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EXECUTIVE SUMHARY

This study describes the coastal processes occurring in the Pt.
Thomson region of Northern Alaska. The study area is located on the
shores of the Beaufort Sea approximately 45 nautical miles east of
Prudhoe Bay.

The objectives ~f the study program are as follows:

o Establishment of a monumented coastal survey network to allow
repetitive measurements of coastal changei

o Characterization of the coastal processes on the basis of both
quantitative m.easurements taken during the study and historical
information found in the literature;

o Assess.eut of the implications of the coastal processes as they
related to the planning and design of coastal structures in the
Pt. Thomson region.

This report describes the results of the study undertaken during the
summer of 1982 in which all of the tasks listed above were accomp1ished~

Geographically, the study area is divided into two distinct parts.
The coastal portion cons1.sts of a total of 14 nautical miles of contin­
uous shoreline located on the mainland. A chain of barrier islands
consisting of Pla~man, Mary Sachs, North Scar, Duchess, and Alaska
Islands, and an independent shoal located three nautical miles west of
~llenge Island, comprise the offshore portion of the study region.

Two field trips were undertaken during the summer of 1982. During
the first field trip, a total of 67 monumented coastal transects were
established, and such tasks as detailed surveying of beach profiles,
sediment sampling, morphological reconnaissance, and photographic
documentation were performed. During the second field trip, each tran­
sect was recovered and re-profiled to quantify the changes associated
with the intervening period between the surveys.

The survey results show that the shores of the mainland coast are
the most stable within the study areaa This is due, in part, to the
sheltering effect of the offshore islands. In contrast, the offshore
1slan&'s are quite dynamic. The high northern bluff of F18X1llan Island is
eroding continuously at a long-term rate of 12 feet/year, based on a
survey coaparison spanning the 1955-1982 period. This bluff erosion
supplies a portion of the beach sediment that uourishes the barrier
island complex located to the vest.

i



The ,barrier islands are constantly undergoing changes in form and
location~ Typical changes that have been documented include island
migration, inlet. formation and filling, and fluetuat.ions in shoreline
position occasioned by brief, yet. extreme, st.orm events. These islands
actively respond to persistent easterly wind and waves resulting in a
westward long-term migration that averaged 80 feet/year during the 1908­
1982 period. The observed correlation of shoreline configuration with
the submerged longshore bars suggests that the underwater topography in
the nearshore zone may be just as dynalDic.

To utilize the ~ynamic landforms within the study area as sites for
oil develo.pment, it is recommended that coastal set.-back distances be
respected so as to separate the new facility from the active bluff or
8hore~ This strategy 'of hazard avoidance is deemed to be less expensive
than to attempt to control the erosion by artificial means.

The conceptual design of coastal drilling pads has been performed
for four distinct zones within the study area~ These zones include the
high mainland shore. the low mainland shore, the Flaxman Island surface
bordered by the eroding bluff, and the low-lying barrier island/lagoon
environuent~

A conceptual design has been performed for a gravel causeway to
connect the _ainland shore to Flaxman Island. The perceived environ­
mental impacts associated with such a structure are the localized
degradation of water quality within the lagoon and the impoundment of
littoral sediments by the causeway structure. Possible mitigative
actions inc.11,1de the construction of causeway breaches to allow transfer
of water across the structure and the physical transport of impounded
sediment at the causeway to adjacent locations where the protect.ive beach
cover has been .lost.

Baaed on the -results of this study, it is deemed feasible to
construct and lIl8intain oil exploration and production facilities within
the Pt. Thomson study area. It should be emphasized, bowever, that
COastal structures, once constructed, should be monitored in order to
ensure m.inimum. adverse influence on' or by the dynamic processes of the
Arctic coast, an environment which has just recently been subject to
serious scientific scrutiny~

While t.he long-term coastal changes within' this region are pre­
dictable, t.he range of short-term fluctuations are not well defined due
to the absence of data collected during consecutive years. Repetit.ive
su~eying of the recently established coastal transect. network will allow
a lIlore definitive view of the short-term variability of Arctic coastal
processes and the resultant effects on proposed coastal facilities.

1i
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1. INTRODUCTION

This study characterizes the coastal processes that

occur in the Pt. Thomson region of Northern Alaska and

derives the engineering implications of these processes as

they relate to the pIa-nrring and design of coastal oil

development facilities. More specifically, the objectives

of the study program are as follows:

o Establishment of a monumented coastal survey network
to allow repetitive measurements of coastal change;

o Characterization of the coastal processes on the

basis of both quantitative measurements taken during

the study and historical information found in the

liter'ature;

o Assessment of the implications of the coastal

processes as they relate to the planning and design

of coastal structures in the Pt. Thomson region.

This report describes the results of the study

undertaken during the summer of 1982 in which all of the

tasks listed above were accomplished. It must be cautioned,

however, that the results of the data collected during a

single summer may not prove to be characteristic of this

courplex Arctic environment. For this reason, the

conclusions drawn in this report should be considered

provisional, and subject to refinement as additional data

becomes available.
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The study area is located approximately 45 nautical

miles east of Prudhoe Bay on the shores of the Beaufort Sea.

As shown in the Location Map, Figure 1.1, the study area is

bounded by longitude 1460 45 1 W (two nautical miles east of

Bullen Point) and longitude 146°05·'W (4.5 nautical miles

west of Brownlow Point),

Geographically, the study area is divided into two

distinct parts. The coastal portion consists of a total of

14 nautical miles of continuous crenulated shoreline located

on the mainland. A chain of barrier islands consisting of

Flaxman, Mary Sachs, North Star, Duchess, and Alaska

Islands, and an independent shoal located three nautical

miles west of Challenge Island, comprise the offshore

portion of the study region.

Two field trips were undertaken for the purposes of

data collection during the summer of 1982. During the first

field trip (July 19-27), a total of 61 monumented coastal

transects were established, and such tasks as detailed

surveying of beach profiles, sediment sampling, morphologi­

cal reconnaissance, and photographic documentation were

performed. During the second field trip (August 31

September 1), each transect was recovered and re-profiled to

quantify the changes associated with the intervening period

between surveys.

2
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2. STUDY AREA OVERVIEW

2.1 Environmental Setting

The Arctic climate has a major influence on the coastal

coad! tians and changes of the Pt. Thomson study area. The

Beaufort Sea is ice-covered for most of the year with a

brief open-water season occurring usually from mid-July to

early October. The astronomical tides of this region are

quite small (less than a foot of total tidal range occurs)

and are subordinate to sea level changes associated with

high wind conditions and barometric pressure effects.

Wave energy impacting the coastline is generally small,

limited by the proximity of the Arctic ice pack which

remains relatively close to shore during the summer months.
Infrequent northeast and northwest storms can create storm

waves that can cause erosion of the mainland coast and the

offshore islands. Also, high speed westerly winds can cause

super-elevation of the ocean surface with the reSUltant

waves and storm surge causing inundation of the low-lying

coastal areas and overtopping of certain segments of the

offshore barrier islands.

Following the ice break-up of June or July, the coastal

beaches and offshore islands are disrupted by moving ice

pushing onshore. Furrows and ridges 20 to 30 feet long and

three, to five feet high may be "bulldozed" on exposed

beaches. Government surveyors reported that following the

winter of 1949-1950, ridges of gravel five to eight feet

high were created by ice push that extended 50 to 70 feet

inshore from the water line (notes occurring on USC&GS

Hydrographic Survey No. 7851, 1950). Also during early

4



summer, the low coastal bluffs of the region begin to thaw,

creating mud flows which escape from the bluff to the beach

below. As the thawing continues, "thermal erosion" of the

bluff occurs which is a major cause of shore recession in

this area.

In late summer, high winds can affect the area creating

water level fluctuations and intensified wave impact.

During this period, sea ice may again be driven onshore.

Host of the major sediment movement and the related coastal

changes -- bluff retreat, beach erosion, sand spit

elongation or truncation, island movement, and island inlet

formation or closing -- occur during the late summer - early

au tumn per i od.

In the late fall, the beaches of the study area become

sheathed in ice and snow thereby protecting them from the

effects of waves and minor ice incursions throughout the

winter months.

The Arctic coastal plain is underlain by a series of

alluvial and glacial. outwash fans extending northward from

the Brooks Range. These fans consist mainly of sand and

gravel and tend to extend to the coast. In some areas

(particularly, Flaxman Island), the coastal veneer consists

of a peculiar matrix of marine sandy mud which contains

glaciated pebbles, cobbles, and boulders that are quite

different in lithology from the gravel of Brooks Range

origin that is commonly found in the alluvial fans of the

region. This geologic material termed the "Flaxman

formation" contains a suite of pebble types that is

completely different from those found in the alluvial and

glacial deposits associated with streams draining the Brooks

Range (Hopkins and Hartz, 1978).

5



The Flaxman formation underlies Flaxman Island and

large mainland areas east of the Canning River. Components

of this formation, owing to the on-going erosion of Flaxman

Island, are found in the sediments of the barrier islands to

the west.

The mainland coast ~f the study area is crenulated and

deeply embayed. Offshore, Flaxman Island and the Maguire

Island chain provide a nearly continuous barrier to

northeaaterly wave energy. Thus, easterly wave energy

striking the mainland coast must be generated within the

lagoon located south of the island chain. To the west, no

island protection exists in the immediate vicinity to limit

the fetch of westerly storms.

The mainland shore is characterized by narrow, low­

lying beaches backed by low coastal bluffs (commonly three

to twenty feet high). The beaches are typically 25 to 75

feet wide and normally consist of a very thin veneer of

clastic sediment overlying the highly organic tundra

foundation.

The sand and gravel that form the beaches of the study

area are derived from alluvial discharge from the rivers of

the region and from the erosion of coastal bluffs. Some

investigators believe that rivers of the region do not

contribute significantly to the sediment budget, as most of

the alluvial bedload is presumed to be deposited inland with

only the finer sediment fraction being discharged at the

river mouths (Hopkins and Hartz, 1978). Based on a study of

the massive sediment discharge of the Colville River

(Arnborg, et ~., 1966), it is our belief that the sediment

contributions of major rivers like the Canning River should

6
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not be disregarded in terms of beach sediment contribution

to the nearshore zone.

The direction of littoral sediment drift is generally

westward under the persistent easterly winds of the region.

However, wave refraction and the crenulated coastline induce

local reversals both onshore and on the arcuate barrier

islands. Due to the generally low wave activity during the

brief open-water season, the total volume of alongshore sand

transport is quite small r-elative to beaches of more

temperate latitudes.

The bluffed portions of the mainland coast and Flaxman
ISland are affected by thermal erosion -- a formidable

erosive agent 1n this region. Thermal erosion is most

effective and rapid along bluffs that are ice-rich, having

high percentages of frozen mud, silt, and fine sand.

Thawing and erosion of bluffs containing gravel and sand

deliver substantial volumes of beach sediment that

SUbsequently protect the bluff from wave-induced

undercutting. The high rate of on-going erosion,

particularly on Flaxman Island, provides substantial Volumes

of beach sediments to nourish the beaches and barr-ier

islands of the downdrift coast.

The barrier islands of the stUdy area extend westward

from the tundr-a-veneered Flaxman Island. These islands,

composed of unconsolidated sand and gravel, are low-lying (2

to 4 feet maximum elevations), arcuate, and exhibit major

fea~ur-es that may change dr-amatically with time. The

barrier islands are separated by major inlets that may be

relatively deep (8 - 12 feet) and wide (1/2 to 2 nautical

miles). In addition, a long, seemingly continuous bar-rier

may be segmented by very narrow and shallow inlets, such as

7
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the one that formed between Flaxman and Mary Sachs Islands

during the 1955 - 1982 period.

As these islands are attacked by the persistant

easterlies, the general trend is for growth of the islands'

westward extremities. This mechanism of island extension,

termed "island migration", has created a long-term westward

movement of the islands of the Maguire group that is judged

to be on the order of 80 feet/year (Wiseman, ~ a1., 1913).

In terms of coastal processes, the rapid changes of island

shape and relative location caused by island migration,

development of new inlets, and filling of old inlets is the

most dynamic aspect of the study area.

Hopkins and Hartz (1918) surmise that the Maguire

Islands and possibly the Stockton Islands to the west were

originally derived from the bluff erosion of Flaxman Island.

