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Abstract. This report discusses the results of an extensive study of the
geomorphology, sedimentology, and oil spill vulnerability of the outer
Kenai Peninsula and Montague Island shorelines. Major emphasis is
placed on the application of an 0ilSpill Vulnerability Index (0.5.V.I.).
Large segments of the shoreline are high risk environments with respect
to oil spill residence t i me. Nearly 60% of the studyarea falls into

O S.V.l. classes 6-10,which indicates any oil spilled would have resi-
dence tines fromone to more than ten years. The remaining 40% of
shoreline falls into classes 1-5, which are considerably lower risk
areas. Any oil spilled in these environments woul d be cleaned by

natural processes quite rapidly.

Task (hjectives. This project falls under Task D-4 which is to: evaluate

present rates of change in coastal norphology, with particular enmphasis on
rates and patterns of man-induced changes, and |ocate areas where coastal
nor phol ogy is likely to be changed by man's activities, if any. The rela-
tive susceptibility of different coastal areas will be eval uated,
especially with regard to potential oil spill impacts.

Field and Laboratory Activities. Included in the body of this report.

Results. The results have been summarized in the text of this report as
wel | as on the set of basemaps included in the Appendix. The original
set of basemaps i S being sent under separate cover.

Prelimnary Interpretations. Does not apply.

Auxiliary Material. Original set of 31 v.s.6.s. Quadrangle maps with the

nunber coded O Spill Vulnerability Index.

Probl ems Encountered. None.
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| NTRODUCTI ON

This report contains the results of an extensive field and |aboratory
study of the coastal region fromthe westernnost tip of Kenai Peninsula to
Mont ague |sland, approximately 2157 km of shoreline (Fig. 1). . The purpose
of the investigation was to describe the norphol ogy and sedimentology of
the coastline and delineate the vulnerability of the area to nassive oi
spills. This work was done to aid any agency charged with the responsi-
bility of handling a massive crude oil spill in the region. The major em-
phasis of this report is placed on the application of the QI Spill Wulnera-
bility Index (0.S.v.I.) to the study area. The O S.V.l. is a scale which
rates a particular type of shoreline’ s vulnerability to oil based on the
residence time of oil in that particular environment. The O S. V.I. ranges
from1, for coastlines having thelowest vul nerability, to 10 for coast-
lines that are the nost vulnerable to oil spills (see section on G| Spill
Vul nerability).

Included with this report are 31 standard United States Geol ogical Sur-
vey Quadrangle Maps with O S.V.l. classes labelled for the entire study area.
Reductions of these maps are found in Appendix |. Also included in the Ap-
pendices are a list of all survey stations visited and the tasks conpleted,
reproductions of all beach profiles run, and summary statistics on all grain
size analysis.

This is our final report for the project entitled “GO 1 Spill Vul nera-
bility, Coastal Morphology and Sedinentation of the Quter Kenai Peninsula

and Montague Island.”
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GEOMORPHI C  SETTI NG

Gener al

The study area consists of 2157 km of shoreline bordering the Qulf
of Alaska and Prince WIliam Sound in south-central Al aska (Fig. 1). The
area extends northeast from Elizabeth Island at the mouth of Cook Inlet
t 0 Hinchenbrook Pass and includes: (a) the southern part of the Kena
Peninsul a coastline fronting the Qulf of Al aska; (b) the coastlines of
Bai nbri dge, Evans, Elrington, Flenming, and Latouche Islands in the south-
eastern tip of the outer Renai Peninsula; and (c) Mntague and Geen |s-
| ands coastlines in the southwestern part of Prince WIIliam Sound. Resur-
rection Bay and the town of Seward provide a precise geographic center
for the area of investigation, dividing it into two halves of almost equal
shoreline length. Sewardis the only wwin the study area with a year-
round popul ace. The entire region is largely pristine and incredibly

beautiful with only a mniml man-induced inpact of the environnent.

Quter Kenai Peninsul a

The Kenai Peninsula is divided into two major physiographic units
The northern half of the peninsula is a region of rolling |ow ands that )
border Cook Inlet. The southern or seaward-facing ;;ition of the penin-
sula is conprised of the rugged Kemai-Chugach Mountains. The Kenai Moun-
tains are underlain by rocks of Mesozoic age and forma ria type shore-
line made up of deep enbayments flanked by sheer rock cliffs. This sec-
tion of the coast conprises roughly four-fifths of the study area. The

region is cut extensively by streams and several large glaciers whose re-

| ated noraines and outwash features are relatively abundant.
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High segnments of the Kenai-Chugach Muntains are dom nated by east-
trending ridges, 2,100 to 4,000 m high. Lower segnents consist of discrete
massive nmountains from 1,000 to 1,800 m high, separated by a system of val-
leysand passes 1 to 2 km wide that have eroded along joints and bedding
pl anes (Wahrhaftig, 1965). Such jointing and bedding patterns can play an
inmportant role in the bedrock control of shoreline orientation. The entire
mountain range has been heavily glaciated. Many areas along the outer Kenai

Peninsula are dom nated by horns, aretes, cirques and U shaped vall eys.

Sout hwestern Prince WI!liam Sound

Montague Island is the largest and nost southerly of five long narrow
islands that trend northeast across the south side of Prince WIIiam Sound
(Fig. 1). The island, which is 82 kmlong by 6 to 20 km W de, consists of
a nountai nous backbone ridge with an average summit altitude of 730 m and
a maxi mum altitude of 866 m (Plafker, 1971). The other four islands,
Latouche, Elrington, Evans, and Bainbridge, vary from 18 to 26 kmin length
and 2.5 to 7.2 kmin width. They are also topographically |ower with
average summit elevations of roughly 300 m.

Bainbridge, Evans and Elrington Islands all have highly irregular
shorelines dominated by large, deep, fjord-type embayments. The islands
are separated by long, narrow, quiet water passages typical of a ria type
of coastline. Montague and Latouche Islands display similar trends in
coastal norphology. Both islands are nore regular in outline with a dom-
nance of erosional coastal features on their eastern shorelines. High
vertical bedrock scarps and wave-cut platforns are especially proninent
on the eastern and southern shorelines of Mntague Island. Shallow, quiet
water coves, small bays, tidal flats and fine- tO coarse-grained sand beaches
typify the nore depositional western shorelines of Mntague and LaTouche

| sl ands. Unlike the outer Kenai Peninsula, the shorelines of these five

430



mount ai nous islands have only a very mnor contribution fromglacially
derived sediments. The dominant control on the shoreline morphology of
the Prince WIliam Sound Islands is the active tectonic uplift in the
area.

