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PREFACE

Every river, stream, lake, anc other body of water has a flood plain
- generally a low, flat ares, asojacent to the water, which |t Flooded
during Limes of high water. Flooding of these areas causes little damage
under natuyral conditions. In fact, the natural envirgnment of these
floow plains s dependant on periogic flocding for its continued exist-
ence. Unfortunately, the fertile soil, Tlat slopes, nearpess to water,
natural beauty, and other attributes usually associated with Floud plains
have historically attracted man atd his developments. Flood losses begin
to occur when these deve lopments, namely streets, nomes, businesses,
industrial complexes, etc., are tuilt 1n the flood plain, Unt vl
recant ly, flooding problems were usually ignored unti1l damages hocame
significant and ipcreasing prestures resulted in 2ngingering projects,
such as dams and levees, to control the flooding. Such “flood contral®
measurés, Lhough tney have provided some relief, are not without digad-
vantages. They are expensive, uwiually provide only partial protection,
and in many cases, nave environmental drawbacks.

In recent years a new concepl, known as Flood Plain Management (FPM),
hys evolved, Hather Uhan trying Lo contetl Flooding, itself an act of
nature, FPM attempts to manage the activities of man to the extent that
exposure to flogd hazards s minimized., [arly emphacls under this con-
cept focused on delineating flood hazard areas and regulating their use
through tne adoptiorn of State and local regulatiaes, such as  Zoning
grdinances, subdivision regulations, anma oulléing codes. Much flpoo
plain informat (on has been developed under this spproach, and in & few
years most communitias will nave detailed information concerning flood
levels, floed plain areas, flocdways., and ather hydrologic aspects of
their flood plains for “existing" conditians.

Delineation of the flood plain and esgoption of flood pléin regula-
tions are the First steps in solving fyture floga problems, but many
pther questions must e answered pefore comprehentive Floon Plain
Management becomes 3 e2ality,

Flogd plafn information based on “existing" corditions omits the
pussible impact that future development in the watershed has on flpod
characteristics. Thisz study considered & 1978 zxisting land use condi-
tion ang Tuture Tand use conditions, with and without % new capital
city. The future Tand uses are represented Dy conceptional zoning maps
which do not represspt explicit demsnd at & given point in time or
detailed locationz] decisions. The results of this study inoicate that
the future land uses in the Willow Creek Dasin will increase the fre-
guency and the depth of Flooding. Encroachment pn the {lood plain will
also increase flond stages and flpod damages. Future flood damages can
be reduces, however, if Future construction allows for the hydeologic
effects of that develppment, Similarly, land use changes, both on and
off the flood plain, may also zffect weler quality and create other



adverse enyirpnmental effects, These ana other probiems concerning the
effects of land use changes on the flood plain must be considered ir a
comprehensive flood plain management program.  Although generalized
trends may be apparent, wise decistans cannot be tade until detailed
evaluatinns are available for specific areas. What works in one area may
not work in anpther.

This FExpanded Flood Plain Information Stady for the Willow Creek
Basin is designed to provide a basis for suth a comprehensive program.
The study defines the hydrologic, economic, and envirormental factors for
existing conditipns and evaluates the affects of future changes, both on
and off the flood ptlan. It also makes avarlanle to State and local
planning afficiale a computerized planning tool that can be used lo
ovaluate Lhe impact of changos in Tand bse that mignt he proposed.

Thig study was undertaken at the veguest of the Alaska [epartment of
Natlira) Resources. It was Orepared by the Alaska District, Corps of
Engineers, under continuling sutharity provided In Section 206 of the 1960
Flood Control Act as amended.
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EXECUTIVE SUMMARY

The purpose ot this Willow Creek Expanged 7lood Plaim information
Heport 15 to provige information to serve as a decision framewark for
State and Tocal officials relative to the wmplicat ions of land use change
on threg major areas of congern. These argas are:

I. EBasic Flpeg Hazarg [nformalion
2. General Flood Damage Potential
3. Enwironmental Constderat fons

These areas of foncern were addreessed for an existing (1978) land use
gonditiogn and two assumed future land use canatttons that are hased op
fnput from the State of Alaska and the Matanuska-Swusitaa Borough. Throe
Flood plain requlatory policies were also évaluated to detormine their
affects on the future tlood damage potential,

The study serves ta estanlisn 2 hase for future planning activities
i the Willow Creek area. A dola managemenl and Cemfireohensive analysis
system was developec for this ares, allowing the Alaska Disteter, Corps
of Epginpers, g provide cerprdhepsive planning  gscistance o Lhe
Matanuska-Susitna Borough 2ne the State of Alaska 1n decisiens ralated Lo
flopd plain managpment. The system, however, ts not Dimfted to o [ood
plain managesent 2a<pects but ¢ alse capeble of adarescing many ather
aspects of Water Resource Planning, providing & valuable tool fpr
Humerous pianning furctions.

The analyszs unoertaken during thie study centersd gn the use of 4
computerized gria ceil ga2ts bank conta2ining spatially specific aasta.
This odata bank was actcessed by & system of compuler Drograms To acoom-
plish the desired types of analyses ana provice information to State and
Borpugh offictals.

The most significant fingings of these analyses amd evaluations for
the three are3s of concérrn are presentad gn the following pages.

SIGNIFICANT FLOOD HAZARD INFORMATION FINDINGS

1. Approsimateiy 3,900 acres are in the 1978, existing condition
100- year freguency flood plain of the Willow Creek study area.

¢. Future urbanizatron tn the study ares will increase the number of
acres Tlooged by Increasing peak Tlgod flows and depths of flooding. The
increases in peak flows depend on the character and size of development,
location of development, satl types, and size of the drainage area.



3. Increases in flood depths depend on the change fn flooa flows,
the channel siope, and the degrse of urbanization. The more significant
tncreases in fliogg depins, due o inCredsed development, occurred in
small drainage aress.

SIGNIFICANT FLOOD DAMAGE EVALUATION FINDINGS

1. Flood damage potential edists in the Wiliow Creek basin for the
land use conditdons existing tn 1978 [1.5 percent of the Willow Creek
watershed 18 developed).

i $1,233,700 {n flooa domages can he eapected it 4 Mll-year
frequentcy (1 percent chance sach year) floocd shoult ocour.

b. $625.700 in flpod vemages can be eapected on an average annual
basis. Thnig does not mean that tnis amount of n ¥lood damages will be
exporienced every year, but 1t 15 an annaal average aver a long period of
L ime.

2. Flood damsges will tncrease for future conditians {F  uncon-
wirained flood plath Qevelopmsnt occurs.

4. Develjopment exfsting In Lhe flood platn will Ne shbject Lo
greater lood damages hecause fulure development wil1 lead to increased
f lood depths,

.  Some existing (1978} structures with tnelr first floer at or
abibve the caliulates leyel of the 00-year flood, based on existing
condit fons, will sustain damsges n 4 Future flood of that magnitude |f
they are not elevated ac floca-proofed to compensate for intreased flood
level¢ raused by new déve lopment upstream.

€. MNew structures, built outside the 100-year floou plain nasea on
gxisting conditions, will sustain damages in fulture floods of that magni-
tude because of increased f loog oepths caused by new upstream development.

3. Average annual flood damages will incr2ase to $2,371,800 for the
future land use condition kitnout the new capital <ity (3.6 percent of
Willow Creek watershed it developed) If this future land use pattern is
allowed to occur without any policy restrictions on the location or
glevation of new gdeyelgpmenti.

1, Ayerage annual damages will Turther fincrease to $4,403,800 for
the future land use conaition witn the new capital city (12,3 percent of
Willbw Creek watershes is developed) {r this future land use pattern is
allowed to fully develop without any palicy restrictions on the location
or elevation of the new development.

5. Increases in flooo damages, from the existing or hase conditions,
will be significantly reduced if policy resteictions on the location and
elevatipn pf asw development gre Implemented.

Ty



-

a. Significant reductions of flood damages can e expected if Lhe
finished floor of al) new structures 35 reguired to be pliaced at or above
the lavel of the 100-pesr flhod based on extsting conditions. However,
flood damages will stiil poccur to some of the new structures hecause the
additinnal davelapment will result in greater rainfall-runoff volumes, 1o
some of the smaller subbasins, thersby increasing flood depths for the
100-year flood in these areas.

b. The floodway concept of regulating future development 1% the most
effective policy of the three analyzed for reducing future damages with
tncreasting  watérsheg deyelopmenl,  [New strucluras prohibiled with a
central zong of the 100-year flood plain but persitted in the [ringe area
as long as finished floors are 1 foot abave the level of the H0-year
flood, calculated hased on existing conditions,)

ENVIRONMENTAL CONSIDERATIONS
1. The Willpw Creek study drea te not ecnloglcally unisue,

2. There are several species thal are rare, threatened, endangersd,
or of special concern tnatl can possibly occur within the study areas;

howsver, no recent abservabtions have been documented.

3. Increased qrowlh pressures causing furtheéer urbanizatiron will
cause & conversign from rural Lo urban habitat types, Therefore, there
will be a decrease in pnumber and Ziversity of species and stauility of
community types,



SCENES OF WINTER FLOODING ON WILLOW CREEK-
HP?EHEER 1975,

WITH INCREASED DEVELOPMENT FUTURE FLOODING
CAN BE MORE DAMAGING
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INTRODUCTION

GENERAL

A Tlood plaln 1s the eslatively Flat area or lowlands adjoining 4
river, stream, lake, or ocean, which has been or may be coversd by Flood-
water. It defines an arsa which requires special planning considerations
hecause of Jts proneness to fiooding. In part, {t s transitional
hotween land and water. Through past edperience, man has learned that
floods quite often cover portions of the flood plain, damaging, or sweep-
ing oway roads, buildings, and homes, dpd of ten pose 4 severe threat to
human 11f& and health.

Adverse effects from Floading ine lude demage to struclures and Lheir
cuntents, ta lawns, shrubs, gardens, livestock, roads, and utibities.
Additionally, there 15 & ganger of Injury or drowning, Waterlines can he
ruptured by deposits of debris and the force of flioodwators, thus creat-
tng the possibility of contamimaled domestic water supplies. Floods alsg
couse poliution problems sisce septic tanks would be noeeffective ana
sanitary sewer Tined could e damaged. The polluted watérs woula Créeate
a healtn hazara, Isolation of areag by Floodwaters could create harzards
in terpis of medical, fire, or law enforcement essegontips. Comemercia)
and Industeial areas could also espect 4 less of revemie due to flooding,
and employees could expect a tuss of wages. Willow Creek has experienced
damaging floods in recent years, usually 48 4 result of fce jams o
winter glaciation. Traditional Carps studies show what can happen when
exisling developrent 15 located 1n these Flood plains, but what are the
implications of new developmenl n, or even outside the flood plain?
loes this new deyelopment cause more fréguent and extensive flooding for
those people living cownstream? Does this new  development cause
environmental damages such as Increased water pollutiaon from stoem water
runoffT  Shosld the oevelopment phiiosophy énd  resultant  regulatory
policies be geared Lo protect downstream areas from increased flooding?

In an effort to develpp a methodology tnat would provide answers for
these anid other related questipns, the U5, Army Corps of Engineers
initiatec a pilot study in 1975, which rssulted in the funding of ten
similar studies natiohwide. Thasa Expanded Flood Flain Information (FPI)
Studies, which include tne Willow Study, were initiated because of an
urgent need to provige more than just $nformation on flood hazard areas
for a static time-frame as tynically provideg in the Corps' Flood Plain
Information reports aor the Flood Tnsurance Studies such as the oné the
Corps completed on Willow and Deception Creeks for the Federzl Insurance
Administration in October 1979.

wWhile this type of information on present conditions is sufficient to
initiate the planning process, it dees not reflect the accompanying
changes 1n land use that will alter conditions on the flood plains.



Aecognizing the impact that a rew capital city would have on the water-
shed, the State of Alaska requested that the Alaska District, Corps of
Enginears undertake an Expanded FPI to evaluate future development
plans.

This Expanded Flood Plain Information Study provides the hydrologic,
economit (flood damage evaluation), and environmedtal information  and
daty necessary for goverpment of ficials, plamers, develgpers, dnd others
Lo make appropriste decisions on the future uses of flood plains In the
Willow Creek basin.  Oata management and analytfcal techrigues have been
developed largely by the Cforps of Engineers’ Hydrologic Engipeering
Center (HEC] for application in these stutips,  The technigues mike
gxtensive use of gridoed geographic data Files and emphasize conslstent
comprehensive assessments of the effects of alternative tand use patterns
.:;n the flgod hazird, general damage potential, and environmental factors
foLhe hastn,

This Willow Expanded fPl Study report presents an overvies of the
findings of the fiond hazara, flood damage. and eavivaommental evalua-
trons. It also includes a synopsis of the concepts and methodologies
uttlized (Appendin A, Data Management for Expanded FF| Studies), o
detalled description of the hydrology and hydeaultc analysis procedures
{Appendix H, Hydrology and Hydraulics), a detatlea description of the
flood damage eConomics procedures, (Appenoix U, fcanomics), background
environmiental infarmation [Appendia £, Enyirosmental Consideralions], and
daf initions of tenns used In [his repart (Appendiz F, Glossary).

The report 2lso displays computar-grintosl plates for several dala
varianles <torea in tne willow Creek basin study ared data bank, and
flooded area plates for existing concitions (Appendix C).

PURPOSE

The purpose of this repert {5 to pressnt the results of the Expandea
FPl study on the Willow Creek basin. The study was destgned to define
hydrologic, econemic (flood damage), ang envirommentyl conditions for
existing (1978) congitions, to evaluyate the effects of future Jand use
changes, both on ana of f the flota plafn; ané to make availahle to both
State ard Borough planning officials s computerized planning toc! that
can he used to evaluate the impact of changes in land use that are heing
or that may be propoted, especially ifF a new State capital and city are
developed within the basin.

STUDY AFPROACH

The WiTlow Expanded FPT Study objsctives werg to develop basic infor-
matfon on flood hararde (flood ¥lows, flooc depths, and flose plain
delineations), general flood damage potential information [averagz annual
and single event flond damage values), and information an the impacts of
land use change ¢n the enviranment of the study area, These types of
fnformation are desired net only for the existing land use comdition
(1978), but alse for future land use conditiong, which could include a



new State copital in the study arez. The study approach selected Tinked
data managemegnt tachnigues to proven andlysis protedures. These data
management technigues are described 1in Appendix A, Figure 1 is a gener-
alized schematic of the concept utilized for the Willow Expanded FEI
Study. Simply stated, the bastis of this concept 15 the creation of 3
computerized cata bamk that contains the spatial 1gentity {locatton) of
individual tracts of lang (grid cells] apnd the dats for each cell
necessary o accomplish cesired types of analyses (flpod hagzard, flood
damage potential, enpvirommental, &tc.). The Willow Ceeek “detadi led"
study area I5 divided Intd about 57,000 grie calls, pach cell being
equivalent to a parcal of land 200 feet by 250 Feet or 1,1478 acres, Fopr
each of these gria cells, the data bank contains informatlon on topo-
graphic elevation, 1978 land use, Fulure land uses, 50! type, vegeta-
tion, environmental habitat, amd otner variables.  Tre gata bank 1%
accessed by a system of interrelated computer progams which mandge fhe
data, perform the desired analyses ang present the resulls in ¢lther
tabular pr computer Graphic form,  Althougn relatively cnmﬁluuf Lhiis
system 35 straightforward  fn this  saglysis  anproach. Wraueg it
decision points are redched that require grofessional Judgment ta eval-
pyale Lhe intermedigte results prior to beginning the next analysis step.
The strength of this concept lies in the capatrlity to perform consie-
bert, systematic, and repetitive analyses on many lang wse conditions in
a highly efficient manner. 1L 15 nighly flexiole n that analysis
results may be presented for any spatially aerfned area.

Thie approach Laken for the study incluyded subdiyiging the antire
watershed inte rectangylar grid zcelle and assigning values, which def ined
physical parameters such as existing and future land use, envirommental
habitat, topographic elevation, soil type, and spatial location, to thess
ingdividual celle.  The <elis, which 4re the basic wnit for analysis
purposes, are aguregated Lo make up an extensive compuler data tank which
can be readily atcessed by utility computer programs to analyZe various
canditfons that might ptgur in the watersned. Each of the cells in the
Willow-Jeception Creek data bank nas a unique spatiz! location, ground
elevation, both exfsting [1978) ang Future lano wuse, soll type. enviran-
mental habitat, etc., and can be accesses individually or as @ group for
gither infaormational ourposes, for anzlysis of storm runaff [impervious-
ness characteristics), for floou damage calculations, or for assessment
of enyironmental change,
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BACKGROUND INFORMATION

STUDY AREA

The Willow Creek watershed, as shown on the Location Map, Plate 1, is
located in southcentral Alaska, approximately 30 air miles and 70 miles
by highway, north of Anchorage. Situated in Lhe southwestern foothills
of the Talkeetna Mountains near the historic farming and homesteading
area of the Matanuska Yalley, the site lies near the Junction of the
Matanuska and Susitna Wiver valleys. The hasin, with a total drainage
araa of 258 squere miles, 1s tributary to the Susitna River and Tlies
entirely within the houndarites of the Matanuskoa-Susitna Borough. The
prodominant soils in the watershed are glacial dreift and alluvial sedi-
ments consisting of mired sande and gravels, In additibe, there s a
mant 1e af 311ty loess aver much of the bastn and depasits of very poorly-
dratined peat in low=lying areas. Below timberline, which s approxi-
mately 2,000 Yeet asbhtve sea ievel, aper bilrch-white spruce stands
predominate on the better drafnen sofls and the slawer growing black
spruce {1y found on the poorly dralned soils associated with the pumerous
sphagnuin bogs.  Cattenweod §s commonly found In the flooa plains, Alder
andt willow thickets are found in the poorly dratned soils adjocent Lo
miary staller streams and are also common to most subbasid flood plains.

Physiograghic characteristics of the basin are ouite varied. Eleva-
tions range from approximately 100 feet M5SL ar the lower end of the basin
to about 5,500 feet in the wpper ena. The upper portion ts chavacterized
by mountaincus terraln with alpine vegetation while the lower portion is
typified hy a mixture of spryce and deciduous forest and low lying,
swampy areas. L was this lawer portion of the hasin that was studied in
getall.  Both Plates | and 2 show the extent of the basin gnd the
detatled study area. 1t should be noted that the upper portien of the
basin at the higher elevations s virtually undeveloped at present, A
few abandoned gola mines dot the area, but due to Lhe yery steep topog-
raphy and remote Tocation, neo appreciable additional! development 1s
expected to take place within the time frame of the study projection
(1.8, hy the year 2000). Therefore, this area was remaved from the
“primary" data bank, leaving 108 sguare miles in 20 subbasins for the
detailed study area.

The region 15 1n a transitional climatic zone, having between mari-
time and continental weather conditions. Pronounced temperaturée varia-
tipns and cloudy weather are commgn during a large portign of the year.
The Chugach Mountain Range to the south acts as a barrier to the influx
af warm, moist &ir from the Gulf of Alaska, resulting in an average
annual precipitation which 1s only 10 to 15 percent of that at stations
located on the Gulf of ATaska side of the range. Annual precipitation in
the study area averages 25 inches, with much of it comprised of 100 to
120 inches of spowfall. FRainfall is generally heaviest in August and
September with monthly precipitation amounts about egual for the rest of



the year. The Alaska Mountain Hange, lying inm a4 long arc approximately
70 miles north of the study area, serves as an effective barrier to Lhe
flow of extreme cold wintar weather from the north.. The annual
temperature range is from about -45° F tp 85° F.

The population of the <tudy areéa has shawn 4 rapia increase in recent
years as landowners subdivide thelr property, making 1t available for
residential and recreational development. The Trans-Alaska Pipeline
project and gther general construction projects wilhin recenl years have
Caused a heavy famigration Lo Alaska From the lower 45 states.

The Matanuska-Susitha Borough had a 1976 populatton of 15,500 people
with approximately 300 in the study area. Projected growbth indicates a
population of 1,500 in the study area by the year 2000, without the new
capital., Various population forecatts eaxist for the future condition
with the capital, tne actual Figure depending on the plan Selected for
the move of the capital and construction of the new cily.

Should the State relocate the capital te its proposed Willow site,
pearly all the development for it 14 planned Lo take place in the upper
portion of the Doception Creek Basin. Additional development resulting
from tnduced population growth 3y eapected ta occur in the areas that are
alrendy butlt up and alse tn the araa between the capital and lower
Willow Creek.

ine detailed study area 1nciudes only a portion of the lands selected
for the new capital city. The city thowgh, *as planned” would be located
partially within the pasin, Although data varisbles were encoded Tar the
entire capital =:te anmd placed in the gatd bank, Ehe dralnage area out-
side the Willow basip 5 small, with no streams of significant size.
This study, therefore, only toversd the flpod related prablems in the
lower portian of the Willow Creek watershéd,

The lands within the capital site ar=a are owned almost antirely by
the State of Alaska and are virtually untouched by human devejopment.
Lands along Willow Cresk, however, are in privete ar borough buwnership
and have beén developed to @ limited extent. Thare are two major roads
or highways that presently cross the study srea. The Parks Highway runs
north and soulh near the west boundary of the study area, with the Alaska
Rajirpad paralleling it Tess than a mile to the east. Hatcher Pass Road,
from its junction with the Parks Highway, 7o0lTows Willow Creek upstream,
easterly through the basin.

Developments outside the detafled study area, but within the basin,
are presently minimal to nonexistent and are expectad to remain so during
the planning perigd. A large portion ¢f the study area is drained by
Deception Creek, 2 trioutary to Willow Creek. This particular area is
part of the 100 sguare mile parcel of land that was selected by Alaskan
votery as the site for the new State capital. The remainder of the
detailed study area adjoins Willow Creek, both upstream and downstream of
the confluence with Deception Lraak,
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VIEW FROM GENERAL AREA OF THE PROPOSED CAPITAL

SITE TO THE NORTHWEST (Photo Courtesy of Capital Site
Planning Commission).

VIEW OF WILLOW CREEK IN ITS LOWER REACHES. THE

LARGE AMOUNT OF DEBRIS AND DENSE VEGETATION
IS TYPICAL.



Efforts to move the capital to Willow have met with serious opposi-
tign, howsver, specuiation has made this gréa one of the most rapidly
growing areas in the State. The area has also become a focal point af
increasing use for recrestional activity that can be artributed to the
area's esthetic gqualities ang its closenes: to Anchorage, the largest
city in the State. Extensive subdivision activity, stressing
recreattional lots, has been occurring in recent years. Planning for the
accompanying arowth 15 a malor task faced ny both State and Borpugh
planners. Ta Insure that this growlh 5 orderly, consistent with
mgintaining the desired guality of life and within the assimilative
capatity of the envirarment, qna{t ang objectives must be clearly defined
anl strived for. As 4 means of achieving the desirad objectives,
relat fvely new data management and analytical technigues, which have
greal potential as planming tools for future efforts, have Deen deve loped
and adopted for use fn this stgdy.

