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MEHORANDUM Date: February 25, 1983
Subject: Attached Back-up for SB 91

To: All Corrmittee Members
Senate Transportation Committee

From: H. Pappy Moss, Chairman
Senate Transportation Committee

Please find attached back-up material submitted by the City of Bethel for
SB 91.

We have requested a fiscal note from the Department of Coronunity Affairs;

however, it has not. yet arrived.

Please brlnp the attached report to the committee meetlng Tuesday since we

have limited copies available.
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MEMORANDUM Date: February 25, 1983
Subject: Attached Back-up for SB 91

To: All Committee Members
Senate Transportation Coirenitt00

From: H. Pappy Moss, Chairman
Senate Transportation Committ

Please find attached back-up material submitted by the City of Bethel for
SB 91.

We have requested a fiscal note from the Department of Community Affairs;

however, it has not yet arrived.

Please bring the attached report to the committee meeting Tuesday since we

have limited copies available.
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COMMITTEE" REPORT

FURTHER: FINANCE
1/31/783
Date
Mr. President:
The Committee on TRANSPORTATION has had. SENATE BILL NO.

Making special appropriations for payment as grants to the City of

Bethel and the City of Galena for riverbank stabilisation projects;
eff. date.

under consideration and (a majority of the committee) (the committee)
reports it back with the following recommendations:

[*J do pass . [ ] do not pass
[ 1 do pass with attached amendments(s)

[ 1 replace with CS for [

and recommends

[ 1 AND attaches a "Letter of Intent"” [ 1 New Fiscal Note
[ 1 reports it back without recommendation
[ 1] referred to the

Committee
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STATE OF ALASKA
PRELIMINARY STATEMENT OF FISCAL IMPACT

Bill No: 3B 91 Date on Bill: January 31, 1983
Title: ...Special Appropriation.._Bethel..._Galena for Riverbank Stabilization Projects
Sponsor:  Sackett
Requestor:
1. Estimated fiscal impacts on:

a. Expenditures:

(Thousands of Dollars)

FY 83 FY 84 FY 85 FY 86
Capital 15,000.0 0 0
Operating 3.0 4,0 4.0
Total 15,003.0 4.0 4.0
b. Revenues:
Revenue 0 | 0 0 1
2. Source of funds to offset fiscal impact of bill:

3. Asrumptions:

4. Disclaimer:
This statement has not been reviewed by the OMB in the Office of the Governor.

Prepared By: <f . . Phone: 465-2277

Division: nfirpctnr  pivision we admim Strative Sprvirps — Date: March 1, 1983
fy ~N o] /

Approved >y Commissioner.: n -1 Jate: March 1, 1983

Department: £/ .ct/¥>2

5. Distribution:

Original to Legislative Finance
Copy to Department

Copy to Sponsor

Copy to Requestor

2/8/83
7/0301-05/BDGSF1



POSITION PAPER
SO

Fiscal propriety demands that the State maintain project monitoring
capability to ensure that the grant funds are spent for the project, and are
managed according to Borough or Municipal fiscal procedures. Accordingly, a
minimal State operating budget impact will be felt with the passage of each
special appropriation under AS 37.05.315-37.05.319, such as this specific bill
proposes. I should point out at this time that local governments have*
recognized their similar responsibilities when awarding grants to local social
service providers,, etc. Municipalities charge an administrative overhead fee
of one to three point eight percent per grant. The Department of Administra—
tion requests that the specific grant appropriation language acknowledge a
State agency overhead factor of up to .5% (one half of one percent) as Depart—
ment of Administration operating costs for all special appropriations awarded
under AS 37.05.315.

The Department questions the historical practice promoted under .AS
37.05.315 and" wonders 1if the Department of Community and Regional Affairs
might be of better assistance to local governments through its Local Govern—
ment Assistance program. Whereas the Department of Administration functions
as a centralized control agency for all other Executive Branch agencies, the
Department of Community and Regional Affairs is specifically charged with the

responsibility of assisting local government in maximizing services to citizens.

Commissioner
Department of Administration

1/0301-01/COMM
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SENATOR WHILE IN JUNEAU
H. PAPPY MOSS POUCHV
JUNEAU. ALASKA
DELTA JUNCTION ALaGKA 99737 995
007)895-4394 007)465-4921
MEMORANDUM Date: February 25, 1983

Subject: Attached Back-up for SB 91

To: All Committee Members
Senate Transportation Committee

From: H. Pappy Moss, Chairman

Senate Transportation Committ

Please find attached bt"ek-up material submitted by the City of Bethel for
SB 91.

