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The expected storm surge potential in the study area
cannot be easily identified without conducting an extreme
event analysis incorporating weather hindecasting and numeri-
cal modeling techniques{ Some insight can be gained, how-
ever, by studying the elevations. of driftwood debris lines
that exist in the Pt. Thomson area., Distinct debris lines
were noted at 10 locations on the mainland shore that appear
to represent the historical high water elevation {see Figure
4,6). Twoc of the debris lines were surveyed during the
course of this study (near Monuments #19 and #22). The
results of the surveys are presented in Table 5.8.

TABLE 5.8
DEBRIS LINE SURVEY

Transect Distance Debris Draft OFf Total Storm
Inshore Elevation®* Debris Surge Elevation
19 270" L.,191 it 5.19¢
22 360 - 5.01 1 6.01!

*Relative to waterline of July survey.

Based on the storm surge investigation conducted by
Reimnitz and Maurer (1978), it is believed that these debris
1ine§ were deposited at their present locations during a
severe storm in 1970 which was judged to produce the most
severe storm surge conditions in the Beaufort Sea during the
past 100 years. A more thorough Investigation of extreme
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water level elevaticns can be undertaken through numerical
modeling methods to gain more site-specifi¢ informaticon in
other areas of interest within the study region.

Exxon is currently a participant in a numerical
modeling study of cceancgraphic conditions along the entire
Beaufort Sea coast which is being conducted by Cceanweather,
Inc., of White Plains, New- York. This model, which uses
histeorical weather hindcasting techniques, will determine
extreme wave height and storm surge predictions over a
¢oarse grid for the entire area. The grid scale can be
reduced to determine ocean conditions at specific sites
within the Pt. Thomson study region (V. Cardone, Ocean-
weather, Inc., personal communicaticn).
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6. ENGINEERING ASSESSMENT

6.1 Existing Facilities

Various exploration facilities have previously been
constructed within the Pt, Thomsen project area. A number
of these were inspected during the course of the field work
in the belief that knowledge of the performance of these

structures will benefit future design efforts.

The coastal

structures that were most closely studied are listed in

Table 6.1.
TABLE 6.1. PT. THOMSON AREA EXPLORATION FACILITIES
Structure Location Date of Construction

Pt. Thomson Pad,
Well #3

Flaxman Island
Pad

North Star Pad

Alaska Island
Pad

Mainland Shore,
Base of Pt.
Thomson

West End, Mary
Sachs Island

Central Portion,
North Star-
Duchess Island
Complex

East End, Alaska
Island

104
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Winter, 1980-81

Winter, 1980-381
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A brief description of each of these struciure follows
with specific reference to the slope protection systems used
for each design.

o Pt. Thomson Pad #3: This elevated drilling site,
constructed of gravel on é plateau near the base of
Bt. Thomson, served as the survey team base camp
during the July field trip. Constructed in 1978, it
is one of four pads of similar design which exist
along the mainland shore of the study area. An
aerial photo depicting the general dimensions (825!
x 800') and layout of the drilling facility 1is
presented in Photo 20. The gravel pad was built to
an elevation of about 10 feet above sea level with a
portien of the total elevation provided by the
slight plateau that exists in the natural terrain
at this location. The pad slopes are unarmored and
the work surface appears to lie well above the level
of expected storm surge.

This site is fronted by a stable natural beach. In
Leffingwell'!s early map (1910-1914)}, the sand spit
and the small islet in the interior lagoon shaown
above the pad in the photeo have similar
cenfigurations to the present.

o Flaxman Island Pad: This facility is a steel sheet-
pile enclosed structure which was constructed by
Exxon during the winter of 1980-81. The "Flaxman
Island™ designation is actually a misnomer, as the
pad i3 located on the wide, flat western extremity
of Mary Sachs Island. The width of the island at
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this location allows the sheetpile structure to be
contained completely upon the island surface, as
shown in Photo 21,

The steel perimeter has been designed to withstand
both wave and ice impéct'(Galloway, et al., 1982),
The sheet pile has been driven to a depth of 20 feet
below the natural island surface and the enclosed
interior has been backfilled to raise the work
surface to an elevation of 7 feet above the island.
The top of the sheet pile enclosure lies 14 feet
above the island surface in order to reduce the rate
of wave overtopping during major storm events; The
pad dimensions measure approximately 350 feet by 450
feet.

As seen in the photo, the northern side of the pad
lies quite close to the shoreline. 1Inspection of

‘the northern sheet pile wall showed that previous

wave impact had not damaged the wall or eroded the
foundation of the sheei pile. Photo 22 shows a view
of the northern wall of the drilling pad.

North Star Island Pad: This structure, constructed

by Exxon during the winter of 1680-81, is situated
on a wide section of the North Star-Duchess Island
complex, The pad lies just east of the lecation of
the former inlet that was mapped between Duchess and
North Star Island in 1955, At this'time, the inlet
iz closed thereby merging the former separate
islands into one continuous body.

The design of this sheet pile enclosed drilling pad
is identical to that described previocusly for the
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PHOTO 20. PT. THOMSON DRILLING PAD, MAINLAND
SHORE

PHOTO 21. FLAXMAN ISLAND DRILLING PAD,
MARY SACHS ISLAND

107



{ PHOTO 22. SHEET PILE WALL ON THE NORTH SIDE OF
5 FLAXMAN ISLAND DRILLING PAD SHOWING
THE CLOSE PROXIMITY OF THE WATERLINE

b Y

PHOTO 23. 2AERIAL VIEW OF THE NORTH STAR DRILLING PAD
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Flaxman pad, however, the North Star pad has a broad
(120' wide) beach separating it from the northern
shoreline, as shown in Photo 23. This set-back from
the active shoreline allows wave and ice energy
dissipation across the beach and protects the
structure from the on-going beach fluctuations that
are characteristic of the natural barrier island
environment.