FLOOD SEASON AND FLOOD CHARACTERISTICS

Floods on Willow Creek can occur as a result of a combination of
several factors, including heavy snowpack, temperature, solar radiation,
and precipitation., Spring flooos may occur as 2 result of an  above
normal snowfall during the previous winter, followed by an unusuvally cold
cpring and then a rapiyd snowmelt.  Susmer and fall floods usually result
from intepse precipitation. In additign, an lce Jam could occur durlng
Lhe winter ar during spring breakup causing overhank flooding. Histori-
cally, the larger floods have been caused by ice jams or rapic runoff
from heavy precipitation. |ce jJame have caused the highest Flooading on
Ltheése streams but the récurrence freguency of this type of flood s not
known. Typical of most of Alaska, there 15 )ittla information ava)lable
concerning historical floads in the Matanuska-Susitna Borough. There s
no record of a major flood with known discharge and documented water
levels. Public agencies ana long-time residents however, Substantiate
that flopds have occurred. Infarmation on historical floods was obtained
primarily from interviews with residents in the area. A tabulation of
floods 1n recent yesars and an analysis of conditians resulting from these
floods 1s shown in Taple 1. dther migh-flow events resulting 1n flood
problems have been due to log Jams: natural and manmade obstructions
along the banks ang tne accumulation of brush ang gebris along and within
the streambed cause most of the problems.



TABLE1
HISTORICAL FLOODING IN THE WILLOW CREEK BASIN

1938 Willow Creek. Wwater overtopped the rallroad, caused by
fce jam.

1955 Willow Creek. Heawvy rainfall, gamaged railroad.
1964 Wililow Creek. [ce jam flpoding.

1971  Willow Creek, Log Jam caused flooaing mear Willow, damage
Lo highwaye and restdences.

1975 Willow Creek. [Ice and log jams angd glaciation caused
finoding, Approximgtely five homes flooded off Hatcher Pass
Road, 2 to 5 miles east of the Parks Highway.

1979  Willow Creex. Repgeat of 1975 flooding, but more homes
affected,

To date, Lhere has been yirtuslly no development alany Deception
Lreek, so 1ittle informatinn 1s aveilable on that stream's flooding
chiaracteristics., lowever, since most dewvelopment for the capital would
be along Lhis stream, the develepment of flood hazard information s of
primary importance. It 15 expected that [eception Creek would behave
simlarly to Willow Creek, naving pertodic floods from jJjams due to ice
and debris bul larger ones from heavy summer rains. Belng a narrower
hasin than Willow and having a greater proportion of 4t in Lhe sleeper
hills would give Ueception Creéek & slightly faster response Lime,

There are no exl\sting flood contral structures on elther Deception
Creek or Willow Creek, Historically, flooding danger or flood plain
deve lopmént has net been considered & major concern by local residents.
With the present basin popuiation of less than two people per square
mile, development pressures in the past have not been a5 significant as
in several other argas witnin socuthcentral Alaska. Presently hnowever,
egpecially with the speculation of the capital move, these development
pressures are intreasing tremendously and are associated wilh the grawing
trend to subdivide streamfront property. As a result, State and Borough
planners have made the preventipn of increased flood damapges assoclated
with new development s high priority resource objective, The Matanuska-
Susitna Borpugh recently passed a zoning ordinance te restrict develop-
ment in areas noted for flood hazard. These areas z2long Willow and
leception have been determined by this study and a2 concurrent Flood
Insurance Study which was 2150 performed by the Alaska District, Corps of
Engingers.
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PROCEDURES

GENERAL

The concept followed in this Expandag Flpad Plain Information Study
was to develop flood plain information for an existing (1978} land use
and for possiple future land use patlerns. FPerhaps, more important
thouth, was the development of a data base for the new State capital site
with the capability of provioing special investigations and analyses of
future development plany, The analysis concepts were designed to make
maximum use of traottiona! methods and Yo provide for asutomation of
analysis and computer (isplays where appropriaste while providing the
Eﬂpﬂ?;1+ty pf performing consistent analyses aver a very brodd range of

etatl.

The basis for all analyses 15 & gridded computer datd File. Wilthin
this file, or date benk, are data varlanles, such as land wuse, topog-
raphy, soils, and vegetatian, for each 1. 147H% aced grid tn the Willow
Creek hasin.  Utility compuler programs were developed that are avle to
atcess Lhese files, coordinate, and interprél the data nto specific
ana lytical parameters, These parametersy are subiseguenlly used ny [he
modeling computer programy which perform the pecessary compulationg, and
which are also able to return ceectain types of data ta the flles for
alther ditplay or further use,

ASSESSMENT METHODOLOGY

The purpose af this study is to define the hydralagic, hydraulic,
ecgnomic, and esvirommental characteristics of flood platns In the Willow
Creek basin for existing conditians and to deteeming the impact of future
Tand use changes on these flood plain chardcteristics, Lany use Changes
both on and aff the floos plain affect Tlood chargcteristics and must be
consttderen in & comprebens |ve study, The technigues that were developed
aﬂd1 used in this Expanded FPI[ study were designed to accomplish this
qoals

It is generally recognized that changes in land use arfect the nydro-
logic characteristics of s stream. This s most often discussed as Lhe
increase in flood discharges caused by fncressed urban  dévelppment.
Severp]l analytic technigues designed to measure this effect are avall-
able. Most of these techniques attempt Lo relate an increase in flood
flows to the increase in fmpervious areas that rormzlly accompanies
urbanization. Using these techniques, plannars can estimate the fmpact
that future land use patterns or development proposzis will have an flood
characteristics. tach lapd ute paltern or development proposal that s
considered requires 2 separate analysis, resyiting in lengthy computs-
tions if more than one or two futures are stugied. Therefore, the
Expanded FPI Study was designed to evaluate variable futures rather than
a single Tixed future.



A system of interrelated computer models was developed that woulo
simulate existing ana future land use conditions and determine the hydro-
logic, hydraulic, sconomic, and envirgmmental Impacts of chamges in Tland
use. The system s designed to maks wmaximuw use of existing computer
models and provide For automstion of analysis and display where appro-
priate. [ts operation ¢ centerad on the integrated use of @& gridded
geographic data bank. The entire detatled study area is divided into a
grid system similar to 4 giant bingo card. Eacn grid cell is identified
by 1ts lpcation within the grid system and data such as land usé, slope,
soil type, etc., are coded into the computerized data bank for each
separate cell. Oata stored in the data bank are Lnen avariaple for use
in the various computer models thal make up Lhe system.

One ot the first steps taken in this study was to determine the
levels of effort required ang to delineate the aresa to be studied by
detalled melhods. This reporl presents Lhe Tindings For [he delyllpd
study area, 1t shoula be rnoted, howeyer, Lhat a data bank, contalning
mpst of the variables, was created for the entird basin ana capital
stte. A1l areds meeling one or more of the following criteriy were
included 1n the detailed study area.

High concenteat lans af existing deve lopment
*  High potential far land use change
® Flood plain areas affected by land use changes

The ares meeling these criteria and therefare selected for detol led
analysis fs showh on the Basin Map, Plate 2. Virtually all present
development occurs within this area, and plans for the capital ity are
HHmited ts this portion of the Sasin,

Subsequent study procédures called for the gathering and encoding of
data fopr existing conditions. Next, information concerning possibis
alternatiye future conaitions was Oeveloped n coaperatipn with the
Matanuska-Susitng Horough plarning staff ana State plannlng asgenciss and
then entered in the computee detd bank. Analysis of the hydrolngic,
economic, and environmental charactsristics of the flood plaips for
existing and future land use patterns was performed by the computer
models that are Tinked to the gridded data bank. Results of these
varinus runs werg then compared to cstermine the fmpacts of future land
use changes. Subseguent analysis of any major proposed development or
other changed land use can be provided upon reguest by encoding the
proposed changes into the datz Dank, execuyting the proper computer
programs, a&nd fJnterpreting the results. In Tooking at alternative
futures, 1t is npecessary to insert or change data for only those grid
cells that differ from a base condition.

12
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PRESENT AND FUTURE LAND USE

Land use is a3 key fFactor in this study because it was used to develop
the hydrologic and ecenomic (fiood damage) analyses for existing (1978)
and future conditions. The sTtudy assesses The Impacts of projecled
future Tand wse patterns on the major flood plains in the basin. These
future land wuse patterns rvepresent conditions thal were reasonably
expected to occur, but are not expected to be interpreted as predictions
of specific future development patterns., The future land use patterns
used in the study could be described as conceptual zoning maps. The land
use classitications are broadly cefinea and do not represent explicit
demand at a spectfic time or represent detailed locational decisions,

Three basin-wide land use conditions were developed for use 10 this
study. These included the 1978 (or hase] land use condition, a futuee
condition reflecting development of the new capitul city, and o future
conditign without the new capital. Llomputer generated maps [(RIA Mapping
Option, ofscussed |In ENVIRUNMENTAL CUNSTOERATIONS) 11lustrating Lhese
conditions are showt on Plates 2 te 5. To evalyale the impacts of fulure
urbanization, each future land use scheme was apalyzed as inttilally
encoded and for condittons reflacting mplemestation of warious [lood
plain regulatory policies. This concept is more fully describea in the
sectron on Flood Plain Hequlatiaon Policies.

Twenly land use categories were speciflied to adequately describe Lhe
thrée land use conditions and meet the hydrologic, flood damage, and
environmental andlysis needs of the study. Table ¢ lists these rcates
gories and gives the alreages included in each for each land use condi-
tian. The principle characteristics of fthe three hasin-wide lang use
conditions are described in the following paragraphs.

TABLE 2
WILLOW EXPANDED FLOOD PLAIN INFORMATION
ADOPTED LAND USE CATEGORIES

Land Use Conditions
dltarnative B Alternative A

Existing Futurs Future
Lana Use Catesories 1578 Without Capital With Capital
[acres) [acres] (atres)
1. Low Density Residentizl, 368 1,235 2,743
Single Family:
0.5 unit/acre
2. Medium Density Residentizl, 7 ? 53
Single Family:
1.5 units/acre
3. High Density Hesidential, 3 23 1,051

5ingle or Multy Family:
3.5 unitssacre



TABLE 2 (CONT.)

Land Use Conditions
Altarnative B

Land Use Categories

1.
12.

13,
14,

15.
16.

17.

18.

19,
20.

Hﬂtf]’u Motad:
Commercial;

Governmental OFfices:

. Educational Factlities:

Arport Facilitles:

Publie Ueilities!

. Landf{1), Solid Waste

Disposal:
Sewaye Treatment :

{obaneration (Power)
Plant:

Cemetery:

Industry:

Butlging Supplies, Indus-
trial eguipment, Machinary,
ete.

Public Parks:

Private Hesart:
Park Campsites,
swimming pools,
golf courses, &lc.
Respurce Extractiom:
bravel & sand pits

Mixed Urban:
Combination of different
Yand yses

Water Bcdies

lindeveloped Land

Alternative A

Existing Future R Future
1978 without Capital With Capital

facres) {acres) lacrias)

10 34 Fd 3

14 i15 242

7 7 104

i 3 1

236 200 Jaa

0 o 379

5 &3 1

0 0 173

] (W} A4

! 7 7

0 54 87

55 467 2,440

32 a7 39

RS T8 78

I8 Py ) a8

2,055 2,052 2,047

62,804 61,302 55, 594
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Base Yemr

The veur T978 wys selected as the buse yeur forwll Jand use related study efTorts, Since
the dren lul begn selected by the voters 1o Aupust 1976 a5 the site of the new State capital,
there was an immediate nesl to obtaln hase: line dats on this alimost totally undeveloped area
for use by State planneis. As a result, substunnal data way gathered in late 1977 and 1 1978
for use in this study. Tnput from the Matanuska-Susitna Borough Tax Assessor (|475 App-
ruigals), the LS Department of Agriculture, Soil Conservation Service and Alusks Deparl-
et ol Notural Resiurees (Susitna Boastm Study ), and the Coms of Engimeers (High ol low
level aerial photography and flood plain mapping) was used extensively to develop this base
land use condition,

The 1978 base lend use condition wilects the undeveloped nulure of the basin and
predominent low density residential category which aceounts for the area's 300 residents,
As might be expected, the small pockets of development are concentrated along the mujor
transpofrtation routes and. along Willew Creck, u recreationul fshing strewmt,

Altermative Future A

Alternative Future A was bused on the assumpnion that the Stete capitul would be
relocited from Junesd to the site st Willow, [t uses the Development Man for the new ity
that the New Cupital Stte Planning Commission preseated to the State Leeishiture in 1978
s thee Dusis for the Laod e condithons for Uds allernative futlre, The play centered on (e
estahlishment of 4 new urban center for a tarzet population of 753000 on land that s present
Iy completely undeveloped . According to the plan, by the lute 1990 the 8.630 cenral State
positicns, combined with atler pringiry and serdjee |obs, would result in an estimueted popula-
tion of 375000 A lamd vse plun corresponding o this population Rgure amd related stage of
growth was miput a5 Vamable b (Futars with Capital) and Vanable 7 (Futare with Capital
wittt Floodway) to the data bank. Floed plain development was mmimal within the newe city
ds strong desives for greenbelty and pirks alone Deception Creek, the nalural topogriphy,
gnd Aood plain concerns, helped o minimize exposure 1o Aood hazards.

Dindieessd, or secopdary development (o the basin as o result of e construction of o new
city was ulso considered and reflected in the averall land use plan for this future condition.
An additionsl 2,700 people, primatily concentrted done the Parks Highway and the Hateher
Pass Road. was considered by Borough planners o be realistic of the growth mduced by a
capatal city of this swee i tlos time freme, Bopough plitnners provided assistance [ determinmg
the upprepriate lond pse colegories awd their spatbl] logation that wauld be ssociated with
this indiced prowth.
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VIEW LOOKING UPSTREAM AT THE CONFLUENCE OF
WILLOW CREEK AND PETERS CREEK.




WINTER VIEW OF RECREATION ORIENTED BUSINESSES
DOWNSTREAM OF THE PARKS HIGHWAY.

(978 SUMMER SALMON FISHING ACTIVITY ON WILLOW
CREEK, DOWNSTREAM FROM PARKS HIGHWAY.(Photo Courtesy
Of State Of Aloska, Dept. Of Fish And Game),



Alternarive Future B

Alternative Future B reflected a probable land use condition that would exist in the veur
2000 if pro-move forces are unsuceessiul in relocuting the capital. Develapment, lor the most
purt, would be non-exsstent along Deception Cresk. concentrating instead along Willow Creck
and existing roads, An anmual populition growth of 7.6 pereent, from the curment figure of
N0 1o 1.5300, was used in determining the lund use changes and the level of development for
this uiternative. Apain inpul gnd sssistance from the Matanuska-Susitia Borough Planming
Depurtnient aided in the determination knd spatial logation of the appropriale kand use cal-
epories for this Tuture land use condition,

iwo criteria were foremost in the development of these alternative
futures. First, the alterpatives were based en land use changes and
levels of population growth that were consistent with projections used by
State and Borough planners. The selection and adoption of a conceptual
plan for a new capital city at Willow by the Capital Site Planming
Lommigssion provec to be the basi{s for Alternative A. Sinca the Borough
had recently entered into the Federal Flood Insurance Program, and thepe-
fore adopted basic flood plain regulations, minimal flood plain develop-
ment was considered. Additionally, due to areas of poor drainage, fload
plains, s0ils, slope restrictions, and plans for a major park, a majority
of the acreage within the basin was considersd undevelopable. As a
result of this and the fact that existing development is minimal and
spotty angd access 15 extremely limited, projected development for bath
alternatives was concentrated in only 3 few areas.

Second, rather than selecting alternative futures with eénough varia-
tion in development patterns to demonstrate impacts that these land use
changes impart, it was the intent to analyze future conditions that may
in fact materialize, including the development of a mew city. In August
1874, the voters of Alaska approved an initiative to relocate the capital
of Alaska and subsequently chose the site at Willow in August 1976, The
major goal of Alaskans in supporting this relocation was to make the
government more accessible to the majority of people in the State.
Naturally then, the plan for the new capital city, which was selected and
refined by the Capital Site Planning Commissian, was used as a basis for
one of the alterpative futures (Alternative A). Uue to strong opposition
forces and delays to progress on the move thus far, a realistic
assessment would also have to consiger the aspect of no capital
reélocation and only normal growth for the basin (Alterpative B).

Perhaps most importantly, the study, through the creation and use of
the data bank, demonstrated a capability to analyze various land use
plans. Through the use of the data bank and the computer programs,
future plans or modifications to those plans examined in this study may
be systematically and rapidly analyzed by State or Borough planners
responsible for land use planning in the basin.
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NOTES

THE TOPOGRAFPWIC PERSPECTIVE OF THE
LANDS IN THE PROPOSED CAPITAL CITY
AREA WAL GEMERATED 8Y A COMPUTER
FROM TOPQGRAPHEC DATE IN THE WiLLOW
DATA BANK. VIEW IS LOOWNG NORTH
VIEWS N VARIOUS DIRECTIONS OR
OBLIQUE ANGLES CAN BE GEMERATED
FOR THIS AREA O ANY AREA [N THE
WATERSHED,

THE ARCMITECTUAL RENDERING OF THE
CAPITAL CITY 'WAS BASED ON THE PLAN
PRESENTED BY THE NEW CAPITAL BITE
PLANNING COMMISSION. |T USED THE
TOPOGRAPHIC PERSPECTIVE A4S A
BACKGROUND, AIDING IN THE DEVELOP-
MENT OF THE SENDERING AND IN THE
VISUAL PRESENTATION
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CAPITAL CITY RENDERING

PREPMED BY THE
ALAREKA DETHICT, CORPS OF ENGINEERS
ANCHORACE | ALAYEA

SUNE | rPE0

FLATE &




Plate 6 praovides a simple illustration of one of the many capabili-
ties in using the data bank and the available computer programs. A small
area within the basin, specifically the capital site area, was.“windowed"
and, from the topographic data fin the bank, & computer generated
perspective, Tooking north at the site, was developed. A rendering of
the propesed capital city was then made, superimposing it on the computer
drawn perspective. This provides a more realistic view of the site and
the development than would have heeén possible without the perspective.
Perspectives such as this can be obtajned showing the entire basin or any
portion within the basin. In addition to wiews from any direction,
changes to the topography, which may result from large scale
developments, may be input to the bank and viewed. This allows the
alterations to be visually reviewed orior to actual field work. These
yiews can also be expanded upon for public presentation of various
deve lopment plans.

SELECTION OF FLOOD EVENTS

This report displays one flood event, namely the 100-year flpod. The
100-year flood identifies serious flooding conditions and has been
accepted, almost universally, as the basis for flood plain regulations
and other planning purposes. [t represents a flood with a2 1 percant
chance of ing equalled or exceeded in any given year. Expreszed In
another way, it is a2 flood that has a 26 percent chance of occurring
during the 1ife of 4 30-year mortgage.

[t is recognized that significant damages can accrug over 4 period of
time as a result of smaller floods which have & grester frequency of
occurrence. For this reason and the fact that a Flood Insurance Study
(F1S] for the Fegeral Insurance Administration, reguiring amalysis of
these events, was being performed concurrently, the 10- and &0-year
floods were also selectead and analyzed in getail although Lhey were not
displayed on the flonded area maps in this report.

It 1s alsg important to realize that floeds larger than the 100-yeay
flood are possible and are expected te occur sometime in Lhe fulure. For
this study and the concurrent FI1S, the §00-year ficod was evaluatecd. Y
a critical development 1is expected to locate in or near & Flood plain
area then Tlooding from such an event as the 500-yeer flood should be
cansidersd in any planning and desian.

FLOOD PLAIN REGULATION POLICIES

To provide local and State officials with expanded information to
determine the implications of land use changes, each of the two alterna-
tive future land use conditions were Further analyzed assuming thres
different Tlood plain reculation policies. Evaluations were made to
geterming Flood damages Lhat would occur under each policy. The effec-
tiveness of a given policy in preventing flood damages can be evaluated
by comparing the flood damages that would occur with that policy in

14



effect to the flood damages occurring without flood plain regulatiuns.

The flood plain regulation policfes evaluated in  this study are
summarized helow: -

POLICY | - No constraints are placed on the siting of future develaop-
ments. Structures may be located within the 14978, base condition 100-
year flood plain. This policy conveys & graphic picture of the economic
hazarts of flona plain development.

POLICY 2 - Future structures within the flood plain are placed with
finished floors at Lhe 1978, base condition 100-year flood elevation.

POLICY 3 - Future flood plain structures are prohibited within the
floodway 1imits, but allowed within the floodway fringe when sited 1.0
foot above the 1978 100-year flood elevation. For this palicy, a8 flood-
way is defined as that portion of the flood plain, including the stream
charnel, that is necessary to hydraylically convey the 100-yzar flood
without raising the water surface elevation at any point more than 1.0
foot over the base condition, The floodway concept is shown schematic-
ally in Figure 2.

These three flood plain regulatory policies are graphically displayed
an Plate 7.
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HYDROLOGY AND HYDRAULICS

GENERAL

The abjective of the hydrologic and hydraulic studies is to determine
the magnitude of particular flood events and to delimeate the high water
marks of such flows along the streams, establisning the oasis for flood
damage analyses between different land use conditions. Hydrology s used
Lo determine the flows and their exceedance frequencies, and hydraulic
studies relate these flows to depths and water surface elevations.

Conventional technigues have been used for the background hydrology
(described fin cgetail in Appendix B, HYDROLOGY AND HYDRAULICS) to
determine a flow-frequency curve, but the detailed analysis was performed
using a computer orid cell data bank. The primary advantage of the
computer data bank approach i1s Lhat changes in land use within the study
area, due to natural econamic growth, proposed policy changes, or other
future activities can be analyzed on a large scale in a systematic,
relatively rapid manner. The computer program HEC-1, Flood Hydrograph
Fackage, was used extensively in both the initial development of flow
data and in the detailed investigation.

Given the peak magnitudes of streamflow for the excesdance intervals
of interest, the HEC-2 computer program, Water Surface Profiles, was used
to determipe the water surface elevation at several stream cross
sections., These flow vs. eleyvation data wers then used in the detailed
HEC-1 runs to determine the flood damages assoCiated with particular flow
magnitudes.

HYDROLOGIC METHODOLOGY

Since very little recorded streamflow data exists for the creeks in
the study area (Deception Creek and Willow Creek), a regional correlation
analysis was performed to derive their freguency curves. Other water-
sheds in the vicinity which do have streamflow records were analyzed, and
gxceadance freguency curves were obtained ana adopted for the mouths of
Deception and Willow Creeks.