This speculation implies that Flaxman Island was, at one

time, a much larger source of sedimentary material than it

is today. The discontinuous nature of the island chain at

this time 1s due to storm-generated breaching of the narrow

barrier islands which, in the case of the largest inlets, is

irreversible due to tidal deepening and the diminishing

supply of beach sediments generated by Flaxman Island bluff

erosion.

Long-term shoreline comparisons ind ieate that the

barrier islands are migrating with little loss of surface

area (Hopkins and Hartz, 1978). During storm surge events,

wav~s overwash the island shores thereby driving sediment at

the waterline up and onto the main island body. On-shore

ice motion can drag or pluck coarse lag material from deeper

waters onto the island surface. It is speculated, however,

that with time, as Flaxman Island continues to erode, the

8
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downdrift coast and Maguire Island chain will slowly

diminish in areal extent (Hopkins and Hartz, 1978). The

ultimate result will be a loss of the critical mass required

to withstand the ambient wave and ice forces leading to

sUbsequent island erosion and submergence.

2.2 Review of Pertinent Literature

The first recorded visit of a western explorer to the

shores of the Beaufort Sea was described in tbe chronicles

of the British expedition of 1826, led by Sir John Franklin.

The primary focus of this and subsequent early exploration

efforts was for mapping purposes and to add to the meager

amount of Arctic information that existed at the time. A

large number of English, American, and Canadian explorers

ventured into the region during the late 1800's. A number

of mapped features now bear the names of those early

explorers -- Franklin Bluffs, Beechy Point, Simpson Lagoon,

Dease Inlet, Maguire Islands, Stockton Islands, Steffanson

Sound. Because the early exploration efforts charted land

forms and islands at small scale with imprecise survey

techniques, few direct comparisons with more modern data are

possible. The value of the expeditions that took place

prior to 1900 is in the written descriptions of the land­

scape and navigable passes from which some correlation to

the present condition is possible.

In 1906, Ernest Leffingwell, under the auspices of the

American Geographical Society, undertook the first

comprehensive mapping and geological exploration effort in

the Alaskan Arctic. Maps that he created are sufficiently

detailed and precise to allow comparison to surveys

undertaken in more recent periods. Because Leffingwell's

base camp for the entire study period (1906 - 1914) was

9
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located on the south shore of Flaxman Island, the region of

interest presently was discussed and mapped in detail as a

portion of his study.

Leffingwell's contribution to the existing body of

Arctic knowledge was formidable. His mapping efforts

provided the first preci.~e and comprehensive charts of the

entire Arctic coast. His geological reconnaissance proved

to be extensive and credits him with discovery of the

Sadlerochit formation -- the source of the Prudhoe Bay oil

field.

The literature dealing with the Pt. Thomson ar-ea

becomes sparse following Leffingwell's contribution. In the

late 1960's and early 1970's, following the discovery of the

large Prudhoe Bay oil field, various investigators undertook

significant studies of the A~ctic coastal zone. Some of

these studies were sponsored by the Department of Defense

(Wiseman, et al., 1973) and th,e U.S. Geological Survey

(Barnes, et aL, 1917; Ha~tz, 1978). By the mid-1970's, the-- ,

U.S. Departments of Commerce and Interior were sponsoring

numerous studies to collect and assess environmental

information to support oil development planning. These

stUdies, under the program entitled "Environmental

Assessment of the Alaskan Continental Shelf", contributed

greatly to the oceanographic and coastal zone data base that

had been developed previously. Significant contributions

documenting the shoreline processes wi thin or near the Pt.

Thomson study area include Barnes and Reimnitz, 1974;

Barnes, et aL, 1977; Hopkins, at al., 1977, Hopkins and

Hartz, 1978; Lewellen, 1977; and Reimnitz and Toimil, 1971.

In the following section of the report, the results of these

previous investigations will be reviewed to establish an

understanding of the coastal dynamics within the study area.

10
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In time, this information will be compared to the findings

of the current study to determine the extent of conformity

to the findings of earlier investigations.

2.3 Historical Data Comparison, 1826 - 1955

The majority of tqe most recent studies of coastal

processes within the study area utilize information gleaned

from the following major sources:

o The written descriptions of pre-1900's expeditions;

o The descriptions and charts prepared by Ernest

Leffingwell (Leffingwell, 1919);

o The government survey data used for nautical charts

and mapping purposes ,primarily during the 1950

1955 period j

o Aerial photos collected since 1950.

Thus, a large proportion of these references develop

data comparisons (shoreline and bluff posl tion, island

location and form, land form elevations) that reflect the

conditions which existed prior to the mid-1950's. The

intent of this study is to up-date this information to the

summer of 1982 and to place the recent findings in the

broader perspective of the historical data.

2.3.1 Mainland Shore

As described previously, the mainland shore of the

study area is scalloped with a large number of sinuous sand

and gravel spits projecting from the tundra promontories.
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In a number of areas, eroding coastal bluffs having heights

of 3 to 20 feet are separated from the waterline by a narrow

sand and gravel beach.

The erosion rates of the coastal bluffs of this region

have been measured by numerous investigators. Hopkins and

Hartz (1978) report an average recession rate of the bluffs

between Tigvariak Island and Pt. Thomson of seven

feet/year. East of Pt. Thomson, Lewellen (1977) has two

survey sites which show an average erosion rate of 22

feet/year. Leffingwell calculated a high bluff recession

rate of 30 feet/year on Brownlow Point based on observations

by the early prospector Arey. While these retreat rates are

impressive, it is curious that a number of the prominent

coastal features of the mainland appear to have maintained

similar shape during the period since the Leffingwell sur­

vey, conducted around 1910. Leffingwell's map of the study

area, published in 1919, is presented as Figure 2.1. In

comparing this chart with the most recent NOAA chart (1950­

1955), displayed as Figure 1.1, it is remarkable that cer­

tain small mainland features (sand bars, spits, small

islets) have exhibited little change during the 1910-1950

period. Additionally, the most recent work has indicates

that the 1982 sboreline is extremely similar to that charted

by NOAA in the 1950's. Tberefore, one must conclude that

while localized zones may exhibit high rates of change, the

mainland shore generally appears to be highly stable, in

part due to the sheltering effect of the offshore islands.

Leffingwell (1919) emphasizes that certain shore areas

have remained stable for centuries. He refers to the

ancient, decaying timber structures located near Barter

Island and Collinson Point. The fact that these man-made

12
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features still exist is a tribute to the long-term stability

of the shores on which they were constructed.

The relatively high rates of erosion seen on the

bluffed portion of the coast are due primarily to thermal

erosion of the exposed bluff face. On the low-lying

shorelines, thermal erosion is not as dramatic due to the

insulating cover of beach sand and gravel which overlies the

tundra base.

2.3.2 Flaxman Island

Flaxman Island has undergone continuous change since

the first observations were made of the island by Franklin

in 1826. In his journal, Franklin documents the extreme

difficulty with Which his shallow draft vessel passed

alongside the island's east end. The depth of water through

this channel has continually increased since that early

observation. Leffingwell (1919) describes the channel as

having a depth of eighteen feet during the 1906-1914 study

period. He noted the discrepancy between his findings and

those of Franklin's concerning the channel depth. The 1950

bathymetric survey conducted by the U.S. Coast and Geodetic

Survey (presently NOAA) reported a channel depth of 23 feet.

A recent scuba investigation of the channel (Reimnitz and

Toimil, 1971) found the present depth to be 34 feet. This

information implies that due to the dynamics of the Flaxman

Island coastal environment, this inlet is not in equilibrium

wi~h the flow regime which presently exists.

The northern shore of Flaxman Island has been actively

eroding, as witnessed by various investigators dating back

to the Franklin expedition of 1826. Leffingwell observed

14
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the erosion throughout the period of his investigation and

noted distinct changes in the island shore when compared to

the observations by Franklin. Specifically, the island

width decreased by at least one-half mile during the 88-year

period between 1826 and 1914. In addition, Franklin noted

maximum bluff elevations of 40 feet above sea level in 1826.

Leffingwell observed that at no location did the island

exceed a 25 foot. elevation in 1914. Further, drainage lines

leading south were identified by Leffingwell that terminated

at the northern bluff. This implies that In earlier times,

a far greater area had been drained north of the observed

shore.

In the small scale map produced by Franklin, the

northern shore of Flaxman Island was convex, bulging towards

the north. Leffingwell noted a straight shore, as shown in

his map (Figure 2.1). The NOAA chart of 1950-1955 (Figure

1.1) shows that the central shore at that time was beginning

to become concave, suggesting a process of continual erosion

that is on-going to this day. It shall be shown in Section

4 of this report that the concavity of the northern shore is

even more pronounced today. Table 2.1 shows the erosion

rates for Flaxman Island that can be determined by the

survey data spanning the 1826-1955 period.

2.3.3 Barrier Islands

The barrier islands located directly west of Flaxman

Island exhibit the most dynamic nature of all the landforms

in .the study area. Barrier islands, in general. are

regarded for the state of continual change in which they

exist. Notable changes include island growth, inlet

formation, inlet filling, island emergence, and island

truncation. Comparison of Leffingwell's map (Figure 2.1)

15



TABLE 2.1

with the NOAA chart of 1955 (Figure 1.1) gives some

indication of the magnitude of the changes of island shape

and location that occurred between 1910 and 1955. In 1910,

Mary Sachs Island was separated from Flaxman Island by an

inlet having a width of 2000 feet. By 1955, the two islands

had merged together, thereby eliminating Mary Sachs Island.

As will be discussed in Section 4, at the present time a

small inlet again exists which separates the Flaxman-Mary

Sachs complex into two distinct islands.

FLAXMAN ISLAND BLOFF RECESSION. 1826-1955
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The changes that have occurred in the configuration of

the Maguire Islands (North Star, Duchess, Alaska, and

Challenge Islands) are presented in Figure 2.2 for the

period 1908-1955 (Wiseman, at al., 1973). The lines of

longitude indicate a general westward migration of the

island group caused by erosion on the eastern shores and

sediment deposition on the western island ends. Also, the

distinct island 'shapes change dramatically with time.

Wiseman, ~ al. (1973) report that between 1908 and

1950, all four of the Maguire Islands migrated westward an

average distance of 3,300 feet, or approximately 80

feet/year. Between 1950 and 1955, the western ends of

Duchess, Alaska, and Challenge Islands were extended by

1600, 1000, and 500 feet, respectively, or an average of 600

feet/year. This fluctuation in average annual migration

rate is believed to be attributed to an abnormal increase in

storm activity during the 1950-1955 period.

Thus, the barrier islands of the study area have been

identified as highly dynamic sedimentary structures that

fluctuate in location and shape in response to the

environmental forces of waves, wind, currents, and ice.

These islands are bounded by dynamic inlets and are subject

to sporadic, rapid, and generally westward sediment

transport driven by the persistent easterly winds of the

region.

The identification of changes associated with the most

recent period (1955-1982) was a primary goal of the field

activities of the recent summer. The following report

sections will present the study results in detail.
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3. SURVEYING METHODOLOGY

The data required to describe the conditions and

stability of the shoreline within the study area was

collected during an extensive surveying effort performed in

July and September, 1982. Coastal transects were selected

and profiled at sites that were -judged to be representative

of the local contiguous shore. In this way, the different

coastal environments of the study area were studied to

determine the magnitude and character of the shoreline

changes which are active within this region.

The surveying tasks consisted of the profiling of beach

transects established perpendicular to the shoreline

throughout the stUdy area. The initial profiling effort was

conducted in late July while a repeat exercise was performed

in early September during which all July transects were

resurveyed. The profile data collected during the July

survey represents a baseline condi tion of the shoreline in

the study area, While the September data reflects the

changes which occurred during the brief Arctic open-water

season. Comparison of the baseline data with information

collected during future surveys will allow multi-season

monitoring of the temporal variability of the shoreline

profile.

3.1 Survey Network

Prior to the July field trip, a transect location

strategy was developed to ensure that all coastal

environments of the study area were represented. The

strategy resulted in the selection of 67 transect sites

spaced at roughly 2000 foot intervals along the mainland and
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barrier island shorelines. The magnitude of the resultant

transect density (3 transects/nautical mile) was considered

sufficient to encompass the full spectrum of beach condi­

tions existing in the study area. Beach conditions of

interest included direction of exposure to wave attack,

expected wave energy, shoreline composition, and coastal

features.