TECTONIC SETTING
Regi onal

The entire study area is underlain by rocks that are part of an ex-
tensive arcuate belt of thick Mesozoic and Tertiary marine deposits that
extend through the Chugach-Kenai-Kodi ak Mountains (Fig. 2). In terms of
their tectonic settings, the outer Kenai Peninsula and Montague Island
shorelines are examples of young mountain range coasts (Hayes, 1964), or
continental collision coasts (Inman and Nordstrom 1971; Davies, 1973).
Rapi d tectonic uplift related to Cenozoic erogenic activity typifies
this type of shoreline. The coastline is characterized by high rugged
cliffs and a narrow continental shelf.

The outer Kenai Peninsula and Prince William Sound areas have under-
gone tectonic change for millions of years. Broad areas of wave-cut
platforms in the eastern half of the study area (uplift) and numerous
drowned gl acial valleys (downwarp) in the western part are common, It is .
obvious that tectonics plays a major role in the formation and nodifica-
tion of the island and peninsular shorelines both in the |ong-term geologic

sense and on a nuch shorter historical tine scale.

Eart hguake Activity

Sudden, often violent, earthquake activity is associated with con-
tinental collision coasts and can exert a strong influence on |ocal nor-
phol ogy and shoreline orientation. This fact was documented within the

study area by the sudden tectonic movements, both vertical and horizontal,
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and Cark, 1973).
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associated with the 1964 Good Friday Earthquake. Regional defornation
produced by this earthquake occurred over an area of at |east 112,000
square kilonmeters in south central Alaska from Kodiak Island to Prince
WIliam Sound. The study area for this report lies entirely within this
area. Evidence of this tectonic activity is a mjor zone of uplift to
the northeast of Day Harbor (Fig. 3) and a major zone of subsidence to
the southwest of Day Harbor.

The zone of subsidence includes nost of Kodiak Island, Cook Inlet and
roughly four-fifths of the outer Kenai Peninsula. The axis of maxinmm
subsi dence within this zone trends northeast along the crest of the Ko-

di sk- Kenai - Chugach Mountains intersecting-the study-area along the western
margin of Nuka Island (Fig. 3). A maxi mum downwarp of 2.3 m was recorded
on the southwest coast of the Kenai Peninsula (Plafker, 1971). Mntague
Island lies within the 1964 earthquake focal region and is along the axis
of maxi mum tectonic uplift (Fig. 3). Surface faulting and regional warp-
ing produc‘ed by the earthquake elevated the southwestern end of the island
by asmuch as 11.5 m (Plafker, 1971). Southwest of Montague Island, the
nearshore shelf may have been uplifted nore than 15 m based on pre- and
post - eart hquake bottom soundi ngs (Malloy and Merrill, 1971).

Kenai Peninsula and Montague |sland have undergone tectonic change
(both uplift and submergence) for mllions of years. Geologic data (Plaf-
ker, 1966) indicates that the 1964 earthquake-related movements wer e but
the nmost recent pulse in an episode of deformation that probably began in

late Pliocene time and continued intermttently to the present.
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GEQLOG C SETTI NG

Regi onal

The Kenai Peninsula and western Prince WIIliam Sound Islands are |o-
cated within the central margin of the continuous Kodiak-Kerai-Chugach
nmountain belt (Fig. 2). The Kenai-Chugach Mbuntains are conposed chiefly
of dark-gray netasandstone, slate and argillite of Mesozoic and Tertiary
age (Plafker, 1966; Wahrhaftig, 1966). The nain mass of the nmountains is :
primarily Jurassic and Cretaceus bedded rocks with a narrow, discon-
tinuously exposed section of older rocks along the northern flanks. (dark,
1972) . Anost all of the rocks in the Kenai Muntains are mldly metanor-
phosed and cut in a few places along the southern peninsular coast by
granitoid masses. Montague and other Prince William Sound islands con-
tain large bodies of greenstone in association with the argillite and grey-

wacke.

Li t hol ogi es

The geologic units in the Kenai Peninsula and Prince WIliam Sound areas
shown in Figure 2 include: 1) the valdez G oup, a sequence of eugeosyn-
clinal rocks that conprise the vast mgjority of the outer Kenai Peninsula,;

2) the Oca Goup, a sequence of early Tertiary age rocks which can be di-
vided into a lower volcanic unit and an upper sedinentary unit (Case et al.,
1966) . Elrington, Evans, Latouche, Green, Mntague and the eastern half

of Bainbridge Islands are all conprised of rocks fromthe Oca Goup (Fig. 2).
These rocks are faulted into contact with the valdez G oup of the outer

Kenai Peninsula along a north-south line that divides Bainbridge Island

into two halves (Fig. 4); 3) bodies of intrusive granitic rocks found wthin
the valdez G oup along the outer Kenai Peninsula in the vicinity of Ganite
Island (Figs. 2 and 4); 4) unconsolidated sediments and marine deposits

of Quaternary age. These are the sediments that comprise the beaches, spits,
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and other depositional features in the study area. A nore detailed des-
cription of the lithologies Within these units is given bel ow

Valdez group. - A thick unit of metasandstone (mostly metagreywacke),

metasiltstone, and argillite i s exposed over four-fifths of the outer Kenai
Peninsula (Cark, 1972). Those rocks are part of a belt that extends nore
than 600 km through the Kenai-Chugach-Kodiak Mountains (Payne, 1955; Burk,
1965; Moore, 1971). The sequence is characterized by thin to thick beds

of light-grey or tan, poorly-sorted sandstone of greywacke type interbedded
by dark-grey to bl ack argillite and slate (Case et _al., 1966). The Valdez
Goup is a wdespread flysch sequence that in sone areas retains sedinentary
features associated with turbidites (Cark, 1972).

Orca group. - The predomnantly volcanic unit that forms the |ower
part of the Oca Goup crops out in a discontinuous-belt within the study
area on Elrington, Evans and Bainbridge I slands (Fig. 5). This unit con-
sists of altered, green-black basaltic lavaflows, pillowlavas, flow
breccias, and coarser textured diabase intrusive collectively termed
"greenstone" (Case et _al., 1966). This volcanic unit is of Tertiary
(probably nmid to late Eocene) age (Plafker and MacNeil, 1966) .