In @ separate analysis synthetic precipitation events Ffor four
excepdance frequenties (correspanding to 10-, 50-, 100-, and 500-year
frequency floods) were also derived. The total study area, consisting of
258 square miles, was divided into 28 subbasins for petter definition of
the hydralogic conditions. Using the generdted precipitation events with
these subbasins, the HEC-1 compuler model was calibrated so the resulting
streamflows were in close agreement with those on the adopted frequency
CUrves,

The first computer program used in the data bank analysis sequence
was HYDPAR, which examined the hydrologic soil group, land use, and Tand
surface slope for each individual grid cell and then computed hydrologic
parameters for each subbasin. These hydrologic parameters were then



organized by the program ATODTA, with other input data, into a more
usable Tormat. (ne run of the HYDPAR program was regquired for each type
of Tand wuse condition analyzed. The different 1land uses generated
different runoff curve numbers and conseguently have different hydrograph
lag times, The three general land use plans that were consfidered fin the
study &re the existing (1978) conditions, future {(year 2000) conditions
with the new State capital, and future (year 2000) conditions without the
new capital.

The HEC-1 program (actusily & modiffed version of HEC-1, called
HEC-1GS) accepts the output information from ATOOTA and some other input
data related to precipitation and streamilow routing, then it computes,
by the SCS curve number technique, the runoff hydrographs for each
subbasin and for the watershed as a whole. With input of economic and
hydraulic data, the program is alse capable of computing Lhe expected
average annual flood damages at selected locations in the study area for
each proposed "plan* of development, and 1t can make comparisons hetween
Lham, The expegted zverage annyal damages are the resylhs ulitimistely
sought in the analysis.

HYDRAULIC ME THODOLOGY

The input data required for the HEC-2 water surface profile computa-
Lion program are stream cross sections (obtained from maps or surveys),
roughness coefficients (Mannina's “n" from cbservation and engineering
judgment), and streamflows at selected locations (obtained from inftial
MEC-1 runs)., In addfition, detailed apaslysis requires information on
bridges and other features affecting the flow prafiles.

The flopd peaks derived In the frequency analysis and the HEC-]
computatiaons, discussed briaefly in the Hytrologic Methodolouy above, wers
gntered in the HEC-2 streamflow system at the appropriate locations. The
program then determined the deptn of flow and the water surface elevation
at each cross section, Using thie ipformation, the 100-year flpod plains
(floodsd areas) were da)ineated along the streams, defining the reaions
expected to be inundated by a 100-year (] percent) flood. The Flooded
areea maps, one phase of the hydraulic studies, were thus developed.

Within the study area, seven stream reaches, each with fafriy unifarm
hydraulic characteristics and exhibiting & fairly wuniform aconomic
character of development, nave been definea. Computations were made at
aach of these damage reaches (which are specified by a single index
tocation within zagh reach) for the dsmeges expected from a given f|ood.
A second aspect of the hydraulic analysis wes definition of the discharge-
elevation rating curve at each of the index locations. This curye is used
as an aid in determining a particular flood's elevation. Finally, the
simgle event flood damages and average annual flood damages were
calculated for each stream reach,

The third phase af the hydraulic sludies was definition of & floodway
for each of the creeks (Deception and Willow] in the study area.



Encroachment on flood plains, such as artificial fill, reduces the fleod-
carrying capacity and increases flood heights, thus increasing flood
hazards in areas bevond the encroachment i{tself. One aspect of flood
plain management involves balancing the economic gain from flood plain
development against the resulting increase in flood hazard. The concept
of & floodway is used as 4 tool to assist communities in this aspect of
flood plain managemenlt. Under this concept, the area of the 100-year
flood 1s divided into a proposed floodway and & 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
can be conveyed withoul substantial increases in flood heights.

Criteria adopted for this study 1imit such increases in flood heights
to 1.0 foot, provided that hazardous velocities are not produted. The
floodway was determined for only the existing land use condition.

The area between the floodway and the boundary of the 100-year flaod
is termed the floodway fringe. The floodway fringe thus encompasses the
partion of the flood plain that could be completely obstructed without
increasing the water surface elevation of the 100-year flood more than 1
foot at any point. Typical relationshipe between the floodway and Lhe
flondway fringe and thefr significance to flood plain development are
shown tn Flgure 2. -
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SIGNIFICANT FLOOD HAZARD FINDINGS

There is serfous potential for flood damage to existding struttures in
the Willow study area. A Tiood with a 100-year frequency would inuncate
approximately 3,900 acres along Willow and Deception Creeks, damaging
many of the structures which are presently concentrated alang Willow
Creek. Future development, 1f allowed Lo take place without regard to
the Tlood hazards, will result not only in {ncreased flood damages but
also increases in the aregas flooded. Uncontrollag development will
subject additional structures to flooding and would increase Flood [lows
and depths of flooding, whether this development 1s lpcated inside or
outside the actual flood plain.

The effect of future development on flooding characteristics is
dependent on many factors, perhaps most impartantly on the location and
size of the development. Major development projects, such as the con-
structfon of a new capital city in the upper portion of the Deception
Creek watershed, can have significant impacts on fload characteristics
and should be thoroughly evaluated Lo determine these impacts.

A detafled discussion on the hydrology-hydraulics methodology ana
analysis findings is presented in appendix portien of Lhis report.
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FLOOD DAMAGE ANALYSIS

GENERAL

Flood damage evaluations were made for existing (1978) and future
land use conditions. Flood damages to the future lang use plans were
analyzed for a case where unconstrained flood plain development was
assumed and for two conditions where all new development would be butlt
in accordance with various flood plain regulation policies. The uncon-
strained development sitwation is a “worst case" condition and is not
1ikely to occur. However, it is useful as a reminder of what could
happen if the flpod hazard in the Willow study area is completely
ignored. Much of the existing land use will change in the future. It
was assumed that the new land use would be developed in accordance with
the flocd plain requlation policy being evaluated, Unconstrained floed
plain development. was assumed for the "no policy" condition. Some of the
existing Jand use will vemain unchanged fn the future and will suffer
increased flood damages regardless of which flood plain regulation policy
is adopted.

The finevitable change of & study area from rural to urban provides
the basis for estabilishing management policy., The impact of Lhese
policies on flood damage under given development alternatives {s
summarized in this seckion of the repart,

The detailed study area was about 1.5 percent developed under 1978
exfsting cenditions. Projected development fincreased to 3.6 percent
under the Alternative B (Future Without Capital) condition and to 12.3
percent for Alternative A (Future With Capital). The land use relation-
ship for the two future alterpative is not expected to change as urbani-
zatipn increases: that 15, the major use wil)l continue to be low density
residential with the introduction of a limited amount of commercial
development in the Tong range future. The following tabls shows the
relatienship between lands developed to any degree and virgin lanpd in the
Willaw and Deception Creek detailed study area, as a percent of this area.

TABLE 3 _
DEVELOPED LANDS IN THE DETAILED STUDY AREA

Ex18Lin Alternative B Alternative A
% Ue- % Unde- % De- % Unde- % De- % Unde-

Area velpped wveloped wveloped veloped veloped veloped
Willow Creek 3.6 96.4 6.2 93.8 9.1 90.9
[excluding
Deception Creek)
beception Creek 0 100 1.3 98.7 15.1 £84.9
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FLOGD DAMAGE EVALUATION

Under the present conaition of land use there is a real potential
that extreme damages can result. Future flood damage increases will be
directly related to the gegree that urbanization occurs and the extent to
which management policies are adopted.

The Matanuska-Susitna Borvouah has recently become a participant in
the Flood Insurance Program administered by the Federal Insurance Admin-
istration. This participation gquarantees that federally subsidized flopd
insurance coverage is available to owners ana occupiers of all buildings
and mobile homes {including contents] within the borough, jncluding Lhe
Hillow Creek basin.

As requireg by this program, the borough has adopted land use manage-
ment regulations which reguire that all new construction in flood hazard
areas be designred to minimize flood Toss., These regulations specify that
all new construction or substantial fimprovements have the first floor
[incTuding basement) level at or above the 100-year flood elevation and
that all utilities be Flond proofed.

With these reguiations in effect ft is expected that damages to
future residential, commercial, and industrial flood plain development
will be minimized or substantially reduced. This presupposes thnat Lhe
100-year flood plains will be identified as they have been in the Willow
Creek basin and that the fiood plain ordinances are strictly enforced.
Shauld this fail to occur, the damage potential will increase drastically
with population growth,

As previously discussed in this report, three flood plain requlation
policies were evaluated In this study. Policy | reflected the siluation
where no controls or ordinance existed or where the existing ordinance
was not enforced. Policy 2 assumed thalt the current Borpugh ordinance
incorporates the delineation of the 100-year Tioed for the 1978 year
copditions, as determined and shown in this study. The Jast policy
evaluated, Policy 3, assumes that the two zone concept, floodway and
f1nadwa{ frinae, 1s adopted by the borough 4s an integral part of the
flaod plain ordinance for the Willow area.

The actual evaluations were made using the melhodology and computer
programs described in Appendix O, ECONOMICS (Flood Damage Analysis).

FLOOD DAMAGE ANALYSIS RESULTS

Flood damages that could be expected to occur ip tha ares For the
various land use alternatives, with and without reguiation policies are
shown summarized in Table 4. This summary includes single event damages
for the 10- and 100-year frequency floods as well as the average annual
flood damages for each alternative.
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TABLE 4
SUMMARY OF FLOOD DAMAGES
FOR -
WILLOW CREEK STUDY AREA

ALTERNATIVE ALTERNATIVE

1978 . :
SINGLE EVENT DAMAGES ($1,000) 2 S
10-YEAR FLOOD EVENT : 3 S
EXISTING POLICY 03 B R \ﬁk&
POLIGY 1 13300 66133
POLICY 2 3 12817 1965 6
POLICY 3 Yy 1043 1252 8
100-YEAR FLOOD EVENT D e
EXISTING POLICY N 12337 LR SR
POLICY 1 43431 91490
POLICY 2 2084 2 3652.9
POLICY 8 8 3 15448 2067.4
AVERAGE ANNUAL DAMAGES ($1,000) N .
EXIBTING POLICY gos 7 B n \kk\\%’\ 2N =
POLICY 1 NN e 4401 8
POLICY 2 8 _ 8227 1150.5
POLICY 4 N N 557 6 8127

FLOOD PLAIN AEGULATION POLICIES
POLICY 1! MO CONSTHAINTS ON LEOCATION OF FUTURE DEVELOPMENT
STHUCTURES MAY BE LOCATED IN THE 1878 CONDITION 100-YEAR FLOOD PLAIN

POLICY 2; FUTURE FLOOD PLAIN DEVELOPMENT SITED WITH FINISHED FLOORSAT
THE 1978 CONDITION 100-YEAR FLODD ELEVATION

POLICY 3t FUTURE FLOGD PRAIN DEVELOPMENT PROEUBITED WITHIN FLOODWAY
LIMITS, BUT ALLDWED [N FLODDWAY FRINGES WHEN SITED | O FOOT ABRDVE THE
1976 100-YEAR FLOOQD ELEVATION



This table shows that flood damages in the future will decreass if
policy restrictions are ioplemented. The flood plain regulation policy
of prohibiting future structures within the [ loodway limits and elevating
structures in the floodway fringe l-foot above the 1978 existing condi-
tion 100-year fiood elevation is tie most effective policy analyzed for
reducing future damages.

Although the damage Lhreat to occupied buildings 1§ expected to be
arrested to warying degrees, depending on which policy (2 or 3) s
adopted, it 1s ooubtful that the same will be true of highways and
railroads. Transportation networks are often founo 1n and adjacent to
flood plain lands as a result of Cost considerations. Even when flpod
damage costs are added to construction, gperation, and maintenance costs,
it often remains less expensive to build on flat lowland areas than on
more rugged upland terrafn,

The regulatory measures analysed do nat prevent flooding but,
instead, reduce the threat of damage or loss of 1ife from floods by
discouraging development of homes and other buiioings on flood plains.
Without additional measures, damage to existing property will continue,
and road and bridge related damages are Jikely to increase. As a means
of alleviating this situation the following alternatives should be
ronsidered.

For Existing Properties

g. Permanent measures built as an integral part of the structure,
such as raising the elevation of the structure, waterproofing of basement
or foundation walls, anchorage, and reinforcement of floors and walls,
and use of water resistant materials.

. Contingency measures which require acticn to be taken Lo make
them effective, such as manually closable sewer valyes and removable
bu lkheads.

c. Emergency measures carried out during floods according to prior
emergency plans, such as sandbagging, pumping, and relocating contents tp
flood-fres areas.

d. HReclamation of flopd plains which tncludes the permanent avacua-
tion of developed areas subject to inungation and the acquisition of
these lands by purchase or land swaps, the removal of structure, and the
relocation of the population From such areas.

e, Use of flood watch or warning systems to provide advance notice
of impending flood danger.

f. Buildings and mobile homes within or adjacent to the delineated
flood hazard areas shown in Appendix C of this report should carry flood
fnsurance on the structure and its contents. Although this will not
reduce existing damage potential, 1t will have the effect of spreading
the flood hazard risk.



For Future Road And Bridge Construction

4, When amalyzing proposed alternative transportation routes, the
costs of potential flood damage should be investigated and included for
use in the decision making process.

b. Construction designs should reflect sound engineering judgement
with regards to flood hazard potential. This includes the analysis of
soils, geology, hydralogy, and hydraulics, as well as adeguacy of con-
struct fon materials.
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ENVIRONMENTAL CONSIDERATIONS

GENERAL

To fully assess the eaffects on the enviromment resulting from
deve lopmental activities proposed by Federal, State, and private entitfes
a thorough understanding of ambient conditions is required. An increased
awareness of the necessity for comprehensive analysis prior to develop-
mental action has led to the promulgation of numeérous land use planning
reguiations designed Lo insure that both short-tarm and long-term
project effects are evaluated. This report outlines the 16JE baselline
enyironmental conditions identified at Willow, Alaska, and presents
methodologies which can be utilized to ascertain the relative effecty of
altering given conditions in the study area.

To aid Tocal planners in the preparation of functional Tang use plans
for the Willow ares, a detailed investigation describing Kknown and
potential flood effects in the Willow drainzge basin was undertaken by
the Alaska District, Corps of Epgineers. The potential impacts on the
local environment due to the Fmplementation of these fulure land wuse
plans can only be adequately assessed with a thorough understanding of
local conditions. This s a precursor to sound decision making. To gafin
this information, an envirormental inventory of the study area was con-
ducted through literature search, contract studies, and onsite investiga-
tions. Color, color infrared and black and white aerial photo imagery
was alsp wutilized to develop the 1978 environmental data base. The
gnvironmental inventory and resouvce management analysis is presented in
Appendix E of this report. Study topics addressed during the expanded
flood plain investigation included:

Environmental Inventory and Evaluation
Water Quality
Resource Managenent

ENVIRONMENTAL INVENTORY AND EVALUATION

The purpose of the environmental inventory developed during the study
fs to document those biotic conditions occurring in the Willow study ares
prior to habitat alteration resulting from proposed future development.
Land cover hdbilal categories were delineated tor the (978 base year
conditjon. From this data, alterpative future Jand use plans were
subjectively evaluated and the results presented. The methodology used
and the evaluation of future Tand use plans was intended to serve as an
example of the capabilities for the future use of State and local
planners in their decision making processes relative to the future
development in the Willow Creek drainage basin.

Significant findings resulting from the environmental inventory

process and subsequent analysis of the alternative development strategies
in the study area include:
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1. The Willow Creek study area, while displaying a diverse habitat
regime, is typical of the southcentral railbelt ecosystem.

2. There are no known Lhreatened or endangered animal” or plant
species inhabiting the area.

3. The American Peregrine Falcon (Falca peregrinus anatum) is a
pessible migrant throughout the study area.

4. An dncrease in developed lands resulting from the expansion
alternatives evaluated will result in increased runoff rates, reduced
water guality and a reduction of wildlife habitat.

5. The habitat categories within the 10D-year flood plain will
experience little cultura)l development and be affected Tleast on an
acreage reduction basis. The habitat categories occupying the flood
plain fringe will incur the most significant habitat category modifica-
tion resulting in species dispersion in these arsas.

WATER QUALITY

A important aspect of environmental analysis within a watérshed is
the existing water quality and projected change in quality directly or
indirectly attributable to development actions. There are many method-
ologies available for the evaluation of water quality, each with its own
advantages and disadvantages. The overriding requirement for any mean-
ingful water quality analysis, hewever, is a known period of record to
calibrate the analysis parameters, Once calibrated, models such as
Storage, Treatment, Overflow, Runoff Model (STORM), and Water Quality for
River - Reservoir Systems (WORRS) can be utilized to predict effects on
the hydraulic system. The lack of historical water quality data in the
Willow Creek drainage basin precluged the attempt at identifying existing
or prpojected future water quality conditions. Future studies in the
Willow basin should outline a water guality sampling program Lo develop
stream and Take base data for calibrating such models.

RESOURCE MANAGEMENT

To adeguately assess the implications of future development within a
given study area a quantitative approach to impact evaluation must be
utilized. The development of computer modeling techniques has greatly
enhanced man's ability to guickly and efficiently analyze the large data
hase necessary to fully document existing conditions. However, with the
introduction of subjectivity in the assignment of numerical values for
computer siimulation this form of analysis is not absolute., Armed with
the knowledge of these constraints, a detalled simulation process can be
performad and the interpretation of results accomplished. The Resource
Infarmation and Analysis (RIA) program, developed by the U.S. Army Corps
of Engineers, Hydrologic Engineering Center (HEC), 1s one exampie of
simulation technology avai1ah?e for p?anning purposes.
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The RI1A program performs four distinct analyses antd allows the option
of either graphics or tabular displays of the resulls. The four programs
inClude: -

i

1. Distance ODetermipation. This program calculates the Tlinear
distance of =ach grid cell from the nearest cell containing a data vari-
able category of interest, such as the distance of each arid cell from
the adjacent cells categorized as cultural influence.

2. TImpact Assessment. This program is designed to determine loca-
tions of high environmental fmpact potential resulting from & development
activity. The impact potential to be analyzed is flexible and definahle
by Lhe system user,

3. Locational Attractiveness. This program 1s an environmental Jand
use analysis which emphasizes the identification of combined Tocational
characteristics that would be attractive for a particular activity. The
procedure develops numerical attractiveness index values for each grid
cell for the desired activity, based upon subjective Judgments as to
attractive 1locational characteristics for a particular land use of
interest, An example would be the delipeation of park spaces or a ski
s lope.

4. Coincident Tabulation. This program accounts for coincidence of
categories between two data variables within the categories of & third
data variable. The third variable usually denotes & geographic boundary
such as the drainage basin boundary. This allows for a graphic display
of the guantitative changes in land use.

5. The Mapping Package. This program provides computer line printer
graphic displays of the variables listed in the base data file as well as
results of the four previoutly mentioned computer grograms. Several
analyses can be performed in a single computer vun. [In an effort to
demanstrate the use of RIA capabilities, a typlcal planning problem is
presented 1n the following paragraphs.

With the potential for the capital city relocation finto the Willow
area, recreational needs for the anticipated population influx must be
evaluated. The development of a winter sports area could be a prime
development desire by the Tocal plammers. Using the attractiveness mode!
capabilities of HIA, a determination of the most desireable area for such
a development can be mapped, based upom any pumber of planaing criteria
ectahlished for site lpcations. The example shown on Mlate 0O pressnts an
evaluation based upon ground sippe and known moose habitat. The program
allows the plamner to subjectively weight each input variable. n this
example the requirement of slopes ranging from 17 to 45 percent was @
requirement for a ski area and therefore of primary concern, Moose
habitat was then weighted to insure that no areas known as critical
spring or winter habitat would be fdentified as a prime development
locations. This fs a simplified example of the program's potential,
Additional parameters could easily have been added to fTurther define the
best possible area for winter recreation development. Uistance from
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existing roads, vegetatjon cover, habitat categories, soil types, land
status (developed vs undeveloped), land ownership, critical habitat
areas, etc., could be specified te insure delingation of an area posing
the least environmenta) damage while meeting the recreational needs of a
new community. The model develops an index value for each grid cell
(1.15 acres) based upon the user specified combinations of data vari-
ables. The computed index walue represents the relative attractiveness
of each grid cell for the desired activity based upen the information
stored for each grid cell location. The basis for such a program is- from
McHarg's manual technique of composite color averlays to define an area
or activity of interest.

The analysis process reguires the selection of variables cortatned in
the data bank. The categories found 1in each variable must then be
reclassified on a relative scale of zeroc to ten, with ten being most
attractive. Raw attractiveness index values are then computed based on
the relative importance of each data variable in the analysis. The raw
index values of one analysis are not comparable to those of another
analysis which compares different data categories. The attractiveness
mode] results are displayed utilizing the overprint (grey shading) option
of the mapping package of RIA, with the most attractive areas in the
gxample printed as the darker areas. This allows a oirect comparison of
the attractiveness output to a mylar base map of the same scale, allowing
for site specific development analysis.

Another example of this capabilities of HIA is the impact assessment
program. An example of this analysis is displayed in Plate 3, which
shows the results of an analysis of the potential alteration of seasonal
¢ritical moose habitat throuoh residential development. By encoding a
subjective weighting factor for each category fdentified in the base dats
file for Moose Habitat and Future Land Use with the Capital City, the
Impact Assessment package was able Lo establish an impact matrix. A
computer printed graphic display of this matrix was generated, detailing
orid cells classified as either no potentfal impact, slight potential
impact, moderate potential impact, severe potential impact or extreme
potential impact. A review of Plate 9 reveals those specific areas where
incompatable wildlife critical habitat and proposed Tfuture land use
interface, yielding a classification of extreme potential impact. With
this information available, side by side comparisons with proposed land
use sites can be accomplished to insure minimal impact on resident fish
and wildlife resources.



