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HARBOR IMPROVEMENTS - ST. PAUL, ALASKA
APPENDIX A: HYDRAULIC DESIGN '

1. INTRODUCTION

1.1 Appen'dix Purpose

- This hydraulic design appendix describes the technical aspects of the St. Paul Harbor
Improvements Project. It provides the basis for determining the Federal interest in the
construction of a small boat harbor. The small boat harbor is located in the Bering
Sea within the confines of protection afforded by the 1996 Federal Harbor _
Improvement Plan, which forms the basis for the deeper-draft harbors. A location and
vicinity map are shown in Figure A-1. Three model studies were performed and form
the basis for design of the small boat harbor, which is located within the embayment
formed by the deeper-draft harbor breakwaters.

The first modeling effort was a three-dimensional harbor model used to check the
relative differences in harbor wave action, currents, and sedimentation. The model
compares the conditions before and after the modifications to the deeper - draft harbor
now authorized for construction. Modifications included deepening of the entrance
channel, construction of a maneuvering basin, construction of a spending beach,
construction of a sediment management area, and construction of energy dissipation
berms to reduce wave activity on the existing West breakwater. Details of most of
those authorized improvements are contained in the Harbor Improvements Interim
Feasibility Report, Saint Paul Alaska, August 1966.

The second modeling effort also used the three dimensional model. The purpose of
the second effort was to study wave induced currents and flushing within the Salt
Lagoon. Incidental to that purpose was a study to determine the impacts of a small
boat basin situated in the approximate location of the new proposed basin on waves,
~ currents, sedimentation and tidal flushing. The study concluded that improving the
Salt Lagoon channel, constructing a sediment management area and constructing a
detached breakwater between the East inlet and the proposed harbor would enhance
water quality in the lagoon and allow the development of a small boat-harbor. The
results of that modeling effort can be found in Bottin and Acuff’s Study for Flushing
of Salt Lagoon and Small Boat Harbor Improvements at St. Paul Harbor, St. Paul
Alaska, August 1997.

The third modeling effort also used the previously mentioned three-dimensional
model to: ‘

o Define the potential for harbor surge,

e Define small boat harbor wave activity,

e Ensure Salt Lagoon flushing with the proposed harbor in place,



Maximize the exchange of water in the small boat harbor,
Test ultimate development in other areas of the embayment,
Test ice circulation patterns, '
Locate the interior detached breakwater to best enhance circulation in the
~ small boat harbor and Salt Lagoon, and

¢ Ensure that the decrease in elevation of the spending beach did not have a
major impact on waves or circulation. The reduction in elevation was
requested by environmental interests to reduce seal haul-out potential.

NOTE: The report from the third modeling effort is appended hereto and is entitled Miscellaneous
Paper ERDC/CHL-01, Design of Small Boat Harbor Improvements and Tidal Flushing at St. Paul
Harbor, St. Paul Island, Alaska.

L.1 Project Purpose

The following objectives were identified for the small boat basin at St. Paul Harbor
before beginning this engineering analysis.

1. Develop a harbor facility for a day fishing fleet within the general confines
of the existing St. Paul Harbor embayment without conflicting in a
significant manner with other land use and other development plans.

2. Design and construct improvements to provide a safe and efficient harbor,
which satisfies the above objectives in an environmentally and
economically sound manner.

Five harbor designs were analyzed in varying degrees to develop the economic and -
environmental data to assure that the correct harbor was selected. Those
configurations were a 30-, 60- and 90-vessel harbor at the 12-foot depth and 60-vessel
harbors at the 8- and 10-foot depths. First cost of those configurations can be found
in Tables A-1 through A-5.

1.2 Background

The Alaska District Corps of Engineers initially examined small boat harbor
development on a preliminary basis. The City of St. Paul contracted for the
development of an Information Report in 1996 to define the Federal interest in a small
boat Harbor at St. Paul. That report identified a Federal interest in the development.
On the basis of that report a small boat harbor was authorized by congress.

Additional work was required to assure economic and engineering viability. This
report results from that requirement.



Table A-1: Alternative #1 (Preferred), 60 Vessel Harbor, 12-foot Depth

Summary of Cost by Major Items

Item Unit Quantity Unit Cost ($) Cost (3) Local
Mob/Demob 1st season Ls 1 $522,031 $522,031
* Mob/Demob 2nd season LS 1 $932,254 $932,254 $932,254
D et e | o | o | ws | s
;O[ll’;ﬁggés'aggj; harbor including dredging oy 41000 $7.52 $308,124 $308,124
*Floats installed pile stabilized sf 13438 $69.10 $928,581 $928,581
*Walkway Ramps sf- 960 - $81.15 $77,901 $77,901
*Boat Launch Ramp sf 7000 $20.06 $140,407 $140,407
*South Side Dock sf 8000 $181.40 ! $1,451,192 $1,451,192
*Breakwater East Side Floating Dock and Ramp sf 7800 $81.15 $632,945 $632,945
Breakwater cy 12653 $41.85 $529,473
*Revetment cy 2625 $48.13 $126,344 $126,344
Erosion protection cy 6500 $40.47 - $263,030
Circulation Berm cy 27300 $2.56 $69,920
*Boat Lift Trailer LS 1 $200,000.00 $200,000 $200,000
Total Direct Costs (including contractor's Overhead and Profit) $6,926,210 $4,797,748
Contingencies (Excludes boat lift trailer) 20% $1,345,242 $91 9,549.65
Subtotal $8,271,452 $5,717,298
E&D (Excludes boat lift trailer) 10% - $807,145 $551,730
Subtotal ] $9,078,597 $6,269,028
S&A (Excludes boat lift trailer) 8% $710,288 $485,522
TOTAL $9,788,885 $6,754,550

* Local Associated Costs

NOTE: Federal Costs are limited to 80% of costs not marked as Local Associated Costs.




Table A-2: Alternative #2, 60 Vessel Harbor, 10-foot Depth Summary of Cost

by Major Items
Iterﬁ Unit Quantity Unit Cost ($) Cost ($) Local

Mob/Demob 1st season LS 1 $467,955 $467,955
* Mob/Demob 2nd.season LS 1 $932,254 $932,254 $932,254
B e e ey | o | s | e | sosu
;5;;‘:32?25'682;; harbor including dredging N 32000 $7.57 $242.274 $242,274
*Floats installed pile stabilized sf: 13438 $69.10 l$928.581 $928,581
*Walkway Ramps sf 960 $81.15 $77.961 $77,901
*Boat Launch Ramp sf 7000 $20.06 $140,407 $140,407
*South Side Dock - sf 8000 $181.40 $1,451,192 $1,451,192 ,
*Breakwater East Side Floating Dock and Ramp sf 7800 $81.15 $632,945 $632,945
Breakwater oy 12653 $41.85 $529,473
*Revetment cy 2625 $48.13 $126,344 $126,344
Erosion protection cy - 6500 $40.47 $263,030
Circulation Berm cy 27300 $2.56 $69,920
*Boat Lift Trailer LS 1 $200,000.00 $200,000 $200,000
Total Direct Costs (including contractor's Overhead and Profit) $6,731,610 $4,731,898
Contingencies (Excludes boat lift trailer) 20% $1,306,322 $906,379.55
Subtotal $8,037,932 $5,638,277
E&D (Excludes boat lift trailer) 10% $783,793 $543,828
Subtotal $8.821!725 $6,182,105
S&A (Excludes boat lift trailer) 8% $689,738 $478,568
TOTAL $9,511,463 $6,660,673

* Local Associated Costs

NOTE: Federal Costs are limited to 80% of costs not marked as Local Associated Costs.
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Table A-3: Alternative #3, 60 Vessel Harbor, 8-foot Depth Summary of

Major Items

Cost by

Unit Cost (§)

item Unit -Quantity Cost ($) Local
Mob/Demob 1st season Ls 1 $413,879 $413,879
* Mob/Demob 2nd season - LS 1 $932,253 $932,253 $932,253
D e s e 02 | o | mew | ses | sowan
:o?;;‘:gzgz’zs'agzi; harbor including dredging oy 22797 $7.65 $174,387 $174,387
*Floats installed pile stabilized sf 13438 $69.10 $928,581 $92§,581
*Walkway Ramps sf 960 $81.15 $?7,901 $77,901
*Boat Launch Ramp sf 7000 $20.06 $140,407 . $140,407
*South Side Dock sf 8000 $181.40 $1,451,192 $1,451,192
*Breakwater East Side Floating Dock and Ramp sf 7800 $81.15 $632,945 $632,945
Breakwater cy 12653 $41.85 $529,473
"Revetment cy 2625 $48.13 $126,344 $126,344
Erosion protection cy 6500 $40.47 $263,030
Circulation Berm cy 27300 $2.56 $69,920
*Boat Lift Trailer LS 1 $200,000.00 $200,000 $200,000
Total Direct Costs (including contractor's Overhead and Profit) $6,535,553 $4,664,010
Contingencies (Excludes boat lift trailer) 20% $1,267,111 $892,801.92
Subtotal $7,802,664 . $5,556,812"
E&D (Excludes boat lift trailer) 10% $760,266 $535,681
Subtotal $8,562,930 $6,092,493
S&A (Excludes boat lift trailer) 8% $669,034 $471,399
TOTAL $9,231,964 $6,563,892

* Local Associated Costs

NOTE: Federal Costs are limited to 80% of costs not marked as Local Associated Costs.
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Table A-4: Alternative #4, 30 Vessel Harbor, 12-foot Depth Summary of Cost

by Major Items
Item Unit Quantity Unit Cost ($) Cost ($) Local

Mob/Demoab 1st season LS 1 $504,007 $504,007
* Mob/Demob 2nd season _ LS 1 $910,134 $910,134 $910,134
B e e o | o | w0 | s | ssew
t'ozfa‘ﬁ;'?zsﬁgﬁii harbor including dredging ey 33500 $7.53 $?52,411 $252,411
*Floats installed pile stabilized sf 9696 $69.14 $670,403 $670,403
*Walkway Ramps sf 960 $81.15 $77,901 $77,901
*Boat Launch Ramp sf 7000 $20.06 $140,407 $140,407
*South Side Dock sf 8000 $181.40 $1,451,192 $1,451,192
*Breakwater East Side Floating Dock and Ramp sf 7800 $81.15 $632,945 $632,945
Breakwater cy 12653 $41.85 $529,473
*Revetment cy 2625 $48.13 $126,344 $126,344
Erosion protection cy 6500 $40.47 $263,030
Circulation Berm cy 27300 $2.56 $69,920
*Boat Lift Trailer LS 1 $200,000.00 $200,000 $200,000

. Total Direct Costs (including contractor's Overhead and Profit) $6,574.697 $4,461,737
Contingencies (Excludes boat lift trailer) 20% $1,274,819 $852,347.35
Subtotal $7,848,916 $5,314,084
E&D (Excludes boat lift trailer) 10% $764,892 $511,408
Sﬁbtotal $8,613,808 $5,825,493
S&A (Excludes boat lift trailer) 8% $673,105 $450,039
TOTAL $9,286,913 $6,275,532

* Local Associated Costs

NOTE: Federal Costs are limited to 80% of costs not marked as Local Associated Costs.




Table A-5: Alternative #5, 90 Vessel Harbor, 12-foot Depth Summary of Cost by

Major Items

Item Unit Quantity Unit Cost ($) Cost ($) Local
Mob/Demob 1st season LS 1 $612,158 $612,158
* Mob/Demob 2nd season LS 1 $955,511 $955,511 $955,511
D e e e | o | mwo | sas | smes
:o?;;‘:lgcig%s'agzs; harbor including dredging oy 80500 $7.44 $598,898 $598,808
*Floats installed pile stabilized sf 18806 $69.32 $1,303,631 $1,303,631
*Walkway Ramps sf 960 $81.16 $77,901 $77,901
*Boat Launch' Ramp sf 7000 $20.06 I$140,407 $140,407
*South Side Dock sf 8000 $181.40 $1,451,192 $1,451,192
*Breakwater East Side Floating Dock and Ramp sf 7800 $81.15 $632,945 $632,945
Breakwater cy 12653 $41.85 ‘ $529,473
*Revetment cy 2625 $48.13 $126,344 $126,344
Erosion protection cy 6500 $40.47 - $263,030
Circulation Berm cy 27300 $2.56 $69,920 ‘
*Boat Lift Trailer LS 1 $200,000.00 $200,000 $200,000
Total Direct Costs (including contractor's Overhead and Profit) $7,697,943 $5,486,829
Contingencies (Excludes boat lift trailer) 20% $1,499,589 $1 ,057,365.81
Subtotal $9.19.7,532 ' $6,544,195
E&D (Excludes boat lift trailer) 10% $899,753 $634,419
Subtotal $10,097,285 $7,178,614
S&A (Excludes boat lift trailer) 8% $791,783 $558,289
TOTAL $10,889,068 $7,736,903

* Local Associated Costs

NOTE: Federal Costs are limited to 80% of costs not marked as Local Associated Costs.
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2. CLIMATOLOGY, METEOROLOGY, AND HYDROLOGY
2.1  Climatology |

St. Paul is the northernmost and largest of the Pribilof Islands. It is located at
latitude 57°10° N and longitude 170°10° W in the central southeast Bering Sea, as
illustrated in Figure A-1. The region has a maritime climate, with considerable
cloudiness, heavy fog, high humidity, and limited daily temperature fluctuations.
The humidity remains uniformly high from May to late September. There is almost
continuous low cloudiness and occasional heavy fog during the summer months.

Maritime influence in the Pribilof Islands keeps seasonal temperatures mild and daily
variations to a minimum. The average difference between maximum and minimum
daily temperatures for the year is only slightly above 7°F, with the greéatest monthly
variation being slightly less than 12°F in March. Summer temperatures are low,
with the highest recorded temperature being 64° F in August of both 1936 and 1941.
Extreme high temperatures in summer are usually in the mid-fifties. Although
record low temperatures fall well below 0°F, such cold days are rare. On the
average, temperatures fall below zero only 5 days each winter. Table A-6 lists
meteorological data collected by the U.S. Department of Commerce, National
Oceanographic and Atmospheric Administration (NOAA).

The island area has periods of high wind throughout the year. Frequent storms occur
from October to April, often accompanied by gale-force winds to produce blizzard
conditions. The average sea surface temperature in the Bering Sea surrounding the
Pribilof Islands varies from 32.5°F in February to 47°F in August.

2.2 Tides and Water Levels

Tide levels at Village Cove on St. Paul Island, referenced to MLLW, are shown in
Table A-6. Extreme high tide levels result from the combination of astronomic tides
and rises in local water levels due to atmospheric pressure and wave conditions.