Alaska Island Pad: During the winter of 1980-1981,
Sohio constructed an elevated drilling pad on the
narrow eastern end of Alaska Island. The pad
dimensions are approximately 300 feet by 750 feet

with a work surface elevation of seven feet above
sea level.

The Alaska Island pad is characteristically dif-
ferent from the sheet pile enclosures mentioned
previously. The major differences are, as follows:

1) The entire pad is not contained on the
narrow island surface. The south side of
the pad projects into the lagoon a distance
of 225 feet. Photo 24 shows the general
configuration of this drilling facility.

2) The location of the pad is on the very
eastern end of the island, in close
proximity to the channel separating Alaska
and Duchess Islands. The general condition
of easterly wind and wave persistance and
the resulting westerly island migration
implies that this is a tenuous position for
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a drilling facility if a long design
life is contemplated. Photo 25 shows a
high elevation aerial view which indicates
the pad position relative to the inlet.
Duchess Island and the North Star drilling
pad are shown in the upper right corner of
the photo.

The slope protection that completely sur-
rounds the Alaska Island pad is composed of
high strength fabric bags filled with two
cubic yards of gravel overlying fabric
filter cloth. The approximate weight of
the individual bags is 3.2 tons. The slope
protection was placed during the summer of
1981.

In order to allow the expected dynamic shoreline
changes to progress without affecting the drilling pad, the
base of the pad was setback a distance of 50 feet from the
waterline. This decision resulted in the further incursion
of the pad into the lagoon, however, avoidance of immediate
wave/ice impact was considered to be a high priority.

A number of innovative slope protection concepts were
'*tested at the Alaska Island drilling pad (Leidersdorf, et
al., 1982). Photo 26 shows the following slope protection

elements:

1) Concrete wedges, termed "tank traps", placed at the
north waterline of the island to inhibit the
onshore movement of incoming ice sheets (Vaudrey
and Potter, 1981).
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PHOTO 24. AERIAL VIEW, ALASKA ISLAND DRILLING PAD.
NOTE DISTANCE TO WHICH SOUTHERN PORTION
OF PAD EXTENDS INTO THE LAGOON

PHOTO 25. AERIAL VIEW SHOWING ALASKA ISLAND AND
NORTH STAR ISLAND PADS.
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2) A recurved, modular concrete seawall placed along
100 feet of the work surface perimeter.

3) An articulated, linked concrete mat placed as
toe protection along the front of one-half of the
seawall length. The mat consists of 4'x 4'x 0.5'
concrete slabs (slab weight = 1200#) linked
together by heavy steel cable. The mat is
underlain by filter cloth.

The slope of the Alaska Island pad has sustained
virtually no damage since its construction. A limited
amount of scour along the base of the northern slope is
evident at several locations, however, this is due to wave
impact during relatively rare storm events.

JE—

o Coastal Transportation Routes: In addition to the
man-made engineering facilities within the study
area, it is worthwhile to mention that the natural
gravel beaches that exist along both the mainland
shore and the barrier islands support vehicular
travel during the winter and summer months. In
Photo 27, taken near Transect #16, recent wide-wheel
(rollagon) tracks can be seen atop the thin, narrow
gravel beach. Thus, the gravel beaches of the study
area may be considered to be viable transportation
routes throughout the region.
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PHOTO 26. INNOVATIVE SLOPE PROTECTION SYSTEMS ON
ALASKA ISLAND DRILLING PAD.

PHOTO 27, ROLLAGON TRACKS ON THE SURFACE OF THE
MAINLAND COAST ILLUSTRATE THE UTILITY OF
NATURAL CHENIER BEACH AS TRANSPORTATION
ROUTE
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6.2 Engineering Implications of Ccastal Processes

The coastal processes that are active in the Arctic
environment will play a role in the engineering design
solutions that will be developed to support oil development
within the Pt. Thomson area. Failure to properly respect
the existing environmental conditions will cause high
expenditures for over-design or for costly and persistent
maintenance activities. A major goal of this study is to
identify these processes and to provide engineering guidance
which will allow more complete design solutions to be de-
veloped in the future.

The variocus coastal processes that exist along the
Arctic coast have been identified by Short (1973). A rela-
tionship has been develcped between the frequency of coastal
events and the volume of coastal sediments that these events
displace, as shown in Figure 6.1. Based on this data, a
relationship exists between the period ¢f time over which
the various morphological changes take place {(beach
response, bar migration, storm-induced sediment movement,
inlet migration, island erosion and migration) and the asso-
ciated movement of sediment per unit time. It is seen that
the longer the period of morphological response, the greater
the volume of sediment movement and the larger the forms
involved. While the data used to develop this relationship
was callected at locations substantially west of the Pt.
Thomson area (Pingok Island, Barrow, Pt. Lay), the general
conclusions are believed toc be representative of the entire
Arctic coast.

This information identifies the ¢oastal events which

Wwill affect future structures to include miner storm events
that may occur frequently during a typical summer seascn,
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the long-term shore erosion associated with persistent storm
wave occurrences, and the dramatic coastal changes asso-
ciated with rare storm events of extreme magnifude.

Given this general background, the major ccastal pro-

cesses or events whiech will have an impact on future facili-
ties design in the Pt. Thomson area are described below.

o Coastal Erosion

Erosicon of the mainland coast and the offshore islands
is active at various locations within the study area. If
possible, this on-going ercsion should not be confrolled.
This natural process produces sand and gravel beach material
which will protect the adjacent coastline. If this supply
is diminished through artificial means {(i.e. coastal
bluff/beach protection), erosion is expected to occur on the
adjacent shores due to the deprivation of the normal,
natural sediment supply. Thus, it is recommended that
appropriate "gset-back" distances be respected so that new
facilities will be sited at a safe distance from the ercding
bluff or shoreline. This strategy allows the natural ero-
sion to proceed unimpeded without threatening the coastal
facility during its design life.

