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NOTICE TO
FLCOD INSURANCE STUDY USERS

Communities participating in the Natienal Fleeod Insiurance Program have
established repositories of flood hazard data for floed plain management and
flocd insurance purposes. This Flood Insurance Study may not contain all data
available within the repository. It is advisable to contact the communl by
repository for any additional data.

This publication incorporates revisions to the original Flood Insurance Study,
These revisions are presented in Section 9.0.

This preliminary revised Flood Insurance Study contains only prefiles added or
revised as part of the restudy. These profiles are presented in a reduced
scale to minimize reproduction costs. All profiles will be included and
printed at full scale in the final published report.
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FLOOD INSURANCE STUDY

1.0 INTRODUCTION

1.1 Purpose of Study

This Flood Insurance Study investigates the existence and severity
of flood hazards in the unincorporated areas of Matanuska-Susitna
Borough, Alaska, and within the incorporated Cities of Palmer,
Houston, and Wasilla, and aids in the administration of the National
Flood Insurance Act of 1968 and the Flood Disaster Protection Act

of 1973. This study will be used to convert Matanuska-Susitna
Borough to the regular program of flood insurance by the Federal
Emergency Management Agency. Local and regional planners will use
this study in their efforts to promote sound flood plain manage-
ment.

In some states or communities, flood plain management criteria or
regulations may exist that are more restrictive or comprehensive
than those on which these federally supported studies are based.
These criteria take precedence over the minimum Pederal criteria
for purposes of regulating development in the flood plain, as set
forth in the Code of Federal Regulations at 44 CFR, 60.3. In such
cases, however, it shall be understood that the State (or other
jurisdictional agency) shall be able to explain these requirements
and criteria.

1.2 Authority and Acknowledgments

The source of authority for this Flood Insurance Study is the National
Flood Insurance Act of 1968, as amended.

The hydrologic and hydraulic analyses for this study were performed
by the U.S. Army Corps of Engineers, Alaska District, for the Federal
Emergency Management Agency, under Inter-Agency Agreement No.
IAR-H-1878, Project Order No. 15. This work, which was completed

in April 1982, covered all significant flooding sources affecting
Matanuska-Susitna Borough.

& Type 19 Flood Insurance Study was also performed by the study
contractor, under Inter-Agency Agreement No. EMW-E-1153, Project
Order No. 1, Amendment No. 5. This work was completed in April
1985. It covers portions of Matanuska River and Knik River in the
Bodenburg Butte area,

1.3 Coordination

A meeting was held on July 20, 1977, and attended by representatives
of the study contractor, the Federal Emergency Management Agency,
and Matanuska-Susitna Borough. The purpose of the meeting was to
determine which streams would require detailed study and which
would require approximate Btudy. A priority list of the Etreams



to be studied wag determined; however, due to the lack of funds,
the highest priority streams (Matanuska, susitna, and Knik Rivera)
were eliminated from this study. Instead, three streams which
have already been partially studied by the U.S. Army Corps of
Engineers were funded for this study. The other streams will be
studied at a later date when funds are available. Coordination
was made with the U.S. Geological Survey and the U.S., Soil
Conservation Service. A draft of this study was reviewed by
Matanuska-Susitna Borough.

Three final coordination meetings were held during the week of
September 29, 1983. These meetings were attended by representatives
of the Federal Emergency Management Agency, the study contractor,
and the community. All problems and questions that were raised at
the meeting have been resolved.

2.0 AREAR STUDIED

2.1

Scope of Study

This Flood Insurance Study covers the incorporated Cities of Wasilla,
Houston, and Palmer, and the unincorporated areas of Matanuska-
Susitna Borough, Alaska. The area of study is shown on the Vicinity
Map (Figure 1).

Deception Creek; Deception Creek Tributaries 1, 2, and 3; Willow
Creek; Willow Creek Tributary; Little Susitna River; and Little
Susitna River Split Flows 1, 2, and 3 were studied by detailed
methods. Each stream was studied from a downstream location, below
which little development is expected by the borough due to wetland
conditions, to an upstream location where the 100-year floed plain
is less than 200 feet wide.

Flooding in the Bodenburg Butte area along Matanuska River and
Knik River was initially studied by approximate methods. Results
from the Type 19 Flood Insurance Study were used to revise the
approximate flood boundaries. The latter study evaluated flood
hazards on Matanuska River in the vicinity of a flood protection
dike along 0Old Glenn Highway, and on KEnik River from Windsong and
Heritage Park Subdivision development to 0ld Glenn Highway Bridge.
Information generated by this study is not sufficient to define
detail flood boundaries on these streanms.

Those areas studied by detailed methods were chosen with consider-
ation given to all proposed construction and forecasted development
through 1987.

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 the Federal
Emergency Management Agency and the borough.
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Community Description

Matanuska-Susitna Borough, located in the Third Judicial District
in south-central Alaska, governs an area of over 23,000 square
miles extending from the Municipality of Anchorage in the south to
Mt. McKinley National Park in the north. It is surrounded by
unorganized area to the north, east, and west, and by Greater
Anchorage Area and Kenai Peninsula Boroughs to the south. The
population of Matanuska-Susitna Borough was 6,509 in 1970 and
increased 174 percent to 17,816 by 1980 (Reference 1). It is
estimated that over 2,000 people live near the streams studied by
detailed methods.

Most of the land along Deception Creek, Willow Creek, and the Little
Susitna River is developing as a low-residential area. The water-
shed basins for these streams are located in south-central Alaska,
approximately 30 air miles and 70 miles by highway north of Anchorage.
The area has been a focal point of increasing use for recreational
activities such as boating, hiking, snowmobiling, fishing, and
hunting. This increased recreational usage can be attributed to

the area's esthetic qualities and closeness to Anchorage, the largest
city in the State. Tremendous subdivision activities stressing
recreational lots have been occurring in recent years.

The streams studied by detailed methods originate in the Talkeetna
Mountains and flow west to the Susitna River or Cook Inlet.
Physiographic characteristics are quite varied having developed
from glacial activities and volcanic action. The s8tudy area is
underlain primarily by bedrock consisting of weakly consolidated,
coal-bearing rocks of Tertiary Age. It has been glaciated several
times, so there are thick deposits of glacial drift and alluvial
sediments made up of sandy and gravelly material. The relative
proportions of the materials in the glacial drift vary guite a

bit, as does the compactness of the soil. Thus, permeability and
internal drainage are highly variable, even over short distances.
Poorly drained soils often occur on the slopes of moraines in close
association with well-drained soils. Most of the area is alsoc
covered with a mantle of silty loess probably derived from the
Susitna River flood plains to the west. The loess ranges from a
few inches to several feet in thickness. Poorly drained peat is
common in scattered depressions, shallow basins between moraine
hills, and other low-lying areas. The Willow area contains fifteen
varying vegetative habitat types composed of mature stands of mixed
coniferous and deciduous forests with an understory of a variety

of forbs and woody plants, muskeg-black spruce bogs, and grassland
areas. Ferns, horsetails, and clubmosses are present throughout
the entire borough. Generally, the vegetative ground cover is
dense and provides substantial protection from erosion activity,
particularly in the higher elevations where better drained soil
conditions are found. Willow and birch/aspen stands under 10 feet
high are generally lacking, with low woody shrubs such as Vaccinum
being very common throughout the borough. Elevations range from



10,000 feet in the mountains to less than 100 feet in the southern
valleys,

The region is in a transitional climatic zone between maritime and
continental conditions. Pronounced temperature wvariations and
cloudy weather are common during a large portion of the year.
Mountain ranges to the south act as a barrier to the influx of
warm air from the Gulf of Alaska, resulting in an average annual
precipitation which is only 10 to 15 percent of that at stations
located on the Gulf of Alaska.

Annual precipitation in the study area averages 25 inches with
annual snowfall of BO inches. Rainfall is generally heaviest in
August and September with monthly precipitation amounts approxi-
mately egqual for the rest of the year. The Alaska Mountain range
lies in a long arc, approximately 70 miles north of the detailed
study area and serves as an effective barrier to the flow of extreme
cold winter weather from the north. The streams remain frozen
during the winter with ice jam flooding occurring occasionally in
the spring. Annual temperatures range from -20°F to BO°F.

Principal Flood Problems

Floods in Matanuska-Susitna Borough can occur as a result of a
combination of factors, including heavy snow pack, temperature,
sunshine, and precipitation. The sequence of events affects the
flooding potential. Spring floods on streams may cccur as a result
of an above-normal snowfall during the winter followed by an unusually
cold spring and a rapid snowmelt. Summer and fall floods usually
result from intense precipitation. In addition, an ice jam could
occur during the winter or during spring breakup causing overbank
flooding. Ice jams have caused the highest flooding on these streams,
but no frequency has been applied to this type of flood. Typical
of most of Alaska, there is little information available concerning
historical floods in Matanuska-Susitna Borough, Public agencies
and longtime residents, however, substantiate that floods have
occurred. Information of historical floods was obtained primarily
from interviews with residents in the area. A tabulation of floods
in recent years and an analysis of conditions resulting from these
floods are shown in Table 1. The principal flood problems are
natural obstructions such as trees and vegetation along the banks,
manmade obstructions such as bridges and boatdocks, ice jams, the
accumulation of brush and debris along and within the streambed
which can be carried downstream by high water and block bridge
openings or other constrictions, and inadequately-sized culverts,

Willow Creek crosses the Parks Highway at mile 72. It originates
in the Talkeetna Mountains and generally flows west to join the
Susitna River. It has a total length of approximately 35 miles of
which only the lower 18 is developable. The two major tributaries
to this stream are Peters Creek and Deception Creek. The lower
reaches of the strean, especially above the Parks Highway, are

Ln
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under intense pressure for subdivision and development in spite of
the fact that there are obvious flood hazards within the area,

Deception Creek also originates in the Talkeetna Mountains and
generally flows north and west for approximately 20 miles to join
Willow Creek just upstream of the Parks Highway. At the present
time, the entire length of Deception Creek is sparsely developed
with very few crossings.