TABLE A-6: St. Paul Tide Levels (feet)

Highest Tide (estimated) .........ccveeeererrerecrerenenrnerecnerennenenees +6.0
Mean Higher High Water (MHHW) ........ccoccvvnnicnnenns +3.2
Mean High Water (MHW) ......ccooevvmmineccrnmneeesenieeneeens +3.0
Mean Sea Level (MSL)......cooiiereiveenensenreernenneresrnsnencernes +2.0
Mean Low Water (MLW) .....cocooiiirniiinnnireiecesercnenene +1.0
Mean Lower Low Water (MLLW).......ccoecnveiercnercncnenees 0.0
Lowest Tide (estimated)........ccoceveeeeeneinsennnincenenenennen -2.5

Source: NOAA Tide Tables, 1980.

The design still water level (SWL), or highest tide, has likely been underestimated in
previous studies. Our analysis after modeling and measuring seiche conditions
indicates that a still water level of 6 feet above Mean Lower Low Water (+6’
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MLLW) is probably correct. Harbor seiche, or wave beat,. accounts for varying
levels of higher water. The model indicates that long-period surges (about 2-minute
oscillations) further increase those levels by as much as four feet.

Still water levels have been previously estimated by analyzing videotapes of 1994 -
storms. Several reference points of known elevation in the video were used as
datums to estimate the SWL during these storm events. An elevation of +7.0°
MLLW was estimated based on these observations, which represents a 2-foot

~ increase from the SWL used for design purposes in the 1988 St. Paul GDM. Further
analyses of the videotapes and survey information using reference points on the
Unisea (a fish processing vessel moored in the harbor) indicated that the water
surface in the harbor during the November 1994 storm was approximately +5.4’
MLLW. The St. Paul harbormaster indicated that the highest water surface level
observed in the harbor has been approximately +7.4° MLLW. A review of the tapes
indicates that part of the maximum elevations observed might have came from a
long-period harbor surge. An examination of model results indicates that as much as
4 feet of surge elevation with a period between 110 seconds and 140 seconds
probably occurs in the harbor at several locations. The design high water level when
surges are accounted for is approximately 9 feet MLLW.

2.3 Currents

The U.S. Coast Pilot No. 9 and Tidal Current Tables, Pacific Coast of North America
and Asia (NOAA 1986) indicate that currents near Village Cove are primarily tidal
and are typically 1 to 2 knots, occasionally increasing to 3 knots when augmented by
strong winds. The strongest nearby currents (to 3 knots) are encountered southeast of
Village Cove between Reef Point and Otter Island. Currents within the localized area
of the harbor are however dominated by storm surge and wave setup. Model studies
of the harbor without planned improvements indicated that currents of up to 8 fps
more than double the magnitude of currents associated with tides. Figure A-2 shows
the current patterns and current prototype magnitudes that can be expected during
extreme storm periods with proposed improvements in place. Those currents are
similar to maximums encountered without the proposed small boat harbor, as shown
in Figure A-3. Figure A-4 shows currents under average wave and tide conditions
with the harbor in place. The boundaries for the major currents within the harbor area
without interior harbor modifications appear to be Boulder Spit on the East with a
flow separation and an eddy forming the boundary on the southeast corner. The
currents then rejoin the shoreline near the historic Western terminus of the Salt
Lagoon channel (the small boat harbor rubble breakwater). They then proceed to the
docked shoreline on the south, and thence to the western main breakwater. The flow
separation and eddy in the historic migration path of the Salt Lagoon entrance is a
phenomenon that has probably existed for centuries, and its implications on sediment
size in the eddy pocket may be profound, as transport of the boulder-size material
found on Boulder Spit should be limited to the eddy area. It is suspected that
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sediments in the eddy area will have very few large boulders to at least a depth of -12’
MLLW. '

2.4 Wind Data

Wind data and return point period information for the St. Paul area were collected
from the Climatic Atlas (Bureau of Land Management 1977) and Extreme Wind
Predictions for First Order Weather Stations in Alaska (Alaska Climatic Center
1984). The maximum sustained wind speed in the 1984 Alaska Climatic Center
report is approximately 51 miles per hour for a 1-year return period. Sustained winds
are winds averaged over a period of 1 minute. Figure A-5 extracted from the St. Paul
Feasibility Report displays the extreme wind speed predictions in miles per hour.
Wind speeds in excess of 40 mph of several days duration occur and create water
level differential around the Island. Monthly and annual wind roses (Figures A-6.1
through A-6.13) indicate that navigation within the harbor could be difficult when
arriving or leaving, and that channels will on occasion need to accommodate vessel
drift caused by high wind. The wind roses also indicate that mixing of interior harbor
waters will occur and that there will be mass transport of water caused by wind setup.

2.5 Ice Conditions

The icepack in the Northern Bering Sea occasionally moves south and surrounds the
island during periods of prolonged north and northeast winds between January and
May. NOAA charts warn mariners against the possibility of entrapment in Village

- Cove. An icebreaker has never been necessary for access to the island. Interior
harbor currents at most times will allow ice to bypass the small boat harbor; however,
winds can drive float ice into the harbor. Ice conditions may therefore interfere with
the proposed day fishery mooring facilities during the months of January through
May. Vessel removal for short periods may be a requirement in some years. The
photo in Figure A-7 is taken from the island towards the northeast and shows sea ice
in the vicinity of the small boat harbor.

A-13



3. WAVES
3.1 Wave Exposure

The existing deep-draft harbor in Village Cove is in direct alignment with deep-water
waves approaching between the west-northwest and southwest sectors, with an
exposure window bounded approximately by azimuths between 210° and 294°

. relative to true north, as shown in Figure A-8. Deep-water waves approaching from
the south and southeast sectors are partially sheltered by St. George Island and Otter
Island, and would diffract around Reef Point before impinging on the project site.

Southerly and southeasterly deep-water waves therefore undergo considerable energy

reduction before arriving at the project site. Village Cove is in the lee of St. Paul

Island for waves approaching clockwise from northwest through southeast. Waves in

the Bering Sea are extremely large, and around the shallower waters of St. Paul Island
their heights are depth-limited during numerous events each year. Maximum wave
height to be expected near the entrance to the present harbor is 27 feet.

3.2  Deep-Water Waves

Deep-water waves cover an extreme range of periods. Based on buoy data, those
periods can extend to 26 seconds. Harbor seiche waves and the resulting surf beat due
were of concern after currents and vessel motions were examined in the previous
model. Thus harbor seiche was identified as one aspect of modeling. Data from the
NDBC.EMDA at latitude 57.0 N Longitude 177.7 W are included as Tables A-7.1
through A-7.3. The data are a compilation of the annual and monthly records
accumulated from 9/85 through 12/93 and show the percent frequency of significant
wave heights versus dominant wave period in seconds on the basis of percent
frequency of occurrence. That data set can be supplemented prior to construction by a
recent 15-year wave hindcast for the months of June through November at latitude
57.0 N, Longitude 189.9 W, which is adjacent to St. Paul Island. That information is
not yet in a format suitable for publication but is an indicator of summer wave
conditions.

A-14
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BUOY: 46035 POR: 9/1985 - 12/1993 (66899 RECORDS) LATITUDE 57.0 N LONGITUDE 177.7W
1 - MONTHLY AND ANNUAL FREQUENCY AND CUMULATIVE PERCENT FREQUENCY (10THS)

ELEMENT: SIGNIFICANT WAVE HEIGHT (METERS) ' POR: 9/1985 - 12/1993 (66899 RECORDS, 95.8% HAVE ELEMENT)

JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC ANN
F CPF F CPF F CPF F CPF F CPF F CPF F CPF F CPF F CPF F CPF F CPF F° CPF F CPF
13.0 1 # 6 # 7 #
12.5 1 # 3 999 4 999
12.0 2 999 1 999 3 999
11.5 5 999 2 999 2 998 9 999
11.0 9 999 1 # 4 999 2 # 3 998 19 999
10.5 11 997 4 999 2 999 2 999 7 998 26 999
10.0 13 995 5 # 1 # 3 999 3 998 4 999 10 996 39 999
9.5 17 993 8 999 2 999 4 # 2 998 9 998 9 999 12 995 63 998
9.0 29 990 6 997 9 999 4 999 4 998 6 996 14 997 17 993 89 997
8.5 45 985 17 996 29 998 6 999 11 995 29 995 29 990 166 996
8.0 40 977 33 993 20 993 16 997 : 6 997 14 994 48 990 39 985 216 993
7.5 55 970 31 987 34 989 18 995 1 # 8 996 18 991 62 982 64 979 291 990
7.0 76 960 47 980 30 983 31 991 3 999 18 995 42 989 89 972 82 969 418 985
6.5 127 946 89 971 88 978 42 986 9 999 2 # 20 991 65 982 111 957 146 956 ~ 699 979
6.0 192 924 146 954 132 963 50 978 14 998 6 999 31 987 75 972 185 939 206 932 1037 968
5.5 270 889 176 925 170 939 68 969 12 995 24 998 47 981 130 960 275 909 307 899 1479 952
5.0 388 841 232 891 238 909 112 957 24 993 9 # 1 # 13 993 86 972 235 939 . 322 863 426 849 2086 929
4.5 447 772 346 846 335 868 146 937 49 988 31 998 5 999 51 990 135 956 320 902 401 810 528 781 - 2794 896
4.0 518 692 412 778 448 809 194 910 120 979 56 991 28 999 78 978 240 929 460 851 608 744 651 696 3813 853
3.5 585 600 567 697 481 730 240 875 209 956 72 979 65 992 150 959 329 883 720 778 864 644 843 591 5125 793
3.0 664 495 576 586 726 645 493 832 351 916 112 963 99 977 268 925 567 819 782 664 947 502 904 455 6489 713
2.5 724 377 872 474 890 518 772 743 595 849 256 939 228 953 492 862 781 710 997 540 833 346 926 309 8366 612
2.0 696 248 820 303 883 361 1015 603 1020 736 448 883 484 900 730 747 989 559 1061 382 785 209 734 160 9665 481
1.5 540 123 495 143 830 206 1134 420 1259 542 1108 786 1028 786 1229 577 1158 368 968 213 393 80 212 42 110354 331
1.0 151 27 211 46 320 60 993 215 1303 303 1838 545 1575 543 1097 291 699 144 369 60 94 16 45 8 8695 169
.5 1 * 25 5 23 4 195 35 292 56 669 145 732 172 152 35 44 9 7 1 1 * 2 * 2143 33
MEAN 3.6 3.2 3.0 2.3 1.8 1.4 1.3 1.8 2.3 2.9 3.5 3.7 2.7
S.D. 1.8 1.5 1.5 1.4 .9 .8 .7 .9 1.2 1.4 1.5 1.6 1.6
TOTAL 5604 5114 5689 5533 5261 4599 4245 4292 5172 6303 6078 6205 64095
MAX 12.4 10.2 10.1 9.5 7.6 5.2 4.8 6.5 10.8 12.9 10.8 13.1 13.1
DATE 90011916 92020413 87032106 87040216 92051110 88061219 90072117 88083106 87092204 89101004 92111301 87121516 87121516
MIN 7 4 6 4 4 4 4 4 5 6 5 7 4

DATE 93012006 86022801 86031406 91040915 87052810 93061418 86071002 87082821 86092114 88100405 88111520 88121213 93061418
(* < 0.05% , # = 100.0%)

1 L-Y @198y
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BUOY: 46035

ELEMENT :

JAN
F CPF

FEB
F CPF

POR: |

9/1985 - 12/1993 ( 66899 RECORDS)

LATITUDE 57.0N LONGITUDE 177.7W

1 - MONTHLY AND ANNUAL FREQUENCY AND CUMULATIVE PERCENT FREQUENCY (10THS)
( 66899 RECORDS,

MAR
F CPF

12 1
53
296
9 608
8 1373
7 1796
6 1230
5 237
4 10
3

MEAN
S.D.
TOTAL
MAX
DATE 9001
MIN
DATE 9301
(* < 0.0

¢'L-Y STd®lL

#
999
990
938
829
584
264

44

2

7.3
1.2
5604
11.6
1916
3.8
2009
5% ,

10
117
467
1102
1615
1355

417

#
998
975
884
668
353

89020504

8602
# =

3.8
2803

5

25
111
510
1237
1436
1740
582

9303

9203

100.0%)

#
999
995
975
886
668
416
110

8

6.9
1.2
5689
12.0
1613
3.9
2820

AVERAGE WAVE PERIOD (SECONDS)

APR
F CPF

318
638
1071
1884
1344
219

87040219
3.5
92041921

MAY
F CPF

7 #

333
1168
1914
1594

188

10.2
88051100
3.4
92053123

F CPF

95 #
485
1796
1966
255
2 *
5.6

.8

4599

8.3
88060811
3.4
92060104

POR:

JUL
F CPF

.2 #

36
389
1613
1918
282

.7

4245

8.7
90070121
© 3.4
92073101

A-16

AUG
F CPF

29 #
175
1064
1996
1967

6.0

.8

4292

9.2
88083106
3.4
87082909

9/1985 - 12/1993

SEP
F CPF

92091023
4.0
92090212

ocT
F CPF

5 #

118
412
1290
2237
1695
. 508

21 3

11.9
89101007
3.8
91102421

NOV
F CPF

11.8
92111307
4.2
85110223

95.8% HAVE ELEMENT)

DEC
F CPF

ANN
F CPF

1

21
59
218
903
1859
2073
888
179
4

#
999
996
987
952
806
507
173

29

1

37
228
1197
4272
10229
16941
19241
10781
1159
9

#
999
999
996
9717
911
751
487

186

87121519

87121519

4.3

89123003

9207

3.4
3101



BUOY: 46035

ELEMENT: DOMINANT WAVE PERIO:

JAN

F CPF
25.0 1 #
20.0 4 999

16.7 65 999
14.3 318 988
12.5 768 931
11.0 995 794
10.0 1111 616
857 418
923 265
350 100

DATE 92010707
MIN 3.7
DATE 93012010
(* < 0.05% ,

€ L-¥ oTqel

#

POR:

9/1985 - 12/1993 ( 66899 RECORDS)

LATITUDE 57.0N LONGITUDE 177.7W

1 - MONTHLY AND ANNUAL FREQUENCY AND CUMULATIVE PERCENT FREQUENCY (10THS)
( 66899 RECORDS,

D (SECONDS)
FEB MAR APR
F CPF F CPF F CPF
2 # 13 #

37 999 68 998 27 #
254 992 316 986 166 995
594 943 661 930 480 965
836 827 907 814 646 878
805 663 767 655 684 762
691 506 655 520 626 638

1060 371 1158 405 1090 525
502 163 684 201 806 328
232 65 341 81 658 182

71 20 104 21 278 63

25 6 15 3 68 13

5 1 4 1
9.6 9.6 8.8

2.3 2.5 2.4

5114 5689 5533
20.0 20.0 16.7
92021321 93031610 93042812
3.0 4.0 - 3.2

86022803 90033121 92041920

= 100.0%)

N

MAY
F CPF

3 #
27 999
73 994

132 980
445 955

585 743

89050516
3.1
92053123

JUN
F CPF

5 #
24 999
47 994

132 983
274 955
416 895

93061505
3.2
89061802

POR:

JUL

F

4

20
52
133
211
338
1007
1068
886
407
105

CPF

¥
999
994
982
951
901
821
584
332
123
28
3
7.3
1.8

4244
16.7

89071404

3.0

92072407

A-17

AUG
F CPF

23 #
119 995
238 967

333 865
632 787
1203 640
770 360
580 180
163 45

16.7
93081307
2.8
87082907

9/1985 -~ 12/1993

SEP

F

3
37
116
146

814
938
1434
687
404
127
29

1

CPF

#
999
992
970
942
857
700
519
241
108

30

6

*
8.7
2.0

5172
20.0

92091009

3.4

86092114

ocT

¥

2

7

34
174
541
812
1331
1184
1354
570
226
53
13

CPF

#
999
999
993
966
880
751
540
352
137

46
10
2

9.5
2.0

6301
25.0

86101105

3.8

88100408

NOv
F CPF

3 #

91 999
268 985
793 940
1224 810
1278 609
906 398
1081 249
284 ~ 71
111 25
27 6
11 2

10.1

2.1

6077
20.0
93110619
3.7
85110300

95.8% HAVE ELEMENT)

DEC

F

1

7
102
299
930
1399
1353
2967
800
206
105
35

1

CPF

#
999
999
982
934
784
559
341
185

56
23

25.0

93121622

4.2

90120900

ANN

F

4

42
520
2147
5382
8166
9632
8796
13458
8051
5453
1978

9312

8708

CPF

#
999
999
991
958
874
746
596
459
249
123

38

25.0
1622

2.8
2907



3.3 Waves Inside the Deep-Draft Harbor

3.3.1 Short-period waves

Previous model studies indicate the source of wave activity in the harbor and (within
a reasonable error range) the magnitude of the energy. Short-period wave heights in
the present harbor are greatly modified by the breakwaters and spending beaches.
Waves are attenuated to less than three feet by existing protection. Wave energy

~ enters through both the east and west entrances, with the dominant energy entering
through the west entrance (the deep-draft navigation channel). Shallow water
conditions in the eastern end are effective in reducing short wave energy.