The appropriate set-back distance should be determined
at a specific location based on the erosion rates measured
in the vicinity. It iz important t¢ note that an average
long—term rate of ercsion should not simply be extrapolated
to the future condition because long-term rates tend to
diminish the ultimate importance of the catastrophic short-
term storm events. For example, a long-term ercosion rate
developed by chart comparisons spanning a thirty year period
may show an average value of five feet/year. Within this
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period, however, severe storm events of major consequence
may have geccurred separated by years of quiesence. It is
conceivable that a locaticen having 2 long=-term erosion rate
of 5§ feet/year is capable of recording a single year in
which 25 feet of erosion cceurs. To support this conten-
tion, Sonu, et al. (1977) report that short-term erosion
rates may exceed long-térm rates by a factor of from three
to five along the western bluffed coast of Lake Michigan.

In Section'6.3 of this report, general recommendations
for proper "set-back"™ distances are given for various areas
of the study region. A3 future development plans become
more specifiec, the coastal data base should be expanded to
yield information for localized areas of interest. This
would require use of the data contained in this survey as
well as the development of site-specific data (through the
eatablishment of additional monumented profiles) for areas
of c¢concern.

o Island Erosion/Migration

The provisions for coastal "set-back" guidelines should
be followed on the offshore islands as previously described
for the mainland shcere. Unlike the bluff cocast, however,
the low-lying barrier islands can both erode and accrete in
response to the fluctuations of sediment supply and the
environmental forees of waves, currents, wind and ice.

_ As stated previously, the persistent easterly winds
cause the predominant sediment transport to be directed
westward. This causes island erosion to occur on the
eastern shore and allows sediment deposition (and the
resulting island growth) on the western shores. 3Based on
this generalization, future siting of facilities could be
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judged to be proper on the accreting western island shores.
Facilities should not be constructed on the eroding eastern
extremities of the islands. While recent experience at the
Alaska Island pad has shown the short-term stability of this
site, locations such as this should not be considered appro-
priate for long-term producticn facilities. As specified in
Section 6.3, the extreme ends of the islands are to be
avojided as construction'sites, if possible, due to the
dynamic nature of both the island periphery and the ad-
Jacent inlets.

One factor that contributes a measure of stability te
an island location and protection te a coastal structure is
the existence of longshore sand bars. Such bars, which are
prevalent along the shores of Mary Sachs Island and the
Maguire Island chain cause the natural dissipation of incom-~
ing ice and wave energy. In Figure 6.2, the role of the
nearshore bars is illustrated. During open-water periods,
the shallow offshore bars precipitate wave breakage within
the surf zone, as shown in Photo 28, thereby causing wave
energy to be partially expended prior to arriving at the
shore. During colder weather periods, floating ice will
grocund on the bars as was commonly seen during the September
field trip, as shown in Photo 29. The resulting ice barrier
will both decrease wave energy prior to freeze-up and,
following freeze-up, the grounded ice will serve to sta-
bilize the nearshore ice sheet and inhibit ice over-ride on
the izland surface. An accurate knowledge of the offshore
bar locations ashould be used to assist in siting island
facilities. These bars should be recognized for the natural
shore protection that they provide the islands.
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PHOTO 28,

WAVES BREAKING ON LONGSHORE BARS
FRONTING EARRIER ISLAND

PHOTO 29.

GROUNDED ICE FRAGMENTS CLEARLY SHOW
THE POSITION OF OFFSHORE SAND BARS
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o Littoral Drift

As waves break at an oblique angle to the beach, a
component of the wave energy is directed downcoast. This
energy produces a shore parallel current that can entrain
sediment and carry it along the beach. If a barrier is
placed perpendicular to the beach for any reason, the sedi-
ment moving along the coast will be trapped by the barrier.
This "impounded" sediment will not be available to nourish
the downdrift shore, causing erosion to occur downcoast.

An example of sediment impoundment and downdrift erosion
is shown in Figure 6.3 which illustrates a field experiment
performed during the July field trip. In this experiment, a
short length of driftwood was placed perpendicular to shore
at Transect #27, located on a long, narrow gravel spit (see
Photo 3). Wave conditions during this period were quite
mild (wave height = 0.8', wave period = 3 sec). Within an
hour, the west (updrift) side of the barrier had trapped
sediment while the east (downdrift) shore had eroded. A
photo of this driftwood barrier and the adjacent pattern of
accretion and erosion is presented in Photo 30.

Based on the results of this experiment, it was calcu-
lated that the rate of littoral drift at this location
during this calm weather period was 3 cubic yards/day.
Wnile this seems like a small volume, it is equivalent to
the cross-sectional volume per lineal foot of shore con-
tained within the above-water profile at Station 27. This
volume extrapolated to an annual basis yields a sediment
transport rate of about 1000 cy/year if these wave condi-
tions persisted. Using methods prescribed by the U.S. Army
Corps of Engineers (1977), the identical wave conditions
would yield a sediment transport rate which would exceed
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PHOTO 30.

SEDIMENT BLOCKAGE AT BARRIER AFTER

ONE HOUR, LOCATED ON GRAVEL SPIT
NEAR TRANSECT #27
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that measured in this experiment by two orders cof magnitude
(~100,000 cy/year). The discrepancy that exists is due to
the blockage of only a pertion of the total sediment move-
ment by the groin and the unusually large size of the beach
sediments (1/2 - 1") relative to the sand-sized material
considered in the Shore Protection Manual.