The Little Susitna River drains the southern slopes of the Talkeetna
Mountains and has its headwaters in the mountains. The land form

is such that the river intercepts numerous minor tributaries directly
from the mountain slopes to the north. It is an extreme meandering
Stream and has a total length of approximately 75 miles.

2.4 Flood Protection Measures

A dike was constructed along 0ld Glenn Highway in Bodenburg Butte
to prevent spring runoff of Matanuska River from overtopping the

highway. The dike does not provide protection against the 100-year
flood.

Matanuska-Susitna Borough recently passed a zoning ordinance to
restrict development in areas noted for flood hazard. These areas
have been determined by previous U.s. Army Corps of Engineers or
U.S. Geological Survey studies,

ENGINEERING METHODS

For the flooding sources studied in detail in the borough standard hydro-
logic and hydraulic study methods were used to determine the flood hazard
data required for this study. Flood events of a magnitude which are
expected to be equalled or exceeded once on the average during any 10-,
50-, 100-, or 500-year period {recurrence interval) have been selected
as having special significance for flood Plain management and for flood
insurance premium rates., These events, commonly termed the 10-, 50-,
100-, and 500-year floods, have a 10, 2, 1, and 0.2 percent chance,
respectively, of being egualled 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
Oor even within the same year. The risk of experiencing a rare flood
increases when periods greater than 1 year are considered. For example,
the risk of having a flood which equals or exceeds the 100-year flood (1
percent chance of annual occurrence) in any 50-year period is approxi-
mately 40 percent (4 in 10), and, for any 90-year period, the risk in-
Creases to approximately 60 percent (6 in 10}). The analyses reported
here reflect flooding potentials based on conditions existing in the
borough at the time of completion of this study. Maps and flood eleva-
tions will be amended pericdically to reflect future changes.



3.1

Hydrologic Analyses

Hydrologic analyses were carried out to establish the peak dis-
charge-frequency relationships for floods of the selected recurrence
intervals for each flooding source studied in detail affecting the
borough.

Peak discharges for selected recurrence intervals on Deception
Creek; Deception Creek Tributaries 1, 2, and 3; Willow Creek; and
Willow Creek Tributary were determined utilizing Clarks time-area
unit hydrograph analysis sub-routine in the computer program HEC-1
developed by the U.S. Army Corps of Engineers (Reference 2),
Precipitation was determined from the U.S. Weather Bureau Technical
Paper No. 53 (Reference 3} and used in the HEC-1 program. These
frequencies were confirmed through a regional-frequency analysis
developed for other gaged basins in the same geographic area.

Peak discharges for selected recurrence intervals on the Little
Susitna River were determined utilizing a regional analysis of
drainage area-peak discharge relationships for other Btream-gaging
stations within the geographic area of the Little Susitna River.

Peak discharge-drainage area relationships for streams studied by
detailed methods are shown in Table 2.

The hydrologic analysis included a review of all existing flood
frequency data for the area and the utilization of analytical
techniques best suited to the specific stream data. Statistical
analyses were conducted in accordance with approved procedures
recommended by the U.S. Water Resources Council guidelines for
determining flood flow frequency (Reference 4).

Reference 19 provides the 100-year peak discharges. It is based

on frequency analysis of the data obtained at U.s. Geological Survey
gaging station 15,248,000 on Matanuska River., Four recorded
discharges resulting from Lake George breakout events (Reference 20)
were used for the Enik River analysis.

Hydraulic Analyses

Analyses of the hydraulic characteristics of the flooding sources
studied in the borough were carried out to provide estimates of

the elevations of floods of the selected recurrence intervals along
each of these flooding sources.

Water-surface profiles were computed for Willow Creek, Deception
Creek, and the Little Susitna River utilizing a computerized HEC-2
step-backwater program developed by the U.S. Army Corps of Engineers
{Reference 5).

Cross sections were developed from survey notes, field reconnais-
sance, photographs, previous studies, and the use of topographic
maps at a scale of 1:4,800 (References 6 and 7). Intermediate
cross sections were developed utilizing cross-sectional area of

8



006 ‘%1
000 ‘6T
009 ‘1z

DCE'6

00Z 'R

0ZL'T

=t

oS’z

000 's

TESE-00%

pooty

00s ‘01
005 °ET
00Z .1

Doe's

D06 'aT

Doz't

oFg ‘T

ORR'T

0o0g ‘s

{puocoss I=3d 3821 2T9na)

[+

6
OFT
681

ILE

g4

0068 00s’s
DOF‘1I 0ok ‘L
o6 ‘el a0t ‘s
009 ‘v pogtz
009wl 0oe ‘s
DEO'T Q&9
0557 0501
0£9 1 DIT'T
0or ‘g pse’s
IBI1-0% TESL-07

safbaeyosTg yesd

sabieyosTg

Fo Azeumng

[E911IW =aenbg]
raly abruterg

-l R Lo P

paanducs tou BlE,
aTgeotTdde 3o0u BIEd,

MOTIIDAQ ToATYH BulsayTel

peoy UsSTam I0 WealIJsumog

peoy Y20Iyss Iy

PEOITTRY BYSETY JFOo WEaIISUMCT
I8ATY BUJTISNES 27337171

yanour. 3y
ATBINGTIIL X¥93ID MOTTTM

AemUubBtH syaed Jo wesIjsumer
¥32ID3 MOTTIM

Yanour 3y
£ AzeangTIl ¥yeaIsn ustadsosg

yinow Iy
7 AzeangTIl ¥aaIn uctidesaqg

yinow Iy
T Azeangril y=21n uoridsosg

yinow 3y
¥yzaln uvoelidaseq

OoTiE=De] PUE sodnog DUIpoold



the stream in conjunction with the topographic maps. The cross
sections were located at close intervals in the vicinity of strue-
tures to determine the backwater effects of these structures, 1In
addition, numerous intermediate cross sectionsg have been added

when the slope of the stream or the total loss was excessive between
any two cross sections. Except where noted in the computations,

road and bridge failure was not considered in this study. In effect,
the backwaters were computed soc as to show the maximum flooding
effect regardless of the structure being present.

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

Channel roughness factors (Manning's *n") for these computations
were assigned on the basis of field inspection of the flocd plain
areas and standard published factors for utilization of n values
through pipes or culverts. The Manning's "n® values used are as
follows:

Roughness Pactors
Stream Channel Overbank

Deception Creek

Deception Creek Tributary 1
Deception Creek Tributary 2
Deception Creek Tributary 3

Willow Creek 0.030-0.035 0.035-0.075
Willow Creek Tributary 0.035 0.035-0.075
Little Susitna Riwver 0.035 0.080-0.120
Little Susitna River

Split Flow 1 0.035 0.080
Little Susitna River

Split Flow 2 0.035 0.120
Little Susitna River

Split Flow 3 0.035 0.120

Starting water-surface elevations were based on utilization of the
slope-area method,

During the early stages of examination of both Willew Creek and

the Little Susitna River, it was determined there were several
possibilities of divided flow, in essence, split flow throughout

the stream reach. It was, therefore, necessary to split these

areas, computing one side as a tributary and balancing the flows
between the two. In some cases, as will be noted in the computa-
tions and on the work maps, floodways were necessary for both portions
of this split flow condition.

10



4.0

The Little Susitna River has extensive flow divisions, and three
extremely braided areas required split flow analysis. The secondary
channels (braids) were modeled as tributaries with water surfaces
balancing at the upstream division point.

Approximate 100-year flooding from the Matanuska River along 0ld
Palmer Highway in the Bodenburg Butte area was studied using high-
water marks from a flood which occurred in August 1971. High-

water marks were determined from field surveys and interviews with
local residents. No recurrence interval was assigned to this event.

Field-surveyed cross sections were used in the Type 19 analysis

for Matanuska River and EKnik River (Reference 21). Additional
cross sectional data were obtained from the Alaska Department of
Transportation and Public FPacilities, HEC-2 analysis for Matanuska
River utilized the levee option to evaluate the effect of the flood
protection dike along 0ld Palmer Highway.

Flood profiles were drawn showing computed water-surface elevations
Lo an accuracy of 0.5 foot for floods of the selected cecurrence
intervals (Exhibit 1).

All elevations are referenced to the National Geodetic Vertical
Datum of 1929 (NGVD). Elevation reference marks used in the study
are shown on the maps.