3.3.2 Long-period waves

Long-period waves from 35-second to 170-second periods exist in the harbor and are
a combination of the external surf beat phenomenon and interior seiche waves. '
Heights associated with these waves are all less than three feet under extreme storm
conditions and much less during lower energy periods. The longest period waves (>
110 seconds) oscillate on the east west axis of the harbor on a dominant period
between 110 seconds and 140 seconds. The slow oscillation and low current
velocities in the small boat harbor associated with the seiche allow harbor mooring
development in an East-West direction as depicted in the drawing for the 60-vessel
harbor. The maximum strengths of the oscillating currents are 1 fps or less, as shown
in Figure A-9. Mooring pile heights must exceed the maximum surge level by
several feet and vessel moorings must be secured to offset the stresses developed
during the seiches. The surges create navigation concerns in the entrance channel, as
there are negative oscillations of nearly 1.5 feet at MLLW. Oscillations are severely
dampened as the tides become negative because of the shallow zone between the
Spending Beach and East shore. Offshore winds during extreme negative tides will
eliminate both the potential to oscillate and the short period waves in the harbor.
Cross-channel currents also occur during events in which vessels would leave the
harbor. During the most severe storms, waves external to the deep-draft harbor will
prevent movement to sea, and thus the currents at that time are not a major concem.
Under more modest conditions design channel widths are adequate to assure safe
passage. Current velocities also require that erosion protection be added between the
spending beach and the interior detached breakwater.



4. EXISTING HARBOR

4.1  General Description and Background

The present St. Paul Harbor was completed in 1990 and consists of a main breakwater -
1,800 feet long, a detached breakwater 970 feet long, and space for 900 feet of docks

- on the lee side of the main breakwater. Currently the city has 200 feet of concrete
caisson dock and 100 feet of steel pile dock. Tanadgusix (TDX), the local Native
corporation, has also constructed a 300-foot dock. A plan view of the harbor layout is -
shown in Figure A-10.1. The drawing shows both existing and planned facilities, in
addition to the proposed 60-vessel small boat harbor. Figure A-10.2 shows the 30-
vessel harbor layout. Figure A-11 shows the 60-vessel harbor with wave gauge
locations shown.

4.2  Improvements Underway

Three offshore reefs shown in Figure A-10.1 are under construction. The reefs are
each 1250 feet long and will extend above the sea floor to an elevation of -12°
MLLW. The reefs’ alignments are parallel to the existing breakwater. The reefs’
center- lines follow a -28° MLLW contour offshore of the existing breakwater. The
purpose of the reefs is to attenuate wave energy on the main breakwater.

4.3  Authorized Improvements to be Constructed Prior to or Concurrently with
the Small Boat Harbor

A dredged entrance channel at -30° MLLW with an additional 2 feet for advanced
maintenance. A 415-ft by 830-ft maneuvering basin at -29° MLLW. A spending
beach on the lee side of the detached breakwater. A realigned Salt Lagoon entrance
channel, a sediment management area immediately inside of east entrance, and a
detached breakwater located between the new lagoon entrance and the remainder of
the harbor complex to direct flows within the total harbor complex. These elements
are mitigation measures to restore circulation and water quality to the Salt Lagoon.

4.4  Future Improvement Possibilities

Deepening of the harbor for commercial use on the West side of the proposed small
boat harbor rubble breakwater. Cleanup of oil contamination in the vicinity of the
Salt Lagoon entrance channel.



5. MODEL STUDY

5.1 General

The same model was used as in previous design efforts. The model reproduced
approximately 2,865 m (9,400 ft) of the St. Paul Island shoreline. This produces an
extent from Tolsti Point easterly and then southerly to a point south of the existing
breakwater trunk. It also reproduces the existing harbor and underwater topography in
the Bering Sea to an offshore depth of 12.2 m (40 ft) with a sloping transition to the
wave generation pit elevation of -30.5 m (-100 ft). A small connecting channel to the
Salt Lagoon (located east of the harbor) also was included in the model as well as the
tidal prism of the Salt Lagoon. The total area reproduced in the model was
approximately 605 sq m (6,500 sq ft), representing about 6 sq km (2.3 sq mi) in the
prototype. Vertical control for model construction was based on mean lower low
water (MLLW), and horizontal control was referenced to a local prototype grid
system. A general view of the model is shown in the model report appended to this
document.

5.2  Analysis of Model Data

Relative merits of the various plans were evaluated by:

1. Comparison of short-period wave heights and long-period wave
* heights (seiches) at selected locations in the model.

2. Comparison of wave-induced current patterns and magnitudes.
3. Comparison of tidal flows.

4. Visual observations.

In the wave-height data analysis, the average height of the highest one-third of the
waves (Hs) was computed using data from each gauge location. All wave heights
then were adjusted by application of Keulegan’s equation to compensate for excessive
model wave height attenuation due to viscous bottom friction. From this equation,
reduction of model wave heights (relative to the prototype) can be calculated as a
function of water depth, width of wave front, wave period, water viscosity, and
distance of wave travel. The model data can then be corrected and converted to their
prototype equivalents.

Wave data were filtered, and both short-period storm wave conditions as well as long-
period wave conditions were presented at the various gauge locations. In addition,
wave-induced current velocities obtained in the model were the maximum that
occurred during the wave spectra (usually occurring after a series of large waves in
the wave signal and at long-period nodal points).
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5.3  Previous Experiments

Twelve study plans were evaluated during the initial portion of this investigation
(Bottin 1996), and 15 plans were evaluated during the first reactivation of the model
(Bottin and Acuff 1997). Therefore, plan numbering for this experimental series
began with Plan number 28. ' ’

5.4  New Experiments

Three principal conditions were studied in the model: A 60-vessel harbor, a 30-vessel -
harbor, and expansion of the dredged area in front of the TDX Docks. The 60-vessel
harbor was first examined with varying levels of protection and entrance hydraulic
efficiency to obtain desirable flushing. Gyre circulation in this model indicated that
further expansion either to the South or East would result in some difficulty in
obtaining adequate flushing. The 90-vessel harbor was not examined in the model as
both land use and flushing conditions would make satisfactory development difficult.
The 60-vessel harbor configurations were then checked to see if a 30-vessel harbor
could be accommodated. When performance of the system was confirmed a separate
study was conducted to see if further deep-draft harbor expansion could be
accommodated. -

The new study was initiated with a mode! consisting of a 9.8-m-deep (32-ft-deep)
draft entrance channel, an 8.8-m-deep (29-ft-deep) maneuvering area, a 3-m-deep (10-
ft-deep) sediment trap, a 0.9-m-deep (3-ft-deep) connecting channel from the harbor
to the Salt Lagoon, a wave-dissipating spending beach inside the harbor [el 0.0 m (0.0
ft) with a +1.2 m (+4 ft) berm along its perimeter], and an interior detached -
breakwater. These conditions were developed in previous studies and are authorized
for construction and remained in the model for all experiments with the exception that
the interior detached breakwater position and orientation were modified. Proposed
improvement plans for this experimental series consisted of dredging a new small
boat channel and boat basin as well as installation of a shore-connected breakwater
and adjustment of the interior detached breakwater. The interior detached breakwater
is used to manage water quality in the Salt Lagoon and interior harbor. Modifications
also were made to the existing shoreline and depths in the existing harbor. Wave
heights and wave-induced current patterns and magnitudes were obtained for
variations in the harbor that consisted of changes in shoreline configurations, depths
and/or structure lengths and alignments. Experiments of tidal flushing were
conducted for changes in the orientation of the interior detached breakwater and
depths in the harbor. Study plans that consisted of shoreline and depth changes in the
harbor were expeditiously constructed in the model using gravel to determine
optimum layouts. A total of 12 plans were tested in this series. Descriptions and
layouts of the small boat harbor improvement plans are presented in the model study
report appended to this document. The conditions measured in plan 37 (the optimized
60-vessel harbor) are shown in Figures A-2 and A-9, and Tables A-8.1 and A-8.2.
These conditions were used to design various aspects of the harbor. Figure A-3



shows current patterns and maximum surge velocities without the small boat harbor
in place. .

Table A-8.1: Short-Period Wave Heights for Plan 37

Experimental Wave Wave Height at Indicated Gauge Location, ft
Period (s) [Helgnt (11| Gauge 1 | Gauge ? | Gauge 3 | Gauge 4 | Geuge 5] Gauge 6 ] Gauge 7 | Gauge 8 | Gauge 6 | Gauge 10] Gauge 11

swl = +3.2 fi
10 10 2.1 0.6 0.3 0.7 0.5 0.3 0.2 0.3 0.2 0.2 0.6
16 _ 19 4.2 1.4 0.6 1.6 1.0 0.8 0.4 0.4 06 04 1.5
20 14 3.5 1.2 0.5 1.5 1.0 0.7 04 04 0.4 0.4 1.1
25 10 3.1 0.9 0.4 1.5 0.9 0.6 0.2 0.3 0.4 0.3 0.9

. swl = +7.0 fi
10 10 3.7 1.0 0.3 0.8 0.6 0.3 0.3 0.3 0.5 0.3 0.8
16 19 54 1.8 0.7 1.8 1.5 0.9 0.6 0.7 0.8 0.6 2.3
20 14 4.8 1.7 0.6 1.8 1.4 0.8 0.6 0.6 0.8 0.6 2.0
25 10 4.5 1.5 0.5 2.0 1.2 0.6 0.5 0.5 0.7 0.5 1.7

Table A-8.2: Long-Period Wave Heights for Plan 37

Experimental Wave Wave Height at Indicated Gauge Location, ft
Period (s) |Height {ft) | Gauge 1 | Gauge 2 |Gauge 3A| Gauge 4 | Gauge 5 Gauae 6 | Gauge 7 | Gauge 8 | Gauge 9 | Gauge 10| Gauge 11

swl=+3.2f -

10 10 2.5 0.9 2.1 1.3 1.0 1.0 1.2 1.2 0.8 0.9 1.2

16 19 47 1.9 3.4 2.7 2.0 1.9 2.2 2.2 1.6 2.0 2.3

20 14 4.1 1.8 3.0 2.4 2.0 1.7 1.9 2.0 1.3 1.6 2.0

25 10 3.5 1.3 2.6 2.3 1.6 14 1.9 1.8 1.8 1.6 1.4
swl = +7.0 fi

10 10 3.7 1.2 2.2 1.3 1.3 1.1 1.3 1.4 0.9 1.0 1.2

16 19 5.8 2.4 4.0 3.1 27 1.8 2.4 2.4 1.9 2.1 3.5

20 14 5.3 2.3 4.0 2.9 2.5 1.9 2.4 2.7 1.8 2.0 2.8

25 10 4.8 1.9 2.9 2.7 1.9 1.5 2.0 2.1 1.5 1.7 2.3

5.5 Wave Height Experiments

Wave height experiments were conducted for the initial and most promising v
improvement plans for the waves from 8 to 25 seconds. Experiments involving some
proposed plans, however, were limited to the most critical wave conditions (i.e., 16-
sec, 19-ft waves). Wave gauge locations are shown in the model study

5.6  Wave-Induced Current Patterns and Magnitudes

Wave-induced current patterns and magnitudes were obtained for selected
improvement plans for various wave conditions. These experiments were conducted
by timing the progress of a dye tracer relative to a known distance on the model
surface at selected locations in the model.

N



5.7  Tidal Flow Experiments

Tidal flow experiments were conducted for selected improvement plans to determine
flushing action throughout the harbor. Tidal current patterns and magnitudes were
obtained with a dye tracer similarly to those obtained for wave-induced currents.

5.8 Expefimehtal Results

In analyzing results, the relative merits of various improvement plans were based on
measured wave heights, wave-induced current patterns and magnitudes, and tidal flow -
currents. Model wave heights (significant wave heights or Hy) were tabulated to show
measured values at selected locations. Wave-induced and tidal current patterns and
magnitudes are shown in the figures in the report as previously cited.

5.9 Conclusions (

Based on results of the coastal model investigation reported herein, it is concluded
that: '

1. Preliminary experiments indicated that all improvement plans would result in
wave heights of less than 0.3 m (1.0 ft) in the small boat mooring area for short-
period storm wave conditions.

3. Preliminary experiments indicated that the harbor would experience long-
period (surge) conditions for all improvement plans. These surges are at their
extremes at maximum tide conditions, exceeding 3 feet some places in the harbor at
the extreme tide of 7+ feet. When water depths are decreased, the East entrance
depths decrease the available energy. They are insignificant at the extreme minus tide
condition and estimated at about 1.5 ft at the 0-MLLW tide condition.

3. Preliminary experiments indicated that the area between the wave-dissipating
spending beach and the interior detached breakwater should be constructed to an
elevation of -0.6 m (-2.0 ft) to reduce wave heights in the small boat harbor mooring
areas. Excessive wave-induced currents in this area, however, indicated that the area
should be hardened (capped with riprap) to prevent scour.

