (1984,

p. 30).

channel discharge was
ft3/s.

determined by using a

The main-channel £flood discharge was
determined to be 5,100 ft3/s, and the overflow-
determined to be
The starting water-surface elevation used
to compute the flow in each channel for Porcupine
Creek at the downstream end of the study area was
slope-conveyance

All field surveys and elevations are refer-
enced to sea level. The data were tied to a
network of control points, and elevation refer-
ence marks were established during the field
surveys. Reference-mark locations are shown on
the principal map and reference-mark descriptions
are given in table 2.

3,650

computa-

FLOOD BOUNDARIES

flood boundaries along the stream define
an area that would be inundated as a result of
the 100-year flood. For this study, the 100-year
flood boundaries were delineated using flood ele-
vations determined at each cross section. Be-~
tween cross sections, where survey data were
unavailable, the flood boundaries were inter-
polated using the contour 1lines on topographic
maps.

The

The 100-year flood boundaries are shown on
the principal map. Small flood-plain areas with-
in the flood boundaries may lie above the flood
elevations, but cannot be shown owing to limita-
tions of the map scale or lack of detailed topo-
graphic data.

SUMMARY

Standard hydrologic and hydraulic methods
were used to analyze flood-hazard data for
Porcupine Creek. The 100-year flood was selected
as having special significance for flood-plain
management.

The magnitude of the 100-year flood was de-
termined for the reach of Porcupine Creek extend-
ing from a point 1.9 mi downstream from the
joining of the Middle and West Forks downstream
to about 1 mi wupstream from the mouth near
Nashua. The flood-discharge was determined to
range from 7,330 to 8,750 £t3/s, depending on
location.

Data used for 57 channel and flood-plain
cross sections were obtained from field surveys
of a 29-mi reach of the river. Twenty additional

cross sections were synthesized from adjacent
surveyed sections and topographic maps. These
data “were used to compute water-surface eleva-
tions for the 100-year flood at each cross
section, wusing WSPRO, a step-backwater computer
program.
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The water-surface profile was drawn showing
computed water-surface elevations of a 100-year
flood. The flood profile was drawn for the main
channel and the overflow channel from the down-
stream end of the study area upstream to near
cross section 8, where the channels converge, and
then from cross section 8 upstream for the entire
reach. The flood profile also shows the stream-
bed elevations and location of bridges and cross
sections used in the hydraulic analysis. Flood
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Table 2.--Elevatlon reference marks

Ref-
er-
ence
- mark

Elevation
(feet above
sea level)

Description
of location

AL

standard U.S.
and Geo-
Survey
disk,

RM1 2,063.37 A
Coast
detic
benchmark
stamped "y 356
1948" and set in
the east end of
Burlington Nor-
thern Railroad
bridge crossing
Porcupine Creek
overflow chan-
nel, is located
1.5 mi east from
the railroad sta-
tion at Nashua,
in the top of the
north end of the
east concrete
abutment, 6.4 ft
north of the
north rail of the
track, and 1.6 ft
lower than the
rail.

L

1
10 1 12

DISTANCE, IN THOUSANDS OF FEET UPSTREAM FROM MOUTH OF MAIN CHANNEL

RM2 2,066.18 A standard U.S.
Coast and Geo-
detic Survey
benchmark disk,
stamped "W 356
1948" and set in
the west end of
Burlington Nor-
thern Railroad
bridge crossing
Porcupine Creek,
is located 0.8 mi
east from the
railroad station
at Nashua, in
the top of the
south end of the
west concrete

F abutment, 5.5 ft

e south of the

south rail of the

track, and 1.0 ft

o lower than the

rail.

DISTANCE, IN THOUSANDS OF FEET UPSTREAM FROM MOUTH OF MAIN CHANNEL

- L - RM3 2,064.10 Top of steel
bolt, painted red
and located in
. the west end of
. U.S. Highway No.
2 bridge crossing
Porcupine Creek,
is located 0.5 mi
east of Nashua,
in the top of the
south side of the

bridge abutment.

64 68 68 90 82 RM4

2,081.25 Top of steel
fence post, pro-
jeeting 2.5 ft
above ground, is
located 1.8 mi
northwest of Na-
shua, along Por-
cupine Creek, on
north-south prop-
erty—line fence
of Bernice Stohl
Ranch, on right
bank, near right
edge of cross
section 12.