FLOOD PLAIN MANAGEMENT APPLICATIONS

The National Flood Insurance Program eéncourages State and local governments
to adopt sound flood plain management programs. Therefore, each Flood
Insurance Study includes a flood boundary map designed to assist communi-
ties in developing sound flood plain management measures,

4.1 Flood Boundaries

In order to provide a national standard without regional discrimina-
tion, the 100-year flood has been adopted by the Federal Emergency
Management Agency as the base flood for purposes of flood plain
management measures. The 500-year flood is employed to indicate
additional areas of flood risk in the community. For each stream
studied in detail, the boundaries of the 100- and 500-year floods
have been delineated using the flood elevations determined at each
cross section; between cross sections, the boundaries were inter-
polated using topographic maps at a scale of 1:4,B800, with a contour
interval of 5 feet (References 6 and 1)

Approximate flood boundaries for flooding from the Matanuska River
along 0ld Palmer Highway in the Bodenburg Butte area were initially
determined using high-water marks from the 1971 event, and were
revised using the Type 19 study results. Delineations were done

on topographic maps at a scale of 1:2,400, with a contour interval
of 2 feet (Reference 8).

11



Approximate flood boundaries on Susitna River, Kroto Creek, and
Kroto Slough (in the vicinity of their confluences) were delineated
based on information supplied by the community, -

Approximate flood boundaries in some portions of the study area
wWwere taken from the Flood Hazard Boundary Map and from Flood Hazard
Studies (References 9§ through 16).

Flood boundaries for the 100- and 500-year floods are shown on the
Flood Boundary and Floodway Map (Exhibit 2). 1In cases where the
100- and 500-year flood boundaries are close together, only the
100-year flood boundary has been shown. Small areas within the
flood boundaries may lie above the flood elevations and, there-
fore, not be subject to flooding; owing to limitations of the map
scale, such areas are not shown.

Floodways

Encroachment on £lood plains, such as artificial fill, reduces the
flood-carrying capacity, increases the flood heights of streams,

and increases flood hazards in areas beyond the encroachment itself.
One aspect of flood plain management involves balancing the economic
gain from flood plain development against the resulting increase

in flood hazard. For purposes of the National Flood Insurance
Program, the concept of a floodway is used as a tool to assist
local communities in this aspect of flood plain management. Under
this concept, the area of the 100-year flood is divided into a
floodway and a floodway fringe. The floodway is the channel of a
stream plus any adjacent flood plain areas that must be kept free
of encroachment in order that the 100-year flood may be carried
without substantial increases in flood heights. Minimum standards
of the Federal Emergency Management Agency limit such increases in
flood heights to 1.0 foot, provided that hazardous wvelocities are
not produced. The floodways in this Leport are presented to local
agencies as minimum standards that can be adopted or that can be
used as a basis for additional studies.

These floodways were computed on the basis of egqual conveyance
reduction from each side of the flcod Plain. The results of these
computations were tabulated at selected cross sections for each
stream segment for which a floodway was computed (Table 3).

Weir flow can occur only to the north of the Alaska Railroad bridge,
and a floodway must be left clear along the railroad embankment
between Willow Creek and Willow Creek Tributary to permit flow

from the main channel to the weir area.

On the Little Susitna River in two of the split flow areas, a split
tloodway was designed, and in some other areas the floodway is to
follow the natural 100-year boundary. The latter was necessary
because of excessive velocities and the large number of high ground
areas. The extreme meandering nature of this stream required that

12



A33HI NOI1143330

(NOISIAIO YNLISNS YHSNNY LYIN)

3

.

MY ‘HONOHO8 YNLISNS YNSNNY LYW m
Vivd AVMO0014 AONIOV INIWIOVNYW ADNIOHIWI TVHIGI4 |
HaaD AQTTTM YITHM SIUSDTIUCD SAOOY ...-ﬂ__m__.”.—.H
90 £°LLZ L°9LZ L°9LT L% 6T0°T 00S OEL'6T Z |
0°0 27692 2692 2692 9°6 £FE ZET ogzez x
PO L E9Z £ €92 £ E£9Z 6°¢ 12L 6EY 0BT'LZ X
£°0 z°8s? 6°LGT 6°L5E 88 56T z5 DET'92Z M
L0 8- £5Z 1°€S2 T €52 L*Z BI0'T 052 S9L've A |
0°0 z°1sz Z-1SZ z 152 £°5 999 582 00b ‘€2 n
£°0 6°9%C 9°9¥g 9 9§z L*E SB0‘T 005 CRZ'ZE h |
£°0 A 3 b T°¥ve T ¥¥T 2°€ L5851 0ok S86'02 s
0°0 6°0FZ 6°0FE 6°0¥Z E°F 989 oot S0L'6T H
¥°0 0°BET 9°LET 9" LET 9°Z 0851 008 029’81 o)
£°0 br9EZ 1°9f2 1°9£T 0w ESK'1 008 DEE‘BT d
S*0 6°CET v-ZEZ ¥-ZET £°E £2B'T 059 GGZ LT 0
beLTE £°L2T £°Lze 8¢ zse'1 055 S0E'ST N
9°0 9°zZzZ 0-zzz 0-zzz g8 ¥ 69Z°'T ze9 S05° VT W
S0 L-81zZ Z°81¢ Z2'81¢ B v £52'T 0s¥ CEL'ET i
0T 6°21C 6" 112 6°112 6"¢ B5S°T oSk SE9TT 9
6°0 L"80Z 8 L02 8" L0Z z's 1911 0sb STV’ 0T r
80 L"Z0T 6102 6°T0Z 6°F T1eC't o00g 659'g 1
90 G 66T 6°86T 67861 z'9 0L6 012 089 L H
1°0 Z°V6T T'¥6T T°¥6T T4, 058 £vZ 09€‘9 3]
1°0 b 8o £788T £°88T T oTe't 05E ops’¥ g
0 6" €8T 8 EBT 8 EBT 1" rog 062 0Z¥'E q
9°0 B 8LT Z°8LT Z°8LT 6°F 6¥Z°'T 0SE ovi'e a
10 S 9LT V9LT FT9LT i 5% A 00% 088 73
0'0 Z°9LT T°9LT Z°9LT ZrE £06°T 005 05¢ H
0°1 L SLT L ¥LT LBLT 9°f 90L'T 008 009 i
Yaa1) uotijdaoag
(AADN LaFd) (aNODAS (L34 (L)
asvAMONT | AVMGOOTd | Awma00Td |xuosvinomi| Ailootan| —anos) Hiorw | SONwIsIa | Noraoas ssowd
HLIM LNOHLIM NI NOILDAS 1
NOLLVAZ'IE FOVRUNS WALVM AYMODOTA HOMUN05 SNTO0OTd

dooTd asvd




—= = oA TTTe —
[ 3t
2334I NOIL4303a _[NOISIAIG YNLISNS WNSNNVLVW) i _
AV 'HONOHO™ YNLISNS VISNNYLVYIN .uln..
YiVa AVYMaoo14 AINIOV INIWIDYNVIN ADNIOHIWI TvHIa34 —_
ASDID MOTTTM YITM B0UBNTIUOD IADTY #wﬂmﬁ
070 L*SBY L°SEY L sy 85 ng9 ]i] 0ES ‘5% A
£°0 6 6LF 9°6LY 9°6LY "9 099 00DE 029" pg AW
0 2Ly T TLh T 1Lk °9 ZG9 00E 008’ ES XY
0°0 A 11 S F9¥ S ¥o¥ Lt 1Z5 BET DTk’ £S5 My
(1] T°65¥ T 65F T 65F L*L £Z5 88T pzo'es AY
1°0 £ZGh T esh Z TSk (] 959 65T 0Lv'ZS ok
oo T vEb T FEb T bv¥¥ 9 11 qa9f 06 SOL'TS I
00 T TEY 2 TER 2 TEw £°0T 128 PET 0sL’0s oy
L0 L BTP 0°BTF D°81h 16 BOF FST 00L'6¥ av
00 8 90k 87 90¥F g8-90¥ 06 ELY PET G258y Oy
S0 B*TI6E E"T6E E°T6E 9°g ESL o0¥ oov’ Ly dv
z°0 Z°8LE D°8LE D°BLE A1) § Zoy B6 D6T' g% oY
S 0 ¥ OLE 6°69E 6 69E ¥°9 BSO vZE CEZ'GE NY
0°0 ¥ LsE PrLSE b-LSE B 9 LL9 o5y CCZ ¥y Wy
n"o 1°9%E T 9FE T°9%¢ £°g FLS 1EE 09T'Ew ™
z°0 6°0FEE L*0EE L-DEE 0°g 955 S6Z DSE‘TH uy
£°0 9°ZTE £ETZ1E £°ZIE 62 TLZ'T 005 opE‘BE Iy
0°o E"0TE £°0TE E°O0TE 9°g ¥99 00E SOL'LE HY
870 B 90t 0790 0D°90€ Z°E zLz'1 6L5 SBT'LE o
T°0 0°zog 6°TOE 6 T0E G°F £E9 £E0% 09% ‘' 9g a9
] b 962 VU967 P 967 6°Z zLL vbS 0E6' VE Jy
2] ST6BT 1 682 T°68Z L 1] Z9T 0Ok’ EE ay
£°0 9°BA7 £ 88T £°g82 g8 97 6LE DSE'ZE o
£°0 B ZBT SZ8T S ZBE D°E 96Z°1 DZ6 peez’1e Wy
(p,3uoD)
Yaa1n uworidaoag
(AADN LaFd) (aNOD3S (1333
SSVMONT | AWMA0OTA | XVMA0OA | xuonvtnoms| AIo0TaA | ey | U3 | mowvista | woraoas ssows
HLIM LOOHLIM NYAW NOT.LOES [
NOLINAZYS 30MIUNS- YHLYM AMMOOTA ADMNOS ONIAOOTA

aooTd asvd




L AHV.LNEIYL %3343 NOILd3230-233HI NOI1d3230

Viva Avmaood

(NOISIAIQ YNLISNS YASNNY LY W)