4. Preliminary experiments indicated that strong wave-induced currents in the
interior channel might cause navigation difficulties for extreme storm wave events.
Strong wave-induced currents along the area east of the shore-connected breakwater
also may pose problems for vessels mooring in this vicinity. These current
magnitudes also indicate that toe protection at the head of the structure may be
required. '

5. Preliminary experiments indicated that the angled interior detached
breakwater would result in enhanced circulation and better distribution of flow in the
small boat harbor basin for ebb tidal currents as opposed to the straight structure.

6. Preliminary experiments indicated that the -4.9-m-deep (-16-ft-deep) interior
channel would result in enhanced wave-induced circulation and stronger eddies in the
small boat basin as opposed to the -3.7-m-deep (-12-ft-deep) channel.

7. Experiments indicated that the 60-vessel plan configuration (Plan 37) would
provide adequate wave and surge protection to the small boat harbor as well as
adequate harbor circulation.



8. Experiments indicated that the 30-vessel plan configuration (Plan 38) will
provide adequate wave and surge protection to the small boat harbor as well as
adequate harbor circulation _
9. Experiments indicated that a reduction of depths in the harbor to -6.7 m (-22
ft) west of the interior shore-connected breakwater (Plan 39) would have no negative
impacts on wave and surge conditions or harbor circulation in the small boat harbor.
10.  Experiments indicated that long-period surge conditions would occur in the
harbor. Problems resulting from those conditions should be limited provided dock
systems are properly oriented and vessels properly moored.
“11.  Experiments indicated that the 0.0-m (0.0-ft) elevation of the wave-dissipating
spending beach (with the +1.2-m (+4.0-ft) berm along its perimeter) studied during
this period will provide essentially the same level of protection from storm waves in .
the mooring area as the +3.7-m (+12.0-ft) elevation spending beach tested in earlier
studies. B



6. HARBOR DESIGN

6.1 General

Input parameters for harbor design were based on input from public meetings as far as
- harbor layout and basic criteria for dock facilities to maintain a given size and
composition fleet. The physical controls for design were extracted from model
studies, climatological data and common practice for harbor depths and channel
dimensions. Previous sections identify most of this input data.

6.2  Design Vessel and Design Fleet

The 60-vessel harbor economic analysis was based upon the boat sizes presented in
Table A-9. Other harbor sizes assumed a similar ratio of vessel sizes. The design
vessel length was estimated at 60 ft. The average beam was estimated to be in excess
of 30 percent of the length, and 22 feet was used. The loaded draft used for the major
part of the harbor was 8.0 feet and in the shallower section it was assumed the drafts
were 4.5 feet or less.

Table A-9: Distribution by Vessel Size Class in the 60-Vessel Harbor

Size Class Number of Vessels in Moorage
0 to 26 feet 28!
>26 to 39 feet 17
>39 to 55 feet 13
>55 feet ’ 22
Local fleet total ’ 80
Local fleet w/o hand-launched skiffs 60

! The allocated harvest justifies 8 vessels based on the income threshold. We have
included an estimated 20 local skiffs in this class. All are tailored or carried and are
anticipated to be users of the launch ramp.

? Includes hand-launched skiffs not kept in the harbor

6.3 Harbor and Channel Depth for Navigation

The harbor was designed to provide ingress and egress for vessels for all reasonable
conditions. The entrance channel design depth was based on the following
requirements: '

e Vessel draft of 8 ft. _
¢ Safety Clearance of 2 ft when long and short-period waves are present. This
safety clearance was selected even though boulders may be present at dredged



depth. Movement of sand and boulders after construction is not expected and
no dredging tolerance will be allowed during construction.
- o Long-period oscillation at MLLW condition + or — 1.5 feet.
e Short-period oscillations at MLLW + or — 0.5 feet.

The combination of the above requirements resulted in an entrance and maneuvering
channel depth of -12° MLLW. A minus tide was then selected, which would allow
entrance and exit under all but the most extreme conditions of offshore winds if safety
clearances were adequate. 2.5 MLLW tide elevation was selected, as it is an
approximate 99% use condition. Depth requirements were based on the following
assumptions:

e Long- and short-period waves were blocked by shallow water conditions at the
East entrance and by offshore winds. Long- and short-period oscillations are 0
ft. |

e The channel depth of 12 feet required at MLLW was found to be usable at the
—2.5° MLLW tide with a safety clearance of 1.5 feet entailing either minor
waiting or very minor risk therefore no economic analysis was undertaken to
study the incremental costs and benefits of channel use between MLLW and
—2.5 MLLW. :

e Harbor depths in the mooring areas were selected at 1.5 feet below the lowest
expected tide for the various vessels in the fleet.

6.4  Channel Depth Required for F lushing

The harbor was tested for its flushing characteristics using both a 3.2-foot tide and a
7-foot tide with the navigation channel at the -12° MLLW elevation. This was
combined with the smallest persistent wave that would normally be encountered
during the non-storm periods. Circulation within the harbor was developed under
these conditions but the multiple gyre system was weaker than without project
conditions. To improve gyre strength the hydraulic efficiency of the small boat basin.
entrance was improved by deepening by 4 feet to an elevation of -16° MLLW. Gyres
were strengthened to the point that the mass transfer of water by this mechanism was
similar to the without project conditions. Wind and wave setup in the harbor are other
major mechanisms for mass transfer and mixing. These remain unchanged under with
and without project conditions. Entrance channel depth required for water quality
levels similar to existing conditions on the southeastern shoreline is -16" MLLW.

6.5  Entrance and Maneuvering Channel Width

The entrance channel was designed for two-way traffic under optimum conditions of
wind and currents and was initially 5 vessel beams in width or 110 feet. The
breakwater was extended and the channel reduced to 100 feet to preserve breakwater
and spending beach integrity within the confines of the authorized channel depths.
The 100-foot width allows 2-way traffic where vessel speeds are not constrained
under most conditions. One-way traffic is possible under the more adverse wind and



current conditions. The maneuvering channel was widened to 120 feet to account for
the wind and current drift associated with constrained vessel speeds. Congestion-
associated arrivals and departures from the docks also make additional maneuvering
room beneficial.

6.6  Basis of Breakwater Design

The breakwater is designed in accordance with guidance given in the Corps of
Engineers Shore Protection Manual. The design was then checked to see if the
velocities caused by the harbor seiche at this location could control design.

e Maximum wave in the Harbor = 3 feet
e K;=2.5 Non-breaking wave (Table 7-8 SPM)
e Hudson Formula:

Wso=wr + )/ id
K *(S-1)° cot(o)

Wiy = 50% size of rock gradation

W, = Unit weight of rock

H,, = Design wave height

K = Stability coefficient for grade rubble
cot(o) = Cotangent of the slope

o Wso=165-9/2.5 - (4.86) - (1.5) = 600 Ibs.

The maximum size was selected as 2 tons. A well-graded mix without zoning is to be
used in the construction as that size material makes up a high percentage of material
that can be produced at both St. Paul and at St. George quarries. By using this mix a
bedding layer will not be required. Rock sizes based on velocities encountered near
the nose of the breakwater were established using the Corps of Engineers ChanlPro
program for sizing rock on stream banks.

BREAKWATER VELOCITY CHECK

PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL DEPTH-
AVERAGED VELOCITY, BENDWAY

INPUT PARAMETERS
SPECIFIC WEIGHT OF STONE, PCF 165.0
MINIMUM CENTER LINE BEND RADIUS, FT200.0
WATER SURFACE WIDTH, FT 200.0
LOCAL FLOW DEPTH, FT 15.0
CHANNEL SIDE SLOPE 1 VER: 1.5 HOR

LOCAL DEPTH AVG VELOCITY, FPS 8.00



SIDE SLOPE CORRECTION FACTOR K1 1
CORRECTION FOR VELOCITY PROFILE IN BEND 1.22
RIPRAP DESIGN SAFETY FACTOR 1.10 °

SELECTED STABLE GRADATIONS (ETL GRADATION)

LIMITS OF STONE WEIGHT (LB)
FOR PERCENT LIGHTER BY WEIGHT
100 50 15
36 15 11 7 5 2

8 35 26 17 13 5

Wave activity dominates the design; therefore, 2 ton minus stone is to be used on the
breakwater. '

6.7  Wave Height in the Moorage Area

The desirable maximum wave heights in a small boat harbor are established by EM
1110-2-1615, “Hydraulic Design of Small Boat Harbors,” which contains the
following statements: '

Purpose and Scope. This manual provides guidance for planning, layout and design
of small boat harbor projects. These projects include boat basins, boat ramps, and
channels. Small boats are classified as recreational craff, fishing boats, or other
small commercial craft with lengths less than 100 feet. . .. Moorage areas need
sufficient area to allow berthing piers and interior channels to accommodate the
intended fleet. Anchorage areas must safely accommodate the intended fleet
considering vessel movement when at anchor. Maximum allowable wave heights
generally are limited to one foot in berthing and two feet in anchorage areas.

This manual guidance is in reference to short-period waves in the harbor. Guidance on
long-period waves (seiches) indicates that considerable seiche sizes can be accommodated
if vessels and docks are properly oriented and moorings account for the forces imposed by
the seiche activity.

Some clarification of that guidance with respect to seiches is given in Special Report
No. 2, Small-Craft Harbors: Design, Construction and Operation, U.S. Army Corps
of Engineers (December 1974):

The normal criteria for acceptable wave actions are that the significant height of any
wave episode not exceed about 2 to 4 feet in the entrance channel and I to 1.5 feet in
the berthing areas, depending on the characteristics of the using craft. Generally, if
waves can be attenuated to a height of about 1 foot in the berthing areas, their
horizontal oscillations will not be troublesome, and any longer-period resonant
effects will go unnoticed.



Based on model studies, short-period wave heights of less than 1 foot prevailed in the
harbor under all test conditions (see APPENDED model study report). Long-period
waves in the 110-second to 140-second range will, however, be present in the harbor.
The Southeastern corner of the harbor has the maximum vertical response in a seiche
mode under these conditions. The seiche is oriented in an East to West direction and
therefore boat moorages must be oriented in that direction to allow a vessel to ride
with the seiche when moored. The harbor layout shown in the recommended plan

-responds to this orientation. Seiches in other harbors are managed by moorage
orientation and close control of moorings. Harbor oscillation horizontal velocities are
quite low, and mooring stresses should be easily accommodated. Velocities off the
end of the breakwater and across the wave control zone between the spending beach
and detached interior breakwater will require erosion protection. The dock lying
adjacent to and east of the small boat harbor rubble breakwater will see vertical
oscillations but has been set back from the end of the breakwater to avoid horizontal
current velocities. Sponsor management of dock use and tie up will be required but
curtailed use is only expected less than 10% of the time during the winter season
based on wave information contained in this report.

6.8 Erosion Protection

The areas requiring erosion protection were determined from model studies. The
zones that have high velocities are in the vicinity of the breakwater nose and the high
insitu ground that supplies natural harbor wave protection. The high ground is that
area between the spending beach and the interior detached breakwater. The -2’
MLLW grade must be maintained at that location for wave protection and also
retained for flushing control for the harbor, The area will be excavated so that erosion
protection can be placed to the -2° MLLW elevation. The erosion protection was
sized using ChanlPro. '

PROGRAM OUTPUT FOR A CHANNEL WITH A KNOWN LOCAL
DEPTH-AVERAGED VELOCITY, STRAIGHT REACH

INPUT PARAMETERS
SPECIFIC WEIGHT OF STONE, PCF 165.0
LOCAL FLOW DEPTH, FT 12.0
CHANNEL SIDE SLOPE, 1 VER: 3 HOR
LOCAL DEPTH AVG VELOCITY, FPS 8.00
SIDE SLOPE CORRECTION FACTOR K1 .99
CORRECTION FOR VELOCITY PROFILE IN BEND 1.00
RIPRAP DESIGN SAFETY FACTOR 1.10

SELECTED STABLE GRADATIONS (ETL GRADATION)

LIMITS OF STONE WEIGHT (LB)
FOR PERCENT LIGHTER BY WEIGHT



100 50 15
36 15 11 7 5 2

A fifty-pound minus riprap was chosen with a two-foot layer thickness. The added
thickness was selected in lieu of a gravel filter. A plus or minus tolerance of 6 inches
is to be allowed over an area not exceeding 200 square feet to allow ease in
placement. Insitu boulders need not be removed if they lie within this tolerance, and
erosion protection can be continuous without sand pockets.

6.9  Interior Harbor Design

The orientation of moorings depicted on the drawings is critical to the harbor
functioning satisfactorily during periods of seicheing. Other elements of the mooring
docks, floating dock, boat ramp and boat haulout trailer have not received detailed
design analysis but are in use at other harbors. Detailed design should be undertaken
prior to installation of these facilities.

6.10 Future Harbor Dredging Modifications

Deepening in front of the TDX docks is always a future possibility. The harbor lying
West of the small boat harbor was examined to see the impacts on the small boat
harbor, other portions of the harbor, and water quality. The area was modeled, and the
differences between conditions with existing topography and with deepening to -22’
MLLW were examined and found to be minor. Harbor circulation is adequate to
allow development, and there do not appear to be obvious environmental or technical
reasons to constrain future development. There are technical items that must be
considered. The harbor seiche manifests itself in this segment of the harbor also. The
surge is a gain oscillating on an East to West axis making mooring perpendicular to
this direction difficult. Local desire to place a fixed dock parallel to the small boat
harbor breakwater will need to take the seiche conditions under cons1derat1on A more
‘elaborate finger pier arrangement may be desirable.