The sedinentary unit that conprises the upper part of the Orca Goup
includes the rocks that occur on all of Mntague, Geen and Latouche Is-
| ands and nost of Evans, Elrington and Bainbridge |slands (Fig. 5). The
sequence consists nainly of thin to thick beds of greywacke sandstone and
m nor amounts of |ight-colored arkosic, carbonaceous, tuffaceous, cal-
careous and conglomeratic sandstones (Case et al., 1966). The unit is
di stinguished from the valdez Goup by a nore variable lithology and

slighter degree of metamorphism
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Intrusive. - Granitic rocks intrude the Valdez Group within the study
area in the vicinity of Ganite Island (Fig. 2). The intrusive rocks are
highly resistant to weathering and narine erosion, producing highly irregu-
lar trends in shoreline orientation. These rocks consist mainly of pinkish-
gray biotite granite and quartz diorite (Cark, 1972).

Unconsol i dated sedinments. - Flat |lying fluvial, glacial and narine de-

posits of gravel, sand and nud overlie the Mesozoic and Tertiary rocks in
the study area. These sediments comprise all the depositional features dis-

cussed in this report.

Bedrock |nfluences on Shoreline Norphol ogy

The structure and lithology of the bedrock along a section of shoreline
can play a major role in the weathering patterns and orientation of the
coast. In their study of Kodiak Island, Ruby et al. (1979) nade the fol-
| owi ng observations on the bedrock conpositional and structural control of

beach nor phol ogy:

H ghly bedded rock types like slates and shales can form a
variety of scarp configurations, dependent on the dip of the
bedding planes. \Were bedding planes are nearly horizontal,
the scarps Will be very irregular and wave-cut platforms wll
be quite flat and uniform If the bedding planes are near
vertical, the scarps will be uniformand wall-like, broken

and displaced by fracture and fault patterns, while associated
wave-cut platfornms will be very irregular containing nunerous
tidal pools. Bedding planes dipping from near vertical to
about 50 or 600 will often result in a dip-slope scarp. These
scarps are flat and slope downward at the angle of dip of the
bedding. Dips from50° to about 20° will usually result in an
irregul ar scarp and an irregular wave-cut platform

Bedded rock types yield platy fragments to the beachface.  Thus
gravel s, cobbles and boulders will generally be flat regardless
of their degree of rounding. Very well rounded gravels will

| ook like discs and are referred to as discoidal gravels.

Unbedded rock species like quartz diorite have a more uniform
strength and thus the shape of scarps and wave-cut platforns
becomes a function of fracture and fault patterns in the rock
rather than their own internal structure. The scarps usually
appear rather massive and rather steep. The wave-cut platforns
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att heir base are noderately uniform with undulatory surfaces
and scattered tidal pools. Gravels and boulders of this rock
type will usually be equant in shape regardless of the degree
of rounding. Well rounded gravels will be spherical.

Slate and quartz diorite are two end members of rock species
which control scarp and platform shapes as well as gravel shapes,
Most other rock types will fall behaviorally somewhere between
them. Thus, scarps, platforms and beach sediment can take an
extremely wide variety of shapes.

OCEANOGRAPHI C  AND METEOROLOG C SETTI NG

Ti des

The Kenai Peninsula to Mntague Island coastline has sem-diurnal tides
with a strong diurnal conponent. Mean tidal ranges, recorded in the Oi-
matic Atlas of the Quter Continental Shelf Waters and Coastal Regions of
Al aska, Volunme 1 (1977), vary from 2.4 meters at the eastern limit of
the study area (Patton Bay, Montague Island) to 3.2 meters at the western
lim;t of the study area (Picnic Harbor, Rocky Bay), There is Some ampli-
fication of tidal ranges within the embayments, but this is linited due

to the relative deepness of nost of the fjords,

Wnd and Wave Regime

The positioning of two mgjor fronts, the Pacific Polar and pacific
Arctic fronts, largely govern the wind patterns and resultant wave energy
flux of southeastern Al aska (Hayes et al., 1976), The high frequency and
intensity of storns produced byboth of these fronts make the maritine -
region of the Gulf of Alaska the npst severe cyclogenetic region (during
winter) in the Northern Hem sphere (Petterssen, 1969). During the sum
ner, cyclonic activity decreases markedly, and storms are of less intensity.
Wnd and wave data taken from the 1970 Survey of Synoptic Meteorol ogical
(nservations (ssMo) and the Climatic Atlas of the Quter Continental Shelf

Waters and Coastal Regions of Alaska, Volume 1 (.1977) indicate a prevailing
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and predom nant wind frequency distribution out of both the east and
west (Fig. 6). The average wind regime for the Gulf of Alaska over a
seven year period from 1963 to 1970 denonstrates that both dom nant and
prevailing winds are aligned with the general trend of the shoreline
(Nummedal and Stephens, 1976). In some instances, fjords generate |ocal
wind systems, especially near their heads. They are usually backed by
relatively high mountains which can generate catabatic W nds which bl ow
downsl ope toward the mouth of the fjord.

The conbination of wind frequency distribution with observed wave
hei ghts and periods (SsMO data) provides a wave energy flux val ue which
can be directly related to longshore sedinment transport rates (Coastal
Engi neering Research Center, 1973). The resultant wave energy flux vec-
tor for the study area (Seward data square) points northeast. The di-
rection of this vector should correspond to the direction of net coarse
sedi ment transport on adjacent exposed beaches. In the Gulf of Al aska,
calculations show a convergence of wave energy toward Mntague Island
and Prince WIIliam Sound (Nummedal and Stephens, 1976). The Seward data
square contains the highest average annual wave energy flux val ue anong
those conputed for the Qulf of Al aska (Nummedal and Stephens, 1978).
These val ues range from1.5t0 5.7 x 1010 ergs/msec (Fig. 6).

Ccean bathymetry rapidly deepens off the coastline within both the
@l f of Alaska and the numerous fjords along the outer coast of the Kenai
Peninsula. Depths of 120 to300 m are comon wi thin one kiloneter of the
shoreline. There is tremendous variability in relative wave energy from
one area to another. This is due to the variable fetch distance as well

as the orientation of the shoreline with respect to incomng waves.
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Figure 6. Wnd frequency and wave energy flux distributions
taken from SSMO data (1970) for the Seward square in south-

eastern Al aska. Note the difference of winds out of the
east and west and resultant wave energy flux (from Nummedal

and Stephen, 1976).
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In general, there is a uniformdecrease in wave energy as the fjord
heads are approached. The exposed shorelines usually have well developed
hi gh depositional berms indicative of frequent |arge storm waves. The
more protected fjords have nuch lower, generally vegetated berms , indica-
tive of lower wave energy. Many of the fjords, as well as the other nuner-
ous protected areas on the outer Kenai coastline, have exceptionally |ow

wave energy at their heads

METHODOLOGY
In order to survey large sections of coastline in a reasonable
anount of tinme, a nodified zonal nethod of field study was utilized.
The zonal method wasdevel oped by the Coastal Research Division at the
University of South Carolina (Hayes_et al., 1976). Essentially, the me-
thod has the follow ng steps:
1. Preceding field work, aerial photographs, maps and charts of
the area and pertinent literature are studied.
2. Field work is begun by an aerial reconnaissance of the study area
during Whi ch:
a. Detailed oblique aerial photos are taken using both color and
infra-red film
b. Coastal morphologic features such as beaches, cuspate spits
bedrock cliffs, etc., are mapped on 1:63,360 topographic maps.
¢* Changes in coastal geomorphology, which have taken place since
the original topographic mapping, are added to the base maps
d. A detailed description of the general geomorphology and sedinents

I's recorded verbally on tape.
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3. Based upon observations made during the aerial reconnaissance
equal |y spaced survey stations are chosen for nore detailed work. For
the present study, a 20 kminterval was selected.