AV 'HONOHOE YNLISNS-YNSNNYLIVI

AINIOV INIWIDVYNYIW ADNIDHIWI TvHIa34

TABLE 3

¥@a1p uoridasag yjTm SoUSNTIUG) aaoqy 1984, 3BSID MOTTIM YITM Souanfjuo) aaoqy 3994,
ETO 1°£82 8 z8z B ZRZ vz 98% 00s mumm.m b |
50 E°LLE B 9L7 8 9lz Lz 961 00E mumm.h r
=l v 692 6°B9C 67892 9°g vo9 DEE mnwm.m I
Z-o AT 0°z9z 0°Z9¢ £*2 Ov1’T o009 wuhﬂ.m H
z 0 E"BSZ 1°852 1852 5°¢ T6T'1 009 Nchmhw 3
50 6°Z5Z | AT | AT 0z Z6E'T nos namﬂ.m 4
1°0 0182 67052 6052 £°¢ %9 00w Naﬂh.m q
9°0 8 LFE TTLPE L LYE B T BSH 0o¥ mcqm.n a
0" o0 SToRE S She 5 ShE 5°C 96E 0op wcah.ﬂ o
T°0 o] ¥4 P ove L4} T Pt 8LE 0o mamn,H 2|
¥'0 0°BEE 9" [EZ 9 fET 6°T S¥e oo¥ 708¢€ Y
1 Aaeynqrag

¥221] uoctidasag
oo L Lo9g L*Leg L*L9s L8 SO SET Hcﬂv.mm ra
oo E°T9% E'T9S £°19% Z°6 otr SET ﬂmmn.ﬂw Id
1] 1°L55 £L°959 L7955 6°% £29 L9z Hmmm.am HE
(1] 5°058% S 05% 5055 Lot SLY SLT aaﬂmﬁnm o4
10 L*BES 9°6ES 976ES s ot (1] L6 Hanm.mm g
0"o E°9€5 £79E% E°9ES B8 6TF EST ﬁnmmﬁmm adg
0o 6" EES 6" EES 67 E£ES 678 L 3 Zyt Huﬂq.mm ad
01 0°6T1S 0°BIS 0°81S 'Y c18 9EG ﬂumﬁ‘mm o
L0 9°z0s 6°T0S 6°T0S 9 pag &Y Hmﬁm.mm ad
T°0 698V B°98F B 98y Z°6 bEW FET ﬁoaﬁ.mm vd

(p,3uo))
¥=a1y uoijdsoag
(QADN 1334) m%aoumw : {La=a i
ASVAMONT | AVMAOOTA | AwMaoota | xworwmnomil ALISOTHS mmmmmww _HMWHL AJNVLSIO [ NOILOES SSOHD
HLIM JNOBLIM NYHW NOTIDHS
onembmmmoMMmmwmm e ANMAOOTA 40UN0S ONIAOOTd
— = == —_— - = —— =




=

€ AUVLINBIYL ¥33IHI NOILdIDIA-Z AHVLNGIHL ¥IIUD NOIL4IDIA

ViV0 AVMO00TS

AV 'HONOHOE YNLISNS VISNNY LYW

AINIDV INIWIDVNYIN ADNIDHIWI TvHIA3S

(NOISIAIG YNLISNS WNSMNY LYW)

TABLE 3

¥2a1D uorldansg YITM acuanjudy saoqy cECRS

|
| (1 8°BIE B BIE B 81E 6°¢ SOf ooz DoW’E a
S0 6"GSTE P'GT1E ¥ STE L€ YiF 00z 0LL'T |
g'0 £'E1E L STZ1E 8°E FTE £8T 010’1 g
1 9 0 ¥ O01E 87 60E 8" 60E Z's TEEZ 0sT 019 W
£ Aiejngrag
y2215 uoiidasag
T°0 E°9FE 79kt 2 OvE T 0Ly 00g OrT’ L r
9°'0 8°0EE Z 0EE £ 0EE 6° ¢ LG5 00s DeL’'S I
E'D 0°8T1E L°LTE L LTE - SFT'T Sho 0Z9'p H
00 B*ETE B*ETE B E1E N ga8F 06 0Z6’'E o
— 01 £E°T1E ETOTE £E"0TE 8 € 68E £6T 059°F a
9°0 T°LOE ST90E 590t F o A BSS 005 Doo'E dq
g0 ¥ EDE 9°Z0E 9 Z0E 18 F6es ESE 085’z a
g0 L96Z 6" 56 6" S6E 0°g PIO'T 00w 08L'T a
| 6" 0 S '06E 9°68Z 9°6BT £°S 695 S9T 089 g
v'o L*B8Z £"BBZ E" 88 8t 69 SBT 09g W
Z Lreanqrag
¥az1n uoijdadaqg
| S, S | g | an
oS " - i
ASYTHONT AMMAooTd ANMOOOTA | g o ILI T JONYLSIA NOTLOIS SS0OMD
HIIM LOOHLIM HOLYINoIY zwmw zmﬂwwmm HLOIM I
NOTIYATTE 32vSdns HALYM A
aoor1d ISy WMOOOTd AOMN0s OMIACDT4
_— —= — = —= = — =5 =




AFIHI MOTTIM

Viva Avmaoond

AV 'HONOHOE YN LISNS-YNSNNY LYW

(NOISIAIO YNLISNS-VISNNYLVI)

AINIOV INFWIDVYNYW ADNIODHIWT TvHIaT4

TABLE 3

Apnjs perielsg jo ITWTT WeaIlsumod aacqy 3]

I

L0 5°6LT B pLT 8'bLe 9°g 98L ‘T 118 OLE'ES Z
00 2192 £ 192 2192 £°g DZe“1 oog pzz'os x
0°o P 052 ¥-o0sg vrose 6°5 vE9'T ook ST1’BF X
Lo £ 6ke 9°gyz S Bhe £°9 ERS'T nst 000 ‘8t M
Z 0 SLEZE ETLZZ £ErLze S E kFGE'E too't 0oL el Fil
£°0 L*a1e vrele v 81z Z 8 9ge ' 1 ELE 0vB' 1R n
Lo Z°80Z 5 LOZ st Loz 0¥ E6F'Z £E6L 0L ‘6E 4
T°0 Z7L6T T°L6T T°L6T L°g 9L T 0ss DES ' of s
Lo 0°LBT £°981 E*9BT 9°F 9l1'e o8 OHS " bE o
9°0 STGAT 6 VBT 6 bPET Pl Z9L'Z nos 0L8 EE O
L0 E"EBT 9°ZHT 9-Z8T 6°S 0s6°T ooy 0LT'EE d
50 0°891 GUL9T STL9T L°Z SSE’S 6F9°T DZE“ L2 o
6°0 AL £°E£9T E"E£9T 9 ET BEL Gf cIZ'LE N
1°0 B-957 L 951 L°9gT 9% E91’E 6.9 06S " bE W
oo 5651 57661 S*45T 6T LLO°TT poT'e oot'ez 1
00 RS | PrSST beG6ST | 8 SELTT 000’z c8L'Ee |
S0 07251 S 18T ST1sT 3 TER' P DZ6'1 CG9'ZE iy
6°0 Foo¥T S FFT STRFT B E STE'W 009t 000’ 0z 1
D°1 SOFT SBET SBET 6°¢ 1E8'g 009’1 DRLLT H
¥ 0 LTDET E"DET ET0ET TI°F pIS'S 0oL'T OET’Z1 5
0°1 bPo¥eT FUEZT P £zl ¥z £66°9 0os -’71 0L8'a d
670 LT0ET B°BTT B'611 z°9 ZEL'Z 059 0LB'9 |
LD 9°LTT 6911 6°9TT Z°E LGE'S 009’1 OTL'F a
90 0911 PUESTT FUSTT T°€ 606'S 505°7 ooz'e D
£°0 6601 9°60T 9°60T i SEE'E 6FE 01g g
0T STROT S LOT STLO0T T°€ HER'Q 0oa’'T 0 |
HBBID MOTTIM
{OASN La94) H%%Dumm me% S
ASYAMONI | AYMOOUTd | AVMAOUT | xuonvinomy M.H,HQ.WMHWW.H ey :.EmE AINVLSIA NOILOES SS0dD
HIIM INOHLIM NYEW NOTILOAS [
i ) NSNS HAINM ANMOOOTA dJUN0S ONIADODTA