7. THE RECOMMENDED PLAN

7.1  Description

The recommended small boat harbor consists of a federally developed entrance and
maneuvering channel and a West breakwater. The entrance and maneuvering channels
in the interior of the harbor are constructed to a depth of -12> MLLW to within 100
feet of the harbor breakwater. The entrance is initiated at the boundary of the turning
basin and extends from that point to a position about 100 feet inside the harbor. The
depth as required for flushing in this segment is -16° MLLW. At that position it
transitions to a depth of -12° MLLW. The width of the entrance channel segment
where vessel speed allows reasonable control is 100 feet with a depth of -12° MLLW.
In the speed-restricted maneuvering channel the width increases to 120 feet at a 12-
foot depth. The entrance channel narrows to 65 feet at the eastern segment of the
harbor that is used by smaller craft in the fleet. The Federal breakwater is 445 feet in
length and is constructed to an elevation of +10° MLLW. The breakwater elevation
assumes an extreme tide of 6° MLLW plus a surge of 4 feet. Model results show that
surges may exceed this value under certain circumstances. Those circumstances,
however, are infrequent and added elevation is not deemed necessary. Breakwater
construction is a randomly placed rubble mound with 1.5 on 1 side slopes. Erosion
control is required in the areas shown between the spending beach and the interior
detached breakwater and in the channel along the end of the harbor breakwater. The
Eastern end of the harbor is bounded by a circulation berm requested by
environmental interests. The berm will control waters that might enter from the relic -
channel lying East of Grass Islands. The berm is built from the constructed +10’
MLLW elevation in the services area to the Grass Islands. The berm is constructed to
a top elevation of +10° MLLW and capped with filter and revetment. The revetment
will be composed of the 12 inch minus boulders removed during excavation of the
harbor. '

7.2 Locally Developed Portions of the Project Consist of:

¢ A mooring basin comprising about 3.5 acres.
Mooring floats for a 60-vessel harbor
e Launch ramp 50 feet by 140 feet capable of retrieving the larger vessels in the
fleet. :
A boat launch trailer.
e A 50-foot by 160-foot dock at the southwestern boundary of the project.
A 20-foot by 275-foot pile-anchored floating dock along the eastern side of the
federal breakwater.
Revetment on the southern bank of the harbor
Associated onshore facilities
Intertidal fill along the Southern bank line
A +10° MLLW berm from shore to Grass Islands on the East Bank



7.3 Harbor Water Quality

Harbor water quality is dominated by the exchange of tide-generated flow through the
harbor on its way to and from the Salt Lagoon combined with wave driven currents.
The differential head between the western and eastern entrance to the deep-draft
harbor created by minor wave activity creates an almost continuous flow through the
deep-draft and small boat harbor. An added mechanism that creates both mixing and
" exchange is the high predominance of winds from the North. Other winds create

" mixing but the north winds create mass transport of water through the harbor. The
Salt Lagoon surface is also more than three times that of the harbor and more than
double the tidal prism. The impact of the Salt Lagoon is that when wind mixing
occurs, the harbor waters are mostly exchanged in one tidal cycle. The winds
eliminate the stagnation potential of the waters that are partially isolated from the Salt
Lagoon effects. Circulation is generally good. The winds that assail this site will do an
excellent job of mixing the water.

7.4  Salt Lagoon Water Quality

The Salt Lagoon water exchange is dominated by tides. Because of the small range in
tidal elevation and length of basin, several tide cycles are required before all the water
is exchanged. Mixing of water in the tidal lagoon should be good because waters are
shallow and winds are frequent and strong enough to stir from top to bottom. Storm
surge water elevations of up to three or four feet above normal tidal elevations cause
supplemental exchange in the lagoon and periodically improve water quality. The
shaping and deepening of the lagoon entrance channel will improve water exchange.
The placement of the detached interior breakwater favors waters entering the lagoon

- directly from the ocean source rather than through the harbor complexes and should
guarantee high-quality entrant waters. Those modifications will be undertaken
concurrently with other authorized components of the deep-draft harbor. The
combination of planned improvements minimizes the risk of degrading water quality
through harbor activities and greatly enhances the system now in existence.

7.5 Sedimentation

Shoaling within the small boat harbor will be very limited as the deep-draft harbor
entrance channel forms a trap at the western end of the system and the sediment
management area forms a trap on the eastern end. Wind blown sands will however
continue to contribute a small amount of sediment on the eastern boundary of the
project.

Sediments in the harbor area are gap graded. The sediments consist of sands and
well-rounded boulders. The dominant transport mechanism for both is the current
generated by the storm surges. A secondary and important transport mechanism is
wind transport. Wave generated currents under more minor storm conditions are
probably also capable of moving sands along the shoreline. Currents in the pocket
where the harbor resides are generally in a clockwise direction and prior to deep-draft
harbor construction probably resulted in the harbor area fluctuating between being a



sediment sink and a sediment source for down-flow beaches. The position of the Salt
Lagoon entrance has shifted several hundreds of feet over brief periods of time,
indicating insufficient boulders in the material being transported to armor and hold its
position beyond its present northerly location.

Prior to deep-draft harbor construction, sediment accumulation in the area was limited
and most accumulations were shifted in down transport after brief periods of storage
in the lagoon entrance. Since construction of the breakwaters the currents have been
modified, and the sediments reaching the harbor are retained in the area south of the
east entrance in the general area from the entrance to the historic Salt Lagoon channel.
Storm surges and the current driving mechanisms, however, are still similar to pre-
construction. Since construction sediment accumulation within the confines of the
deep-draft harbor appears to be less than 2000 cubic yards per year, however, precise
measurements of infill have not been made and the 2000 yards could be exceeded.
The observed accumulation is in the northeastern segment of the harbor and is not
expected to encroach on Federal facilities for S years. A sediment management area
(sediment trap) just inside the north breakwater between Boulder Spit and the wave
dissipater island will trap and control most sediment entering the harbor. A sediment
trap in this area when over dredged also helps prevent water quality degradation in
Salt Lagoon.

Much of the sediment approaching the harbor is diverted westward along the deep-
draft exterior detached breakwater and recirculated to the ocean about 1000 ft
offshore of its previous location to the existing project circulation path shown in
Figure A-12. This probably results in some deficit of sediments along the headlands
to the west and may extend into Zolotoi Bay. The small boat harbor does not affect
these conditions.

The dunes at the southern end of the harbor development are evidence of wind
transport. It is expected that some sediment accumulation in the southeastern portion
of the small boat harbor will result from the strong northerly winds blowing along the
length of the spit. |

7.6  Construction Dredging

Initial construction dredging quantities were derived from the June 1995 Corps of
Engineers survey. Initial construction would involve dredging material consisting of
up to 50 percent boulders to the project limits in the deep-draft entrance channel,
maneuvering basin, sediment management area and entrance to the Salt Lagoon.
Dredging in the small boat harbor should encounter a lower concentration of boulders.
Dredging for the small boat harbor and other project elements will be conducted
within a single contract to minimize the mobilization costs (a sizable portion of all
dredge contracts in remote locations). Dredge equipment will be adapted to the more
severe conditions in the deep-draft entrance channel and other non-small boat harbor
components. The small boat harbor dredging will comprise 137,00 cy of a total of
549,000 cy. Disposal will be at an upland disposal area, in the spending beach island
on the south side of the detached breakwater, and on the beach fill on the southern
boundary of the harbor.



Work will be accomplished with a large clamshell dredge, since sand, boulders, and
possibly hard layers of consolidated material could be encountered during
construction. Also, for the entrance channel dredging, a barge-mounted clamshell is
needed because of wave action. o -

7.7 Operation and Maintenance Plan

Operation of the completed project would for the major part be the city of St. Paul’s
responsibility. The federal government would be responsible for the breakwater,

- entrance and maneuvering channel. The Alaska District would conduct hydrographic
surveys at 3- to 5-year intervals for dredging areas. The hydrographic surveys would
be used to verify whether the predicted maintenance-dredging interval is adequate for
the entrance and maneuvering channel. Local and Federal dredging requirements '
would probably be combined, so there would be only a single mobilization and
demobilization cost. The expected maintenance costs are listed in the following
subparagraphs for the Preferred Plan. '

7.7.1 Federal Channel Dredging

Minor accumulations can be managed in conjunction with deep-draft harbor
maintenance. Sea source sediments enter through the deep-draft channel on the West
and will accumulate in the maneuvering basin of the deep-draft harbor. Minor
amounts of suspended fines may find their way into the Federal channel associated
with the small boat harbor, but the amounts should be negligible. Sea source
sediments at the western end of the project enter along the spit and accumulate in the
deep-draft harbor and Salt Lagoon sediment management area. Minor amounts of
fines may enter the federal channel of the small boat harbor but can be managed with
the periodic management of in the deep-draft maneuvering area. It is assumed that
10,000 cyds will require removal on a 10-year frequency and assumed that
mobilization and the deep-draft project will absorb any special costs for development
of disposal areas. The cost of dredging will be $9.63/cy or $96,300/10yr. Annual
cost of dredging is $6,500.

7.7.2 Harbor Dredging

4,000 cyds at 10-year intervals is the expected harbor dredging volume. Wind-driven
sands from the boulder spit will cause the accumulation. The sands will accumulate in
the Eastern portion of the harbor. The unit cost of removal will be $9.63/cy or
$38,520 in ten years. Annual cost of dredging is $2,600.

7.7.3 Breakwater

The breakwater maintenance is anticipated to be less than 1%/yr with periodic
maintenance of 20% of first cost or $139,183 plus mobilization of $1,200,000 at years
20 and 40. Annual cost of maintenance is $31,500.

7.7.4 Boat Ramp



The boat ramp will require 50% replacement at years 20 and 40. Those replacements
will coincide with major breakwater repairs or with the major construction so as to
negate the need for major mobilization costs. Repairs are expected to be $100,000 at
20-year intervals. Annual cost of maintenance is $2,300.

7.7.5 Floats and walkway ramps

Floats and walkway ramps will be left in place throughout the winter. They will
require annual repairs of surfaces, mooring bits, pile attachments, piles, hinges and
other items. The annual maintenance is estimated at 2.5% of the initial cost for years 1
through 5 and at 5% of the initial cost annually throughout the remainder of project
life. Annual cost of maintenance is $34,700.

7.7.6 Breakwater Eastside Floating Dock

The floating dock will be left in place throughout the winter and receive heavy use
throughout the year. It will require annual repairs of surfaces, mooring bits, pile
attachment, piles, hinges and other items. The annual maintenance is estimated at
2.5% of the initial cost for years 1 through 5 and at 5% of the initial cost annually
throughout the remainder of project life. Annual cost of maintenance is $31,200.

7.7.7 South Side Dock

The dock will require annual repairs of surfaces, mooring bits, piles, and other items.
The annual maintenance is estimated at 2.5% of the initial cost for year 1 through 5
and at5% of the initial cost annually throughout the remainder of project life. Annual
cost of maintenance is $49,600.

7.7.8 Boat Lift Trailer

The boat lift trailer will require $1,000 in annual maintenance. The maintenance will
consist of lubrication, periodic replacement of straps, tires, hydraulic seals and general
minor repairs. Annual cost of maintenance is $1,000.

Total annual cost of maintenance is$159,400.

7.8 Aids to Navigation

For the deep-draft channel a self-contained signal lantern has been installed at the
head of the existing breakwater as an aid to navigation. Discussions with the U.S.
Coast Guard have been conducted to assure that necessary marking of reefs and/or the
entrance channel with ranges or lights would be considered. The small boat basin will
require some additional buoys to mark the channel.



8. Quantity and Cost Estimates
8.1  Preferred Plan

Detailed estimates of quantities for dredging, and the local sponsor’s costs for
associated items were made for the recommended harbor plan. Other plans required to
develop the NED or recommended plan were estimated based on this single detailed
estimate. Dredging quantities were estimated for general navigation features and for
other features. The general navigation features include the entrance channel,
maneuvering channel, and the breakwater. The detailed cost estimate and associated -
quantities for the recommended plan are shown in MCACES format in the Economic
Appendix. All the cost estimates are based on construction being accomplished at the
same time as previously authorized harbor improvements as listed in section 4.3.
First-year mobilization costs are shown based on the shared costs of that mobilization.

8.2 Other Alternatives

A total of five plans were analyzed to arrive at the NED plan. The preferred plan is
thoroughly described elsewhere in this report. A brief cost summary of the preferred
plan and others are shown in Tables A-1 through A-5.

Of the plans examined 3 are variation in depths for a 60-vessel harbor. All of the 60-
vessel harbors require the deep inlet channel to obtain adequate flushing gyres. They
also require a vessel haul-out ramp and most facilities needed in alternative depth
harbors. Therefore, costs are similar to one another.

A 30-vessel harbor cost was examined at the -12° MLLW depth. Modeling efforts
indicate that this harbor would perform adequately, but most major cost items are
similar to the 60-vessel harbor.

A 90-vessel harbor was examined and may appear desirable based on harbor costs
alone; however, there are both land use and environmental faults with this plan. The
90-vessel harbor expansion would require land either on the eastern or southern
boundary of the proposed 60-vessel harbor. Model studies indicate that the 60-vessel
harbor approaches the limits of secondary gyre, and transfer of basin waters will occur
in a satisfactory manner. Further penetration into the shorelines will adversely affect
water quality in those penetrations. There is a further problem with the 90-vessel
harbor: Adjacent lands must be foregone for basin development. The giving up of
these lands constrains reasonable associated harbor development.



9. CONSTRUCTION SCHEDULE
9.1 General

Major construction items to be undertaken concurrently with this project include
constructing the spending beach and dredging the entrance channel, maneuvering
basin, sediment management area and new Salt Lagoon entrance. In addition, the Salt
Lagoon entrance would be stabilized and the spending beach constructed. The
spending beach would be one area for disposal.

The time needed for construction is estimated at less than 6 months but will represent

two construction seasons, as mobilization, demobilization and entrance dredging must
be scheduled around seasons conducive to their accomplishment. Moorings and docks
would be constructed during a second season,

Construction scheduling would facilitate the continued use of the harbor by local
fishermen, fish processing facilities, and cargo vessels during construction. Project
specifications would direct the contractor to conduct certain act1v1t1es durmg specified
time periods to allow continued harbor usage.

9.2  Effects of Harbor Improvements Construction

Construction of the St. Paul Harbor improvements would not impact the relatively
quiescent waters within Village Cove and would not affect the wave climate or
sediment supply of adjacent shorelines south and west of Village Cove.

Improvements in the Federal project area (maneuvering and entrance channel) would
not adversely impact the adjacent inner harbor areas or tidelands outside the harbor.
Shoaling at the deep-draft harbor entrance or inside the deep-draft harbor would not

be increased by development of the small boat harbor.