T e e e,

| e 7 ]
——
— =
- -
% T e e L
it
T | S T T e
e —ami S E -
s e
T - simis -
o ==
e H e =
H 3 — — -
=
—
—_— : e — - [
: - = - E = En i ey e
3 e e e e e e
. Sieee =
i e st : e
e H r -
— T Mt T Tr— ——uia——asi
' . —_ ———nx
. e

W= —r— =] '
--. — =] [ - = i I g —
==l BEBrisriiz eyt |

1 Fl

;a-:l-dl.--.---i--l-lrl-p-iq-l-l.--..-: — ——

I+

= S L LR -n--trp+-111|,r.--: R -l

¥
:4—-.4-'-_,.1-_:?—:— | — e —

R ——— =i

——
¥
- = A ki - =
=3 e —— — J‘. B Fi &1
= -
P T Ty E—— —r—— " =
e i3 e = e e, = - il - -
e e i o | :
i =l Hi === [T | -
: == i Tl - - = e - s
iziai [[lmmEtct I -
- - — e e - —
iy — | R -
| - P e —— -
| - : il - - L L
—— - i i
E - -
W el a L B [ - —-—
|
- - ———
T — - —

E
E

SCALE N FEET
—— pe—
] Q0" h2000"

WILLOW, ALASKA

EXPANDED FLOOD PLAIN
INFORMATION REPORT

R

. o IMPACT ANALYSIS

ey b b e 884
T R

e e[ SR oF
PRt e FUTURE LAND USE DN MOOSE HABITAT

i ERENEEESERE SRt oy FREFARED BY THE
s EHERN: FHEERE

e ALASKA DISTRICT CORPS OF ENGIMEERS

e L ANCHOBAGE, ALASKA

e

:: :. i 'f r%ﬁﬁ .... 1HH : JUHE CRR
= sl S =

PLATE @




APPENDIX A
DATA MANAGEMENT
FOR
EXPANDED FLOOD PLAIN INFORMATION STUDIES



APPENDIX A
DATA MANAGEMENT FOR >
EXPANDED FLOOD PLAIN INFORMATION STUDIES

TABLE OF COWTENTS

Page

GENERAL A=l
STURY PROCEDURES A2
DATA MANABEMENT A2
Data Collection A4
Uata Encoding Al
Data Processing A7
Date Bank Creation a7
ANALYSIS CAPABILITIES A8
Hydraulic Analysis A2
Hydrologic Analysis A2
Economic Analysis A-13
Environmental Analysis A3

LIST OF TABLES
Number Title Page
A= Data Variable Directory A-B
A=2 Computer Programs fer Expanded FP1 Study A0
LIST OF FIGURES

Number Title Page
A-] Data Management and Modeling Process A3
A-2 Map Encoding Techniques AB
A=1 Grid Cel) Data Dank Concepts AB



DATA MANAGEMENT
FOR _
EXPANDED FLOOD PLAIN INFORMATION STUDIES -

GENERAL

The purpose of this appendix is to describe the everall approach and
concepts of the computerized modeling techniques which have been devel-
oped by the Corps of Engineers Hydrologic Engineering Center (HEC) for
application in Expanged Flood Plain Information (FFI) Stucies. This
study-type is "Expanded" from traditional Corps flood plain information
studies in that both present and future basin-wide land use conditons are
analyzed, and environmental concerns and flood damage potential are con-
sidered in addition to the basic flood plain mapping.

The Expanded FP1 methodology, in biending traditional methods of
computing flood flows, profiles and damages with the recently developed
utility and modeling programs that were desioned to systematically handle
Targe amounts of data for analysis and display, is & significant depar-
ture from past Corps study procedures. The objective of this new type of
study is to develop broadened flood plain information, including hydro-
logic, hydraulic, flood hazard, general damage potential and environ-
mental information for existing and selected aiternative future land use
patterns in the watershed, In addition to this large scale assessment
capability, the capability is also provided for the analysis of specific
proposals, such as determining the impact of a new residential subdivi-
sion or a large shopping center, on downstream developmént, The general
concept embodied in the Willow study is to develop flood plain informa-
tion for existing conditions (1978) and for future land use patterns that
consider development in the watershed with and without & new capital
city. The study provides the continuing capability to perform special
fnyestigatinns and analysis as the neesd arises.

Included in this appendix i5 a discussion of the methods of analysis,
Lthe computer programs, data collection and management procedures, and the
interaction of the variables being considered (soils, land use, environ-
mental habitat, damage reaches, topography, etc.). The anmalysis method-
ology involved the inteqrated use of spatial, gridded geographic data
files., The basic unit in these data files is & rectangular grid cell
with an area of 1.1478 acres, which has specific values assigned for each
variable being considered (l.e., topographic elevation, soil type, land
use, etc.}. lhe entire watershed was subdivided into these units,
creating a massiye data bank which was then used by compuler utflity
programs to analyze various conditions of development. The ultimate aim
of the study effort is to provide Federal, State, and local officials, as
well as other planners, information which will assist them in making land
use decisions for thase areas in or near the flood plains of the study
area. Input from Borough and State planners, especially on future land
use patterns, added to the wvalidity and usefulness of the resuits.
Rather than presenting strictly a report as an end product, this study
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provides a basis and a “continuing" capability, through the use of the
data bank, for planners to rapidly and consistently assess the impacts of
various development plans for the Willow Creek hasin. = s

STUDY PROCEDURES

The study procedures to be used for the Willow Creek Expanded FPI
Stuﬂ{ can best be summarized as shown in the fallowing £hart and schemat-
tcally on Figure A-T1.

STUDY PROCEDURES

DATA MANAGEMENT ANALYSIS RESULTS

Data Collection Hydraulics Flood Hazard Information

fata Encodinyg Hydrology Flood UDamage Information

Oata Processing Economics Envirormental Information

Data Bank Creation Environmental Resource Management [nformation
Accessing Data Bank Resource Management

DATA MANAGEMENT

Data management, as defined for this appendix, begins with the col-
lection of raw data and extends through the development of & computerized
dala bank capable of being rapidly ang efficiently accessed for subse-
guent analyses in each of several functipnal arsas. In order to achleye
this abjective, a procedural concept was selected which allowed aggrega-
tion of one or more of the variables within the overall data set from
some small, spatially oriented units to one of several ather spatial
units of greater areal extent. Use of this data management approach is
nejther new nor unigue, as it has been used by landscape architects and
glanners for many years. However, the potential for using this approach
as a wviable tool, capahle of performing specific engineering and related
water resources analyses, has gained much impetus recently as a resull of
the development efforts of the Hydrologic Engineering Center of the U.S.
Army Corps of Engineers (HEC), as well as other agencies, institutions,
and private firms.

The spatial units selected for this study, 1n order of increasing
areal extent are; grid cell, subbasin, amd basin. The grid cell selected
for this study 1is rectangular 1in shape and 1s 0.1 inch in  the
X-direction by 0.125 inch in the Y-direction at & scale of 1" - 2,000°.
This ceil size s not arbitrary, but is equal to the size of one
character on the computer printer utilized for this study. The area
equivalency of one cell 1s 1.1478 acres, which can be calculated as
follows: given that the base map system ytilized 1s at a scale of 1 inch
= 2,000 feet (blown up 1:63,360 scale USES Quadrangle) and using a
computer printer character of 0.1 inch by 0.125 inch, the areal coverage
of one computer printer character &t this base map scale s an area of
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200 feet by 250 feet or 1.1478 acres. Use of a arid cell of this size
and shape enpables preparation of undistorted computer graphical output of
gither data stored within the data bank or specific analysis-results.

Data Collection

The four classifications of data which were considered when estab-
14shing the study objectives are as follows:

l. Area data (such as subbasin boundaries, land use, and soils)
2. Contour proximal dataz (such as topography)

3. Line doata (such zs transportation routes)

4. Point data (such as archealogical sites)

At this point, it should be emphasized that a base map was prepared
early in the study. This allowed a)] study team members to work from a
common map and decreasad Lhe patential for data registration problems.

During the data collection phase, new mapping obtained for the flood
hazard delineation and for the capital site was controlled tc the base
map system. Delineation of the existing land use and environmental
habitat categories, controlling the Final maps to the base map system,
was prepared. Table A-] contains a listing of major variables within the
Willpw Creek data bank,

Data Encoding

Encoding is the conversion of spatially related data into digital or
grid cell form for subsequent processing inte a grid cell data bank. Twu
procedural methods were utilized for Lhis study. The more easily under-
stood method {s the grid cell approach, wherein a transparency of the
grid cell system is placed over a mapped variable. Each grid cell is
then assigned, by visual inspection, & value corresponding to individual
categories of the particular variable being encoded. This methed is
relatively simple for wvariables such as subbasins and damage reaches;
however, it is a véry time-consuming task for the more complex variables
such as soifl delineations. This method 4is reliable, but offers no
flexinility for sensitivity Lesting of the effects of a different arid
cell size unless the data is reencoded.

The second method of encoding is referred to as digitizatfon. The
approach for this method is to transfer the mapped data to a sufficient
number of X-Y coordinates to define the spatial extent of the data
variable being encoded, whether that data ijs areal, line, point, or
contour proximal data. It can be accomplished manually or automatically
(such as with a line-follower digitizer). Under these procedures, the
original data maintains its fdentity, but further processing s required
to convert the digitized data to grid cell oata. This concept was

A-4



Number

|
2
3

10
11

13
14
15
16
17
18

TABLE A-1

WILLOW CREED EXPANDED FPI STUDY
MAJOR DATA VARIABLES DIRECTORY

Description

Row

Co lumn

Subbasin

Topography

Existing Land Use

Future Land Use With Capital

Future Land Use With Capital With Floodway
Future Land Use Without Capital

Future Land Use Without Capital with Floodway
Soil Type

Damage Reach

keference Flood Elevation

Hydralogic So1] Group

Slope

Vegetation

Environmental (Wild1ife)

Enviranmental (Fish)

Linear Features

A=5
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utilizes on several of the Willow Creek study variables, and was
performed for the Alaska District by Philadelphia District, U.S. Army
Corps of Engineers. Both methods of encoding are shown in Figure A-2.

Data Processing

After the basic data has been encoded, it is processed to produce a
grid cell data file for insertion into the data bank. The major tasks in
this effort include editing of the encoded data to remove encoding
errors, preprocessing of point and line data, and registration of the
data to a common base. The editing task is primarily manual with some
assistance by computer searches for inconsistent data.

For the cell-encoded data, the first process after encoding s te
produce a computerized graphical output (map) of the particular variable
under tonsideration. This is accomplished by using the mapping option of
the Resource Information and Analysis (RIA) Program (described later).
The data seurce map initially used for the encoding procedure, in trans-
parency form, can then be placed over the computer printer graphical
output. A visual editing procedure s used to fsolate encoding errors.
For data variables digitized by automated means, a plotted map (via a
flathed plotter, etc.) 18 placed under the transparent data source map
and visually edited. Errvors canm then be corrected via a catnode ray tube
(ERT) terminal. The next step invplves the registration or exact match-
ing of Lhe edited, digitized data to & common base map. This step is
essential to assure that for a specific cell, simultaneous acquisition
would yield an accurate sel of data for that specific location. Regis-
tration is accomplished by the HEC computer program "REGISTER" which
utilizes a multiple linear regression fitting technigue. With this
program it is possible to register digitizea dsta, for any portion of the
overall study area and at any scale, to the base map system by procedures
which change scale, transfer the origin, compensate for rolation, and
remove distortion. A system of match points, at least seven of which
must be on any given piece of digitized data to be registered, must be
established for the area of concern. The next step involves generation
of grid cell files from the digitized data. This is accomplished using
the computer program AUTOMAP 11, developed by Environmental Systems
Research Institute of Redlands, California.

Data Bank Creation

Basic data that have been (3] cell encoded, edited, and corrected
and/or (b) digitized, edited, corrected, registered, and converted to
arig cell representations via AUTOMAP Il are then ready for insertion
into the data bank, 1In simplified terms, the data bank was created by
using the computer program BANK oeveloped by HEC to produce & systematic
stacking of individual grid cell representations onte magnetic tape.
This grid cell storage concept produced a sequential cell by cell
arrangement which can be accessed and manipuleted efficiently. The
method permits efficient retrieval of multiple data variables for each
cell so that, regardless of the number of variables in the data bask to
be used in an analysis or the number of arid cells for each varianle,



only one search of the data bank is necessary and only computer storage
capacity to process the number of variables invelved is required.

Figure A-3 illustrates conceptually how & single data variable may be
visualized as & mumerical matrix and also illustrates how portions of the
grid cell data bank centain severa)l data variahles. Creation of a data
bank s & demanding rather tedious task that s neither trival nor
Inexpensive. The validity of the analysis, naturally, will only be as
good as the guality of the data bank.

The grid cell data bank was 1initially envisional te include the
entire study area {i.e. all 28 subbasins and their 258 square miles) ang
even the area outside the Willow Creek watershed but within the State
capital site. However, to encompass all that area with grid cells of the
selected size of 1.1478 acres per cell would have required a bank @20
rows long by B20 columns wide, or almost 350,000 grid cells, each cell
with 19 varjables., This turned out to be too large an undertaking for
this study; the data handlipg task aleone was extremely cumbersome and
proved fmpractical for the available computer facilities, Thus, the bank
was trimmed to the bare essentials for performing the required analyses,
The "detailed" study area, consisting of approximately 57,000 grid cells,
is shown on the Location Map, Plate |.

The lands in the capital site area, which dre outside the watershed,
were not necessary Tor any of the hydrologic or economic analyses, so
they were deleted from the "primary" bank (the data that had been encoded
for these cells were retained for future reference, but they were not
used by any of the data bank analysis programs).

ANALYSIS CAPABILITIES

After the data bank of all mneeded variables was created, "utility"
computer programs were used Lo access the files and manipulate the data
for use by the analysis computer programs. The real value of centralized
data storage in such 2 grid cell data bank {s that an wunlimited number of
these simple, special purpose programs can be written quickly and easily
to manipulate the data for either further processing or far direct
anzlysis. The user has the capability of using these utility programs
for updating or maintaining the data bank, and obtaining specific data
from the bank, sither for the entire basin or a selected area (window).

The analysis conceplts that were used in this study were designed to
make use ot "traditional™ methods where possible, utilizing the generally
available HEC supported computer programs. The study departed from
traditional apprpaches in the areas of basic data gathering and manage-
ment, and in the use of the utility computer programs to access the data
for analysis. Table A-2 contains & description of all computer software
that ctomprise integral componente of the technigues developed., The
1isting indicates the tjtle and gives a brief description of itz role in
the overal]l process. These utility and modeling programs make necessary
data manipulations, perform the computations and analysis, and return
certain Lypes of data to the files far either display or Turther use.
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TITLE

TABLE A-2

EXPANDED FPI COMPUTER PROGRAMS

DESCRIPTION

Data Assembly, Encoding, Processing, and Data Bank Creation

AUTOMAP L1

REGISTER

BANK

GRIPS

Generates grid file from polygon date and performs
contouring. Purchased from ESRI by HEC - some minor
medifications. Key data management program in study.

Utility progras developed by HEC to register all data
sets to common coordinate and match points based on
polynomial Fit.

Utiijty program developed by HEC that places grid data
sets into project grid ile.

Series of program developed by ESRI to generate a hase
map image file of the study area from palygon, |ine,
and point data for a specific variable for use by
mapping gprograms prigr to entry into the data bank.

Flood Hazard Evaluation

HYDPAR

HEG-1

HEC-2

DAMCAL

Ut{l1ity program developed by HEC that pccesses data
bank and generates hydroloaic model parameters (loss
rates and unit hydrographs parameters).

General hydrologic model available from HEC, modified
te accommodate 5CS methods.

General water surface profile program available from
HEC. No modif ications, off the shelf and traditional
use only.

Single-avent, computer generated flooded area map.

Econemic Damage Evaluatian

DAMCAL

HEC-1

Develops elevatich dampge functions by damage reach
and land use for arid data file and standard composite
damage functions.

Accepls damage functions and fregquency curves and
romputes expected annual damages for present and
future conditions.



TITLE

TABLE A-2 (Con't.)

DESCRIPTION

ENVIRONMENTAL EVALUATION

RIA

HEC  program  that performs  index computations fYor
spatial environmental locational attractiveness
analysis. Develops printed maps utilizing the data
bank for specific wvariables.

GENERAL PROCESSING/UPDATING

DELTA

RUNLEFT, RUNRITE,
COMBINE B FINAL

CLEAN

GPSFMTI

ATODTA

Utility program for managing data files, and updating
the data bank with new or revised data.

Locally written programs to strip down run-léngth
encoded data to 4 row % 4 column from | row X | column
for left (to col 360) and right (col 360 to 820), to
comhine this data into a single strip row, and to
process this strip data into appropriate slots for the
specific variable into the data bank.

Locally written program which takes appropriate file
information which was digitized by Philadelphia
fistrict and obtains from it only polygon data to be
processed.

Local program which takes the digitized pelygon data
and puts it into a "GRIPS"™ acceptable format.

Utility program that organizes the data fiies from the
HYDPAR and DAMCAL analyses.



The advantages of a spatially gridded data file system are:

1. It provides a centralized, coordinated data sel that encourages
consistent analysis in each functional area.

2. 1L enables consistent and expedient assessments of the effects of
alternative land use patterns.

3. 1t provides for flexibility 1n the scope and detail of analysis.

4. [t provides a permanent data set that may serve as documentation
or as a foundation for future studies.

Specifically the system provides a capability that allows access to
the data files, providing for semiautomated assessments of changes ip
land use patterns or specific location modifications. Sensitivity
assessments can be made of the effects of future development within a
subbasin for a given time period whether it is large scale pattern of
development or simply an assessment of individual plans and sites.

Hydraulic Analysis

The hydraulic analyses needed to defipe the flood elevations and
flood plain 1imits of the various streams are an integral part of the
Expanded FP] Study. The HEC-2 water surface profile backwater program is
the basic hydraulic analysis tonl and was used in the traditional manner.
Water suyrface prpfiles for the 10-, 50-, 100-, and 500-year frequency
floods were computed for both Willow Creek and Deception Creek. The
hydraulic model for each stream was based on existing channel and
overbank conditions, with all existing bridges considered.

The 100-year frequency floog profile for each stream was utilized as
the reference flood profile for the economic analyses. Damage reaches,
which are selected along the streams on the basis of uniform profile
slope, have index stations where flood damages are mathematically
accumu lated. The flood profiles are used to develop rating curves
(discharge vs elevation) at these index stations for use in the economic
analysis calculations. Appendix C, Flooded Area Plates, includes deline-
ations of the 100-year flood plain for the detailen study area for the
1978 existing conditions.

Hydrolagic Analysis

The hydralogic analysis utilized {n the study was accomplished with
the use of HEC-1, Flood Hydrograph Package Computer Program. A utility
program called HYOPAR was used to access the grid cell data file for
information on imperviousness and to compute subbasin or watershed
parameters which were then used &s input into the HEC-1 unit hydrograph
procedures. The watershed was subdivided dinto subbasin areas for unit
hydrograph and flcod hydrograph development at each discharge location.
Flood hydrographs were routed from one discharge location to the next by
the Muskingum Routing Method. The HYDPAR program computes subbasin or

A-12



watershed parameters by selectively processing aata variables from the
grid cell data bank. The principal hydrologic parameters that are
calculated are drainage area, areal breakdown of Jand Use .categories
within the subbasin, average subbasin curve pumber, and the subbasin lag
(the curve number and lag are two parameters used in the SCS upit
hydrograph technique, which was employed here).

Economic Analysis

General flood damage potentfal analysis consisted of delineation of
land use in floed prone areas, sinale event flood damage computations,
and the computation of average annual flood damages. The Hydrologic
Engineering Center has developed an automated method of generating damage
potential functional relationships from the grid cell gata bank, This
method, which utilizes a program calleg DAMCAL, constructs a unigue
elevation-camage relation Ffor each grid cell withirn the Flood plain
(based on ground elevation, land use and damage potential) and aggregates
the individual cell functions to the index location for each designated
damage reach, The index locstions used for aggregation of flood damages
are shown pn the Flooded Area Plates in Appendix C. The damage functions
are then merged with fleod freguency and nydraulic stage data within the
HEC-1 program so that average annual Flcod damages for each damage index
location, land use category (commercial, industrial, residential, etc.)
and evaluation condition (present or future) can be computed.

The DAMCAL program accesses the master data bank and seeks specific
variables to be used in the econmomic analysis. It must determine from
the data bank such information as: (1) which individual cells are within
a damage reach; (2) the land use classification of sach of those cells;
(3) the topographic elavation assigned Lo those cells; and (4) the
referance flood elevation at or nearest to those cells. Combining thls
information with direct inmpul data such as the composite damage functions
(a stage-damage unit area function for each land use cateagory) and the
reference flood elevations at the index locations, Lhe program agoregates
and then tabulates the elevalion-damage data for all pertinent land use
categories and damage reaches.

The HEC program ATODTA is designed to providé an automatic interface
between the Jinformation generated by ODAMCAL, basic hydrologic and
economic data derived from HYDPAR and the other sources, and the HEC-]
computer program which provides the average annual flood damage analysis.
The program reads discharge-freguency and discharge-elevation data cards,
elevation-damage cata generateg by DAMCAL and then performs consistency
checks, damage category aggregalion and writes input datz, formatted for
HEC-1, onto magnetic tapes for direct use by that program.

Environmental Analysis

The environmental analysis tapabilities for this study focus on the
use of the Resource Information and Analysis (RIA) Program developed by
the Hydrologic Engineeying Canter. The RIA Program is an adaptation af a
series of short computer programs developed at the Harvard Laboratory for



Computer Graphics and Spatial Analysis; however, these concepls have been
extensively reworked with numerous modifications and additions.

The RIA Program was designed to access a grid ce)ll data bank for
selected environmental and other related information in order to perform
specific environmental analyses. Four major types of analyses, as well
as computer printer graphic displays and tabulations, are possible with
the RIA Program. These available options, as well as some of their
capabilities as directly related to planning efforte, aré described and
illustrated in the Resource Management heading within the Envrionmental
Considerations Section of this report.
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HYDROLOGY AND HYDRAULICS

HYDROLOGY

Flood plain nydrology is the science of determining the relationships
between rainfall ang runoff. Farameters considered are size and shape of
the watershed study area, soi1l types and vegetative cover, the tmpervi-
pusness associated with different land uses, orailnage improvements ang
meteorological records (rainfall]. Thnese studies result 1n values which
define the probability of peak runoff rates (discharge) at each point of
interest along 2 stream. Hydroloaic analyses were conducted during this
study for the present and future watershed conditions.

Basin Description

Willow Creek watershed 1s Incated in southcentral Alaska, about 30
air miles north of Anchorage. Before emptying 1into the much larger
Susitna River, downstream of the Willow townsite, the creex arains aboutl
258 sguare miles of lamd, of which 58 sguare miles are in the tributary
basin of bUeceptien Creek. The relationship of the two watersheds fis
shown on the map, Figure B-1.

The topography of the study area consists gensrvally of stesp hills
above timberline, rising to about elevation 5,000 feet in the upper
portions; rolling, forested slopés in the middle areas; and flat, poorly
drained lands at the downstream end. Land surface slopes range from
practically zero to 45 percent, forming a variety of hydrologic copdi-
tions. There is a3 wide range of soil ano vegetation types found in the
area. The vegetation Lypes are described in Appendix E, ENVIRDNMENTAL.
The soil types have been mapped by the U.S5. Department of Agriculture,
Soi1 Conservation Services (SCS). The SCS bas identified over 130 soil
types in the basin.

To achieve petter hydrologic definition, the Willow Creek basin was
divided into 28 subbasins. The detailed study area was then reduced to
20 subbasins or adout 104 square miles.