4. For the renainder of the field work, each station is photographed
in detail fromthe air and, where feasible, visited on the ground

5. At nost of the ground Stations, the follow ng is done:

a. Atransit line of the active beach zone is made to delineate
beach norphol ogy. These profiles are plotted by conputer

b. Sedinment sanples are taken usingalO cm coring tube in the
upper, mid and lower beachface.

c. A field sketch of each site is made to show surrounding geo-
morphology and geology and toai d the field observer’s per-
ception.

d. Gound photos of the profile site and sedinents are taken

e. A tape-recorded description of the site and its surrounding
geol ogy, geonorphol ogy, sedinents and marine processes is nade

6. 0il spill vulnerability classes are recorded on 1:63,360 topogra-
phic maps. This is done in the field to allow questionable areas to be
rechecked

Standard | aboratory techniques (settling tube and Ro-tap) are used
for determnation of the textural qualities of sedinent sanples collected
inthe field. Al sanples are analyzed for conposition, grain size, sort-
ing, skewness and kurtosis. The beach profiles are conmputer plotted and
studied to help determne the norphology of the beaches. Aerial and ground
phot ographs are reviewed and catal oged. In many instances, where taking
sanples is inpractical due to the large size of the material, photographs
are taken of the sedinment (i.e. , boulders). Gain size and other textura

properties are then determned from the photographs.
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COASTAL MORPHOLOGY
Gener al

The Kenai Peninsula to Mntague Island coastal region is an extremely
diverse area that is strongly influenced by tectonic activity, marine
processes and glaciation. Recent tectonic activity has resulted in the
study area being divided into distinct norphologic zones. The coastline
west of Day Harbor to the western tip of Kenai Peninsula (approximtely
1180 km of shoreline or 55% of the total study area) shows dramatic evi-
dence of submergence (Fig. 3). The doninant features in this region are
hi gh vertical scarps cut into bedrock which are often fronted by narrow
gravel and boul der beaches. There are also numerous pocket beaches |ocated
insmall (less than 1 to 2 kn) indentations in the scarps. Qher indica-
tors of subnergence found west of Day Harbor are: 1) wave-cut notches into
bedrock; 2) dead tree lines along beaches backed by forests; and 3) sub-
tidal bedrock platforms. East of Day Harbor, the coastline shows strong
evidence of wuplift, especially in the Mntague Island area. This 880 km
stretch of shoreline (41% of the study area) is characterized by uplifted
wave-cut platfornms, stranded gravel beaches and infilled | agoons.

The coastline is strongly affected by the wave reginme. Areas that
are exposed to the open ocean or have a large fetch fronting them are
subjected to relatively large waves. These exposed areas typically have
hi gh vertical bedrock cliffs (often greater than 100 to 200 mw). In nore
sheltered areas, bedrock scarps tend to have low relief. Sheltered or
protected areas have nore depositional features such as w de sand and
gravel beaches, stream mouth deltas, tidal flats and salt marshes.

Gacial activity has also influenced the coastal morphol ogy. Exten-
sive Pleistocene glaciation cut deep fjords that dom nate nuch of the
study area. Present glacial activity, although very linmted, locally
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supplies a great deal of sediment, formng deltas, tidal flats and large
bayhead beaches.

Due to the processes discussed above, the coastline along the outer
Kenai Peninsula and Mntague Island is domnated by four main norphol ogic
types (Table 1). These™include: 1) exposed bedrock shorelines; 2) shel-
tered bedrock shorelines; 3) beaches; and 4) river nouth delta-tidal flats
and salt marsh systens (Table 1). In the follow ng section, each one of
these environments and their subenvironnents will be discussed and typica

exanpl es given.

Exposed Bedrock Shorelines

Bedrock cliffs. - Exposed bedrock cliffs conprise 678 km (31% of the

shoreline. They are nost abundant in the western portion of the study

area where maxi mum subnergence has occurred. The cliffs range in height
froma few to over 250 neters (Fig. 7). Generally, bedrock cliffs directly
exposed to large waves have maxinumrelief. In high energy areas, the
cliffs are often fronted by sea stacks and large talus slopes (Fig. 7).
Exposed bedrock cliffs in energent areas may have narrow boul der beaches

at their base.

Exposed bedrock cliffs are subjected to wave attack, even at |ow tide.
Consequently, these features will clean themselves in the event of an oil
spill within a few weeks. | n addition, waves reflect off t he verti cal
scarps and tend to “push” floating oil away fromthe rocks. Therefore,
any oil that may be spilled in a coastal area conposed of exposed bedrock
cliffs would not remain there for very long. These environments are as-
signed an O S.V.I. value of 1, the lowest class (see section on Gl Spill

Vul nerability)
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Table 1.

ENVI RONMVENT

Exposed Bedrock
A. Bedrock scarps
B. Wave-cut platforns

Shel tered Bedrock

Beaches

A, Continuous Iinear
Pocket

Bayhead

Spits

Uplifted

m o o W

River Muth Deltas-Tidal
Flats Systens

Tidal Flat-Salt Marsh Systens

TOTAL SHORELI NE (KM)

678 km
212 km

529 km

556 km
Abundant
Abundant
Common
Rare

Rare

81 km

101 Kkin

TOTALS 2157 km

SHORELI NE MORPHOLOGY - KENAI PENI NSULA TO MONTAGUE ISLAND

% OF TOTAL SHORELINE

31%
10%

24%

26%

4%

5%

100%



Figure 7. Typical exanples of exposed bedrock cliffs. These features
very conmon Within the study area and display extreme variability in
slope and relief. The near vertical bedrock cliff shown above (Sta.
KNP-39, Granite Island) is over 250 mhigh. The nore gently sloping bed-
rock cliff at Barrington Point (follow ng page, top) has a relief of
only 5-10 meters. In uplifted areas, sedinent from aval anche fans and
talus slopes form narrow boul der, cobble beaches at the base of the cliff
(follow ng page, bottom). Bedrock cliffs are directly exposed to high
wave energy. Thus, they are assigned an O S.V.I. of 1, the |owest class.

are
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Exanpl es of exposed bedrock cliffs are survey station nunbers: KNP1,
3, 10, 14, 18, 20, 23, 24, 29, 30, 31, 32, 33, 35, 38, 39, 40, 42, 44, 45,
46, 47, 48, 49, 51, 42, 53, 54, 55, 58, 60, 62, 63, 67, 69, and 84.