We have requested a fiscal note from the Department of Community Affairs;

however, it has not yet arrived.

Please bring the attached report to the committee meeting Tuesday since we

have limited copies available.
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SPECIAL SUMMARY FOR THE EXECUTIVE

PORT OF BETHEL DEVELOPMENT

The Port of Bethel, which accommodates large ocean going bar-
ges at all stages of the tide, 1is the most important port of
entry into Western Alaska. The port is the receiving and trans-
shipment center for more than 60 coastal and river communities
in an area comprizing more than 100,000 square miles. Plates 1
and 2 of this Special Summary show the extent of Bethel®s in-

fluence, and of the Region®s dependence.

Because of i1ts pre-eminent position as the Regional service
center, Bethel has doubled its population within the past de-
cade, and now ranks seventh in size among Alaska®s cities. At
the present time it appears to be Alaska®s fastest growing city,

in terms oi rate of population increase.

Notwithstanding current expansion of facilities at the second
most important Western Alaska ports, Dillingham and St_Marys,
and the proposed, very expensive, port facility at Nome, Bethel
will remain the best port iIn terms of versatility, initial con-
struction u>sts, generation of income for its own maintenance,
life cycle co?ts, creation of employment and the maximum num-

ber of people served.

In the future, it is anticipated that the Port of Bethel will

also handle diverse shipments such as timber harvested along



the Yukon and Kuskokwim Rivers, and agricultural and refined
petroleum products from the Interior. At that time, not only
will the Port of Bethel increase its service area toward Bris-
tol Bay and the Alaska Peninsula, but will establish ties to

the Asian Pacific Rim.

The fTollowing data for the Port of Bethel is summarized from
the Western Alaska Area Transportation Study (WAATS) for the

Alaska Department of Transportation.

1979 General (Dry) cargo throughput 23,714 Tons
1985 Average throughput forecast 29,110 Tons
1990 " " " «34,518 Tons
1995 " " " 41,096 “Jons
2000 " " " 45,725 Tons

1979 Bulk fuel throughput, 21 million gallons
1982 Bulk fuel throughput, 24 million gallons,
which already equals the old forecast of 23.9 million

gallons for the year 2000

The first usable general cargo dock and staging area to be
built in Bethel was completed iIn 1974. The facility became
inadequate in size by 1980. Photographs appended to this sum-

mary show the crowded condition, even iIn the winter.

In order to accommodate the forecasted iIncrease iIn dry cargo,
WAATS recommends that the present dock face be lengthened from
200 linear feet to 400 linear feet, and that the staging /ware-

house area be increased from the present 3.5 acres to 9.2 acres.



The consequences of not enlarging and improving docking and

staging area Tacilities iIn pace with expected cargo increases
will result in, a) Unavailability of consumer goods to Bethel
and to the Bethel Service Area and, b) A much higher cost for

those goods which are delivered.

In 1980, to properly plan and to present plans for adequately
meeting the responsibilities placed upon it as the Regional
Ceni;Qr, Bethel began a Maste. lan for Port of Bethel Develop-

ment, essentially consisting of three parts;

1. General Cargo Dock and Staging Area expansion,
improvement and protection.

2. Construction of a Petroleum Products Dock, to pro-
tect the Region®s main bulk fuel storage fTacility,
and to facilitate the receipt and transshipment of
fuel oil and motor fuel.

3. Construct Riverbank Stabilization And Protective
Works (commonly referred to as the Bethel ™"Sea Wall™
to create a marginal pier and to arrest the loss
of riverbank to the erosion that is seriously threa-
tening the physical ana economic safety of the commu
nity and, as a consequence, the economics of the

Region.

With State financial assistance, a part of the Master Plan has

been implemented, as follows:



1. The Brown®s Slough portion of the Cargo Dock was
expanded iIn 1982 to serve as a work area for the
coastal and river barges engaged in transshiping.

See 1st and 2nd photos, AppendiX.

2. Property acquisition for the Cargo Dock, Warehouse
and Staging Area expansion and improvement 1is under-
way. Purchuse of the necessary property will exhaust
the remainder of the funds appropriated in FY 1982
for Cargo Dock expansion. Construction Plans, Docu-
ments and Specifications are complete. Further con-
struction 1is in abeyance, awaiting funding.