Floods on Willow and Deception Creeks can be caused by a number of
environmental factars, including heavy snowpack, Ltempersturs, solar
radiatien, and precipitation. Ice problems, such as dce Jjams or
glaciatipn in the stream cannel can also cause Tlopding. These
ice-created Tlpods, while not necessarily causing the dgreatest dollar
damages, have causea the highest flppd levels an the streams. lce jams
usually occur during either spring breakup or winter warm periods when
the channe] ijce melts in large pieces that float downstream until they
encounter an obstruction or an unnegotiable bend in the stream, at which
point they effectively dam the river and may cause & significant increase
in stage. Glaciation flooding generally occurs when an abnormally cold
period lasts for an extended duration. This cold weather may cause the
water in the channel to freeze to the bottam in shallow or slow moving
focations, forcing the streamflow te the top of the ice and possibly



overbank. [Oue to the nighly localizes nature of this type of flooding
and the interrelationship of several causal factors (temperature wagni-
tudes and sequence, snow cover, stream level, amount of debris in the
channel), there is as yet no reliable technique for establishing a flood
frequency for fce-caused floods. Thus, the freguency analysis done for
the present study dealt only with precipitation-instigated streamflows.

Streamf low data for the stydy watershed are sparse. The National
Weather Service has beep collecting water stage data during open water
periods at the Parks Highway Bridge since August 1973. Alse, the U.S5.
Geological Survey installed streamflow gages on both Deception and Willow
Creeks in June 1978. However, at the time the freguency analysis was
performed far this study, the short duration of record was not felt fo be
adeguate for discharge frequencies te be projected from standard
statistical procedures. Instead, peak streamflows for four selected
recurrence inteérvals (10, 50, 100, &and 500 years) were determined
utifizing Clark's time-area unit hydrograph analysis techniqus inm the
Corps of Engineers' computer program HEC-1.

Hydrologic Methodology

The hydrolpgic stucies for the Willow Cxpanded FP| Report required
computation of streamflow hydrographs for selected Storm events and the
deve lopment of exceedance freguency curves at index Jlocations of
interest. The aoverall strategy included application of synthetic storm
precipitation data to a hydrologic watershed model, which had been
calibrated from regqfonal historical information, for the wvarious
conditions of interest. The adopted system of models allowed for
interjection of epgineering judgment, while basically automating the
analysis of the effects of walershed changes on peak discharges,
elevations, and gamages. The HEC-1, Floed Hydrograph Package, and HEC-Z,
Water Surface Profiles, computer programs oceveloped by the Corp of
Engineers, HWydrologic Engineering Center, Davis, California, were the
primary analysis tools used in this study. The HEC-]1 mooel was run for
both a ZA4-hour storm and a Y6~hour storm. [t was fell that the 96-hour
storm was more representative of floods expected in the area since most
of the heavy precipitation amounts are associated with low-pressure
systems. Thus, this was the storm used fin the computer program
analysis. Precipitation values were obtained from the U.S., Weather
Bureau Tecnnical Papers No, 47 and No. 52 and provided as input to the
HEC-1 program, The program computed the associated discharges, which
were then plotted on probability paper so that smooth frequency curves
could be obtained,

These flood frequencies were confirmpd through 3 regional frequency
analysis hased on gaged stations in the geographical érea. As a further
check, Treguency curves were derived utilizing the generalizeo regres-
sion eguation presented in the U.S., Geological Survey (U.5.6.5.) Open
File Report "Flood Freguency in Alaska". Fairly good comparisons were
observed in both cases. The flows for the four recurrence intervals are
Tisted for each stream in Table B-1, and the adopted frequeniy curves are
shown in Figure B-2.

B-2
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Hydrologic Model Calibration

The original HEC-1 analysis, which was used toe dertve the freguency
curve flows, was based on subdividing the WilTow Creek watershed into
only two subbasins, Oeception Creek and Willow Creek. Because this
approach was rather rough for the ullimate scope of the study, the area
was subsequently divided into 28 subbasins, 10 of which drain Deception
Creek. Each of these subbasing were Lthen definea in terms of Clark's
unit hydrograph parameters, and routing between wateérshed oullets was
specified for the Muskingum routing method. For reference, a map showing
the location of Lhe 28 subbasins is given in Figure B-), ano Figure B-2
shows schematically how the system is set up, 1.e. how the HEC-1 model
"seas" the watershed.

Essentially, calibration consisted of running the HEC-1 program four
times, once for each of the four selected return intervals (10, 50, 100,
and 500 years), The flood of each frequency was generated by applying
the derived precipitation event of the same frequency to the watershed.
Due to the variation in topography within the study area, hasin average
precipitation values were not used in the model. Urographic effects were
cansidered by using slightly greater stroms in the wpper elevations.
After each run, the peak flows at the main watershed cutlets - the mouth
of Deception Creek where it flows inte Willow Creek {combining point WCODE
in Figure B-3) and the mouth of Willow Creek where it flows into the
Susitna River (the downstream combining point 102 in Figure B-3), were
compared with the corresponding flows on the adopted freguency curve.

TABLE B
PEAK DISCHARGES
WILLOW AND DECEPTION CREEKS

Recurrence Intervals Deception Creek Willow Creek
Years Flow (cfs) Flow (efs)
10 3,650 9,800
50 5,400 14, 600
100 B, 300 16, 900
500 9,000 24,200

ROTE: Discharges shown are for the mouths of the creeks.

The methodoloay used for fine-tuning the model invelved working first
with Deception Creek basin, getting it fairly close to the reguired peak
flows. This was done primarily by adjusting Clark's R (storage coeffi-
cient) and the loss rate parametars. MWhen the flows agreed with &
percent, the mode] was considered calibrated, After Ueception was
established, the same technious was used on Willow, applying the same
criterion for final selection. The Clark time of concentratfon and
storage coefficients for each subbasin are listed in Taole B8-Z, along
with the precipftation Joss rates and base flow parameters. Thi



TABLE B-2
SUBBASIN HEC-1 PARAMETERS

WILLOW CREEK EXPANDED FPI STUDY ’

Subbasin STRTL CNSTL RTIMP Ic R STRTO  QRCSN  RTIOR
] (.2 in 0.10 infer 0.25 2.58 hr 2.3 Hr 1] cfs 32 cfs 1.2
? 0.7 .10 0.22 2.14 2.8 32 95 1.2
3 0.2 0.10 0.26 1.03 2.5 8 19 1.2
4 0.2 0.10 g.08 .77 Z.8 & 12 1.2
5 0.¢ 0. 10 0.25 2.33 2.2 20 50 1.2
b 0.2 0.09 0.81 2.13 2.2 20 50 1.2
7 o2 .10 0.12 1.84 2.7 10 36 1.2
a3 0.2 0.10 0.10 1.49 Z.9 10 30 1.2
Rt 0.2 0.0% 0.08 5.68 2.2 1 45 1.2
10 0.2 0.13 0,04 3.78 3.5 38 80 1.2
11 0.2 n.16 0.02 1.58 2.6 g 14 1.2
1% 0.2 0.1 0.02 5B5.B7 2.0 20 4R 1.2

13 0.2 0.16 0,02 3.40 3.0 3 g7 1.2
M 0.2 0.14 0.02 4.88 1.8 30 91 1.2
15 .2 @, 14 D.03 3.37 1.5 c 67 1.2
16 0.7 0.13 0.01 2.93 1.5 21 50 1.2
17 0.2 0.13 D.02 1.8 1.6 g 15 Y.2
18 0.2 0.14 0.01 4.8 i.6 30 80 i.2
15 0.7 .11 0.03 5.40 2.2 81 158 1.2
20 0.2 0.16 0.03 4.57 2.8 40 110 1.2
21 0.2 0.16 0.02 4.03 3.5 61 175 1.2
id's 0.2 g0.18 0.0 2.53 3.4 10 20 1.2
24 0.2 0.1& 0D.,1a 8 43 3.1 165 477 1.2
25 Q.2 0.16 0.12 7.24 3.1 122 363 1.2
7’6 0.2 0.16 0.04 #_4R 3.2 121 347 | .
27 0.2 0.14 0.0 3.39 1.9 30 a0 1.2
28 0.2 0.16 0.20 5.06 2.9 gl 232 ¥.2

Explanation of Terms

STRTL inftial rainfall less, in inches

CNSTL uniform rainfall loss, in inches/hour .

RTIMP preportion of drainage basin that is wmpervigus, must pe = 1

TC Lime of Concentration Tor Clark unit Hydrograph, 1n hours

R storage coefficient for Clark unit hyorograph, in hours

STRTQ flow at start of storm (i.e. base flow), in cfs

ORCSN flow in cfs below which base flow recession occurs in accord
ance with the logarithmic recession constant RTIOR

RTIOR ratio of recession flow, (QRCSN, to that flow otcurring 10
tabulation intervals later, must be |
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Muskingum parameters for each of the routing reaches are shown in Table
B-3. Hydrologic continuity was maintained between the eight upper-basin
subbasins and the 20 subbasins in the detailed study drea. in the HEC-]
model by using the same (lark parameters in the upper basins and rouling
their hydrographs downstrean in the same manner as previously. The lower
basins'  hydrographs were computed by wusing the SCS curve number
technigue, but HEC-1 is very flexible and permits meshing of the various
methods between subhbasins.

Derivation Of Hydrologic Parameters

The computer data bank played a large role in the derivation of
nydrolegic parameters. The variables in the bank that were required for
the hydrolagic analysis were the subbasin number (#3), existing and
future land uses (#5, 6, 7, B, and 9), hydrologic soil group (#13), and
the land surface slope (#14).

Somewhat related were the hydraulic and economic analyses done for
the damage calculations, which utilized the cell elevation (#4), land
uses (#5, 6, 7, 8, and 9), damage reach (#11), and reference flood
elevation (#12) variables. Hydrologic 301l groups and land surface
slopes were defined indirectly for each grid cell within the datas bank.
The soil type was first entered intec the date bank. This data was
collected fFrom soils maps published by the U.5. Department of Agricul-
ture, Suil Conservation Service (S£S} for the Susitna River Valley and
for the Matanuska River Valley, as welil as from some mapping done by the
5C5 for the capital site area and some soil typing done Dy ailrphoto
interpretation by special arrangement with the SC5. The areas on these
maps were digitized for the Alaska District by the Philaselphia Oistrict,
Corps of Engineers, whersupon they were assigred to the proper grid cells
and entered into the data bank. Then, since each soil type has a unique
hydrologic soil group and surface slope associated with il (determipned by
the 5CS), the corresponding values far these twe variables were simply
assigned bhased on the soil type. Thus, varfables 13 and 14 were created,
;ndkthe data required for hydroiogic analysis were available in the data

ank.

The next step in deriving the hydrologic parameters, after establizh-
ment of the necessary varfables in the grid cell data bank, was cperation
of the computer program HYDPAH. The program reguired some input data,
then it utilized the data bank to compute hydrclogic values for each sub-
basin, for subsequent use by the other computer programs. HYDPAR's out-
put gata were stored on a computer tape or disk, which was tnen accessed
by the program ATOOTA. By using some additiomal 1nput data, ATODTA
organized the HYOPAR output inte a form readily usable by the program
HEC-1 for hydrograph computation and analysis., A1l three programs
HYDPAR, ATODTA, and HEC-1 were developed by the Corps' Hydrologic
Engineering Center in Davis, California.

Operation of HEC-] was the final step in determining the flood hydro-
graphs for the watershed. In deriving the hydrologic parameters from the
data bank, two basic hydrograph techniques were avajlable for use. These
were Lhe composile imperviousness ar Snyder method, and the Soil Conser-
vation Service (SLS) method. The SCS method was selected for use because
it was felt to be better adapted to consideration of changing land uses.

BB
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The SCS method 1nvolved twe main steps for determination of the flood
hydrograph from & given subbasin. First, the amount of surface runoff
generated by the particular storm a2vent was determined. Then, & sipgle
parameter was used to define the shape of the discharge hydrograph, this
parameter being the subbasin lag time. Runoff volume was & function of
basic curve number, which is explained below, and the basin 1ag was
computed in HYDPAR by an empirical eguation recommended by the SCS.

Subbasin curve number (CN) is a function of antecedent moisture con-
ditions, soil type, and land use. [n the HYDPAR program, the subbasin CN
was computed as the average of the CN's For all the individual grid cells
contained within the subbasin., The program read the data bank one cell
at a time, and, based on the specific hydrologic soil group (HSG) and
land use of the cell, it assigned a CK to the cell, Then, for each sub-
basin, the cells' individual CNs were added arithmetically and divided by
the number of cells to get the average subbasin CN. When the land use
condition under analysis changed, the land use of an individual cell may
have changed, which may have changed it's CN, conseguently affetting the
subbasin Curve number.

TABLE B3
MUSKINGUM ROUTING COEFFICIENTS
WILLOW CREEK EXPANDED FPI STUDY

Reach Point U/S 0/5 Point AMSKK X
28 26 .43 nr 0.32
26 21 2.1% 0.30
29 22 0.49 0.38
23 21 1.81 0.30
21 13 3.22 0,36
13 11 1.18 0.35
il 10 1.46 0.25
il 501 1.20 0.24
27 19 3.28 0.33
19 7 1.03 0. 36
17 16 0.98 0.35
16 15 1.27 0.30
15 12 0.34 0.38
12 9 0.98 0.26 .
9 b 113 (.25
el 503 0.3¢2 I 2e
7 4 0.64 0.10
503 502 0.09 0.22
502 101 0.44 0.23
1m 102 1.81 0.23
8 2 1.81 0.15
Explanation of Terms
AMSKK - Muskingum K coefficient (reach travel time), in hours

X - Muskingum X coefficient

g-7



The hydrologic soil group fin the curve mmber assignment was &
measure of a given soil's runoff potential. Al soil types in the data
bank had & characteristic runoff potential associated with them. Each
was indentified with a letter A, B, C, or D (1, 2, 3, or 4, respectively,

in the data bank), corresponding to the soil's capacity to absorb water
{see Table 8-4).

The other important hydrologic parameter computed in HYDPAR, the
subbasin lag, is a little more complex, in that there were more finput
values regquired. It was only computed once, however, for each subbasin.
The equation used for determing the lag is:

B .7
Lag (Hours) = L) 3+ 1%
(1500) * (Y)°

Where L

hydraulic iength of subbasin (the water course length from
the subbasin outlet to the upstream boundary yielding Lhe
longest time of travel), in feet

S = (1000/CN) -1

CN

arithmelic average curve number
Y = arithmetic average subbasin land slope, in percent

Values of L were entered as input data for each subbasin (entered in
miies and converted internally to feet), and Y, the subbasin average
slope, was computed in a manner similar to the CN procedure. Each cell's
sTope was read directly from the data bank, and the sum for each subbasin
was divided by the number of c¢ells to give the subbasin average ({each
call was assigned a number corresponding to an appropriate average slope
- an input function shown fin Table B-5 - defined 1In the SCS soils
mapping).

The hydraulic stream lengths and the computed curve numbers, average
slopes, and subbasin lags that were input for the 20 detailed study area
subbasins are shown in Tables B-6 and B-7, respectively.



TABLE B-4
DEFINITIONS OF HYDROLOGIC SOIL GROUPS_

A,  (Low runoff potential.) Soils having high infiltration rates even
when thoroughly wetted and consisting chiefly of deep, well to exces-
sively drained sands or gravels. These soils have a high rate of water
transmission.

B. 5011s having moderate infiltration rates when thoroughly wetted and
consisting chiefly of moderately deep to deep, moderately well to well
drained soils with moderately fine to moderately coarse textures, These
s01ls have a moderate vate of water transmission.

L. S0ils having slow infiltration rates when thoroughly wetted and
consisting chiefly of spils with a layer that impedes downwara movement
of water, or soils with mederately fine to fine texture. These soils
have a4 slow rate of water transmissian.

D. (High runoff potential.) Soils having very slow infiltration rates
when thoroughly wetted and consisting chiefly of clay soils with a high
swelling potential, soils with a permanent high water table, soils with a
claypan or clay layer at or near the surface, and shallow sgils over
nearly impervigus material. These s0ils have a very slow rate of water
Lransmission.

SOURCE: SCS National Engineering Handbook, Section 4, HWydrology, 1972,

TABLE BS
LAND SURFACE SLOPE FUNCTION
WILLOW CREEK EXPANDED FPI STUDY

Slope Class Range in Percent Average S]ope
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TABLE B-6
HYDRAULIC STREAM LENGTHS
WILLOW CREEK EXPANDED FP| STUDY

Subbasin Stream Length

4.7 miles
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TABLE B-7
HYDPAR-COMPUTED SUBBASIN PARAMETERS
WILLOW CREEK EXPANDED FPI STUDY

Average Average Subbasin
Subbasin Curve No. Slope Lag
J 72.5 2. 7% 3.2 hrs
2 Thef 6.1 2.9
3 7.2 5.1 .8
4 75.3 1.7 1.7
5 77-5 T.7 3:0
f 6.0 4.9 2.5
7 73.9 9.7 1.3
8 75.3 4.8 1.7
g 5.1 6.7 Z.B
10 72.5 4.3 3.5
11 76.3 7.8 1.1
12 696 4.1 3.2
13 67.6 11.2 2.3
14 75.4 7.8 2.8
15 731 7l 2.1
16 70.0 13.3 1.2
17 68,7 17.5 0.8
18 79.0 12.1 1.9
19 /8.7 fol 2.4
20 70.4 10.2 2.6

Figures Derivea for Existing Land Use Conditions



After the basic hydrologic parameters had been determined for each
subbasin by HYOPAR, the program ATODTA was executed to consolidate the
data and arrange it into a form usable by HEC-1. Another program that
directly analyzed the data bank but was concerned with economic and depth
of flooding information was OAMCAL, DAMCAL is described in detail in
Appendix D, ECONOMICS. Both the HYUPAR ana DAMCAL outputs are stored on
computer tape or disk for subsequent use by ATODTA., Considering only the
hydraloegic analysis, ATODTA accessed the SCS unit hydrograph datz in each
HYOPAR file and combined some additional input data to geperate an outpll
file corresponding to inputl regquirements of MEC-1, These datz identified
for thae HEC-1 model the method for inpub of precipilation data, the basin
loss rates, and the hydrograph parameters (5CS coefficients and base flow
parameters) to be used for each subbasin. The ATODTA run then generated
two outout Ffiles, one of economic data (from UAMCAL]) and one of
hydrologic data. The hydrologic data have been displayed previously -
ATODTA did not compute any new values.

Flood Hydrograph Analysis

The final operation of HEC-| to obtain the fiood hydrographs invalved
zoordination of the eight upper subbasins' hydrographs (determined by
Clark's hydragraph method, as explained previous|y), the output datz from
the program ATODTA, and the additional input date accompanying HEC-1.
The ATUOTA output consisted of the base flow parameters and the coeffi-
cients for computing thé hydrographs with the SC5 method Tor sach sub-
basins, comparable to M, T, W2, and X cards input useéd with a conven-
tional run of HEC-]. The additiona)l data cards required to accompany the
HEC-1 run for each detsiled study area subbasin were the following: K
cards to jdentify the subbasins, O cards to give precipi- tation data, ¥
and Y1 cargs te give routing parameters, and I cards to identify points
where damage computations were to pe made [1.e. the damage reach {ndex
locations).

Application of the SCS curve number (LN) technique s descrived 1in
general in the pirevious section, Derivation of Hydrolegic Parameters.
The appropriate parameters (i.e. subbasin CN and lag time) were computed
in the HYDPAR program and passed by the program ATODTA to HEC-1. In
HEC-1, a rainfall distribution pattern was applied to sach subbasin, and,
through use of the hydrograph parameters, flood hydrographs were combined
downstream at the proper Jocations.

As the hydrograph routing progressed downstream, calculations of
Lotal damages ta be expected on an average annual basis were made at each
of the index locations. Economic data were retrieved from the ATODTA-
ODAMCAL output file for sach index locatjon. The economic and hydrologic
data for eath of the seven land wse comditions were kept =egregated so
that expected average annua)l damage comparisons could be made between
them. The land use plans were generally divided between existing condi-
tions, future land use with Lhe capita) move, and future land use without
the capital move. In addition, the two future conditions were analyzed
for threse different flood piain development policies: unrestricted
development in the flood plain, development with new structures within



the flood plain to be built with finished floors at the 1978 100-year
flood elevation, and prohibition of new construction within the floodway
but allowance within the floodway fringe when elevated | foat above Lhe
1978 100-year flood elevation.

Tne information passed by ATOOTA to HEC-1 consisteq essentfally of
stage-discharge and discharge-freguency relationships for each index
location. HEC-1 then determined the hydrograph at each discharge loca-
tion, as well as the hydrographs corresponding te ratios of the input
rafnfall event, and computed depths of flooding for each flood at each of
the index locatjons. This was done for each of the land use plans. It
should be noted that the freguencies assigned to these discharges are
approximate since they were computed based on ratios of rainfalls which
were estimated to correspond to the given frequency.

Combining stage-gdamage and subsequently derived dpmage-discharge
relationships then permitted calculation of the final relationship, flood
damage versus frequenty. Integration of this curve at ‘Bach fndex loca-
tion gave the expected average annual damages. The damage calculatian
results are described in detail in Appendix D, ECONOMICS.

HYDRAULICS

The objective of flond plain hydraulics studies s to dgetermine the
depth of flow and lateral extent of inundation along streams for flood
events of various freguencies. [n the Willow Expanded Flooa Plain Infor-
mation Study, hydraulics was used to combine rainfall-runoff wvalues
(flood discharges) from the hydrologic model with physical stream charac-
teristics (channel shape, area, vegetation, bridges, and slope) to
develop flood profiles on each of the two streams. Utilizing the iafor-
mation generatea from the backwater studies, flood plains (flopded aress)
ware aelineated along Willow Creek and Deception Creek, rating curves
(depth versus discharge] were plotted for use in flood damage calcula-
tlons, and theoretical depths of flow for & wide range of storm events
were determined for any peint on the stream. The basic hydraulic engi-
neering tool used in the Willow study was the computer program HEC-2,
Water Surface Profiles, developed by the Corps of Engineers, Hydrologic
Engineering Center, Davis, California.

Hydraulic Methadology

The HEC-Z2, Water Surface Profile Computer Program, 1s {intended for
calculating water surface profiles from steady, gradually variea fiow 1n
efther natural or man-made channels. The computational prececure, which
considers the effects of varicus obstructions such as bridges, culverts,
and structures in the flood plain, is based on the solution of the one-
dimensional energy equation with energy loss due to friction evaluated
with Mannipg's equation. The computatiomal procedure is generally known
as the Standard Step Method.

The program 1s specially taylored for application in flood plain
management. and flood insurance studies, evaluating floodway encroachments
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and determing flood hazard zones. The program was also used fn the Flood
Insurance Study that was prepared concurrently.

#

Hydraulic Madel Development

Development of the computer backwater models to represent the physi-
cal characteristics of the streams ipcluded reviewina the meager existing
hydraulic data, develaping and obtaining data for use in the models, and
creating the models. These tasks were perfarmed in conjunction with a
flood insurance study that was also being concurrently prepared by the
Alaska District, Corps of Engineers.

