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NOTICE TO
FLOOD INSURANCE STUDY USERS

Communities participating in the National Flood Insurance Program have established repositories
of flood hazard data for floodplain management and flood insurance purposes. This Flood
Insurance Study (FIS) report may not contain all data available within the Community Map
Repository. Please contact the Community Map Repository for any additional data.

The Federal Emergency Management Agency (FEMA) may revise and republish part or all of
this FIS report at any time. In addition, FEMA may revise part of this FIS report by the Letter of
Map Revision process, which does not involve republication or redistribution of the FIS report.
Therefore, users should consult with community officials and check the Community Map
Repository to obtain the most current FIS report components.

Initial Countywide FIS Report Effective Date: September 28, 2007

First Revised Countywide FIS Report Effective Date: June 18, 2013

Second Revised Countywide FIS Report Effective Date: November 4, 2015
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FLOOD INSURANCE STUDY
FLATHEAD COUNTY, MONTANA AND INCORPORATED AREAS

1.0 INTRODUCTION

1.1 Purpose of Study

This Fleod Insurance Study (FIS) revises and supersedes the FIS reports and/or Flood
Insurance Rate Maps (FIRMs)/Flood Boundary and Floodway Maps in the geographic area
of Flathead County, Montana, including the Cities of Columbia Falls, Kalispell, and
Whitefish, and unincorporated areas of Flathead County (hereinafter referred to
collectively as Flathead County) (References 1, 2, and 3) and aids in the administration of
the National Flood Insurance Act of 1968 and the Flood Disaster Protection Act of 1973.
This study has developed flood risk data for various areas of the community that will be
used to establish actuarial flood insurance rates. This information will also be used by
Flathead County to update existing floodplain regulations as part of the Regular Phase of
the National Flood Insurance Program (NFIP), and by local and regional planners to
further promote sound land use and floodplain development. Minimum floodplain
management requirements for participation in the NFIP are set forth in the Code of Federal
Regulations at 44 CFR, 60.3.

In some states or communities, floodplain management criteria or regulations may exist
that are more restrictive or comprehensive than the minimum Federal requirements. In such
cases, the more restrictive criteria take precedence and the State (or other jurisdictional
agency) will be able to explain them.

1.2 Authority and Acknowledgments

The sources of authority for this FIS are the National Flood Insurance Act of 1968 and the
Flood Disaster Protection Act of 1973.

The hydrologic and hydraulic analyses for the previous studies for Flathead County and the
Cities of Kalispell and Whitefish were performed by HKM Associates, the study contractor,
for the Federal Emergency Management Agency (FEMA), under Contract No. H-4026.
Those studies were completed in 1978.

Revised hydrologic and hydraulic analyses for the Flathead River from Flathead Lake to
approximately Foy’s Bend, along with new hydrologic and hydraulic analyses of the Swan
River from the Steel Bridge to the Lake County line, were performed by Simons, Li, &
Associates, Inc., for FEMA under Contract No. EMW-84-C-1635.

A revision was performed along Ashley Creek to revise the floodway and floodplain because
of updated topographic information, channel improvements, and the addition and
replacement of stream hydraulic structures. The hydraulic analyses for the revision were



performed independently by Pacific International Engineering and were completed in June
2006.

For this initial countywide study a hydraulic and hydrologic analysis was developed to
support a new approximate Zone A boundary for the North Fork Flathead River. This
analysis was performed by PBS&J, Inc. for the Montana Department of Natural Resources &
Conservation (MTDNRC) under contract WO-PBSJ-040. This work was completed in April
2006.

New and revised hydrologic and hydraulics analyses were performed for a portions of Ashely
Creek, Cow Creek, Stillwater River, Swan River near Bigfork, Whitefish River near
Kalispell, Whitefish River near Whitefish, and West Spring Creek. Those studies were
completed by the MTDNRC and their subcontractor Atkins North America under contract
number WO-ANA-100. The work was completed in 2013,

The DOQQ (Digital Orthophoto Quarter Quadrangle) base map for Flathead County was
provided by Natural Resources Conservation Service (NRCS) Data Gateway
(http://datagateway.nrcs.usda.gov/GatewayHome.html). The black and white DOQQ mosaic
for the County was acquired from the NRCS Data Gateway website. Though the photo
mosaic does not cover the entire county, it does cover the mapped floodplains. The U.S.
Department of Agriculture produced this orthophoto mosaic at 1:12,000 scale. It has one
meter ground resolution and the DOQQs used to produce the mosaic were photographed
between 1990 and 1995. The DOQQs have a 1-meter ground resolution, quarter-quadrangle
image cast on UTM coordinates of the North American Datum of 1983. Though the photos
are more than seven years old, they are the most recent DOQQs available for the County.
Therefore, they will be used for the base map for the panels that were revised in 2007 and
2013.

National Agricultural Imagery Program (NAIP) aerials collected in 2011 are used for the
base map for map panels that were updated in 20xx. The 2011 NAIP imagery is produced for
the United States Department of Agriculture’s Farm Service Agency Aerial Photography
Field Office. It was obtained from the USDA Data Gateway website
(http://datagateway.nrcs.usda.gov/). This imagery is a mosaic for all of Flathead County
Montana. It was produced at a scale of 1:120,000 with a ground resolution of 1 meter, cast
on UTM coordinates of the North American Datum of 1983. The imagery is in color. It was
converted to black and white without altering the horizontal accuracy of the original imagery.

1.3  Coordination

For the countywide FIS, the initial Consultation Coordination Officer (CCO) meeting was
held on October 7, 2005 and was attended by representatives of FEMA, Montana
Department of Natural Resources and Conservation, Flathead County, the City of
Kalispell, and the study contractor.

The results of the study were reviewed at the final CCO meeting held on September 7,
2006, and attended by representatives of FEMA, Montana Department of Natural
Resources and Conservation, Flathead County, the City of Kalispell, and the study
contractor. All problems raised at the meeting have been addressed.



Flathead County (Unincorporated Areas)

Streams requiring detailed study were 1identified at an initial CCO meeting attended by
representatives of the study contractor, FEMA, Montana Department of Natural Resources
and Flathead County, in the City of Kalispell on April 15, 1976.

Telephone and personal contacts were made by the study contractor throughout the duration
of the Flood Insurance Study in an effort to coordinate activities and accumulate pertinent
information. In addition to those mentioned previously, agencies and offices contacted were:
the U.S. Geological Survey (USGS); local newspapers; the Flathead County Library; the
Montana Department of Highways; local photographers who have taken floed photographs;
the U.S. Army Corps of Engineers (USACE), Seattle District; The U.S. Soil Conservation
Service (SCS); the local weather bureau; the local unit of the U.S. Forest Service of Flathead
National Forest; local private engineering firms; the Burlington Northern Railroad, Bridge
Section; the local unit of the Montana Fish and Game Department; local planning units; and
others.

On November 17, 1982, the results of the original study were reviewed at the final meeting
attended by representatives of Flathead County, FEMA, and the study contractor. The study
was acceptable to the county.

Additional streams requinng detailed and approximate analyses for the revised report were
identified at a meeting attended by representatives of Flathead County, FEMA, the study
contractor, and the Montana Department of Natural Resources and Conservation (MTDNRC)
in April 1984,

Telephone and personal contacts were made by the study contractor throughout the duration
of the Flood Insurance Study in an effort to coordinate activities and accumulate pertinent
information. In addition to those previously mentioned, the following agencies and offices
were contacted: the USGS; local newspapers; Flathead County Library; the USACE, Seattle
District; SCS; the local unit of the U.S. Forest Service of Flathead National Forest; local
private engineering firms; the local unit of the Montana Fish and Game Department; and
others.

On January 7, 1987, the results of this study were reviewed at the final meeting attended by
representatives of Flathead County, FEMA, and the study contractor.

City of Kalispell ‘

The mitial CCO meeting was held on Aprl 15, 1976, and attended by representatives of
Flathead County, the City of Kalispell, FEMA, the Montana Department of Natural
Resources (Floodway Management Bureau), and the study contractor. This meeting was
held to identify streams which required approximate and detailed study.

Telephone and personal contacts were made by the study contractor throughout the duration
of the study in an effort to coordinate activities and accumulate pertinent information. In
addition to those mentioned previously, agencies and offices contacted were: the USGS;
local newspapers; the Flathead County Library; the Montana Department of Highways; the
USACE, Seattle District; the SCS; the local weather bureau; the local unit of the U.S. Forest
Service of Flathead National Forest; local private engineering firms; the Burlington Northern
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Railroad, Bridge Section; and the local unit of the Montana Fish and Game Department.

The results of the study were reviewed at the final CCO meeting held on February 27, 1979,
and attended by representatives of FEMA, the study contractor, and the City of Kalispell. All
problems raised at that meeting were addressed in the study.

City of Whitefish

On April 15, 1976, streams requiring approximate and detailed study were identified at the
initial CCO meeting held in Kalispell, Montana. The meeting was attended by
representatives  of FEMA; Montana Department of Natural Resources, Floodway
Management Bureau; study contractor; Flathead County; and the City of Whitefish.

Telephone and personal contacts were made by the study contractor throughout the duration
of the study in an effort to coordinate activities and accumulate pertinent information. In
addition to those mentioned previously, agencies and offices contacted were: the USGS:
Whitefish Pilot; the Flathead County Library; the Montana Department of Highways;
Whitefish Municipal Library; the USACE, Seattle District; the SCS; the local weather
bureau; the local unit of the U.S. Forest Service of Flathead National Forest; local private
engineering firms; the Burlington Northern Railroad, Bridge Section; and the local unit of the
Montana Fish and Game Department.

The results of the study were reviewed at a final CCO meeting held on June 14, 1978.
Attending this meeting were representatives of FEMA, the study contractor, the Montana
Department of Natural Resources, and the City of Whitefish. The study incorporated all
appropriate comments, and all problems were resolved.

2.0 AREA STUDIED

2.1 Scope of Study

This FIS covers the geographic area of Flathead County, Montana including the Cities of
Columbia Falls, Kalispell, and Whitefish, and unincorporated areas of Flathead County.
The Kalispell Air Force Base was excluded from this study.

The streams studied by detailed methods are presented in Table 1.

The areas studied by detailed methods were selected with priority given to all known flood
hazard areas and areas of projected development or proposed construction through 2007.

Areas studied by approximate methods include segments of Ashley Creek, Bear Creek, Big
Lost Creek, Brush Creek, Cow Creek, Cedar Creek, Flathead Lake, Flathead River, Gamier
Creek, Haskill Creek, Lazy Creek, Logan Creek, Mud Creek, Mount Creek, North Fork
Flathead River, Patrick Creek, Spring Creek, Stillwater River, Swift Creek, Truman Creek,
Trumbull Creek, Walker Creek, West Spring Creek, Whitefish Lake, Whitefish River. and
several small lakes within the county. Therefore, these areas were designated as zones of
minimal flooding.



Approximate analyses were used to study those areas having a low development potential
or minimal flood hazards. The scope and methods of study were proposed to and agreed
upon by FEMA and Flathead County.

Table 1 — Streams Studied by Detailed Methods

Ashley Creek Swan River

Bear Creek Swift Creek

Flathead River West Spring Creek

Lazy Creek Whitefish River at Whitefish
Middle Fork Flathead River at Nyack Whitefish River near Kalispell

Middle Fork Flathead River at West Glacier | Whitefish Lake
Stillwater River near Kalispell
Stillwater River near Clney

2.2 Community Description

Flathead County, in the northwestern corner of Montana, is one of the largest counties in the
state. It is bounded on the north by the Canadian Provinces of Alberta and British Columbia:
on the west by Lincoln County; on the south by Sanders, Lake, Missoula, and Powell
Counties; and on the east by Glacier, Pondera, Teton, and Lewis and Clark Counties.

The topography of the county ranges from extremely mountainous in the eastern and
northern sections to only moderately mountainous in the west-southwestern section.
Mountains within the county include the Whitefish, Salish, Livingstone, Flathead, and Swan
Ranges. Many large lakes dot the countryside, and several deep river valleys cut through the
mountains forming a very complex drainage system. Elevations in the county range from
more than 10,000 feet in Glacier National Park to approximately 2,900 feet along the shore
of Flathead Lake.

As in other mountaimous areas, the previously described geographical features contribute to
the wide variation in climate. The variation is most evident between the actual slopes of the
Continental Divide and the broad valleys north of Flathead Lake including the Whitefish-
Columbia Falls area. The county climate is classified as a modified Pacific maritime-type. It
varies from a moist, maritime type climate in the upper Flathead River Valley to a drier,
continental-type climate farther south. Although the entire valley is affected by weather from
the Pacific and Arctic Oceans, the dominant weather patterns vary from north to south.
Pacific Ocean air is more dominant in the winter, resulting in a milder climate than would be
characteristic of areas influenced by continental air masses (Reference 4).

Average temperatures within the Flathead River basin are generally a little cooler than in
other parts of Montana, which are east of the Continental Divide. However, temperatures
during the winter are less severe, mainly due to the sheltering effect of the divide. Although
polar air masses develop enough vertical depth to spill westward over the Continental Divide,
such cold waves occur one-half as often as in eastern Montana. The annual average
temperature for Kalispell is 44 degrees Fahrenheit (°F), and monthly averages are 20°F and
66°F for January and July, respectively. These temperatures are generally warmer than those



at the unincorporated community of Summit, which is on the Continental Divide. There the
average annual temperature is 36°F and January and July monthly averages are 15°F and
57°F, respectively (Reference 5).

Precipitation averages are generally higher in Flathead County than in other areas of
Montana. Records indicate that Kalispell, which averages 15 inches per year, may be the
driest point in the county. The average annual precipitation for Summit is 37 inches
(Reference 5).

The pronounced early summer rainfall maximum common to most of Montana is not
characteristic of this area. The variation from month to month is relatively small. In the
Flathead River Valley, 40 to 60 percent of the annual precipitation occurs during the growing
season. The midwinter precipitation is substantial, particularly in the mountains where
winter and early spring snowfall is usually heavy. The mountains sometimes receive several
hundred inches of snow annually. Severe snowstorms (a yearly occurrence in the mountain
climate complex) are common in Flathead County. Thunderstorms usually are less severe in
this area than east of the Continental Divide.

Low flows in the basin occur naturally during the winter months, and floods normally occur
in the spring during periods of rapid snowmelt. Rain also may be an important factor during
these floods periods. Winter floods in this area rarely reach substantial proportions.

Most of Flathead County has been influenced by alpine glaciation. The glaciated areas are
covered with material that was picked up, mixed, and redeposited either by ice or glacial melt
water.

Soils in the relatively flat portion of the Flathead River Valley north of Flathead Lake are
generally of two types. One type is rocky and poorly drained, and is underlain by unsorted
glacial till. This soil is only used marginally for agriculture but is more extensively managed
for timber production. The other soil type, underlain by deposits that have been reworked or
sorted by running water, is the most productive in the area and is managed extensively for
cultivated crops. These valley soils are generally deep, well structured, and well drained.

Because of the high quality environment, (i.e., clean air and pristine environment), and the
outdoor recreational opportunities, Flathead County has more than doubled in population
since 1970. The current growth rate for the county is nearly 1,700 people per year. The
April 1970 census indicated a county population of 39,460 (Reference 6), the estimated 1980
population was 51,966 (Reference 7), and the estimated 1990 population was 59,218
(Reference 7). The 2000 population estimate was 74,471 (Reference 7) and by July 1, 2004
that number had risen to 81,217 (Reference 7). Of this total, the three incorporated
communities of Kalispell, Whitefish, and Columbia Falls are estimated to contain 31 percent
of the population (Reference 7). Since 1960, suburbanization has been the predominant trend
in the county.

As indicated previously, the abundance and diversity of natural resources have contributed to
the growth of the area. These natural resources not only attract commercial and residential
development, but provide areas well suited to agricultural and timber production. Mountains
dominate the landscape; approximately 80 percent of the total land is classified as



mountainous with slopes generally exceeding 40 percent. Foothills and valley-bottom land
(in approximately equal proportions) make up the remaining 20 percent of the landscape.
The geologic, hydrologic, and soil characteristics such as earthquake hazards, high
groundwater table, floodplain, steep slopes, and erosion hazard are natural development
constraints.

Ashley Creek originates in the Salish Range of the Flathead National Forest and flows
easterly for approximately 50 miles before joining Flathead River. The total vertical drop in
that distance is approximately 2,100 feet. The drainage area is approximately 280 square
miles above the detailed study segments and 323 square miles above the mouth.

Development within the Ashley Creek detailed study floodplain is residential and
commercial (including part of the Kalispell Municipal Airport and a sewage disposal plant).

The Ashley Creek watershed 1s generally characterized by alluvial soils along the stream and
gray wooded soils in the mountain regions. The alluvial soils usually occur in small areas
along the stream bottom and in areas that may be flooded periodically. These incipient soils
consist of a thick dark organic horizon underlain by parent material (i.e., alluvial sediments).
Gray wooded soils occur in conifer forests and are more developed compared to alluvial
soils. A dark surface layer of less than four inches may be present just under the forest litter.
In the absence of the dark layer, a light gray to white zone 4 to 12 inches thick lies just
beneath the litter. The subsoil (a mixture of surface soil and the substratum) may extend to
depths of 3 to 4 feet. A clay accumulation zone lies below this zone of mixing and may
extend to depths of 6 feet.

Bear Creek begins at the Continental Divide in the east-central portion of Flathead County,
and flows generally southwesterly for approximately 19 miles before joining Middle Fork
Flathead River. Bear Creek channel slopes average 440 feet per mile upstream of the first
approximate study reach, 215 feet per mile near the gaging site (which is within the detailed
study segment), and 87 feet per mile for the total stream length. Maximum and minimum
elevations within the Bear Creck watershed range from approximately 8,610 to 3,880 feet,
tespectively. The drainage area upstream of the gaging site, within the detailed study stream
segment, is 20.7 square miles, and at the mouth the drainage area is 56.2 square miles. The
average annual precipitation values for the watershed range from a high of 54 inches in the
upper areas to 49 inches at the mouth, resulting in an overall weighted average 51 inches.
There are only a few private structures in the Bear Creek detailed study floodplain.

Flathead River is the major watercourse through Flathead County and is an upper tributary to
the Columbia River. The Flathead River drainage is the most northeastern basin of the basins
within the Columbia River system. Flathead River has its headwaters in the mountainous
areas in western Montana on the western side of the Continental Divide and north of the
international boundary. The river flows southerly for approximately 95 miles from Columbia
Falls, Montana, to the unincorporated community of Dixon, Montana. Columbia Falls is
significant because it is below the confluences of all three tributaries to Flathead River
(North, South, and Middle Forks of Flathead River). Also, its geographic location is such
that it can be described as the gateway to the broad Kalispell Valley along Flathead River.
Dixon 1s significant because it is here that the Flathead River joins Clark Fork.



The middle one-third of the 95 mile stream distance is occupied by Flathead Lake, one of the
largest bodies of freshwater in the western United States. Upstream of the lake, the river is
referred to as Upper Flathead River, and the section downstream from the lake is referred to
as Lower Flathead River. Only the section of Flathead River upstream of Flathead Lake is
considered in this study.

The Flathead River drainage area is approximately 7,096 square miles at the outlet of
Flathead Lake and 5,280 square miles at the inlet. The drainage basin of the river upstream
from Kalispell is 5,212 square miles, and upstream of the stream gage at Columbia Falls, it is
4,464 square miles. The drainage area upstream of the international boundary between
Flathead County and British Columbia is approximately 430 square miles.

The Flathead River basin above Flathead Lake consists of a series of northwest-southeast
trending mountain ranges drained by tributaries of Flathead River. Mountain elevations
average slightly more than 7,000 feet, but extend to 10,000 feet. The topography of the
Kalispell Valley reflects both the most recent glacial recession and the meanderings of
Flathead River. Above Kalispell, the river typically has a slope gradient of approximately 6
feet per mile; below Kalispell, it decreases to approximately 1 foot per mile during minimum
impoundment of Flathead Lake.

Glacial outwash (glacial deposits reworked and resorted by glacial melt water) underlies
most of the area in the Flathead River Valley and forms floodplains and terraces adjacent of
Flathead River and its tributaries.

Soils in the Upper Flathead Basin tend to be immature or incompletely developed due to their
relatively recent disturbances by glacial ice. A major exception is evidenced in the relatively

productive alluvial soils developed from outwash deposits on the floodplain and terraces on
the Flathead River.

Soils on mountain slopes and narrow valleys tend to be rocky, thin, and nutrient-poor; they
are often unstable on steeper slopes if vegetation is removed. These soils support a luxuriant
coniferous forest, where drainage and depth are suitable. Soils in the relatively flat portion of
the valley north of Flathead Lake are generally of two types; one type is underlain by
unsorted glacial till and is generally rocky and poorly drained; and the other valley soils are
underlain by deposits that have been reworked or sorted by running water. The latter group
is generally deep, well-structured and well-drained. These soils are the most productive in
the area and are managed extensively for cultivated crops.

The Upper Flathead River Basin includes a wide variety of vegetation types, reflecting the
variability of physiography, climate, and substrates found within the basin. While most of
the Flathead River Valley south of Columbia Falls has been cultivated, some natural
grasslands remain, particularly on south-facing foothills and lower slopes of mountains. At
lower elevations, these are usually dominated by bunchgrasses such as bluebunch
wheatgrass. The Flathead River floodplain supports extensive forests dominated by
cottonwoods and often including spruce and juniper. Streambanks and valleys in the higher
mountains often support a dense shrubland dominated by willow, alder, and aspen and
bordered by birches or conifers. Ponderosa pine dominates the lowest forest zone in the
Flathead River Basin, often occurring on drier sites as scattered trees or groves of trees



interspersed with grassland. Annual precipitation averages approximately 15 to 20 inches
through the Flathead Valley, but is much higher on adjacent mountain slopes and in the upper
reaches of the watershed. Snowfall of several hundred inches a vear is common in the high-
mountain ranges.

The source of Lazy Creek 1s in the foothills of the Whitefish Range in the Stillwater State
Forest. The stream travels approximately 12 miles before entering Whitefish Lake. The
drainage arca upstream of the detailed study stream segment near the lake is approximately
11.5 square miles. Lazy Creek has an average streambed slope of 55 feet per mile through
the middle sections, 150 feet per mile for the steeper slopes in the uppermost reaches, and 15
feet per mile near the lake inlet. The weighted average annual precipifation for the watershed
1s 25 inches.

Vegetative land cover near the stream mouth consists of bunchgrasses and scattered
groupings of thick brush or tress. Timber stands are relatively dense in the upper reaches of
the watershed.

There are several farm structures within the detailed study area floodplain along Lazy Creek.

Middle Fork Flathead River originates in the Bob Marshall Wilderness Area in northwest
Montana and flows northwesterly for more than 100 miles, joining the North Fork of the
Flathead River approximately four miles upstream from the unincorporated community of
Hungry Horse. The upper reaches of the watershed are bordered by the Flathead Range and
the Continental Divide. The river drains an area of more than 1,130 square miles and has no
impoundments on the main stem or its tributaries. Middle Fork Flathead River forms the
southern boundary of Glacier National Park from a point just east of the unincorporated
community of Essex to the unincorporated community of West Glacier. It is classified under
the National Wild and Scenic Rivers Act of 1968 as a wild niver from its headwaters to Bear
Creek, a distance of 46.6 miles, and as a recreational river from Bear Creek to its confluence
with South Fork, a distance of 54 miles.

Middle Fork Flathead River flows through deep, narrow canyons in the upper stream
segments with bed slopes of 40 to 50 feet per mile. In the lower segments, the valley widens
and the gradient is approximately 15 feet per mile.

The mean annual precipitation for the watershed is approximately 60 inches. It is not
uncommon for the watershed to receive several hundred inches of snow annually in the
higher elevations. Runoff from snowmelt, occasionally combined with rainfall, provides
high streamflows in the spring.

Soils i the watershed tend to be rocky, thin, and low in nutrients. They do, however,
support a densely populated conifer forest where drainage and depth are suitable.

The detailed study area for the portion of Middle Fork Flathead River at West Glacier has a
golf course with a clubhouse and related structures in the floodplain. There is also a small
number of private homes. The floodplain in the detailed study areas at the unincorporated

community of Nyack has a small number of structures (primarily farm structures).