At each transect, a permanent reference monument was

established as a horizontal and vertical control point. The

locations of the 61 monuments and associated transects are
presented in Figure 4.6. Inspection of this map indicates

that the monuments were sequentially numbered in a counter­
clockwise fashion starting on the mainland shore at the

western end of the study area near Bullen Point. A

distribution of the monument locations by geographical area

is presented in Table 3.1.

The exact location of each monument (Alaska State Plane

Coordinates, Latitude/Longitude) was obtained by

electronically measuring the distance to the monument from

two survey control stations. A helicopter-borne electronic

navigation system (Motorola Mini-Ranger Mark III) was

utilized for this purpose. The positioning data dev~loped

for the coastal monuments (Mini-Ranger ranges from

established triangulation stations, planar coordinates, and

latitude/longitude) are presented in Table 3.2.

It should be noted that with one exception, all of the

monuments were established by Tekmarine. Monument #65 is an

existing NOAA triangulation station designated lithic, 1949 11 •

20



TABLE 3.1

MONUMENT PLACEMENT DISTRIBUTION

Region Sequential Length Number of Transect Density
Transect Nos. of Coverage'* Monuments (Transect/Nautical Mile)

(Nautical Mil es)

Mainland 1 - 38 13.2 38 2.9

Flaxman/Mary
Sachs Island
Comples 39 - 52 4.9 14 2.9

Northstar/
Duchess Island
Complex 53 - 60 2.5 8 3.2

Alaska Island 61 - 67 2.3 7 3.4

*Measured along east-west axis.
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HONUHENT COPE

PI THOHP. (EXXON PAD) 1

BULLEN (KLJ) 2

FLAXMAN (NOAA) J

THIN (NOAAI 4

X-COORD(ft)

"68591.0

394446.0
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Transect Establishment

During the July field trip, the coastal transects were

established and the first survey wa3 performed. The in1 tial

task was to distribute the monument and target construction

materials at the pre-determined coastal locations. Due to

the weight of these supplies and the need to exactly place

each transect at the desired location, a helicopter was used
for this purpose.

The materials required for each transect consisted of

the target and tie-down equipment, monument pipe, and

witness post pipe. The target, designed to facilitate

transect recognition from both the ground and during aerial

overflights, was constructed from two large panels of

durable orange or yellow dac~on signal cloth.

The field su~vey crew travelled to each transect site

by boat from the base camp located at Pt. Thomson. Upon

recovering the transect bundle, a suitable site of

relatively flat terrain was selected for- target

const~uction. Care was taken to ensure that an adequate

set-back distance from the wate~line was observed so that

future loss of the monument caused by erosion o~ wave impact

would be prevented~ Typically, on a tundra plain fr-oDted by

a narrow gravel beach, the targeted monument would be placed

on the tundra at a distance of 50 to 100 feet from the

waterline.

: Target construction proceeded systematically with the

orientation of one signal cloth section (orange in the case

of a mixed calor target) on a true north-south alignment.

The second signal cloth panel was positioned on an east-west

alignment such that the two panels had coincident centers.
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Consequently, the brightly colored target resembled a cross

when viewed from the air, as shown in Photo 1.

The target material was tied down by a network of

stainless steel wires that were secured by aluminum stakes

driven into the soil along the edges of the signal cloth.

The first season peI"form.ance of the targets was excellent

based on the relative ease with which the transects were

recovered and re-surveyed. Remedial maintenance performed

on the targets was limited to fewer than 10$ of the targets.

Based on this experience, it would appear that the target

design will exhibit a multi-year life expectancy.

At the southeast interior corner of the target, the

tWo-foot long steel monument pipe was driven into the

ground. To aid in recovery, the length of pipe left exposed

was spray-painted orange following placement~

The orientation of the profiled transect was

established by the placement of the three-foot long .steel

pipe witness post driven into the ground at a distance of 30

to 80 feet from the monument. Using these two reference

pipes to define the transect, the identical profile can be

re-surveyed during future field work. The painted witness

post was positioned such that the transect was apprOXimately

perpendicular to the local shoreline. A bearing of the

transect relative to true north was measured using a hand

bearing magnetic compass (variation = 330 E) to assist in the

resurvey of the trans~ct should the witness post be removed

or destroyed. The transect was identified by painting a

number on the northern arm of the target (so that it could

be identified from a low-flying helicopter) and securing a

stamped brass disk to the monument pipe with wire. The

characteristic features of the monumented transect are illu­

strated in Figure 3.1.
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PHOTO 1. AERIAL VIEW OF TARGETS THAT IDENTIFY
COASTAL TRANSECTS
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The actual length of each profiled transect was a

function of beach morphology and elevation of the sea level

at the time of profiling. Typically, a transect on the

tundra shore extended seaward from the monument to a water

depth of 3-4 feet. For transects baving two shorelines

(spi ts and barrier islands), the transect was profiled from

the shallow water near 'one shoreline to a water depth of

comparable magnitude (3-4 feet) near the opposite shore.

A secondary factor affecting transect length was the

still water level which prevailed at the time of the surveYe

Lowered water levels (which often accompanied easterly

winds) increased transect lengths by exposing additional

beach front, while increased water levels reduced transect

length.

3.3 Surveying

All of the 61 coastal transects that were established

in July were re-surveyed during the September field trip.

Based on the experience gained during the July survey,

fundamental changes were made in the survey operations

undertaken in September. The survey methods used for each

survey are described below.

o July Survey Methods: The coastal profiling

undertaken in July employed standard leveling

methods and equipment which included an automatic

level, leveling rod, and steel surveying tape. The

profile surveyed along each transect measured

elevation and distances at all prominent features,

signficant changes in beach slope, and at the monu­

ment and witness post. Elevation readings were
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accurate to .± 0.1 foot while taped horizontal

distances were measured to the nearest tenth of a

foot. During each transect survey, the elevation

and position of the waterline(s) were measured and

the time of the measurement was recorded.

Because of the 'lack of an established vertical

control datum in the study area, an absolute

vertical datum to which the transect elevations

could be referenced was not available.

Consequently, a relative elevation datum for each
transect was selected to be the still water

elevation at the time of each survey. It should be

noted that if the two waterline elevations differed
for a two shoreline transect, the south waterline

elevation was used for the datum by virtue of the

lack of wave activity on that shore.

o September Survey Methods: During the July field

trip, limitations were identified in the usefulness

of the survey methods employed. On many of the

longer transects, repetitive movement of the 300

foot long steel tape was inefficient, especially

when measuring distances offshore. On the high

blutts, the transect distances were difficult to

measure accurately due to the sag in the steel tape.

Realizing that these lim! tat ions would incorporate

errors into the surveying data thereby rendering it

less valuable for future transect comparisons, an

electronic surveying system was chosen for the

September field trip.

The electronic system that was used, the Hewlett­

Packard Model 3810A "Total Station", measures
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vertical and horizontal distance using an infrared

light source. This instrument greatly increased

survey speed and minimized the procedural and

operator inconsistencies that are common with

standard leveling techniques. To verify agreement

between the two survey systems, the first transect

profiled in September was surveyed by two teams

using the July survey techniques and the electronic

system proposed for the September field trip. It

was determined that both methods gave comparable

results over a short, low transect, however,

increased speed and efficiency was experienced with

the electronic system. With the exception of the

survey equipment, the method of profiling was the

same for both the July and September field trips.

Because the still water level observed in September

differed from that surveyed in July, a vertical datum for

the survey had to be chosen. The lack of local tidal

information prevented the establishment of a common datum

for both surveys, therefore, all elevations were referenced

to the still water level measured at each transect in July.

An example plot of the July and September surveys at

Transect #1 is displayed in Figure 3.2. The profile data 1s

also presented in tabular form below the figure.
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3.4 Additional Field Data

To support the findings of the coastal survey, addi­

tional field data was collected during the course of the

study, as described below.

Transect Photographs: Ground and low elevation

aerial photos were taken at many survey transects to

provide a visual record of the area during the

survey. These photos can be used as a reference to

locate monuments during future survey efforts.

Aerial Photographs: To provide a record of the

shoreline at the time of each survey, high elevation

aerial photos were taken in both July and September.

The photos were taken from a helicopter at a suffi­

cient altitude (5,000-7,000 feet) such that at least
two targeted monuments appeared on each photo.

Knowing the distance between successive monuments,

photo scale could be computed.

Soil Samples: To characterize the beach sediment

characteristics throughout the study area, soil

samples were collected at numerous transect

locations. This aspect of the study is described in

detail in Section 5.4.
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4. SURVEY DATA

As detailed in Section 3, sixty-seven monumented

coastal transects were established and surveyed during the

course of this study. In the interest of brevity, only

representative transects and the summarized results of the

survey data will be presented bere. A complete compilation

of all the survey data is contained in a separate document,
the Appendix to this report.

4.1 Profile Data Classification

The various surveyed transects represent the coastal
profiles of five general shoreline types: the mainland

bluff, the low mainland beach, the mainland gravel spits,

the Flaxman Island bluff, and the barrier islands. An

example of each of these profile types follows with a brief
descI"'iption and a listing of the applicable monument

designations.

Low Mainland Shore: The majori ty of the profiles

surveyed on the mainland coast attain elevations

that average less than four feet. Profiles of this

o Mainland Bluff: Only three mainland transects

occupy bluffs that are higher than 9 feet above mean

sea level. These are located at transects #2, #5,

and #34 (Ref. Figure 4.6). Figure 4.1 shows the

surveyed transect at Transect #5, Which indicates

bluff erosion of 3.1 feet and beach erosion of 2.3

feet during the July-September, 1982, period. BeloW

the figure, the survey data is presented in tabular

form. A narrow gravel beach having a width of 15

feet exists at the toe of the bluff.
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type are located at 24 transect locations (Transects

#1, 8, 10, 12-14, 16-24, 29-33, 35-38, Ref. Figure

4.6). A typical example of this type of profile is

Transect 418, shown in Figure 4.2. The highest

elevation of this profile is about three feet above

mean sea level. The survey comparison shows that

virtually no charige occurred In the profile during
the recent July-September period.

Mainland Gravel Spits: Gravel spits project from a

number of headlands within the study area. A total

of '1 spit locations were chosen as sites for
surveyed transects (Transects #3, 4, 6, 7, 9, 11,

15, 25-28, Ref. Figure 4.6). Transect #11 is

presented in Figure 4.3, which documents the major

features of a low spit (maximum elevation = 3.9

feet). As frequently occurred, the exposed northern

shore experienced change (in this case, 3 feet of

shoreline accretion) while the protected southern

shore remained virtually static a

Flaxman Island Bluff: Four transects were surveyed

on the relatively high bluffs of Flaxman Island

(Transects #39-41, 45, Ref. Figure 4.61. Three of

the transects were placed on the northern shore of

the island with Transect #41 serving as a typical

example (Figure 4.4). The blUff at this location

lies about 13 feet above mean sea level with a very

narrow beach at its base. Bluff erosion of 6.5 feet

was noted at this transect during the recent survey

pertocta
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o Barrier Islands: Twenty-five profiles were surveyed

on the barrier islands of the study area. These

profiles encompass the western sand spit of Flaxman

Island, Mary Sachs Island, and North Star, Duchess

and Alaska Island of the Maguire group. The

transects on these islands are identified by

Monuments #42-44, 46-67. Transect 151 is presented

in Figure 4.5 as a representative example of an

island profile. Unlike the mainland spits, which

tend to have a quiescent southern shore, the islands

can experience major wave impact (and resulting

shoreline change) on both north and south shores.

In this instance, the northern shore of Transect i51
experienced accretion of 9 feet and the southern

shore eroded 5.9 feet during the JUly-September

period.