3. The new Petroleum Products Dock 1is currently under
construction during the winter months. See 3rd., 4th
and 5th photos, Appendix.

4. River surveys and test pile programs have been com-
pleted, and conceptual plans for the Riverbank Sta-
bilization Works and Marginal Pier have been prepared.
They are the fold-outs at the back of this report.

5. Construction Plans, Documents and Specifications for
approximately 6% of the proposed "Sea Wall'™ are in
the process of completion. Proposals for material
supply are being negotiated. Obligation of funds for
this minor portion of the necessary work has exhaus-

ted all State assistance funds appropriated to date.

U.S. Army Corps of Engineers Plates D-3.1 through D-3.8, inser-

ted In the Appendix show the Historic Rate Of Erosion that can



be expected if no adequate riverbank stabilization measures
are taken. The estimated loss of land and improvements, dis-
counted in value to reflect 1982 dollars, is calculated by the

Corps, as Tollows:

Loss Between 1980 to 1990 $ 10,850,000
Loss Between 1990 to 2000 $ 16,447,000
Loss Between 2000 to 2020 $ 9,876,000
Total Loss In 1982 3$$% $ 37,173,000

The losses i1nclude the bulk fuel plant, the city dock and the
the hospital, and show the loss in dollar value of the improve-
ments only. The causation and effects of human misery is not

calculable. By any rational criteria, it is not acceptable.

Riverbank erosion abatement measures currently in force at Bethel
are shown on the 6th - 11th photos. These photos show the serious,
intense efforts undertaken by the community as an interim mea-

sure. Results are marginal, at best, and definitely temporary.

There appears little to say about the conditions shown by the
photos that they do not say for themselves except that, conside-
ring even only a portion of the foregoing, any Administrative
and/or Legislative Tailure to provide assistance is unreasonable,

in view of the massive proposed appropriations by the larger

urban communities. "Enhancing™ ohe quality of life iIn urban Alaska
is worthwhile —— providing the basics for survival in rural Alaska
is still a necessity that cannot be ignored. In this instance,

without an early undertaking of a sustained program of riverbank
stabilization, much of th . industrial section of the waterfront

5



and parts of the residential section will continue to be lost.
In that most likely occurrence, the existing cargo dock, and
the bulk fuel tank farm and new petroleum products dock will

also be hazarded.

It iIs easily seen that the benefits to Southwest Alaska from
Bethel Port improvements and bank stabilization exceed the cost
of fTacility construction, and that funding for the Bethel port
development/riverbank stabilization program is iIn keeping with
both Administrative and Legislative Tiscal policy of develop-

ment.

it is requested that the Legislature appropriate and grant to
the City of Bethel the necessary funds to implement the program
of construction, as per the Budget shown on the following two
pages, and that the Administration sponsor and Tfully support the

appropriated grant.

A closing word regarding rumors of Federal participation in Bethel River-
bank protection. Without going into great detail for the reasons, we feel
that, at best, the earliest any Federal paid:icipation can be hoped for
would be iIn calendar year 1986, something we would give odds against its
happenning. Furthermore, the proposed Federal plan now under consideration
involves the placement of large stone rip-rap. Even if that rip-rap were to
become available from some place far from Bethel, it would be a substitu-
tion of stone rubble for junked vehicles, effectively denying bank use

and river access. Tb a society river oriented out of necessity, such com-

pounding of the problem makes little sense or useful acceptability.
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PROPOSED BUDGET FY 1984- FY 1987

PORT OF BETHEL DEVELOPMENT

Bank Stabilization & Marginal Pier

Cargo Dock Improvement & Expansion

Budget Estimate (In Thousands)

Year(s) Item $ 1983 $ Future
FY 1984 2,000 Linear Feet OF 3,290 3,290
Spring & Pipe Pile Bulkhead
Summer 83 From Cargo Dock To

Main Street
FY 1954 500 Linear Feet Of 0,822 0,822
Summer "83 Pipe Pile Bulkhead

Petroleum Products

Dock Protection
FY 1984 1,600 Linear Feet OF 3,232 3,476
Fall 1983 Pipe Pile Bulkhead (2,632) (2,830)
to Summer From Main Street To
1984 Mission Road, Plus