Stillwater River is in west-central Flathead County. The river originates in the Salish Range
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within the Flathead National Forest. It flows generally southeasterly toward Kalispell, and
Joins Whitefish River approximately 5.2 miles upstream of the confluence with Flathead
River.

Stillwater River has a drainage area of approximately 580 square miles upstream of the
mouth. Elevations in the watershed range from a maximum of approximately 7,000 feet to a
minimum of 2,900 feet. Average channel slope upstream of the upper detailed study
segment near the unincorporated community of Olney (referred to as Stillwater River near
Olney) is approximately 84 feet per mile. For the total watershed, the channel slope averages
20 feet per mile. The average annual precipitation for the watershed is approximately 32
inches.

The drainage area is predominantly rolling plateau land extensively developed for dry
farming. There are moderate to extensive timber stands throughout the area, especially at
higher elevations. Along the river, there are a few lakes, which are essentially unregulated.
Historically, however, splash dams at lake outlets in the upper valley have provided some
regulation in order to accommodate log drives. There are a few structures in the floodplain
of the Stillwater River detailed study areas.

The Swan River originates from Gray Wolf Lake in the Mission Range and flows generally
in a northwesterly direction before emptying into Flathead Lake. At the inlet and outlet of
Swan Lake, the river drains a watershed area of approximately 540 and 671 square miles,
respectively. '

The Swan River Valley bottom in Flathead County was formed by glacial melt waters and
reworked by fluvial processes. The valley 1s bounded in the east by the Swan Mountain
Range and on the west by the Mission Range.

The vegetation in the valley is dominated by subalpine firs with slopes ranging from 0 to 20
percent. The slope of the Swan River from the USGS gage near Bigfork to the diversion
dam 1s 0.07 percent. Development along the Swan River within the study reach is limited to
small farms and a few houses and coftages.

Swift Creek originates in the Whitefish Range and flows southeasterly for approximately 24
miles before flowing into Whitefish Lake. The total drainage area above the mouth is 78
square miles, and the average annual precipitation for the watershed is approximately 41
inches. Elevations range from 7,400 feet in the upper stream segments to 3,000 feet at the
mouth. The average channel slope through the drainage area is approximately 87 feet per
mile. Swift Creek is considered to be the main inflow stream to Whitefish Lake.

Near the mouth, there is a mix of grassland and timber stands. Timber density increases with
elevation throughout the watershed. There is essentially no development in the floodplain in
the Swift Creek detailed study area.

Spring Creek which is immediately west of Kalispell is called West Spring Creek in this

study. This nomenclature was adopted both for convenience and to distinguish it from East
Spring Creek along the eastern side of the city.
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The basic water supply source for West Spring Creek is a group of springs in the foothills of
the Salish Range of the Flathead National Forest. West Spring Creek flows southeasterly for
approximately 4 miles before being intercepted and piped to Ashley Creek. The average
streambed slope for West Spring Creek, through the detailed study stream segment, is 18.5
feet per mile. The weighted-average annual precipitation for the watershed is 15.5 inches.

The watershed is generally characterized by alluvial soils, which are sparsely vegetated by
bunchgrasses and scattered trees or groves of trees. Stands of timber occur with increasing
elevation in the Salish Range. There are residential and commercial structures within the
floodplain of the West Spring Creek detailed study area.

The Whitefish River originates at the south end of Whitefish Lake and flows southerly for
approximately 24 miles before joining Stillwater River near Kalispell. From there, the
combined flows travel approximately 5.2 miles to join Flathead River. An average bed slope
for the river as it passes through Whitefish 1s 0.79 foot per mile (0.00015 foot per foot). Just
upstream of Kalispell, the average bed slope is 2.5 feet per mile.

The drainage area above the gage site midway between Whitefish and Flathead River is
approximately 170 square miles. The average annual precipitation for the watershed is 37
inches.

The upper reaches of the Whitefish River watershed are generally characterized by dense
timber stands. Brown Podzolic soils and gray wooded soils occur principally in the mountain
regions where the annual precipitation is relatively high (Reference 8). Soils in the
remaining portions of the watershed consist of Chestnut and Chermozem types in the Valley,
and alluvial soils along the stream and in the immediately adjacent areas that may be flooded
periodically. Development in the floodplain along the Whitefish River detailed study area
consists of only a few structures.

Whitefish Lake, in west-central Flathead County, has a surface area of approximately 5
square miles and a shoreline length of approximately 15 miles. The normal pool level is
considered to be 2,996.4 feet. Whitefish Lake is an unregulated system; the lake stage,
geometry, and hydraulic characteristics of Whitefish River determine the amount of
downstream releases. The main stream feeding Whitefish Lake is Swift Creek.

City of Kalispell

The City of Kalispell is situated in the south-central portion of Flathead County.
Approximately 7 miles northeast of Kalispell is the community of Columbia Falls, and
approximately 7 miles to the southeast is Somers. The community is located in Flathead
Valley, which is part of the Rocky Mountain Trench, a large structural depression extending
from British Columbia south to the Missoula, Montana area. Kalispell is located in the
trench-like depression between Columbia Falls and Flathead Lake.

Kalispell is cuirently growing and is expected to continue this trend. The 1960 incorporated
area population for Kalispell was 10,151, with an estimated jurisdictional or planning area
population of 13,320. In 1970, the incorporated and jurisdictional populations were 10,526
and 15.431 (estimated), respectively. According to the 1990 U.S. census, the population for
the incorporated areca was up to 11,917 and the planning area for 23,600. By 2000, the
population was 14,999 and by 2004 this number had risen to 17,381 (Reference 7).
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Approximately one-half of Kalispell planning area is composed of slopes in excess of 20
percent, floodplains, and soils with severe limitations for development. Because of the
general physical and chemical properties of the soil, certain portions of the jurisdictional area
are not suited for development. With this in mind, and the fact that Kalispell is experiencing
a rapid growth rate, pressure will undoubtedly be placed on the zoning authorities and
desirable valley land, some of which lies within floodplains. Planning agencies are actively
stressing the importance of coordination and control of floodplain development. These
agencies are suggesting that greenbelt-parkway systems be developed which focus on natural
and man-made water features. Hence, planning and control agencies recognize the pressure
being placed on floodplain lands and recognize the urgency and importance of this study.

Citv of Whitefish

‘Whitefish is located in central Flathead County. The community lies in the Rocky Mountain
Physiographic Province, along the west side of the Continental Divide. Mountains in the
area include the Whitefish Mountains and the Salish Mountains to the west.

Whitefish 1s also currently growing rapidly and this trend is expected to continue. The 1970
census indicated a population of 3,349 for the incorporated area. By 1980, the population
was 3,703. By 1990, the number had increased to 4,368, a 15 percent increase in ten years.
By July 2000, the number had grown to 5,032. The most substantial increase was from July
2000 to July 2004. The estimate m July 2004 was 6,151. This was an increase of 18 percent
in only four years.

The majority of this area is either part of the Flathead National Forest or is generally
classified as undevelopable due to steep slopes. If special consideration is given to the type
of construction and service facilities, some arcas with steep slope may be developed.
Historically, a significant force in the Whitefish area has been peripheral growth, with the
lakeshore growth being most important. The limited amount of satisfactory land and the
development sentiments for lakeshore property are obviously a test for flood zone planning
and regulations.

2.3 Principal Flood Problems

Typically, the most severe flooding in Flathead County occurs in the spring and early
summer months as a result of snowmelt and/or rainfall runoff. On rare occasions, ice jams
cause some overbank flooding. In addition to the flooding along streams, shallow flooding
periodically occurs in other isolated, developed areas of Flathead County due to the relatively
high ground water table, rapid snowmelt, heavy sustained rainfalls, and other factors. Areas
in the county where this type of flooding occurs are generally on the down side of sloping
topography or in low lying areas of the Flathead River Valley where there is minimal
topographic relief.

It appears that the worst flooding in the west Kalispell area occurred in 1948, Except for
1948, Ashley Creek does not have a history of severe flooding.

West Spring Creek has historically been classified as a stream of only potential flood hazard.
However, it appears that rather recent changes in land use and additions to storm drain
systems have intensified the flood problems.
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At one time, the watershed was essentially undeveloped, with minimal manmade alterations
along its natural course. Recently, however, development of varying nature and intensity has
occurred in the area. Storm runoff has intensified and 1s being routed either directly into
West Spring Creek or into areas that historically had to accommodate only the natural runoff
amounts. Rather frequent flooding was being experienced in the urbanizing area, which
necessitated flood protection works. The most significant modification involves a piping
system at the end of the detailed study which was installed to redirect West Spring Creek
flows and carry miscellanecous local storm runoff to Ashley Creek. The piping system has
such a limited capacity that periodic flooding continues to be experienced in this area.

For the period of record, which spans approximately 30 years, the largest flow in the
Whitefish River occurred in June 1974, with a record flow of 1580 cubic feet per second
(cfs). This was approximately a 3.33-percent annual chance event. The historic peak
elevation on Whitefish Lake also occurred in 1974, when the pool was at 3003 4 feet. Other
minor floods on the Whitefish River occurred in 1932, 1948, 1950, and 1964.

Floods on Whitefish River often last for extended periods, occasionally in excess of two
weeks. The Whitefish River generally rises and recedes gradually due to the effects of
Whitefish Lake. It was reported that, during the 1948 flood, the Whitefish River had an
estimated average rate of rise of 0.25 foot per day.

Historically, six severe flood events have occurred along Flathead River. The six years of
most significance are 1894, 1982, 1933, 1948, 1964, and 1975 (Reference 9).

In the Flathead River basin, very little quantitative information exists for floods prior to
1910. The 1894 flood of 142,000 cfs on Flathead River at Columbia Falls was the largest
flood event known until a discharge of 176,000 cfs was recorded in 1964 (Reference 9).

The lower portion of Flathead River between the discontinued gaging station near Kalispell
and Flathead Lake has been subjected to high flood-crest elevations in all of the six years
Listed previously. A summary and comparison of flood-crest elevations for some of the
historical flood events along Flathead River are given in Table 2.
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Table 2 — Historic Flood Elevations on Flathead River

Miles
Name of Above
Gaging Station Mouth Elevations (feet-NAVD88) and Year of Flood'

1928 1933 1948 1964

Flathead River
Near Kalispell 26.3 2,916.66 2,915.98 2,916.70 2,919.01
At Demersville 217 2,907.00 2,907.52 2,906.80 2,909.14
At Damon
Ranch 13.7 2,902.20 2,903.55 N/A 290323
At Therriault
Ferry 7.5 N/A 2,901.07 2,900.40 2,901.06
At Keller Ranch? 3.8 2,900.10 2,899.70 2,899.50 2,897.84
Flathead Lake
At Somers 2,897.62 2897 .96 2897.71 289597

"From Reference 10
“The 1948 measurements were made at a site 3.0 miles above mouth

Several historic flood events in Flathead County are discussed in the following pages.
Damages from flooding generally have been most severe along Flathead River.

Very few official records exist regarding the impact of the 1894 flood on the sparsely
populated county. Newspaper accounts documented that the winter of 1893 through 1894 in
the Columbia River Basin was colder than usual, and record depths of snow accumulated in
the mountains. Precipitation in some parts of the basin was approximately 150 percent of
normal. Unusually high temperatures during late May and early June greatly increased
snowmelt runoff. Thunderstorms of cloudburst proportions added to flood volumes in many
smaller streams while the main stems were still rising. Flood damage in Montana was
reportedly great.

The peak discharge of Flathead River for the 1894 event was determined to be 142,000 cfs at
the Columbia Falls gage (Reference 10). This value was determined from floodmarks and an

extended rating curve. The event was the second largest during the reporting period, with the
1964 flood being the largest.

The flood of May to June 1948 was caused by a combination of conditions conducive to the
production of high runoff. Cold, wet weather prevailed until mid-May. Snow surveys
showed that the mountain snowpack, already above normal, increased in water content
during April and early May (Reference 11). The following is an excerpt from the June 3,
1948, 1ssue of the Flathead Monitor:
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Except for a few short periods of warm, sunny weather, the month (May) was
generally cloudy with frequent light to heavy rains. Total precipitation for the month
was 4.36 inches, the second wettest of record for May, greatest being 4.50 inches in
1902. Precipitation since June | of last year totals 23.14 inches, the wettest of any 12
months in 50 years (Reference 12).

During April and the early part of May, temperatures had been subnormal so that snowmelt
in the high mountains was delayed. After May 15, temperatures increased abruptly
throughout the area. The maximum daily temperatures during the following week were near
70° F. On May 21, a temperature of 80° F was recorded at Kalispell (Reference 13). The
warm weather and heavy rains produced peak flows of 102,000 cfs as early as May 23 on
Flathead River at Columbia Falls. A minor recession occurred, followed by another general
peak on tributary streams a few days later. Specifically, Stillwater River near Whitefish
peaked on May 26 (at 4,330 cfs), Ashley Creek near Kalispell peaked on May 27 (at 749
cfs), and Whitefish River near Kalispell peaked on May 30 (at 1,290 cfs) (Reference 11).
The following is an excerpt from the Flathead Monitor of June 3, 1948:

About 40 families were forced to leave their homes and around 100 head of livestock
were drowned. Total losses of property, crops, livestock, etc., 1s estimated at near one
million dollars (Reference 12).

The Swan River near Bigfork had a peak discharge of 8,400 cfs on May 24, 1948, which was
the largest measured discharge since recording began in 1922 at this station (Reference 11).

The previous maximum discharge at this station was 8,280 cfs, which occurred on June 18,
1933.

The most severe flooding in modern times of the Flathead River basin upstream from
Flathead Lake occurred during the 1964 flood event. The peak flow of Flathead River at
Columbia Falls was 176,000 cfs, as compared to the previous high of 142,000 cfs in 1894
(Reference 10). Studies by the USACE indicated that the 1964 peak at Columbia Falls
would have been approximately 245,000 cfs if South Fork Flathead River had not been
regulated by Hungry Horse Dam (Reference 13).

Flooding in the Swan River was not nearly as severe as that in the Flathead River during the
1964 flood. A peak discharge of approximately 4 percent less (8,100 cfs) than the 1948 peak
discharge at Bigfork was recorded on June 10. Upstream at Strom’s Store near Condon the
measured discharge was 1,670 cfs.

Total damage in Montana was estimated by the USACE to be $55 million, of which $24.5
million reflects flood damage west of the Continental Divide. Between Columbia Falls and
Flathead Lake, Flathead River flooded an extensive area of low lands totaling approximately
25,000 acres. More than 350 homes were flooded east of Kalispell in the Days Acres and
Evergreen areas. Dikes along the lower Flathead River Valley near Flathead Lake held, but
they were badly cut by the high flows (Reference 13).

The primary cause of the record flood flows of 1964 was the intense high volume rain of
June 7 and 8, although antecedent streamflow, mountain snowmelt, and abundant soil
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moisture were also factors. During a 30-hour period on June 7 and &, rainfall of more than
15 inches occurred in some areas of Flathead River basin (Reference 10). Streams were
already at high stages on June 6 in most of the mountain area because of snowmelt runoff
and the scattered rains of late May. There was also considerable snow cover in well
sheltered areas at slightly lower elevations prior to the heavy rains. Intense rain falling on the
remaining mountain snowpack produced sharp peaks which were the highest recorded at
many gaging stations and greatly exceeded historical maximum stages on many streams.

According to hydrologists and meteorologists, it would be difficult to design a set of physical
conditions that would be more favorable for heavy rainfall that that of the 1964 storm.
Because of the timing of the interacting physical forces and other parameters, the dimensions
of this storm were considered to closely approximate the probable maximum precipitation as
described by the U.S. Weather Bureau (Reference 10).

In the Upper Flathead River basin, the peak discharges (as determined by the USGS shortly
after the flood) ranged from two to four times that of the previously estimated 2-percent
annual chance flood, except in the Middle Fork Flathead River Basin where the ratios
approached nine (Reference 10). Because of their greater distance from the storm center and
their lower elevations, conditions in the Stillwater and Whitefish River basins were less
severe during the 1946 stom/runoff event.

Gullying and debris flows in the mountains and on steep valley slopes were pronounced in
the drainage area of Middle Fork Flathead River between Summit and West Glacier,
Montana. The peak discharge of Bear Creck near Essex was 8,380 cfs from a drainage area
of 20.7 square miles. The previous maximum discharge recorded was 696 cfs (Reference
10). It is estimated that the 1964 flood along Bear Creek caused channel scour of
approximately 3 feet and some minor widening. A 1964 issue of the Hungry Horse News
contained the following comments:

Rain-swollen Bear Creek swept down from the Continental Divide to obliterate large
sections of U.S. Highway 2, some of it construction of recent years... What once was a
timbered valley along Bear Creek was now a wide gravel and rock trough (Reference
14).

Extremely high runoff in the Middle Fork Flathead River drainage basin caused extensive
damage to highways and railroads in narrow valleys along the southern edge of Glacier
National Park. A steel bridge on U.S. Highway 2 across the river at the unincorporated
community of Essex was washed away. The river at Essex peaked at 75,300 cfs, which was
five times the maximum discharge of the previous 25 years of record (Reference 10). In the
Nyack Flats area downstream of Essex, 30 residents were evacuated by air.

It was reported that one of the homes and some barns at Nyack had only roofs above water
on June 8. Farther downstream along Middle Fork Flathead River at West Glacier, the main
highway bridge to west entrance of Glacier National Park was damaged beyond repair. An
old, low single arch concrete bridge was completely submerged, but the arch was not
seriously damaged. Downstream from West Glacier, a rock canyon constricted flow, and for
a time, part of the river flowed upstream along McDonald Creek into Lake McDonald in
Glacier National Park. The peak flow of Middle Fork Flathead River near West Glacier
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(downstream from the McDonald Creek confluence) was approximately 140,000 cfs, or four
times the maximum peak of the previous 25 years of record (Reference 10).

Flow of South Fork Flathead River was completely regulated at Hungry Horse Dam.
Upstream from the dam, widespread flooding damaged forest roads, trails, logging
operations, and resort facilities. An excerpt from a 1964 issue of the Hungry Horse News
describes the flooding and dam effects as follows:

One of the nation’s great dams, Hungry Horse, completed in 1953 (flow regulation
began in 1951), saved Flathead from worse catastrophe June 8-9. The 564-foot high
Bureau of Reclamation Dam backs a 34-mile long lake, full each summer. Inflow June
8-9 peaked at 81,000 cubic feet per second and outflow of the South Fork was reduced
to 500 cubic feet (Reference 14).

As alluded to earlier, the peak flow at Columbia Falls would have been approximately
245,000 cfs if the South Fork Flathead River had not been regulated.

Even with one of the three forks regulated, there was extreme flooding in the Flathead River
Basin upstream from Flathead Lake. As stated in the Kalispell News of June 11, 1964:

Almost beyond comprehension is the devastating flood damage to residents of the
Flathead Valley along the banks of the Flathead River and the hundreds of people
living in the Evergreen area along the highline. The flood parallels that of 1948 when
the same area was flooded (Reference 15).

The peak stage of Flathead Lake, for the 1964 event at the unincorporated community of
Somers, was 2,895.97 feet (NAVDS8), recorded on June 12. This is the highest lake stage
observed since upstream regulation by Hungry Horse Dam began in September 1951. The
USACE estimated that a maximum stage of 2,898.5 feet (NAVD8&8) would have occurred in
1964 if there had been uncontrolled outflow from Flathead Lake after May 1 and if there had
been no flood control storage in Hungry Horse Reservoir. The stage of 2,.897.96 feet
(NAVDS®) in 1933 was the highest lake stage observed since continuous recording began in
April 1909. The historic peak stage of 1894 was 2,902.7 feet (NAVDS8S8) (Reference 13).

Flooding also occurred in Flathead River Valley in 1975, Unofficial estimates made by the
County Civil Defense Director placed the damage at approximately $2 million or more for
this event. Maximum discharge for Flathead River at Columbia Falls was 77,600 cfs, with a
maximum stage of 16.8 feet (high-water stage is at 13 feet) (Reference 16). As reported in
the Kalispell Weekly News of June 25, 1975:

More than 200 trailer homes were either flooded or pulled from high-water areas,
particularly at Spruce Park (Evergreen area) which ended up under more than four feet
of water. About 50 residences in the Evergreen area were surrounded by rising waters
(Reference 17).

It was reported and can be observed from flood photographs that water passed over Helena
Flats Road in Evergreen and flowed west toward Bernard Road. A short distance
downstream, flow in old river channels and backwater threatened Meadow Manor and the
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adjacent area causing many people to pull their mobile homes to higher ground. It was
reported that a USACE flood specialist estimated the 1975 flood as closely approximating
the I-percent annual chance flood flow and boundaries (Reference 16). This study estimates
the magnitude of the 1975 flood flow to more closely approximate the 4-percent annual
chance event.

In addition to the Flathead River Valley flooding, severe flows and damage were experienced
along Bear Creek and Middle Fork Flathead River in 1975. Bear Creek had a peak discharge
of 1,840 cfs at the gaging station near Essex (Reference 9).

For Middle Fork Flathead River near West Glacier, the maximum discharge was 63,600 cfs
based on flood marks and an extrapolated rating curve for the site (Reference 9). Middle
Fork Flathead River was considered to be well above flood stage, however, five homes were
inundated and the county road was damaged near the West Glacier Golf Course. Rushing
water also collapsed the old bridge near the Glacier National Park Headquarters. In order to
associate the flood severity of Bear Creek and Middle Fork Flathead River with event
frequency, this study estimates the 1975 flooding for the two streams to approximate that of
the 1.33-percent annual chance frequency.

In 1997, snowmelt flooding causes numerous road closures and road washouts throughout
the region. At least three road washouts were reported and one bridge was damaged. At
least 50 homes were flooded, mainly along Ashley Creek and the Stillwater, Swan, and
Whitefish Rivers. Fifty people were isolated along Truman Creek, which washed out an
access road.

In 2005, a home was flooded from Hemlar Creek over topping its banks. Other creeks that
flooded were Krause and Handkerchief where homes were also threatened by high water.
Flooding of low lying areas was reported near Swan Lake. In Big Fork Bay, the combination
of high creek flows and high water in Flathead Lake caused rising water and minor damage
to docks in the bay. In Glacier National Park, the Going to the Sun Road was closed due to
rockslides from heavy rainfall.

After reviewing some of the most severe flood events in Flathead County, it becomes
obvious that most significance is placed on the Flathead River and its flooding because of the
relatively undeveloped nature of other flood hazard streams and because of the Flathead
Valley geomorphology. Surface landforms and underground aquifers through the Flathead
River Valley occasionally have an effect on valley flooding. High water levels of Flathead
River during regional flood events affect the free flowing characteristics of tributary streams,
especially Ashley Creek, East Spring Creek, and Stillwater and Whitefish Rivers. High
stages of Flathead River create backwater effects along the surface channels and raise the
groundwater table in the valley, a combination of factors which cause valley flooding.

24  Flood Protection Measures

There are minimal flood protection works within the detailed study reaches of the following
streams: Ashley Creek, Bear Creek, Lazy Creck, Middle Fork Flathead River, Swift Creek,
West Spring Creek, and Whitefish River near Kalispell.
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However, Ashley Lake, located in the upper reaches of the watershed, provides some flood
storage. Also, there are some occasional, meandering reaches along Ashley Creek that have
experienced rather severe cutting into the valley floor. This cutting has progressed to such an
extent that the natural topographic features contain the flows in the channel for all but the
most severe flood events.

There are no flood protection works along West Spring Creek other than the hydraulic
features described in the previous section. The original intent of the rerouting and piping
system was to alleviate the West Spring Creek flooding. However, as was noted earlier, this
intent has been somewhat negated by the change in land use and storm drain network.

Whitefish River has no manmade flood protection structures in the area of detailed study near
Whitefish. However, the naturally occurring high banks through the town provide adequate
flood protection. Whitefish Lake provides flood storage detention and some flow regulation
along Whitefish River near Whitefish.

The significant dams and reservoirs that affect Flathead River Valley flooding are Hungry
Horse Dam and Reservoir on South Fork Flathead River, and Kerr Dam on Flathead Lake on
Flathead River.

The Hungry Horse Dam and Reservoir have a very significant moderating effect on the flood
flows on Flathead River. The 1- and 0.2-percent annual chance peak flows are reduced to
approximate the 8.33- and 10-percent annual chance unregulated flows, respectively.