The placement strategy for the coastal transects sought

to represent all of the shoreline and island types within

the stUdy area. In addition, an attempt was made to include

locations that yield the full range of exposure to wave and

ice conditions. It is probable that profiles with an

eastern wave exposure are subject to changes resulting from

the most persistant wave conditions, while transects having

a western exposure evidence the effects of the less frequent

westerly storm events. Table 4.1 summarizes the various

coastal classifications and the exposures for the esta­

blished transects. Wave exposure is listed by direction of

wave approach. A number of transects experience wave

approach from west clockwise through east (hence, the "W-N­

E" designation). Four of the transects are located in well­

protected bays resulting in negligible wave exposure during

normal conditions ..
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TABLE 4.1

SHORELINE CLASSIFICATION AND
OCEAN EXPOSURE

Total
Shoreline Type Transects NW NE W-N-E SOUTH PROTECTED

Mainland Bluffs 3 2 1

Low Mainland
Shor-e 24 7 12 1 4

Mainland

Gravel Spits 11 3 3 5

Flaxman Island
Bluff 4 3 1

Barrier

Islands· 25 4 12 9

42

411614 32TOTAL:

PREDOMINANT WAVE EXPOSURE

* Exposure is for northern shore. Southern shores of

all islands are also monitored.
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4.2 Long-Term Rates of Shoreline Change

1955-1982

Based on the results of the recent field work, Figure

4.6 has been developed which shows the 1982 coastal transect
locations and island features overlying the nautical chart

generated from the government (NOAA) survey of the 1950's.

On the base map, the bathymetric data was determined in

1950, while the mainland shore and island configurations
were based on 1955 aerial photography.

The major coastal changes that have occurred during the

1955-1982 comparison period may be summarized as follows:

o The mainland shore has remained relatively stable.

The most significant change is the breach that has

formed in the Pt. Thomson spit. Tbis is due to the

northeast wave energy that can proceed unimpeded to

the spit through Mary Sachs Entrance. Other obvious
changes include the migration of several coastal

inlets (the arrows in Figure 4.6 show the present

inlet locations).

o The northern bluffed coastline of Flaxman Island has

retreated SUbstantially. The concave nature of that
shore is even more pronounced today than in 1955.

In contrast, the southern island shore has not
changed markedly. The blUff in the vicinity of

Transect #45 on the southwest shore has retreated
during the comparison period.

a A small inlet has formed whiCh now separates Flaxman

Island from Mary Sachs Island to the west. This
inlet is located between Transects 144 and 46.
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o The western ends of Mary Sachs and Duchess Islands

have migrated towards the west.

a The eastern ends of North Star and Alaska Islands

have migrated towards the east.

o The inlet separating Nor-th Star and Duchess Island

no longer exists. These two islands have merged

together.

o The inlet separating Challenge and Alaska Islands

has migrated to the east a distance of approximately

1200 feet.

The results of the survey comparison between 1955 and

1982 underscore the general belief that while the mainland

shore remains quite stable, the offshore islands show a high

degree of change in both shape and location. The reasons

for these changes and quantification of the general observa­

tions will be presented in detail in Section 5.

4.3 Short-Term Rates of Shoreline Change,

July-September, 1982

As mentioned previously, a complete tabulation of all

survey data collected during the recent field work is

contained in the Appendix. For purposes of brevity, only

the summarized results of the survey operations are

contained in this report.

45



!

J
i

Table 4.2, "Summary of Transect Characteristics", lists

the general location, wave exposure, target color, and

survey dates for each transect. The geographic coordinates

of each monument were presented previously in Section 3.

The specific findings at each transect are listed in

Table 4.3, "Summary of Survey Data". For each monumented

transect, the following information is presented:

o Bearing: The bearing (in degrees) of the transect

relative to true nortb.

o Transect Length: The total horizontal length of the

surveyed transect for both the July and September

surveys. As discussed in Section 3.2, lower water

levels and improved survey equipment and methods

resulted in longer transect lengths during the

second survey.

0 South liL to MNT: This quantity represents the

distance between the south water line and the

monument for the two surveys. Note that only the

mainland spits and the offshore barrier islands have

south shores.

a MNT to North tiL: This quantity shoWS the distance

between the monument and the north waterline for all

transects except Transect 145, located on the south

shore of Flaxman Island.

o Elevations: Elevations are given for both the top

of each monument ("MNT") and the still water level

of the September survey ("Sept SWL"). The datum has

been chosen to be the water level during the July

46
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I
1 TRArlS£CT LOCATION EXPOSURE TARGET COLOR 81 tR')EY OATES-, 27 i1A I NLAND-SP I T N-NE YELLOW/ORANGE 7-22-32 / 9-2-82

28 MAINLAND-SPIT NW-N YELLOW 7-27-82 / ";1-2-82

~
29 MAINLAND PROTECTED ORANGE 7-24-82 / 9-2-82

30 MAINLAND N-NE YELLOW 7-24-82 / 9-1-82,,,
31 MAINLAND N YELLOW/ORANGE 7-24-82 / 9-1-82

32 MAINLAND PROTECTED YELLOW 7-24-82 / 9-1-82

33 MAINLAND N-NE-E YELLOW/ORANGE 7-24-82 / 9-1-82

34 MAINLAND-BLUFF N-HE YELLOW 7-24-82 / 9- 1-82

3S MAINLAND N-NE ORANGE 7-24-82 / 9-1-82

3. MAINLAND N-NE-E ORANGE 7-24-82 / 9-1-82

37 MAINLAND NE-E YELLOW 7-24-82 / 9-1-82

38 MAINLAND N ORANGE 7-24-82 / 9-1-82

39 FLAXMAN IS-BLUFF N-NE YELLOW 7-23-82 / 9-2-82

40 FLAXMAN IS-BLUFF N-HE QRANGE 7-23-82 / 9-2-82

41 FLAXMAN IS-BLUFF N-HE YELLOW 7-23-82 / 9-2-82

42 FLAXMAN IS N-NE YELLOW 7-23-82 / 9-2-82

43 FLAXMAN IS N-E YELLOW 7-43-82 I 9-2-82

44 FLAXMAN IS N-E ORANGE 7-23-82 / 9-2-82

4S FLAXMAN IS-BLUFF SW-W-NW YELLOW/ORANGE 7-23-82 / 9-2-82

46 MARY SACHS NElS YELLOW 7-23-82 / 9-2-82

47 MARY SACHS NElS ORANGE 7-23-82 / 9-2-82

4S MARY SACHS NElS ORANGE 7-23-82 f 9-2-82

'9 MARY SACHS NW-NE/S YELLOW/ORANGE 7-23-82 / 9-2-82

SO MARY SACHS NW-NE/S ORANGE 7-23-82 / 9-2-82.

51 MARY SACHS W-N-NE/S YELLOW/OR ANGE 7-23-82 / 9-2-82

sz MARY SACHS \tj-NW-I'US ORANGE 7-23-82 f 9-7-82

53 NS/DUCH IS N-NE/S YELLOW/ORANGE 7-25-82 / 9-7-82

S. NSfDUCH IS N-NE/S YELLOW/ORANGE 7-25-8Z / 9-7-82
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4 TRANSECT LOC,~rIOr~ F:XPOSURE TARGET COLOR SUR',)EY D... TES
,
~ 55 NS/DUCH IS N-NE/S ORANGE 7-25-82 9-7-82~ I
~

(
56 NS/DUCH IS NW-N-NE/S ORANGE 7-25-82 I 9-7-82

~ 57 NS/DUCH IS NW-N-NE/S ORANGE 7-25-82 I 9-7-82

~
58 NS/DUCH IS NW-N-NE/S YELLOW 7-25-82 / 9-7-82

59 NS/DUCH IS !,oj-N/S-SE YELLOW/ORANGE 7-25-82 / 9-2-82

60 NS/DUCH IS W-H/S-SE ORANGE 7-25-82 / 9-7-82

61 ALASKA .IS N-NE/S YELLOW/ORANGE 7-25-82 / 9-7-82

62 ALASKA IS N-NE/S YELLOW/ORANGE 7-25-82 / 9-7-82

63 ALASKA IS N-NEJS YELLOW 7-25-82 / 9-7-82

6. ALASKA IS N!.tJ-N-NE/S YELLOW, ORANGE 7-25-82 I 9-7-82

65 ALASKA IS NW-N-NE/S YELLOW 7-25-82 / 9-7-82

66 ALASKA IS NW-H-NE/S ORANGE 7-25-82 I 9-7-82

67 ALASKA IS HW-N-NE/S YELLOW 7-25-82 I 9-7-82
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survey at each profile. Due to persistent easterly

winds throughout the September survey period, the

water levels were lower than those during the July

survey by as much as two feet.

o Shoreline Change at July SWL Datum: For each tran­

sect, the change.in shoreline position at the survey

datum (the July still water level) was computed. In

the case of mainland spits and barrier islands, the

changes at both the north and south shorelines are

given. For the Flaxman Island and mainland bluff3,

the change in bluff and shoreline positions are

listed.

The shoreline changes associated with the Ju11­

September, 1982, survey period are summarized in Figure 4.7.

Transects are designated by small numbers, while the large

red numerals show the values of the beach or bluff changes.

Shoreline changes are given in feet, with positive numbers

representing accretion of the beach, and negative numbers

representing erosion. In the case of barrier islands with

north and south shorelines, the measured values of erosion

and/or accretion are presented adjacent to both shorelines.

A detailed interpretation of the shoreline change data

summarized in Figure 4.7 is presented in Section 5.
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5. SURVEY FINDINGS

Based on the analysis of the recent field data

presented in Section 4, a judgement can be made concerning

the relative stability exhibited by the five characteristic

shoreline types mentioned previously (mainland bluffs,

mainland spits, low maio:land shore, Flaxman Island bluffs,

and the barrier islands). This section of the report will

assess those areas which have exhibited relative long-term

stability (the first three categories listed above) and

those which have proven to be less stable (Flaxman Island
bluffs and the barrier islands) over the period of record.

5.1 Areas of Relative Shoreline Stability

The mainland coast of the study area exhibits a high

degree of stability. Wbile all three shoreline classes

occurring on the mainland (the bluffs, spits, and law shore)

have exhibited a high degree of stability, the bluffs and

spits tend to be more dynamic than the low mainland shore.

These three types of mainland coastal terrain will be

discussed individually to illustrate the findings that

support this general conclusion.

5.1.1 Mainland Bluffs

Three coastal transects were surveyed over mainland

bluffs that achieve heights in excess of nine feet. The

survey results are presented in Table 5.1 t which show that

the average bluff erosion for the July-September, 1982,

period was 1.3 feet while the fronting beach at these sites

eroded an average distance of 1.1 feet.
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TABLE 5.1 : CHANGES IN MAINLAND SLUFFS, 1982

SUtlliARY OF SURVEY I)AlA - MAINLANll IIL.UrFS

<ALL t1EASUREMElnS EXPRESSED IN FEEl)

IiEM/ING
(1)@9 )

TRANSECT
---.-b~'!L­
JULY SEPT

60urH WL.
-llI..lIlil­
JULY SEPT

MIH TO
_tHiRI!Uh_ EL.EVAIIQtllL--
JULY SEPT ON tiNT SEPT SWL

, 1l24. T 142 ... 131 132 1lJ.2 -.3 , EROfHOr.l

.7 ERLJSHlN (BLUFF:'

5 OUO.1 lOB 103 ?< 73 19.0 -.2 2 . ;i ERUSION

J. 1 ER IJti I liN (I.fLUFF)

3< IIS~. T 10. 107 •• 101 10.0 -.. 3 F,ROSION

,., EROSION (BLUFF)

AVERAGE SHORE CHANGE

AVERAGE BLUFF CHANGE

1.1' EROSION

1.3' EROSION



Due in part to the protection provided by the sar;.d a::.::

gravel beaches existing at the base of the bluffs, bluff

recession along the majori ty of the mainland shore is rela­

tively mild. At several unsurveyed locations, however, ex­

tensive bluff recession was observed in spite of the energy­

dissipating beachfront, as shown in Photo 2, taken nea:­

Transect #5. The major mechanism of bluff erosion in this

case is the thawing and subsequent failure of the ice-laden

bluff sediments.

5.1.2 Mainland Spits

Spits composed of sand and gravel project from a number

of mainland promontories within the study area. These low­

lying, sinuous sedimentary structures are formed by

persistent littoral transport that constantly serves to

nourish the spits. Gravel spits protect the mainland shore

located to the south by dissipating incoming wave and ice

forces.

Photo 3 shows a typical coastal spit located at Tran­

sect #27. This spit projects westward from the Pt. Thomson

pad location, which can be seen in the background. This

site was cbosen for the littoral drift experiment described

in detail in Section 6.