It is c¢lear that 1arge—scale sediment blockage created
by a causeway or other man-made projection extending from
shore would have a dramatic effect on the nearshore sediment
distribution. Loss of the protective beach material (caused
by coastal structure impoundment) would led to an increase
of cocastal ercesion relative to that which was measured
recently under natural conditions.

6.3 Engineering Design Recommendations

Based on the inspection of the existing facilities
within the study area, as well as the findings of this
study, recommendations can be made concerning general design
guidelines that can be implemented for future coastal
structures in the Pt. Thomson region.

o Coastal Set-Back

The survey results show that beach and bluff recession
are occurring aloeng the coastline and island shores of the
study area. The leong-term trend for the bluffed coast is
one of erosion as shown by long-term as well as short-term
comparisons.

Unlike bluffs (which in this environment can only

erode), the beaches of the study area can both erode and
accrete in response to the incoming wave and ice forces and
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the fluctuations in the sediment sources and sinks.

One must remember that the precise measurements of
beach profile and shoreline position collected in 1982 are
only considered to be representative for the recent summer.
It is conceivable that the results cbtained may be somewhat
anomalous, since the close proximity of the nearshore ice
field during the survey.period ~may be atypical of the
expected summer conditions within this area. Future survey-
ing efforts and continued monitoring of summertime ice and
weather conditions are required to discern the degree to
which the recent summer exhibited "typical™ conditions.

To protect structures against the insidious damage
caused by beach and bluff erosion, c¢oastal structures must
be set back from the existing shore some distance in order
to allow expected erosion to occur withcut threatening the
structure, If this is not possible, erosion prevention
measures should be implemented. The distance of this
coastal set-back is derived from the design life of the
structure, the local erosion rate (both long-term and short-
term), and the composition of the bluff or shore. It is
very important to inspect local conditions in the viecinity
of proposed development in order to avoid areas showing
evidence of incipient slope erosion.

To provide some guidance for future facilities planners
and designers, information concerning cocastal set-back
recommendations along the shores of the study area is
presented in Table 6.2.

Please note that the set-back recommendations are based

on certain historical (long-term) data, and the results of
the coastal surveying tasks performed this summer {(short-
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TABLE 5.2

COASTAL SET-BACK RECOMMENDATIONS
PT. THOMSON STUDY AREA

Area

COASTAL SET-BACK

Exploration Production Structiure
Structure (25 Year Design Life)
(3 Year Life)

Mainland Bluffs 50* Ft 200 Ft
Low Mainland Coast |. 5Q% 200
Flaxman Island Bluff To0* 300
Barrier Islands 50* 250

*Exact facility location should be carefully chosen based on
localized conditions.
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term data). The potential for an episcdic storm event
combined with the generazl high value of o0il production

facilities yields a conservative set-back requirement.

As was mentioned in Section 6.2, short-term beach
change rates can exceed long-term rates by a factor of fronm
three to five due to the occurrence of major, yet relatively
rare, storm events (Sonu, et al., 1979). Thus, the use of
coastal change rates compiled for this past summer (which
may, in fact, have been an atypically calm summer) to extra-
polate expected c¢oastal changes for the next thirty years is
difficult, and should be augmented in the future with more
pertinent, site-specific data.

In all cases, the data presented in Table 6.2 is the
set-back distance for the northern shore or bluff edge. The
barrier islands must also be depicted as exhibiting a high
degree of shoreline fluctuation at their western and eastern
ends. Because of these natural fluctuations, a construction
exclusion zone should also be respected at the island ends.
Figure 6.4 illustrates a generalized island configuration
and the areas within such an island where construction of
either exploration or production facilities should be

avoided.

Relative to exploraticn structures, production
facilities on barrier islands require a much wider buffer
zone to promote structure longevity. The buffer zone
dimensions are so great, in fact, that only a few existing
locations can accomodate production facilities atop the
island surface. For the remaining areas within the barrier
island c¢hain, it is recommended that preoduction facilities
be built in the shallow waters teo the south of these
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islands. In this way, the structures can benefit from the
wave and ice protecticn afforded by the islands without im-
peding the natural dynamics of the island systems.

¢ Inundation Prevention

Due to the low-lying nature of the coastal areas of the
study region, all facilities should be constructed upon an
elevated foundation pad to protect the work surfaces from
coastal flooding that can occur during periocds of high storm
winds and seas. The existing drilling facilities of the
region have work surface elevations of from seven to ten
feet above sea level. In addition, an elevated berm is
constructed on the weather shore of the Alaska Island pad to
prevent wave overftopping during storm events. To date, no
serious flooding of the work surface has been reported at
any of the existing structure sites. While the exact deter-
mination of work surface elevations must be specific to the
location and structure type, Table 6.3 is presentd to pro-
vide general guidelines for the various zones of the Pt.
Thomson region.

¢ Erasion Preventicn

A proper design of slope protection for any coastal
structure requires an analysis of the structure type,
profile, location, and envirconmental forces as well as con-
sideration of costs and construction feasibility. Because
no specific information concerning proposed facilities in
the Pt. Thomson area is presently available, only general
guidelines can be given at this time,
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TABLE 6.3

RECOMMENDED WORK SURFACE ELEVATIONS
PT. THOMSON STUDY AREA

‘ WORK SURFACE.
Area . ¢ Struct ELEVATIONS, FEET {MLLW)
e uc
ype o ructure Exploration Production
(3 Year Life) (25 Year Life)

Mainland' Gravel Pad 5-8 g - 12
Flaxman Island!  Gravel Pad 5-8 g - 12
Barrier Islands Gravel Pad 7 -~-10 10 - 202
Lagoon Gravel Island 10 - 12 15 - 202

1. If existing grade exceeds recommended elevation, pad can
be 1imited to foundation support considerations.

2. Depends on lacation, slope protection type and slope

¢ross-section,
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The study area exhibits high variability in terms of
wave and ice exposure and the resultant slope protection
required. Therefore, the entire study reglien has been
separated into four zones for which a conceptual slope
protection design has been developed. The unique zones
which have been identified and the structure types required
for each zone are described below. The location of the

various zones is illustrated in Figure 6.S.

