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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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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.



,
"

-~

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.
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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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