The necessary data that had to pe obtained incluced field cross
section data, bridge data including channel modifications, and harizontal
and vertical control date for 5-toot contour mapping of the area. Field
trips to verify chamnel conditions ana roughness coefflcients, examina-
tion of 19478 aerial photoographs, comparispgn with historical nighwater
marks, ana coordination with borough officials werg all included as part
of the modeling effort. Pertinent data tnat were Input for the backwater
models finciuded: cross section geometry, reach lepoths between Cross
sections, roughress coefficierts ("n® values), bridge conflgurations and
locations, discharges (from hydrology) and starting water surface condi-
tions. These data were encoded onto computer cards, edited for errtrs,
and then processed by the HEC-2 backwater program. The HEC-2 program
computes water surface elevations at each cross sectfon, ndased on the
input data, For each discharge that is provided. These indivigual eleva-
tions could then be plotted along a stream profiie, to creaste a flood
profile for each Tlood that 1s studied. In addition to profile informa-
tion, the HEC-2 program was used to compute storage-oischarue values for
hydraloegic routing pruposes. The HEC-2 program was used early in the
study to develop these stlerage-discharge relationships for routing pur-
poses, and then was used again for final profile determination of the
10-, 50-, 100-, and SOD-yedr floods.

Floodway Determinations

In addition to the calculation of water surface flood profiles,
encroachment 1imits, consistent with the Federal Insurance Administration
T loodway concept, were also computed for the two streams in the detziied
study area. This cupcept considered encroachment (uswally by Filling)
intp the flood plain fringe area, wherein the natural condition water
surface is raised no move than 1 foot. The computed floocdway width,
then, 1nciuded adequate cross sectional area witn tnis adoitional aepth
to pass the 1978 10C-year flood. The basic hydraulics for the Willow
Expanded FPI Study were prepared in conjunction with the flood insurance
study For Willow, and included Floodway determinations for both
purposes,

Relationship With Flood Damage Calculations

The hydraulic data generated from the HEC-Z2 analyses were also used
in floco damage calculations. After the base conditign (1978) flood
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discharges had been finalized d4nd water surface profiles computed and
plotted, the reference flood plain was delineated and reference flood
elevations were superimposed along the streams. The refergnce flood was
used ta relate the hydraulic character of the streams (depths of flow at
any point) to the topographic elevation of the flood plain, so that flooo
damges could be calculated. The 1978 condition 100-year frequency flood
was chosen 3s the reference flood,

After the backwater wodels were fully developed, edited, and call-
brated to available historical information, rating curves were then drawn
at index locations. The ratino curve, which is the reldtionship between
discharge and stage of a stream, is the basic hydraulic function that was
used in performing flood damage calculations. As described in Appendix
D, ECONOMICS, the ecanomit counterpart to the stage-discharge function fis
called the stage damage relationship which represents the flood damages
which will ocelr in a defined stretch (reach) of the stream at various
depths of flow.

Usyally, the damage represents an aagregate of damages to structures
and contents which occur some distance upstream and downstream from the
specified location, These two relationships are combined with the
discharge-frequency relationship, developed from the hydrologic calcula-
tions, to derive the damage-frzquency data needed to compule average
annudal flood damages. [In additiaon, single event flood damages can he
developed from these relationships.

An index location §s required for each of the damage reaches. It is
a point aleng the particular stretch of stream at which flood damage
potential f{s aggregated. These points were selecied from hyarolégic,
hydraulic, and ecanomic considerations, are represerntative of the flood
profiles in the damage reach, and are near the Tocation of a discharge-
fraguency determination.

Hydraulic Study Results

The information developeg from Lhe hydraulic pertion of the Willow
Expanded FPl Study inciuded 10-, 50-, 100-, and 500-year flood profiles,
flood plain delineations of the 100-year floond, floodway encroachment
limits, and rating curves at index locations.

Ta afd planners, engineers, and Borough &nd State officials, a set of
flooded a&rea maps, with coverage of Willaw Lresk and (Oeception CLreek
within the detalled study ares, 1s included in this report, The flood
plain and floodway limits and the floed elevations for the existing
conditions (1978) 100-year frequency flood are shown in Appendizx G,
while this same information for the future land use plans is not
presented 1in this report, 1t Js available from the Alaska District,
Corps of Engineers.
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FLOODED AREA MAPS

GENERAL

The portion of the Willow Creek study arez that would be ipundated by
the existing conditions (1978) 100-year frequency (1 percent chance in
any year) flood is shown on Plates C-2 to (-B. The inundated areas shown
on the plates, along each of the streams, were derived from surveyed
cross sections, fisld checks, bridge plans, and from interpretation of
topographic maps and aerial photographs. The actual limits of these
overflow areas on the ground may vary from these shown because the scales
of the available maps do not permit precise plotting of the flooded area
boundaries. Additionally, localized drainage patterns, flce or oepris
Jams and winter glaciation problems could result in the inundation of
other areas adjacent to these streams. Important land use decisions in
specific areas should be verified by field surveys. Changes in the land
use, drainage patterns, and structural occupancy of the flood plain may
result in different Flood aelevations than thoss shown. It should be
noted that floods larger than the 100-year frequency are possible and
could rvesult in greater depths, velocities, ano area floaded, The
100-year flood was chosen to delineate as it represents a major flood and
is the basis for the designation of flood hazard areas under the National
Flood [nsurance Program that the Matanuska-5Susiina Borocugh has recently
entered.

Shown on the maps are the extent of the 100-year floodway and flood-
way fringe. These terms are explained In detall in the section on
Hydrology and Hydraulics. Tne concept has been used extensively in Lhe
Flood Fnsurance Program and is Trequently incorporated as part of a
community's Flood plain ordinance. The wavy blue line and numera)l in the
shaded area represents the elevation of the |00-year flood at that
particular locatipn. Also shown on the plates are the various index
locations where flood damages were aogregated ip  the damage
calculations, The 100-vear frequency fload discharges that were used in
deriving the flood plain Timits are shown in Table C-1.

By wsing the information illustrated on these plates, together with
other data such as frequency of occurrence, velocity of flow, and
duration of flooding, government eptities and individuals can make

knowledgeable decisions relative to the use, development, and management
nf arfas subject to inundation.
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TABLE C1
DISCHARGES FOR THE 100-YEAR FREQUENCY FLOOD
AT INDEX LOCATIONS

1978 Existing Conditipns

Index Prainage Area 100-year Freguency
Description Locat ian {sq mi) Flood Discharge {(cfs)
Willow Creesk i 244 16,965
2 239 17,059
3 235 17,055
q 174 15, 244
5 166 15,922
Deception Creek f 49 hy 269
7 35 3,933
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ECONOMICS
(FLOOD DAMGE ANALYSIS)

GENERAL

A fiood plain is an area that reguires specfal planning considera-
tions because of Jts proneness to flooding. Basic to a broadened
planning attitude, regarding the wuse of Flood plain lands, 15 a
recognition that the flood hazard 1s a combinatign of flooding and
susceptibility te flood damage in flood plain land use. Through bitter
experience, man has learned that floods quite often cover portions of the
flood plain, damaging or sweeping away roads, bujldings and homes, and
often pose a severe threal Lo human life and health., Adverse effects of
flooding include damange from overflow, sediment deposition, sewer hackup,
creation of unsanitary conditions, rise of groundwater table and fire and
pollution damages from chemical plants or gaseline storage facilitips.

The primary objectives of the flood damage analyses performed Far the
Willow Expanded FPl Study were te calculate the sipgle-event and average
annual flood damages that can be expected for each basin-wide land use
cendition and te evaluate the implications of these land use changes
{inside and/or outside the defined Tinod plain area) on the Tlood damage
potential of the study area. These analyses focus upon the potential
fiond damage conseguentes of alternative land use configurations as
determined hy a unigue, systematic amalysis methooology.

The snalysis approach included subaividing the entire watershed into
rectangular grid cells of 1,147 ascres (200 fest by 250 feet) and
assiyning specific values to Lhe cells ro define physical paramelers.
These cells then made up 2 wassive computer data bank which was accessen
by ytility computer programs to automatically extvact information from
the data bank for zalculation of single-event damages (such &g the
100-year event) and average annual flood damagec For the alternative
pasin-wide Jland use conditions under various Tlood plain regulation
policies.

This chapter presents a description of the basic economic principles
and the interrelationships between flood damage economics, hydrology, and
hydraylic analyses, The flond damage analysis computer programs are also
described.

FLOOD DAMAGE ECONOMICS PRINCIPLES

The principle upon which tnese flood damage calculations are hases is
that the flpod damage (in dollars) to an individual structure can be
calculated by determining the Ffloed stage (depth of flooding) at the
speciffc location under consideration and the relationship between flood
depth and Udamage potential of the structure and jts c<contents. For
example, §f a 100-year flood produced a stage of 2 feet inside a single



family residential structure, the flood damages to the house and furne
ishings can he determined by reading the ampunt of damages caused hy 2
feet of water from & composite damage function.

Another way of expressing flood damages is by means of "average
annual damages" or “expected annual damages." Average annual damagea is
the frequency-weighted sum of damage for the full range of damaging flood
events. Il represents the average annual damage for a particular set of
hydrologic (rainfall-runoff), hydraulic (depth of flooding), and damage
(dollars-depth) conditions. To estimate average annua! damage (AAD), the
damage corresponding Lo each deptn of Flooding is weighted by the proba-
bility of that depth occurring, with rare flood evepts (100-year, S500-
year, etc.) being weighted less thap the mgre frequent events. These
weighted damage values are aaded, and the sum represents the average
flood damages.

The basic relationships which must be developed to determipe ejther
single event (e.g., the 100-year frequency or 1 percent chance each year
flood) or average annual damages are:

(1) Stage {depth of flow) to discharge (volume flow rate, flow of
water);

{2) Stace to damage (Tlood damage for each oepth of flow); anu,
(3] Djscharge to frequency of vecurrence (rainfall-runoff).

These relatfonships are then merged with informalion concerning the
comppsition and spatfal lecation of land uses by means of 4 computerized
data bank containing reference flood, damage reach, and index Jocatfon
information. A uescription of these concepts s presented in the
ramainder of this section.

Stage-Discharge Relationship

The stage-discharge relationship is a basic hydraulic function that
expresses for a specific location, the relationship between flow rate or
discharge {usually expressed in cubic feet per second) and stage or depth
of f1GH (expressed in feet), The function is commonly called & “ratino
curye," and the data points are usually derived from water surface
profile computations. Details of how water surface flood profiles are
developed are d{scussed in Appendix B, HYDROLOGY AND HYDRAULICS.

Stage-Damage Relationship

The slage-damage reiatfonship is the economic counterpart to the
stage~discharge function, and represents, at a specific location, the
damages expected to occur in & defined stretch (reach) of the stream at
various stages. Usually the damage reépresents an aggregate of damages
which occur some distance wupstream and downstream from the specified
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location. The information in a stage-damage curve 1§ usually developed
from fiald damage surveys. This concept 1s described in the section on
Composite Damage Functions. .

Discharge-Frequency Relationship

The discharge-frequency relatianship defines the relationship belween
exceedance frequency (or probabflity of a floocd being egualed or
exceaded) and any given discharge at & specific location. This is a
pasfc function describing the probabhility nature of streamflow and is
commanly determined from either statistical analysis of qages flow oata
or through watershed model calculations. An example of this relationship
would be the 10-year freguency flood (with a probability of peing equaled
or exceaded on the average once every 10 years ar d 10 percent thance of
recurrence each year) which bas a value of 9,800 cubic feet per secand at
the mouth of Willow Creek,

These three basic relationships were developed hy a study team which
included an economist (for damage functions), 3 hydrologist (for
rainfall-runaff-frequency functicns) and & hydraulic engineer (for
stage-discharge functions).

After these relationships were developen, they were combined inte two
functions, the discharge-damayge ancd the stage-frequency relalionships.

Damage Frequency Relationship

This relationship, the culmination of extensive calculstions, 1s
derived by combining the previously discussed relatfonships, using the
common parameters of stage and Uischarge. Figure D-1 fllustrates this
procedure, The damage for a specific excesdance freguency 18 calculated
by determining the corresponding discharge from the discharge-~freguency
function, the corresponding stage from the stage-discharge function, and
the corresponding damage from the stage-damage function. The daniege-
frequency curve relates the amount of damages that could be sxpectad to
occur for a specific freguency flood event. An example would be the
single event 10-year freguency (10 percent chance) flood in the Willow
Creek basin for 1978 conditions which would cause an estimatec $903,860
in flood damage.

Because these stage, discharge, freguency, and damage relationships
vary algng a stream, it 1s common practice to divide a river into reaches
and 1et a set of these relationships be representative for a specific
regach., An index location is selected withln each reach and & single
stage or distharge-frequency relationship and stage-discharge relation-
ship are applied 4t thet location amd caonsidered representative of these
variables for the antire resch. For damage calculations several rela-
tionships are required, each represantative of a particular land use
category (residential, commercial, industrial, agricultural, stc.).
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Damage Reach Selection

Frequency, discharge, stage, and damage dala are used for each stream
réach. Thus, thess data must be representative of the actual frequency
of flood events, flow regime, and Flood damage for this reach. Gener-
ally, hydrauvlic amd hydrologic factors govern the selection of the index
location for each reach. The criteria for determining the extent or
damage reaches inclode maintaining a balance between consistent (par-
allel) water surface profiles along the stream, while keeping the number
of damage reaches to a reasenable number.

Damage reaches were outlised to define Lhe agrig cells from which
damage data were aggregated to an ingex location, Hecause only those
grid cells that needed to be analyzed for potential flood damage ware of
interest, the damage reaches extended laterally only to include about 5
feet of vertical depth above the 1978 100-year fTlood elevation. Figure
0-7, Damage Reach Delineation, i1lustrates & typlcal damage reach
deiineation and the pdrametlers to consiter in selecting a damage reach,
Seven damage reaches were defined for Lhis study.

Reference Flood Selection

Since flood water surface profiles generally depict varying eleva-
tions (due to stream slope} throughout a damage reach, a reference flood
profile is needed ta relate ground elevations or structure elevations
along the stream to the elevation of ezch index location. DBy selecting &
reference Tlood profile which properly represents the slope of the
various condition flood profiles and Lhe general slope of the fload
plain, damase calculatians can be agygreqated to the fndex locatian whera
the stage-damzge-frequency-discharge relationships are known, [f  the
Flood prafiles are consistently parallel throughout a potential damage
reach, the selection of a specific refergnce flood 15 less critical.

An elavation of the reference Flood was needed for each grid cell
becausé each grid cell within each damage reach s involved in the can-
struction of Lhe aggregated damage function. The reference flood profile
that was used for the study was the 1978 conditian 10U-yedar profile.

Index Locouon Consideration

An index location is reguired for pach damage reach and is ysed as a
paint along the particular steetch of stream to aggregate (sum up) the
flood damage potential in that reach, The index Tlocation shoulo fe a
point along the stream which is most representative of the flood profiles
in the damage reach and is at or near the locatien of a discharge-
frequency determination. The data requirements for each of the seven
Index lYocations included the rating curve, the discharge-freguency curve,
the reference flood elevation, and the zero damage elevation (lowest
elevation at which flood damage can occur). The vrating curve and
reference flood elevation were opbtained from computer program HEC-2
resulis, the discharge-Trequerncy data wae compuled by a statistical
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regional frequency analysts, and the zero damage elevation was estimated
from topographic maps and finished floor elevations. A sample set of
index location data is shown in Figure D-3. v

Composite Damage Functions

A composite damage function 1s defined as a stage-damage Function for
a unft area (grid cell) and was developed for each land use category that
has significant damage potential. These functions were developeg for
each land use category by averaging the structural and related content
values.

The composite damage functions may include direct and indirect
damages that are assqciated with each particular land use category.
Figure 0-4, Composite [Damage Function for Low Density, Single Family
Residential Land Use Category for Alternative B (Future Without Capitall,
Policy 1, illustrates an example of a composite stage-damage function.
These functions were developed for other land use categories, such as
resource exlraction and public parks, although the corresponding damages
weye smal] compared to those goccurring in the urbanized areas.

The concept of using generalized, composite stage-damage relation-
ships for the land use category assigned to esach grid cell was selected
as the mechanism for performing the analysis rather than the conventional
individual structure approach. The use of these generalized functiions
provides the capability of expedienLly evaluating alternative future land
use patterns relative Lo Lhe 1978 condition. The conceplt pf a composite
dsmage function appears to he appropriate for future land use assessments
since exact building site locations would not be knpown. The composite
damage functions used for the Willow Creek Expanged FPL Study were
developed from data compiled for previous studies for the Federal Insur-
ance Administration by the Alaska District, Corps of Engineers. The
OAMCAL computer program assisted in the constructfon of the composite
damage functions. This program was furnished the following types af
input data for the construction of the composite damage Tunctionms:

. stage ve parcent damage for structure

2. stage vs percent damage for contents

3. value of structure

4, value of contents

5. Indirect damage (percent of structure and contents value)
6. developmenl density (number of structures per grid cell)

7. vacancy factor (percent of cells that are developed for the
specific land use category)



INDEX LOCATION DATA

WATERSHED:

WILLOW CREEK

DAMAGE REACH: 4

ELEVATION OF ZERO DAMAGE AT INDEX STATION: 210

ELEVATION OF REFERENCE FLOOD AT INDEX STATION: 2185

Discharge-Frequency Relationship

Flow
(cfs)

560
1,280
1,810
3,450
6, 300
B, 400
13, 500

15, 60O

20, 300

22,300

Frequency

{ Excesdence/ 100 yrs)
0.99 1.01 yr
0.90 .11 wr
0.80 1.25 yr
0.30 2 yrs
0,720 5 yrs
0.10 10 yrs.
08.20 50 yrs
0.0l 100 yrs
0.002 500 yrs
g.o0l 1000 yrs

-8

Stage-Discharge Kelationship

Flow

icfs)

Stage
(ft msT)

211,0
214.3
214.9
215.5
216.5
217.4
¢18.2
218‘0 5
218.9
219.3

FIGURE D-3



LAND USE CATEGORY NO. 1

ALTERNATIVE B
LOW DENSITIY RESIDENTIAL, SINGLE

DEPTH PERCENT PERCENT PERCENT AMOUNT OF DAMAGE
OF CAMAGE DAMAGE DAMAGE PER GRID CELL
WATER# [STRUCTURE | CONTENTS OTHER IN THOUSAND DOLLARS
-2.0 Le] 0.0 LD 0.24
-1.0 2.0 1.0 2.0 053
0.0 70 2.0 5.0 I.76
LD 2.0 25.0 0.0 4.02
20 20.0 40.0 30.0 6.90
4.0 30.0 60.0 400 10.25
6.0 400 750 60.0 13.57
80 50.0 80.0 60.0 16.05
10,0 60.0 B82.0 60.0 18:39
IS.0 60.0 85.0 60.0 i8.52

DENSITY OF THE LAND USE UNITS PER GRID CELL = 0.50
BASE VALUE OF THE STRUMTURE = 545,000,00
BASE VALUE OF THE CONTENTS = $3000.00

BASE VALUE OF OTHER = $4000.00
VACANCY FACTOR (PERCENT DEVELOFPED) = 100.0

* ABOVE GROUND SURFACE

COMPOSITE DAMAGE FUNCTION

0-9

FIGURE D4



Aggregate damage Functions

In order to perform single-event and average ‘annual flood damage
calculations, the damage potential for each Tand use category and sach
grid cell was aggregated ta the index locations. The technigue used to
perform the aggregation is described schematically in Figurs D-5. The
basic process js to develop a stage-damage function for each grid cell hy
matching the land use categary for a specific agrid cell with the appro-
priate composite damage function, while observing the elevation of a greid
cell, then aggregating these fndividual functionms to the index location
by means of the veferance flpod.

The development of the aggregate damage functions for the aiternative
Future land use patterns wae performed by one of two methods. The First
was to simply apply the process Just described to the future land use
patterns. This method placed some future land use within the T100-year
flood plain and oid not observe any development control [(flood plain
regulation) policy. The second method accepted flood plain regulation
policy elevations for each index location and by essentially a reverse of
the process described in Figure 0-5, placed all such desigpated Tuture
urban land use at elevations no Tower than the policy flood level speci-
fied. THig procedure provided the analysis capability for evaluatinag the
impacts ¢f vestricting Flood plain development within the 1978 100-year
flood plain. In many cases, the future land use plans that were pravided
to the Corps by State and borough planners showed significant Flood plain
deyelopment, Each of the plans was analyzed as descrilied above, with
varinus floaod plain regulation palicies. The section entitled "Proce-
Hures," in the main body of the report, includes 4 more detailed descrip-
tion of the alternative land use plans Lthal were considered. The Flowd
plain regulation policies are also des¢ribed in detsil in that particular
sgction,

EXPANDED FP| FLOOD DAMAGE CALCULATIONS

The spatial aralysis metheds used in this study provide a mechanism
for expedient and consistent economic evaluation of the various land use
patterns upder study. Each geographic data variable (spattal location,
ground elevation, reference flood elevation, ete.) is encoded and 2 grid
cell representation of each data variable is stored in the data bank. In
the Willow Study the geographic data variables that were used to perform
the damage calculations are: (1) topogqraphic elevation, (?) referepce
flood elevation, (3) damage reach designation, (4) existipg (1978) tand
use classification, and (5) luture land use classificalions.  Figure 06,
HYDROLOGIC AND ECONOMIC ANALYSEIS UNIT HIERARCHY, 1)lustrates the concept
of the grid cell as it relates the physical hydrologic (watershed
boundaries) and economic (damage reach) parameters.

FLODD DAMAGE ASSESSMENT

Automated, spatial apalysis methods for generating flood damage
potential relationships from the grid cell data bank, were successfylly
applied during the Willow 5tudy. These metheds utilized a new program
called DAMCAL which constructs a unique stage-damage relationship for
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INDEX LOCATION DAMAGE FUNCTION CONSTRUCTION

STEP 1. Develop Elevation-Damage Function al Each Cell

Determine land use lram grid file.

Relrleve appropriate composite stage damage lunction.
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Tabulate elevation-damage lor cell fraom above.
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STEP 2, Aggregate Cells to Index Localion

Determine cell damage reach assignment.

Determine Ingex location reference tiood elevation (X1).
Determineg cell relerence llood elevation (X2),

Adjust cell elevalion-damage function by {X2-X1).

Aggregate cell adjusted elevation domage function &l index statian
Repeat lor all grid cells,
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DAMAGE FUNCTION DEVELOPMENT
Figure D-5



each grid cell within the flood plain and aagqregates the Individual cell
functions to the index lecation for each designated damage reach. The
computer program HEC-1 merges these agoregated damage Functions with
flood frequency and hydraulic stage data so that average annual damaqes
for each damage reach, index location, land use category (commercial,
residential, etc.) and evaluation candftion (existing or future) can be
computed., The DAMCAL program was also used Lo campute single event flood
damages for the 10-year and 100-year frequency floods.