Concrete Boat Access (0,600) (0,646)

Ramp
FY 1985 Cargo Dock Expansion 2,412 2,788
Fall 1984 And Improvements
to Summer Warehousing 1,000 1, 156
1985
FY 1985 1,000 Linear Feet OFf 2,262 2,614
Fall 1984 Pipe Pile Bulkhead (1,645) (1,901)
to Summer From Lousetown Slough
1985 To Brown®"s Slough And

750 Linear Feet Of H (0,617) (0,713)

Pile & Timber Bulkhead

To Bridge

(Continued On Next Page)
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Year(s)

FY 1986
Fall 1985
to Summer
1986

Fy 1987
Fall 1986
to Fall
1987

Item $ 1983

1,800 Linear Feet OFf 2,960
Pipe Pile Bulkhead
From Mission Road To

PHS

Completion Of Pipe Pile 4,112
Bulkhead, Floating Break-

water, Ramps, & Other 0,600
Modifications — 2,500

Linear Feet

TOTAL $20,690

N> W omyim

$ Future

3,420

5,109

0,745

$23,420



Present Cargo Dock And Staging Area

Circular steel cell dock at left was built in 1974 to accommodate ocean going barges from Seattle serving the Region
through Bethel. The structure to the right was completed in 1982. Right foreground is a steel pipe pile and steel
sheet pile pier to permit loading of river and coastal transshipment vessels simultaneously with the unloading of
larger barges at the main dock. Right background is a steel H-pile and timber bulkhead to enlarge and protect the
staging area.



View of Staging Area from across Brown's Slough

Foreground is H-pile and timber bulkhead, left rear is pipe pile
and steel piling pier. Note crowded conditions in staging area
even during winter months.
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Present Petroleum Products Dock

During the shipping season a small barge is fastened to the dock
to permit tie-up of ocean going bulk fuel carriers. This is the
fuel receiving and distribution point for the entire Region.
Currently, about 24 million gallons are handled annually.
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Rear view of the two steel sheet pile cells of the new Petroleum
Products Dock under construction during the winter months of
1982 - 1983.

Front view of new Petroleum Products Dock under construction
( Jan. 1983 ), showing various stages of driven steel piles. When
completed, the dock will be similar to the General Cargo Dock.
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One of two circular steel pile cells designed
Petroleum Products Dock as viewed from rear.

form the new

Same cell as above viewed from river. Under construction

during winter 1982 - 1983.



City business section of waterfront as seen from river. View
is upstream toward cargo dock. Buildings in left foreground
are part of ELM Fisheries. Note attempts to prevent loss of
riverbank through the use of junked vehicles and other debris.

City business section, looking downstream from vicinity of
ELM Fisheries.



Close up view at attempt to arrest loss of riverbank at ELM
Fisheries.

City business area riverfront between ELM Fisheries and
First National Bank of Anchorage. Looking Downstream.



Closer view of riverbank erosion abatement measures currently
in force at Industrial/Business section between ELM Fisheries
and Cargo Dock. Looking upstream. See previous photos.

Same as above, closer to Cargo Dock.



City business area waterfront between First National Bank and Main Street. Looking downstream toward Mission Road area.
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Mission Road area looking downstream. The road is now gone and buildings are at edge of
riverbank. Note attempts to arrest loss of bank by using junked vehicles and other debris
in same manner as at business section of the city.



Mission Rond area, looking downstream. Road has disappeared
and houses are now at edge of riverbank.

Mission Road area, looking upstream.
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SOLUTION TO YUKON RIVER
BANK EROSION PROBLEM

GALENA, ALASKA

1. STATEMENT OF PROBLEM

The erosion conditions at Galena have been studied thoroughly by the Corps
of Engineers since about 1952. From these studies, a number of remedial measures
have been carried out to slow the erosion process, particularly along the bank in
front of the airfield. The results.of this work and the causes of erosion are
summarized and well documented in a recent study conducted by Ott Water Engineers
(Ott Water Engineers 1981). In summary, the unprotected river bank upstream of
the. existing shore protection is eroding inland at an average estimated rate of
about 10 to 30 feet per year. At these rates, it is only a matter of time before
the erosion process starts damaging adjacent nearby facilities including the air
strip, the new town site, the road separating the two and the existing shore pro—
tection system. Immediate remedial treatment is needed, as erosion has reached
the point where further delays will jeopardize the stability of the existing

protective system and greatly increase the costs of any futher corrective measures.