Water circulation within Village Cove is driven predominantly by tidal action and
high wind fields, which the proposed improvements would not impact. Model studies
indicate that circulation would be considerably enhanced by wave action during storm
conditions and that enhancement is not compromised by the small boat harbor
development.
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POR: 1973-1999

Percent Frequency Calm Winds:

St Paul Island, AK

Latitude 57.09N Longitude 170.13W

Annual Wind Sunimai‘y Hevation 13Ft
N . .
NW
WNW ENE
W E
WSW ESE
SW SE
SS *SSE
1.69 ' g -

Labels of Percent Frequency on North Axis

>55kts % 48-5Skts &

41-47kts @ 34-40kts W 28-33kts @ 22-27kts @ 17-21kts B 11-16kts B 7-10kts B 1-6kts
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POR: 1973-1999 St Paul ISlalld, - Iatitude S57.09N Iongitude _170.13W

| January Wind Summary Flevation 13Ft
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SW

- SS | SSE )
Percent Frequency Calm Winds: 1.67 ' S
Labels of Percent Frequency on North Axis
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1-6kts
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POR: 1973-1999 St Paul Island, AK Latitude 57.09N Longitude 170.13W

February Wind Summary Hevation 13Ft
N _
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SW 1 SE
| SSW | SSE
Percent Frequency Calm Winds: 1.65 g
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March Wind Summary Hlevation 13Ft
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St Paul Island, AK

POR: 1973-1999 | Latitude 57.09N Longitude 170.13W
April Wind Summary Hevation 13Ft
NNW.
NW NE
WNW ENE
W" 4.. E
WSW ESE
SW SE
SSW 1 SSE

Percent Frequency Calm Winds: 157 S
Labels of Percent Frequency on North Axis
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St Paul Island, AK

POR: 1973-1999 Latitude 57.09N Longitude 170.13W
May Wind Summary Hevation 13Ft
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NW
WNW ENE
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WSW ESE
SW SE
SS SSE -
Percent Frequency Calm Winds: 1.45 g
|  Labels of Percent Frequency on North Axis
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POR: 1973-1999 o St Paul Island, AK Latitude 57.09N Longitude 170,13W

June Wind Summary Hlevation 13Ft
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St Paul Island, AK
POR: 1973-1999

Latitude 57.09N longitude 170.13W

July Wind Summary Hevation 13Ft
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NW NE
ENE
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St Paul Island, AK

POR: 1973-1999 : Latitude 57.09N Longitude 170.13W
. August Wind Summary Hevation 13Ft
N
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POR: 1973-1999 St Paul ISland, Latitude 57.09N Longitude 170.13W

September Wind Summary Hevation 13Ft

Percent Frequency Calm Winds: 127
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POR: 1973-1999 : St Paul ISland, AK Latitude 57.09N Inngitude 170.13W
| October Wind Summary Hevation 13Ft
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St Paul Island, AK
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' November Wind Summary Hevation 13Ft
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PREFACE
A requesf for a model investigation to study harbor modifications at St. Paul Harbor,
St. Péul Island, A]aska, was initiated by the US Arfny Engineer District, Alaska, (CEPOA) in a
Jetter to the US Army Engineer Division, Pacific Ocean (CEPOD). Authorization for the US
Army Engineer Research and Deveiopment Center (ERDC), Coastal and Hydraulics Laboratory
(CHL), to perform the study was subsequently granted by Headquarters, US Army Corps of
Engineers (HQUSACE). Funds were provided by CEPOA in December 2000.
|

Model experiments were conducted at ERDC during January 2001 by personnel of the
Harbors and Entrances Branch (HEB), CHL, under the direction of Messrs. Thomas W.
Richardson and Thomas J. Pokrefke, Jr., Acting Director and Acting Assistant Director of CHL,
respectively; and under direct supervision of Mr. Dennis G. Markle, Chief of HEB. Model
experiments were conducted by Messrs. Hugh F. Acuff and Glenn B. Myrick, Larry R. Tolliver,
and MS Kristi L. Evans, Civi] Engineering Technicians, and Mr. William G. Henderson,
Computer Assistant, under the supervision of Mr. Robert R. Bottin, Jr., Research Physical

Scientist. This report was prepared by Messrs. Bottin and Acuff.

Messrs. Ken Eisses and Alan Jeffries were technical points of contact for CEPOA.

The following personnel visited ERDC to observe and participate in model operations during the

study.
' Mr. Ken Eisses | CEPOA
Mr. Alan Jeffries CEPOA
Mr. John Bumns CEPOA
Mr. John Oliver Consultant, CEPOA

Initial results for the model were reported in Technical Report CERC-96-7, "Study of
Harbor Improvements at St. Paul Harbor, St. Paul Island, Alaska," dated September 1996, and
results for the initial reactivation of the study were -reponed in Miscellaneous Paper CHL-97-7,

"Study for Flushing of Salt Lagoon and Small-Boat Harbor Improvements at St. Paul Harbor, St.

1



Paul Island, Alaska,"” dated August 1997. Results for the reactivated model finalizing the design

of small-boat harbor improvements and flushing at St. Paul Harbor are reported herein. »

Dr. James R. Houston was Director of ERDC during model operation and the -

preparation and publication of this report. COL James S. Weller, EN, was Commander.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)

UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI (metric) units as follows:

Multiply

acres

cubic feet per second

cubic yards

degrees (angle)

feet

feet per second

inches

knots (international)
miles (US statute)

miles per hour

pounds (mass)

pounds (mass) per cubic feet
square feet

squafe miles (US statute)

tons (2,000 1b, mass)

By
4046.873

0.02831685

0.7646
0.01745329
0.3048
10.3048
2.54
1.8532
1.609347
1.609347
0.4536
1602
0.09290304
2.589988

907.1848

To Obtain

square meters

cubic meters per
second

|
cubic meters |
radians
meters
meters per seéond
centimeters
kilometers per hour
kilometers

kilometers per hour

kilograms

. kilograms per cubic meter

square meters
square kilometers

kilograms



DESIGN FOR SMALL-BOAT HARBOR IMPROVEMENTS AND
TIDAL FLUSHING AT ST. PAUL HARBOR
ST. PAUL ISLAND, ALASKA

Coastal Model Investigation

PART I: INTRODUCTION

- Prototype

1. St. Paul Island is the northernmost and largest island of the‘Pribilofs in the eastern
Bering Sea (Figure 1) with a land area of 114 sq km (44 sq mi). The Pribilofs are of volcanic

origin, and St. Paul Island is composed predominantly of volcanic materials in the form of lava

ST PAUL ISLAND

{
*WALRUS ISLAND '
St Poul
. N

Harbor

-
OTTER ISLAND

THE PRIBILOF ISLANDS

ST. GEORGE ISLAND

\7 |
SI. George St Lowunc
. islono

Fairbankse

Q
BERING SEA Shtona <™ : ALASKA
" Nunivokeny e .

islond o s ofe
N -
S
00
Y PRIBILOF ISLANDS
4
\req - )
< ot GULF OF AL ASKA

Aleution Islands

LOCATION AND
VICINITY MAP

Figure 1. Project locatiomn

'Units of measurement in this report are shown in Sl (metric) units, followed by non-S! (British)
units in parenthesis. In addition, a table of factors for converting Non-S! units of measurement
used in figures, plates, and tables in this report to Sl units is presented on page 4.

5



flows and loose cinders with sandy deposits. The west and southwest portions of the island are
brelati‘vely high and mountainous with precipitous cliffs along the coast. The remainder of the
island is relatively low and rolling with a number of extinct volcanic peaks scattered throughout.
Only two of the Pribilof Islands are populated, St. Paul with about 800 people and St. George
with.approximately 300 residents. Two-thirds of the St. Paul population is Alaska Native.

2. The Pribilof Islands support large populations of birds, mammals, fish, and
invertebrates. The Pribilofs are the primary breeding ground for northern fur seals where
approximately two-thirds of the world’s population (1.3 to 1.4 million) migrate annually (US
Army Engineer District, Alaska (CEPOA 1981). More than a quarter million seabirds nest on St.
Paul Island each year, mainly along the coastal cliffs. The uplands are inhabited by song birds,
white and blue féxes, and a transplanted herd of approximately 250 reindeer. The is]and is
treeless and covered with grasses, sedges, and wildflowers. The eastern Bering Sea near St. Paul

supports populations of shrimp, commercially harvestable species of crab, and bottom fish.

3. The city of St. Paul is located on a cove on the southern tip of the island and is the
island’s only settlement. The islands were originally settled by the Russians to harvest fur seals.
The treaty for the purchase of Alaska from Russia by the United States in 1867 placed the
Pribilofs under United States control. The National Marine Fisheries Service (NMFS) and its
predecessor Federal agencies were responsible for the fur seal industry in the Pribilofs since
1911, managing the harvest according to a series of international agreements between the United
States, Canada, Japan, and the Soviet Union. In 1983, the harvest of fur seals was discontinued
. due to a seal harvest moratorium. The NMFS terminated administration, management, and
employment at St. Paul. This event had a significant adverse impact on the economy, and the
standard of living could not be maintained. At that time the village had no other economic base,
no harbor infrastructure, linadequate and unpermitted utilities, overcrowded housing, high
unemployment, and limited air and vessel transportation. Development of a harbor, and

associated marine related industries, fulfilled the need for new sources of employment and income

on the island.



Harbor Development

4. A breakwater was constructed at St. Paul in Village Cove during 1983, but
su‘bsequent]y failed during storms of 1984. A new breakwater was designed and constructed by
Tetra Tech, Inc., consultants to the City of St. Paul (Tetra Tech, Inc. 1987). The structure was
229 m (750 ft) in length and functioned well, in regard to stability, during the 1985 and 1986
winter seasons. A 61-m-long (200—ft+1_ong), vertical-wall dock was installed in the lee of the
breakwater in 1986 to accommodate fishing vessels. The»breakwater, however, was not of
sufficient length to provide wave protection to vessels using the dock, parficularly during storm

. I
events.

5. In 1989, construction of the current harbor configuration was completed. A layout
of the harbor is shown in Figure 2. It consiéted of a 549-m-long (1,800-ft-long) main breakwater,
a 296-m-long (970-ft-long) detached breakwater, and space for 274 m (900 ft) of docks on the lee
side of the main breakwater. The main breakwater, generally, follows the -7.6-m (-25-ft)*
contour in Village Cove and results in a harbor with 32,375 to 40,470 sq m (8 to 10 acres) of
area and water depths of 5.5 to 7.6 m (18 to 25 ft) on the lee side of the breakwater. The center
line of the detached breakwater makes an interior angle of 75 deg with the main structure at sta
17+00, and provides a 91-m-wide (300-ft-wide) harbor entrance. A 61-m-wide (200-ft-wide)
opening between the eastern end of the detached breakwater and the shore is maintained to

enhance harbor circulation. An aerial photograph of the existing St. Paul Harbor is shown in

Figure 3.

6. The main breakwater has a design crest elevation (el) of +11.3 m (437 ft) from sta
7450 to a point approximately 15.2 m (50 ft) north of the northernmost dock. The remaining
portion of the structure has a crest el of +9.1 m (+30 ft). Armor stone used on the breakwater
trunk was 16,330 kg (18 ton), and 21,770 kg (24 ton) armor stone was used on the head. The
slope of the trunk is 1V:2H with a 1V:2.5H slope around the breakwater head. Special placement

2 All contours and elevations cited herein are in meters (feet) referred to mean lower low water
(mllw) unless otherwise noted.
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of the armor stone was specified in the contract documents which reqﬁired orientation of the long
axis of each stone normal to the breakwater slope. A roadway was constructed on the lee side of
the main breakwater adjacent to the proposed docks. The detached breakwater

has a crest el of +5.5 m (418 ft) with 4,535 kg (5 ton) armor stone placed on a slope



Figure 3.' Aerial view of St. Paul Harbor

of 1V§1.5H. Prior to construction of the 1989 improvements, both two-dimensional (Ward 1988)
and three-dimensional (Bottin and Mize 1988) hydraulic model investigations were conducted at
the U.S. Army Engineer Research and Development Center (ERDC) to optimize structural and

functional design of the harbor.

7. After construction of the harbor in 1989, it experienced a rapid growth cycle and |
quickly became overcrowded. In the mid 1990s, St. Paul Harbor served a fleet of 230 transient
vessels during the crabbing season. A total of 27 floating processors were located within a
4.8-km (3-mi) limit of the harbor. In addition, three processing plants had permanently located
within the harbor complex (CEPOA 1995). Subsequent to harbor construction, significant
overtopping of the main breakwater had been experienced during the winter seasons. Overtopping
may have been caused by larger than design storm waves and/or still water levels or possible
settlement and consolidation of the breakwater stone. Overtopping caused the roadway in the lee

of the breakwater to wash out, and repairs were required frequently during the storm season.



Due to these problems and neéds, the harbor was again studied at ERDC in 1996. The feasibility
of deepening the entrance channel and dredging a deeper and larger maneuvering basin was
proposed to relieve the congestion in the harbor. In addition, a submerged reef breakwater
concept was studied as a means of redﬁcing wave overtopping of and wave transmission through
the main breakwater. Two- and three-dimensional model investigations wer conducted by Ward
(1996) and Bottin (1996), réspectively, to optimize reef breakwater cross sections and layout as

well as wave and current conditions in the harbor.

8. Construction of three parallel, submerged reef breakwaters seaward of the main
breakwater was initiated during the 2000 construction season. The' reef structures were
constructed with 455- to 3,630-kg (1,000- to 8,000-Ib) stone at an el of —3.7| m (-12 ft) with side
slopes of 1V:1.5H. They were 380 m (1,250 ft) in length. The shoreward crest of the innermost
reef was 52 m (170 ft) from the toe of the existing main breakwater. ‘The crest widths of the
reefs were 21.3 m (70 ft) apart. The reefs were placed on bedding stone that ranged from 9 to
225 kg (20 to 500 Ib). A layout of the reef breakwaters is shown in Figure 4. In addition, the
contract included that a total of 25 selected armor stones bé placed in voids that had occurred in
the main breakwater due to displacement as a result of storms. In June 2000 these armor stones
were placed on the breakwater along the water line between stas 8+80 and 9+70. Also included
in the contract was the placement of 75 selected armor stones in damaged areas of the detached
breakwater at St. Paul Harbor. Offshore reef construction was only partially completed during

the 2000 season, and final construction will be completed during the summer of 2001.

Previously Reported Model Experiments and Conclusions

9. The St. Paul Harbor model was constructed initially to investigate the feasibility of
deepening the entrance channel and dredging a deeper and larger maneuvering basin to relieve the
current congestion. The impacts of proposed harbor improvements on wave conditions, wave-
induced current patterns and magnitudes, and sediment patterns and subsequent deposits in the
harbor were studied. In addition, the impacts of a proposed submerged reef breakwater were

investigated relative to wave-induced current patterns and magnitudes and sediment tracer patterns
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and subsequent deposits seaward of the main breakwater. Details of the investigation were

published (Bottin 1996), and conclusions derived from results of those experiments are shown

below. Plan numbers refer to those in the initial investigation.

a.

=

10

[

e

=

During periods of severe storm wave activity with high tide conditions,
wave heights in the existing harbor will exceed 1.7 m (5.5 ft) along the
dock in the lee of the main breakwater and 0.8 m (2.5 ft) at the TDX dock.

For existing conditions, currents enter the harbor through the opening at the
shoreward end of the detached breakwater and move in a clockwise
direction exiting through the entrance. Maximum velocities along the
shoreline inside the harbor will exceed 2.5 mps (8 fps). Currents also move
seaward along the seaside of the detached breakwater across the harbor
entrance. '

For existing conditions, sediment moves southerly along the boulder spit
and enters the harbor through the opening at the shoreward end of the
detached breakwater. Sediment also moves westerly along the seaside of
the detached breakwater toward the harbor entrance.

Experimental results obtained for the initial submerged reefs (Plans 1 and 2)
indicated the structures would have no adverse impact on current patterns and
magnitudes or sediment tracer patterns and deposits seaward of the main
breakwater.

An extension of the initial submerged reefs northerly by 122 m (400 ft) in length
(Plan 4) will decrease wave heights in the approach and entrance channels and
result in improved navigation conditions.

A 15.2 m (50 ft) reduction in the length of the submerged reefs (from 396 to
381 m (1,300 to 1,250 ft)) on their southern end (Plan 9) will not increase wave
conditions in the harbor.

Experimental results for the deepened channel and maneuvering area and the
381-m-long (1,250-ft-long) submerged reefs of Plan 10 indicated that wave
heights would increase at the TDX dock and the inner harbor area when
compared to existing conditions.