The surficial sediments of the coastal spits are a very

uniform coarse gravel having a mean diamete~ or about one

incb. In Photo 4, a trench that was excavated near Monument

#2~ shows the surface veneer of gravel quite clearly. At

the time of the photo, the elevation of the spit was one

foot above the prevailing still water level~
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I PHOTO 2. COASTAL LUFF EROSION ON THE MAINL'ND

ZHOR NEAR TRANSECT '5

PHOTO 3. TYPICAL GR\VEL SPIT ON MAINLA 0 CO'ST
(AT nA';SECT • 21)

sa



I
I
I
I
I
!
I
I
I
I
I
I
I
I
I
I
I
I
I

PHOTO 4. VERTICAL TRENCH SHO_ING COMPOSITION AND
DISTRIBUTION OF SEDIMENTS ON MAINLAND
SPIT (TRANSECT 121)
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Beneath the gravel cover lies a homogeneous mixture of

sand and gravel. Wave run-up and subsequent percolation

into the porous beach causes the sand to flow downward into

the interstices of the underlying coarse gravel, thus creat­

ing the sand-gravel mixture observed below the beach surface

at numerous locations.

The results of the recent surveys conducted on the

mainland gravel spits are presented in Table 5.2. These

results are summarized in the histograms that comprise

Figure 5.1. Each histogram shows the number of surveyed

transects (vertical scale) that experienced a given

magnitude of erosion (lined area) or accretion (dotted

area). Transects that changed less than two feet between

July and September are judged to have undergone no change

and are represented by the unshaded indicator at the mid­

point of the horizontal axis. A summary is also presented

adjacent to each histogram showing the number of transects

experiencing erosion, accretion, and negligible change, and

the average value of the change within each category.

Figure 5.1(A) shows the changes observed in the

unexposed southern shoreline of the eleven coastal spits

that were surveyed. Nine showed negligible change

indicating that minimal wave energy is associated with the

small lagoons located to the south of the api ta. The

average erosion computed for the south shore of all eleven

spits was -0.1 feet.

The recent changes in the north shore of the coastal

spits are shown in Figure 5.1(B). Of the eleven mainland

spits, one experienced erosion (-5.8 feet) and five ex­

perienced accretion (average accretion = +6.5 feet). In
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TABLE 5.2 : CHANGES IN MAINLAND SPITS, 1982

SUMMARY OF SlJf(l,IEY DATA .. HAINLANI) SP Il'S
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FIGURE 5.1 : SHORELINE CHANGE HISTOGRAM, MAINLAND SPITS ,1982
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addition, five transects experienced negligible change (less

than two feet of measured change) that averaged 0.9 feet of

erosion.

By combining the results of the data measured for the

north and south shores of the surveyed spits, a histogram

can be developed to show the changes in total spit width.

As shown in Figure 5.1(C), the two spit transects that

narrowed had an average loss of 4.5 feet. For the fl-ve

spits that widened, the average accretion was 7.0 feet,

while four spits showed negligible change. For all the

coastal spits, the average change was 1.9 feet of accretion.

While the results show that the mainl-and spits of the

study region experienced both erosion and accretion during

the recent summer, spit widening appears to be dominant at

this time. It is qUite clear that the south sides of main­

land spits were quite static. Because wave overtopping is

the major mechanism of shoreline change on the back side of

the spits, this lack of southern shoreline change implies

that very few, if any, spits were overtopped by waves during

periods of high water level this past summer.

5~1.3 Low Mainland Shore

Twenty-four transects remain on the mainland coast when

cne eliminates the previously discussed coastal bluffs and

spits. Table 5.3 lists the survey specifics of these 10w­

lying profiles. A histogram illustrating the range of

:shoreline changes is presented as Figure 5.2. The data

shows that the majority (71~) of the transects of this group

exhibited negligible shoreline change Which emphasizes the

stability that has been recently observed. Six of the 24

transects experienced erosion, averaging -3.9 feet. The
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FIGURE 5.2 : SHORELINE CHANGE HISTOGRAM, LOW MAINLAND SHORE. 1982
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only significant accretion measured was +4.0 feet at Tran­

sect #13, located on Pt. Hopson. The overall average change

in these 24 transects was erosion of -1.0 foot.

The most recent findings underscore the generally held

view that the mainland shore is relatively stable. Although

there were several transects that experienced large

shoreline fluctuations, the majority showed changes of less

than two feet, implying general overall stability.

Figure 5.3 shoW's the change in shore position for all

the mainland shore transects, represented by Monuments #1 ­

38 (Ref. Figure 4.6). The areas of maximum accretion are at

Transects #3 (a gravel spit), n (Pt. Hopson), and #25 (Pt.

Thomson). All of these transects are located on sand spits,

the latter two at the terminal ends of spits where sediment

accumulation would be expected.

The sites of major erosion are Transects 112, 20, and

27. Both Transects #20 and 4127 are located to the south of

Mary Sachs Entrance, the only area within the study region

that is not protected from northeast wave action by the off­

shore islands. With the exception of Transect #25 (an area

of deposition at the end of Pt. Thomson), the reach of coast

that is opposite Mary Sachs Entrance (Transects 118-28) ex­

pe~ienced predominant erosion. This region of shore, by

virtue of the lack of offshore island protection, is subject

to the highest degree of easterly wave impact in the

mainland portion of the stUdy area.

The lOW-lying mainland shore is classified as a

"chenier" beach formation, in which the sand and gravel

beach sediments exist as a thin lens above a dense tundra

foundation (King, 1961). During periods of strong westerly
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winds, the water level rises, allowing the waves to push the

beach sediments further and higher on the tundra base. In

many areas of the mainland shore where beach sediments are

sparse, the tundra has been exposed by wave energy at the

existing water line, as shown in Photo 5. At other coastal

transects exhibiting a larger beach volume, a steep storm

scarp eXists which was formed in the chenier beach during a

period of high wave actiVity. Photo 6, taken near Tr-ansect

136, is an example of a typical wave-generated scarp.

Trenching of the mainland beach sediments was found to

expose the tundra foundation at depth, as shown in Photo 7.

Successive trenching along a profile allowed estimation of

the beach sediment volume.

At Transect 1118, the total volume of beach sediment was

computed to be seven cubic yards per lineal foot of

shoreline, as shown in Figure 5.4. This small volume of

beach sediment is typical of the chenier beach environment

within the study area and renders this formation highly

sensitive to disruption in the supply of littoral drift.

At most of the surveyed transects, the mainland beach

sediments extend offshore for a very short distnce. No sand

bars exist along the mainland shore due to the sparseness of

the necessary sediments. In the shallow nearshore, at the

toe of the chenier beach, eroding tundra forms a highly

organic, dense mud. The dense, vegetative matric that com­

prises the tundra resists erosion from the rather low,

ambient wave energy. This results in the rather stable

condition of the mainland shore that was documented pre­

viously.
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PHOTO 7 VERTICAL TRENCH SHOWING SEDIMENT DISTRIBUTION
OYER TUNDRA BASE
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The distinct and sudden boundary between the beach

sediments and the underlying tundra at the back of the beach

is quite dramatic. Photo 8 illustrates the complete and

well-defined coverage of the beach veneer over the tundra

base. It is believed that this is due to the stability of

the sediments at this elevation which are subject to waves

and currents only during the rare, extreme storm events.

During the interim calm weather periods, the vegetation

existing on the tundra can flourish, thus, creating the very

stable and distinct interface that is evident in the photo.

An aeri.al ph.oto taken above the Pt. Thomson spit and

adjacent shore is shown in Figure 5.5. The chenier beach

that exists atop the mainland tundra appears as a sinuous

whi te line near the land-water interface. Along the coast

shown in this photo, the chenier beach is located slightly

inshore of the tundra shore, implying that the beach

sediments in this sheltered area are active only during

times of major storm wave activity.

5.2 Areas of Significant Shoreline Change

The most active shoreline areas in the study zone are

the bluffs of Flaxman Island and along the low-lying barrier

islands. These two zones are related in that the eroding

bluffs of Flaxman Island serve as the source of the sedi­

ments that nourish the down-drift barrier islands.

5.2.1 Flaxman Island Bluffs

.. Flaxman Island has been noted to experience a high­

level of bluff erosion dating back to the reports of the

earliest explorers of the region. The high, flat island

form is shown in Photo 9, taken in early July, 1982. The
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PHOTO 8. VIEW OF THE BACK OF MAINLAND 'CHENIER"
BE CH SHOWINO DISTINCT SEPARATION BE­
T'EEN EACH AND TUNDRA
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FIGURE 5.5 : AERIAL VIEW OF CHENIER BEACH
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eroding bluff along the northern shore is shown in Photo 10

to be in contact with a protective ice foot at the blufr

base. Ontil this ice foot melts or is dislodged, incoming

wave energy cannot affect the stability of the bluff. A

second view of the eroding bluff (Photo 11) shows a thick

ice wedge that exists below the surface veneer of tundra.

Also noteworthy is the ~ariability of eroded sediment size,

as illustrated by the large boulder that is on the verge of

falling out of the bluff face. The unusual lithology of the

Flaxman Island formation has been described previously in

Sec t i on 2 .. 1.

The northern bluffs of Flaxman Island are characterized

by the massive blocks of tundra that are slumping downslope.

Unlike beach erosion that can progress in small increments,

much of the bluff erosion witnessed on Flaxman Island

occurred in large sections measuring approximately fifty

feet in length and 10-20 feet in. the offshore direction ..

Photo 12· illustrates an example of an eroded bluff portion

of this size. This eroded block of tundra may serve to pro­

tect and insulate the remaining bluff face, thereby slowing

the future bluff erosion at this location until the block

erodes.

Table 5.4 documents the changes noted between surveys

at the transects located on the high Flaxman Island bluffs ..

Disregarding the transect having southwesterly wave exposure

(Transect 145), the bluff recession averaged 10.7 feet

during the July~September comparison period.

A comparison of the Flaxman Island shoreline of 1982

with that of 1955 (from the NOAA chart) can be used to

determine the expected annual volume of the material eroded

from the northern bluff.. In Figure 5 .. 6, the change in bluff
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PHOTO 9. AERIAL VIEW, EAST END OF FLAXMAN
ISLAND

PHOTO 1D. AERIAL VIEW OF ERODING NORTHERN BLUFF.
FL XMAN ISLA:m. JULY, 1982. NOTE ICE
ATTACHED TO BLUFF TOE
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PHOTO 11. ERODING BLUFF ON FLAXMAN ISLAND SHOWING
UNDERLYING ICE LENS AND LARGE BOULDER

PHOTO 12. TYPICAL BLUFF EROSION, NORTHERN SHORE
OF FLAXMAN ISLAND
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position for the two surveys is shown. Erosion of the

northern bluff has averaged 12 feet/year during the 32-year

period of comparison, however, the magnitude of the erosion

measured in any given year could vary considerably from this

figure. The relatively higher erosion rates experienced on

the bluffs are in contrast to the lower rates seen on the

adjoining beaches to tpe west. Given the historical

measurement of bluff retreat (Figure 5.6) and knowing bluff

elevations as measured by the recent survey, an average

annual eroded bluff volume of 70,000 cubic yards has been

computed.

Because a large portion of the bluff that erodes is

ice, or fine-grained silts and clays that do not remain in

the beach zone, the gross eroded volume must be reduced to

determine the volume of sands and gravels derived from the

bluff that add to the downcoast beach volume. Estimating a

total sand and gravel content of 20% for the eroding bluff

material, the net volume is reduced to 15,000 cubic yards of

beach sediments annually. By virtue of this sediment

contribution, Flaxman Island can be considered to be a

sacrificial source of beach material which maintains the

barrier island chain located directly downdrift.

The on-going bluff erosion has greatly diminished the

size of Flaxman Island over the past 150 years. Future

e~oslon, if unchanged from the rates of the recent past,

will lead to total breaching of the bluffed portion of the

island within the next 100 to 200 years. As this source of

bar~ier island sediments diminishes, the islands will dimi­

nish in size and volume. While this could be a slow pro­

cess, the persistent ice and wave forces will lead
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invariably to reduction of barrier island size as the source

of nourishment grows smaller.

5.2.2 Barrier Islands

Since 1955, the barrier islands have experienced a high

degree of change in both ·shape and location. These islands

show a degree of instability that, along with the Flaxman

bluffs, yields the highest rates of coastal change 1n the

study area. During the, recent summer, erosion predominated

along the shores of the barrier islands, as evidenced by the

data presented in Table 5.5 and Figure 5.7. The changes

associated with the positions of the southern shores are

shown in Figure 5.1(A). Of the twenty-five island tran­

sects, ten experienced negligible movement of the southern

shore. An equal number of the southern transects eroded

(averaging -4.8 feet) while the remaining five transects ex­

perienced accretion to the south (average accretion = +5.3

feet). The average change of all of the southern transects

was erosion of 0.9 feet.