Zone 1: This zone iIs situated on the mainland shore
above the elevation of the historical high water line (+6 to
8 feet, MLLW) as defined by the mapped driftwood debris
lines. Within this zone, an elevated gravel pad is required
as a foundation to support facilities, however, inundation
of the natural terrain at these elevations is considered to
be unlikely. The side slopes of a gravel pad constructed
within Zone 1 could be steep and do not require structural
8lope protection, as shown in Figure 6.6(A). A coastal set-
back distance should be respected {(see Table 6.2) to allow
erosion to continue without affecting the structure.

Zone 2: This zone exists on the mainland shore and
within a small area of Flaxman Island at ccastal elevations
that lie below the historical high water line of 6-8 feet.
The coastal setback guidelines presented in Table 6.2 must
be respected, As In Zone 1, an elevated gravel pad is
sufficient to support facilities. The pad work surface
elevation should exceed the maximum high water level of 6-8
feet. No structural slope protection is recommended for
short-lived exploration structures located in Zone 2., For
production facilities, however, slope protection should be
considered if the pad is located at a low-lying location
which may bé susceptible to inundation over the long life of
the structure. Figure 6.6(B) presents a conceptual drawing
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of a structural foundation for Zone 2. The actual elevation
of the work surface and the setback distance should be.
finalized only after considering site-specific information.

Zone 3: Zone 3 exists on the elevated plain of Flaxman
Island. The active bluff erosion which cccurs along the
shores of this 2zone requires a substantial setback to
prevent loss of the underlying foundation of the proposed
structure. Wave impact is not a factor at this elevated
location, therefore, structural slope protection is not re-
quired, The critical setback distance must be determined at
the time of facility design, however, the general guidelines
presented in Table 6.2 shows the need for a setback of 100
feet for a exploration facility (3-year design life). The
necessary elements of this design are shown in Figure

6.6(C).

Zone U4: Zone U consists of the barrier island
surfaces, the shallow waters located to the south of the
islands, and the coastal spits and adjacent small lagoons of
the mainland coast.

Previcus experience is available for slicope protection
alternatives on Arctic barrier islands. For a one-year
exploration pad on N¢o Name Island, Amoco Production Ccmpany
constructed an unprotected, elevated gravel pad similar to
the previously decribed design for Zone 1 (Gadd, et al,
1982)., 1In the Pt. Thomson study area, Exxon has constructed
two steel sheet-pile enclosed structures to contain elevated
grafel pads. Also, Schio has developed a gravel pad that
rests partially on the surface of Alaska Island. The 8lopes
of this pad lie on a 1V:3H slope and are protected by gravel
bags having two cubic yard capacity. Further description of
these facilities has heen presentd in Section 6.1.
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Based, in part, on this previous experience, three
designs have been formulated for Zone 4, as shown in Figuré
6.7. The first two designs are for use on the surface of
the barrier islands. The third design describes an offshore
island intended for the shallow waters located directly
south of the barrier islands and for the mainland coastal
lagoons adjacent to the major sand spits {(Pt. Thomson, Pt.
Gordon).

- For the gravel pad option, the work surface elevation
and slope armor are dictated by the environmental conditions
and the design 1life of the structure., A set-back distance
from the north shore must be respected. Note that the
slcope armor is buried at the structure toe to allow some
measure of protection against wave scour.

The vertical-walled sheet pile alternative is also
illustrated as a potential pad design. It is recommended
that this option should be pursued conly when the entire
structure can be contained on the island surface. If the
vertical walls project into nearshore waters, incoming waves
¢an cause scour at the base of the wall thereby weakening
the structure. For this reason, toe protection'is recom-
mended at the base of the uall, especially for structures
having a design life in excess of five years. This will
guard against scour during storm periods that bring high
water levels and direct wave impact to the structure.

The protected waters of Zone 4 require 1island
construction in water depths of from two to eight feet.
Wave and ice impacts in this area are expected to be mild to
moderate, due to the protection afforded by the barrier
islands. For this alternative, the work surface elevation
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must exceed the level of storm surge and the slope protec-
tion requirements are dictated by the expected wave condi-
tions and the design life of the structure.

Recent experience on artificial islands in the Sag
Delta area has shown the need for durable slope protection
in the wave impact zone to resist damage caused by large
waves and floating ice. For conventional Arctic slope pro-
tection using gravel-filled bags, periodic maintenance and
repair should be expectd to insure the strength and stabili-
ty of this slope protection system. For a long design life,
the high maintenance costs associated with "soft" armor
{gravel bags) may dictate the need for a durable concrete
mat to cover the most exposed portions of the island slope.