2. MECHANISM OF EROSION

Knowledge of three basic characteristics unique to the site is required before
the erosion mechanism and the various methods of treatment can be understood and
assessed. These include the following:

1) the river configuration relative to the existing facilities
2) the soil type and climatic conditions
3) the seasonal river flow characteristics

As shown in Fig. 1, the airfield and new town site are situated on the outside
banks of the natural river bend where erosion is encouraged. Conversely materials
are being deposited on the inside edge of the bend creating a sand bar and island
in this area. Left to nature this river would continue to erode and the main channel
would shift to the north displacing or eroding away the land currently covered by the

air strip and new town site. The installation of sheet piles, riprap and the coffer



dam structures adjacent to the air strip has stopped erosion in this area.
However, upstream of the protective structures, erosion continues and the bank
is slowly developing a much more critical local curvature generally encouraging

higher water velocities and accelerated erosion in this area.

Based on surface exposures along the bank, the eroding soils are largely
silts and fine sands. Outside of the bank area the soil at depth is frozen, has
visible ice lenses, and is therefore classified as permafrost. Regional maps show
it to be continuous permafrost. These materials in a frozen state are highly re—
sistant to erosion, however, thawed they are generally considered to be highly
erosive. In the Galena area, the freezing index is roughly twice the thawing
index and the mean annual temperature is about 25 degrees. This indicates a

generally cold frozen environment during most of the year.

Finally, the Yukon River is characteristically at a low elevation during the

winter or cold months of the year and rists during breakup to a higher summer level.

During the winter period, the river freezes over and so do the bank soils above
the low water line. As breakup begins in late May, the river level rises above the
low winter water level and causes, through increased flow, much of the annual bank
erosion. The unfrozen bank soils below the low water line are particularly susceptible
to rapid erosion during this short time period. The bank soils above the low water

line are beginning to thaw during breakoup so erosion is somewhat limited in this zone.

During the summer months, the river level and flow stabilize but the water warms.
This warming leads to deeper thawing and slow regression of bank slopes, melting of ice
lenses within underlying permafrost and additional slope deterioration. This mechanism
occurs mainly in the water fluctuation zone. Local undercutting and steepening of the
slopes in this are readilj apparent during this period. Historically, it is thought
that erosion below the low water line is much less during this summer period than

during breakup.

During fall, wind from storms create waves which also encourage some localized
slope undercutting near the high water line. Finally as the river recedes, the

oversteepened thawed banks are subjected to sudden drawdown conditions. This further
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encourages some slope raveling. Fortunately, with a dropping water level, the
water velocities are reduced, and some suspended solids deposited gradually on
the eroded slope to replace some of the eroded materials.

Ice movement has been determined to not be a major erosional mechanism.

3. APPROACH TO THE PROBLEM

A number of conventional erosion control measures installed along the airstrip
have included sheet piles, riprap, soil filled fuel barrels and large coffer dams
filled with soil and kept frozen with thermopiles. While all methods have worked
with varying degrees of success, they have been very expensive to install or
construct and equally as expensive to maintain or repair. There costs are well

documented n Ott water Engineers (1981) and Corps of Engineers (1959 - 1969).

Since bank erosion is fast approaching critical structures in this area,
decisions must be made and corrective measures implemented immediately. Otherwise,
future changes may make repairs prohibitive from a cost standpoint. Erosion control
measures should focus on protecting the initial soil slopes from erosion while at
the same time forcing the main river channel and high flows to shift to the south or
further away from the new town site. One innovative way of doing this 1is by installing
a series of w.dely spaced long steel rib elements (or groynes) along the eroding bank
face as shown schematically in Fig. 2. The groynes, acting as a ribshapped systenm,
are designed to control erosion irv 3 ways:

e the groynes act as passive thermoprobes maintaining hard frozen

strips of ground and colder water or extra ice along the shore—

line. The frozen ground by 1its hardness resists erosion while
the colder water reduces thawing and bank deterioration.

d the groynes reduce local water velocities along the bank encouraging
deposition rather than erosion. The groynes are designed with a
porous metal screen. Applying principals of snow fence design, this
screen encourages sand sediment accumulation at and between the grones.

e the groynes encourage sediment accumulation near the bottom of the river
channel (thalweg) encouraging shifting of the main channel away from the
eroding bank. If the main channel flow is forced away, water velocities
along the eroding bank and erosion tendencies are reduced.