Bingle Event Damages

ODAMCAL used the previously calculated water surface elevations at
each damage index lpcation to calculate flood damages. The 10-year and
100- year Tlooo single events damages were computed for all Tland use
conditions and flood plain regulatien policies. The single-avent
calculations per- formed by DAMCAL aggregated damages for the ndividua)
land use categories into major Jland use categories for presantatian
purposes, The composite and a3ggregate damage functions that are
developed by DAMCAL are also consolidated inte the major categories of
land use for transfer to the HEC-1 program for averasge annual damage
calculations.

Ayverage Annual Damages

As with single event damsges, the damage-freguency velationship iz
used in the calculation of average annual damages. Points along the
damage~frequency curve define specific damage values for specific fre-
quency events for a wide range of floods, from non-damaging up Lo very
rare events with high damage potential., The "frequency weighting” pro-
cess to derive the average annual damage value consists of computing the
total area under the damage-frequency curve. The actual calculations
used in deriving this area are ¢alled curve integrations. The compular
program ATODTA was developed and used to provide an sutomatsd data
management interface between OAMCAL and the program HEC-1. For the
flood-damage calculations, ATODTA reads discharge-frequency and stage-
discharge data (see Figure D-4, INDEX LOCATION DATA) from cards a&nd tape
data files of stage-riamage (agoregate damage) functions generated by
DAMCAL, ATODTA then performs consistency checks, damage category agare-
gation and data Tile manipulation, resulting in input data cards in 3
format usable by HEC-1.

HEC-| develops the discharge-exceedance frequency data at each index
lucalion, ftntegrates 1t with the stage-camage and stage-discharge data
and calculates the average annual damages for 21l the land use cenditions
(past, presant and future) under consideration. The program performs
Lhese damage calculations for each land use plan on a reach-by-reach
hasis, then summarizes the results by watershed and ny planning area.
The results of the average annual and single event flood damage calcu-
lations from [DAMCAL and HEC-1 for wvach of Five land use conditions and
for a11 flood plain poelicies considered, ars presented in the section,
Flood Damage Analysis Results, in the main body of this repart.
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ENVIRONMENTAL

GENERAL

The objective of the envirermental portion of the Willow Expanded
Flood Plain Study was te provide a detailed base data file of existing
envirormental conditions from which future alternative development
schemes could be compared to determine the impact of each alternative.
Various means of establishing a base data File are availadle, nowever
each unfortunately incorporaztes varying levels of subjectivity during the
assignment of numerical rating factors to be utilized during the computer
simylation processes,

The envirommental techniques, discussed and uti|ized in this study
far the analyses, are one method of evaluating land use changes. They
can be used effectively, providing planners with 3 wvalusble tool for
assessing the ecological implications of future development within the
Willow drainage basin.

Environmental impact analyses were made on the two future land use
conditions that were addressed in this study, and are discussed at some
length later in this appéndix.

STUDY APPROACH

The primary purpose of this section of the Willow Expanced FPI Study
is to analyze the effects of proposed future Tand use alternatives on the
1978 base year environmental conditions., The steps involved in this
analysis include:

l. Define existing habitat categories and prepare 2 map spatially
Tocating these.

2. Describe hiota associated with {dentified habitat categories.

3. Use compuler mode| study technigues to madel change to habitat
categories resulting from alternative development schemes,

4, Ewvaluate identified habitat modifications.

To define existing nabitat am extensive gata base was developea.
Available literature was collected and studied in detail, Additionally,
fleld studies were used Lo supplement amo augment surveyed literature.
Primary field investigations were perfarmed by Alaska Department of Fish
and Game [ADF&G) and Soll Conservation Service (5C5) persommel.

Vegetation typing was performed by the SCS, utilizing remote sensing
technigues. Earth satellite finfrared photography and ansite ground
truthing provided the basis for vegetation dalinestion. Wildlife surveys
and critical habitat fdentification was performed by ADFAG. Fisheries
population data were also developed, utilizing ADF&E records.
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{lnce these data were input inte the data bpank for the Willow Creek
basin, the Resource Information and Analysis (RIA) computer program was
utilized For management of the data ang for environméntal assessments.
R1A provides a capability te perform four major types of analyses and
generate computer printer graphic displays or tabulations of the analysis
results. These capabilities are explained in mors detsil in the main
body of this report under “Environmental Considerations." The program
cansists of an executive routine that manages data transfers ano contrals
the sequences of execution, the four analysis packages, and the mapping
package that can display output from the analysis packages or the
variables direct]y from the tata bank, Figure E-1 dllustrates these
basic functions of RIA.

The RIA program requires access to a Hase (Jata File (data bank)
stored on magnetic tape, dis¢, or punched cards. This file compiling all
the envirommental features of the designated study area 1is created
ithrough literature search, onsite survey, and remote sensing technigues.
The information is then digitized and encoded and stored in the base data
file. While the variables for analysis must he chosen with the entire
modeling process in mind, there fs no "set®™ group of variables that must
or should be catalogued inta the data bank, Additional variables may be
intorporated inta the data bank as they are developed.

The development of Lhe grid cell datas Tile requires that each data
variabie map be individually encoded and geographically registered to 4
common base. The data variabies needed for a ’iPEE#iE analysis are
retriaved from the Base Data File ana processed by RIA programs. A
Working lata File generated through the analyses process can be stored
for use in subseguent analyses. The Working Data File can therafore
bhecome the new Hasa Data File.

EVALUATION OF FUTURE LAND USE CONDITIONS

The purpose of this section is o describe the results of analysis of
the 1978 naseline land use versus the two alternative land use pallerns
which may occur in the Willow Creek Uraindge Basin. The future condi-
tions were developed through discussions with Matanuska-Susitna Borough
planngrs and use of the Development Plan for the new capital city,
presented to the State Llegislatura in 1978 by the New Capital Site
Planning Commission. The two alternatives aro briefly described below.

Alternative A - This alternalive §s hased upon the assumption that
Lhe State capital would be relocated from 1Us present location in Juneau
to the voter proposed site at Willow. This area would have a target
population of 75,000 persons within the new urban center with a short-
term (2000) population of 37,500 persons. The yesr 2000 development

scheme comprises the data input for plannipa purposes under Alternative
A.
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JOB SPECIFICATIONS
AND DESCRIPTION
OF DATA FILE STRUCTURE

BASE DATA
FILE
{Data Bank)
DISTANCE IMPACT ATTRACTIVENESS COINCIDENT
DETERMINATION ASSESSMENT MODELING TABULATION
PACKAGE PACKAGE PACKAGE PACKAGE
MAPPING |
PACKAGE
COMPUTER TABULATION
GRAPHIC RESULTS
DISPLAYS

FUNCTIONAL SCHEMATIC RIAPROGRAM COMPONENTS

Figure E-1



Alternative B - This alternative is based upan the probable land use
anticipated in the study area In the year 2000 without & capital reloca-
tion. An annual population growth of 7.6 percent would increase the
current population from 300 to approximately 1,500 persons. The majority
of this rural development would be expected to occur along Willow Creek
;nd existing roadways in the Jlower one-half of the Willow ODrainage

asin.

Analysis Technigue

The method utilized to assess the impact of alternative development
during the study centered on the defimition of net acreage change for
each land use resulting from development activity. To define such change
& comparison of each alternative future land use to the existing condi-
tions was made, wutilizing the Coincident Tabulation option of the
Resaurce Information and Analysis (RIA) Program. This option provides a
matrix analysis of specified variables within the data bank, The com-
parison of existing and future Tand uses was performed for each of the 20
subbasins in the detailed study area. The results of the Subbasin 5§
analysis are displayed in Plate E-T7. The results can be best understood
by examination of the change in one specific Jamd use. Category 20,
undeveloped land, is discussed below.

Review of figures on this plate reveal that the row categories
represent 1978 sxisting or baseline land use. The column categories
identify land use acreages projected under Alternative Future A.

Total 1978 undeveloped lands = Total Row 20 = 2,171.2 acres

Total Alternative Future A = Total Column 20 = 1,792.8 acres

Acreage Lost = 37B.4 acres
The acreage change is expected to result in the following manner,

1. An estimated 287.5 acres will be lost to low density, single unit
residential development (Row 17, Column 1}.

2. An estimated Z7.6 acres would be changed to medium density,
single unit, resigential development (Row 17, Column 2).

3. An estimated 35.6 acres would be altered from undeveloped lands
to compmercial uses (Row 17, Column §).

4, An estimated 32.2 acres would be <et aside for public park and/or
campground use (Row 17, Column 14).

5. An estimated 2.3 dcres currently used for salid waste activities
will be reclaimed for open spaceé or greenbelt use (Row 10, Column 20).

6. An estimated 2.3 acres, which is currently being used under

resource extration, will be reclaimed into the undeveloped lands classi-
fication (Row 17, Column 20).

E-d
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Total acreages lost/gained equals:

l. Low Density, single

287.5 acres,

2. Medjum Density, single - 27.6 acres
3. Commercial - 35.6 acres
4. Public Park/Campground - 32.2 acres
h. Reclaimed So0lid Waste Disposal Lands + 2.3 acres
Bb. HReclaimed Resource Extraction Lands + 7.3 acres

Net Loss = 378.3 acres

An evaluation of habitat gains and Tesses for all categories was
conducted and s presented in the following section.

Analysis Results

Alternative A - With the achievement of the projected future land use
described for Altermative A, residential and wrban acreage would grow by
more than 6-1/2 times the 1978 bDaseline conditian. Public and private
parklands and greendelt areas would increass from the existing 0.1
percent to 4.4 percent of the study arez total acreage. The overwhelming
majority of this development would occur in the deciduous and deciduous/
coniferous mixed forest habitat categories. Undeveloped lands within the
study area will decrease from the existing 98.5 percent tg B87.7 percent.
The largest impact of this development will be that of losses Lo moose
browse. The entire study area supporis a very dynamic moose population
which experiences large calf mortality during years of severe winter
weather, As & result of increased development and man's use of the study
area, a loss of available winter browse would be expected, &5 would the
fncidence of road kills due to additional roadways and traffic. The
design of greenbelt areas adjacent to Willow and Deception Creeks will
greatly reduce the impact on mocse populations, providing migrational
routes aleng previously identified critical late winter habitat
requirements.

Uverall effects on waterbodies will be mpderate. The potential
exists for water quality degradation resulting from increased runoff
guantities due to the impervious nature of man-made structuves and
roadways. This potential problem can be prevented or minimized through
the construction of proper drainage facilities and the {nsurance aof
adeguate greenbelt buffer zones around the local waterbodies.

Sird species dn the darea will e 1itble effected by the proposed
development as a result 6f the development scheme retaining existing
vegetation wherever possible and the replanting of findigenous species in
disturbed aress. Species known to  inhabit the area exhibit minor
displacement tendencies resulting from man fnduced change and would be
expected to continue to use the developed land habitat and adjacent
habitat types.
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Mammals using the area would experience displacement from the
deve lopment of 4,426 acres of greviocusly undeveloped lands., Some species
such as vole, mouse, and shrew woulad be Tittle effected hy the proposed
development while the larger furbearers would experience extensive dislo-
catfon due to their incompatability to human encroachment and hunting
pressures, Those speciss expected to be lost to the immediate develop-
ment area in the lower drainage basin would include: black and grizzly
bear, wolf, wolverine, coyote, shorttail weasel, red fox, Ilynx and
marten.

Impact on anadromous fish and resident Tish species coulo be minimal
provided water gualtiy is preserved and sport Fishing pressure is closely
regulated.

Alternative 8 - Tnis alternative represents slightly more than a
doubling of the existing residential and urban development occurring in
the lower portfons of the Willow [rainage Basin. Estimates by Borough
planners indicate developed lands would increase from 784 acres to 1,822
acres. Parks and greenbelt areas would increase from 0.1 percent to 0.8
percent of the total study area resulting in an increase of established
parklands from 87 acres to 554 acres. Waterbodies would remain at their
existing land cover levels of roughly 2,053 acres. The envirgnmental
effects anticipated from this level of development would be much less
than for Alternative A, Moose overwintering and migration habitat would
remain very near the existing levels. Hunter pressure would also eguate
to todays levels due to limited access to the area and the distance to a
major population center such as Anchorage.

As in Alternative A, the majority of the development would alter
existing ogeciduous and deciduous/conifer mixed forest habitat type. The
alteration of 1,038 acres of undeveloped lands will have a moderate
effect on lcoal fur bearers. Dispersal of the larger species which will
not adapt to man's encroachment will occur over an anticipated 20 year
Incremental development period. Oevelopment under this alternative would
occur under much less rigorous environmental and esthetic development
standards which, while impacting a smaller owerall area, would effect
that area to a much greater degree. Plecemeal development would be more
common  under this alternative. For this reason, detajled planning
activities, outlining development practices and constraints, should be
performed &t an early date.

Veqetation changes anticipated Trom the implementation pf this alter-
native are not severe. Sujtable adjacent habitat is available to accom-
modate the displaced wildlife species which exhibit a low tolerance to
the disturbances of man. Residential growth fin this area historically
has maintained 2z development attitude harmonious with the natural set-
ting. Removal of vegetative cover on private lands has been limited to
that necessary to build living or working structures while preserving the
esthetics in the area to the greatest extent practicable. A continuation
of this attitude, strengthened by necessary construction codes, would
ensure semi-natural setting in the proposed development area,
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Avifauna will not experience a significant habitat loss from
implementation of Alternative B.

Fisheries species would be slightly affected from an increase 1in
recreational fishing pressure by local inhabitants.  Catech limits
sstablished by the Alaska Department of Fish and Game should ensure a
maximum sustained yield, hawever, enforcement of these regulations may
pose logistics problems.

Overall, the alteration of the 1,038 acres of undeveloped lands to
residential and commercial wses will have minor fmpact on the biotic
environment in the project study area. The remaining undeveloped lands,
approximating 61,312 acres, should readily facilitate those species
displaced.

EXISTING HABITAT INVENTORY

The purpose of this portion of the report is to present the results
of the environmental inventory completed for the study area. The resylts
are formated such that each land use/habitat category is described In
terms of its biotic characteristic for the 1978 base year condition. The
inventory establishes a datum from which changes to the enviromment
resulting from development actions can be accurately evaluated and
presgnted. From such evaluatians lecal planners can better determine the
best useage of available area in terms of human needs and identified
ecological requirements. Through the modeling process potential problems
unF?raseen by planning personnel become more abyvicus through gimensional
analyses,

Environmental Data Collection Techniques

Before any detailed analysis of future land wse characteristics can
be evaluated, & thorough dinventory of Lhe amhient environmental
conditions must be completed. Vegelation mapping of the study area is an
important first step in developing accurate habitat classifications for
future comparison studies. This mapping was obtained fram the USDA, 5o0i)
Conservation Service (SCS) in Anchorage. They cbtainad this information
for use in the USDA/State of Alaska “Alaska Rivers Cooperative Study"
whith covered the Susitna basin. This information was then made
available to the Corps for use in the Willow Expanded FPI Study.

A vegetation map was developed through finterpretation of high alti-
tude aerial photography tollowed by ground truthing at random Transecl
points (Winterberger)., An inventory was made of all vegetation growing
at each transect to corroborate mapping units and determine the dry
weight productivity of the forage. The 1:25,000 vegetation type map
developed was derived from NASA high altiude color infrared (CIR) aerial
tranparencies enlarged from 1:111,196 to 1:25,000 scale and several
1:63,360 CIR transparency enlargements. Due to the significant variation
in elevation within the drafnage basin & true 1:25,000 or 1:63,360 scale
enlargement could not be obtained; therefore, slight shifting of the type
map over segments of the US Geological Survey (USGS) topographic base



maps was necessary to adjust to topographic features. This adjustment
was compensated for by the selection of known contrel points throughout
the study area to spatially orient the encoded vegeltation types inta the
data bank.

Vegetation mapping units were derived from the S5C5 - Susitna River
Basin Study. This scheme was then modified to make 1t more compatable
with the CIR aerial photograph interpretations. Some af the mapping
units yielded large areas of more than oné predominant plant species. In
these cases the unit was mapped as a complex and given & single numerical
designation representing those types found.

Ground trithing transects provided four distinct forms of odata
including:

a. Timber plot data

b. Habitat plot data

¢. Range plgt data

d. Soil plot data

A total of 76,380 acres was typed and is summarized in Tahle E-1.
Land Use/Habitat Category Inventory

The Tollowing sections briefly descrivbe in general terms and througn
species Tists the physical/biological characteristics of the major land
use/habitat classifications in the Willow Drainage Basin. The infarma-
tion presented serves as the baseline environmental conditions for all
future simulation studies.

CuTtupal Influence: This land use/habitat cateyory encompasses all
lands experiencing man inguced alteratians of the naturally occurring
vagetat jon. No single <eil type depicts Lhis randemly occurring
category. The most significant factors in locating developed lands are
topography, access, and avaflable water supplies., For these reasons the
majority of development has heen jmmediately adjacent tp Willow Creek
along Hatcher Pass Road and the Parks Highway.



TABLE E -1

TYPED ACREAGE SUMMARY

Habitat Conifer- Decidugus  Wet- Grass- water UDevelop-
Category| ous Forest Forest lands land Shrub  bodies ed Land  Tola
Acres H 20,635 32, 650 4,610 1,825 14,060 1,000 1,600 76, 38

TABLE E-2
BIOTIC INVENTORY SUMMARY BY HABITAT CATEGORY
1978

Habitat Total Species of
Category Plants Birds Mammals Fish Species Prime Concern
CuTtural

Influence 55 50 2 153 '
Coniferous

Forest a9 70 12 177 ?
leciduous

Forest 93 72 \7 i82 2
Shrublands i1 g5 (E:] g5 Z
Grassiands 51 81 Y.t'd 164 Z
Wet |ands 49 110 12 171 Z
Waterbodies 24 81 [ 10 121

Approximately 55 species of plants,
species of mammals can be found in this category.

and scientific names can be Found fn Table E-3.

90 species of birds,
A Tisting of common

and &

The vegetation remaining after cultivation has largely maintained

native species with refatively few introduced domestic varieties.

CTimax

vegelation Lypes are replaced with a secondary seral type of low growing

shrubs and grasses.

Jue tp the exlremes

existent in the study area or Alaska in general,

in low temperatures reptilian species are nan-



Coniferous Forest: This land use/habitat category 1is composed of
both short and tall stands of white and black spruce. These stands can
be farther differentiated by their denseness, classifying them”as open or
closed forests. Approximately 20,000 acrves of the <tudy area are
classified as coniferous Fforest habitat category making 1L the second
largest land cover group in the study area,

Deception Creek appears to be the division line between the higher
bench lands and the lower ridges, bogs, and lakes. South of the creek,
the land slopes away into Tower ridges, hills, and bogs. The higher
ground consists of betfer drained sofils supporting mature growth of birch
interspersed with white spruce. The lower slopes display large stands of
birch, white spruce, alder, and willow. The low lying boggy areas are
typified by short and tall stands of black spruce.

Deciduous Forest: The largest land cover/habitat type category is
the deciduous forest. Approximately 32,650 acres are classified in this
category. Paper birch is the predominant three specigs fjogentified in
this habitat ceategory. (Juaking aspen and Dblack cottonwood are also
common within this Tand cover type. A list of 76 plant species have been
identified within this category and are found in the Inventory Table.
The deciduous forest predominates along water cCourses throughout the
drainage basin. The low lying lands found along flood plains exhibil
rich organic spils characteristically yielding the deciduous tree
species., The porous soils allow for deeper moisture precolation,
producing larger root systems and larger tree and shrub growth.

Shrubs: Approximately 14,060 acres of the Willow study ares are
classified as shrubland, This cateqory can be further defined ac Tow
shrub and tall shrub nabitat types. This iIntermediale seral stage of
climax vegetative growth provides a large percentage of the summer range
for the moose population in the Willow area. Shrubland s Found
throughout the entire watershed ranging in elevation from tne lowest
point in the basin to the 3,000 foot level.

Brassland: Approximately 1,825 acres of the study area are
classified as grasslands, The predominant species found include
bluejoint {Calamagrostis canadénsis) and sedges (Carex sp.).

Wetlands: The defining of wetland habitat is difficult as there are
numerous Tegal definitions that can be applied, greatly wvarying the
boundaries of such habitat. 5Statutes such as Sectinn 404 of Public |aw
97-500 (Federal Water Pollution Control Act of 1972), once settled will
provide guidance n wetland habitat delineation. The term "wetland" can
be defined as that area that 1s inundated or saturated by ground or
surface water at a frequency and duration sufficient to support, and that
under normal circumstances, does support 2 prevalence of vegetation
typically adopted for 1ife in saturated soil cenditions. The major
importance of wetlands includes: feeding, cover, and reproduction
habitat for a great diversity of wildlife; the maintenance of drainage,
salinfty, sedimentation flushing, and circulation patterns; the cycling
of nutrients; contaminant Filtering; and erosion control to name a few.

E-11



Wetland habitat has therefore been ldentified as the land use category of
main concern in this study. An estimated 4,670 acres of wetland habitat
have been delineated within the boundaries of Lhe study area.

An examination of the Inventory Table of characteristic biota of the
Willow study area wetlands indicates the potential for 49 plant species
within this habitat category. Typical indicater species include the
sedges [Carex spp.) and the reedgrasses (Calamagrostis spp.).

Waterbodies: A wide variety of vegetation is associated with the
lakes, ponds, and streams of the study area. These plants range from the
unicellular green and bluegreen algae to the sedges, grasses, and
Tlowering aguatic plants. Mosses and pondweed are examples of highly
sought after food species associated with the aguatic enviromment. A
partial 1isting of aguatic vegetation likely to be found in the study
area freshwater streams and ponds is contained in the lnventory Table.
The sedges, horsetail, and pondweed are very important food plants faor
the moose population in the Willow area.

E12
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TABLE E-2 (Con't)
ENVIRONMENTAL INVENTORY

. FORBS
Cultural Cand ferous e |duous anrub

scientific Name Crommean Naing Influence Firkest Forast Land Grassiand Wetlands
hcendtum delpninifol fum mi ks b ¥ ¥

Aster sibiricus Slberian aster b

Castillejs sp. Indian painlbrusi i

Cornus canadensis nynchberry H k A ¥

EptTnbfum. angustife] i Firewesad X b X

Galium sp. bods traw b 4

Geocau lon iy idun gancaulan X

Beranium ertanthii portnery geranium & i

Herao leum Eanaton CowWw parsmip * *

Iris setosa wild iris i

Martensta paniculata LalT tiuebal] " i

Moneses uniflora single delight bt
Parnassia palustris nartharn grass-of-parnassus X X 3 X
Polemonium dcutiflorn Jarons -1 adder i b4 4 pd
Patentilla palustris marst flvefinger X * %
Pyrola asarifolia Iiverteaf wintergreen X £ X
Fyrala minnor Tesser wintergresn i H
Pyrols secunda ofe-sided wintergraan X b
Rubus arcticus nagoon berry E3 X %
Rubus pedatus five-laaf bramble K A X X #
Sangquisortd stipulata Fitka burnet A % i . %

telliria crassifalia fleshy starwort X X bt X b

Shtreptopus. amplexs|folibs tWisted stalk b i X i
Swertia perennis swertia X e
Thal ictrum sp. nEadowr e ¥ i

Trientalis europdea starf [gwer X 5 %
Valeriana capitata capitare valerian X X
Veratuil eschschalteid false heletore ) b

Vinla sp. yiniet i i X %
Mimulus sp. mankey flower ” m

Spleanthes romnanzoffia

hooded ladies tresses

e



Teientific Name

Angeliza sp.