6.4 Coastal Causeway Conception Design

The possibility of constructing a causeway to connect
an offshore drilling location to the mainland coast is a
feasible development scenario. Such a causeway would
provide transportation to and from the offshore site and
would serve as a path over which 0il or gas could be piped
onshore. As an examble of the necessary considerations and
concerns generated by such a project, a conceptual design
has been undertaken in this study for a causeway which would
connect Flaxman Island to the mainland coast.

o Location

Figure 6.8 shows the chosen route of the causeway. The
structure would connect the mainland point located just east
of Transect #35 to the south west shore of Flaxman Island,
just south of Transect #45., The causeway length at this
location would be about two nautical miles (12,000 feet)
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cver a fairly constant water depth of 8 feet. This site was
chosen in order to minimize total causeway length, to aveid
the Staines River delta and the additional structures
(bridges) required in that region, and to take advantage of
the shelter provided by Flaxman iéland.

o Design

The causeway has been envisioned to be a scolid, rubble-
mound structure compesed of gravel, similar in design to
West Dock, located on the west side of Prudhoe Bay. The
environmental conditions of waves and ice are not well
understocd in the Flaxman Island lagoon area. For this
reason, the ercsion control of the causeway is difficult to
specify. Three plans are presented in Figure 6.9 that will
encompass a range of general sldpe protection possibilities,

The first option is an unprotected gravel fill strue-
ture having a trapezoidal ¢ross-section. The side slopes
would be fairly mild, ranging from perhaps 1v:5H to 1v:iCH.
The mild slope would dissipate wave run-up and would allow
the incoming wave energy to redistribute the gravel to a
mere stable configuration. Periodic maintenance would be
required to replenish those areas where erosion is predomi-

nant.

The second option is a partially armored slope which
would "compartmentalize"™ the causeway slope allowing reten-
tion of eroded sediments near the site of the eroéion,
thefeby simplifying subsequent maintenance activities. The
slopes ¢f this design would be 1v:5H. The slope armor
envisioned for this design would be placed at the toe of the
slope. Shore-perpindicular gravel groins would also be
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helpful to arrest the movement of eroded sediments migra-
ting along the causeway length. The ocuter toe of these
groins should also be armored to provide further stability.

The third design concept illustrated in Figure 6.9 is a
fully armored slope which may he appropriate for a gauseway
having a 20-30 year design life. This design requires armor
to be placed over a compeosite slope which will includé a
flat bench near the water level. The bench is designed to
lower the wave run-up elevations and to accomodate expected
winter ice pile-up.

In all cases, an elevated berm is reccmnmended for the
west side of the causeway to prevent flooding of the cause-
way surface during episodes of storm surge caused by wester-
ly winds. The height of the berm must be carefully
considered to allow protection from wave overtopping while
minimizing the potential for snow drift formation during the
winter.

The heavily armored alternatives require a relatively
high initial investment with the anticipation of moderate
future maintenance costs. The unarmored causeway will
require more gravel initially due to the mild side slopes,
however, lack of any structural protection will yield
relatively low initial costs. Expensive, and, perhaps,
persistent maintenance requirements will accompany this
design choice,

: Because the degree of natural wave and ice protection

varies along the causeway length, it is conceivable that the
slope protection will vary accordingly. Monitoring efforts
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conducted subsequent to the causeway installation would be
required to ensure the adequacy of the causeway slope
protection,

¢ Impacts

The construction of a s0lid gravel causeway across the
lagoon separating Flaxman Island and the mainland will dis-
turb the natural processes occurring in this area to some
degree. The major concerns envisioned are the deterioration
of water quality due to the restriction of the natural
lageoonal circulation and the retardation of the nearshore
cocastal processes and natural sediment transport. Each of
these concerns will be discussed below with particular
attention given to probable mitigative actions that could be
implemented.

Water Quality: A solid causeway will act as a
barrier teo the natural circulation that occurs within the
lagoen. During periods of high river outflow from the
Staines and Canning Rivers, the turbidity levels will in-
crease to the east of the causeway as the river outflow is
trapped by the persiétent easterly wind. In addition, the
causeway would restrict the natural migration of fish along

the c¢oast.

Te decrease the impact of the changes Iin water
quality created by the causeway, it 1s recommended that the
causeway be perforated by breaches to allow passage of water
and biota from one side of the causeway to the other. The
width of the breaches and their distribution along the
causeway length requires further study.
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An additional area of study in this regard is the
interaction of the causeway and breaches toc the coastal ice.
field. Potential problems that must be considered are ice
ride-up and ice incursion onto the causeway slopes, ice jam
formation at the causeway breaches, and ice-slope armor

interaction.

Coastal Processes: The causeway will have a

measurable effect on the sediment transport that ocecurs.
along the adjacent coastline. The structure will prevent
the natural passage of sediments along the coast and lower
the potential for nearsheore sediment migration by protecting
the adjacent shore from incoming wave energy. This blockage
of wave energy will yield areas of sediment starvation at
locations where the shores would normally be nourished by
the sediments impounded by the causeway.

The altered deposition and erosion patterns adjacent to
the causeway wWill cause accelerated erosion in some areas.
Because the exact locations and the extent of the causeway
induced damage are difficult to predict, the recommended
strategy is te plan to implement mitigative actions as they
are required based on repeated observations of the coastal
changes that cccur. Generally, the action taken would be to
transport (by truck, dredge or conveyor) the sediment depo-
sited at the causeway to areas where coastal erosion has
accelerated. The results of the recent field investigation
show that the volumes of material moving along the coast are
not massive. Perhaps the annual littoral drift on the
mainland shore is 5,000-10,000 cubic yards, with only a
portion of that total requiring redistribution due to ero-
sion caused by the structure.
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One aspect that is implicit to this planned mitigation
effort is to have sufficient background data to identify
areas that are suffering from the causeway-induced sediment
impoundment. It is critically importnt to differentiate
between the natural and the structure-induced coastal
changes. This is best determined through annual surveys of
shore configuration prior to the installation of the
causeway. The survey transect baseline initiated this
summer will serve as historical data, however, if the
approximate location of the proposed structure is known, it
would be very wise to increase the number of transects in
that particular area to provide additional localized
historical data.