L RM5  2,092.45 Top
i end

headgate is lo-

of upstream
of concrete

"'
-
‘ 245 mi
—'-'
@ é @ @ 0 @ Bernice Stohl
£ 0 : . ; . . p N Ranch, on right
12 114 116 118 120 122 124 126 126 "R T

- - cated
- northwest of Na-
i - shua, along Por-
@ cupine Creek, at
bank, 300 ft west
DISTANCE, IN THOUSANDS OF FEET UPSTREAM FROM MOUTH OF MAIN CHANNEL

RM6 2,133.09 Top of steel
crank support for
corral chute post

is located 5.1 mi

2,580 T T T T T T
2570
2560
2,550 |
2540 -
2,530 | o

2,520 - JPrT 4

.
-

2,510 ; -2

2,500

L
2490 -

ELEVATION, IN FEET ABOVE SEA LEVEL
.
)
LY

northwest of Na-
.® shua, along Por-
cupine Creek, on
right bank, 40 ft
south of county
road crossing
Porcupine Creek.

RM7 2,188.11
. painted

Top of rock, with
nY, ™ s
located 7.2 mi
4 northwest of Na-
shua, along Por-
- cupine Creek, on
right bank, 240
- ft west of trail,
on knoll sur-
rounded by rock
teepee ring.

2,480
132

.
@ ()

1 i 1 1
134 136 136 140

142 144
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Figure 6.--Profile of computed water-surface elevations for
the 100-year flood, streambed elevations, and

Near the mouth of

Porcupine Creek, profiles are shown for both the

steel
fence post,
painted orange,
is located 10.8
mi northwest of
Nashua, along
Porcupine Creek,
on right bank,
1,400 ft west of
stream, along
east-west fence-
line.

RM8 2,250.06 Top of

RM9 Top of spike, 1.7
above ground
in north side of
gate post, is lo-
cated 11.8 mi
northwest of Na-
shua, along Por-
cupine Creek, in
center of sec. 4,
on left bank,
1,300 ft east of
stream.

2,267.26

RM10 2,307.76 Top of bottom
gate pin on green
gate is located
13.5 mi northwest
of Nashua, along
Porcupine Creek,
on left bank, on
gate at Doug
Tihista’s house.
RM11 2,343.27 Top of
ft above
in 20-ft
cottonwood
is located 15.1
mi northwest of
Nashua, along
Porcupine Creek,
on right bank,
900 ft west of
stream.

of green
fence post
is located 16.4
mi northwest of
Nashua, along
Porcupine Creek,
on section line
between secs. 9
and 16, on left
bank, 1,300 ft
east of stream.

spike, 3
ground

tall
tree,

RM12 2,370.50 Top

steel

RM13 2,427.53 A standard U.S.
Geological Sur-
vey aluminum
disk, stamped "13
JRJ 1977" and set
in concrete post
projecting 0.5 ft
above ground, is
located 19.1 mi
northwest of Na-
shua, along Por-
cupine Creek, on
left bank, 25 ft
south of trail,

DIAGRAM SHOWING RELATIVE POSITION OF SEGMENTS
OF THE PROFILE ALONG PORCUPINE CREEK

and 1.0 ft north
of witness post.
RM14 2,494.02 Top of cap, on
1.5-in. diameter
test well pro-
jecting 2.0 fit
above ground, is
located 22.1 mi
northwest of Na-
shua, along Por-
cupine Creek, on
left bank, next
to 4.0-in.-diam-
eter casing pipe
stamped "C4," on
left bank, 1,000
it east of
stream.
RM15 2,972.41 Top of rock, with
painted *X," is
located 24.5 mi
northwest of Na=

shua, along Por-
cupine Creek, on
left bank, 100 ft
east of stream.
RM16 2,573.90 Top of spike, 3
ft above ground
in 3-ft-diameter
cottonwood tree,
is located 26.4
mi northwest of
Nashua, along
Porcupine Creek,
on right bank,
400 ft west of

AND VERTICAL DATUM

To cobtain For additional information write to:
cubic meter per District Chief
second U.S. Geological Survey
428 Federal Building
301 South Park, Drawer 10076
meter Sea level: 1In this report "sea level” refers to Helena, MT 59626-0076
the National Geodetic Vertical Datum of 1929--A
millimeter geodetic datum derived from a general adjustment
of the first-order level nets of the United
kilometer States and Canada, formerly called Sea Level

Datum of 1929.
square kilometer

(°F) can be

(°F - 32)

stream.

Copies of the report can be purchased from:

U.S. Geological Survey

Books and Open-File Reports Section
Federal Center

Box 25425

Denver, CO 80225-0425
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