Installation of the wave-dissipating spending beach in the harbor (Plan 11) with
the deepened channel and maneuvering area and the 381-m-long (1,250-ft-long)
submerged reefs will result in reduced wave conditions. Wave heights
throughout the harbor will be significantly less than those obtained for existing
conditions.

12



1. Installation of Plan 10 (deepened channel and maneuvering area and the
381-m-long (1,250-ft-long) submerged reefs) or Plan 11 (addition of the wave-
dissipating spending beach) will have no adverse impact on current patterns and
magnitudes and/or sediment patterns and subsequent deposits in the vicinity of
the harbor. '

1. The 120-m-long (400-ft-long) breakwater spur of Plan 12 will have no
adverse impact on wave or current conditions in the harbor. It will,
however, redirect sediment movement and subsequent deposits from the
entrance channel to the northerly edge of the channel, and thus, reduce the

potential for shoaling.

10. The St. Paul Harbor model was reactivated to determine the impabts of propdsed
small-boat harbor modifications on wave conditions, current patterns and magnitudes, and
sediment movement patterns and subsequent deposits within the complex. In addition,
experiments were conducted to study both wave-induced and tidal flushing of the vSalt Lagoon.
Details of this investigation were published (Bottin and Acuff 1997), and conclusions derived
from results of those experiments are shown below. Plan numbering began where they ended in

the initial study.

a. Preliminary experiments (Plans 13-18) revealed that all improvement plans
would result in wave heights of less than 0.3 m (1.0 ft) in the small-boat mooring

areas.

b. Preliminary experiments indicated that with the originally proposed plans,

sediment deposits would occur in the small-boat navigation channel. A breakwater

extending southeasterly from the wave-dissipating spending beach, or an extension of
- the spending beach, however, would prevent shoaling of the channel.

c. Preliminary experiments revealed that the location of the north breakwater was
critical with respect to diverting tidal currents from the lagoon connecting channel
toward the harbor basin and providing circulation.

d. Of the improvement plans investigated with the wave energy channel connected.
to Salt Lagoon north of the harbor, the 61-m-wide (200-ft-wide), +0.9-m (+3.0-ft)
el channel of Plan 21 was optimum with respect to those configurations.

e. The improvement'plan configurations of Plans 24 and 25 (26-vessel and 52-vessel

basins, respectively) will provide adequate wave protection, shoaling protection, and
harbor circulation for the new small-boat harbor.

13



f. Improvements in shoaling and circulation conditions for the existing harbor will
be obtained with the installation of the sediment deposition basin, the southeasterly
extension of the wave-dissipating spending beach, and the north breakwater

(Plan 26).

Purpose of the Current Investigation

11. At the request of the US Army Engineer District, Alaska (CEPOA), the hydraulic
mode] of St. Paul Harbor was reactivated by the US Army Engineer Research and Development
Center (ERDC) to finalize the design of proposed small-boat harbor modifications based on wave

conditions and current patterns and magnitudes within the complex. Long-period seiche

conditions within the harbor were also evaluated. In addition, experiments were conducted to
Study tidal flushing of the harbor and Salt Lagoon. An expedited testing pr(‘)gram was performed

" with a minimum number of experimental conditions.

14



PART II: THE MODEL

Design of Model

12. The St. Paul Harbor model (Figure 5) was constructed to an undistorted linear scale

of 1:100, model to prototype. Scale selection was based on the following factors:

a. Depth of water required in the model to prevent excessive bottom friction.
b. Absolute size of model waves.

c. Available shelter dimensions and area required for model construction.

d. Efficiency of model operation. |

e. Available wave-generating and wave-measuring equipment.

f. Model construction costs.

A geometrically undistorted model was necessary to ensure accurate reproduction of wave and
current patterns. Following selection of the linear scale, the model was designed and operated in
accordance with Froude’s model law (Stevens, et al., 1942). The scale relations used for design

and operation of the model were as follows:

Model-Prototype

- Characteristic Dimension™ Scale Relations
Length L L. = 1:100
Area 12 A, =L2?=1:10,000
Volume L3 3, = L2 = 1:1,000,000
Time T T.=L"% =1:10
Velocity L/T V. =LY% =1:10

* Dimensions are in terms of length (L) and time (T).

13. The existing breakwaters at St. Paul Harbor are rubble-mound structures.
Experience and experimental research have shown that considerable wave energy passes through
the interstices of this type structure; thus, the transmission and absorption of wave energy became

a matter of concern in the design of 1:100-scale model. In small-scale hydraulic models,

15



MODEL LIMITS /

A
3

£
L

|
i
E
I / A
/ S —
/"-— .
k // 7/ ////// |
N -/ e
l & %I
+ él
L 4l
Z.
%

NN

AN\\N
NN

WAVE GENERATOR
WEST DIRECTION

NN

N

SN\

NOTE: CONTOURS AND ELEVATIONS
SHOWN IN FEET REFERRED
TO MEAN LOWER LOW WATER
LWy WAVE GENERATOR
PIT ELEVATION -100 FT

SNNSRSNAN

SCALE IN FEET
MODEL 0o 2 4 6 8 10 12 E
PROTOTYPE O 200 400 6§00 800 1000 1200 /

//4//1/")"/???////////_//////////////4//_//Lv.@.@sé@éz/z_//z/z_//_//{/j

Dmans Ll ) Lo Ll el Lle i i iy, S

Figure 5. Model layout

SN

16



rubble-mound stmétures reflect relatively more and absorb or dissipate relatively less wave energy
than geometrically similar prototype structures (LeMehaute 1965). Also, the transmission of
wave energy through a rubble-mound structure is relatively less for the small-scale model than for
the prototype. COnsequently, some adjustment in small-scale model fubble—mound structures is
needed to ensure satiéfaCtdry reproduction of wave-reflection and wave-transmission
characteristics. In past investigations (Dai and Jackson 1966, Brasfeild and Ball 1967) at WES,
this adjustment was madevby-devterminilng wave-energy transmission éharacteristics of the
proposed structure in a‘tw'o-dimensional model using a scale large enough to ensure negligible
scale effects. A cross section then was developed for the small-scale, three-dimensional model
that would provide essentially the same relative transmission and reflection of wave energy.
Therefore, frorﬁ previous findings for structures and wave conditions similar to those at St. Paul
Harbor, it was determined that a close approximation of the correct wavé~energy transmission and
reflection characteristics could be obtained by increasing the size of the rock used in the 1:100-
scale model to approximately two times that required for geometric similarity. Accordingly, in
constructing the rubble-mound structures in the St. Paul Harbor model, rock sizes were computed

linearly by scale, then mulﬁp]ied by 2 to determine the actual sizes to be used in the model.

Model and Appurtenances

14. The model reproduced approximately 2,865 m (9,400 ft) of the St. Paul Island
shoreline (from Tolsti Point easterly and then southerly to a point south of the existing breakwater
trunk), the existing harbor, and underwater topography in the Bering Sea to an offshore depth of
12.2 m (40 ft) with a sloping transition to the wave generation pit elevation of -30.5 m (-100 ft).
A small connecting channel to a salt lagoon (located east of the harbor) also was included in the
model as well as the tidal prism of the salt lagoon. The total area reproduced in the model was
approximately 605 sq m (6,500 sq ft), representing about 6 sq km (2.3 sq mi) in the prototype.
Vertical control for model construction was based on mean lower low water (mllw), and
horizontal control was referenced to a local prototype grid system. A general view of the model |

is shown in Figure 6.
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15. Model waves were reproduced by an 18.3-m-long (60-ft-long), electrohydraulic,
unidirectional, spectral wave generator with a trapezoidal-shaped plunger. The vertical motion of
the plunger was controlled by a computer-generated éommand signal, and movement of the

plunger caused a displacement of water which generated required test waves.

16. An Automated Data Acquisition and Control System, designed and constructed at
WES, was used to generate and transmit wave generator control signals, monitor wave generator
feedback, and secure and analyze wave data at selected locations in the rhodel. Through the use
of a microvax computer, the electrical output of parallel-wire, capacitance-type wave gauges,
which varied with the change in water-surface elevation with respect to time, were

recorded on magnetic disks. These data then were analyzed to obtain the parametric wave data.

17. A 0.6-m (2-ft) (horizontal) solid layer of fiber wave absorber was placed along the
inside perimeter of the model to dampen wave energy that might otherwise be reflected from the
model walls. In addition, guide vanes were placed along the wave generator sides in the flat pit

area to ensure proper formation of the wave train incident to the model contours.

~18. The St. Paul Harbor model facility did not include calibrated tidal reproduction
facilities. These faéilities require an enormous amount of time and funds to prepare. Since time
and funds were limited, model tides were reproduced simply by raising (filling the basin) or
lowering (draining the basin) the water level. The water level was raised and lowered linearly

over the appropriate tidal period (36 min in the model which equates to 6 hr in the prototype).
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PART III: EXPER]MENTAL CONDITIONS AND. PROCEDURES

Selection of Experimental Conditions

Still-water level

19. Still-water levels (swl’s) for wave action models are selected so that various wave-
induced phenomena that are dependent on water depths are accurately réproduced in the model.
These phenomena include refraction of waves in the project area, overtopping of harbor structures

by waves, reflection of wave energy from various structures, and transmission of wave energy
. I

through porous structures.

20. In most cases, it is desirable to select a model swl that closely approximates the
higher water stages which normally occur in the prototype for the fo]lowing Teasons:

a. The maximum amount of wave energy reaching a coastal area normally
occurs during the higher water phase of the local tidal cycle.

b. Most storms moving onshore are characteristically accompanied by a higher
water level due to wind, tide and storm surge.

The selection of a high swl helps minimize model scale effects due to viscous

c.
bottom friction.
d. When a high swl is selected, a model investigation tends to yield more

conservative results.

21. Swl'sof +1.0, +1.5, and +2.1 m (+3.2, +5.0, and +7.0 ft) were selected by
CEPOA for use during the initial experiments with the St. Paul model. Only the +1.0 and +2.1
m (+3.2 and +7.0 ft swl’s, however, were used during the reactivated experimental series. The
lower value (4+1.0 m (+43.2 ft)) represents mean higher high water (mhhwj. The higher value
(+2.1 m (+7.0 ft)) was an extreme estimate based on observations made in the prototype during

~ storm wave conditions.

20



Factors influencing selection

of experimental wave characteristics

22. In planning the experimental program for a model investigation of harbor wave-
action problems, it is necessary to select heights, periods, ahd directions for the test waves that
will allow a realistic test of the proposed improvement plans and an accurate evaluation of the
elements of the various proposals. Surface-wind waves are generated primarily by the
interactions between tangential stresses of wind flowing over water, resonance between the water
surface and atmospheric turbulence, and interactions between individual wave components. The
height and period of the maximum significant wave that can be generated byI a given storm
depend on the wind speed, the length of time that wind of a given speed continues to blow, and
the distance over water (fetch) which the wind blows. Selection of experimental wave conditions

entails evaluation of such factors as:

a. Fetch and decay distances (the latter being the distance over which waves
travel after leaving the generating area) for various directions from which
waves can approach the problem area.

b. Frequéncy of occurrence and duration of storm winds from the different
directions. '

c. Alignment, size, and relative geographic position of the navigation structures.

d. Alignments, lengths, and locations of the various reflecting surfaces in the
area.

€. Refraction of waves caused by differentials in depth in the area seaward of

the site, which may create either a concentration or a diffusion of wave
energy.

Wave refraction

23. When waves move into water of gradually decreasing depth, transformations take
place in all wave characteristics except wave period (to the first order of approximation). The
most important transformations with respect to selection of experimental wave characteristics are
the changes in wave height and direction of travel due to the phenomenon referred to as wave
refraction. During a previous model investigation (Bottin and Mize 1988), the change in wave

height and direction at St. Paul Harbor was determined by using the numerical Regional Coastal
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Processes Wave Transformation Model (RCPWAVE) developed by Ebersole (1985). During the
previous study, modé] experiments were conducted for five wave directions. For the current
series, however, waves from only the west (259 dég) direction were used. The west direction
was the most critical with respect to wave heights, wave-induced current patterns and magnitudes,

and sediment tracer patterns at the harbor.

Prototype wave data and
selection of experimental waves

24. Measured prototype data covering a sufficiently long duration from which to base a
comprehensive statistical analysis of wave conditions were unavailable for the St. Paul Harbor
area. However, in the previous model investigation (Bottin and Mize 1988), statistical deepwater
wave hindcast data representative of this area were obtained from the CERC Wave Information
Studies (WIS). Additional information on WIS may be obtained from Corson (1985). After .a
review of the data from the previous study, and due to limited time and funds for the current

investigation, NPA selected the following waves for use in the current experimental series:

Period, sec Height, m (ft)
8 3.0 (10)
10 3.0 (10)
16 44349
 5.8(19)
20 4.3 (14)
25 1.5 (5)
3.0 (10)

25. Unidirectional wave spectra were generated based on Joint North Sea Wave
Project (JONSWAP) parameters for the selected waves and used throughout the model
investigation. Selected waves were defined as significant wave beight, the average height of
the highest one-third of the waves or H; . In deepwater, H; is very similar to H_, (energy

based wave) where H,, = 4 (E)*?, and E equals total energy in the spectra, which is
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obtained by integraﬁng the energy density spectra over the frequency range.

Analysis of Mdd_el Data

26. Relative merits of the vérious plans were evaluated by:
_ a. Comparison of short-period wave heights and long-period wave heights
(seiches) at selected locations in the model.
b. Comparison of wave-induced current patterns and magnitudes.
¢. Comparison of tidal flows.

d. Visual observations.

In the wave-height data analysis, the average height of the highest one-third of the waves
( H,), recorded at each gauge location, was computed. All wave heights then were adjusted
by application of Keulegan’s equation* to compensate for excessive model wave height |
attenuation due to viscous bottom friction. From this equation, reduction of model wave
heights (relative to the prototype) can be calculated as a function of water depth, width of
wave front, wave period, water viscosity, and distance of wave travel and the model data can

be corrected and converted to their prototype equivalents.