Wave-cut platforms. - Wave-cut platforms constitute 212 km (10%) of

the study area, being nost abundant in locations that have undergone maxi-
num emergence (i.e., Mntague Island) . Very often, these features are
backed by erosional scarps that were uplifted out of wave action. The
wave-cut platforns are conposed al nost entirely of bedrock, but nmay have
a scattering of very coarse, angular gravel and boulders (Fig. 8).

Wave-cut platforns have abundant intertidal Iife that would suffer
fromthe initial inpact of a massive oil spill. Despite this, they are
assigned an O. S.V.I. value of 2. Exposure to wave attack causes any oil
that may inpact one of these areas to be renoved relatively quickly. As
the O S.V.I. is based on residence tine of the oil, exposed wave-cut plat-
forms are given a low classification.

Exanpl es are survey stations kwp-9, 77, 80, 83, 85, 88, 89, and 90.

Shel tered Bedrock Shorelines

Bedrock cliffs found in sheltered areas (locations that have little
or no wave activity) conprise 528 km (25%) of the study area. These
scarps typically have an average relief of less than 5 to 10 neters, but
may be backed by relatively high, steep vegetated slopes (Fig. 9). Narrow
gravel beaches (less than 10 mw de) are often found at the base of the scarps,
especially in uplifted areas (Fig. 9). Sheltered rocky shorelines, un-
li ke exposed bedrock shorelines, are assigned a high O S.V.lI. Lack of
significant wave energy reduces natural cleansing processes, and any oil
that may inpact the area would remain for a long period of tine. In

addition, the relatively coarse nature of the beach sedinments often
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Figure 8.  The southwestern end of Mntague Island is one of the best
exanples of an uplifted wave cut platform (above). The features are
backed by erosional scarps and conposed al most entirely of bedrock.
However, they may have a thin, discontinuous scattering of angular
gravel and bedrock (follow ng page, top). Rock platforms of this
type generally have quite low oil residence times due otheir inper-
neabl e character and high wave energy. However, as shown in the
sketch of station kwP-9 (foll owing page, bottonm), the coarse beach
face is nore sensitive to oil spill inpact where a heavy intertidal
biota coats the bedrock.

452



=S - = -
- e TR
ROCK PLATFORM ———— 3

453



Figure 9. Sheltered bedrock cliffs are found in areas of little
or no wave energy and typically have an average relief of omnly
5-10 m. They are often backed by a steep vegetated slope (Sta.
KNP-73, above) or fronted by a narrow gravel beach (KNP-68, below).




associated with these features allows oil to penetrate the substrate
increasing oil retention. The diverse and abundant intertidal life that
characterizes these areas would be severely damaged by oil inmpact. Shel-
tered bedrock shorelines have an O S.V.I. of 8.

Exampl es are survey stations Kwp-8, 12, 16, 21, 65, 68 and 72

Beaches

In total, beach environnents conprise 556 km (26% of the shoreline
There are five morphologically distinct types of beaches comonly found
within the study area. They are discussed separately bel ow.

Continuous linear beaches. - These features are extrenmely common and

are the nost abundant type of beach in enmergent areas. Continuous l|inear beaches
are found fronting sheltered bedrock scarps, glacial till deposits and

even high energy exposed scarps in uplifted areas. They normally are
narrow, less than 5 to 10 meters wide, but may extend laterally for sev-
eral kilometers (Fig. 10). Sediment sizes range from gravel in sheltered
areas to cobbles and boulders in exposed areas. Continuous |inear beaches
are assigned O S.V.|I. values of4, 6, or7, depending on the texture of the
beach. A 4 is assigned to pure sand beaches, 6 to nmixed sand and grave
beaches, and 7 to pure gravel beaches. Hgher O S.V.I. values with in-
creasing grain size is due to the relative perneability of the sediments
Normal |y, coarser sediments have higher perneabilities, increasing the
residence time of oil and the O S.V.I.

Exampl es are KNP-4, 9, 61, 70, 75, 78 and 79

Pocket beaches. - Pocket beaches are ubiquitous in the study area

being found in both exposed and sheltered environnents. They normally
are located in small indentations in the shoreline and are bounded on

either end by bedrock scarps (Fig. 11). Sediments are locally derived
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Figure 10. Continuous |inear beaches are nost conmon in the uplifted
portions of the study area and are found fronting both sheltered and
hi gh energy bedrock scarps and glacial till deposits. As shown above
these beaches are normally 5-10 m wide, but may extend laterally for
several kilonmeters. Sedinents range from gravel to cobbl es and

boul ders, and are typically angular to subangular (KNP-39, fol | ow ng
page, top). The beach profile is narrow and relatively featureless
(knp-79, follow ng page, bottom. Mst gravel beaches of this type
are classified as O S.V.l1. values 6-8, depending on sediment size

and wave energy.
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from eroding bedrock; consequently, the material is inmmature and conposed
of relatively coarse sand and medium gravels.

Pocket beaches are relatively vulnerable to oil spills. The sedinent
conposing these beaches is perneable, allowing oil to penetrate into the
substrate. Assigned O S.V.l. values are 4, 6, and 7.

Exanples are survey stations KNP-5, 7, 13, 15 and 19.

Bayhead beaches. - These beaches are commonly found at the heads of

many of the shoreline embayments. They are arcuate-shaped features that

are relatively wide (30 to 50 neters) and long (Fig. 12). Sedinents are
nostly sand and gravel. Bayhead beaches are noderately vulnerable to oil
spills, again, due to their relatively high perneability, allowing oil to
penetrate the substrate. Assigned O S.V.I. values are 4, 6, or 7.

Exanpl es are survey stations Rwp-41, 56, 59 and 64.