AoId Asvd




—— == — e——— = =

™

AIIHI MOTTIM (NOISIAIG VNLISNS-VRSNNY.LYI) s

MY ‘HONOHOE YNLISNS- YISNNY LYW M

i

Viva AVM0O0014 ADNIOV INIWIOVNVIN ADNIOHIWT TvHIaI4 e

m_r—uu.-um PalTEel =0 M.D H._...Emﬁh UMEa I3 SUMO0] A0y d@mv'm.ﬁ
0'0 Z-Z5h i A ] 2 Z5h B°ST 600°T EET 0LV B9 HY
00 T'6EW 1°6EP T 6EP B°ST 900°T ZET (1] 1] oy
b0 G LTF LTV z Ly 9 €T BOT'T 061 009°L9 v
00 B°LOF B L0V B LOb L°FT Sg0’T E91 01199 qy
00 8°L9E 8°L9€ 8 L9E L ET Z91°'1 £0Z OLY'z9 av
0"o S T€E SUlEg S TEE 8°FT ELD'T 65T L0’ 6S oy
oo ProZE b SZE b-SZE E°PT 869 LET 055 ‘85 Hy
00 S T0E 5 10€ S TOE z eT 818 08T 05z2°’9s Y
(P, Iua])
231D MOTTIM
(oA LEFd) m%%a%mmmm v Em%% __ —
| AU 05 = . *
ISUTONT | AVMOOOTd | AWME0OTd | xuorvinomil Lo omaad Eqmm_p_ e AONYLS IO NOILDES SSOMD
HLIM IOOHLIM NYEW NOILDAs [
HOTLYATTE ADYJHENS d1LvM ANMOOOT AOHNOS ONIUOOT

Q0014 asvd




AHVLINAIHL X33HI MOTTIM

viva AVMO0014

AV '"HONOHOE YNLISNS-YNSNNY LYW

(NOISIAIG YNLISNS YASNNYLVIN)

AINIDV LNIWIDVYNYIW ADNIDHIWI TvHIaI4

TABLE 3

H=2SID MOTTIM YITH SIUSNTIUOD SACqY 994

. 1
z°n L°SZE S SZf Ll T°ZT BZb LLT 095 ‘9¢ 5
5°0 6°0TE voOTE b-OTE L°E ZTP T 00s DBO'GE Y
T°0 1" 182 0°18Z 0" TIRZ £°p zoz'1 00% DEL ' TE 0
0" 0 LTELT L ELT LUELE 9°g £EE6 0sz DIT'TE d
00 5692 5692 C 697 6"k 1901 00s D8Z ' DE 0
zZ'0 B 65E 9°652 9" 65T A PR n&g DET'6Z N
L] B et FopGE b PSZ £°C BPS‘T nog 0bs ‘4z W
£°0 g8°9vE 5 9F7 5°9p7 3z 0T0‘? LET'T 0FL'9Z 1
1°0 B TEZ L*TEL L TEE 6°¢ 0BL'T 0L8 005 EE .|
60 vrore S pET [ T 0°E TSL'T 059 ook’ 1z r
50 ETETR 8 z1t Al 4 9 BEF'T oSy OF6'LT I
°0 [ i} {1 F b b0Z T°¥ CEZ'T 009 D59°5T H
Z°0 Z7B6T 07861 0D°B6T £°7 6TIZ'Z 009 S0Z' vl 3]
00 L E6T LTT6T LZ6T Ly Z0T'T oGk SEE'ZT d
1°0 bSRT E°G8T E*SBT 6°1 ETE'T 0os 0zZ6'o0t Ci
Z°0 FoI8T Z-181 Z°181 0D°g EER LTS 00L'6 a
00 0° 99T Dbt D ¥9T 0ot FOL T 1E6 cZl'z 2
-0 1°091 0" 09T 0D°09T T GEG'S psz'T cog'z g
L0 boGT L7661 L 6ET LT T96°¢ DSk’ T SRT'T v
Aiengrag
Y3313 MOTTIM
o, oy M py—
AYMOOKTTA WMl p e JINVISIA NOLLOES S50MD
ASYTIONT cﬂapz wbcmwwwm AAOLYINOEY wawmmma zmﬂmwwm HLATM =
NOTIWATTE HOV.IHNS HILVM - R— SSHABE ShGEE

Q00T JF5vd




—_—— —_— — —— — -
Lyr ]
SIAIY YNLISNS 3L (NOISIAIO YNLISNSYISNNY.LYW) Lt
AV ‘'HONOYHOB YNLISNS-YNSNNY LY H
YiVd AYMO0014 AONIOV INIWIOVNVW ADNIOUIWI TvHIa34 -
Apnig paTrEla] JoO ITWTT WEIIISUMN SIAOCY uw@_mH
F0 B*L6Z bTLEZ P L6T Lz L59's 650" 1 090’ 69 Z
570 0" V6E 5'E6E S"E6Z Z°E arg’'p 00T'T 060° L9 i
L0 S"BBZ a-Lez B*LBE 9z 0D6B'S CEE'T 000’ w9 b4
670 L 58T B rRZ B ¥8HE 6°T LET'® 0sep'T 056°19 M
6°0 V- EBT G Z8T S 78T z'z 9L8'y DSE'T 081’65 A
L0 E"THZ 9°08Z 9° 08T z 'z 086'9 0ZZ'T SZ0' LS n
50 0°BLE S5 LLE STLLE bz vek'g 0oT’T ooF'Es h
¥ 0 6 FLE L0 Fird S FLZ £z cZL'g ooz’'1 C6E’ B s
S0 S TLE 0" TLZ D°TLE P'E E15'¥ 000’1 GR9' L |
B0 a9z 9°L97 9°£97 £z 6Z9'9 00Z'T 05E’S¥ o]
30 b 597 B F97 8 vz 1" SZT'L 0BT'T OFT'TIF d
6°0 T 1°Z9z2 17792 D°Z T6L'L ooz't oo’ 8g s}
01 5 192 c*09Z c 09z 97T E0B'6 005° T 06L'SE N
90 £° 657 L*BSZ L*BS5E Sz 900'9 DG0° T DBS'ZE W
L0 z°LST 5 957 5957 F A DEO'L 0SE’'T 0EB 6T T
B 0 E°G52 S*F5E 5F5E T2 8Tt SOE'T DEL'LZ b}
0°T E‘¥S5Z E'E5Z E"EGT 8 zze's SEZ'T Doy’ 9z r
£E°D 9°I5Z £°15Z E"T67 57 £90'9 090'T 16’12 I
£°0 G GRT T 6hT il 1 44 L°E 6OT'¥ 0os DZL'BT H
PO 6°8%Z 5 BVE S B¥Z B°E 166°¢ DSE OBE'BT 9
E°D ETLkZ 0" L¥Z 0" LbZ BT 005’ g 09E’T 090' 5T A
Z'0 S CkT £ oye E"GkE T°E ZT6'¥ 062 0B8’' 01 q
S0 T-ZhZ 9 ThZ 9 ThZ 1°5 ZIn't 00E 9L’ 0T a
L0 VeLEE L*9EE L™9ET 6T S66° L ovT'z DLD'9 ]
(A} B TET b-ZEe VTEZ Dt L' L pov'z 0Zs' 1 g
G0 0°TEZ S DET S*0EE Dz BEL'L 059'T 0 L
I3ATYH
PUJTENG 2T3IATT
(OASN LA34) (aNODAS ,Emmm
ASVRUONT | AVMAOOT | xwMA0OTA | xworvtnoml Riioorss hmmﬂﬁ.,m_ ﬂ_.,_ﬂmm__u_ AONVLISIQ | NOTLOAS SSOHD
HLIM INOHLIM NYaW NOI1Das I
NOILYATTE FDVJUNS MAIYM
Aoo1d 3svg AVMAOOTA dAJHENOS DNIOOTA
—= = == = — —




H3AIH YNLISNS 371001

V1vV0 AVMa0014

xi.IwﬂcmnmqZFE§W€tm:Z¢F(E

(NOISIAIQ YNLISNS-WISNNV.LYI)