Flathead Lake, which is controlled by the Kerr Dam Project, has been regulated by an
operation agreement between the PPL Montana, LLC (formerly Montana Power Authority)
and the USACE since 1966. The agreement calls for the cooperation of the licensee and the
USACE to exchange data and coordinate operations for flood control. Limited flood control
is provided by operation of the Kerr Dam spillway gates.

Upstream of the Swan River detailed study reach is Swan Lake. The lake is natural and
provides some flood detention and flood peak attenuation for the study reach.

Stillwater River has several small lakes which are capable of providing some flood detention
mn the upper reaches of the watershed, particularly near the Upper Stillwater River study
reach. Just north of Kalispell, there is a dike running along the left bank (looking
downstream) of Stillwater River in the area of the golf course. This dike has changed
physical dimensions several times recently due to recreational development in the area. The
photogrammetric and hydraulic models reflect field conditions and data at the time of the
survey. This dike is not certified and is not reflected in the hydraulic model or on the FIRM.
Along Stillwater River, there are other minor flood protection features, which are intended to
reduce overbank flooding and stabilize streambanks.

Flathead County is provided some protection from floods through flood warning and

forecasting by the National Oceanic and Atmospheric Administration (NOAA) and the
National Weather Service (INWS).
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3.0 ENGINEERING METHODS

For the flooding sources studied by detailed methods in the community, standard
hydrologic and hydraulic study methods were used to determine the flood hazard data
required for this study. Flood events of a magnitude that are expected to be equaled or
exceeded once on the average during any 10-, 50-, 100-, and 500-year period (recurrence
interval) have been selected as having special significance for floodplain management and
for flood insurance rates. These events, commonly termed the 10-, 50-, 100-, and 500-year
floods, have a 10-, 2-, 1-, and 0.2-percent annual chance, respectively, of being equaled or
exceeded during any year. Although the recurrence interval represents the long term,
average period between floods of a specific magnitude, rare floods could occur at short
intervals or even within the same year. The risk of expenencing a rare flood increases
when periods greater than 1 year are considered. For example, the risk of having a flood
that equals or exceeds the l-percent-annual-chance flood in any 50-year period is
approximately 40 percent (4 i 10); for any 90-year period, the risk increases to
approximately 60 percent (6 in 10). The analyses reported herein reflect flooding
potentials based on conditions existing in the community at the time of completion of this
study. Maps and flood elevations will be amended periodically to reflect future changes.

3.1  Hydrologic Analyses

Hydrologic analyses were carried out to establish the peak discharge-frequency
relationships for each flooding source studied by detailed methods affecting the
community.

There have been 19 years of peak discharge measurements recorded for Ashley Creek at a
gage which is approximately 6 miles upstream of the detailed study stream segments
(Reference 9). The record was not continuous, however, as it spanned a total of 45 years.
The different record segments were analyzed as a continuous record with a length equal to
the sum of all segments because there appeared to be nothing which indicated
nonhomogeneity. A log-Pearson Type Il statistical analysis was performed on the above
data set using a skew factor of 0.23 (Reference 18).

Several other flood magnitude frequency determination methods were used. Regional
regression relationships developed by E.R. Dodge (Reference 19) and the USGS (Reference
20) were used, as well as the SCS precipitation/runoff technique (Reference 21). Results
obtained from the prediction equations and ramfall/runoff model were adjusted by using a
reduction factor to allow for the flood storage provided by Ashley Lake. Values for the 10-,
2-, 1-, and 0.2-percent annual chance peak discharges were derived by using these methods.
These results are applicable to the gaging site, which has an upstream watershed area of
approximately 195 square miles. A hydrologic data transfer was performed by the USGS
(Reference 20). The final transferred results reflect magnitude-frequency values for the
detailed study reaches along Ashley Creek.

When Ashley Creek was restudied in 2003, a specific objective of that study was to
determine if peak streamflow produced by the flood of May 1997 was large enough to
require a revision to the Ashley Creek discharge frequency statistics calculated for the



previous FIS. The Ashley Creek gage record was discontinued in 1974 so the streamflow
data had to be assessed indirectly by examining other stream gages in the vicinity of
Kalispell. The Stillwater River near Whitefish and the Whitefish River near Kalispell were
selected based on similar drainage area, elevation, shape, runoff characteristics, and
proximity to Ashley Creek. These streams were assessed by two methods: 1) applying a log-
Pearson type III statistical procedure to the annual maximum instantaneous flow data at the
gaging stations for the period through 1996, and also through 2001; 2) testing the 1997 peak
discharge as a high outlier in the annual maximum series including years through 2001. From
this analysis, it was concluded that exceedance frequency statistics developed for the
previous FIS were still valid (Reference 22).

The gaging station within the detailed study reach of Bear Creek (Gage No. 12356500) is
referred to as “Bear Creek near Essex.” The record covers a 9-year period from 1946
through 1952, 1964, and 1975. The maximum flow in June 1964 was estimated by the
USGS to be 8,380 cfs. In 1975, the peak discharge was estimated to be 1,840 cfs (Reference
9).

To determine the discharge values of the 10-, 2-, 1-, and 0.2-percent annual chance floods, a
log-Pearson Type III statistical analysis was performed on eight years of record by using a
regional skew factor of -0.15.

Other methods of hydrologic analysis were used to accompany the log-Pearson Type III
analysis, because the length of record was relatively short. These methods included the
Dodge and USGS regional regression equations and the SCS precipitation/runoff technique.
The values for the 10-, 2-, 1-, and 0.2-percent annual chance peak discharges were obtained
by weighting the results of the log-Pearson Type III analysis with the prediction-equation
results.

Flathead River upstream of Flathead Lake is under a partially regulated condition. Hungry
Horse Dam and Reservoir has been regulating South Fork Flathead River, one of the three
forks of Flathead River, since September 1951. The Flathead River hydrologic analysis
includes consideration of both the unregulated and regulated condition because the Flathead
River Valley has historically experienced severe flooding under both conditions, and it was
felt that both should be considered for comparison and prediction purposes.

The unregulated flow condition analysis considers short and extended streamflow record
periods, analysis with the log-Pearson Type III statistical technique, and implementation of
other US. Water Resources Council Bulletin 17 guidelines and weighting procedures
(Reference 18).

An 1nitial analysis was performed by using the short period of records (1922, 1923, and 1928
through 1951) at the Columbia Falls gage on Flathead River and by considering the 1894 and
1964 floods as high outliers. Unregulated flow for the 1894 and 1964 floods were estimated
to be 142,000 cfs and 245,000 cfs, respectively (Reference 10).. The analysis used the log-
Pearson Type III statistical technique with a weighted skew coefficient of -0.15.

Results from a second analysis were obtained in a similar manner to that just described,
except that an extended period of record was generated using a log-log regression analysis of



the Columbia Falls and Polson gages. The historical period again dated back to 1894, and
the 1894 and 1964 events were considered as high outliers. The extended systematic period
included 40 events, 1908 to 1923 and 1928 to 1951.

Discharges for the 10-, 2-, 1-, and 0.2-percent annual chance recurrence intervals for
unregulated flow conditions were determined by using a weighted average of results obtained
from the methods described previously.

The regulated flow condition considers the effects of Hungry Horse Dam and Reservoir,
which began hydrologic operation in the fall of 1951. The hydrologic study of regulated
flow conditions included results obtained by considering short, partially extended, and fully
extended streamflow record periods; by using the log-Pearson Type III statistical analysis; by
implementing the Water Resources Council Bulletin 17 guidelines; and by weighting the
result to obtain final frequency-discharge values.

An initial analysis was performed by considering a partially extended record period at the
Columbia Falls gage and by using the log-Pearson Type III technique. The partially
extended period of record was developed by using a log-log regression analysis of the
Columbia Falls and Polson gages, and subtracting the South Fork Flathead River flows. The
historical period again dated from 1894, and the 1894 and 1964 events were considered as
high outliers. The partially extended period of record included the 54-year discontinuous
period of 1911 to 1916, 1923, and 1928 to 1975. Only years having measured records for
South Fork Flathead River were included. A method suggested by Water Resources Council
Bulletin 17 resulted in a skew coefficient of -0.10.

A second analysis was performed by using the log-Pearson Type III techniques on a fully
extended period of record (i.e., 1908 to 1923 and 1928 to 1975). The 1894 and 1964 events
were considered as high outliers. The fully extended period of record was obtained by using
the log-log regression equation to derive the extended Flathead River flows at the Columbia
Falls gage. A regulated condition was obtained by subtracting the South Fork Flathead River
flows. Where river flows were not available as a measured record, flows were assumed to be
approximately one-third of the total Flathead River flow. This ratio was obtained by
aobserving the historical records. The skew coefficient for this analysis was -0.10.

A third analysis of regulated conditions on Flathead River was made in a manner similar to
those previously described for the fully extended record period, except that the 1964 event
was completely eliminated from the analysis. This elimination presupposed that the 1964
flood was so severe and statistically biased that it was not reasonable to include it in the
analysis. Precipitation for the 1964 event was estimated to be approximately the probable
maximum precipitation in some areas,

Each of the three methods gave similar results, and discharges associated with the 10-, 2-, 1-,
and 0.2-percent annual chance floods were derived from a weighted average of the results
obtained by using the three methods.

It is the regulated condition results that are used in this flood study because it is this condition
that most accurately reflects existing and projected flood flows in the Flathead River Valley
above Flathead Lake.



Lazy Creek does not have a systematic stream flow record or any other historical
measurements. Therefore, the 1972 Dodge prediction equations and the 1976 USGS
prediction equations were the primary hydrologic methods employed. These methods were
supplemented by the SCS rainfall/runoff methods and a comparison with hydrologically and
meteorologically similar watersheds.

There are two gaging stations on Middle Fork Flathead River with stream flow records in the
study area. One gage site is near West Glacier immediately downstream of the McDonald
Creek confluence (Gage No. 12358500). The period of record for this gage is from October
1939 to 1975, and the drainage area is 1,128 square miles.

Measurements at the second gage were terminated in 1948. This gaging station was referred
to as Gage No. 4480-Middle Fork Flathead River at Belton, Montana. The site was
approximately two miles upstream of the McDonald Creek confluence, and the drainage area
was 943 square miles. The record period was discontinuous and extended from 1911 to
1948. Only 23 years of peak discharge measurements are available.

As recommended by the USGS, a hydrologic data transfer was performed in order to obtain
an extended period of record. One scheme involved transferring the Belton measurements
downstream using the ratio of the drainage basin ratios raised to the 0.6 exponent. The other
scheme consisted of developing a log-log regression relationship based on the years of record
concurrent at the two gage sites. Using this regression relationship, the Belton records from
1911 to 1923 were transferred downstream to the West Glacier site in order to obtain an
extended period of record. The end result of both schemes was a total systematic period
length of 53 years. The resulting data base for each scheme was subjected to a log-Pearson
Type III statistical analysis and the Water Resources Council Bulletin 17 guidelines for
treating high outliers. Final frequency-discharge results for Middle Fork Flathead River near
West Glacier were derived from these calculations.

The other detailed study segment along Middle Fork Flathead River is several miles
upstream at Nyack. The watershed upstream of this study segment is approximately 850
square miles. The geographic location and difference in drainage area size dictated that the
final results discussed previously should be adjusted when studying flows. A hydrologic data
transfer of the final frequency-discharge results near West Glacier was made by using the
technique suggested by the USGS. This technique uses the drainage area ratio to an
appropriate exponential power.

The period of record for the gaging station on Stillwater River (Gage No. 12365000 near
Whitefish) extended from 1929 to 1950. In October 1972, the gaging station was
reinstituted, but was moved slightly downstream. Hence, there were several more peak-
discharge values available to improve the database. Also, peak-discharge measurements
were made on Stillwater River near Kalispell in 1922, 1929, and 1930, and one measurement
was made in 1964 at Gage No. 12365000.

A hydrologic analysis was performed in order to incorporate the later information and to
verify previous results or make improvements in previous studies. The investigation
involved a log-Pearson Type III analysis of all available peak-discharge values (27 years
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total), prediction equation methods by Dodge and the USGS, and a check with the SCS
rainfall/runoff technique. All streamflow data were adjusted to a common location (i.e., to
Gage No. 12365000) by using drainage area proportionality to an exponential power before
implementing the log-Pearson Type III analysis. The final frequency-discharge values were
transferred downstream to the study reach near Kalispell by using technique suggested by the
USGS.

There were only 3 years of peak-discharge measurements (Gage No. 12363900) available for
the Stillwater River near Olney detailed study area. Because there were so few
measurements, these were considered historical measurements and were used primarily for
comparative purposes. Primary emphasis for the hydrology study of Stillwater River near
Olney was placed on the following methods: Dodge flood-prediction equations; USGS
prediction equations; SCS rainfall/runoff technique; and a comparison with other similar
watersheds. The 10-, 2-, 1-, and 0.2-percent annual chance discharges were determined by
using a weighted average of the values produced by the cited methods with consideration of
historical discharge values and neighboring and similar watershed discharge values.

The period of record for the gaging station on the Swan River (Gage No. 1237000 near
Bigfork) extended from 1922 to 1983. With such a long recording period and because of the
natural regulation above the study area, a frequency analysis was used to determine peak
flows. A log-Pearson Type III distribution was used with the 62 years of data based upon the
Chi-Squared statistic for best fit to obtain estimates of the 10-, 2-, 1-, and 0.2-percent annual
chance flood values. Since the Bigfork gage is so close to the detailed study reach in
Flathead County, the peak discharges were not modified for the hydraulic analysis.

Swift Creek has only a small number of peak-discharge measurements because the gaging
station (Gage No. 12365800) was instituted in October 1972 (Reference 9). These
measurements were used for comparative purposes, and were supplemented with various
techniques in order to obtain estimates for the 10-, 2-, 1-, and 0.2-percent annual chance
flood values. In particular, the Dodge and USGS prediction equation methods and the SCS
rainfall/runoff model were used to complete the hydrologic analysis for Swift Creek.

No systematic or nonsystematic peak-flow measurement record is available for West Spring
Creck. Hence, the regional regression equations of Dodge and the USGS and the SCS
rainfall/runoff technique were used in order to obtain values for the 10-, 2-, 1-, and 0.2-
percent annual chance peak discharges. Because there are no records for the storage ponds
along West Spring Creek, allowance was made for detention storage effects.

The gaging station (Gage No. 121366000) on Whitefish River, approximately 8.0 miles north
(upstream) of Kalispell, provided peak-flow measurement data. The period of record is from
April 1929 to September 1950, 1964, and from October 1972 to 1975. The segments of
record were grouped mnto one complete data set of 26 years as there appeared to be nothing to
indicate nonhomogeneity. A log-Pearson Type III analysis was performed on these records
by using a regional skew factor of -0.15.

The USACE published an updated hydrologic report on Whitefish River in August 1974

(Reference 13). The data in this report concurred with the determination of the study
contractor of the flood discharges in the study area. The work of the USACE was accepted
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by the study contractor as representative of the 10-, 2-, |-, and 0.2-percent annual chance
discharges.

The locations of the detailed study segments and upstream watersheds were observed in
order to determine whether specific floodflow estimates away from the gage site were
necessary. Because of the effects of Whitefish Lake and the relatively insignificant
differences in contributory drainage areas, the results obtained at the gage were considered to
be applicable to the upstream and downstream detailed study reaches along Whitefish River.

Peak discharge-drainage area relationships for streams studied in detail are shown in Table
3.
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Two frequency analyses were made of Flathead Lake. The first analysis involved
determining the starting lake level coincident with the maximum discharge in Flathead River,
and the second analysis involved assessing the maximum water level in the lake.

Flathead Lake levels have been recorded since 1908, but the lake regulation was modified by
an agreement between the PPL. Montana, LLC (formerly Montana Power Company) and the
USACE in 1966. Because of the modification to the operation rule, the record since 1966
was used for the frequency analysis. In assessing the lake level coincident with the peak
discharge in the river, a one-day lag period between the peak discharge at Columbia Falls and
the Flathead Lake level 1s considered representative because of the travel time of the peak
discharge from Columbia Falls to the lake. A Pearson Type III distribution was used with the
17 years of data (1966-1983) to determine water levels in Flathead Lake that coincide with
the peak discharge in the Flathead River for the 10-, 2-, 1-, and 0.2-percent annual chance
floods. These lake levels are used as the downstream boundary condition for computation of
backwater profiles for the 10-, 2-, 1-, and 0.2-percent annual chance floods.

The annual maximum lake level study completed in 1965 by the USACE, Seattle District,
was adopted for this study. Flathead Lake levels for different recurrence intervals were
assessed by developing hypothetical floods in the 10- to 0.2-percent annual chance range
upstream of the lake and simulating regulation with the Hungry Horse and Kerr projects. The
maximum annual lake level analysis, adopted from the USACE study, was used to map
mundated areas in the Flathead River at each frequency level until the backwater profile
mtercepted the lake level

The Whitefish Lake watershed hydrology was examined previously by the SCS (Reference
23). Results of these mvestigations have been incorporated into this FIS.

Elevations for floods of the selected recurrence intervals on Flathead Lake and Whitefish
Lake are shown in Table 4.

Table 4 — Summary of Stillwater Elevations

Elevation (feet-NAVDS88)
10-Percent 2-Percent 1-Percent  0.2-Percent

Flooding Source Annual Annual Annual Annual
and Location Chance Chance Chance Chance

Flathead Lake Coincident with

Peak Charge in Flathead River 2,895.00 2,895.80 2,896.10 2,896.60

Flathead Lake Annual

: 2,894 40 2,896.00 2,896.60 2,897.90
Maximum Level

Whitefish Lake At Whitefish 3,002.40 3,003.73 3,004.23 3,005.40
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3.2 Hydraulic Analyses

Analyses of the hydraulic characteristics of flooding from the sources studied were carried
out to provide estimates of the elevations of floods of the selected recurrence intervals.
Users should be aware that flood elevations shown on the Flood Insurance Rate Map
(FIRM) represent rounded whole-foot elevations and may not exactly reflect the elevations
shown on the Flood Profiles or in the Floodway Data table in the FIS report. Flood
elevations shown on the FIRM are primarily intended for flood insurance rating purposes.
For construction and/or floodplain management purposes, users are cautioned to use the
flood elevation data presented in this FIS report in conjunction with the data shown on the
FIRM.

Water-surface elevations were developed using the HEC-2 step-backwater computer model
(Reference 24) for all detailed study areas except for Flathead River below the City of
Columbia Falls to Demersville, Stillwater River below its confluence with Whitefish River,
and Whitefish River below the Burlington Northern Railroad.

The computer program SOCHMI (Reference 25) was used to develop water-surface
elevations for Flathead River between Columbia Falls and the unincorporated community of
Demersville; Stillwater River below the confluence with Whitefish River; and Whitefish
River below the Burlington Northern Railroad. This program performs analyses of the
complex unsteady conditions by using a hydraulic routing procedure based on St. Venant’s
equation. This program requires time dependent input of stage or discharge at the outer
boundaries to calculate the resultant stage, discharge, and velocity hydrographs. This
accommodates a system containing several branches and junctions.

Forty-five channel and overbank sections were used to describe the geometrics used in the
SOCHMJ model. These cross sections, with the exception of the channel section at the
Columbia Falls gage, were surveyed in the spring of 1979 with some additional work done in
March 1980. The section at the gage was reconstructed from USGS discharge measurements
taken in April 1980.

Calibration of the SOCHMJ numerical model was based on observed high water-surface
elevations recorded at established profile points along the Flathead River between Columbia
Falls and Demersville for the June 1975 flood. This flood had a peak discharge of 77,600 cfs
at the Columbia Falls gage and a recurrence interval of approximately 25 years.

Model input for this calibration consists of discharge hydrographs as recorded at the
Columbia Falls gage as the upstream boundary and a rating curve as the downstream
boundary.

A rating curve was used at the downstream boundary to reflect the influence of Flathead
Lake on the water-surface elevation in the downstream area. The rating curve 1s based on
observed water-surface elevations at established profile points in the reach between Kalispell
and Flathead Lake. Discharges corresponding to these water-surface elevations reflect peak
flow at the Columbia Falls gage.

1)
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Roughness coefficients (Manning’s “n”), conveyance, and storage were variables that served as a
means of adjustment in calibrating the SOCHMJ model to 1975 flood conditions.

The model reproduced the June 1975 recorded flood data to within [.0 foot, with as little as
0.1 foot difference at some locations. The calibrated model was used to model the June 1964
tflood and compared to observed data from that event. This flood had a peak discharge of
176,000 cfs at the Columbia Falls gage, a discharge which exceeds the estimated 0.2-percent
annual chance flood. For this event, the maximum stages computed by the model were
within 3.5 feet of observed high water elevations. The model’s ability to reconstitute this
event was considered satisfactory because the 1964 event was of such a large magnitude.

For the Flathead River between Flathead Lake and Demersville, HEC-2 computer models
were used to predict water-surface profiles for the 1928, 1933 and 1948 floods to within 2.4
feet, 0.5 feet, and 1.4 feet, respectively. Considering the change in channel cross section and
location from 1928 to 1984 (most recent survey), the model’s accuracy for predicting flood
events is considered satisfactory.

Water-surface profiles for the 2-, 1-, and 0.2-percent annual chance floods for these reaches
were computed from the SOCHMIJ model at designated intervals called nodes. Water-
surface elevations for the 10-percent annual chance flood were developed using the HEC-2
computer program and the same cross sections as input.

Stream cross sections were located by using topographic maps (References 26, 27, and 28)
and aerial photographs (References 29 and 30). Most of the below-water cross section data
were obtained by field observations or measurements. Cross section data for Whitefish River
at Whitefish were supplemented with data previously accumulated by the SCS (Reference
23). A hydrographic survey was performed for the Flathead River between Flathead Lake
and Demersville and the Swan River between Bigfork and the Lake County line by Simons,
L1, & Associates, Inc., in October 1984, Ovwverbank data were measured in the field on the
following streams: Ashley Creek, Bear Creek, Lazy Creck, Swift Creek, Stillwater River
near Olney, and West Spring Creek. Cross section data for Flathead River upstream of
Columbia Falls were obtained from the USACE (Reference 13).

Photogrammetric techniques were used on all other streams in order to obtain topographic
information for overbank areas. Hydraulic structures were measured in the field to determine
elevations and geometry unless data summaries or plans were available.

In the Ashley Creek detailed study, eight hydraulic structures were included: under Cemetery
Road two corrugated metal pipes (CMPs) with diameters of 7.6 ft. and 7.75 ft, a road bridge
approximately 3,500 ft. upstream of Cemetery Road, a bridge at Airport Road, a 3-arch
bridge system at Begg Park Drive, a road bridge approximately 3,750 ft upstream of Begg
Park Drive, a bridge at Sunnyside Drive, an eliptical concrete pipe 14.8 ft. x 10.7 ft. at Foys
Lake Road, and a bridge with two piers at the Burlington Northern Railroad crossing. Many
of the footbridges along Ashley Creek were not considered in the model (Reference 31).

In the detailed study of Bear Creek, only one hydraulic structure, a highway bridge on U S.
Highway 2, was included.

31
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Five bridges were included in the detailed study reach of Flathead River: The Somers-
Bigfork Highway bridge, the three-span Conrad Drive bridge (near Kalispell), the US.
Highway 2 bridge (near Kalispell), the three-span 4™ Avenue bridge (Red Bridge) south of
Columbia Falls, and the State Highway 40 bridge at Columbia Falls (a four-span structure).

Lazy Creek has two bridge structures within the detailed study reach, but only the
downstream structure at Delrey Road is considered significant in the hydraulic model. The
upstream bridge is an old and relatively small timber crossing, and is not expected to
withstand heavy flooding.

There are no bridge structures on Middle Fork Flathead River at Nyack or near West Glacier
which affect the study.

The following structures were included in the § mile study of Stillwater River near Kalispell:
a steel truss bridge on Conrad Drive; twin bridges for the U.S. Highway 2 crossing; the
Burlington Northern Railroad bridge, which has a steel superstructure and timber bents in the
abutment areas; an old single span timber bridge at a point 6.36 miles upstream of the
Stillwater River mouth; and the Whitefish Stage Road bridge.

Stillwater River near Olney has one hydraulic structure in the short detailed study reach.
This hydraulic structure, at the lower Stillwater Lake outlet, is a timber dam which operates
as an overflow weir. The dam and downstream plank chute were used in the past for a
logging operation.

The Swan River has two bridge crossings within the county. The old steel bridge, which is
located approximately 6,200 feet upstream of the Bigfork Dam, is just downstream of the
detailed study reach and was not modeled. The other bridge crosses Highway 209 at the
Flathead/Lake County line and is considered significant in the model.