Taraxzacum officinale
GaHum trif lorum
Aehillea boreal is
Hedysarum a1pinun
Trifalium pratenss
Trifal fum repens

Actaea rulira
Thalictr bum sparsiflorum
| isters cardata
Pedicularis labeadorica
Ranunculus seehstho | tz10
fntennaria sp.

Aruncus sylvaster
Lasti)leja caudata
EpiTobium tatifal bum
Galium poraale

Listera sp:

Lupinus sp.

Petasites Frigidus
Aanunculus sp.
Aninanthus mingr

Rufius cHmrasmarus
Saxifraga sp.

Sedum roses

Senecio briangularis
pelpniniue glaucus
Plantaga major
Goschnlaka rossica
Cruciferae |Fanilyl

common  Nove

wild celery

common dande’ jon
swepRt scant2d bedsiras
yarrow

alpine swept-vetch
red ¢ lover

wnite clover
baneerry

few (lower meadiowrus
heart lpaved twayh]ade
Labrador lousewort
pethschoTbe Bultercup
pussyloe

goatsbeard

paie Indian arush
dwart fireweod
northern badstras
twayblade

lupine

arcbit sweet soltsfout
puttarcup

rattlenox

¢ loudberry

saxifrage

roseraot

triangular-teafed groundsel

glaucous larkspur
comron planCain
grouny con

mus Eard

TABLE E-3 (Con't.)

ENVIRONMENTAL INVENTORY

Clltural
Influence

e e B B e B e

FORBS [Con't.)

Conffarayy
Forest

-

(1" e RHWIINE S
Foredl

—er

e e W per B eC

il

. e

SHel
Land

S Ter Def Bet b et B Del el D JeC b et e

=

Grass land

X
b1
.

3= 30 5=

Wit lands



Sciemtific Nane

Urtica Tyallid

Lalla palussris
Impatiens noli-tangers
Goodyard repens
Lupinus polyphyllus
Solidgane ap.

Artemisfa Lilesi
Mentna arvans|s
Jsmorhize depauperta
Saussursa. augustifaiia
stellaria sm.

frosera anglica
Lrosera ratundifol s
Gentiana douglasians
Menyanthes trifoliaka
Pedicolaris sp.
Erigeran eldtus
Soljdago tepida

Yiola epipsila
Fotentilla norvegica

LOnHrn  Nans

stihging mettle
wildar arum

western touCh—nE=not
rattiesnake plantain
Targe Teaf lupdme
goldenyod

waTmWa

Fleld mint

swaet cicely
SaUssUTEG

L |Gl

lony-leaf sundew
round=Teaf sundew
swainpl gentran
Buckhean

Tousewart

T leahans

Canada goldenrod
marsh vigiet
Norwadian cinguefol|

TABLE E-3 {Can't.)

ENVIRONMENTAL INVENTORY

fultiural
influgnce

FORBES {Con't.}

Coniferous
Forest

T Tdhaauy
Faresl

S Dmi 3T Del PeU el Dee Del

Shrub.

Land

e et Dl

Grazssland

Watiands

PR Peg g e TeT B3



Sefentifie Namw

Alnus sinuata
Apdromegs polifolia
Eetula glanduloss
Betaia ndha

Empe Lrun ni

Ledum grodn | and | cum
Linnssa bored)1s
Upiopanax horr ldus
Patent|l1a fruticosa
Hosa acicularis

Rubus ldanus

Rubins spectahilis
Sajtx brachycaraa
S4iia fuscescens
Salix npvas-angl lae
Spiraes beauverdiang.
Vacctnium ovalifol lw
Vacc inju oxyCOLCos
Vaccinium uiiginosum
Vaccinlum vitis-idavs
Viburnue 2diule
Sanquisoria sitcnensis
Alnys crisps

Alnis tenuifol ia
Ripes hudsan i anum
Hibes triste
Mangies iy Ferraginea
Salix bobeiana

aatha glaucns

Cormwn Naine

Sitka altar
Dog-rusemany

resiIn pyrgn

dwarf arctic biren
crowbierey

Labirador toa

Lwin Tlower

gavile clum

tunura ross

priaiy roas

Amiar ican red raspoerry
salmonberry
lidrren-ground 1 1l
Alaska bog willow
i1l plesberry Willow
besgverd spirea

early blyohsrry

bilg cranberry

hog bluenerfy
lawbush Cranberry
Highbiuah cranbessy
Sitka great ourmet
Mmerlcan grieen alder
Lhinleal alder
fgrtnarn flack currant
Mo fcan red Qureant
rUsLy maneiesid

bt wil i

gropleal sl law

TABLE E-3 ICon't.)

ENVIRONMENTAL INVENTORY

WOODY PLANTS
Cultural Coniferdus
Int Tuence Farosi

X i
A
X
i
X b
X i
X A
X
b 4
X i
X b4
A
1
|
b 4
i
X
1
%
L L |
x 4
i
H
X 1
i
1 £
x
L1 i
A

Do d dutars
Farest

e B Se e e

g R b S e = a

= 3 b gk ek b 3

Shrun
Land

S I T G e e e

B

Bef THE

Grassland

X

L

o

Wt bands

el =t =

R

L ]



Seienbifie Nang

Salix alaxens)s

Salin marclayi

Ralix commutata

Salix interior

Salin myrtilIifalia
Salix planifolta
Salin reticulata
Ribes |axiflorum
Myrica gale

Ribes glanaulosup
S5aTix parratfiams
Salfe sp.

Sambucus callicarpa
Sorbus scapuling
Shepherdia canadensis
Chamagdaphne calculata
Ledum dacumpans

Commod) - Hame

feftieaf willow
parclay willow
undergreen wil low
sandoar willow

fow luebervy willow
diamendTeat willow

et leaf willow
trailing hiack currant
swoet gale

skunk currant

Barratt willow

Wil ilow

Facific reo alaer
Green mpurtdin-ash
buffalo berry

Teather leaf
rarrow-leat Labrador-tea

TABLE E-3 ICon't)

ENVIRONMENTAL INVENTORY

WOODY PLANTS (Con't,)

Caltaral coniferous
Inf lioncs Forest

s

dacidegus

Forest

i

L

Sl
Land

e e Der e 3 S BeC 36 3

Grates land

wetiands




elentific Nama

Hetule papyyifera
Ficea glaucd

Hopa mar fana
Populus tremeloides
Populugs teichocarpa

oo Name

paper biron
wWhite spruce
black saruce
gquatk ing aspen
nlack cotfonwood

TABLE E3 {Con't.)
ENVIRONMENTAL INVENTORY
THEES

Cultyural

InTluence

L T e 3T

Lon i feraus
Forest

Iml Tl Tel

fegiounus
Faresl

WC o Del e IR

Shrub
Land

it SE

faraszland

Wetlands

£

X



Scieatific Name

Llethr lonaays rut!lus
Peromyscus manicul atus
Microsorex hoyi

Sores obsturus

Hustala ermined

Marmota caligata

Legus amar foanus

Gulp gulo

Ursus americonus

Ursus drclos

Lanis lanirany

Canis lupis

Vulpes wolpes

r«:p canadens iy

Alces alces
Tamyasciurus hgdsonicus
Glaucomys sabrinus
Micratus miurus

Lapus nudson icus
Hicrotus pennsylvanicus

Common  Kaie

Aetdback vole

Deer mause

Pygmy snrgs

Dusky shram

Snortiall Weagel
Hoary Marmot
Snowshioe/Varying hare
wolvering

dlack paar

Grizzly bear

Loyote

Woll

Ked fox

Lynx

¥oose

Ked squirrel

Hortnern Flying sautrrsl
Alasxa vale

Jumping muse

Meadpw voig

TABLE E-3 (Con't)

ENVIRONMENTAL INVENTORY

MAMMALS
Ciil Lral Lontfergus
Influence Fareat
i
i X
K
i X
3
X
| i
i
e
X
i
)
A
e
) 4 X
b
X
K
3
[ 8

Decioupus
Forest

FE Dep B fer Tes

3
2

]

Grateland

B P B 35 et per P g 3N et 3 BE

T

L W

Wit | ands

R ke



TABLE E-2 (Con't,)
ENVIROMNMMENTAL INVENTORY

TREES
'
Cultural Comifersus Dee iduous Shrub

Scientific Name Comman  Haifie Inf lugnce Farasl Forest Land Grassland Watllands
betula papyrifera paper bircn A b i % i (3
Pigea glaucsa white Loruce ¥ i £ bl ¥

[*tcea mariana blace Spruce kS % i3 ¥ b
Papulus tremlleides oudck {nd aspen X X i

Papulus Leichocarps black cdttonwand ¥ x x X



Scientific Mano

Clybmgss

Lycopod fum annot inum
L.ycopodium Comglaratum
Lycopodiae sp.

orns
e tun 1 a=Teming
Dryaptarls diTatatd
Gymnacarpion dryoptaris
Metteucciz struthiopteris
Polystichus sp.

Horsetail

FQuiselun Afveénie
Equisetum fluviatile
Equisatum 5y lvattcis

Lichans
Cetraria
Cladonva
Ha panona
Paltigera

Muss
Fealhermoss-aylocoeriun
Faatrarnnss-plouras lum
Feathermoss sp.
Hypnum Sg,

Polytrichu $p.
Spnagnom Sp.

Cameion Name'

SEATF £ lubsnss
ground cedar
¢ lyhmass

lady Tern

spinulose shimla-farn
oak fern

asteicn farn

peickly shiglog-farn

e dilde Harsetall
swamp forsatail
woud land florsetall

TABLEE 3 {Con't.]

ENVIRONMENTAL INVENTORY

Culsural
InFluence

CRYPTOGRAMS

Conifersus
Forast

o o

e e Dl e e el

Tl Tl

Deciuaus
Forpst

T

e

e g

hruls
Land

Jel 3 e

Grassland

W e

e

Wk lands

e



TABLE E-3 (Con't.}
ENVIRONMENTAL INVENTORY
\ BIRDS

Lultural Lonmferous [lecrduous SNrub
Commr Hams Irflusnce Forest Fargst Land Graszslands Wet | ands Watertbodies

e
D

Mo fng Dove ™ X b
Smowy O |

Hawk 0wl i
Great Gray 0wl

Bovegl Owl bt
Halry Woodpecker

Downy Woodpecker

Black=pack Three-toed

Woodpecker X i
Forthard Thras-toed

Woodpecker i X
Eastzrn Kingbird

Say's Phoebe

Western Wood Pewes
Gray Jay

Steller's Jay
Black=b{7bed Magpie
flack-papped (hickaose
Boreal Chickadee
Red-breastad Notnatch
frown Crepper

Wintar Wran

amertcan Kobin
Saw-whet 0wl

Mew Gull X
Glaucous-winged Gull )
Comman Laan

Red-throated Loon

Harring Gull

Honaparze's Sull

L
L Jmi I e
3w Y.
= IO P e BT

O O o

PE bl BT e
R - e =

B BCOUR PE FE e Ew X
Il e BE D, e Be B DeD 35 S

Il B

>
- LR L R

i T

*asual sitinas o stuwdy vicinity



Commin New

faird's Sandp)per
Pectors) Sandpiper
ITLER T

Arctic Tern

Great Horped Owl
Short-wared Uwl

Rufous Fuamminghird =
Belteo Kipgfisher
Camon F11tkar

Alder Flycatcher

01 4va-sidad Flycateher
Viplet-green Flycateher
Trae Swiallow

Bank Swal low

CUIEF Swallow

Coman Havien

Mpper

Wneatear

Srar Hng

Vel low=rummed warb jer
Blackpo!ll Warbler

Rusty Blackslrd

Bl 1t inch®

Lapland Langspur

foier ican Krestel
Spruce Groaute

Willow Ptarmigen

Rock PLarmigan
White-talled Ptarmigan
Solitary Sandpiper

Cultural

influence

e - T BT » g

T e I e P

=Casusl sitings v stidy vicinivy

Coniferous
Forest

e e e e atatat T

= e P W

TABLE E-3 (Con't)

ENVIRONMENTAL INVENTORY

BIRDS (Con'L]

s Y dunus
Forest

B B Do et B Jep B B OBE e

Dt e e

Shituly
Lam

- = e e e

e D Ber T B oW R

Grass lamd

S D M 260 D G L W M et ol B Dei el Do D e b e 3K B

Wetlands

D Dol D Bl ey 3t Bem 3 < D e 3 Ge B o 3 e

Watorbodies

L B =

ko

B D I e W



TABLE E-3 [Con't.)
EMNVIRONMENTAL INVENTORY
. BIRDS {Con'|

Lultural Seniferous e fduous Shrua
Cuarmmin Nasig Influence Farest Forest Lang lrassTand Wetlands Watarivodies

OTdsguaw X
Har leguin ook ]
White-winged bcoter

Black Scoter

Lomman Merganser X
Red-breasted Marganser

(s awx X
Sharp-shinned Hawk

Hed-talled Hawk X
Rouan-Tegged Haws

Golden Eagle X
Biold Eagle

Marsh Hawik X
Osprey

Gyrfalcan

Peregring Falcom X H]
Merlin X A
SandiilT Crapes
Anerican Coot

K1l ldeer

Upland Sandpiper
Greater Yellowlags
Lesser Yellowlens
Spatted Sandpipers
nortners Mhalarope
Common 3nipe )
Short-billes Dowitchar

Long-billed Dowitcher

Westarn sandpiper -
Leasl Sandpiper X

W B B e RE el

Tl T B D el meT el

= OB PO

B R R
WD G T

I el

= -

Pt e R e e U B

*Casual sitings im study vicinity



Al

Gommtn  Name

Snow Bunt iny
Arctic Loon
Hed-aceud Grebe
Harapd Greos
Piad=be1led Greoe *
Fork=tailed Storm Petrei®
groat dlue |jeron
whiat1ing Swan
Trompe bar Swan
Uanada Gooee

irant

Wil te=fronted Gobse
Sirow lonse
Mallarg

Gaowa | |

Pintall
Oreen-wingay Teal
Blue-winged Teal
€ Innamen . Tes |
Nurthern SHovelsr
Eurapean Wigean
Arerizian Wigen
Canvashack
Heomead
Ainy-fecked i
Commoa | der
freatar SCaup
Lesser SCaup
Comemn 5o luensye
Barrow s Goldessys
Huf7¥ letiean

CyTtural

Inf luence

X

kgl

e el Dt ol B

e Zel

D Te

*Tasya] sftings in stmdy vicinity

TABLE E-3 {Con'L.}
ENVIRONMENTAL INVENTORY

BIADS (Con't.)
Conifarovs Ot Ml Shrub
forest Forask Lang urass Land
X i
i X

Wit lands

e R e S el e Do e S B B e e e ger e en e e B el B e B el 0 e 3

Winterpadias

e e S

T Fm o e L e e e e el e b e B



Comnan  Nane

Varied Thruash

fermit Thrush
Swainson s Thrush
Gray-cheeked [hrush
Townsena's Salitaire
GoTden-crowneld Finglern
Ruby-crowned Einglat
water Fipit

Baheniian Wagwing
Northarn Shrike
Urange-crowned Warbler
Yol low Warikier
Towngend's Warbler
Hartharn Watertnrush
Wilson's Warhler
Rod-wingad Blackhird
Pine Grosboeak
Gray=-crowned Hosy Finch
Hoary Redpoll

Lommen Redpo

Ploe Sidkfn

Red Grosspill
White-wingad Crasshili
Savannan Iparvow
Dark-eyed Junco

Tree Sparrow
White=crowned Sparras
o | den-crowned Sparrawe
Fox Sparraow

Lincoln's Sparris

Song Sparrow

Cultural
Influence

T B B B e B B0 Dm0 E RD el DD DeE el B DR 3 3o B0 DD Dep De e Sep 3 De0

et S G e

Goniterods
Forest

D 3w B W N I T M O N R

T, W =

33 M

o

TABLE E-3 {Con't.]

ENVIRONMENTAL INVENTORY

BIADS (Con't.)

Decidunag
Farpst

I = T B e

B =

I el el S

T S

ST e P DL BT O3 T

Ahruo
Lanad

L

e 3 o B s o BEge B 3N PN P SO0 PR O BE

o e S

Grassland

P Der B Del ST e B D B G DD el BC DeD JeD et SeC 3l et Sel el el Jel b el e e o Jel e mel

Wetlands

Waterhadies

T T

Tl

el D

P e G el SeS Dmr e DR



APPENDIX F
GLOSSARY



GLOSSARY OF TERMS

ALTERNATIVE FUTURE. A land use configuration which could oecur in the
future and which is consistent with population projections and land use
regulations. In this study, the future population figures were obtained
from the Matanuska-Susitna Borough Planning Department and the Capital
Site Planning Commission.

ASSESSMENT, A auantitative and/or qualitative evaluation. This study
evaluated the impact on hydrologic, hydraulic, economic, environmental,
and wildlife habitat conditions that would result if any one of 3@
selected number of alternative futures were to occur.

COMPUTER DATA BANK. Data which are stored geographically by and in a
computer system and which can be rapidly recalled for use. The data for
this study were stored on a 1.1478 acre grid cell basis.

DAMAGE REACH. A segment of a flood piain aleng & stream 1n wnich uniform
hydraulic conditions prevail and, hence, provide a workable basis far
hydrologic and economic computations.

DISCHARGE. As applied to a stream, the rate of flow or volume af water
flowing in a given stream at 4 glven place and within & given period of
time, usually measured in cubic Teet per second (&fs) er gallons per
minute (gpm).

DRAINAGE AREA. Tne area tributary to a lake, stream, sewer, ar drain.
Also called catchment area, watershed, or river basin.

ENCROACHMENT LIMITS. A Timit of nbstruction to flood flows. Thess
encroachment "1ines" are roughly parallel to a stream but do not have to
be eguidistant from the centerliine of a stream channel tp each bank.
Encroachment lines are established by assuming that the area landward
(outside) of the limes will te ultimately developed in such a way that 1t
will not be able to convey flood flows.

FLOOD.  An overflow of land not normally covered by water and that s
used or usable by man. Floods have two essential characteristics; the
inundation of Jand is temporary: and the land is agjacent to and inun-
dated by overflow from & rivér or stream nr an ocean, lake, or other body
of standing water. Normally, 4 "flood" i1s considered as any lemporory
rise in streamf jow or stage. but pot the ponding af surface water, that
results in significant adverse effects in the vicinity. Adverse effects
may include damages from overflow of land area, temparary backwaler
effects in sewers and local drainage channels, creation of unsanitary
conditions or other unfavorable situations by deposition of materfals in
stream channels during flood recessions, rise of goundwater coincident
with increased streamflow and other problems.

FLOOD CREST. The maximum stage pr elevation resched by the waters of a
spacified fload at a given location.
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FLOGO DAMAGE. Damage to property resulting from a given flood.

FLOODED AREAS. The land area covered by a given Tlood.

FLOOD FREQUENCY. A means of expressing the exceedance probability of
flood occurrences as determined from a statistical analysis of represen-
tative streamflow or rainfall and runoff records. A 10-year frequency
flood would have an average freguency of occurrence on the order of once
in 10 years (a 10 percent thance of being equalled or exceeded in any
given year). A 500-year Frequency flood would have an average frequency
af occurrencd on the order of once in 500 years (a 0.2 percent chance of
peing equalled or exceeded in any gqiven year).

FLOOD HEIGHT, The water surface elevation reached by a given flood at a
given location.

FLODD HYDROGRAPH. A graph showing flow (discharge) values against time
at a given point, usually measured in cubic feet per second (c¢fs). The
area under the curve Indicates total volume of Tlow.

FLOOD PEAK. The maximum 1instantaneous discharge of a flood at a given
Tocaton. It usually occurs at or near the time of the flood crest.

FLOOD PLAIN. The relatively flat area or lowlands adjoining the channel
of a river, stream, or watercourse or ocean, lake or other body of
standing water, which has been or may be covered by floodwater.

FLOOD PLAIN MANAGEMENT. Any action which is directed toward the wise use
of flood plains. This action geperally invalves the reduction and/or
prevention of flood damage and protection of envirormental valuss, while
at the same Lime leading to the prudent use of the flood plain.

FLOOD PROFILE. A graph showing the relationship of water surface
elevation to location, the latter generally expressed as distance above
mouth for a stream of water flowing in an open channel, It is generally
drawn to show the water surface elevation for the crest of a specific
flood, but may be prepared for conditions at a given time or stage.

FLODDWAY, The minimum area of a flood plain required to convey & flood
peak of a selected magnitude with no more than a specified fincrease
(usually 1 foot) in water surface elevation. This area usually consists
of the most hazardous portion of the Flood plain where water velocities
are appreciable. Areas on Lhe landward site of o fiondway normally
convey little or no flood flow although they are inundated by water
during flooas.

HYDRAULICS. The branch of physics having to do with the mechanical
properties of water and with the application of Lhese properties in
engineering.

HYORDLOGY. The branch of science dealing with water, Its properties,
Taws, and distribution.
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LAND USE. The purpose for which land s used.

MEAN SEA LEVEL. A determination of mean sea level that has been adopted
as a standard dalum for heights or elevations. Elevation therefore is a
measurement vertically above this datum as used in surveys and engineer-
ing reports.

METHODOLOGY. A method or system of methods or ways of accomplishing an
objective,

ONE HUMDRED YEAR FLOOD. A flood having one chance in 100 of being
exceeded 1n any year, al a designated location, although the flood may
occur in any year and possibly in successive years. It would have a |
percent chance of being equalled or exceeded fn any year. In the past,
this flood has been referred to as the Intermediate Regional Flood.

SPATIAL. HRelating to, occupying, or having the character of a limited
extent in one, two or three dimensions: distance, area, volume.

STAGE HYDROGRAPH. A graph showing stage (elevation) values against time
at a given point, usually measured in feet.

SYSTEM ANALYSIS. An dinauiry intended to advise a decision maker on the
policy choices dnvolved in major decisions. To gualify as 2 system
analysis, a study must Jook at tne entire problem as a whole. Character-
istically, it will involve a systematic finvestigation of the decision-
maker's objectives and of the relevant criteria; a comparison of the
costs, effectiveness and risks associated with the alternative policies
er strategies for achieving each objective: and an attempt to Formulate
additional altérnatives if those examined are deficient.

WATERSHED. The area contained within & divide above a specified point on
2 stream; the area drained by a river.
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