The general trend of erosion identified on the south

shore of the barrier islands intensified on the northern
shore. This was expected due to the greater exposure to

wave and ice forces on the north sides of the islands.

Figure 5.7(B) sbows that shoreline changes experienced on

the north shores varied from nine feet of accretion to

nearly 25 feet of erosion. At ten of the 25 north

tra.psects, erosion occurred (average loss = 11.0 feet),

while at nine locations, northern shore accreted (average

growth = +5.7 feet). At six sites, negligible change

occurred. For all the northern transects, the average

change was erosion of 2.4 feet.
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Combining the results of the north and south shore

changes, the total changes in island width at each transect

can be presented in Figure 5.7(C). As one would expect from

the data presented previously, the predominant trend during

the recent survey period was one of diminishing island

width. Only four of the twenty-five island transects

experienced negligible change. Eleven experienced erosion

(average loss in width:: T2.8 feet) while ten transects in­

creased in width (average gain:: 5.9 feet). The average

change in island width for all transects was erosion of 3 .. 3

feet.

While it is difficult to attribute a great deal of sig­

nificance to shoreline comparisons that span only a six week

period, the high degree of shoreline fluctuation on the

barrier islands as wel~ as the general trend towards erosion

is consistent with previous investigators (Wiseman, et a1.,--
1973) •

Figure 5.8 summarizes the recent changes in shoreline

position associated with the entire barrier island chain

under study, bounded by the east end of the Flaxman Island

spit (Transect 142) and the west end of Alaska Island

(Transect U67). On the northern shores, moderate accretion

(4-10 feet) occurred at four distinct areas of the central

portions of each of the island complexes. Erosion of large

magnitUde (15-25 feet) occurred near the center of Mary

Sachs and Alaska Islands, and on the west end of Duchess

Island ..

'Along the southern shore, less dramatic changes

occurred. Erosion appears to dominate the south shore of

Mary Sachs Island. On Duchess-North Star Island, virtually

83



FLAXMAN
I. SPIT I

BARRIER ISLANPS

ii

iil.~i

SOUTH SHORE

NORTH SHORE

DUOHESS -
!-ALASKA IS.-l It--'--NORTH STAR--·I I- MARY SACHS IS.-I

ISLANDS

10
8
8
4

~
~ 2G
.! 0-W -2

" -4
:z
« -8
:I: -80
W -10
~ -12..J
W -14a:
0 -18
:I: -18<II

-20
-22

., -24...
-28

10 ,
W 8

" 8:z
« 4:I:
o~ 2
~

WG 0:zG-- -2..J-
W -4a:
0 -8
:I:
<II -8

-10

87 85 81 80 55 53 52 50 48 44 42

MONUMENT NUMBERS

FIGURE 5.8 ; BARRIER ISLAND SHORELINE CHANGES. 1982



•'i

no changes have occurred along the central island s~uth

shore. On Alaska Island, the south shore fluctuates between

mild erosion and accretion.

It is significant to nate in Figure 5.8 that the ends

of islands adjacent to major inlets are showing a recent

erosional trend.. The trend towards island erosion at these

inlets is caused by a numo·et'" of factors which include high

speed currents generated by tides _and meteorological events

and a high degree of wave-induced sediment transport. The

sediments that migrate off the island end and into the

inlets cannot be recovered in total When the wind and wave

conditions reverse ..

The very small inlet that has formed between Flaxman

and Mary Sachs Islands has not caused e~osion on the adjoin­

ing island ends (see Figu~e 5.8). This na~row, shallow

feature is relatively protected and may be subject to pre­

dominant sediment deposition at the present time.

During the summer surveys, major changes were observed

at several survey transects along the barrier island chain.

Photo 13 shows a view of Monument 161, located just east of

the Alaska Island exploration pad, at the time of the

initial survey target on July 25, 1982. Following a strong

westerly storm on the following day, the target was observed

to be partially buried by sand that had been transported

onto the target during the storm (Photo 14)." At the time of

the September survey, the target had been buried to an even

greater extent, as shown in Photo 15, by a subsequent

westerly storm event or events. The depth of total burial

was about six inches, as shown in the plot of comparative

surveys, Figure 5.9. During the July-September period, the

sediment that buried the target was apparentl~ derived from
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PHOTO 13. TRANSECT '61, EAST END OF ALASKA ISLAND,
JULY 25, 1982. SOHIO'S EXPLORATION PAD
IS SEEN IN THE BACKGROUND

PHOTO 1~. AERI L VIE. SHO'ING PARTIAL BURIAL OF
TARGET AT TRANSECT '61 I~~EDIATELY

FOLLO.ING .ESTERLY STORM OF JULY 26, 1982
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PHOTO 15. TARGST BURIAL AT TRANSECT 161,
SEPTEMBER 11, 1982

•

;,- .....-
- -- -. -'_._.--- - -

PHOTO 16. PARTIAL TARGET BU~IAL CAUSED BY .ESTERLY
STORM EVSNTS AT TR;NSECT 153. EAST E~D OF
NO..TH STAR ISLAND. SEPTEMBER 11. 1982

87



TRANSECT * 61
+--+ 7-25-02J SHL- 21.0 fT

*··· .. *9-7-92 I SWL--1.6 FT

3

2

HP

HNT

(Nort.h ShDra)

' .. .1\

*.

~f '. it.. . .

EROSION

OF 5.5 FT

. .--1----1...

'--'- JULY SWL --'--'--'\'\,r'k-:-:-'--'--'--'--'--'--'-
..

.
.If

EROSION

OF 9.9 FT

....* * .
--'--'-'--'-'-'--'-'-'- SEPT SHL

I

-1

~....
u
u...
~

m Zm
0
H
l-
n:
>w
..J
W

-2

-3

r,--,--"---,---"--,--...,,,.--,---,-,--.---,,........,..--,,--,---,-,--,--,-,--'--"--.--'-1--,--...",--,--..."
-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70

STATION (feet)

FIGURE 5.9": BARRIER ISLAND EROSION AND DEPOSITION, TRANSECT +61



erosion of the southern shore. The deposition of the eroded

sediment on the island surface occurred during periods of

wind-induced storm surge caused by westerly storm events.

A similar depositional event occurred on North Star

Island at Monument ~53, as shown in Photo 16. A layer of

sediment (10 inches thick) is seen to overlie the target at

this location. These two cases of major sediment deposition

atop the island surface occurred at sites of similar

exposure to westerly storm events. Monument 461 is located

on the southwest-facing shore of Alaska Island, while Monu­

ment 153 has the identical orientation on the east end of

North Star Island.

5.3 Island Migration Trends

Changes in the overall form and location of the low­

lying barrier islands are occurring constantly. The results

of the 1982 survey allows the long-term comparison of island

configuration within the Maguire group shown in Figure 5.10.

The major observations of note are the changes of location

and form of the various inlets, the dynamic nature that is

evident at the island ends adjacent to these inlets, and the

general westward movement of the islandse

In 1955, Flaxman Island and Mary Sachs Island were

connected by a thin strip of sedimente Today, a narrow,

shoal inlet exists, as illustrated in Photo 17. The very

shallow nature of this inlet, in addition to the sediment

accumulation that is active here (See Figure 5.8), indicates

that this inlet may be in the process of filling, thereby

connecting the two islands once again.
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PHOTO 17. OVERHEAD VIEW OP INLET RECENTLY FORMED
BETWEEN FLAXMAN ND MARY SACHS ISLANDS.
INLET IS 750 PEET WIDE AND TWO TO FOUR
FEET DEEP
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A major island breach existed in 1955 between North

Star and Duchess Islands. On the NOAA chart, an inlet depth
of seven feet was measured in 1950. At the present time,

the inlet has been filled and a continuous island exists in

this area, located just west of the North Star exploration

pact. A photographic comparison has been achieved by presen­
ting a 1982 survey photo and one collected by Dr. Andrew

Short in 1972. In Photo 18, a ~iew of the inlet between
Duchess and North Star Island is shown in 1972. Breaking

waves can be seen with in the inlet: In July, 1982, Photo 19

was taken from approximately the same location showing a

thin sediment strip that presently exists over the former
inlet.

Also evident in these photos is the location of Exxon's

North Star drilling pad relative to the site of the inlet,

and the similar shape of the island shoreline in both 1972

and at the present. The recent filling of the inlet, docu­

mented in these photographs, is a process that is common to

barrier island environments.

Figure 5.11 shows a conceptual view of inlet formation

and filling. A large storm event can cause the initial

breach formation which is followed by initial inlet deepen­

ing by tidal currents (Stage 1). With time, however, the

persistent easterly wind and waves transport sediment in a

westward direction, thereby reconnecting the two island seg­

ments with a thin strip of sand and gravel (Stage 2). As

this sediment body continues to be nourished by the updrift

sediment supply, the filling of the inlet proceeds (Stage

3). This total process can occur within a span of several

years, as witnessed during the 1919-1981 period on No Name

Island (Gadd, llll" 1982) •
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PHOTO 18. AERIAL VIEW OP INLET BETWEEN NORTH STAR
AND DUCHESS ISLAND, AUGUST, 1972
(SOURCg: DR. ANDREW SHORT)

PHOTO 19. VIE_ OP PILLED INLET THAT NOW CONNECTS
DUCHESS AND NORTH STAR ISLANDS, JULY,
1982. EXXON'S NORTH STAR DRILLING P D
IS SEEN IN THE BACKGROUND
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STORM OPENS BREACH

STAGE 2

BEFORE BREACH FORMATION

FILLING OF EMBAYMENT BY
PERSISTANT SAND TRANSPORT

ALONGSHORE SAND TRANSPORT
CLOSES BREACH
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FIGURE 5.11 BARRIER ISLAND INLET FORMATION
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Another historical photo comparison is shown in Figure

5.12, illustrating the changes that have occurred at the

DUchess-North Star complex since 1950. In the bottom photo,

showing the present condition, three coastal features are

noted. Feature "An is a large lobe of sediment that was

once the western end of Duchess Island, as seen in 1950.

The growth of the sand s~it towards the west in the past 32

years has advanced the west end of the island a total of

4500 feet, an average annual rate of 140 feet/year.

The second feature noted on the 1982 photo, designated

"Bn, is the site of the former inlet that separated North

Star and Duchess Islands. Exxon's North Star exploratiGD

pad is located just east of this location. Sand spits and

striations are seen in the 1982 photo on the south side of

the island at the former inlet location, implying that this

area is still subject to wave overtopping during periods of

high water levels. The comparative photos of the inlet

(Photos 17 and 18) show that the inlet filled within the

past 10 years, although it is seen in Figure 5.12 that the

width of the inlet was continuously decreasing during the

1950-1955 period.

The feature designated "C n in the photo is a broad ex­

panse of sediment that is now diminished from the size it

exhibited in the 1950's. In the 1950 and 1955 photos, the

intricate structure of this feature remained relatively un­

changed, as did the structure of feature "A" during the

1950-1982 period •

.
Both of these features (A and C) are former western

island ends which have been isolated from the active

northern shore by continual sediment accretion and the re­

sulting island widening at these locations~ The continual
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TABLE 5.6

westward sediment transport which predominates here has
elongated the island to the west, thereby preserving these

features on the southern shores of the islands.

EAST ENDWEST END

PT. THOHSOII PROJECT

ISLAIID MIGRATION RATES, 1955-1982

ISLAND

Challenge 42 ft/year (west) 39 ft/year (east)
Alaska 68 ft/year (west) 90 ft/year (southeast)
Duchess 96 ft/year (southeast) -----
North Star ----- 151 ft/year (south)
Mary Sachs 83 ft/year (southwest) -----

AVERAGE, 72 ft/year 93 ft/year

The long-term rates of island migration between 1955
and 1982 have been measured and are presented in Table 5.6.

The exact locations of the island ends were determined in

July using the helicopter-borne electronic navigation
system. These survey methods were described previously in

Section 3.1 for the determination of the individual transect

locations. The position of the island ends were r~duced to
latitude/longitude for direct comparison with the charted

positions of 1955 which are documented on NOAA chart #160~5.