AINIOV LNIWIDVNYW ADNIOHIWI TvHIaT4

TABLE 3

Apnis parTe3lsq jo 31wl wesilsumog 2ACY 3284

T

60 6°08€ D" 0BE 0" 08t 6V BIS'Z DED SB6'TTT A
¥°0 8 9.LE P-9LE P 9LE g5 £11'Z 0Z0'T G50'0TT iV
A T ELE 6'CLE 6 CLE S f BFS‘c 0T0'T 090’ 60T Xy
0o 0°89¢ 0'85¢ 0-89¢ S ¥ geL'e 090t OFE'LOT MY
0o L E9E L E9E L E9¢E 52 £9g'y ove’'1 0so’g0t AY
0" o L g9t LT E9E L E9E 9 1 £E18'L Zep’'Z SEB'SOT ny
0o 0" €£9¢ 0°£9¢ 0*E9f = S6T°8 Pib'e DET' 50T Iv
n*o 6" 09 6°09¢ 6°09¢ Bz 6ZE'Y 8652 019'%01 5Y
0o 8 LSE BTLSE BLSE 61 LE9'9 £E00'E OLBEOT uv
0o b LSE b LSE b LSE £°1 boZ'6 60E‘E OFE'EOT O
00 E"G5E E"GSE E"G5E L9 LEB'T ¥s¥'e SPT'E0T d¥
0°0 0" 6FE 0" 6FE 0" 6PE V6 SOE'T S9L°T 065°T0T oy
9°0 Z'9%E 9°GFE 9 GhE LT 90T'L SkE'T 55566 NY
) T°ZvE STI¥E CTTvE D°g Z50'y DG5°T SET'LE Wy
vo0 8'9tE ¥ 9EE ¥TO9EE Z'Z viG'S 0sT'1 0T6°'¥6 v
570 9 1£E 1°1EE T TIEE £°E 8v0’'¥ 080°T 060°'T6 v
B0 G LZE L*9ZE L"9ZE 672 999'y 00E'1 ove’ee '
g0 B PZE 0" ¥Ze 0" FZE 0°Z 0159 LEE'T G19'9g Iv
£°0 0°6TE L*8TE L*BIE 0°s TL9'2 g9t S HY
£°0 £7Z1¢ 0°21€ 0°Z1E 9y vog‘e SL8 EBT'T8 ov
5°0 1°11¢E 9°01E 97 0TE 81 Dgs'L 0FT'T o9t'oRm AY
9°0 0D°TTE PT0TE ¥ O1E 0"z ovL’s 00Z'T S0’ 08 ay
B 0 60t b B0E ¥-BOE 9°z Syo's 0o0T'T 009°8L av
LD 9°90¢f 6°S0E 6°50¢€ 81 VEL'L 06z’ T 0I6'5L o
£°0 Z voE 6°E0E 6'EOE B ¢ £86'¥ 090°1 069°E4 gy
E°D 1°00€ 8662 B 667 Z°T 62E'9 0901 0gL'0L WY

(py3u0D) I8ATH

BUITSNS 3T3IITT

T m%wmmm%mw mmmmmwv (1Fd4)
AdmMi & | MO0 . JONYLSTIO HOILOAS SSOHD
ASYAHONT m_._.mm_g ___,HH om._.th AHOLYINOTY Ew..num.mm: zc_qh..wﬁm . HIAIM 2
NOIIYVATTI dAOVJdNS HALYM
e AYMODOTA 404UN05 HNTO0OTI
== = == — = — — —




— — _— — e
J
HIAIH VNLISAS F1LLIN (NOISIAIQ YMLISNS VISNNY.LYW) tad
AV ‘HONOHOH YNLISNS-VISNNY LYW m..
c._.qn hct_noc: AINIOV LNFWIDVYNYIN ADNIOHIWI T¥Y3Ig34 u
Apnis psrielag Jo 3 TWITT WeaIlsumog aA0DqY ummmH
50 SGLE 0-SLy 0°SL¥ € 8it'e SET’1 SBYYGET zd
0"t Z°69F Z 89¢% Z°89% '€ LEE'E GZ0'T STE'BET iH
6°0 L E9Y B Z9v B Z9% £°€ BET'E 0sL GZ6°OFET xd
E°D 0" 8BSk L™LGP LTLSY S ¥ SIE‘Z (i) SF9'SET M
(] S IGF S ISk S 1Sh 8 ¥ BFE'Z 0i6 STT' FET Ad
00 0" 6vF 0" 6b¥ 0" 6kb S E E09'T 6FF 09Z'EET ng
00 Vi Liby VOLRE boLvE 0°€E SHB'T oSt DBZ'ZET L
0o T LY 2 Lyl AN 4 E°¢ Fep'e ov8 090°'ZET 24 |
D°0 Voopy 1 A127 bTovy 9°c 65S°T Bsi SE8°TET e
1°0 Z°0FF 1° 0¥ T°0F¥ 10T nss 0ET SEF DET (o]
T°0 T LEY T LEY T LEY 5°g 120'1 091 SED'RZT dd
0o 0" bER 0 VEF 0°vED 8L 91L S6T SET'BZT 0z
o-o 0°0ZF 0° 62V 0°BEF P01 SES 00T 06T LZT N
00 9 EZF 9 Lk 9 EZd 9°ZT 14 96 0TS 97T wa
0o Z 0TV Z 0ZF 2 0ZV D'8 L6Y 16 DZ9'SZT 1
00 261k Z°61F Z°6TF f A+ 6L6 0oz S60°'GZT Nd
0" o 2 8T¥ £ BTV 781V 8z L96'E CEL'T (TASE T4 | rd
0" 0 LTETH L ETH L ETH V' ZI ZLL 60T CSo'pET 14
00 FOETE FETF PETE Z°9 0sg'1 A A DLB'EZT HE
00 B ZTY 6 TTH 6 ZTH 8y 231 099 O¥Z'EZT od
a-o 6°50F 6" S0k 6" 50F 521 oLL SoT 098171 ad
-0 boTOV Z°10F Z 10V B*Z BYOD' ¥ 6¥6"' 1 SRO‘0ZT a4
00 b 96E b 96L b 96€ L9 5Z8'T 9.9 SEE'BIT adg
S0 € ZhE L T6E L T6E 8-z SOp' b 066 TR o"
00 T 9BE T 98E £98E 08 986’ T A4 SBE'PTT a4
10 6 THE 8°T8HE B THE 5°% EvZ'E 1-7 D0z ETT vd
(p,3ucy) 1aary
BUJITSNS 873317
{IATY, dag) m%%o%%mm& wmmw.%_._m% ) (L3a4)
AMMOOOT | A¥MOOOTA " g AONYLSIA NOTLOSS SS0¥9
ASYIHONT A E.._..ﬁ.m_:ﬂz LHOLYTNOEH Ewmmw.m: zoﬂ,w.muwm HILAIM I
HOTLYATTI aovddans HALYM
P AVMOCKYTA HOHNOS DN




HIAIK YNLISNS 370N (NOISIAIG WNLISNS YUSNNY LVIN) ”
ANV ‘HONOYHO8 YNLISNS- VISNNY LYW -
[+ =]
Yiva AVYMO0014 AINIOV LNIWIOVNVIN ADNIOHIWI T¥HIaI4 o _
|
Apn3s parrelag Jo JTWTT WeaIFsumol] SaA00y gmmmﬁ
0o _ 1°L19 T*LT9 T LT9 6 T SCF' R oov'e STL'HOT bt _
n'o £°609 £ 609 £°609 Ly opB’ T D0s' 1 SPB'EST ta]
0°0 9°Z09 9 709 9 709 ot 091’2 ooR 086291 X2 |
0o L*LBS L LB L LES 6'1 991G b g’z RZT'79T MO
0°0 6565 57665 5°565 £ 868'T oo0‘e 0EV 19T AD 1
0o vCLBS FeLBs vLes T'f SEE'T BOD*Z 0FS 09T no
oo E'eas E*ERS E"£8S 0°TT T6E 00z G99°65T LD
00 9°94G 9°9/% 9915 56 ZGh o1t S56°BST 82 1
n*o B OLS B OLS B OLS I'6 oLl nse 0Lo’est HD
0" 0 Z E9% £ E95 27 E95 £°01 aTh 007 DO’ LT do
00 67095 6095 6° 095 D"t cT19 6ET LTt | do |
270 S 1 £ bss £7b5g 9" BIL DsE Sob'5eT 0o
6°0 2 BkS E°LkS £ LbS E°F EPB'T noL OTT'#51 ND
PO LT THS E°ThS E°TFS 9°7 FR9°T 169 0sp‘zZeT o 1
9°0 S REG 6" LES 6°LES E*T TO06'T nog 0ZE'ZST 10
0°0 L"SES LTGES LUGES 'R 6 TLT STB'TST > ()
B0 GTEES LTZES L'EES 62 GL6'E oF i GO9£’ 16T ro |
£°0 1°L25 87975 B"9Z¢ s O6E'Z Doo't SH6 AT 12
6°0 9°0Z§ L 6TS L BTG £ v’z S6h D65 BFT HD
£n 9° 975 E°9T% E£°91%S 6L 16977 00T’ 1 SR LET %] |
Z°0 0D° 0TS B HOG B 605 i BLE'T Sof 0LT'9pT 40
z°0 LTE0G 5 Z0S S 70S L5 [EB'T 0E9 SER' PRI o)
9°0 8 96% Z'96¢ Z 96k £ PZh'E 0z 8 SOS EbT an 1
Z'0 L Z Zeb 776k il 00Gs*E 0zo'1 0F9 ' Z¢T o0
6°0 9 LAY L 98Y L 98F E°E FPOT'E 086 STR'THT 2 fa]
DT 0"z 0 18t 0 18% T°E 12tv'¢ 0921 0LL OFT " f4]
(p,3uod} Jaaty
BU3TSNG BTI3TT
(AN 1ET3d) Lﬁzoumm [ REEE]
ASYAMONI | AVMOOOTA | A¥MA0OTS | avouvinoms mmmnmmwmu mmmmmww wmmwﬁ HONV.LSTO NOT.LOAS 5S040
HLIM LOOHLIM NYAW NMOT LS 1
NOTILVMAATS FOVAANS H2L0M
AYMOCOTA dIHN0OS OWNIAdor1d

doold dSvd




£ MOT4 LITdS HIAIH YNLISNS 37011 (NOISIAIG ¥NLISNS ¥NSNNYLYI)