For the 0.75 mile study reach along Swift Creek, only one bridge structure was included.
This bridge is along Delrey Road which services the northern and northwestern sides of
Whitefish Lake.

Structural modifications have been made at the bridge and in its immediate vicinity
subsequent to the field measurements, but these changes are not significant enough to affect
hydraulic modeling. There 1s another bridge structure along Swift Creek in the detailed study
reach that was not included in the model. This bridge is near the gaging station and is in
relatively poor shape. It is not expected to withstand medium to heavy flooding.

West Spring Creek has two structures within the detailed study reach and one structure at the
downstream limit of the study. The structure at the downstream limit is a 60 inch reinforced
concrete pipe with a concrete headwall and trash rack at the inlet. The two structures within
the study area consist of a 54 inch corrugated steel pipe under U.S. Highway 2.

Six hydraulic structures were included in the two mile study of Whitefish River at Whitefish;
the Columbia Avenue timber bridge, in the downstream reaches of the study; three 15 foot
corrugated steel culverts at Spokane Avenue; a new smgle-span, reinforced-concrete bridge
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at Baker Avenue, a wooden footbridge with timber pilings; the Second Street bridge along
U.S. Highway 93; and the Burlington Northern Railroad trestle near the upper end of the
study area.

Stream cross sections were located using available topographic maps at a scale of 1:24,000,
with a contour mterval of 20 feet (Reference 26) and aerial photographs at a scale of
1:12,000; (Reference 29). Most below-water cross section data were obtained by field
observations and measurements made by the study contractor. Overbank data for the
Whitefish River were primarily obtained using photogrammetric techniques. These cross
section data were supplemented with data previously accumulated by the SCS.

Water-surface profiles on Whitefish River near Kalispell were developed using the USACE
HEC-2 step-backwater computer model (Reference 32). To obtain starting water-surface
elevations for the HEC-2 model, a rating section was developed approximately 1,200 feet
downstream of the original study delineation. Rating section information was developed by a
uniform flow analysis, but modified appropriately to reflect field observations and
measurements. The field work consisted primarily of a temporary stream gaging program
mmplemented by the U.S. Bureau of Reclamation and field recomnaissance work of the study
contractor. The U.S. Bureau of Reclamation program was extensive enough to provide stage
and water-surface profile information at specific flow levels and locations. Rating section
geometry and hydraulics were adjusted until satisfactory concurrence was obtained between
the study results and HEC-2 profiles in the downstream study reaches. Starting water-surface
elevations for the |-percent annual chance encroachment conditions were obtained by adding
0.5 foot to the elevations for the 1-percent annual chance natural flood condition.

There were six structures considered on Whitefish River near Kalispell: the timber bridge,
approximately 600 feet upstream of the mouth; the Burlington Northern Railroad bridge,
which has a steel truss superstructure and concrete pilings in the abutment areas; the West
Evergreen Drive timber bridge; a county bridge on West Reserve Drive; a steel bridge at
Rose Crossing; and a steel bridge at Birch Grove Road.

Roughness coefficients (Manning’s “n”) were estimated by field inspection and review of
aerial photographs (References 29 and 30). Roughness value selection was made by using
one or a combination of the following approaches depending on the stream segment in
question: a detailed development and weighting technique which considers all factors
affecting the value of “n”, consultation of tables with typical “n” values for channels of
various types (Reference 33), comparison and familiarity with certain channel hydraulics and
associated roughness coefficients, and comparison with work previously completed by the

USGS (Reference 34) and the USACE (Reference 10).

For Ashley Creek, the main channel roughness value is 0.04, and the overbank roughness
value 1s 0.048. Corrugated steel pipes were assigned a value of 0.03 and concrete pipes were
assigned a value of 0.025,

For Bear Creek, channel roughness values range from 0.042 to 0.045, and overbank values

range from 0.028 to 0.100. The 0.028 relates specifically to road sections, and the extreme
value of 0.100 corresponds to heavily forested areas with some underbrush.
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The Flathead River from Columbia Falls to Demersville has roughness values ranging from
0.025 to 0.055 for the channel, and from 0.023 to 0.120 for the overbank areas. These values
were obtained primarily from previous work performed by the USACE.

For the Flathead River between Flathead Lake and Demersville, the main channel roughness
value is 0.03 and the overbank roughness ranges from 0.045 to 0.06.

For Lazy Creek, channel roughness values range from 0.033 to 0.036, and from 0.030 to
0.080 for overbank values.

Channel roughness values for Middle Fork Flathead River at Nyack range from 0.043 to
0.047. A minimum value for overbank of 0.020 relates to highway sections and a maximum
value of 0.150 is associated with dense timber stands.

For Middle Fork Flathead River near West Glacier, channel values range from 0.038 to
0.045, and overbank values range from 0.035 for the golf course area to 0.090 for timbered
areas.

Channel roughness values for Stillwater River near Kalispell range from 0.045 to 0.067.
Some of the higher channel values were actually weighted values in order to reflect brush
cover near bank points. Overbank values range from 0.032 to 0.150.

The Stillwater River study segment near Olney typically has channel values ranging from
0.032 to 0.055. A special channel value of (0.025 is used along the timber outlet chute from
Lower Stillwater Lake. Roughness values for overbanks range from 0.030 to 0.090.

The Swan River from the old steel bridge to the Flathead/Lake County line has a main
channel roughness value of 0.030 and overbank roughness values ranging from 0.045 to
0.070. The roughness values are reasonable given that the measured stage (7.34 feet) in the
June 20, 1974, discharge of 8,890 cfs at Bigfork was within 0.3 feet of the simulated stage
tor the 1-percent annual chance discharge of 9,000 cfs.

For Swift Creek, channel roughness values range from 0.036 to 0.045, and overbank values
range from 0.032 for pasture to 0.090 for timbered and heavy undergrowth areas.

Channel roughness values for West Spring Creek range from 0.038 to 0.055; 0.024 was
selected for the corrugated pipe and 0.020 was selected for the old steel pipe. Overbank
values range from 0.034 to 0.060. The 0.055 channel “n” value is applied at the downstream
limit of the detailed study, where Meridian Road forms a major obstruction. At that point,
the flow changes direction by 90 degrees, and other flow disturbances are caused by storm
drain pipes feeding into the inlet.

The Whitefish River study segment near Whitefish has roughness values ranging from 0.024
to 0.045 in the channel and from 0.035 to 0.080 in the overbank arcas. The value of 0.024 in
the channel refers specifically to the corrugated steel culverts.

The Whitefish River study segment near Kalispell has roughness values ranging from 0.035
to 0.070 for the channel, and from 0.035 to 0.090 for the overbanks. Some of the higher
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channel “n” values are weighted in order to reflect heavy brush cover near the bank points.

Starting water-surface elevations for the Ashley Creek study were determined by water
surface profiles of the Flathead River from the previous FIS. The Ashley Creek model
extends downstream to its confluence with the Flathead River. However, Ashley Creek is
only considered a detailed study from just downstream of Cemetery Road to just upstream of
the Burlington Northern Railroad crossing.

Starting water-surface elevations for the Bear Creek study were obtained by performing a
uniform flow analysis at the cross section farthest downstream. A stage-discharge
table/curve was developed at this section to provide an estimated stage for a particular
discharge and associated frequency. This method of taking the first cross section as a rating
section was used because the downstream channel and overbank morphology were not
conducive to developing and obtaining a good rating section.

The stage-frequency information provided in Table 4 for lake levels coincident with
maximum river discharges were used as the downstream boundary condition for backwater
profiles computed for the Flathead River between Flathead Lake and Demersville (Reference
35). The downstream boundary condition for the Flathead River reach between Demersville
and Columbia Falls was established by developing a rating curve from the last cross section
of the backwater profile computed in the reach between Flathead Lake and Demersville.
This rating curve was developed during the initial approximate study of the Flathead River
between Flathead Lake and Demersville.

Because the Lazy Creek drainage area is relatively small in comparison to the Whitefish
Lake hydrologic system, it was considered reasonable to assume that there would not be
exact concurrence of flood events between the lake and Lazy Creek (Reference 35). The
event frequencies were staggered to obtain the most reasonable prediction of starting
conditions for particular Lazy Creek flooding events. The following listing indicates the
associated event frequencies and the starting water-surface elevations:

Lazy Creek Whitefish Lake Starting Elevation
Flood Frequency Stage Frequency (Feet)
10-percent annual chance 50-percent annual chance 3,000.80
2-percent annual chance 10-percent annual chance 3,002.40
1-percent annual chance 2-percent annual chance 3,003.73
0.2-percent annual chance 1-percent annual chance 3,004.23

The stage-frequency data for Whitefish Lake were obtained from the SCS (Reference 23).
Because the corresponding recurrence interval elevations on Whitefish Lake are higher than
those on Lazy Creek, elevations on the lower two-thirds of the detailed study segment of
Lazy Creek are controlled by elevations on Whitefish Lake.

Starting conditions for the hydraulic model of Middle Fork Flathead River at Nyack were
developed by using a rating section at the farthest downstream cross section. This particular
section was constructed by using the survey vertical control network, topographic maps
(References 26 and 27), and ground level and aerial photographs (Reference 36). A uniform
flow analysis was performed at the rating section to develop a stage-discharge relationship.
Any deviations from uniform flow conditions during actual flood events were expected to be

(FS]
Ln

UL 2 7 %6



compensated for through the HEC-2 calculation process before proceeding into the detailed
study segment. The hydraulic model was compared to the 1975 flood event, and concurrence
was obtained for both the flood stage and boundaries.

A rating curve for Middle Fork Flathead River at West Glacier was developed at the gage
site, which is approximately one mile downstream from the original detailed study
delineation. A cross section was also estimated at this location by using topographic maps
and aerial photographs (References 26, 27, and 29). The rating section stage-discharge data
provided starting elevations for the appropriate flood events, including the 1975 model event.
This model event was selected instead of the 1964 flood event because it was later and also
falls within the range of flows being considered in this study. The 1964 event was not used
because of its extreme nature and the degree of extrapolation that would be required on the
rating curve. Concurrence was obtained between the hydraulic model and the 1975 event.

For Stillwater River near Olney, a uniform flow analysis was performed at an estimated cross
section in order to develop stage-discharge information. This information provided the
starting water-surface elevations for the appropriate study event. The cross section was
developed by using aerial and ground level photographs and topographic maps.

The starting water-surface elevation for the Swan River is based on the rating curve at
Bigfork Dam. Pacific Power and Light Company provided plans of the diversion structure
from which the rating curve was developed. The starting water-surface elevations for flood
with 10-, 2-, -, and 0.2-percent annual chance frequencies are shown below:

Swan River Swan River
Flood Frequency Starting Water-Surface
10-percent annual chance 3,015.3
2-percent annual chance 3,015.7
1-percent annual chance 3,015.8
0.2-percent annual chance 3,016.0

A cross section was estimated on Swift Creek near the entrance to Whitefish Lake. The
starting water-surface elevations of this section for specific flood events were made
concurrent with the lake stage-frequency data. This procedure was suggested by the SCS
because Swift Creek 1s the main contributory drainage to Whitefish Lake, and historical data
indicate a close coincidence of event frequencies (Reference 23).

The flood on June 1974 on Swift Creek was modeled and concurrence was observed between
the gage reading and the HEC-2 results. Peak-stage measurement at the gage was 3013.63,
and the HEC-2 model estimated the stage to be 3013.64 feet.

Because there are only minimal backwater effects from Whitefish Lake above Cross Section
A during the 1-percent annual chance event, it was classified as a natural or free flowing

condition.

Unusual circumstances exist at the downstream end of the detailed study reach on West
Spring Creek. Historically, West Spring Creek flowed southeasterly following a natural
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course along the western edge of the Kalispell community. As the City of Kalispell
expanded to the west, the natural course of the stream was altered in order to accommodate
the development and to minimize flooding. At Meridian Road, West Spring Creek is
redirected to the south through a 60-inch diameter reinforced concrete pipe. This pipe also is
intended to carry storm runoff from other portions of western Kalispell. The pipe extends
south for approximately 750 feet before connecting with storm runoff from other portions of
West Kalispell. The east-west line varies in size from 57 inches to 60 inches in diameter and
is believed to be a combination of corrugated steel and reinforced concrete material. It runs
for approximately 700 feet before emptying into an open channel ditch which carries the
flows past a lumber mill to Ashley Creek.

Analyzing the model starting conditions for West Spring Creek was unusual and complex.
The flood hydrology and hydraulics of the complex storm pipe were analyzed independently
of the HEC-2 computer program. The 10-, 2-, 1-, and 0.2-percent annual chance events were
examined for the rural and urban watersheds in order to determine the flow conditions and
stage at the downstream limit of the West Spring Creek study. Careful selection of
contributing urban areas was required because of the little available topographic information
in western Kalispell and because of the inadequate storm drain system in the area. Careful
selection of event and peak concurrence between rural and urban flooding was also required.

The storm drain system in western Kalispell would be at or near the surcharged condition for
the 10-percent annual chance event. It was determined that the stage at the structure inlet
would be at the pipe crown of the 60 inch pipe. For the more severe events, calculations
were made in order to determine the amount of head or surcharging required on the 60 inch
reinforced concrete pipe for the estimated flows to pass. The head requirements eventually
would become so great that Meridian Road would be overtopped; therefore, weir flow to the
east was combined with pipe flow to the south until the stage was defined. This was used as
the starting water-surface elevation for the HEC-2 model for that particular flood frequency
event.

The 1-percent annual chance free flowing condition was defined as that condition which
reflected minimal to no backwater effect from the pipe network and inlet structure. An
elevation at the pipe crown for the 60 inch reinforced concrete pipe was selected for this
condition.

A peculianity occurred in the West Spring Creek study at the U.S. Highway 2 crossing. U.S.
Highway 2 slopes downward to the east at this location, and there is a depression in the left
overbank area of the West Spring Creek near an access road to a local shopping center.
Flows can be released through the depression and travel easterly along U.S. Highway 2
before overtopping the highway perpendicularly (i.e., in the same direction as the 54 inch
culvert flow line). Hence, an iterative procedure was required, using the HEC-2 model and
hand calculations in order to determine headwater heights upstream of the 54 inch culvert
and to proportion weir pressure pipe flows.

A possible study limitation for the Kalispell detailed study is the fact that a limited number of
cross sections were field measured due to budgetary constraints for the Kalispell and
Flathead County survey task. The spacing between ficld-measured cross sections does not
appear excessive when analyzing map layouts, and when considering stream channel



characteristics. However, while developing and executing the HEC-2 model, it was found
necessary to occasionally interpolate a cross section to improve the modeling.

In conjunction with the field data limitations discussed above, there were also inadequate
topographic information in west Kalispell to accurately define surface storm runoff patterns
and West Spring Creek overflow flooding. Available plans, Vertlcai control information, and
topographic mapping were used in the routing analysis.

Another common study limitation is the fact that the Kalispell study streams do not have an
impressive peak flow measurement program. The Ashley Creek data set included 20
measurements, which is quite marginal when trying to perform a statistical analysis and
predict extreme events. This is especially true when one would like a more complete
database to develop a better understanding of the upstream flood storage capabilities. West
Spring Creek has no peak flow measurements to its credit. Its location and the nature of its
basic supply source limit the value of hydrologic regionalization.

A specific limitation for the West Spring Creek study is the questionable nature of
contributory urban watershed areas and storm drain system in West Kalispell. Both of these
features have a significant effect on the regional hydrologic and hydraulic analyses.

As described earlier, the Stillwater River is a tributary to the Flathead River. Flows along the
Flathead River have a significant effect on tributary flow conditions, and the Stillwater River
1s no exception. It is unreasonable to assume exact event concurrence for both streams;
basically because of different sizes and locations of respective watersheds. This theory is
substantiated by historical data. Hence, event frequencies were staggered to obtain the most
reasonable prediction of starting conditions for the Stillwater River flood events. The
following tabulation indicates the associated event frequencies and the starting water-surface
elevation:

Stillwater River Flathead River Starting Elevation
Flood Frequency Flood Frequency (Feet)
10-Percent Annual Chance 10-Percent Annual Chance 2,908.1
2-Percent Annual Chance 4-Percent Annual Chance 2,908.5
1-Percent Annual Chance 2-Percent Annual Chance 2,908.8
0.2-Percent Annual Chance 1-Percent Annual Chance 2,909.2

A uniform flow analysis was performed to develop a stage-discharge relationship. The
friction slope in Manning’s equation was assumed equal to the bedslope. The results of this
stage-discharge analysis were used to define the l-percent annual chance free-flowing
condition. One-half foot was added to the uniform flow 1-percent annual chance stage for
the encroachment exercise.

To obtain starting water-surface elevations for the HEC-2 model for Whitefish River at
Whitefish, a rating section was developed approximately 1,200 feet downstream of the
origimal detailed study limit. Rating section information was developed by a uniform flow
analysis, but was modified to reflect field observations and measurements. The fieldwork
consisted primarily of a temporary stream gaging program implemented by the U.S. Bureau
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of Reclamation (USBR) as well as by field reconnaissance. The USBR’s program was
extensive enough to provide stage and water-surface profile information at specific flow
levels and locations. The rating section geometry and hydraulics were adjusted until
satisfactory concurrence was obtaimed between the above study results and HEC-2 profiles in
the downstream study stream segment.

Whitefish River joins Stillwater River near Kalispell. Because of the watershed similarity
with respect to geography, meteorology, hydrology, and other factors, it was assumed that
exact event concurrence would be realized. The 1-percent annual chance event on Whitefish
River would be likely to occur simultaneously with the 1-percent annual chance event on
Stillwater River and likewise for other designated frequencies.

In spring 1978, a water-surface profile measurement was made on Whitefish River. The
flow at the time of measurement was referenced to bridge decks along the detailed study
stream segment. Concurrence was obtained between the field measured information and a
hydraulic model which used survey data exactly as field measured for this relatively low
flow. For higher flows, adjustments were occasionally made in the channel and overbank
areas for noneffective flow areas in order to improve stage and boundary predictions.

Streams studied by approximate methods received a cursory field investigation including
hydraulic-structure geometry estimates and ground level photographic documentation. A
brief hydraulic analysis was performed in the areas of interest. In order to develop typical
cross sections and perform a stage-discharge analysis, field estimated channel geometry was
supplemented by topographic information (References 26 and 27).

Locations of selected cross sections used in the hydraulic analyses are shown on the Flood
Profiles (Exhibit 1). For stream segments for which a floodway is computed (Section 4.2),
selected cross section locations are also shown on the FIRM (Exhibit 2).

The hydraulic analyses for this study were based on unobstructed flow. The flood elevations
shown on the Flood Profiles (Exhibit 2) are thus considered valid only if hydraulic structures
remain unobstructed, operate properly, and do not fail.

WL

P



3.3 Vertical Datum

All FIS reports and FIRMs are referenced to a specific vertical datum. The vertical datum
provides a starting point against which flood, ground, and structure elevations can be
referenced and compared. Until recently, the standard vertical datum in use for newly
created or revised FIS reports and FIRMs was the National Geodetic Vertical Datum of
1929 (NGVD29). With the finalization of the North American Vertical Datum of 1988
(NAVDS&8), many FIS reports and FIRMs are being prepared using the NAVDS8S as the
referenced vertical datum.

All flood elevations shown in this FIS report and on the FIRM are referenced to NAVDSS.
Elevation Reference Marks (ERMs) shown on the FIRM represent those used during the
preparation of this and previous FIS reports. Users should be aware that these ERM
elevations may have changed since the publication of this FIS report. To obtain up-to-date
elevation information on National Geodetic Survey (NGS) ERMs shown on this map,
please contact the Information Services Branch of the NGS at (301) 713-3242, or visit their
website at www.ngs.noaa.gov. Map users should seek verification of non-NGS ERM
monument eclevations when using these elevations for construction or floodplain
management purposes. It is important to note that adjacent communities may be
referenced to NGVD. This may result in differences in Base Flood Elevations (BFEs)
across the corporate limits between communities.

For this revision, a vertical datum conversion was completed for each studied reach. The
range of conversion factors was prohibitively high; therefore, a standard conversion factor
was not applied for the entire community. The Profile Panel and FDT conversion from
NGVD29 to NAVDS8S was carried out in accordance to the procedure outlined in the
FEMA document Map Modernization — Guidelines and Specifications for Flood Hazard
Mapping Partners Appendix B: Guidance for Converting to the North American Vertical
Datum of 1988,

Using the multiple conversion factor approach, an average conversion factor for each
flooding source was developed by establishing separate conversion factors at the upstream
end, at the downstream end and at an intermediate point of the studied reach. From this
data, the average conversion factors for each reach were developed. In some cases, it was
necessary to divide each reach into multiple sections in order for the maximum offset from
the average conversion factor to be less than or equal to 0.25 feet.

For more information on NAVDS8, see the FEMA publication entitled Converting the
National Flood Insurance Program fo the North American Vertical Datum of 1988
(FEMA, June 1992), or contact the Vertical Network Branch, National Geodetic Survey,
Coast and Geodetic Survey, National Oceanic and Atmospheric Administration, Rockville,
Maryland 20910 (Internet address http://www.ngs.noaa. cov).

Temporary vertical monuments are often established during the preparation of a flood
hazard analysis for the purpose of establishing local vertical control. Although these
monuments are not shown on the FIRM, they may be found in the Technical Support Data
Notebook associated with the FIS report and FIRM for this community. Interested
individuals may contact FEMA to access this data.

Conversion factors for each studied reach are shown in Table 5.
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4.0 FLOODPLAIN MANAGEMENT APPLICATIONS

The NFIP encourages State and local governments to adopt sound floodplain management
programs. Therefore, each FIS provides 1-percent annual chance flood elevations and
delineations of the 1- and 0.2-percent annual chance floodplain boundaries and 1-percent
annual chance floodway to assist communities in developing floodplain management
measures. This information is presented on the FIRM and in many components of the FIS
report, including Flood Profiles and Floodway Data Tables. Users should reference the
data presented in the FIS report as well as additional information that may be available at
the local map repository before making flood elevation and/or floodplain boundary
determinations.

4.1  Flood Boundaries

To provide a national standard without regional discrimination, the 1-percent annual chance
flood has been adopted by FEMA as the base flood for floodplain management purposes.
The 0.2-percent annual chance flood is employed to indicate additional areas of flood risk in
the community. For each stream studied by detailed methods, the 1- and 0.2-percent annual
chance floodplain boundaries have been delineated using the flood elevations determined at
each cross section. For Flathead County, between cross sections, boundaries were
interpolated using topographic maps at a scale of 1:24,000, with contour intervals of 20 and
40 feet (References 26 and 27, respectively), and developed photogrammetrically, using
acrial photographs at a scale of 1:12,000 (Reference 29).

Flood boundaries were delineated using topographic maps at a scale of 1:4,800, with a
contour interval of two feet for the Flathead River between Flathead Lake and the
unincorporated community of Demersville and the Swan River between the Steel Bridge and
the county line (Reference 30).

For the Cities of Kalispell and Whitefish, between cross sections, the boundaries were
interpolated using topographic maps at a scale of 1:24,000, enlarged to a scale of 1:12,000,
with a contour interval of 20 feet (Reference 26).

Shallow flooding boundaries on West Spring Creek, as discussed in Section 3.2, were also
delineated using these topographic maps (Reference 26).

For Flathead River between Columbia Falls and the unincorporated community of
Demersville, and for Stillwater and Whitefish Rivers downstream of the Burlington Northern
Railroad, 1- and 0.2-percent annual chance flood boundaries were delineated using flood
clevations determined at nodes from the SOCHMI model (Reference 25). Boundaries were
interpolated between nodes using topographic maps at a scale of 1:1,200, with a contour
interval of 2 feet (Reference 28), and at a scale of 1:24,000, with a contour interval of 20 feet
(Reference 26).

Flood boundaries determined by the study contractor for streams studied by approximate
methods flowing through undeveloped arcas were delineated using topographic maps
(References 26 and 27).
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Approximate flood boundaries in some portions of the study area were taken from the Flood
Hazard Boundary Maps (Reference 37).