The average rate of westward island migration during this
period was 72 feet/year which agrees very well with the data
derived by Wiseman, et a1., (1973) for the 1908-1955 period.
The expected westerly island migration is noted ·on the ends



of Challenge, Duchess and Mary Sachs Islands. Interesting­

ly, eastward movement of sediment which caused migration of

the eastward island ends at an average rate of 93 feet/year,

was noted on North Star and Alaska Island. The growth

observed on these eastern island ends over the past 30 years

is due to infrequent westerly storm events and to sediment

transport reversals induced by local wave refraction

effects.

5.4 Sediment Characteristics

During the field investigation, sediment samples were

collected at numerous transect sites. During the July field

trip, 40 sediment samples were taken, while 67 samples (one

at each transect location) were collected during the Septem­

ber field trip.

Initially, it was believed that a size distribution

analysis should be performed to quantify the sediment

characteristics at each transect location. Close examina­

tion in the field, however, showed a high degree of varia­

bility of beach sedim'ents along each transect. Thus, the

choice of a "typical" sediment sample, intended to represent

the sediments at a particular location, was not possible.

For this reason, laboratory analysis to determine the pre­

cise sediment size distribution has been judged to be a

meaningless exercise.

To document the sediment samples, photographs were
"

taken and a visual description was provided in written form.

The descriptions are included in the Appendix to tnis re­

port. The photos of each sample (in 35 mm slide form) and
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the sediment samples themselves have been forwarded to Exxon

Company U.S.A., Production Department, Western Division, Los

Angeles.

5.5 Predicted Coastal Changes

Based on the results of this study, general comments

can be made concerning the future coastal changes that are

expected during the next 50 years within the project study

area. A summary of the anticipated changes is presented be­

low for each of the major coastal environments in the Pt.

Thomson region.

Mainland Shore: With the exception of the receding

coastal bluffs, the mainland shore is expected to retain .1 ts

relative long-term stability. While shoreline fluctuations

have been noted in this area during the recent summer survey

period, long-term comparisons show that the general trend is

for mild coastal changes to occur.

Flaxman Island: The high rate of bluff recession

(averaging 12 feet/year) along the northern shore of Flaxman

Island is expected to continue. The on-going erosion along

these bluffs has been noted by various observers dating back

to the early 1800's. Based on bluff recession comparisons,

it appears that the erosion measured this past summer is

consistent with that determined for the 1950-1982 period.

Assuming that the present bluff recession rate continues,

the erosion of the main body of Flaxman Island will be com­

plete within 100 to 200 years~

Barrier Islands: The barrier islands of the study area

will continue to fluctuate in form and location in response

to the environmental forces of this region. It is difficult
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to predict specific changes as these fragile sedimentary

structures can undergo significant modification in response

to very brief storm events. In general, one can expect

continued westward migration of the islands at an average

annual rate of 70-80 feet/year. Also, southward recession

of the island's northern shore at a rate of from 3 -10

feet/year is expected to continue.

The inlets which exist along the barrier islands are

highly dynamic. Small inlets can form during a major storm

event and can proceed to widen in response to current flow

and wave attack, or these inlets can be filled by persistent

sediment transport processes. As a result, the ends of the

islands adjacent to these inlet are also highly dynamic.

The eventual loss of Flaxman Island as the primary

sediment source will lead, in the next few hundred years, to

a dramatic reduction in barrier island size.

5.6 Island/Coastal Inundation Potential

The potential for coastal and island flooding to occur

exists throughout the study area during westerly storm

periods when water levels rise in response to winds and

waveS4 The damage associated with such events is related to

the magnitude of both the storm su~ge and the incoming

waves.

Due to low elevations, particular areas of the study

region are quite susceptible to flooding during such events.

For all the surveyed transects, four categories (the main­

land bluffs, the non-bluff mainland, the Flaxman Island

blUff, and the barrier islands) have been chosen to repre-
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sent the characteristic coastal elevations that exist within
the study area. The average elevation associated with each
category is listed in Table 5.7.

TABLE 5.7

COASTAL ELEVATIONS
PT. THOMSON STUDY AREA

CLASSIFICATION NUMBER OF AVERAGE MAXIMUM STANDARD
SURVEYED TRANSECT ELEVATION DEVIATION
MONUMENTS

Mainland BlUffs 3 11. 75 Ft 4.59 Ft

Non-Bluff Main-
land Sites 35 3.85 , • 14

Flaxman Blurrs 4 , 3.77 5.60

Barrier Islands 25 2.79 0.88

It is apparent that the high bluff's on Flaxman Island
and at several mainland locations of'f'er the only protection

f'rom flooding within the study area. The low-lying mainland
coast (mean elevation < 4') and the barrier islands (mean,
elevation < 3 1 ) are subject to flooding dUI"'ing even moderate

storm surge episodes.
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Based on the storm surge investigation conducted by

Reimnitz and Maurer (1978), it is believed that these debris

line-a 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

The expected storm surge potential in the study area

cannot be easily identified without conducting an extreme

event analysis incorporating weather hindcasting 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). Two of the debris lines were surveyed during the

course of this study (near Monuments #19 and 122). The

results of the surveys are presented in Table 5.8.

6.01 '

5. 19 '

Total Storm

Surge Elevation

1 '

1 '

Draft Of

Debris

4.19 '

5.01

TABLE 5.8
DEBRIS LIRE SURVEY

Debris

Elevation*

360

270'19

22

*Relative to waterline of July survey.

Transect Distance

Inshore



water level elevations can be undertaken through numerical

modeling methods to gain more site-specific information in

other ar.eas of interest wi thin the study region.

Exxon is currently a participant in a numerical

modeling study of oceanographic conditions along the entire

Beaufort Sea coast which ~s being conducted by Ocean weather,

Inc., of White Plains, New York. This model, which uses

historical weather hindcasting techniques, will determine

extreme wave height and storm surge predictions over a

coarse 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 communication).

•
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6. ENGINEERING ASSESSMENT

6~1 Existing Facilities

TABLE 6.1. PT. THOMSON AREA EXPLORATION FACILITIES

Various exploration facilities have previously been
constructed wi thin the Pt. Thomson 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.

••c.:­
.":;-

~.~
,;;;
if.
~,
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Structure

Pt. Thomson Pad,

Well #3

Location Date of Construction

Mainland Shore, 1978

Base of Pt.
Thomson

Flaxman Island

Pad

North Star Pad

Alaska Island

Pad

West End, Mary

Sachs Island

Central Portion,

North Star­

Duchess Island
Complex

East End, Alaska
Island
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Winter, 1980-81

Winter, 1980-81

Winter. 1980-81
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A brief description of each of these structure 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 a plateau near the base of

Pt. 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 BOO') and layout of the drilling facility is

presented in Photo 20. The gravel pad was built to

an elevation of about 10 feet above sea level with a

portion 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 ea.ly map (1910-1914), the sand spit

and the small tslet in the interior lagoon shown

abov.e the pad in the photo have similar

configurations 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 '9BO-B'~ The "Flaxman

Island" designation is actually a misnomer, as the

pad is 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 impact (Galloway, ~ al., 1982).

The sheet pile has been driven to a depth of 20 feet

below the natural island surface and the enclosed

interior bas 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. Inspection of

·the northern sheet pile wall showed that previous

wave impact had not damaged the wall or eroded the

foundation of the sheet pile. Photo 22 shows a view

of the northern wall of the drilling pad•

o North Star Island Pad: This structure, constructed

by Exxon during the winter of 1980-81, is si tuated

on a wide section of the North Star-Duchess Island

complex. The pad lies just east of the location of

the former inlet that was mapped between Duchess and

North Star Island in 1955. At this time, the inlet

is closed thereby merging the former separate

islands into one continuous body.

The design of this sbeet pile enclosed drilling pad

is identical to that described previously for the
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PHOTO 20. PT. THOMSON DRILLING PAD, MAINLAND
SHORE

PHOTO 21. FLAXMAN ISLAND DRILLI~G PAD,
MARY SACHS ISLAND
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PHOTO 22. SHEET PILE WALL ON THE NORTH SIDE OF
FLAXMAN ISLAND DRILLING PAD SHOWING
THE CLOSE PROXIMITY OF THE WATERLINE

PHOTO 23. AERIAL VIEW OP THE NORTH STAR D"ILLING 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.

o 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.

3) 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, ~

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 VIE., ALASKA ISLA NO DRILLING PAD.
NOTE DISTANCE TO WHICH SOUTHERN PORTION
OF PAD EXTENDS INTO THE LAGOON

PHOTO 25. AERVL VIEW SHO.ING ALASKA ISL~!ID AND
~,ORTH STAR ISL ND ADS.
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2) A recurved, modular concrete seawall placed along

100 teet 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 = 12008) 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.

o Coastal Transoortation 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 116, 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 Sl.OPE PROTECTION SYSTEMS ON
Al.ASKA ISl.AND DRIl.l.ING PAD.

PHOTO 27. ROl.l.AGON TRACKS ON THE SURfACE Of THE
HAH;l.AND COAST Il.l.USTRATE THE UTIl.ITY OP
NATURAL CHENIER BE'CH AS TR~NSPORT TION
ROUTE
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6.2 Engineering Implications of Coastal Processes

The coastal processes that are active in the Arctic

environment will playa role in the engineering design

solutions that will be developed to support oil development

wi thin 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 future4

The various coastal processes that exist along the

Arctic coast have been identified by Short (1973). A r'ela­

tionship has been developed between the frequency of coastal

events and the volume of coastal sediments that these events
displace, as shown in Figure 6.1. Based an this data, a

relationship exists between the period of 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 collected at locations substantially west of the Pt.
Thomson area (Pingok Island, Barrow, Pt. Lay), the general
conclusions are believed to be representative of the entire

Arctic coast.

This information identifies the coastal events which
will affect future structures to include minor storm events
that may occur frequently during a typical summer seasoD,
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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 magnitude.

G1 ven this general background, the major coastal pro­

cesses or events which will have an impact on future facili­

ties design in the Pt. Thomson area are described below.

o Coastal Erosion

Erosion of the mainland coast and the offshore islands

is active at various locations within the study area. If

possible, this on-going ero~ion should not be controlled.

This natural process produces sand and gravel beach material
which will protect the adjacent coastline. If this supply

is diminished tbrough 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 "set_back" distances be respected so that new

facilities will be sited at a safe distaoce from the eroding
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 is important to note that an average
long-term rate of erosion" should not simply be extZ"apolated

to the future condition because long-teZ"m rates tend to
diminish the ultimate importanoe of the catastrophic short­

term storm events. For example, a long-term erosion rate
developed by chart comparisons spanning a thirty year period
may show an average value of five feet/year. Within this

, 16



.f:

period, however, severe storm events of major consequence

may have occurred separated by years of quiesence. It is

conceivable that a location having a long-term erosion rate

of 5 feet/year is capable of recording a single year in

which 25 feet of erosion occurs. To support this conten­

tion, Sonu, et ~ (1977) report that short-term erosion

rates may exceed long-term 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 nset-back" distances are given for various areas

of the study region. As future development plans become

more specific, 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

establishment of add! tional monumented profiles) for areas

of concern.

a Island Erosion/Migration

The provisions for coastal nset-back" guidelines should

be followed on the offshore islands as previously described

for the mainland shore. Unlike the bluff coast, however,

the low-lying barrier islands can both erode and accrete in

response to the fluctuations of sediment supply and the

enVironmental forces 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. Based 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 production facilities. As specified in

Section 6.3, the extreme ends of the islands are to be

avoided 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 to

an island location and protection to 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 wi thin

the surf zone, as shown in Photo 2B, thereby causing wave

ene~gy to be partially expended prior to arriving at the

shore. During colder weather periods, floating ice will

ground 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 island surface. An accurate knowledge of the offshore

bar locations should 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 BARRIER ISLAND

PHOTO 29. GROUNDED ICE F'AGHENTS 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 fJ27, 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.