Another effect related to the placement of a causeway
will be to accelerate the cocastal currenis in the viecinity
of the previously described causeway breaches. During
periods of strong westerly winds, a hydraulic head differen-
tial will exist on opposite sides of the causeway which will
drive strong currents through the breaches. These currents
will 1likely be swift encugh to erode the seabed sediments,
creating patterns of scour and depesition in addition to
high levels of localized turbidity. To protect against these
effects, structural scour protection can be placed on the
seabed at locations which are deemed appropriate based on
the results of a computer-generated scour model. This
structural protection will eliminate local erosion and depo-
sition related to accelerated flows through the causeway
breach as well as decrease the turbidity that results from
these flows.
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T CONCLUSIONS

Historical observations and the results of the recent
field work show that the mainland shore and offshore islands
of the Pt. Thomson study area are changing in response to
the environmental forces of the region. Specifically, the
bluffs of Flaxman Island and the shores of the barrier
islands are exhibiting the greatest rates of change of all
the coastal regimes within the study zone. The former are
retreating at az rate of about 12 feet/year, while the latter
change continually in shape and location in response to the
natural forces of waves, currents, wind and ice. 1In cdn—
trast, the shcores of the mainland ie this vicinity are
relatively stable due, in part, to the sheltering effect of
the offshore islands.

Based on these findings, it is feasible to construct
and maintain o0il exploration and production facilities with-
in the Pt. Thomson study area. For all propesed facilities,
however, the dynamic nature of the cocastal landforms must be
recognized to ensure long-term stability of the structural
foundation.

To utilize this dynamic coastal area for siting oil
development structures, it is recommended that coastal set-
back distances be respected so as to separate the new
facility from the active bluff or shore. This strategy of
hazard avoidance is deemed to be less expensive and ulti-
mately more efficient than to attempt to control the erosion
by.-artificial means.
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The conceptual design of a causeway to connect the
mainland shore with Flaxman Island has shown that localized
changes in the lagoonal environment will accompany such a
structure. Noteworthy among these impacts include changes
in water quality and impoundmeht of nearshore sediments.
Both effects are related to the blocking of nearshore pro-
cesses caused by the continuous causeway structure, To
mitigate these effects, the causeway can be breached at in-
tervals t¢ allow coastal waters to pass freely through the
structure. Also, impounded sediment at the shore can be
physically transported to sites where heach depletion has

cccourred.

The outlook for the next 50 years is for continued
slow change on the mainland shore and for further major
erosion and shoreline fluctuation on the offshore islands.
The bluff erosion occurring on the northern shere of Flaxman
Island will proceed during this time, delivering approxi-
mately 15,000 cubie yards of beach material annually to the
shores of the barrier islands located downdrift.

In the longer term, the next few hundred years will
see continued erosion of the Flaxman shore which will in-
variably reduce the size of this bluffed island. As this
occurs, this source of sediments that nourish the varrier
islands will diminish, resulting in accelerated erosion
along the barrier island shores. As these islands erode,
the mainland shore will no longer benefit from the wave
protection presently provided by the islands leading, ulti-
mately, to the recession of the mainland shore at a rate
which is more rapid than that observed presently.
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8. RECOMMENDATIONS FOR FUTURE STUDIES

Based on the experience gained from this study, a
number of related topies are considered relevant for
consideration in future study programs. The studies
proposed are listed in order of perceived importance.

8.1 Continued Monitoring of Coastal Transects

In order to advance the state of knowledge of the
coastal processes within the Pt. Thomson study area, it is
important to continue the monitoring program of the 67
coastal transects established during the recent summer.
Only through the vearly monitoring of these sites can
fluctuations in the ercsion or accrétion at specific areas
be quantified accurately. The information gained during the
relatively quiescent summer months of 1582 did not include
the effects of the major storms that occurred during late
September which caused damage to a number of offshore
islands near Prudhoe Bay. A brief survey during July, 1983,
will document the coastal changes in the Pt. Thomson study
area caused by the late summer storm period of 1982.

For the continued survey effort, a2 single summer field
trip should be sufficient. For convenience and for consis-
tency, each annual survey should be performed during the
relative fair weather summer period, preferably, during late
July. To minimize cost, the following recommendations are

proposed:

o Do not establish a field camp unless substantial
monument/target reconstruction is required.
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o} Rely on helicopter transport from Deadhorse on a
daily basis. A field crew and the necessary
survey gear can be transported quite effectively
in this way. Use of an electronic survey systen
is required for accurate comparisons to be made
with the 1982 survey data.

0 Take aerial photos from the helicopter at high
altitude (5000-7000 feet) for comparison with 1982
photos. More expensive high altitude photos from
a commercial aerial photography company need not
be taken annually unless the helicopter photos
show major shoreline changes of interest,

0 Prior to taking the aeriazl photos, reconstruct
ground targets at all monument sites so that
targets will appear on the photos. Assuming that
only the target fabric will degrade with time, the
existing target hardware (tent pegs, monuments,
spikes) may be reused for the target
reconstruction. New fabric, tiedown wire, znd the
appropriate tools will be the only new supplies
required. A magnetic locator might also be
necessary to find monuments that may be buried by
sediment deposition.

In the future, as specific sites of development
interest are identified, the coastal processes Investigation
can be intensified in those areas. Additional monuments,
littoral drift measurements, beach volume determination and
local sediment size distributions are among the factors that
will allow more rationél support of -the development deci-
sions that must be made. In addition, historical aerial
photos should be studied to gain some understanding of the
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coastal changes that have occurred at or near the sites of
interest.