The 1- and 0.2-percent annual chance floodplain boundaries are shown on the FIRM
(Exhibit 2). On this map, the 1-percent annual chance floodplain boundary corresponds to
the boundary of the areas of special flood hazards (Zones A and AE); and the 0.2-percent
annual chance floodplain boundary corresponds to the boundary of areas of moderate flood
hazards. In cases where the 1- and 0.2-percent annual chance floodplain boundaries are
close together, only the l-percent annual chance floodplain boundary has been shown.
Small areas within the floodplain boundaries may lie above the flood elevations but cannot
be shown due to limitations of the map scale and/or lack of detailed topographic data.

For the streams studied by approximate methods, only the l-percent annual chance
floodplain boundary is shown on the FIRM (Exhibit 2).

42  Floodways

Encroachment on flood plains, such as structures and fill, reduces flood-carrying capacity,
increases flood heights and velocities, and increases flood hazards in areas beyond the
encroachment itself. One aspect of floodplain management involves balancing the
economic gain from floodplain development against the resulting increase in flood hazard.
For purposes of the NFIP, a floodway is used as a tool to assist local communities in this
aspect of floodplain management. Under this concept, the area of the 1-percent annual
chance floodplain is divided into a floodway and a floodway fringe. The floodway is the
channel of a stream, plus any adjacent floodplain areas, that must be kept free of
encroachment so that the 1-percent annual chance flood can be carried without substantial
increases in flood heights. Minimum Federal standards limit such increases to 1.0 foot,
provided that hazardous velocities are not produced. The floodways in this study are
presented to local agencies as minimum standards that can be adopted directly or that can
be used as a basis for additional floodway studies.

The floodways presented in this study were computed for certain stream segments on the
basis of equal conveyance reduction from each side of the floodplain. Floodway widths were
computed at cross sections. Between cross sections, the floodway boundaries were
mterpolated. The results of the floodway computations are tabulated at selected cross sections
(Table 6). In cases where the floodway and 1-percent annual chance floodplain boundaries
are either close together or collinear, only the floodway boundary has been shown.

The floodways were computed by assuming that no ice jamming or severe debris
accunmlation at hydraulic structures or in meandering stream reaches would occur. Except
as noted in the following, starting water-surface elevations for the floodway analysis were
determined by adding 0.5 foot to the 1-percent annual chance starting water-surface elevation
as discussed in Section 3.2.

For the Bear Creek floodway calculation, the equal-conveyance reduction calculation routing

was considered appropriate even though there were imbalances in overbank flood areas for
opposite sides of the stream. The encroachment routine was run with a starting allowance of
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0.3 foot, with an upstream change of the target value to 0.5 foot in order to satisfy allowable
increases 1n elevation throughout the study reaches to 0.5 foot.

Calculation of the floodway on the basis of equal-conveyance reduction from each side of the
floodplain on Middle Fork Flathead River at both Nyack and West Glacier was considered
appropriate even though there was an imbalance of flow in the overbank areas, such as at the
golf course near West Glacier. It was required to change the target value on occasion from
0.5 foot to 0.3 or 0.4 foot in order to satisfy allowable increases in elevation throughout the
study reaches to 0.5 foot.

SOCHM]J is a better model for predicting flood elevations for floodplains such as those along
the Flathead River between Demersville and Columbia Falls, However, this model does not
have the capacity to compute a floodway; therefore, the HEC-2 program was used for the
floodway determination only. Cross sections in those reaches employing the SOCHMIJ
model may list different elevations in the “Regulatory” column of the Floodway Data Tables
than those listed in the “Without Floodway” column.

The area between the floodway and l-percent annual chance floodplain boundaries is
termed the floodway fringe. The floodway fringe encompasses the portion of the
floodplain that could be completely obstructed without increasing the water-surface
clevation of the [-percent annual chance flood by more than 1.0 foot at any point. Typical
relationships between the floodway and the floodway fringe and their significance to
floodplain development are shown in Figure 1 below.
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Figure 1 — Floodway Schematic

iy
Lh




M3I3HD ATTHSY

V1vad AvMadoo4d

SVYIHEY d31LVHOdHOOINI ANV
1N ‘ALNNOD AVAHLVY 14

AONIOV LNIWIDVYNVIN AONIOHINWIT Tvd3d3d

SRy S ==
ApniS pajielaq 40 JwiT A0qY 1984,
00 90762 90762 T0v6Z 76 ol Sl 51082 A
00 29862 79862 7'966'Z Sbl 66 Sl 966'L2 N
0 £'eE6'Z 62662 6266'Z by /T8 95 8v6'0Z 1
50 8ZE6'Z £786'2 €766 gl gog') ceh 810'SZ s
70 27862 LLE6T L'LE6'T ze 9%9 691 81222 o
0 01€6T L0862 L'0E6'Z 5z vzl Bel 8208l o
50 /0E6'Z Z086'Z 20862 Lp ove e $26'L1 d
0 66262 $'626'Z $'626'Z 6'b zZie 1l 18Y' L1 0
50 76262 6'826'Z 6'926'C 2z 16 202 ey N
50 €626 8'926'2 8'826'Z g0 ceg'z 215 696'LL W
50 26262 89262 9'926'Z Z'l gLLL 88z 80Z'01 1
50 26262 1'826'Z 8'826'Z bl 009'L ove 6616 5
50 26262 /'826'Z 1'826'Z bl G85°L ove 06 r
50 0'626'Z $'826'Z 9'826'Z 5z 229 29z 599'/ _
50 06262 59262 $'826' 5l 8L0'L L1z Seb'/ H
50 06262 58262 58262 oL €702 e 108' )
50 06262 5'976' 5'926' 50 bEL'Y SOb 590' 1
50 06262 59262 5’876 20 5662 9ee pE9y 3
50 6'926' 8262 $'826' o'l LLe'L 202 L6b'E q
50 6'826'2 y'926'Z +'826'Z 0l 6. 961 el 3
50 8'826'Z £'926'Z €826 bz 985 Lp oSt g
50 6'026'2 y0Z6'Z ¥ 0Z6'Z 5g 99z Ly ov v
A ﬁ M3ITHD AFTHSY
(QAVYN 1334) | (QAVYN 1334) dNOOD3S 1334
(1334) (QAVYN 1334) | ¥3d 1334) | 34vNOs) (1334)
3SVIHONI ><>bm_m>o._w >Mﬁo_._w._u\,m_m AYOLYINOTY | ALIDOTEA | vauy Hiam | +3ONVISIA [ NOLLD3S SSOHO
NVIN NOILD3S
NOLLYAT'IS 3IV4HNSG H3 LYW AVAMAOOT4 304N0S ONIJOOT4

aooOTd IONYHO TVNNNY LNJOH3d-L

TABLE 6

7



NIFHO ATTHSY

Vivad AvMaooi4d

SVY3HV a3LVHOJHOINI ANV
LA ‘ALNNOD A@VIHLVA

AONIOV LNIJWIDYNVIN AONIOHINWE Tvyd3d3d

TABLE 6

Apnig pajlejaq Jo Wi eAoqy 1984,

10 60662 80662 90662 9z 8 gLl pOv'SH ov
00 00662 00662 00662 g'c 8/¢ 16 16Z'SY NY
50 £'5867 9'v962 91967 9¢ 168 bl 19'bY e
50 £7967 91862 81862 ge 0% Il 00L'Eh v
70 6'8.62 $'8/62 $'8/62 by 1z =y Sot'zY MY
50 6667 b'5.62 e Le 98¢ sol 990' Ly Py
70 6'€.67 5€/62 S'EL67 'y LbE 88l 660'0F v
€0 1162 60,62 6'0.62 0'b 95e 601 066'¢ HY
0 S'0.67 1062 10462 £z 819 29l 866'LE oV
0 86967 b'696Z b'6962 vz 609 evl 11€'/¢E 1y
€0 €967 0°/962 02962 LS 152 oF zel'se v
+0 5'296' 1'296'Z 1'296'Z L9 0Ll e 168'%E av
50 y0S6'Z 66v6'Z 6662 6 ez 69 Jze'ee oV
70 S8z 62 L'6'Z 5z LS 901 Zh9'ze av
0 TYH6'Z QEPB'Z 8EY6'Z 61 €19 66 b e vy
€0 PEVE'Z LEV6'Z L'EV6'Z s 09z Be 995'0¢ 7

20 1'T6'Z $ZH6'Z STHE'T i 9z’ L 1zl 159'62 A

00 SZY6'z STHE'Z STHE'T gl Z08 /9 96.'9Z X

10 SZY6'T YZPe'Z YTrE'Z g’ 618 16 \2b'ez M

: A ("ju02) MIIHYD ATTHSY
(QAYN 1334) | (QAYN 1334) ghO9=5 Lz
(1334) (QAVYN 1334) | ¥3d 1334) | 34vYNOS) (1334)
JSVIUONI ><>bm%>o.m >mb\%rwm>m_m AYOLYINDTY | ALIDOTIA | vauy Hiam |3ONVLSId | NOILO3S SS0HD
NV NOILDIS
NOLYATIH S0vac s HE. vt AVMAOOT4 304NOS ONIAOOTH

o074 IONVHO TVNNNY LN3Od3d-1




MI34O ¥v3ag e,
SYIEVY dILVHOdHOOINI ANV m
e e== s [

1IN ALNNOD AVIHLlV14 m

v.1lvada AYMaood <

AONIOV LNIWIOVNYIN AONIONINE Tvygasd |

13Ny PeaUjel4 8u) JO %10 SIPPIA UjiM S0USN[IUOD SAOGE 1883,
00 5185 5185y 5185y 0l vl L9 s/6'8h s
20 8 rES't 9'PES'Y 9peS't L'g 192 00l 0502 N
00 8H0S'h 9v0S' Y 8v05't L 6.1 e 0SZ'SH o
00 £GL Y £GPy £SIbP 09 pee 891 00Z'ch d
50 b ey 68th'y 6 8rh'h 02 8z sl 0vZ LY o
0 S6Th Y L'62h'Y L'BThY 07 S6 961 0v6'6E N
00 S VZHy £ YThy SYTry 66 002 /9 05765 W
50 s o1Zr'y e1Zt'y 89 £62 zl 0pE‘6e 1
00 L2y LL2h Y LTy L6 S0z 89 025 68 N
00 CELYY eoLb'y CBIbY 26 012 €8 00Z'6¢ P
00 IR bl Ly 5’8 £ez S8 026'8E |
00 9oLty 9 0Ly 9oLy 5 Log oLl 059'ge H
00 LSBE'Y L'S6E'D L'SBe'Y 8'G epe 00€ 0zL'Le o
€0 98lc'y €85y e8le e 059 81z 08g'Se 3
z0 o vlED 9piS'Y 9pIE Y b'g 1£2 08 089'vE 3
00 £0LED 0.8y £0LEY 0 00t gle 0zz've q
50 1'65E't 265E Y Z'65E Y zl S/ 08 000°€€ 5
20 CPre'y L ey ey 9'¢ 155 91g SZ0'LE g
€0 6Lzey 9 /28 /26 z'p o SHZ 007'92 v
A An_nmm“_ M3IFHD Hv3g
(QAVN 1334) | (QAVYN 1334) dNOodS
(1334) (QAVYN 1334) | ¥3d 1334) | 3¥vNOSs) (1334)
3SVIHONI ><>_]\_,m_w,oi %ﬁozwﬁm ASOLVINOIY | ALIDOTIA | vauv Higim [ FONVLSIA [ NOILO3S SSOH0
NVIN NOILO3S
NOILVATTI 3OVIHNS HILVM AVMAOOT4 394N0S ONIAOOT4

AOO7d IONVYHD TVYNNNY LN30od3d-L




{o)

HSIA3LIHM 1V M33d490 MOD w

SVYIV A3 LVHOdHOINI ANV 1

T - 1N ‘ALNNOD AVIHLV14 o

AONIOV LNIWIOVNVIN AONIONIWS Tvuzazs |

JaAIY USHOMUUAA WO} S10849 JojeMmyoRq JO LOIRISpISUCS Inoylim pejnduwos uoess|3 , 18ARY YSIRUUA UHM 90UBNJUOD BAOGY 1904,
50 6'920¢ b'920¢ b 920 61 el b 506 5
€0 1°920¢ b'9Z0€ b"9Z0€ 60 £hz og 260' P
<0 £020¢ 9'610¢ 2'610¢ 'z 16 o€ 729’/ |
¥0 2108 02106 02108 62 s/ £z 091/ H
50 ocloe $Z10e $Z108 62 ) 9z 161'S o
20 0Zl0g 81108 g'L10E 5l Shl 8¢ L09'Y 3
10 g'li0e L1108 LL10S bl 251 1z zZ85'c 3
50 Z'900¢ RS /°S00€ 61 Pl ge 082 q
00 #'500€ b'500€ b'500€ 'l It ot 5z8'l 5
20 9'8667 9'8662 11008 '€ 09 oz 606 g
10 "1 1662 "0'1662 11008 se'p 05 1z Jse v
HSId3LIHM
: : 1Y Y3340 MOO
RNERER 1334
(QAVYN 1334) | (QAVN L334)
(1234) (QAVN L334) | ¥3d 1334) | 3HvNos) (1334)
3SVIUON ><>bm%>o#_ %ﬁozﬂﬂ% AdOLYINSTY | ALIDOT3A | vawv Hiam |+FONVISId | NOILO3S SSOHO
= NOILD3S
NOLLYASTE 3OVAHNS H31VAM AVAMAOOT4 304N0S ONIJOO T4

00174 IONVYHD TVNNNY LN3OH3dd-}

h

1
|

UL 2 7 20

[



d3AIN AVIHLVd

V1ivad AVMaoo1d

SVIYV Q3LVIOdYOOINI ANV
LN 'ALNNOD AVIHLV1H

ADNZOV LNIJWIOVNVYIN ADNZIOHINE TvH3ad34

TABLE 6

9B PEay]B| WO SJoayS 19]BMXOB] JO UOHBISPISUOD JNOLIM pajndliod uoneAs|3,

‘9B PEBUJE|4 YIIM 80USN|UOD BAOGE 1934,

70 58682 Se6aC 58682 0V 81522 A 090°0¢ A
50 18682 £'968'Z £'868'Z vy 90€'0Z vyl 58167 n
0 9'868'Z 79682 79682 9'¢ 669'+Z €Lz 5819z i
70 £'962'2 6682 6692 9p 29t'61 969'} g5e'/Z s
70 2'868'Z 81682 8682 6t ey 66¢' | 055'92 N
0 11687 €168 £ 1682 1z gss'es 01Z'L 088'2Z O
0 92627 21697 21692 £c 8020} €9 08¥'1Z d
0 9697 21697 T169'C s 65021 099 0/6'02 0
0 51682 1682 L'/68'Z I'p pER'al 29 02202 N
0 $'/68'Z 11682 1'/68'Z by ££2'02 129 08E'61 N
50 £/68'Z 6'968'C 69682 6 16181 5ha S8l 1
0 €622 6'968'Z 6'968'Z 6t 68l '8l 5t9 s/e'el 5
0 7682 8'968'Z 9'968'Z z'g 25z /1 e/ SLIL P
50 71682 1'968'Z 1'968'Z 6t gzz'gl 05/ 550'/1 |
50 02622 6'069'Z 9'968'Z 6 9Lz'gl 006 0/2'0l H
50 02687 ‘5068’z 9'969'Z 0'p 66422 556 S99'GL 5
50 9'968'Z 1'968'2 9'968'Z g 189'0L 99/ 0LE'P) 4
50 5'968'Z "0'969'z 9'968'Z 0 5e8'/1 ces 049} 3
50 19682 ‘Z7'069'z 9'968'Z 0 PES'6T S60°} 58621 q
50 1'968'Z 79682 9'968'Z 9z BOY'vE 0vz' ) oveE'Zh o
50 9'968'Z ‘1 '069'z 9'968'Z 8z BSe'LE 06Z° IR g
50 9'968'Z ‘1'968'2 9'968'Z 5z BEL'OE 0zt'L 0zL'bL v
A A HIAANY Av3IHLVY 14
(QAVN 1334) | (QAVN L334) dNO23S 1334
(1334) (QAVYN 1334) | ¥3d 1334) | 34vNOS) (1334)
3SVIHONI ><>bm%>o.m \%ﬁozwﬁ_u\,m_m AMOLYINOTY | ALIDOTEA | vauy niam [WONVLSId| NOILO3S SSOH3
N NOILD3S
NOILYAITS 30V-44NS Y3 LY
0074 IONVHO TYNNNY LNIOHId-} AVMJOO1 304N0S ONIdooT4




d3AI AVIHLVS

vivad AvMadoo4d

SVY3dV A31VIOdHOONI ANV
LN ‘ALNNOD @VIHLV A

AON3OV LNJWIOVYNVIN AONIOHINIT Tvd3ad3d

TABLE 6

a¥e PRayje|d UM 20USNjjU0d aA0qe J88,

70 62062 52062 52062 v 0Ev iz 9501 55c 08 v
0 62062 SZ06Z 52062 1€ 818'€Z sel'l 065'6. ov
0 62062 SZ06'Z 52062 vz 698"/ 0zL't 0,99, av
0 $Z06Z 1’2062 1'206'Z ot 06161 019 061G/ ov
b0 1'206'Z L1062 L1062 ey 04502 988 5e5'0. NV
0 02062 91062 91062 se 80E'sZ L06'| 51889 me
0 $1L06'Z L1062 1'106'2 ¢ 19922 69Z'| 02e'29 v
0 21062 20062 80062 se 0z1'sz 059 0v9'95 MY
0 6006 0062 §'006'Z by ¥BE'0Z 619 0L2'€S ry
0 L0062 £006'Z £006'Z Ly 0z9'12 €/9 GEL'LS v
70 9'006'2 20062 Z006'Z Ly 66912 e/l /L6y HY
50 £006'Z 6'668'Z 6'662'Z 6t £pe'gl 255 06L'8p oV
b0 £006'Z 66622 66682 ep v21'02 665 0/6'0Y 1V
0 Z006Z 86687 9'668'Z R biL'VZ 6ES go5'Sy vy
0 1'006'Z 16622 16682 &b 51502 69/ OLL'bh av
0 20062 26682 96682 £z P9E'6E 297’1 ov8'zH ov
50 1'006'Z 16682 L'669'Z 9z z0l'ee €0zl SBS0F av
0 66682 56622 56622 9¢ L11'VZ 004’1 0Z1'68 Y
0 96682 76682 76682 e 220'tvZ 0Ll 59/'/¢E Z

0 9'668'Z 26682 2'668'Z g'c £09'€Z L60°L oveos k

0 5668 1'668'Z 1'668'Z ge [20'ST 0.€' 0L6'vE X

0 £'662'Z 6'868'Z 6'868'Z ze 00442 Sty 0.9'zE M

ﬁ {"Ju02) ¥IAIY QV3HLY 1A
[@NOD3S 1334
(QAVWN 1334) | (QAWN 1334)
(1334) (QAVN 1334) | ¥3d 1334) | I4VYNOS) (1334)
ISVYIHONI ><>_m_,m_m_,V>o._u_ \_,Mﬁgzwﬂm AMOLYINSTY | ALIDOTEA | vauv Higim [3ONVLSId | NOILO3S SSOHD
NVIW NOILD3S
NOILYATTE I0V4HNS dILVYM
QOOT4 IONVHO IWYANNY LNIONH3d-} AVMAOOT 30HNOS ONIGCO




AL T v = e —

d3AIME dAVIHLVY 14 ©

(TN

SYIHV A3LVHOdHOONI ANY ]

£
B 1IN ALNNOD AVIHLV14d M
ADNIODV INTFWIOVYNYIN AONIOHIAWT Tvy3a3d =
9¥eT] peayie|d Ylim adusnjjuod saoge ymmmw_.
00 02E6'C 0'ZEBT 0'2€6'C 6'E log'lz ¥¥0'Y 0GE'ErlL Ng
Z0 8'826'C 9'826°C 9'826'Z 8¢ v9z'2e 00€'s 050'0F L g
t'0 9'/26'C 2126'C z'.26'C St 0zL'el 0€L'Z 0G65'8E L 19
€0 9'6Z6' £6Z6'C £'6Z6'C 96 Zr6'vl 8v8’L 058'9¢) Mg
L0 8'€Z6'C 1'€26'C 1'€26'2 0L 62121 058 09Z'tel ra
60 6'226'C 0226'C 022Z6'C Z'8 zle'ol 069 ovL'eel 9
€0 $'026'C 1'026'C 1'026'2 z's 0t 099°} erelel Hg
G0 59162 09L6'Z 0'9L6'2 9's LPL'SL 009°L 05.'921 o9
S0 €GL6'C 8YLB'Z 8YL6'Z 6'C 5z.'82 LZv'e 059'52} 49
¥'0 5’6062 1'606'Z 1’6062 o'c ¥£6'G2 8s2's 059°LZ) 39
¥'0 0°L06'C 9'906'2 99062 0¢ £¥2'0¢ kLY 059'8L} ag
0 £'906'C 6'G06'C 66062 o'l 9e/'¥S 162'9 056'SlL1 o9
¥'0 8'S06°C ¥'506°2 5082 a’l G9€'/S 622'9 00Z'LL1L ga4q
¥'0 §'506'C 1'S06°2 1’506 v’z 8v/'9e 6LL'E 0G6'201L vg
t'0 5'S06'C L'G06°Z L'506°Z €2 Z81'6¢ 68Z't G/2'/0L Zv
a ¥'S06'C 0'S06°Z 0'S06'C 2z Z6E' LY 122y 0SE‘90} AY
t'0 £'506'2 61062 6't06'C 6T £65°0¢ €oL'y 61550l XV
¥0 S't06'2 L'¥06° l'¥06'Z o€ 56862 LEQ'Z 059°66 MY
¥0 Y'+06'2 0't06'Z 07062 8z gel'Le 1182 8GS°/6 AV
¥0 0062 9'€06'Z 9'€06'Z 9'¢ $08've £95°1 096'€6 ny
0 9'€06°Z Z'€06°C Z'€06'Z L'e §lZ've 69t°L G87'L6 1v
+'0 ¥'€06'2 0'€06'2 0'E€06C L2 0gg'ey g0L'y 0.2'G8 Y
("u02) HIAAIN QvIHLY 1
(aNoD3s (1334
(QAVN 1334) | (QAVYN 1334)
(1334 (AAVYN 1334) | H3d 1334) | 3"vNOS) (1334)
Jovauon| | AYMAOOTd | AYMJOOT4 AdoLvInoad | ALsoT3EA VMY Hlana | FONvLsId NOILD3S SSOHD
HLIM LNOHLIM NI NOLLO3S
NOILYATTE IOV4HNS ¥31VM
Q0074 IONVHD TYANNY LNIOMId-| A¥MOODS A0HNOS SNIGCOH

20%]

/



d3AI AVIHLVYA

e e

v1ivd AVMdOoOo14

SVIHV Q3LVHOdHOINI ANV
1IN ‘ALNNOD AVIHLVS

AJNIOV LNJWIDVYNVIN AONIOHIWE TvH3d3d

TABLE 6

X7 PEayjeld UM 80USN|U0D 8ACqE 00,

Z0 cY00E I 'v00°S ' 700°E 77 olezh D 020002 )
50 £'866'C 9'/66'Z 9'/66' 1'6 v69'g 69t 006'261 10
50 Z¥66'T L'566'Z L'S66'Z 0’9 88/'6 0e. 00t 161 HO
S0 $'886'C 08862 0'886'Z 'S pL2SL szZ1'2 00.'081 90
€0 CY96'z 096z 096'Z vy LLEBL §1.'Z 009'c8l 140
50 1962 6'086'C 6'096'C 67 160°L) 9P’z 00.°08} 30
S0 1'8/6'Z 9116 91162 o' 16202 905'Z 0008/} an
0 26162 LTL6'T 12162 9'9 SP5'Z) L€' 00S'+.1 90
50 €0.6'Z 9'696'Z 9'696'Z 5’9 £89'z) 08z'l 00v'2LL a0
00 1'996'Z 1'996'Z 1'996'Z 59 b1zl €10'Z 001'0Z1 V0
00 1'296'2 1'296'Z 1'296'Z 2’9 162'Z) 809 00g' 291 Z¢
00 Z'096'C 2'096'Z Z'096'Z oLl 129'/ 058l 055'S9) Ad
00 6156 6',56'C 6'/56'Z 6 peL'pl 0S.°} 00Z'col Xq
00 £'956'Z £'956'Z £'956'C 90l 69’/ 116 051'zol Mg
00 Z'$56'Z 2'856'Z Z'€56'Z g /80'01 Z6Z' 05£'091 A
00 SEV6'T S'6V6'T SBY6'Z bl 9ge'/ 200z 059'851 ng
00 £ I6'T £ Ib6'z & I¥B'T o'y /81'gl v09'z 055'951 19
00 L'Sh6'T L'Gh6'Z L'SYB'Z 89 ove'zl v6L'e 056'€S| sg
00 L0b6'T L0b6'2 L'0¥8'Z 1'6 cvlL'6 LE6'E 0S0°LS) ug
0 9/€6'Z Z'1€6'2 Z186'Z o' 28902 /59'c 05S'erl og
€0 95862 55862 $'GE6'Z 'S 69€'S) 526'Z 0S0'2¥) dg
£0 0vE6'Z L'EE6'Z L'SE6'Z Sy vS2'gl 162's 0SL'Shl og
A : ('3u02) Y3IAIY QYIHLY TS
(GAYN 1334) | (QAYN 1334) ONO233 1334
(1334) (QAVN 1334) | d3d 1334) | IHVYNDS) (1334)
3SVIUON ><>T\_,.m_m\w#_ >wb\ﬁ,uo_._wm>ﬂn_ AMOLYINOIY | ALIDOTIA | vINY Hiam [ FONVLSIA | NOILO3S SSOHD
N = NOILO3S
NOILYATTI JOV4HNS ¥ILYM
Q0074 IONYHO IWANNY LNIOHId-} AVMAOO 14 30HN0S ONIQOO