While 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 127
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that measured in this experiment by two orders of magnitude

( ...... 100,000 cy/year). The discrepancy that exists is due to

the blockage of only a portion 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 clear that large-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 coastal erosion 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

a!"e occurr-ing along the coastline and island shores of the

study area. The long-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 10 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 obtained may be somewhat

anomalous, since the close proximity of the nearshore ice

field during the survey period may be atypical of tbe

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, coastal structures must

be set back from the existing shore some distance in order

to allow expected erosion to occur without 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 vicinity

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 coastal 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 resul ts of
the coas ta 1 survey ing tas ks per formed th i s summer (short-
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TABLE 6.2

COASTAL SET-BACK RECOMMENDATIONS
PT. THOMSON STUDY AREA

COASTAL SET-BACK
Area Exploration Production Structure

Structure (25 Year Design Life)
(3 Year Life)

Mainland Bluffs 50' Ft 200 Ft

Low Mainland Coast 50' 200

Fl axman Island Bluff 100' 300

Barr; er Islands 50' 250

*Exact facility location should be carefully chosen based on
localized conditions.
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term data). The potential for an episodic storm event

combined with the general high value of oil production

facilities yields a conservative set-back requirement.

As was mentioned in Section 6.2, short-term beach

cbange rates can exceed long-term rates by a factor of from

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 coastal 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 explor-ation structures, pr-oduction

facilities on barr-ier islands r-equire 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 chain, it is r-ecommended that production facil! ties

be bUilt in the shallow waters to the south of these
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islands. In this way, the structures can benefit from the

wave and ice protection afforded by the islands without im­

peding the natural dynamics of the island systems.

a Inundation Prevention

Due to the low-lying na ture 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 periods 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 overtopping 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.

a Erosion Prevention

A proper design of slope protection for any coastal

structure requires an analysis of the structure type,

profile, location, and env,ironmental 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
ELEVATIONS FEET (MLLW\

Area Type of Structure
Exploration Production

(3 Year Life) (25 Year Life)

Mainland1 Gravel Pad 5 - 8 B - 12

Flaxman Island1 Gravel Pad 5 - B B - 12

Barrier Islands Gravel Pad 7 - 10 10 _ 202

Lagoon Gravel Island 10 - 12 15 _ 202

1. If existing grade exceeds recommended eleYation~ pad can
be limited to foundation support considerations.

2. Depends on lacation t slope protection type and slope
cross-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 region 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 illustra-ted in Figure 6.5 ..

Zone 1: This zone is situated on the mainland shore

above the elevation of the historical high water line (+6 to

8 feet, MLLW) a. 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

slope 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 coastal 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

shol".t-li ved 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 be susceptible to inundation over the long life of

the structure. Figure 6.6(B) presents a conceptual drawing
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BLUFF
SET-BACK GRAVEL PAD

..
DEBRIS llN~

ZONE 1: HIGH ELEVATION MAINLANO SHORE

GRAVEL PAD .

ZONE 2: LOW ELEVATION MAINLAND SHORE

. .. .

AR"O:;R~,....__-:- ~"",\

A ,
..

1- BLUFF SET-BACK -I :.'.: ", :. :.. : .: '.: :. :-.: .: .'.:.:..

..
ZONE 3: FLAXMAN ISLAND BLUFF

FIGURE 6.6 : CONCEPTUAL PAD DESIGN, ZONES 1 - 3

133



..
•A.,
;,!:'

....-

:~-.

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 occurs along the

shores of this zone 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 exploroation facility (3-year design life). The

necessary elements of this design are shown in Figure

6.6(C).

Zone 4: Zone 4 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.

Previous experience is available for slope protection

alternatives on Arctic barrier islands. For a one-year

exploration pad on No Name Island, Amoco Production Company
constructed an unprotected, elevated gravel pad similar to

the previously decribed design for Zone 1 (Gadd, II ai,

1982). In the Pt. Thomson study area, Exxon has constructed
two steel sheet-pile enclosed structures to contain elevated

gravel pads. Also, Sohio has developed a gravel pad that
rests partially on the surface of Alaska Island. The slopes

of this pad lie on a IV:3H slope and are protected by gravel

bags having two cubic yard capacity. Further description of

these facilities has been 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 Figure

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 life of the structure. A set-back distance

from the north shore must be respected. Note that the

slope armor is buried at the structure toe to allow some

measure of protection against wave scou~.

The vertical-walled sheet pile alternative is also

illustrated as a potential pad design. It is recommended

that this option should be pursued only when the entire

structu~e can be contained on the island surface. If the

vertical walls p~oject into nearshore wate~sf incoming waves

can cause scour at the base of the wall the~eby weakening

the st~ucture. Fo~ this reason, toe protection is recom­

mended at the base of the wall, especially for structures

haVing a design life in excess of five years. This will

gua~d against scour du~ing storm periods that bring high

water levels and di~ect wave impact to the structure •

. The protected waters of Zone 4 require island

construction In water depths of f~om 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 ba~rier

islands.. For this alternative, the work surface elevation

135



NORTH SHORE COASTAL
SET-BACK

ARMOR

~ 0= ""::wJ&....'eq_:.".;.:,:.: 1 3 ' ..

A, GRAVEL PAD, BARRIER ISLAND SURFACE -

~ ..•. GRAVEL FILL

-
COASTAL

- SET-BACK -
I
I
I

/TEEL SHEET PIL~

,
, ,

I
I
I

SCOUR
I PROTECTION

'-----

~-

•,

o.

B. SHEET PILE ENCLOSED PAD, BARRIER ISLAND SURFACE

C. MAN-MADE GRAVEL ISLAND IN LEE OF BARRIER ISLAND

AGURE 6.7 : CONCEPTUAL PAD DESIGN FOR ZONE 4

136



"

,
c,

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 lee. 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 possi bili ty 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 oil or gas could be piped

onshore. As an example 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 135 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)

137



" .. --'" ..... .•...

J

"
"

,

--""'.
'.... "'" J2

~T:'~'$ \,,.
•
•,
•,·

"

..

. -. ' ..
--'"

'.... J2

"

'.'

G

'16'

" 38

'. '''. .. ...
"

".'.. " ......"

"

"

.J

"

.. ... '30'

JO

"
"

26 JJ

•
28 '\ 34

. ;.30'.
\. '.. '

"
"

,,3D

"
JO

,

"

"

"

"
"

....."

"

••,
M

•

•

•

27

•

,

••.•..l.....

,

M

•

•

•

•

"

,

,

•

,

9

9

"

•
,

,, ,~....,,'.....~..
'1 ...'R......... 6.... ....,.

...•~..•.•"••.J 1 1 ~

1 8 8 ..... ,...•~.....

FIGURE 8,8 :PROPOSED CAUSEWAY LOCATION



(.

~:-.'- -

over a fairly constant water depth of 8 feet. This site was

chosen in order to minimize total causeway length, to avoid

the Staines River delta and the additional structures

(bridges) required in that region, and to take advantage of

the shelter provided by Flaxman Island.

o Design

The causeway has been envisioned to be a solid, rubble­

mound structure composed 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

understood in the Flaxman Island lagoon area. For this

reason, the erosion control of the causeway is difficult to

specify. Three plans are presented in Figure 6.9 that will

encompass a range of general slope protection possibilities.

The first option is an unprotected gravel fill struc­

ture having a trapezoidal cross-section. The side slopes

would be fairly mild, ranging from perhaps lv:5H to lv:l0H.

The mild slope would dissipate wave run-up and would allow

the incoming wave energy to redistribute the gravel to a

more stable configuration. Periodic maintenance would be

required to replenish those areas where erosion is predomi­

nanta

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 erosion,

thereby simplifying subsequent maintenance activities. The

slopes of 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 outer 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 be appropriate for a causeway

having a 20-30 year desig~ life. This design requires armor

to be placed over a composite slope which will include 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 recommended 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

requir-e moroe gravel initially due to the mild side slopes,

however, lack of any structural protect-ion 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 pr-otection

varies along the causeway length, it is conceivable that the

slope protection will vary accordingly. Monitoring efforts

141



conduc ted subsequent

required to ensure

protection.

o Impacts

to the causeway installation would be

the adequacy of the causeway slope
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The construction of .a solid 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

lagoonal circulation and the retardation of the nearshore

coastal 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 Quali tv: A solid causeway will act as a

barrier to the natural circulation that occurs within the

lagoon. 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 persistent easterly Wind. In addi tion, the

causeway would restrict the natural migration of fish along

the coast.

To decrease the impact of the changes in water

quality created by the causeway, it is 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 to 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.

measurable effect on the sediment transport that occurs

along the adjacent coastline. The structure will prevent

the natural passage of sediments along the coast and lower

the potential for nearshore 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.

,

.
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Coastal Processes: The causeway will have a

•

The altered deposition and erosion patterns adjacent to

the causeway will 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 to plan to implement mitigative actions as they
are required based on repeated observations of the coastal

changes that oocur. 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 tbe recent field investigation

sbow 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 cr-i tically importnt to differentiate

between the natural and the structure-induced coastal

changes. This is best determined through annual surveys of

shore configuration pr~or 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 coastal currents in the vicinity

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 likely be swift enough to erode the seabed sediments,

creating patterns of scour and deposition in addition to

high levels of localized turbidity. To protect against these

effects, structural scou~ protection can be placed on the

seabed at locations which are deemed app~opriate based on

the reSUlts of a computer-generated scour model. This

st~uctural protection will eliminate local erosion and depo­

sition related to accelerated flows through the causeway

breach as well as decrease the turbid! ty that results from

these flows.
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7. 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 a 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. In con­

trast, the shores of the mainland in 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 oil exploration and production facilities with­

in the Pt. Thomson study area. For all proposed facilities,

however, the dynamic nature of the coastal 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.

145



,,;

.'-
,-'

-f:'

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 impoundment of nearshore sediments.

Both effects are rela ted 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 to allow coastal waters to pass freely through the

structure. Also, impounded sediment at the shore can be

physically transported to sites where beach depletion has

occurred.

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 shore of Flaxman

Island will proceed during this time, delivering approxi­

mately 15,000 cubic 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 barrier

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 topics 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 moni taring program of the 61

coastal transects established during the recent summer.

Only through the yearly monitoring of these sites can

fluctuations in the erosion or accretion at specific areas

be quantified accurately. The information gained during the
relatively quiescent summer months of 1982 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, a 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:

a 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 system

is required for accu~ate comparisons to be made

with the 1982 survey data.

o Take aerial photos from the helicopter at high

altitude (5000-7000 feet) for oomparison 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.

o Prior to taking the aerial 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, and the

appropriat~ 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 rational support of the development deci­

sions that must be made. In add! tion, histoI"ical 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 dynamic. 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 Island Migration/Inlet Dynamics Study

The dynamics of the barrier islands of the study area

are understood in a general way. The islands migrate slOWly

westward under the influence of the persistent easterly

winds. In time, the shapes of the islands change as they

respond to the environmental forces acting on them. As

inlets form and then fill, the characteristics 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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o 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 a~ inlet

making coincident observations of a variety of

color-coded drogues to determine position and

velocity as they pass through the inlet.

o 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.

a 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

recovered at a future location. In this way, rates

of sediment transport may be measured. Using this

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 erosion of the Flaxman

Island bluffs.

o 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 groins, placed at specific points of

interest, would assist in this effort. The groins

could best be built of the driftwood that exists

along the entire reach of. islands. Add i tional

weight to stabilize the groins could be provided by

sand bags. The groins should be monitored

periodically to 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 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 htghly fluctuating shor-t-term island

migration rate could be calculated and compared to

the long-term westward rate of migration documented

in this report.

".

8.3 Barrier Island Ice Ride-Up Potential

Ice ride-up occurs when on-shore ice movement collides

with the shoreline with enough force to allow the incursion

of the ice sbeet onto the surface of the shore.

It 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 be

exposed to ice over-ride, however, the bluffs which back

these beaches tend to 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, future 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. In

the belief that such occurrences are partially related to

the nearshore bathymetry, this study would attempt to

accurately define the nature of the nearshore bottom

profile. Particularly, the longshore sand bars that are

attached to the island at various locations may control, 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:

a 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

mODumented transect.

o Offshore Bathymetric Survey: Using a small boat 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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carr-ied to a distance of at lest 2000 feet north of

the island shore, or until the sea bottom shows no

bathymetric irregularities.

While the major onshore ice motion is expected on

the northern slope, ice incursion could also be

directed from the lagoon. For this reason,a

limited number of transects should also be surveyed

on the island's southern side to delineate any

notable sub-sea features.

a Historical Nearshore Bathymetric Comparison: To

allow comparison of the proposed survey with that

performed by the U.S. Coast 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 longshore 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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