Spits. - Two types of spits are occasionally found in the study area.
Cuspate spits (Fig. 13) are found in the nunerous passageways between
islands. Recurved spits are rare, but are typically found at the en-
trance to lagoons (Fig. 14). Both cuspate and recurved spit beaches
are conposed of sand and gravel. O S. V.l. values are 4, 6 or 7.

Exanpl es of the cuspate Spits are survey stations xknp-2, 17, 23b,
and 100.

Exanples of recurved spits are survey stations knp28, 36 and 43.

Uplifted beaches. - Uplifted beaches are common in theeastern portion

of the study area, especially around Mntague Island. These beaches often
have |arge depositional berns, now above the reach of wave activity, in-
filled lagoons, cutoff inlets and wide flat areas between the uplifted
berm and the active beach system (Fig. 15). QS V.lI. values depend on

the presently active beach system fronting the uplifted beaches, but nor-

mally are 4, 6 or 7.
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Figure 12. The bayhead beach shown above is typical of
those found at the heads of the larger enbayments in the
study area. They are generally narrow, arcuate i N shape
and backed by open |agoons. Beach sedinents are usually
sand and gravel. The strongly convex upward nature of
the beach profile is shown in the profile from station
KNP-59 (bel ow).
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Figure 13. Prcfile station KNP-100 (above) and xnp-17 (below) are both
prime exanples of cuspate spits. These depositional features are typi-
cally found in the narrow restricted passageways between islands. The
sketch and profile of station kwp-17 (foll owing page) show the steep
sand and gravel beachface and flat, cobble lowtide terrace typical of

cuspate Spits.
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Figure 14.  Recurved spit located at profile station KNP-28.  These
features are often found at the entrance to small open |agoons.
Beach sedinments are conposed of sand and gravel. nNote the broad,
flat, cobble lowtide terrace at the recurved end of the spit.
These terraces are often covered with abundant intertidal life.

O S V.I. values range from 4-7 for recurved spit beaches.
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Figure 15. Profile station kvp-82 | ocated at San Juan Bay on Montague
Island.  The present day beach was produced by uplift from the 1964

Good Friday Earthquake. The low tree line running parallel to the
beach is the site of the pre-uplift depositional berm Cher fea-

tures produced by the sudden emergence of this area include infilled
| agoons and cutoff inlets (above and follow ng page, top). A pr o-
file of station KNP-82 was run fromthe pre-uplifted bermto the
present day beach, a distance of roughly 480 m (follow ng page,

botton.
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Exanples are survey stations KNP-82, 86, 87, 91, 93, 94, 95 96, 97

98 and 99.

River Muth Delta-Tidal Flat and Salt Mrsh Systens

River nmouth delta-tidal flat systens are primarily found in relatively
protected environments where small rivers intersect the coast. Due to the
continual influx of sediments from the rivers, wide intertidal areas are
formed (Fig. 16). They are domnantly conmposed of sand and fine gravel
Intertidal life is abundant. The delta-tidal flat systems are occasionally
backed by fringing marshes. Approximately 81 km (4% of the study area
i's conposed of these features.

Exanpl es are survey stations rwp-6, 11, 22, 27, 34, 50, 66 and 76

Tidal flats and salt marshes are also found independent of river nmouth
deltas and conprise 101 km (5% of the shoreline. These features are
found in protected or enbayed areas that have very little wave energy
(Fig. 17). Consequently, the sedinments are often fine-grained. Again,
intertidal life is abundant.

Exanpl es are the northernnmost enbayment in Port Bainbridge and the
Port Chanmbers and Stockdale Harbor areas on the northwest side of Mntague
I sl and.

Both the delta-tidal flat and salt marsh systenms are highly vul nerable
tooil spills. Intertidal life can be severely damaged and, due to the
protected nature of these environments, oil may remain for extremely |ong
periods of time. These areas should be protected if at all possible. As-
signed O S.V.1. values are 9 or 10. In sone instances, if the sedinent
size of the tidal flats is fine (silts and clays) and the wave or tida
energy is relatively high, the environnent is less vulnerable to oil spills.
Low perneability of the sediments prevents oil from penetrating the sub-

strate allowing waves and tidal currents to naturally clean the flats
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Figure 16. River mouth delta-tidal flat systems are shown here at pro-
file stations KNP-22 (above) and KNP-50 (below). Tidal flats are
dom nantly conposed of sand and fine gravel and have wide, intertidal
areas with abundant biota. O S.V.I. values are 9 or 10.




Figure 17. Enbayed tidal flats (above and below), located on northwestern
Montague |sland. These features are found independent of river nouth
deltas in protected |owwave energy environnents. Sediments are fine-
grained and intertidal 1life is abundant. O S.V.l. values are 9 or 10.




In this case, the assigned OS. V.I. value is 5.

OL SPILL VULNERABILITY

[ ntroduction

The major purpose of this study has been to supply baseline data re-
gardi ng shoreline geomorphology and to indicate how that morphology may inter-
act with potential oil spills. Of primary importance is the ranking of coastal
environnents with regard to the residence tine of spilled contam nants.
Thus, the primary product of our research isa set of 31 standard U.S.G.S.
Quadrangl e base maps at a 1:63,360 scale. These 31 topo sheets cover all
of the outer Kenai Peninsula and Mntague Island. Each map classifies
the shoreline into 1 of 10 subclasses, described in this section. The
maps are reproduced at page size and are shown in Appendix |. The original
maps are submtted as an enclosure.

Qur group has been studying oil spills and doing baseline analyses of
various coastal areas for about 5 years. There is currently available a
| arge nunber of publications dealing with specific spills (Blount, 1978;
Blount and Gundlach, 1977; Gundlach and Hayes, 1977; Gundlach, Fi scher and
Stein, 1977; Gundlach, Ruby and Blount, 1977; Gundlach et al., 1977; Hayes
and Gundlach, 1975; Hayes et al., 1976; Ruby et al., 1977) as well as many
dealing specifically with our coastal work in parts of Al aska (Gundlach
et al., 1977; Hayes, Michel and Brown, 1977; Ruby and Hayes, 1978, Hayes
et al., 1976, Nummedal and Stephen, 1976; Nummedal, Stephen and Ruby, 1977,
Nummedal and Ruby, 1979; and a nunber of Annual and Progress Reports to
OCSEAP) . These reports detail the controls that beach morphol ogy, grain
size and incomng energy can have on oil spill behavior and |ongevity.
Several of the reports address the potential impacts of spills on various
Al askan marine assenblages. These earlier results will not be repeated in