JUL 2 7 .20



d3AIN AVIHLV1L

v1ivd AVMdOoO14

SYIUV A31LVYOd¥OINI ANV
1IN ‘ALNNOD A@VIHLV14

AONZOV LNIJWIOVYNVYIN AONIDHINT Tvy3Ia3d

TABLE 6

8%e7 PesUyjeld UM 80USNjU0D 8AOGE Jo8,

00 ¥'5E0's b'SE0'E ¥'5E0'e 96 258'6 9z 051922 no
00 €220 €280 £Z80's 59 L9111 689 085'222 19
z0 1'620'c 6'820°€ 6'820'c 26 £89'6 6. 040022 s0
00 1'220's 1'220°c 1'220'e 99 J00'LL 8t0'| 062612 N
L0 6Slo'e 8'clo's g'slo'e 98 0L L 8./ 065602 D9
20 1Z210' 5210 SZI0'e 9/ L) 90°| 020'0Z 4o
20 5'600' £'600'S £'600'c 19 122l 8.5 081502 00
€0 1'800'E 9°200's 8'200's b9 62.'%1 058 ObL'€0Z NO
50 5'500's 0'500°E 0'500'E 2l Siv'g Zhb 022202 WD
z0 1'500°€ 6400 6700 5L z62'9 L 080202 19
z0 1'500°€ 6700 6'700'E 9/ 8ly'ZL 0v9 089'10Z 5O
A A ("u02) W3AIY Q¥3HLY 14
(AAWN 1334) | (QAWN 1334) Hh@aaS dEES
(1334) (QAWN 1334) | ¥3d 1334) | 34vYNDS) (1334)
3SVIHONI ><>b.m__w>o._m >Mb\mozm.ﬁ_u>m_m AMOLYINDTM | ALIDOTAA | vauv Higm | +3ONVLSId | NOILLO3S SSOMO
N3N NOILD3S
NOILVAITE JOVIENS HILYM AVMA0OT4 304NOS ONIOOT4

o014 SONVHD TVYNNNY LN3OH3d-|




i

MITUD AZVT o

SY3dV d3LVHOddOOINI ANV 1

1IN ‘ALNNOD AVIHLV14d |

Vv.1vd AVYMaoo14 <
AODNIOV LNIJWIOVNVYIN ADNIDHINI Tvy3Ia34 —

BB USYSJIYAN WO} SJ0aYa Jajemyoeq JO LOIEIpISUOD JNOYlim pajndwiod sUONeAS|T, ‘8B YSUajiYA YiM 80Uan|juod sAoqe }8a,

0 £'900'c 6'500°c 6500 8% LZ1 ve 099°€ E|

v0 ¥'Z200'e ,0'200°E Z2¥00°c % vLl €5 056} 3

S0 2'zoo'e ,LL00°E Z'¥00'e 0} el 691 006 ad

S0 2’100t ,£100' Z'v00'e ot 641 LZ 058 )

S0 ¥L00'e ,6'000° Z'¥00°c et 79l Pie 0ze g

S0 ¥'L00'e ,6°000°¢ Z'¥00°c IAY] lzo‘e 09s 069 v
AFFHO AZVT

(aNnoD3s (1334
(1334) | (OAYNL334) | (QAYN 133D | (o 1339) | Wad 1334) | 3uvnos) | (1334)

asvon) | AYIMIOOTE | ATIIOO H | \doLvineTy | ALIDOTEA | vady g (R ROaSoRe0R0
NVIWN | NOILO3S
NOILVASTS 30V4dNS 43LYM A REEE 308NOS ONIGOOT

doOT4 AONVHO TYNNNY LNJOH3d-1




MOV AN 1V d3AIb AVIHLV1d Y04 31ddiiN

SVIYV dILVHOJHOONI ANV
1IN 'ALNNOD AQV3IHLV1d

Qo014 IONVHO TVNNNY LNIOH3d-}

vivd AVAMAOoO14d
AONIOV INIWIOYNYIN AONIONINT TvyIaT4
e 1WI) APNJS WESISUMOP SAOTE 199
&0 6296’ 9298’ 9Z9e' 09 607" 6z¢'L 005'82 N
10 1'Z5e'E 0Zse's 0'zSe's ze 200'8} Z00'% 0922 v
10 9EerE'S SEVE'S Sepe's It 90Z'Sl 140"y 08.'1Z |
50 gzes's czee's £zee'e 'S 806'6 gsz's 09z'sl H
70 coze's 65ze's 6'5ze's 0 £80'%1 90.' 0S.'%l o
G0 zZele's lzle'e Lzle'e €9 ¥.0'6 956'C 0S6'6 E]
50 9p08's L p0g'S L p08'S £ £ol'sl 181 0£8' 3
50 9z0e's 1'Z08's 1208 S 288'01 106' 0r8's a
50 9'662'c 662 €662 L'E 9vG'SL 2ll'Z 0S6' 5
50 9'G62's 1'G62'S 1'G62'S 8'G b8 $z9'l 002'1 g
50 '882' 6282' 6'282' 5 999'9 €19 0 v
MOVAN 1Y
HIAE AVY3IHLY 14
A ﬁ HHO4 31AdiN
(QAWN 1334) | (QAWN 1334) Seaier 1334
(1334) (QAVN 1334) | ¥3d 1334) | 34VYNOS) (1334
3SYIUONI ><>_m_,m_m>o#_ %bwozmh_ﬂ“_ AMOLYINOTY | ALIDOTIA |  vauv Higia [FONVLSIO | NOILO3S SSOHO
NY3I NOILO3S
NOLLYAS T S0VHMASHALYA AYMAOOT4 308NOS ONIJOOT4

TABLE 6




d3IOVIO LSIM LV d3IAIM AVIHLV14 MHO4 31ddiiN

V1ivad AVMdOoO14

SYIYV A31VYOJHOONI ANV
1IN ‘ALNNOD AVIHLV1H

AJON3IOV LNIJWIOVNVYIN ADNIDUINT Tvy3a3a4

1Al pBBUIE| YI04 YHON YIM 82UBN|jU0d BA0QR 1894,
€0 VELLE gLLL'E g'LLL'E 9'9 8v0'6 #98 08L'62 4
zZ0 5'golL's €'gol‘e £gol'c 9'8 226'9 129 09.°/2 3
€0 0v9lL'e L'€91°€ L'€9l'E a7 cZe'e LES 09592 a
S0 L'85l'e zZ'gsl'e zZ'8sl's ¥'8 Ll gLL'L 0El'se 5
50 9'G5L'E L'6S1°E L'gSL'E 9'g LOL'2L 6E8 08lce g
50 ZESl's L2561 L1251 LS gel'Ll Sv9 000'61 v
HAIOVYID LSIM LY
HIAIE AV3IHLV4
MHO4 371Aaain
(ANOD33 (1334
(AN 1334) | (QAVYN 1334)
(1334) (QAWN 1334) | ¥3d 1334) | 3™¥VNDS) (1334)
Jsvauon| | AYMAOOTd | AYMAOOTH | 0o | AlmoTan VMY LI JONVLSIA NOILD3S SSOHD
HLIM LNOHLIM NI NOLLOIS
NOILVYATTI JOV4HNS HILYM
o014 IONVHO TYNNNY LNIDHIL-L AVMAOO4 304N0S ONIAGO

TABLE 6




MNIF™HD AFTHSVY OL1 AHVLINgldl HLAION

v1ivd AVMdoO14d

SVIYV ILVHOdHOOINI ANV
LN 'ALNNOD AVIHLVd

AONIOV LNJWIOVNYIN AONIDYHIINT TvH3d3d

39210 AB|YSY UM 80USN|U0D BAOGE 18R

00 L'8v6'e L'8Y6'Z L'8Y6'2 z vz 99 9cZ'l g
20 062 9EV6'Z QEY6'Z 0l ple o 116 v
M33HD ATTHSY
Ol AYv1NglidL H1IHON
(ANOD3S (1334
) | (GAVN 1334)
(1334) | (AN 1334 (QAYN 1334) | ¥3d1334) | 3uvnos) | (1339
oy | AYMOOOTd | AYMaoOTd | SOV SRS | SRS | S S | ONVISIO|  NOILO3S SSOMD
HLIM LAOHLIM el Norlogs
NOILYAZ'IE JOVJHNS H31VM AVMAOOT4 304N0S ONIAOOT4

do0O7Td ONVHO TVNNNY LNJDH3d-)

TABLE 6

~J



T113dSITVM dVIN H3AId d3LVMTIILS

V1ivad AVMdOoO14

SVINV aILVHOJHUOINI ANV
1IN ‘ALNNOD AV3IHLV1L

ADNZOV LNIWIDVNVIN ADNIDHINI Tvy3ad=ad

TABLE 6

seale punolb

yBiy peddeLuun sepnjoul UIPIM,,  J8AR] PESUIE|S Lo S]08Y8 Jajemyoeq JO UOREISPISUOD JNoyjm pajndluod uoness|s, JeAly PESUIE|- UIM S80USN|jU0D B8AOGE j884,

50 06762 Serez Ser6 2 T Shh L gie SvZ ob n
50 06T Sov6'Z SO6'z vz 5652 Z19 SZ1'6e 1
50 TIE'T LEV6'Z LEV6'Z gy 282’} ge G/6'LE S
50 662 b Lb6'Z b L6z 6% €1z} z28 g95' e N
0 SLY6'Z L Lb6'Z L1462 61 Lz'e 00Z'L Srele O
10 106z 00v6'Z 00b6'Z L' 920 162'1 Sv6'08 d
10 68662 9'8E6'Z 8'8E6'Z e Ob6'L z8¢ Sob'oc o
20 Z 1862 02€6°Z 0/£6T 6 159 06 S6E'08 N
Z0 29562 0'966'Z 0'966'Z 2] bl /8 Spe'oe W
50 8vEB'Z £ VE6'Z € VE6'T gy 8.0'L zlL 0l5'se T
50 8'626'Z £626'Z £626'Z 06 e 98 Bl bE 5
10 yyZ6'Z £426'2 £+26'Z 0l el bl ceg'ze r
z0 26162 06162 06162 6'c 2ee't bz 52608 _
b0 08L6'Z 9162 9162 29 beg Lyl 99%'0¢ H
€0 L'hl6'Z PPL6'Z PrLE'Z L't 9gg' g5¢ 1.8z 5
0 0EL6'Z 5Z16'Z G262 09 9zL'} vz 668'L2 1
0 Z116'Z 80162 20162 £z 189'Z e 1Z1'9Z 3
50 _P'606' L0'606'2 1'606'Z e e 91z 0vL'+T q
€0 2606 "6'306'Z L'606°Z Le 851z vl S15'ez 3
€0 "9106'C 51062 1'606°Z '€ L1851 628 58622 g
€0 "1'506' "a'v06'z 1'606°Z 09 [z L sol S4/'0Z v
T3SV HYAN
A ﬁ YIAIY YILYMTILS
(GAYN 1334) | (QAVN 1334) dNoo3s o
(1334) (QAVN 1334) | ¥3d 1334) | 39vnos) | (1334)
ISVIHONI ><ﬂmm>9“_ &ﬁoxwﬂu_ AMOLYINDTY | ALIDOTIA vIuY Higip, |@9NeISIa)  NOHOASSS0H0
N3N NOILO3S
NOILYATTI 30V44NS 3LV
0074 IONVHD TYANNY LNIONId-| AVMAOOTH 30HNOS ONIQOOTS
L T AT A T T T e e S T ey —




(=]
T13dSITVM JVIAN HIAINE AFLVMAMTILLS W
SVIUY AILVHOdHOINI ANV |
e [
LN ‘ALNNOD avaHivid |2
vViva AVAMAOO14d b=
AONIOV LNIWIDVYNYIN AONIONINT Tvy3Ia3d
18AIH pesyie|{ Ulim adusnjjuod aAoqge Hmmur
0 8'196'Z 7'196'C 7'196'Z v's £51°1 vel szl'sy A
S0 9'956'Z 1'956'Z 1'9G6'Z gz v2l'2 L SPe'sy X
z'0 L'$S6'Z 6'€56'Z 6'€56'C ie 1822 LLL SZE'bh M
Z0 $'Z56'2 £'256'Z £'296'C 7l 2/€'y ea /STy A
("u02) 1734SITVM HV3N
HIAIE H3LYMTIILS
(aNOD3s (1334
(QAWN L334) | (QAWN 1334)
(1334) (QAYN 1334) | ¥3d 1334) | IHVYNDS) (1334)
3SVIHONI ><>hm_w>od ﬁ»\wﬂwﬁm AMOLYINO3Y | ALIDOTAA | vaMY Hiam [BONVISId [ NOILOIS SS0H0
NYIN NOILD3S
NOILYAITS 3OVIUNS HILYM AVYMAJOOTH 304NOS ONIJOOT4

o074 IONVHO TVNNNY LNIOH3d-1




AINTO ¥V3AN d3AR J3LVMTILLS

SY3dV A31VHOdHOINI ANV

| TABLE 6

1IN ‘ALNNOD AV3IHLV14
AONIOV LNIWIOVYNVIN AONIONINI TvyIa34
1oAY PESUIEIH UiiM S0USNUOD SA0QE 1854,
70 LLb0'S L 0v0's L 0b0' 99 LSh 69 001061 H
0 9'0b0'E Z00'E ZOb0'c 6 £e9 08 080061 5
0 90t0'e Z0v0's Zov0's L'z opp'L 091 050061 g
0 £0t0'E 6'680°C 6'6E0'C ze 956 0zl 019'681 "
€0 6'90°c 9'880°e 9'880'E 6 1£9 €6 08188l a
€0 6'980°S 9'880'E 9'8E0'E 0l €l0'e ey oS/l 5
0 £'9€0'S 680 6180 6 0£9 6L 0/1'98l g
50 €160 8'960'c 9'980'c 59 el 0l 00.'S8l v
AZINTO UV3IN
A A HIANE HILVMNMTIILS
0035 1334
(QAVN 1334) | (QAWN 1334) dnN
(1334) (QAVYN 1334) | ¥3d 1334) | 3YVYNOSs) (1334)
ISYIHONI ><>bm_w;o._n_ %ﬂﬁaxwﬁ_ﬁu_ AMOLYINO3Y | ALIDOTIA | vaIuY Higgy | e [ NOLLO3SSe0nd
NVIN NOILDIS
NOILVAZ'IE 3oVAHNS HALYM AVAMA0OTH 394N0S ONIAOOTA

JOOTd IONVHO TVNNNY LNIOH3d-L




YIAIN NVMS [
SVIMNV a3LV¥Od¥OONIany |
[
T —— 1IN ALNNOOD AVIHLV 1L M
AON3OV LNIWIOVNYIN AONIONINT Tvu3a3d [T
3%E7 PESUIE| YIM S0USN|JUOD SAOGE 1984,
0 8'8L0°c 810 ¥'8L0°¢ 92 62S'E Sitv s0e'zce A
0 2810 +'810'e ¥'8L0°E 0z 2b'y 505 seg'le n
0 1'8lo's £'8l0's £'8L0'c 17 88e'c obe 0bZ'LE 1
0 1'810'e €810 €810 5z Zh9'c sge 509'0¢ s
€0 b'810' 1'8L0'€ 1'810°E L'e 176'Z gle 500'0€ N
0 b'8L0'E 0'8L0°E 0'8L0'E 9z 06b' e SLY'6Z o
70 £8l0'e 610 6210 Lz 10€'S 0.8 519'8z d
0 6210 9210 9710 zv 6712 002 06182 0
£0 6210 9/10'c 9/10'C 8z Z8l'c gez 585/ N
0 110 £LL0'E €210 2z 260'y see 090'tZ W
0 9210 ZL10'E Z110€ 0z e S6€ 08122 1
20 S/10' L'J10'E L'10'E 2T StL'p s/¢ 0v9'tz y
0 v/10' 0210 0210'e 9z czv's ole 5e0'1zZ r
0 Z /10 8910'c 8910'c ze 568'z 5.z 02.'61 _
0 z /10 2910 8'910'c 5l 21909 5/ SeL'6l H
0 LZ1L0'E 1'9L0'e 1910 ez 0/6°€ sep sss'el )
0 6910 5'9L0'E 5910'c L'e £26'2 00€g 596'L) 1
0 9910 b'910'c »910'e 0¢ vE0'E Sie 598/l 3
0 1910 £'9L0'e £'910'c 62 JS1E see 5.0l a
50 1910 29L0'c 2910'c 0'¢ ceo's see SLL'O) 3
50 5910 09L0'c 0910'c 82 ell's 09¢ 085'S1 g
50 €910 8'5L0'E 8GL0'C L€ ZE'T 58z 590'S} v
ﬁ 55 H3AIEH NVAS
(GAVN 1334) | (QAWN 1334) aNoa3s =34
(1334) (QAVN 1334) | ¥3d 1334) | 39vNOS) (1334)
3SYIHONI ><>T\_,m_oo#_ AVMAOOT | 515 ) vino3y | ALIDOT3A | vauv Hiam | +FONVLSId | NOILO3S SSOMD
IM LNOHLIM NYIN NOILO3S
NOILYAZT3 30V4HNS HILYM
0074 IONVHO TYANNY LNIOYId-) AYMTOOS 304N0s SNIJoo




d3AIY NVMS

V1va AVMAoo14d

SY3YV 31LVHOdHOONI ANV
1N ALNNOD AVIHLVS

AJDNIOV LNJWIOVYNVIN AONIOHINI Tvd3d3d

J

TABLE

2)e7 PesUjeld iIm 0Usnjuod sAcqe Joed,

70 7920 £020c Toz0¢ 55 S5t 09z 08975 v
L0 8420 L'420's 1420 99 Zv0'l S61 S/0'/G oV
Z0 0vZ0'e 8'€20's 8'€20°c €9 zzh'L 0.2 095'95 v
10 8220 1220 1'220°c 59 88’} 0.2 Sb6'SS ov
z0 220 7220 7220 9¢ 16V'Z S€9 58e'SS NV
Z0 1'220's 6120 6120 2z 9v0's 196 59/ '%S Y
0 5'1z20's L'LZ0E L'LZ0'E ¢z 659'C 05/ 00£'ZS v
0 1020 £020'c £020'c 0e £€00'C 519 56€°05 MY
0 00z0's 9610 96L0'C bl 29’0 0.8} opS oy Py
0 6610 5BL0E $6L0'E 60 809'6 0002 0E9'er v
0 8610 ¥6L0'E b6l el 902'9 099'| 098'Z¥ HY
0 8610 b'6LO'E p6L0'E 0l 296'0 €18’ 0ee'zy OV
0 9610 7610 Z610'c i 005'8 LE'L 5.8 1v
v0 5610' L'6L0'E '6L0'E bl ¥12'9 6.6 0LL'/E av
v0 v6L0's 0610 06L0'E gl 1809 oL8 040'/€ av
0 +'610'c 0610 06L0' o'l 69 zel 09e'9e oV
0 £'6L0'E 6'810' 6'810' bl 052’9 vzl 05.'se av
0 £'6L0'E 6'810'c 6'810'¢ 9l 211'S 569 Ssl'se vy
v0 Z6L0'e 8'810'c 8'810'¢ bz oLg'c 09€ 595'pe 7

+0 1'610'S 1'810's L'810's bz 80L'C LEY 591 'vE A

+0 06L0'E 9810 9810 LT z9g'e s sig'ee X

+0 6810 5'810'c 5'810'c L'e 1262 0s2 556'ZE M

A A (1U00) MIAIY NYANS
(QAVYN 1334) | (QAYN 1334) ANOD3S 1334
(1334) (QAVYN 1334) | ¥3d 1334) | IHVYNDS) (L334)
JSVYIHONI ><>bm%>ofm ﬁ@omxwﬁu_ AHOLYINO3Y | ALIDOTIA | vauv nlam [WFONYLSId | NOILO3S SSOHD
NVIN NOILD3S
NOILYAZ'IS JOVLHNS HILVM AVMJOOTH 30¥N0S ONIJOOT4

Qo074 FONVHO TVYNNNY LNJOd3d-|




d3IAIM NVMS

v1vd AvMdOoO14

SY3dV d31VHOddOONI ANV

1IN ‘ALNNOD AV3HLV1S

AODNIOV LNIFWIOVNVYIN ADNIOEINT Tvy3a3ad.