AY 'HONOHOE YNLISNS-YISNNY LYW

ViVO AVMO00T4 AINIOV INIWIDVNYIN ADNIOHIWI TVHIOT 4

ABATH BUFTSNS S1IITT YITM SoUBOTIUOD aadqy EEER

0o 6 E65 6 E6S 6 EBS A apE’l 0S6 088’6 T
0o 9" GRS 9°6EG 9°685 £°E FEZT 16 0FZ'6 b
00 67985 6985 6985 9°f FRT'T oFL n19‘s r
0°0 £°085 L 08s L*DAg 9% 9z 6 o089 096° ¢ I
00 §°9.5 5795 T TR 9°7 0g9’'T 020’1 cBZ'L H
D0 9°0LS 9°0/L5% 9°0LS 5 % LYE'T aT# 5159 )
B'D £°195 £°99¢g 57996 LTg EBS'T nE9 StL's |
0o L7555 L"555 L7555 i ELTT STk orZ' b q
30 0 6FS b BES b RYS Bz BYS T nak 0v6’Z a
"0 S ZWS A s | d 4 £°S T18 (1] 19 DRE’T o]
z°0 Le0kS S 0bs STORS B F TET'T DEE 592°'1 d
L0 E"9f5 9°GEG 9°GES T°F BRO'T 0z9 (i1 Y
£ #oTa 311ds
umr..,..n H
BUJTSNS 3T3317
A4
(ARON, da31) L%mmmmwmu mww:am_ (L33d) | o vista NOILDES SSOHD
ASWAYONT | AWMOOOTE | AWMOOOTd | xyorvinomu| ALIHonaa WM HLaOiM T
HLIM LNOHLIM NYAW NOILDAS .|
NOTI¥AZ'TI GOYUNS HILYM ANMIOOTA AOMOOS ONIA0OTd

aooTd gsvd

TABLE 3




=z = — —== = — = =5 —
™
HIAIM VNLISNS 37LL17 ,INOISIAIO YNLISNS-VISNNVLYW) Las
V¥ ‘HDNoOHo# VNLISNS VISNNV.LIYW nlh
YiVQ AYMO00T4 AINIOV LNIWIOVNYIN ADNIOHINT TvHIAT4 —
ApN3is parIeiag Jo 3TWTT WelIISUMO INOAY uwth
D0 L"BSL L BGL Lra5L T°11 ¥69 LaT DLV 'BLT 2a
o0 6°TSL 6'T5L 6°ZSL 6 LER 8ze SET'BLT Ad
0o L 9%L L9FL L79k) fih g neL P6Z S69RLT Xa
0o L79kL L 9L L79%L L°0T 0zL PET 59Z'8LT ma
00 ST 9ff S'9EL S 9/ 0t L¥6'T BOL STO'8LT Ad
0o EPEL E"bEL E*PEL 9°f £EpT’E 906 DLL LLT na
00 E'9ZL E"9ZL £°97¢ L DTL'T 0oL 0L6°94T 14
00 S BTL S RTL S°8TL 6°F 9G5°1 009 DOP 9L 5a
00 T°01L T°0TL T°0TL Bz £E0L'Z nGe SIBGLT Ha
00 6 EOL 6 E£0L 6°E0L £°E BIE'E 000t 052'SLT &a
0°0 9°669 9 669 9°669 Lz gze'z 00E'T 066 ° LT da
[y Jl1] 6 569 6 569 67569 B Z | F N 06Z°'T GO9S LT od
00 L 169 L 169 L T69 YT LYT'E DRA'T 0TZ'¥LT Na
(1 1] T LBY Z'LB9 Z°LB9 z°t Tor‘z D09 ‘T 0LB'ELT Wl
0o 0D-189 0*189 D°TA9 9°f 6ST'T 0sz'1 STT'ELT Ta
0o T vL9 1°FLY T°¥L9 Z's SLFT Dsgg 009'2LT ¥a
(1] S 0L9 S°0L9 S DLY L°v BE9'T nos D0E'ZLT ra
00 07599 0D°999 0°999 bt osz'z ozo D86 TLT 1d
0°0 L LS9 L°LS9 L7159 6°F L8511 05F STT'TLT HO
(i) 6°159 6°T59 6 159 0" ¢ Lge’'z nos SPZ'OLT od
0o B L¥9 8 L¥9 B L¥9 S 1 L9z'g 008’1 595691 4d
0o B ¥E9 B FF9 B PF9 G E 9LT'e 009°1 S06°'89T e (1]
0o 1°9€9 1°9£9 1°9€9 D"z STZ'F 0Z5°1 0Lo‘gat aa
00 0°Z€9 0°ZE9 0°ZE9 0°z ZEZ'W 0¥9°Z 0£Z’ L9T oa
oo 67979 6°9Z9 67979 9°Z 597'¢ ov0‘T S0P 99T {a
0°0 0°ZZ9 0°ZZ9 0°zezg Lz TGT'E 0oD'1 DT9°69T va
{P,3UcD) Iaatw
BU3TSNS ATI3ITT
e i R -
AVMa d : JINVISIa NOTIOES S504D
ASYEMONI =smmgm mhmmmmw AHOLYTNOEY mhmeﬂw: zmmmwmm HIaM L
zcmpquMMGMW¢MM“m . ANMIOOTA ADUNOS ONIAOOTd
—== — =5 == — — — T _— — == =




£ MOT4 1INdS—H3IAIH YNLISNS ITLLIT-L MOTd LIT4S—HIAIH YNLISAS 370017

VIVO AVYMO0014

MV 'HONOHOE8 YNLISNS-VISNNV LYW

AJINIOV LNIWIDVNYIN AINIDHIWT TvHIATS

(NOISIAIQ YNLISNS- YISNNVLVI)

TABLE 3

IaaTy BUITSNS a73317 YITM 30UBNTIUOD 2ADQY 3994

!

0w ETEFE EHFF 6 8FF EF EEE"T oLy STLET (a]
00 ST gkl S 8kF S BbE 0z LEB'E 0z 8 SLVET d
0°o A 2 0" LEP 0" Lb¥ vz Sop'z FET'1 0z9'zT (o}
0o L'Ebp S'FFF ST hhE "1 gEZ'g SEZT'T 06F°Z1 N
00 L Zhb L Toy LU TeD 67 §66°T nog CE6'TI W
50 £'BEF b-8Ed b BEY 8-z YiT'e oo9 OTT'11 |
z°0 9°9f B Oty b9EF 1% 6IT'T 00s 095° 07 b
PO STEEE | T ZEP Z°f S6L'T oog D8L'6 r
0T B etk B LTV 8 LTy 82 Del'Z 0z9 0se’g 1
0°1 k4 A A P EZE 6'E Z9v’1 Dok SEO'L H
-0 £ 0EP Z 0Tk Z0Z¥ L2 151°'2 oSt pzL's 5
0o T*8TF 1°8TFk 1°8TF 677 SEe'E TEL' 1 DES*'p E|
0°0 T°BIV 181 T81F 62 5G6°E 91§ 0LO0'F 4
00 PoLTW ViLTE PrLTY E°T | & s ELL ORB'E a
00 0PIk 0" FTk 0" %i¥ L*T 9z0'1 516 0ZR'¢ o
0°0 Z°Lop 2 Lov 2 LY 1 6SF T POT’'T ogz’z |
0 v 10V Z'10% Z 10% B'E BYO'¥ BFE'T ozt W
Z MoTd 3171dsg
Iaaty
BUJTSTNE 373317
0" o L ESE L E9E L'EQE g T ETIB' L ZRY'Z ooe’T q
(1] 0*£9¢ 0'£9g 0 E9¢ g 1 SGET' 8 Viv'e 0s5° T a
00 6°09¢ 6 09F 6 09¢ Bz 6ZE'F BGG'E 0ST'T D
0o B*LGE B°LSE B*LGE 6°1 LEG'9 EQD’E 009 i
(1] b°LSE b-LSE b-LGE £°7 Faz's BOE'E ooe L
[ moTd 317ds
1aaTy
BU3TSOE ST3317
(OADH L) m%%oumm ﬂ&mmm. ——
SVRIONI | AVMOOULd | A¥MU00TA | aworwinomu| ALISGTAA mmmmmwy hiaiw | S°NYISIA [ Noraoas ssowd
HLIM LNOHLIM NYAW HOTLDES [
NOILYATTA aoV4dns HALYM
AYMOOOTA AMN0S ONTO00T

o074 45Vl




the floodways go from meander to meander rather than attempt to
fellow the stream.

As shown on the Flood Boundary and Floodway Map (Exhibit 2), the
floodway widths were determined at cross sections; between cross
sections, the boundaries were interpolated. 1In cases where the
boundaries of the floodway and the 100-year flood are either close
together or collinear, only the floodway boundary has been shown.