this report. They strongly support the concept that physical-degradation

of spilled oil is directly related to the narine energy in the spill en-



vironment. There is an abundance of literature dealing with case studies
of the numerous major and mnor oil spills that “have taken place in the
coastal waters of the lower 48 states and around the world. Predictive
nodel s for oil spill dispersal, spreading, bio-degradation and physical
degradation have been devel oped from these studies. The sub-arctic areas,
however, have been to a large extent omtted due to the difficulties in-
herent in any study of these environments and a general |ack of actual oi
spills in these environments from which to base detailed case studies. The
Arrow oil spill in Chedabucto Bay, Nova Scotia, probably conmes closest to
a conparative nodel for the sub-Arctic. However, the clean-up effort and
| ater studies (Ownens, 1971; Owaens and Drapeau, 1973; Owens, 1973; Drapeau
1974; Ownens and Rashid, 1976) made very little reference to the special
probl ems encountered as a result of the colder environment (i.e., oil on
ice and snow, ice-oil interaction with beach sedinments; oil dispersal in
heavily iced environnents, etc.). CQur investigation of the Buzzards Bay
oil spill (Ruby et al., 1977) and the Ethyl H_ spill in the frozen Hudson
River have given new insight into the effects of oil spills in ice-choked
vat er s

Evaporation |osses and biodegradation are slower in colder environ-
nents. Biodegradation can be reduced as much as 90% in water of O°C when
conpared to water of 25°C (Robertson et al. 1972). [|sakson et al( 1975)
states that burning nmay be the only feasible method of cleaning oil spills in
iced areas; however, this may represent a trade of one type of pollution for
another. During the Buzzards Bay spill clean-up, burning was an effective
method for cleaning oil which was not accessible fromthe shore. nly a

smal | amount of particulate matter resulting fromthe fires was noticed

Q1 Spill Vulnerability Index

This scale has been devised on the basis of actual spill analysis and
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a careful study of the literature. It is based primarily on the residence
time of oil in each sub-environnent , which is generally a function of the
intensity of the marine processes, sediment grain Size and transport trends.
The biologic sensitivity has also been utilized to nmodify that ratings of
various environnents.

Coastal environments are listed and discussed below in order of in-
creasing vulnerability to oil spills.

1. Straight rocky headl ands:

Most areas of this type are exposed to maxi mum wave energy. \Wves re-
flect off of the rocky scarps with great force, readily dispersing the oil.
In.fact, waves reflecting off the scarps at high tide tend to generate a
surficial return flow that keeps the oil off the rocks (observed att he
Urquiola site in Spain and the Amoco Cadiz spill in France). Even if oiled,
natural cleaning will only require a few days or weeks. No human interven-
tion is necessary. Theyrepresent the |argest” single class within the study
area, 28.2%.

2. Wave-cut platforms:

These areas are also swept clean by wave action. All of the wave-cut
platforms at:the Metula site were cleaned of oil after one year. The rate
of removal of the oil is a function of wave climate and the irregularity of
the platform. In general, no clean-up measures are needed for wave-cut
platforms. However, there are large biologic populations in these areas.
Most of this classification, 9.3% of tlie study area, occurs on Montague
Island in highly exposed, recently uplifted areas.

3. Flat, fine-grained sandy beaches:

Beaches of this type are generally flat and hard packed. Oil that is
enpl aced on such beaches will not penetrate nmore than a few centineters at

most. Usually the oil will be deposited on the surface of the sand where

it can be removed by elevated scrapers or other road grading machinery.



Furthernore, these types of beaches change slowy, so sand deposition and
resultant burial of oil wll take place at a slow rate. |If left to natural
processes, these beaches will be cleaned within several nonths. This type
of beach is very rare in the study area, representing only 0.8% of the
shoreline.

4. Steeper, mediumto coarse-grained sandy beaches:

On these beaches, the depth of penetration would be greater than for
the fine-grained beaches (though still only a few centineters), but rates
of burial of the oil would be greatly increased. Based on our earlier
studies, it is possible for oil to be buried as nuch as 50-100 cm within
a period of a few days on beaches of this class. In this situation, removal
of the oil becomes a serious problem, since removal of the oiled sediments
will often result in large scale erosion as the beach changes into a new
equilibrium state. This was a common problem encountered during the clean-
up of the Arrow spill in Chedabucto Bay, Nova Scotia (Owens and Rashid,
1976) . Another problem is that burial of the oil preserves it for release
at a later date when the beach erodes as part of the natural beach cycle,
thus causing longer term pollution of the environment. This class repre-
sents only 1.5 % of the study area.

5. Impermeable exposed tidal flats:

One of the major surprises in the study of the Metula site was the dis-
covery that oil had not remained on the mud flats. At the Urquiola site,
oil was observed as it became refloated with rising tides on the mud flats.
Penetration of the oil is prevented by the extremely fine sediment size,
saturated with water. Therefore, if an oiled tidal flat is subject to winds
and currents, the oil will tend to be removed, although not at the rapid
rate encountered on exposed beaches. Mechanized cleanup is considered im-

possible. These are often areas of high biologic inportance. These areas

are very rare in the study area due to a lack of fine sedinent. They rep-



resent only 0.3% of the total study area.

6. Mixed sand and gravel beaches:

On beaches of this type, the oil may penetrate several centimeters,
and rates of burial are quite high (a few days in Spain). Any attempt to
remove the oiled sediment will result in considerable erosion. These beaches
occur primarily as pocket beaches between headlands or where till or glacial
deposits are being reworked by marine processes. The longevity of the oil
at the Metula site, particularly on the low-tide terraces and berm top areas,
attests to the high susceptibility of tnis type of beach to long-term oil
spill damage. Natural cleaning may require many years. This type of beach

is relatively common in the study area, representing 11.9%.

7. Gravel beaches:

Pure gravel beaches allow the oil to penetrate to considerable depth
(up to 45 cm in Spain). Furthermore, rapid burial is also possible. A
heavily-oiled gravel beach will be impossible to clean up without completely
removing the gravel. Natural cleaning will be quite slow for this type of
beach; the exact time required will depend on the intensity of the marine
processes. Pure gravel beaches are quite common in the study area repre-
senting almost 18.0% of the shoreline. They occur mostly as pocket beaches
and linear beaches fronting rock scarps. In some cases, they can be quite
long.