TABLE 6

a)eT pesyie|d __-.:S; 80UBN|JL0D BAOGE 3984,

1’0 S/€0'E t'/€0'c t'/€0'c 99 9g6e’L 27l G9¢'v9 ag
zZo t'/€0'E Z'.€0'S z'/g0' 8t £89°1 862 0689 vg
€0 #'6£0'c 1'GE0'E 1'SE0'E L9 gee'l €02 5929 ZvY
zZo g'ee0's £¢c0's £'Ce0's 68 #LO‘L g8l $80'29 AY
€0 62e0'c 9'ze0'e 9'ze0's 9'g Z09'L G2 00519 XY
€0 0'zeo's 1'LE0'e l'lso's €9 cer'L 0sZ 0£6°09 MY
€0 0'Le0'e 1'0€0'E L'0€0'€ Z29 Lvy'L ove G1£'09 AY
1’0 S'620'E +'620'c t'620'c €9 zer'L o€z SYE'6S ny
L'0 8'820'S 1'820'¢ 1'8z20'c 29 1281 522 066'8S v
£0 9'/20'c elen's £'/20'c g9 06€°L ove 092'8S sy
('u09) HIAIE NYMS
(aNno23s (1334
(aAwN L334) | (QAWN L334)
(1334) (QAVYN 1334) | ¥3d 1334) | 34vYNOS) (1334)
3SVIHONI ><>bm_w>oi >M»Wo_._wn_m,”_ AMOLYINDTY | ALIDOTEA | vadv Higipm | +39NVYLSIA [ NOILO3S SS0H0
NY3IW NOILD3S
NOILYAS 12 0y d=NE =3 v AVMAOOT4 308N0S ONIAOOT4

o014 IONVHD TVYNNNY LNIOYd3d-}




MHO49I19 1V d3AId NVMS

v1ivd AVMdOO14

SY3¥V A3LVYOJdHOONI ANV
LN "ALNNOD AV3IHLV1S

AONZOV LNIWIDOVNVIN AODNIDHIWI Tvy3a3d

TABLE 6

o074 IONVHO TVNNNY LN3OH3d-}

s T T Ak B R S S
e PeaUel] L0} $10848 JS)EOB] JO UORISPISUOD JNouIw pajnduico Uoless|3 , 93BT PESUIEI LM S0USNLIUGCO SAOCE 1884 |
00 66262 6262 66262 gzl zol - 1852 4
00 S L16Z 1162 1162 b'g SoL'L 8ez 656'| 3
00 b'E06Z €062 €062 pel 12l Ll Obb'lL q
00 61062 61062 51062 02 Z6E'L i1 190' | 3
00 99692 98682 9'8682 'l 1ze'L " Il g
00 6'5682 65692 9'9682 56 ¥20'} gcl 661 v
MHO491g 1V
: HIAY NYMS
aNoo3s (1334
(QAWN L1334) | (QAVYN L334)
(1334 (@AWN 1334) | ¥3d 1334) | 3"vNDS) (1334)
3SVIHONI ><>bm_w>o._“_ %bwm__._ww._ﬂ_ AMOLYINOTY | ALIDOTEA | vady Hiam | FONVLSIA [ NOILO3S SSOHO
NVIN NOILD3S
NOLLVAERE 209 =R0S 03 M AVMTOOT4 304N0S SNIJOOT4




MI3€0 14IMS

V1vad AVMdOO14

SY3YV A31VHOdYOINI ANV
LN ‘ALNNOD AVIHLV4

AONIOV LNIJWIOVNVIN AONIDHINI Tvd3d3d

TABLE 6

BT YSBHUA YHM 80USN|LOO 8AOQE 1884,

00 1'220'e 1'220' 1'220' s 509 cll 004 P
00 0'2z0' 0220'c 0'zzo'e L'z Z10'L el 08l |
00 g'Lz0c 8°'120°¢c g'1z0'e e'e 519 col 0v9'e 3
00 9120 9'120' 9120 by 8 s/ ovs'e o
00 1120 1'120° 1'120' 19 sle 0S 06b'e 4
00 £020' £020'c £020'c 8'g 608 0s 09b's 3
00 9'810' 8'810'c 9'810' 6 922 pg 0se's a
50 $ZL0'E 0ZL0'E 0zI0'e o€ L. ST 0602 o
00 2'800'S 2'900' 2'200' 19 SLe 0Lz opL'L g
50 L'%00'S 2700 Z400' gz 09/ 00z 00 v
ﬁ ﬁ HNIAFHO 14IMS
(QAWN 1334) | (QAWN 1334) AHODAS 188
(1334) (AAVN 1334) | ¥3d 1334) | I¥VYNOS) (1334)
3SVYIUONI ><>hm_m>04m \_,wﬁﬁaxwﬁu_ AMOLYINDTY | ALIDOTEA | vauv HIam, | AONYISA ) NOLLO3S S80H0
e NOILOIS
NOILYATTS 3OVJHNS H3LYM AVAMAOOT4 308NOS DNIGOOT4

JOOTd IONVHO TYNNNY LNIOH3d-}




NIFHD ONIRIAS LSIM

V1ivad AVMdOoO14

SY3¥V 3LVHOdH¥OINI ANV
1IN ‘ALNNOD @V3IHLV14

ADNIOVY LNIWIOVYNVIN ADNIDHUINT Tvy3Ia3d

TABLE 6

}B2.10 JBSMOF YJIM S80UBSNYLOD BAOGE }884,

50 b b66'Z 6'€66'Z 6'666'2 se /6 sz 1S+'Z1 r
0 L 0662 9'686'Z 8'686'2 61 S/l o5 €2z} _
b0 |'Z86'Z 11862 11862 62 vl 09 616 H
€0 b'SI6'Z 1'56'Z L'SI6'T 62 6el 0. Lis' 5
€0 €V.6'Z 0bL6'Z 0vL6'Z 60 6 S0l £05°2 4
L0 '896°Z £'896'Z €'996'Z Jg PGSl €s Zv0'9 3
70 2'996°Z 9'596'Z 2'596'Z o'l €9z 89 9/1's q
50 7'996°Z 9'596'Z 8'596'Z 10 085 S0l LIy 5
10 00962 6'656'Z 66562 Ll 09€ 6. 562'S g
L0 6'656°C 9'656'Z 96562 zl £ge 9/ 1552 v
A A 33340 ONINJS 1S3M
(QAVN 1334) | (QAWN 1334) dNQo3s 1334
(1334) (QAWN 1334) | ¥3d 1334) | 34vNnDs) (1334)
3SVIUONI ><ﬂmm>o.m ﬁ»&a_.m.m% AMOLYIND3Y | ALIDOTIA vauY Hiamw |FONVISId | NOILO3S SSOHO
NV NOILD3S
NOILVAZTS 30VJdNS d3.1vM AVMAOOTH 30MNOS ONIJOOTH

Ao071d FONVHD TVNNNY LNJOH3d-}




AdV1Ngldl M334D ONIEdS 1S3IM

V1ivd AVvMaooO4

SV3YV a3LVIOd¥OINI ANV
1IN ‘ALNNOD @VIHLV1S

AON3OV INJWIOVYNYIN ADNIOHIIWI Tvy3ad3d

TABLE 6

¥aauD Bunds jsap Woly Jejemyoeg JO UOJEIBPISUOD INOUYM Pajndwlod uojeAs|3.,

X281 Buldg 1S Uim 8ouSnjjuoD wioy Jesd,

00 ¥'500'E ¥'500'E ¥'500'E e oL ze 86Z' )
00 S00'c $00'E $400'c z0 98l ey 91T y
00 SH00'e $H00'e S00'E L0 195 102 950'Z 3
00 £'€00's £'€00'c £'€00'c 10 SiE 0oL Zov'L q
00 S 66T Sb66'Z $v66'Z 1z el cz 289 5
00 £066'Z £066'Z £066'Z b0 8/ 6 29z g
00 1'G86'C 1'586'Z 5'986'Z L'e Ll ze LS v
AdVYLNglrdl
: : Y3340 ONIYdS 1STM
(QAVN 1334) | (QAWN 1334) dRJJSS ~ e
(1334) (QAWN 1334) | ¥3d 1334) | IHVNDS) (1334)
3SVIHONI ><>bm_m>o._"_ >,4_.\b\m,uoxm.w>uw AHOLYINO3Y | ALIDOTIA |  vauy Hragwy | A°NVASIA [ NOUD3SSSOMO
NV NOILD3S
NOILYASTS JOVIENS 3 1VM AYMJOOTH 304N0S ONIAOOTH

doO1d FONVHD TVNNNY LN3OH3d-1




TABLE 6

HSId3LIHM L1V d3AId HSIA31IHM
1N ‘ALNNOD AV3IHLVY14
V1ivd AVAMAOoO14

AONIOV INIWIOYNYIN AONIONIWT Tvu3a3d

JOAIY JS)BMII}S YL SOUBN|UOD SAOGE }o0,
€0 100 1'100'E 1'100'e 'l S60°L 6Ll £00'66 n
€0 100 1'L00'E 1'L00'E £l 120'L 201 968'96 i
€0 €100 0100 0100 £l 890'} Zil £55'96 s
£0 2100 6000 6000 'l 186 01 £90'/6 N
£0 Z'100' 6000 6000 'l 716 0l S19'96 o
£0 Z'L00'c 6'000'€ 6'000'¢ 'l 186 8Ll 8c1'96 d
€0 1'L00'E 8000 8'000°€ gl 106 50l 288't6 0
€0 0100 1'000°E °000°E 9l €58 s6 8.b'c6 N
€0 6000 9000 9'000'c el 1801 Ll 15226 n
€0 8000 5000 5000 gl 066 001 66806 1
€0 £'000°S $'000'C 000 £l SBL'L bl 209'68 y
€0 9000 £000'€ £000'C £l 951 " 0£E'88 P
0 9'000'c €000 £000' gl v8 26 686'/8 |
£0 '000'C 1°'000' 1'000'E 9’1 bbo cg 259'08 H
c0 +'000'c 1'000°E 1°000'c Z'l 69Z'| Lel 659'G8 o
€0 $'000'¢ 1'000°¢ 1'000'¢ L'l L2€°) LGL 6et'ce 4
€0 Z'000'c 6'666C 6'666'Z gl 166 66 91E'8 3
€0 Z'000'S 6'666'Z 6'666'Z 20 1802 662 9zL'c8 q
€0 1°000°S 8'666'Z 8'666'Z Ll 2/8 £6 /88'18 3
€0 0'000°E L6662 L6662 i She'l 102 6£9'08 g
€0 6'666'Z 9'666'Z 96662 L £06 06 25008 v

HSIA3LIHM LY
A A H3IAIE HSIA31IHM
(QAVN 1334) | (QAWN 1334) aNoo3s L5
(1334) (QAVN 1334) | ¥3d 1334) | 34vNDS) (1334)
3SYIHONI ><>_m_,.m__m>od >H\b\ﬂ,uo_._wn_u>.\_m AHOLYINDIY | ALIDOTIA | vaIdY Hiaw | BONVLSId ] NOILD3S SS0H0
NV NOILDIS
NOILYAT T3 30V4HNS ¥3LVM
Q0074 IONVHD TYANNY LNIOMId-L AVMAOO T4 S0HN0S ONIJOOT4




TRy e D ST N
HSId3LIHM 1V d3AId HSId31IHM H
SVYINV A3LVHOdHEHOOINI ANV -
[
V1Vd AYMdOOT4 1N ALNNOD AVIHLlVI4 M
ADNIOV INIWIOVNVIN AONIONIWT Tvyaaad |
o Eoma ST G it =T TERL 8 == s AT
1Bl JB}EM|[S UM S0USN|JUOD BAOGE }98,
=) Z700°¢ 7E00°¢C 7E00¢ 7 e} vl TP6 01 oV
50 L'400'S 9'€00°E 9'€00°c el sev') 09l bb6'601 av
50 0$00°c S'€00's $'€00's gl st opl 9z6'801 ov
50 0+00'E $'£00'€ 5'€00' Z' it 0S5l z99'201 NV
50 0'b00'E S'e00's 5800 L'l £e9'l Z0€ £95'201 Y
50 0'400'€ S'€00's $'€00° 60 200'Z 187 11'g01L v
50 8'800°€ £'€00' £'€00's 22T 9lg 68 98’201 MY
10 5'800°E £'€00'e £'€00'E £z el 88 8be' /0L ry
10 €800 2'€00'e 2'€00°S bl glL'L 0ez 966'901 v
L0 L'€00'E 0'€00'E 0'€00'E 0'¢ €19 69 265'901 HY
L0 L'€00°E 0'€00°S 0'€00'E 0'e 119 69 55'901 oV
10 L'E00°E 0'€00's 0'€00' el 9Ll sl ¥Z1'901 1V
L0 L'800°S 0'€00's 0'€00'c 80 1912 16¢ 118501 v
L0 0'€00°E 6'200' 6'200' e 0ze'l bl $2Z'S0L av
50 €200 8'100°S 8100 'S zee 10 295'v0L v
50 8100 £100'c £100° 9' 6z¢ 99 182701 av
50 8100 £100' £'100' 2T Sv8 JZ) 050'v0L vV
50 2'L00°E 2100 2100 9’ 6911 St 689'20L 7
50 9100 L'L00'S L'100°E bl cez'l czz 00Z'€0} A
€0 9100 £100'c £100° 31 ezi'l ™ 000201 X
€0 5100 Z'100's Z'100' 9l 199 0oL opL'L0L M
€0 5100 Z'100's Z'100' el 060'L 0zl Z/1'00L A
HSI431IHM 1Y
ﬁ A H3IAME HSId31LIHM
(QAVN 1334) | (GAWN 1334) ANOQSS 1334
(1334) (QAVN 1334) | ¥3d 1334) | 34vNOS) (1334)
Loveat\ | A¥MaoOTd | AYMA0OTH |, 50N e T | ooTan | - vauy ood | 30NVISIO|  NOILOZS SSOMD
HLIM LNOHLIM ol o 1 B
NOILYATTI 30V44NS MILYM
o004 IONVHD TYANNY LNIONId-| AVMQOOTH 30HNO0S ONIQoOT4




HSId31IHM 1V d3AIR HSId31IHM

v1ivd AVMdOoOo14d

SVYIYVY a3LVHOJHOINI ANV
1IN "ALNNOD @V3IHLV14

ADNIOV INFWIOVYNVYIN AONIOHINIT Tvd3a3ad

TABLE 6

JaAly 18]BM||NS YIM 80USN|JU0D SACqR 1884,

50 bH00'E 6'€00' 6'€00'C 1l ob2'L eee 615211 AV
50 b00'c 6'€00'E 6'€00'c o'l 65.'L 102 PRrZLL nv
50 £b00'S 9'€00'e 8'€00'E zl 655" 991 989’11l 1V
50 £00'S 8'€00'€ 8'€00'c 'l €5l 961 ISP'LLL Sv
50 £400'c 9'€00'E 8'€00'c Z'l £z5'l 961 LEvLLL uv
HSI43LIHM LY
A A H3AIE HSIHd3LIHM
(QAVN 1334) | (GAWN 1334) aNGa38 L=
(1334) (QAVYN 1334) | ¥3d 1334) | 3¥vNOS) (1334)
3SYIHONI ><>bm_w,o._m ﬁﬁﬂwﬂm AMOLYINO3Y | ALIOOTIA | vauv piam [FONVASId | NOLLOIS SSOHO
NV NOILO3S
NOLLYAZ'TS SOVAHMNSHAL v AVMAOOT4 304N0S ONIJOOT4

dOO7d IONVYHD TVNNNY LN3OH3d-}

Lo

UL 2 7 20




T13dSITVA VAN d3AIY HSId3LIHM

vivad AVMaoo1d

SY3IYV d31VHOdHOOINI ANV

1IN ‘ALNNOD AVAHLV14

AONIOV LNIWIDVYNVIN ADNIOHINI Tvd3a3d

| TABLE 6

Y T Ty e T D= S R gl T
luuELp JYBL/[BULBYD Yo7,  “JoAR] JSIEMAS WOY SI0843 JSJBAYOBG JO UOREISPISUOD Jnouim Pajndulicd UOREAS|3, JSAR JSIBMIINS Uhi S0USNUOD Broqe jeed,
70 99262 79262 29262 59 112 77 01022 n
b0 8'626'Z v'5Z6'Z ¥'5Z6'Z ze 905 16 00592 1
0 8226 ¥'226'2 v'226'2 z9 09z 0S 0lE'ez s
50 8026'C £026'Z ¥0Z6'Z 'l 902’ 56z 0vZ'6l N
50 90262 10262 Z0Z6'Z 50 LIb'E .098/0/ 0969} o
»0 L6162 £616'2 €616 L'z 161 /8 0LZ'bl d
€0 PBLE'Z L'616Z L'6L6Z L'z 119 g/ pS'el o
0 16162 L8L6T L8162 8z 565 V. 200'c) N
70 68162 58162 S816'Z £z o2 66 $90°Z) W
0 98167 €816z £8L6Z 'z oL/ 08 6011 1
£0 £'8l6'Z 08162 08l6'Z 8z 865 59 #61°0L Y
£0 08L6Z L6 L1162 Le 255 b9 ZLL'6 r
0 L6 Y162 yI16'Z 9z 259 8/ 0cL'e _
L0 Z/16T LL6'Z L'/16'Z e'e 015 99 021 H
10 5962 89162 89162 bz L1z 88 852'9 )
10 L9162 99162 99162 9z 159 8/ Zer's r
00 »9L6'Z yOLB'Z 7916 el 962" | g0¢ 002'% 3
00 06162 0G16Z 05162 8z €09 Lol 81z'c a
00 9¥16'Z OVI6T 05162 L'e 565 96 12'2 5
00 LEL6'Z LEL6T 05L6'Z 9¢ Sib 50l c0Z'l g
00 6216 62162 05162 e'e 915 19 oge v
713481V dV3aN
HAAIE HSIFd3LIHAM
(@NOD23s (1334
(QAWN 1334) | (QAVYN L334)
(1334 (QAYN 1334) | ¥3d 1334) | 3¥vNos) (1334)
3SVIUON ><ﬁm_m>o.m >wﬁﬁozwn_u>.\_m AMOLYINOIY | ALIDOTEA | VIuv niam [ EONVLSIa [ NOILO3S SSOHO
N3N NOILO3S
NOILYAZT3 30V4dNS ¥ILYM
o074 IONYHD TYANNY LNIONId-| ARIORD A 2HNOS ONIdOO T

3

/201




T113dSITVM dVIN d3AI HSId31IHM

SVY3dV d3LVHdOdHOONI ANV

TABLE 6

T o 1IN ‘ALNNOD AVAHLV 14
vVivda AYAMdOO14d
ADNIOV LNIWIOVNVIN AONIOUINI TvyIad
i Pl ka2 =TI e fysgp ST
JOAR JOIBMIIS UL SOUSN|JUOD SAOE }894,
) 5256 22962 22562 b \2h 66 0zLeh av
50 81562 €562 €156 6¢ bib 9/ 090 oV
50 8'156'Z £156Z €156 6¢ Vb o/ g0y av
50 21562 /0562 L0S6'Z 2z S5v8 e 096' Lt v
50 L1v6'2 TIv6'T ZIVB'Z 9¢ 205 g1 009'E Z
20 ZEH6'Z 9THET QTY6'Z ze 628 09¢ 0S1'9E A
00 9/86'2 9/86'Z 9/86'Z ze 085 652 058'28 X
00 66262 66262 66262 e 191 g5z 012'82 M
0 6'926'2 $'926'Z 59262 1'9 962 6. 0¥0'/2 A
('1u02) 7TI4SITVH HMvaN
n m AN HSIA31LIHM
(QAVYN 1334) | (QAWN 1334) UNC255 1334
(1334) (QAVN 1334) | 93d 1334) | 34VYN0S) (1334)
3SVIHONI ><>hm_wso._"_ >wb\%1mw_u>m_m AMOLYINOTY | ALIDOTEA | vauy Hiqm | +SONVLSId [ NOLLD3S SSOu0
NV NOILO3S
NOILYAI T3 JOVIAUNS HALYM AVMA0OTS 304N0S ONIJOOT4

QOO01d IONVHO TVNNNY LN3Od3d-|




5.0 INSURANCE APPLICATIONS

For flood insurance rating purposes, flood insurance zone designations are assigned to a
community based on the results of the engineering analyses. These zones are as follows:

Zone A

Zone A 1s the flood insurance risk zone that corresponds to the I-percent annual chance
floodplains that are determined in the FIS by approximate methods. Because detailed
hydraulic analyses are not performed for such areas, no BFEs or base flood depths are
shown within this zone.

Zone AE

Zone AE is the flood insurance risk zone that corresponds to the 1-percent annual chance
floodplains that are determined in the FIS by detailed methods. In most instances, whole-
foot BFEs derived from the detailed hydraulic analyses are shown at selected intervals
within this zone.

Zone AQ

Zone AQO is the flood insurance risk zone that corresponds to the areas of I-percent annual
chance shallow flooding (usually sheet flow on sloping terrain) where average depths are
between | and 3 feet. Average whole-foot base flood depths derived from the detailed
hydraulic analyses are shown within this zone.

Zone X

Zone X is the flood insurance risk zone that corresponds to areas outside the 0.2-percent
annual chance floodplain, areas within the 0.2-percent annual chance floodplain, areas of
1-percent annual chance flooding where average depths are less than 1 foot, areas of 1-
percent annual chance flooding where the contributing drainage area is less than 1 square
mile, and areas protected from the I-percent-annual-chance flood by levees. No BFEs or
base flood depths are shown within this zone.

Zone D

Zone D is the flood insurance risk zone that corresponds to unstudied areas where flood
hazards are undetermined, but possible.
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6.0 FLOOD INSURANCE RATE MAP

The FIRM 1s designed for flood insurance and floodplain management applications.

For flood insurance applications, the map designates flood insurance risk zones as
described in Section 5.0 and, in the 1-percent annual chance floodplains that were studied
by detailed methods, shows selected whole-foot BFEs or average depths. Insurance agents
use the zones and BFEs in conjunction with information on structures and their contents to
assign premium rates for flood insurance policies.

For floodplain management applications, the map shows by tints, screens, and symbols, the
1- and 0.2-percent annual chance floodplains, floodways, and the locations of selected
cross sections used in the hydraulic analyses and floodway computations.

The current FIRM presents flooding information for the entire geographic area of Flathead
County. Previously, separate FIRMs were prepared for each identified flood prone
incorporated community and for the unincorporated areas of the County. Historical data
relating to the maps prepared for each community are presented in Table 7.
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7.0 OTHER STUDIES

The revised hydraulic analysis along Ashley Creek was performed by Pacific International
Engineering in February, 2004. It was updated by Pacific International Engineering in June,
2006, and then again by Michael Baker Jr., Inc. in August, 20006.

The revised hydraulic analysis was based on the same discharge values used for Ashley
Creek in the previous FIS. The USACE HEC-RAS computer program was used to perform
the revised hydraulic analysis. Flood profiles were revised for Ashley Creek. This new study
starts just downstream of Cemetery Road and ends just upstream of the Burlington Northern
Railroad crossing, a reach of 28,800 ft. As a result, the 1- and 0.2-percent-annual-chance
floodplain and floodway boundaries were revised.

A previous study along Ashley Creek (superseded by the above study) was performed by
Billmayer Engineering on September 30, 1992, This revised analysis incorporated the effects
of updated topographic information, channel improvements, and the addition and
replacement of stream hydraulic structures.

This study was based on the same discharge values used for Ashley Creek in the FIS for the
unincorporated areas of Flathead County, Montana, dated September 28, 1990. The USACE
HEC-2 step-backwater computer program was used to perform the revised hydraulic
analysis. Flood profiles were revised for Ashley Creek from a point approximately 6,000
feet downstream of Airport Road to Foys Lake Road, a reach of approximately 28,000 feet.
As a result, the I- and 0.2-percent annual chance floodplain and 1-percent annual chance
floodway boundaries were also revised. Topographic maps entitled “Ashley Creek Flood
Study,” Panels | through 4 of 4, with a scale of 1:1,200 and a contour interval of 2 feet,
produced by B.E., dated May 10, 1991, and revised September 12, 1991 (Reference 38),
were utilized to determine the revised I-percent annual chance floodplain and floodway
boundaries. A topographic map, entitled “Ashley Creek Flood Study, 500-year Delineation,”
with a scale of 1:6,000 and a contour interval of 20 feet, also produced by B.E., dated
January 29, 1991 (Reference 39), was utilized to determine the revised 0.2-percent annual
chance floodplain boundaries.

In Floods of June 1964 in Northwestern Montana (Reference 10), it was estimated that the
1964 floodflow was 8,380 cfs on Bear Creek and that the flow was 8.67 times as large as the
2-percent annual chance flood. This estimate of the 2-percent annual chance discharge was
apparently based on streamflow records from 1946 to 1952, where the maximum discharge
was 696 cfs. The 1964 and 1975 floods had estimated discharges of 8,380 and 1,840 cfs,
respectively. Additional data were incorporated in the estimation of recurrence intervals for
this study.

Flathead River has been studied previously by the USACE, Seattle District. The results of
their investigation are presented in the 1969 Floodplain Information Report (Reference 13).
A detailed hydrologic and hydraulic analysis of Flathead River was performed from near
Columbia Falls to Flathead Lake.

The hydrologic investigation in this study considered regulated and unregulated conditions
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along Flathead River. Discharge estimates for the recurrence intervals of interest are
considered to be too low because the 1894, 1923, 1928, and 1964 floods were not included in
the database. For example, the l-percent annual chance discharge was estimated to be
79,000 cfs (later increased by the USACE to 82,000). However, four times in the last 82
years, flows have approximately equaled or exceeded 70,000 cfs. Three times in 82 years,
flows have approximately equaled or exceeded the original USACE 1-percent annual chance
flood estimate of 79,000 cfs. Floods of 95,000 cfs have been equaled or exceeded twice in
the same period.

This FIS uses flood data and photographs unavailable at the time of the USACE report and
uses different starting water-surface elevations.

A private consulting firm worked with the Montana Floodplain Management Bureau in the
early to middle 1970’s and modified the l-percent annual chance flood boundary for
Flathead River. The scope of this work was not as broad as the USACE report and the
methodology employed was approximate. The community officials and citizens found this
new boundary delineation to be more favorable; therefore, they adopted it as part of their
floodplain zoning and regulation program.

The Flathead River study was revised on September 28, 1990, to show modifications to the
1-percent annual chance floodway along the Flathead River between cross sections CW and
CZ as shown on Panel 1820 of the Flood Boundary Floodway Map for the unincorporated
areas of Flathead County, dated July I5, 1988. This revision is based on the removal of high
ground within the existing floodway between cross sections CW and CZ as the result of a
revised HEC-2 hydraulic analysis, modified and submitted by the Floodplain Management
Section of the Montana Department of Natural Resources and Conservation. The HEC-2
model, originally developed by Simons, Li and Associates (SLA), was modified by adding a
cross section between cross sections CW and CZ and by assigning the floodway limits on the
right overbank at the riverward limits of the high ground. This resulted in little change to the
l-percent annual chance base flood elevations but reduced the width of the floodway. The
topographic information for the overbank area in the vicinity of the extra cross section was
derived from a topographic workmap, scale 17= 40’, taken from the original workmap for a
previous restudy in Flathead County, Montana, dated June 1985 and prepared by SLA.