The area between the floodway and the boundary of the l00=year
flood is termed the floodway fringe. The floodway fringe thus
Bncompasses the portion of the flood plain that could be completely
obstructed withaout increasing the water-surface elevation of the
100-year flood more than 1.0 foot at any peint. Typical relation-
ships between the floodway and the floodway fringe and their signif-
icance to flood pPlain development are shown in Figure 2,

|I_= 100.¥EA&AR FLOOD PL&AIN —;1|
FLOODWAY FLOODWA Y
Fe— ] E DWW aAY —_——
FRINGE LOCDWA * Fringe ™
STREAM
CHAMMNEL

FLOOD ELEVATION WHEN
CONFINED WITHIN FLOODwWAY

ENCROACHMEMNT EMNCROACHMENT
= e ) - B

e
SURCHARGE® g

———— e ——— - 2 a
L ]

AREA OF FLOOD PLAIN THAT COULD
BE USED FOR DEVELDPMENT g
RAISING GAROUND

LOOD ELEVATION
EFORE ENCACACHMENT
NFEFLOOD PLAIN

F
a8
o
LINE AB IS THE FLOOD ELEVATION BEFORE EMNCAQACHMENT
LINE CD I5 THE FLOOD ELEVATION AFTER ENCROACHMEMNT,
"SURCHARAGE ISNOT TOEXCEED 1.0 FQOT (FEMA REQUIREMENT| OR LESSER AMOUNT |F SPECIFIER BY STATE

Figure 2. Floodway Schematic

5.0 INSURANCE APPLICATION

In order to establish actuarial insurance rates; the Federal Emergency
Management Agency has developed a process to transform the data from the
engineering study into flood insurance criteria. This Process includes
the determination of reaches, Flood Hazard Factors, and flood insurance
zone designations for each flooding source studied in detail affecting
Matanuska-Susitna Borough,



5.2

Reach Determinations

Reaches are defined as lengths of watercourses having relatively
the same flood hazard, based on the average weighted difference in
water-surface elevations between the 10- and 100-year floods. This
difference does not have a variation greater than that indicated

in the following table for more than 20 percent of the reach:

Average Difference Between

10- and l00-Year Floods Variation
Less than 2 feet 0.5 foot
2 to 7 feet 1.0 foot
7.1 to 12 feet 2.0 feet
More than 12 feet 3.0 feet

The locations of the reaches determined for the flooding sources
of Matanuska-Susitna Borough are shown on the Flood Profiles
{(Exhibit 1) and summarized in Table 4.

Flood Hazard Factors

The Flood Hazard Factor (FHF) is the Federal Emergency Management
Agency device used to correlate flood information with insurance
rate tables. Correlations between property damage from floods and
their FHF are used to set actuarial insurance premium rate tables
based on FHFs from 005 to 200.

The FHF for a reach is the average weighted difference between the
10- and 100-year flood water-surface elevations expressed to the
nearest one-half foot, and shown as a three-digit code. For example,
if the difference between water-surface elevations of the 10- and
100-year floeds is 0.7 foot, the FHF is 00S: if the difference is

1.4 feet, the FHF is 015; if the difference is 5.0 feet, the FHF

is 050. When the difference between the 10- and 100-year water-
surface elevations is greater than 10.0 feet, accuracy for the FHF

is to the nearest foot,

Flood Insurance Zones

After the determination of reaches and their respective FHFs, the
entire unincorporated area of Matanuska-Susitna Borough was divided
into zones, each having a specific flood potential or hazard. Each
zone was assigned one of the following flood insurance zone
designations:

Zone A: Special Flood Hazard Areas inundated by
the l00-year flood, determined by
approximate methods; no base flood
elevations shown or FHFs determined.

%]
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Zones Al through AS Special Flood Hazard Areas inundated by
- and A7: the 100-year flood, determined by detailed
methods; base flood elevations shown,
and zones subdivided acecording to FHFs.

Zone B: Areas between the Special Flood Hazard
Areas and the limits of the 500-year
flood, including areas of the 500-year
flood plain that are protected from the
100-year flood by dike, levee, or other
water-control structure; also areas
subject to certain types of 100-year
shallow flooding where depths are less
than 1.0 foot; and areas subject to
100-year flooding from sources with
drainage areas less than 1 square mile.
Zone B is not subdivided,

Zone C: Areas of minimal flooding.
Zone D: Areas of undetermined, but possible
flood hazard.

The flood elevation differences, FHFs, flood insurance zones , and
base flood elevations for each flooding source studied in detail
in the community are summarized in Table 4.

5.4 Flood Insurance Rate Map Description

The Flood Insurance Rate Map for Matanuska-Susitna Borough is, for
insurance purposes, the principal result of the Flood Insurance
Study. This map (published separately) contains the official
delineation of flood insurance zones and base flood elevation lines.
Base flood elevation lines show the locations of the expected whole-
foot water-surface elevations of the base (100-year) flood. This
map is developed in accordance with the latest flood insurance map
preparation guidelines published by the Federal Emergency Management

Agency.

OTHER STUDIES

The U.S. Soil Conservation Service has prepared three Flood Hazard Studies,
two Flood Plain Management Studies and a Flood Plain Inventory Report

for various streams in Matanuska-Susitna Borough (References 11 through 16).
These reports were the sources of some of the approximate flood boundaries
presented in this study.

The Expanded Flood Plain Information Study for Willow, Alaska (Refer-—
ence 17) utilized the same hydrologic and hydraulic procedures; however,
through the use of spatial analysis, it reported the effects of flooding
and development on the environment and considered the effects of evacua-
tion, floodproofing, and zoning on existing conditions in the year 2000.
This study is in agreement with the Flood Plain Information Study.
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7.0

A Flood Insurance Study has been prepared for the Municipality of Anchorage
(Reference 18), This Study is in agreement with the Anchorage Flood
Insurance Study. Flood Hazard Boundary Maps have heen prepared for the
unincorporated areas of Matanuska-Susitna Borough and the City of Palmer
(References 9 and 10). Due to the more detailed nature of this study,

it supersedes the Flood Hazard Boundary Maps.

This study is authoritative for the purposes of the National Flocod Insur-

ance Program; data presented herein either Supersede or are compatible
with all previous determinations.

LOCATION OF DATA

Information concerning the pertinent data used in the bPreparation of
this study can be obtained by contacting the Federal Emergency
Management Agency, Mitigation Division, Federal Regional Center;

130 228th sStreet, sw, Bothell, Washington 98021-973&.
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WISTON DESCR ]

This sectien has been added to provide information regarding significant
revisions made since the original Fleed Insurance Study was printed.
Future revisions may be made that do not result in the republishing of
the Flocd Insurance Study report. To assure that any user is aware cof
all revisions, 1t is advisable to contact the community repository &f
flocd-hazard data located at Matanuska-Susitna Borough, Code Compliance,
350 East Dahlia Avenue, Falmer; Alaska $9645.

9,1 First Revision

This restudy was revised on ¢ Lo show
modifications teo the flood hazards caused by overflow water from
the Talkeetna River within peortions of the community of Talkeetna.
The Talkeetna River Overflow was modeled along the north
embankment of the Alaska Railroad from the east bank of the
Talkeetna River to the Talkeetna Spur Highway, approximately 1.4
miles downstream.

The hydrolegic and hydraulic analyses for this revision werse
performed by the U.3, Army Corps of Engineers (USARCE), Alaska
District, for the Federal Emergency Management Agency, under
interagency Rgreement Mo. EMW-95-E-475%. This work was completed
in October 19%6. The hydraulic analysis was revised by the USACE,
Rlaska District, to reflect recent landscape changes and to
incorporate existing berms. This revised analysis was completed
aon March 16, 1299,

The results of this revision were reviewsd at a final Consultation
Coordination Officer meeting held on , and
attended by representatives of

All problems raised at that meeting have been addressed in Chis
restudy.

The abutments of the Alaska Railrcad bridge over the Talkestna
RBiver constrict the flew of the river causing upstream floodwaters
to overflew to the east. This cverflow is conveyed hetween an
embankment to the south, which elevates the railreoad approach te
the bridge, and higher ground teo the north. The floodwaters
eventually flow over a low section of the railroad embankment and
into the Susitna River. The USACE report entitled “Flood Flain
Information, Talkeetna River - Susitna River - Chulitna Riwver,
Talkeetna, RAlaska” (Reference 22) provided a 100-year-flood ceak
discharge of 97,000 :cfs for the Talkeetna River at its mouth. An
overflow discharge of 7,000 cfs was calculated through a balancing
of energy grade lines immediately upstream of the bridge in
hydraulic models of the Talkeetna River and the Talkeetna River
Overflow,
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Cross sections for the hydraulic medel eof the Talksetna River
Overflow were field surveyed by the USACE. Additional spot
elevations were provided by the USACE for use in interpolating
floocd plain boundaries between cross sections. Water—surface
elevations for the 100-year flood were computed using Version 1.1
of the USACE HEC-RAS computer program {(Reference 23). Two 3-foot-
diameter culverts are modeled under Talkeetna Spur Highway. These
culverts do not convey the entire 7,000 cfs flow; thus,
flocdwaters weir over the road. Roughness values were chosen
hased on field ocbservations and ranged from 0.035 to 0.100.

Table 2, “Summary of Discharges,” and Exhibit 1, “Flood Profiles,”
were alsc revised to reflect changes as a result of the restudy,
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