3. Sheltered rocky headlands:

Our experience in Spain indicates that oil tends to stick to rough rocky
surfaces. In the absence of abrasion by wave action, oil could remain on such
areas for years, with only chemical and biological processes left to degrade it.
These headlands usually have gravel beaches associated with them; therefore,
for the purposes of this study, sheltered gravel beaches are classified with

sheltered rocky headlands. They represent the second largest single class
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or 23.1% of the study area. Most of these areas are in the quiet water
passages and channels between Evans, Elrington and Bainbridge Islands and
in the fjords along the western Kenai Peninsula shoreline

9. Protected tidal flats

If oil reaches a quiet, protected tidal flat, it will remain there
for long periods because natural cleaning progresses at an extremely slow
rate. Because of the |ow intensity of marine process paraneters, renova
of the oil will have to be acconplished by natural chemcal and biogenic
processes. This will-take many years, dependent on the amount of oil de-
posited. Because of their high biologic populations, these environnents
are very sensitive to the toxic effects of oil. These areas are relatively
rare in the study area occurring only at fjord heads and at river mouth es-
tuaries. Protected tidal flats conprise 5.12% of the shoreline

10. Protected salt narshes:

In sheltered salt marshes, oil froma spill my have |ong-term dele-
terious effects. We observed oil from the Metula on the salt marshes of
East Estuary, in the south shore of the Strait of Magellan, that had shown
essentially no change in 1% years. We predict a life span of at least 10
years f or that oil. These areas are extrenely inportant biologically,
supporting large commnities of organisms. These areas are generally
associated with the protected tidal flats (#9) and are also rare, rep-

resenting only 1.89% of the study area

Applications to t he Kenai Peni nsul a and Mntague |sl and

Using the vulnerability classification just described, it is possible
to make a few generalizations regarding the Kenai area and its reaction
to potential oil spills. In general, the area is quite “high risk”".
Nearly 60% of the shoreline falls in classes 6 - 10 (Table 2). These

classes will have a spill residence tine of a year or two to nore than 10
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TABLE 2.

Class Description

1.
2,
3.

10.

Straight rocky headlands
Wave-cut platforns
Fl at, fine-grained sandy beaches

Steeper, nediumto-coarse grained
sandy beaches

Impermeable exposed tidal flats
M xed sand and gravel beaches
Pure gravel beaches

Sheltered rocky headl ands
Protected tidal flats

Protected salt marshes

Ol Spill Vulnerability Index, Kenai Peninsula
and Mntague |sland

Kilometers of
609.8
198,8

16.6

30,0

6.3
258.5
389.1
496. 9
110. 7
_40.3

2157.0

Shorel i ne

NOTE: In general, classes 1 and 2 are highly erosional in nature.
are depositional. Classes 3, 4, 6, 7 and 8 can be either erosional or depositional,
but in this area they tend to be more erosional.

% Total Study Area
28.3
9.3

0.8

0.3
11.9
18.0
23.0

5.2

1.9

100,0

Classes 5, 9 and 10



years. The remaining 40% of the shorelines fall into classes 1 - 5, which
are considerably lower risk areas where spilled oil would generally be ex-
pected to be cleaned by natural processes within a year.

Unfortunately, the study area is very conplex and the higher risk areas
do not lend themselves well to being protected during a spill. In many in-
stances, a lowrisk rock scarp Will l[ie just seaward of a |arge embayment
with high-risk pure gravel beaches. The fact that the environnents change
so frequently and rapidly along the shoreline makes the entire shoreline a
fairly high-risk area. The indented (fjord) character of the coast will
act as “oil traps” for floating oil. QI wll tend to be noved deeper into
the fjords rather than to be flushed out. In general, this will result in
an oiling of increasingly sensitive environments, since higher risk, |ower
energy classes are located deeper in fjords and embayments.

Since the Oil Spill Vulnerability Index is based partly on the resi-
dence time of potential oil spills within each of the subenvironnents, the

following guidelines are given:

0SVI Spi |l Residence Tine

1+ 2 A few days to a few weeks

3+ 4 A nonth to six nonths

5+ 6 Six to 24 nonths

7+8 A year or twotoasnuch as 8 years
9 + 10 Up to ten years

These figures are highly dependent on the wave energy during the spill and
partly dependent on the tenperature. They can vary and are neant to be
estimates only. They give a relative indication of the residence time from

one environment to another.
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APPENDIX 1

OIL SPILL VULNERABILITY

This section is prefaced by a table show ng the percent
shoreline in each G| Spill Vulnerability Index (0.S.v.1.)
class for each topographic sheet (1:63,360 scale) in the
study area. The total shoreline length in kilometers for
each map is given in the right-hand colum of the table.
Fol lowing this are photographic reductions of all 31 topo-
graphi ¢ sheets, showing the nunber-coded O S. V.l. class for
every section of coastline within the study area. The O S. V.I.
nunber code is outlined in the text of this report.
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% Shoreline in Each Ol

Spill

1:63,360 topographic sheet).

Vul nerability Index Cass (for each

Map QS V.I. Cass Shoreline
1 2 3 4 5 6 7 8 9 10 length in km

Seldovia A-6 100% 1.9
Seldovia A-5 36 3% 14% 27% 2% 10% 7% 2%
Seldovia A-4 47 8 18 19 1 8 64.4
Seldovia B-4 2 6 14 41 25 12 53.1
Seldovia B-3 31 2 18 6 35 6 2 81.9
Seldovia A-3 65 23 5 5 2 26.9
Seldovia B-2 40 1% 9 3 42 6 178.2
Seldovia C-2 4 12 55 12 8 76.3
Seldovia C-2 26 25 12 32 5 1 150.6
Seldovia B-1 62 38 58.1
Bly. Sd. C-8 19 25 8 47 2 81.9
Seldovia D-1 36 64 13.8
Bly. Sd. D-8 14 2 33 41 9 108.8
Bly. Sd. D-7 68 4 12 15 144 .4
Bly.Ds. C-7 80 1 20 53.4
Seward A-7 19 14 23 15 19 11 46.3
Bly. Sd. D-6 74 4% 3 4 11 4 46.3
Seward A-6 32 16 21 7 16 7 35.0
Bly. Sd. D-5 58 23 11 5 4 35.6
Seward A-5 27 2 36 9 13 13 14.1
Bly. Sd. D-4 47 11 38 5 53.1
Seward A-4 27 1 1 13 23 29 5 2 139.1
Seward A-3 17 3 12 34 31 2 201.3
Bly. Sd. D-3 3 45 6 2 10 26 4 4 2 82.5
Bly. Sd. D-1

and D-2 7 52 9 5 6 20 2 80.0
Seward A-1 58 6 24 11 1 63.1
Cordova A-7

and A-8 100 2.5
Cordova B-8 87 4 9 14.4
Seward B-1 28 11 47 7 7 100.6
Seward A-2 40 5 2 53 38.8
Seward B-2 37 21 37 N4 EY 30.3

485 TOTAL 2159.2
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