Although this revision resulted in a slight increase in base flood elevations, due to the profile
scale limitations, the profile panels were not changed. The Floodway Data Table for the
Flathead River was, however, revised.

The Flathead River study was revised on October 16, 1996, by Billmayer Engineering to
show modifications to the 1- and 0.2-percent annual chance floodplain boundaries, the
floodway, and the BFEs along the Flathead River between cross sections CF and F as shown
on Panels 1810D, 1820F, 1830E, 1840E, 1845E, and 2280E of the FIRMs for the
unincorporated areas of Flathead County, dated September 30, 1992. The revised analysis
incorporated the effects of corrected topographic information between sections BU and CX
along the Flathead River.

The revised hydraulic analysis was based on the same discharge values used for the Flathead
River in the FIS for the unincorporated areas of Flathead County, Montana, dated September
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30, 1992. The HEC-2 model, originally developed by SLA i June 1985, was modified to
incorporate corrected topographic information. Flood profiles were revised for the Flathead
River from a point 45,565 feet above the mouth to a point 125,650 feet above the mouth.
Topographic information for the overbank areas in the vicinity of the cross sections was
derived from a topographic workmap, scale 17= 407, taken from the original workmap for a
previous restudy in Flathead County, Montana, dated June 1985 and prepared by SLA.

This revision resulted in a decrease in the BFEs, and these changes were reflected in the
Floodway Data Table and Flood Profiles for Flathead River.

The USGS published some frequency-discharge values for Middle Fork Flathead River in
1976 (Reference 20), but their report consisted exclusively of records from Gage No.
12358500 (record period 1939 to 1973). Those results required adjustments for later
streamflow data from the 1975 flood event.

Two hydrologic studies have been published on Stillwater River, the 1969 Floodplain
Information Report (Reference 13) and the 1976 USGS Report (Reference 20). The
hydrology in both studies related specifically to the gaging station near Whitefish (Gage No.
12365000). The USACE used the period of record from 1929 to 1950 and did a correlation
analysis with Swan River near Bigfork in order to obtain an extended period of 29.6 years.
The USGS apparently used the record period 1931 to 1950. More recent streamflow data are
now available and have been used in this study. This study has also incorporated several
peak-discharge measurements not imncluded in the previous investigations.

The USACE investigation used different starting water-surface elevations for their hydraulic
analysis and did not assume nonconcurrency of flood events between Stillwater River and
Flathead River. Hydraulic structures along Stillwater River have also been replaced since the
previous investigation.

A number of local engineering consulting firms have studied West Spring Creek hydraulics.
One investigation examined the possibility of rerouting West Spring Creek in order to
accommodate further urbanization. Other work was done concerning regional and site
specific urban storm drain design.

The USGS performed a log-Pearson Type III hydrologic analysis of Whitefish River by
using the data at the Whitefish River gage (eight miles upstream of Kalispell) and published
the results in 1976 (Reference 20). However, because more measurements have been taken
since their report, the previously published results are considered to be of limited value.

The USBR established a temporary stream gaging program along Whitefish River. The
program consisted of a series of gages strategically located so as to provide specific and
meaningful data. Some of these data were incorporated in this study in order to provide
target values and profiles in establishing the hydraulic model.

The SCS has performed extensive hydrologic studies on the Whitefish River watershed and
combined this with flood routing and backwater profile analyses. However, except for the

1974 Flood Prone Area Map of Whitefish (Reference 40) most of their work has not been
published.
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The USACE performed a hydrologic and hydraulic investigation of Whitefish River
(particularly for the reaches near Kalispell) in 1969 (Reference 13). The report was updated
in 1974, The hydrologic analysis considered the period of record to be 1929 to 1950, 1973,
and 1974 (24 years). The period of record was extended to the equivalent of 37 years by
correlation with 52 years of record for the North Fork Flathead River near Columbia Falls.

The Whitefish River profile from the USACE 1969 report (Reference 13) was only a general
information aid because different hydrologic values and different starting conditions were
implemented in this study. The hydrologic value used here 1s the same as that suggested by
the USACE in August 1974 as being an improved prediction. The starting conditions used
here consider the water-surface elevations and an associated magnitude-frequency event on
Stillwater River at the confluence with Whitefish River. It appears that the USACE used the
concept of nonevent concurrency for the two streams and/or considered less severe
backwater effects along Stillwater River upstream of U.S. Highway 2 bridge than history
would indicate.

Approximate studies have been performed in Flathead County by the USGS and the SCS for
the purpose of developing Flood Prone Area Maps (References 41 and 42).

Previously Flood Insurance Studies have been prepared for Flathead County, the Cities of
Kalispell and Whitefish and are in agreement with this study (References 1, 2 and 3).

This FIS report either supersedes or is compatible with all previous studies on streams
studied in this report and should be considered authoritative for purposes of the NFIP.

Table 8 contains all Letters of Map Change (LOMCs) that have been incorporated into the
FIS since the previous effective date.
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Type of
LOMC

LOMR
LOMR
LOMR
LOMR

LOMR
LOMR

LOMR
LOMR

Table 8 — Summary of LOMCs

Case Number

Effective Date

07-08-0950P
08-08-0430P
08-08-0134P
08-08-0149P

07-08-0771P
08-08-0919P

08-08-0361P"
09-08-0251P

January 25, 2008
June 2, 2008
July 15, 2008
July 31, 2008

October 14, 2008
October 15, 2008

April 21, 2009
May 15, 2009

! Cross section AE not incorporated

8.0 LOCATION OF DATA

Project |dentifier

Hidden Waters Major SubDiv
River Bend Village Property
Trumbull Creek Subdivision

Sweetgrass Ranch

Lone Pine Trails SubDiv Letter of
Map Revision
Bigfork Harbor Condominium
LOMR Reissue
Turner Mill Ashley, Tracts 11H,
111, & 11la

Lippincott

Information concerning the pertinent data used in the preparation of this study can be
obtained by contacting the Flood Insurance and Mitigation Division, FEMA, Denver
Federal Center, Building 710, Box 25267, Denver, Colorado 80225-0267.
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10.0 REVISION DESCRIPTIONS

This section has been added to provide information regarding significant revisions made
since the original Flood Insurance Study was printed. Future revisions may be made that
do not result in the republishing of the Flood Insurance Study report. To ensure that any
user is aware of all revisions, it is advisable to contact the community repository of flood
hazard data.

10.1 First Revision

This study was revised on June 18, 2013 to mmcorporate a Physical Map Revision (PMR)
for a restudy of the Flathead River near the Evergreen area of Flathead County, MT,
including a split flow from the Flathead River that occurs during low-frequency flood
evenis. The flooding sources impacted by the PMR were Flathead River, Flathead River
Overflows, and Spring Creek. The PMR was based on data provided in the engineering
report entitled “Flathead River Evergreen Area Restudy Hydraulic Analysis Technical
Support Notebook Flathead County, Montana”, prepared by PBS&]J, dated April, 2010
(Reference 43).

The analysis for the PMR includes hydraulic modeling of a split flow that occurs on the
Flathead River as it flows beneath U.S. Highway 2 (MT Highway 35) until it intersects
with Spring Creek and then converges with the Flathead River. Hydraulic analyses for
the revision utilized field survey information collected in 2008 along the study reach
(Reference 44). No new hydrologic analysis was performed. A supplemental hydraulic
analysis was performed by BakerAECOM to extend the analysis to encompass hydraulic
modeling of additional overflows from Spring Creek to approximately ! mile
downstream to its confluence with the Stillwater River (Reference 45). Hydraulic
computations were carried out using the USACE HEC-RAS River Analysis System,
version 4.0 (Reference 46). The hydraulic analysis resulted in revisions to the Flathead
River floodway from approximately 2,000 ft upstream of Montana Hwy 35 to
approximately 6,000 feet downstream. Floodplain mapping was completed using LIDAR
topographic survey data flown in October 2008 and provided by Montana DNRC
(Reference 47).

This revision incorporated the Letter of Map Revision (LOMR) issued on June 2, 2008,
(Case No. 08-08-0430P) for a portion of the Whitefish River affecting the River Bend
Village property located in the unincorporated areas of Flathead County, Montana. The
LOMR revised flood hazard information for a reach from approximately 5,000 feet
upstream of Reserve Drive to 40 feet upstream of Rose Crossing.

In addition, this revision incorporated the LOMR issued on July 15, 2008, (Case No. 08-
08-0134P) for portions of Trumbull Creek and an adjacent Overflow Channel affecting
the Trumbull Creek subdivision in the unincorporated areas of Flathead County,
Montana. The LOMR revised flood hazard information for a reach of Trumbull Creek
from approximately 4,280 fect downstream to approximately 330 feet upstream of Rose
Crossing, and a reach of the Overflow Channel from approximately 170 feet downstream
to approximately 5,380 feet upstream of Reserve Drive.
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10.2  Second Revision

This study was revised on November 4, 2015 to incorporate revised flooding information
performed under a Risk MAP project for the Hydrologic Unit Code 8 (HUC §)
watersheds: 17010208 (Flathead Lake Watershed) and 17010210 (Stllwater River and
Flathead River) under an agreement with FEMA and Montana Department of Natural
Resources and Conservation (Reference 48). This project utilized new LIDAR
topographic information (Reference 49) to refine flood hazard boundaries of flooding
sources studied by approximate methods developed during the first publication of this
Flood Insurance Study. The LiDAR data was also utilized to perform new detailed
hydrologic analyses, hydraulic analyses and floodplain mapping for several flooding
sources. Flood hazard boundaries of flooding sources studied by approximate methods
were refined for: Ashley Creek, Birch Creek, Brush Creek, Garnier Creek, Haskill Creek,
Hunger Creek, Lost Creek, Mauzey Creek, Mud Creek, Patrick Creek, Rock Creek,
Spring Creek, Stillwater River, Trumbull Creek, Walker Creek, and Whitefish River. The
new detailed studies performed as part of the Risk MAP project include: Ashley Creek,
Cow Creek at Whitefish, Stillwater River near Kalispell, Swan River at Bigfork,
Unnamed Trbutary to Bowser Creek, Unnamed Tributary to Bowser Creek Diverted
Flow, West Spring Creek, West Spring Creek Tributary, Whitefish River at Whitefish,
and Whitefish River at Kalispell.

The study reach along Ashley Creek extends from the downstream study limit located at
the upstream extent of LOMR 08-08-0361P (approxumately 7,540 feet upstream of
Burlington Northern Railroad), near the City of Kalispell to the upstream study limit
located roughly 1.84 miles upstream which terminates about 300 feet above the Dern
Road crossing (in the Northeast corner of Section 15, 28N, R22W).

The study reach along Cow Creek at Whitefish extends from its downstream limit located
at the river’s mouth and confluence with the Whitefish River at the City of Whitefish
upstream roughly 1.7 miles and terminates just downstream of the Burlington Northern
Santa Fe railroad crossing.

The study reach along Stillwater River near Kalispell extends from the confluence with
the Flathead River at the downstream limit to the study’s upstream limit at Whitefish
Stage Road.

The study reach along Swan River at Bigfork extends from the downstream study limit
located at the river’s mouth and confluence with Flathead Lake at the Town of Bigfork to
roughly 0.5 miles upstream which terminates just downstream of a power line crossing
for the upstream study limit.

The study reach along West Spring Creek extends from just downstream of Meridian
Road at the downstream limit to the upstream limit of the previously effective
Approximate Zone A study. The West Spring Creek Tributary study limits extend from
the confluence with West Spring Creek at the downstream limit to the upstream limit of
the previously effective Approximate Zone A study. Due to a diverted flow scenario, 0.25
miles of Unnamed Tributary to Bowser Creek and 0.1 miles of Unnamed Tributary to
Bowser Creek Diverted Flow were also studied by limited detail methods.
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The study reach along Whitefish River at Whitefish extends from the downstream limit
of Montana State Highway 40 to the effective Zone AE boundary for the upstream extent
(approximately 102,000 feet above confluence with Stillwater River).

The study reach along Whitefish River near Kalispell extends from the confluence with
Stillwater River at the downstream limit to the upstream limit of West Reserve Drive.

In general, the new detailed hydrologic and hydraulic analyses followed FEMA
Guidelines and Specifications (G&S), Appendix C during study development (Reference
50).

The hydrology used for the Ashley Creek study was taken directly from the effective
study as described in Section 3.1. In consideration of the May 1997 flooding, the
effective hydrologic analysis for Ashley Creek, as described in Section 3.1, was reviewed
in 2003 and concluded to be valid. The 4-percent annual chance discharge was estimated
from a flood frequency curve developed by plotting the 10-, 2-, 1-, and ().2- percent
annual chance frequency discharges and all were used for hydraulic modeling (Reference
51).

The hydrology used for Cow Creek at Whitefish was developed with United States
Geological Survey (USGS) regression equations, as described in their publication,
“Water Resource Investigation Report (WRIR) 03-4308” (Reference 52), for the ungaged
site located at the mouth. The 10-, 4-, 2-, 1-, and 0.2-percent annual chance peak
discharges were calculated at the mouth and used for hydraulic modeling (Reference 53).
The regression equations using the weighted combination of basin-active channel-
bankfull channel were selected because they have the greatest reliability (which
corresponds to the lowest standard error of prediction (SEP) value and reflect both
channel and basin parameters of the watershed.

The hydrology used for Stillwater River at Kalispell was based on a Bulletin 17B
statistical gage analysis (Reference 54). The USGS has historically operated the stream
gage USGS Gage No. 12365000, near Whitefish at Spring Prairie Road. This gage ceased
operation in 2006, prior to the installation of the currently operated stream gage USGS
Gage No. 12365700, Stillwater River at Lawrence Park in Kalispell. Due to the close
proximity of these gages to the study reach, a statistical gage analysis as well as a
regression transfer analysis based upon drainage areas, as described in USGS WRIR 03-
4308, was performed for the calculation of the 10-, 4-, 2-, 1-, and 0.2-percent annual
chance peak discharges at the mouth (Reference 55).

The hydrology used for Swan River at Bigfork was based on a Bulletin 17B statistical
gage analysis of USGS Gage No. 12370000. Due to the close proximity of this gage to
the study reach, a regression transfer analysis based upon drainage areas, as described n
USGS WRIR 03-4308, was performed for the calculation of the 10-, 4-, 2-, 1-, and 0.2
percent annual chance peak discharges at the mouth and used for hydraulic modeling
(Reference 56). -

Because no stream gaging stations exist along West Spring Creek, the hydrology for its
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two basins is based on the regression equations presented in WRIR 03-4308. A weighted
combination of the regression equations based on basin characteristics, active-channel
width, and bankfull width were determined to be the most appropriated method for
determining the peak flow estimates. The hydrology used for West Spring Creek
Tributary was based on a HEC-HMS (Reference 57) model utilizing precipitation, loss
rate, transform, and routing variables, since no gage exists and regression equations are
not suitable for the basin. The 10-, 4-, 2-, 1-, and 0.2 percent annual chance peak
discharges were calculated for West Spring Creek at Meridian Drive and upstream of the
West Spring Creek Tributary confluence (Reference 58). The For West Spring Creek
Tributary, a Modified Puls routing method was utilized to account for realistic volume
attenuation upstream of Fly Way and Three Mile Drive. The 10-, 4-, 2-, 1-, and 0.2-
percent annual chance peak discharges were calculated for West Spring Creek Tributary
upstream of Fly Way, through Fly Way Crossing, and through Three Mile Drive and used
for hydraulic modeling (Reference 59). The Unnamed Tributary to Bowser Creek reach
and the Unnamed Tributary to Bowser Creek Diverted Flow reach utilized flows diverted
from West Spring Creek obtained through hydraulic modeling of those reaches
(Reference 59).

The hydrology used for Whitefish River at Whitefish was based on a Bulletin 17B
statistical gage analysis. The USGS has historically operated the stream gage USGS Gage
No. 1236600, Whitefish River at Kalispell (Tetrault Road). This gage ceased operation in
2006, prior to the installation of the currently operated stream gage USGS Gage No.
12366080, Whitefish River near mouth at Kalispell. Due to the close proximity of these
gages to the study reach, a combined statistical gage analysis as well as a regression
transfer analysis based upon drainage areas, as described in USGS WRIR 03-4308, was
performed for the calculation of the 10-, 4-, 2-, 1-, and 0.2-percent annual chance peak
discharges at the downstream study extent (Reference 60) and used for hydraulic
modeling.

The hydrology used for Whitefish River at Kalispell was based on a Bulletin 17B
statistical gage analysis in a similar manner to Whitefish River at Whitefish. The
historically operated stream gage USGS Gage No. 1236600 was combined with the
currently operated stream gage USGS Gage No. 12366080. The results of the combined
statistical gage analysis was transferred, as described in USGS WRIR 03-4308, for the
calculation of the 10-, 4-, 2-, 1-, and 0.2-percent annual chance peak discharges at the
mouth (Reference 61) and used for hydraulic modeling,.

All hydraulic models developed for the Risk MAP project were performed using the
standard-step backwater program HEC-RAS 4.1 (Reference 62) under subcritical, steady-
state conditions.

Channel cross sections for all the new detailed analyses were field surveyed by WGM
Group, Inc. between October 2011 and July 2012 (Reference 63). Three stream crossings
were surveyed for Ashley Creek in October 2011 and July 2012. Considering the small
size of Ashley Creek, with minimal discharge during collection of the LiDAR
topography, bathymetric surveys for intermediate cross sections were not included. Six
stream crossings were surveyed for Cow Creek at Whitefish on October 2011 and March
2012. Similar to Ashley Creek, bathymetric surveys for intermediate cross sections were
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not included for Cow Creek at Whitefish. Twenty-two channel cross sections were field
surveyed for the Stillwater River near Kalispell study in addition to the survey of four
stream crossings. The survey was performed in November 2011 and January 2012.
Eleven channel cross sections along with one stream crossing were field surveyed for the
Swan River at Bigfork study. The survey was performed in December 2011 and July
2012. Forty-three channel cross sections were field surveyed for the West Spring Creek
study in addition to the survey of twelve stream crossings. Twelve channel cross sections
and three stream crossings were surveyed for West Spring Creek Tributary. These two
streams were surveyed in October and November of 2011. The Whitefish River at
Whitefish study utilized field survey of 23 channel cross sections along with survey of
four stream crossings during October and December of 2011. Lastly, field survey was
performed for 17 channel cross sections and five stream crossings, also in October and
December of 2011, In general, field survey information was combined with the LIDAR
topography to create a seamless representation of the channel and overbank geometry.

The new studies performed for the Risk MAP project utilized a range of boundary
conditions and roughness values. Roughness values were based on field reconnaissance
observations, aerial photographs, established hydraulic modeling guidelines (Reference
33), experience, and professional judgment. For a subcritical analysis, a downstream
boundary condition is required. As mentioned above, the downstream study limit of
Ashley Creek corresponds to the upstream limit of LOMR 08-08-0361P. The water
surface elevations of that LOMR were not utilized as the Ashley Creek starting condition
because of technical issues identified with the LOMR, which FEMA intends to correct.
Accordingly, starting water surface elevations were determined using the normal
depth/slope method with a slope of 0.0027 {t/ft. Roughness values ranged from 0.035 to
0.070 for overbank areas with a channel roughness of 0.04 for Ashley Creek. The
downstream starting condition for Cow Creek at Whitefish utilized a normal depth/slope
method with a slope of 0.0020 ft/ft. Roughness values ranged from 0.033 to 0.045 for the
channel and ranged from 0.020 to 0.10 for overbank areas of Cow Creek at Whitefish.
The downstream starting condition for Stillwater River near Kalispell utilized a normal
depth/slope method with a slope of 0.0021 ft/ft. Roughness values ranged from 0.04 to
0.10 for overbank areas with a channel roughness of 0.035 for Stillwater River near
Kalispell. The downstream starting condition for Swan River at Bigfork utilized a normal
depth/slope method with a slope of 0.0050 ft/ft since consideration of backwater from
Flathead Lake was not appropriate according to FEMA G&S Appendix C. Roughness
values ranged from 0.04 to 0.052 for the channel and ranged from 0.016 to 0.085 for
overbank areas of Swan River at Bigfork. The downstream starting condition for West
Spring Creek utilized a normal depth/slope method with a slope of 0.0033 ft/ft for the
reach through the culvert at Meridian Road and 0.00415 ft/ft for the Overland reach over
the top of the culvert at Meridian Road. West Spring Creek Tributary could not be
assumed to have coincident peak flooding with West Spring Creek, as defined in FEMA
G&S Appendix C, so a normal depth/slope method with a slope of 0.0209 ft/ft was used.
The Unnamed Tributary to Bowser Creek utilized the normal depth/slope method with a
slope 0.0070 ft/ft. A junction was used for a boundary condition to balance energy and
satisfy continuity of Unnamed Tributary to Bowser Creek Diverted Flow with West
Spring Creek. Roughness values ranged from 0.015 to 0.060 for overbank areas with a
channel roughness of 0.04 for West Spring Creek. A roughness value of 0.035 was
utilized for the channel and a range of roughness values of 0.013 to 0.06 was used for
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overbank area of West Spring Creek Tributary. Roughness values ranged from 0.05 to
0.06 for overbank areas with a channel roughness of 0.04 for Unnamed Tributary to
Bowser Creek. A roughness value of 0.035 was utilized for both the channel and
overbank of Unnamed Tributary to Bowser Creek Diverted Flow. The downstream
starting condition for Whitefish River at Whitefish utilized a normal depth/slope method
with a slope of 0.000085 ft/ft. Roughness values ranged from 0.04 to 0.11 for overbank
areas with a channel roughness of 0.035 for Whitefish River at Whitefish. The
downstream starting condition for Whitefish River near Kalispell utilized a normal
depth/slope method with a slope of 0.0006 ft/ft. Roughness values ranged from 0.045 to
0.08 for overbank areas with a channel roughness of 0.04 for Whitefish River near
Kalispell.

The flood boundaries of Ashley Creek, Cow Creek at Whitefish, Stillwater River near
Kalispell, Swan River at Bigfork, Unnamed Tributary to Bowser Creek, Unnamed
Tributary to Bowser Creek Diverted Flow, West Spring Creek, West Spring Creek
Tributary, Whitefish River at Whitefish, and Whitefish River at Kalispell were delineated
using the computed water-surface elevations at each cross section. Between cross
sections, the flood boundaries were interpolated using the LiDAR topography collected in
2009.

Based on the hydraulic analyses, a floodway was developed on Ashley Creek, Cow Creck
at Whitefish, Stillwater River near Kalispell, Swan River at Bigfork, West Spring Creek,
West Spring Creek Tributary, Whitefish River at Whitefish, and Whitefish River at
Kalispell. The floodways were computed on the basis of equal conveyance reduction
from each overbank of the floodplain. Floodways were not developed for Unnamed
Tributary to Bowser Creek or Unnamed Tributary to Bowser Creek Diverted Flow since
the encroached primary flooding source (West Spring Creek) was able to accommodate
the entire peak discharge within the allowable surcharge as defined in FEMA G&S
Appendix C.

As part of this Risk MAP project, the conversion of the Flood Insurance Rate Map for the
revised flooding areas (corresponding to the 2009 LiDAR acquisition area) to the Risk
MAP format (Reference 64) was initiated. Additionally, the Digital Flood Insurance Rate
Map (DFIRM) database for the revised area was updated to the Risk MAP format. It is
important to note that this conversion did not occur for the entire HUC 8 - 17010208 and
17010210 watersheds but for the 2009 LiDAR acquisition area within those watersheds.

In addition to the Letters of Map Revision (LOMRs) incorporated during the first
revision (Case No. 08-08-0430P and Case No. 08-08-0134P), several other LOMRs were
incorporated during this revision for the FIRM panels updated as part of this Risk MAP
project. The LOMRs incorporated during this revision include Case Numbers: 07-08-
0950P, 07-08-0771P, 08-08-0919P, 08-08-0149P, 08-08-0361P, and 09-08-0251P.

As a result of this Risk MAP project, Table 3, “Summary of Discharges”, Table 6,
“Floodway Data”, Table 8, “Summary of LOMCs”, and the Flood Profiles were revised.
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