A schematic diagram illustrating the principal features of the groynes is

presented in Fig. 3.

4. PRINCIPALS OF THE SYSTEM

The main function of the groyne system, shown in Figs 2 and 3, is to form a
series of hard erosion resistant steel strips along the bank which stop the
erosion process. As mentioned previously, high water velocities and bank thawing
during and following breakup are believed to be the major factors leading to
bank erosion. As the bank soils are thawed, they become softened, wet and highly
erosive and are carried away under the normal high river flows that occur during
this time: period. If erosion can be stopped during these times, the problem, in
our opinion, can be solved. This system is designed to do this and focus directly

eon resisting the cause that is maintained by freezing an erosion resistant bank

structure while also slowing water velocities and encouraging deposition.

The insulation pad in Fig. 3 is present o”y beiow the low water level.
During breakup, it keeps the soil mass around the lower thermoprobes frozen providing
a larger frozen soil/groyne structure for anchorage to the river bottom. The
anticipated freezing front in this area during breakup 1is shown schematically on

Fig. 4.

As the river level rises and the water warms, thawing increases and the freeze
bonding of the groyne and frozen soil mass is reduced, however,, erosion and anchorage
requirements under these conditions are much less. At this time and when the river
level 1is dropping, the metal screns on the groyne encourage solids to drop out of
suspension covering the bank slopes generally as shown in Fig. 4. As sediment

accumulates, groyne anchorage is improved.

Below the low waterline, deposition of sediments is a continual process during
the first year until an equilibrium condition is reached (see Fig. 4B). This
covering of the lower slope with sediment, anchors the lower end of the grones,
insulates the ground and encourages the permafrost front to rise. This rise 1Iin

the freezing front generally increases the overall stability of the lower slope.



It also leads to a flatter overall slope which will also cause reduced erosion
above the low water line. Further, it forces the main channel bottom (or

Thalweg) away from the eroding bank

The thermoprobes freeze or supercool the surrounding sediment locally and
help to hold or anchor the groyne in place most of the year. They also encourage
accumulation of a larger ice and/or frozen hard ground mass in which to resist and

reduce thawing.

Freezing in the ground and accumulating sediments between the high and low
water line (Fig. 4A) also helps protect the probes, insulate the underlying
frozen ground and reduces the depth of thawing. As the river recedes, the
accumulated sediments help protect the slopes while the thermoprobes speed up the

freeze back.

5. RECOMMENDED TEST SECTION

Because remedial treatment must be undertaken soon, the above system could
be designed based on present theory and partially installed this winter. However,
as 1indicated in Ott Water Engineers (1981), many design parameters are not well
defined and therefore, an overdesigned, more costly system would likely result.
As an intermediate step, we recommend that a test section consisting of one or two
full scale groynes, be designed and installed in a critical erosion area early this
winter. The benefits of the test section would be realized before the next critical
period of major erosion (breakup next May or June). We would also recommend that
the test section be instrumented and monitored prior to, during and after breakup
next year. This would allow us time to evaluate the test section and optimize the

groyne dimensions and spacings for the larger scale slope treatment.

It is apparent that in normal slope treatment, a single groyne is not as
effective by itself because a single groyie focuses on treating a given local area
and only slightly improves erosion conditions further downslope. As succeeding
groynes are placed, the area downslope is gradually improved such that it may be

Possible to increase the spacing between groynes in these areas. Such information



would not be obtained by testing a single groyne. A single groyne, however,

would allow assessment of times of freezing and thawing relative to breakup
conditions, sediment deposition and drvfting characteristics and general system
effectiveness. Two groynes in a test section with different triangular dimensions
would allow us to evaluate the above characteristics as well as look at groyne

size and spacing dimensions more closely, group deposition effects and different
type fencing screens.

We are in a position to design, install and monitor such a test section and
would be pleased to discuss or present to you detailed procedures and our estimated
costs for such a program. Shannon & Wilson, Inc. would consult with and assist
Arctic Foundations in the design of the individual groynes and instrumentation
program as well as help interpret the data obtained from the instrumentation.
Arctic Foundations Avould work with Shannon & Wilson on the design, as well as

fabricate, install and with local assistance, monitor the system.
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