It should be stressed that the coastal monuments
established in conjunction with this study are, in many
cases, in areas that are quite dynamie. Thus, on-going
erosion or accretion may eventually destroy the monuments.
If vigilence is promoted through periodic (annual) site
visits, the loss of monuments can be avoided by re-
establishing each endangered survey transect. Only in this
way can the information obtained this summer serve to answer
the particular and specific questions that may be posed
should development proceed in the future, '

8.2 1Island Migration/Inlet Dynamics Study

The dynamics of the barrier islands of the study area
are understood ian a general way. The islands migrate slowly
westward under the influence of the persistent easterly
winds. 1In time, the shapes of the islands change as they
respond to the environmental forces acting on them. As
inlets form and then fill, the characfteristics of the water
exchange between the interior lagoon and the offshore areas
change dramatically. The character of this water exchange
during the tidal cycle and in response to wind-induced set-
up or set-down can certainly affect pollutant dispersion and .
other water quality concerns within the lagoon system.
Methods of studying this mechanism of water exchange would
include the following tasks, performed for a suite of inlet
types and sizes along the Flaxman-Maguire Island chain.
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Current Measurements: For this program, current

meter deployments would be secondary to drogue
deployments. The drogues should be limited in
number and located using precise on-shore surveying
techniques at regular intervals. We envision two
surveyors located on opposite sides of an inlet
making coincident observations of a variety of
color-coded drdgues to determine position and
velocity as they pass thfough the inlet,

Remote Sensing: High altitude infrared photography

may be used as a tool for observing the lagoon-wide
water exchange through the inlets. The warm lagoon
waters provide a sharp contrast on the infrared
image to the colder waters to the north. This
aerial photography should be coordinated with a
"ground truth™ survey such that the infrared image
can be calibrated for temperature.

Sand Tracing: Native sand can be treated to coat

each particle with a thin layer of flourescent dye.
The sand thus treated can be released on one side of
the inlet or along the island shore and subsequently
receovered at a future location. In this way, rates
of sediment transpert may be measured. Using thias
technique, it is especially interesting to determine
the extent to which sediment is ¢transported as
bedload across the wider inlets. This will
determine the degree to which the Maguire Islands
are being nourished by the ercsion of the Flaxman
Island bluffs.

Experimental Groins: The determination of the rate

of sediment transport along the island shore is an
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important concern for planners of exploration or
production facilities at these sites. Construction
of individual greoins, placed at specific points of
interest, would assist in this effort. The groins
could best be built of the driftwoed that exists
along the entire reach of islands. Additional
weight to stabhilize the groins cculd be provided by
sand bags. The groins should be monitored
pericdically te measure the volume of sediment
impounded. With time, as each groin achieves full
capacity, incoming sand will by-pass the structure.
When this occurs, the experiment would be complete
and the groin could be dismantled. '

Island Migration Surveys: From selected coastal

monuments, the exact location of the leading edge of
each island shore c¢can be measured using an
electronic surveying system. In conjunction with
aerial photos, the annual migration associated with
each island could be accurately determined. In this
way, the highly fluctuating short-~term 1island
migration rate could be calculated and compared to
the long-term westward rate of migraticn documented
in this report.

8.3 Barrier Island Ice Ride-Up Potential

Ice ride-up occurs when on-shore ice movement cocllides
with the shoreline with enough force to allow the incursion
of the ice sheet onto the surface of the shore.

is believed that ice sheets can pass onto and

directly over the low-lying barrier islands of the studY_
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region. The low beaches of the mainland shore can also he
exposed to ice over-ride, however, the bluffs which back
these beaches tend fo promote buckling of the ice sheet
resulting in the subsequent formation of an ice pile at the
base of the bluff.

Because the barrier islands are subject to major ice
ride-up episodes, futuré planning of facilities for the
surface of these islands should be guided by the knowledge
of the probable location of the expected ice over-ride. 1In
the belief that such cccurrences are partially related to
the nearshore bathymetry, this study would attempt to
accurately define the nature cof the nearshere bottom
profile, Particularly, the longshore sand bars that are
attached to the island at various locaticons may contrel, to
a significant degree, the point at which ice could impact
and over-ride the island surface. For this investigation,

the following tasks are envisioned:

o Topographic Mapping: Using the recently procurred
aerial photography and the targeted monument
baseline, develop a complete topographic map of the
barrier islands (Mary. Sachs and the Maguire chain).
Include numerous observations of island surface
elevations in addition to those obtained at each

monumented transect.

o Offshore Bathymetric Survey: Using a small beat and
precise positioning methods, perform a bathymetric
survey along the monumented transects established
this past summer. Augment these sub-sea profiles
with intermediate transects measured on an "as
needed” basis to clearly develop the position of the
nearshore sand bars. The survey lines should be
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carried to a distance of at lest 2000 feet north of
the island shore, or until the seaz bottom shows no
bathymetrice irregularities.

While the major onshore ice motion is expected on
the northern slope, ice incursion could alsc be
directed from the lagoon. For this reason, a
limited number of transects should alsoc be surveyed
on the island's southern side to delineate any
nectable sub-sea features. ‘

Historical Nearshore Bathymetric Comparison: To

allow comparison of the proposed survey with that
performed by the U.3. Ccast and Geodetic Survey in
1950, the original fathometer records obtained in
the early survey should be procured from the
government archives, Using the original field
bathymetric sheet as a guide, the location and size
of the longshere bars in 1950 can be determined.
Comparison of these two data sources can allow an
interpretation of the nearshore dynamics of this
study region. The knowledge gained concerning bar
formation and migration and potential bar-ice
interaction will provide guidance to siting
facilities on these islands. This guidance will be
especially valuable when production facilities
having long design lives are contemplated.
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