27. Recent acquisition of National Data Buoy Center data from the Bearing sea near
St. Paul Harbor as well as information obtained from Monitoring Completed Navigation |
Projects at the harbor (Bottin and Eisses 1997) indicate that wave periods as great as 25 sec
can occur at the site. Since longer period spectral waves often induce more severe surf beat,
and the potential for seiches, previous studies were examined for seiche conditions. It was
noted in reviewing earlier model! experiments that long-period surges did occur in the harbor

basin as a result of various frequencies in the spectral wave signals. Since oscillations

* G. H. Keulegan, 1950, "The Gradual Damping of a Progressive Oscillatory Wave
with Distance in a Prismatic Rectangular Channel,” Unpublished data, National
Bureau of Standards, Washington, DC, prepared at request of Director, WES,
Vicksburg, MS, by Letter of 2 May 1950. '
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occurred, it was considered important to obtain long-period wave informétion-. Therefore,
wave data obtained was filtered, and both short-period storm wave conditions as well as
long-period wave conditions were presented at the various gauge locations. In addition,
- wave-induced current velocities obtained in the model were the maximum that occurred
during the wave spectra (usually occurring after a series of large waves in the wave signal

and at long-period nodal points).
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PART 1V: EXPERIMENTS AND RESULTS

Experiments

28. Twelve Study plans were evaluated during the initial portion of this investigation
(Bottin 1996), and 15 plans were evaluated during the first reactivation of the model (Bottin
and Acuff 1997). Therefore, plan numbe_ring for this experimental series began with
Plan number 28. A 9.8-m-deep (32-ft-deep) draft entrance channel, an 8.8-m-deep (29-ft--
‘deep) maneuvering area, a 3-m-deep (10-ft-deep) sediment trap, a 0.9-m-deep (3-ft-deep)
connecting channel from the harbor to the salt lagoon, and a wave-dissipating spehﬂing beach
inside the harbor (el 0.0 m (0.0 ft) with a +1.2 m (+4 ft) berm along its perimeter) were
developed in previous studies and remained in the model for all experiments. Proposed
improvement plans for this experimental series consisted of dredging a new small-boat
channel and boat basin as well as installation of a shore-connected breakwater and an interior
detached breakwater (for diversion of currents from the salt lagoon) in the existing harbor.
Modifications also were made to the existing shoreline and depths in the existing harbor.
Wave heights and wave-induced current patterns and magnitudes were obtained for variations
in the harbor that consisted of changes in shoreline configurations, depths and/or structure
lengths and alignments. Experiments of tidal flushing were conducted for changes in the
orientation of the interior detached breakwater and depths in the harbor. Study plans that
consisted of shoreline and depth changes in the harbor were expeditiously constructed in the
model using gravel to determine optimum layouts. Brief descriptidns of the smail-boat
harbor improvement plans are presented in the following subparagraphs, and dimensional

details are shown in Plates 1-10.

a. Plan 28 (Plate 1) consisted of the installation of a 3.7-m-deep, 30.5-m-wide (12-ft-
deep, 100-ft-wide) interior channel and a 3.7-m-deep (12-ft-deep) boat basin. It also
included a 107-m-long (350-ft-long) interior shore-connected breakwater and a
45.7-m-long (150-ft-long) interior detached breakwater (both at els of +3 m
(+10 ft)). The boat basin was revetted along its south and east sides. Slopes were
1V:1.25H on the shore-connected breakwater and 1V:1.5H on the interior detached
breakwater and revetments. This configuration represents a 60-vessel boat basin.
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Plan 29 (Plate 2) included the elements of Plan 28 with the shoreline configuration
changed east of the boat basin. The shoreline was moved 33.5 m (110 ft) easterly m
an arc and the revetment slope was changed to 1V:5H.

Plan 30 (Plate 2) entailed the elements of Plan 29 but the berm along the perimeter of
the wave-dissipating spending beach was raised to +2.4 m (+8 ft).

Plan 31 (Plate 3) involved the elements of Plan 28, but the shoreline configuration -
east of the boat basin was. moved 24.4 m (80 ft) in an arc and the revetment slope
was changed to 1V:10H. The +2.4 m (+38 ft) berm el along the perimeter of the
wave- d13$1patmg spending beach was included.

P]an 32 (Plate 3) consisted of the elements of Plan 28 but the interior detached
breakwater was extended 36.6 m (120 ft) in length. The structure was extended
westerly 15.3 m (50 ft) on its original alignment and then angled 21.3m (70 f)
southwesterly toward the channel. It also included the +2.4 m (+8 ft) berm a]ong
the perlmeter of the spending beach.

Plan 33 (Plate 4) involved the elements of Plan 28, but the slope of the revetment east.
of the boat basin was changed to 1V:3H.

Plan 34 (Plate 5) entailed the elements of Plan 33, but 7.6 m (25 ft) was removed
from the western end of the interior detached breakwater resulting in a 38.1-m-long
(125-ft-long) structure. In addition, the area between the spending beach and interior
detached breakwater was deepened to -1.5 m (-5 ft). :

Plan 35 (Plate 6) included the elements of Plan 33, but the area between the spending
beach and the interior detached breakwater was deepened to -0.9 m (-3 ft) and
hardened (capped) with riprap to an el of -0.6 m (-2 ft).

Plan 36 (Plate 7) involved the elements of Plan 35 but the eastern 15.2-m (50-ft)
portion of the interior detached breakwater was reoriented 45 deg southeasterly

toward the small-boat basin.

Plan 37 (Plate 8) entailed the elements of Plan 36 but the interior channel was
deepened to -4.9 m (-16 ft).

Plan 38 (Plate 9) involved the elements of Plan 37 but the area of the small-boat
basin was reduced. The southeastern portion of the basin was filled. This
configuration represents a 30-vessel basin.

Plan 39 (Plate 10) consisted of the elements of Plan 37 but the existing contours in an
area west of the interior shore-connected breakwater were deepened (dredged) to an el

of -6.7 m (-22 ft).
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Wave height experiments

_ 29. Wave height experiments were conducted for the initial and most promising
improvement plans for the waves shown in paragraph 24. Experiments involving some
proposed plans, however, were limited to the most critical wave conditions (i.e., 16-sec, 19-

ft waves). Wave gauge locations are shown in referenced plates.

Wave-induced current patterns and magnitudes

. . . |
30. Wave-induced current patterns and magnitudes were obtained for selected
improvement plans for various wave conditions. These experiments were conducted by

timing the progress of a dye tracer relative to a known distance on the model surface at

selected locations in the model.

Tidal flow experiments

31. Tidal flow experiments were conducted for selected improvement plans to
determine flushing action throughout the harbor. Tidal current patterns and magnitudes were

obtained with a dye tracer similarly to those obtained for wave-induced currents.

Experimental Results

32. In analyzing results, the relative merits of various improvement plans were based
on measure wave heights, wave-induced current patterns and magnitudes, and tidal flow
currents. Model wave héights (significant wave heights or H,) were tabulated to show

measured values at selected locations. Wave-induced and tidal current patterns and

magnitudes were shown on plates in the report.

33. Results of wave height experiments for Plan 28 are presented in Tables 1 and 2,

respectively, for short- and long-period wave conditions with the +1.0-m (+3.2-ft) and
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+2.1-m (+7.0-ft) swls. For short-period wave conditions, maximum wave heights® were
0.55 m (1.8 ft) in the interior entrance channel (gauge 5) and 0.18 m (0.6 ft) invthe small-
boat harbor mooring area (gauge 7) for 16-sec, 5.8-m (19-ft) waves with the +2.1-m
(47.0-ft) swl. For long-period wave conditions, maximum wave heights were 0.8 m (2.6 ft)
in the interior channel for 16-sec, 5.8-m (19-ft) waves with the +2.1-m (+7.0-ft) swl, and
0.7 m (2.3 ft) in the mooring area for 16-sec, 5.8-m (19-ft) waveé with the +1.0-m (+3.2-
ft) sWI. All short-period wave heights in the mooring area were within the generally
accepted 0.3-m (1.0-ft) wave height criterion for small-boat harbors. In several instances,
long-period oscillations resulted in wave heights over 0.6 m (2.0-ft). These heights, when
associated with long-period waves, generally do not result in vessel damage; however, _
horizontal currents between nodes and antinodes in a standing wave system may result in
undesirable mooring condjtions. Damage to vessel and floating docks generally are not a
major problems when moorings arev properly oriented and vessels properly moored. Wave
periods associated with the maximum long-period (surge) conditions in the mooring area

ranged from 112 to 142 seconds.

34. A comparison of short- and long-period wave conditions for Plans 28-32 is
shown in Table 3 for 16-sec, 5.8-m (19-ft) waves with the +1.0-m (+3.2-ft) swl. For .
short§period conditions, maximum wave heights were 0.43 m (1.4 ft) in the interior entrance
channel (gauge 5) for Plans 28, 29, 30, and 32, and 0.15 m (0.5 ft) in the small-boat
mooring area (gauge 8) for Plans 28, 29, and 31. Maximum wave heights, for long-period
conditions, were 0.7 m (2.3 ft) in the entrance channel for Plans 28, 29, and 32 and 0.7 m
(2.3 ft) in the mooring area for Plan 28. Short-period conditions resulted in wave heights
that were satisfactory for all these plans. It was noted that basin modifications and/or the
extension of the interior detached breakwater had little effect, however, on long-period wave
heights in the harbor. Wave periods associated with the maximum long-period (surge)

conditions in the mooring area ranged from 111 to 144 seconds.

35. Wave heights obtained for representative waves for Plan 32 are presented in

SRefers to maximum significant wave heights throughout report.
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Tables 4 and 5, respectively, for short- and long-period wave conditions with the +1.0-m
(+3.2-ft) and +2.1-m (+7.0-ft) swis. For short-period wave conditions, maximum wave
heights were 0.64 m (2.1 ft) in the interior entranéc channel (gauge 5) and O.‘18 m (0.6 ft) in
the small-boat mooring area (gauge 8) for 16-sec, 5.8-m (19-ft) and 20-sec, 4.3-m (14-ft)
waves with the +2.1-m (+7.0-ft) swl. For long-period wave conditions, maximum wave -
heights were 0.91 m (3.0 ft) in the interior channel and 0.76 m (2.5 ft) in the mooring area
for 16-sec, 5.8-m (19-ft) waves with the +2.1-m (+7.0-ft) swl. Wave periods associated
with the maximum long-period (surge) conditions in the mooring area ranged from 121‘t0.‘

139 seconds.

36. Wave-induced current patterns and magnitudes obtained for representative waves-
with Plan 32 installed in the model are presented in Plates 11 and 12, respectively, for the
+1.0-m (+3.2-ft) and +2.1-m (+7.0-ft) swls. Maximum velocities were 3.38 mps (11.1
fps) in the area between the spending beach and the interior detached breakwater, 3.0 mps
(9.7 fps) in the interior entrance channel, and 1.92 fps (6.3 fps) on the east side of the head

of the shore-connected breakwater. These maximum velocities all occurred for 16-sec,

5.8-m (19-ft) conditions.

37. Wave-induced current patterns and magnitudes obtained for Plans 33-35 for
16-sec, 5.8-m (19-ft) waves with the +1.0 m (+3.2-ft) swl are presented in Plate 13.
Maximum velocities were 2.26 mps (7.4 fps) in the area between the spending beach and the
interior detached breakwater for Plan 35, 1.62 mps (5.3 fps) in the interior entrance channel
for Plan 33, and 1.52 mps (5.0 fps) on the east side of the head of the shore-connected
breakwater for Plan 34. Plan 35 appeared to be best in regard to current velocities in the
channel and mooring area. Due to excessive velocities obtained in the area between the
interior detached breakwater and the spending beach, it appears the area should be hardened
(covered with riprap) to prevent scour. Excessive current velocities obtained in the interior
channel also may pose navigation problems for extreme storm wave events. In addition,
strong wave-induced currents along the east side of the head of the interior shore-connected

breakwater could cause problems for vessels moored in this vicinity. These values also
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- indicate that toe protection of the breakwater head may be required.

38. A comparison of short- and long-period wave conditions for Plans 33-35 is
s_hown in Table 6 for 16-sec, 5.8-m (19-ft) waves with the +1.0-m (+3.2-ft) Swl. For
short-period conditions, maximum wave heights were 0.4 m (1.3 ft) in the interior entrance
channel (gauge 5) for Plans 34 and 35, and 0.12 m (0.4 ft) in the small-boat mooring.area
(gauge 8) for Plans 33, 34, and 35. Maximum wave heights for long period vwave conditions
were 0.7 m (2.3 ft) in the entrance ‘channel for Plans 34 and 35, and 0.82 m (2.7 ft) in thé
mooring area for Plan 34. Short-period conditions for Plans 33-35 resulted in satisfactory
wave heights in the small-boat harbor. For long-period waves, Plan 35 (the -0.6-m (-2-ft) el

between the spending beach and interior detached breakwater) resulted in reduced -wave |
“heights, with respect to waves in the mooring areas, versus the other plans. Wave periods
associated with the maximum long-period (surge) conditions in the mooring area ranged from .

126 to 140 seconds.

39. Ebb tidal current patterns were secured for Plans 35 and 36 and are shown in
Plate 14 for the 2.1-m (7.0-ft) tidal range. The current patterns were similar for both plans, /‘
but visual observations indicated a better distribution of flow in the small-boat harbor basin
with the angled interior detached breakwater of Plan 36. Magnitudes obtained for Plan 36
(also shown in Plate 14) were 0.85 mps (2.8 fps) on each side of the interior detached
breakwater, 0.3 mps (0.9 fps) in the small-boat basin, and 0.18 mps (0.6 fps) in the ihterior

channel. Magnitudes were obtained during the mid-range of the tidal cycle.

40. Fbb tidal currents and magnitudes secured for Plan 37 are shown in Plate 15
both with and without waves for the 2.1-m (7.0-ft) tidal range. Results shown in Plate 15
with waves included typical, everyday wave conditions of about 1.2 to 1.8 m (4 to 6 ft).
Without waves, magnitudes obtained were 0.82 and 0.76 mps (2.7 and 2.5 fps), respectively,
east and west of the angled interior detached breakwater, 0.3 mps (1.0 fps) in the small-boat
basin, and 0.18 mps (0.6 fps) in the interior channel. Magnitudes obtained for Plan 37, with

waves, were 0.7 and 0.82 mps (2.3 and 2.7 fps), respectively, east and west of the interior
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breakwater, 0.21 mps (0.7 fps) in the small-boat basin, and 01.277 mps (0.9 fps) in the interior
channel. It was noted that wave conditions improved harbor circulation. Typical wave
conditions resulted in increased currents out the main entrance of the harbor, whereas
'wit_hout' waves, tidal flows moved out of the harbor predominantly northerly along the

shoreline through the -0.3-m-deep (-10-ft-deep) deposition basin.

; 41. Wave heights obtained with representative wave conditions for Plan 37 are
presented in Tables 7 and 8, respectively, for short- and long-period waves with the +1.0-m
(+3.2-ft) and +2.1-m (+7.0-ft) swls. For short-period wave conditions, maximum wave
beights were 0.46 m (1.5 ft) in the interior entrance channel (gauge 5) and 0.21 m (0.7 ft) in
the small-boat mooring area (gauge 8) for 16-sec, 5.8-m (19-ft) waves with the +2.1-m
(+7.0-ft) swl. For long-period wave conditions, maximum wave heights were 0.82 m
(2.7 ft) in the interior channel for 16-sec, 5.8-m (19-ft) waves and 0.82 m (2.7 ft) in the
mooring area for 20-sec, 4.3-m (14-ft) waves with the +2.1-m (+7.0-ft) swl. Wave periods
associated with the maximum long-period (surge) conditions in the mooring area ranged from

115 to 132' seconds.

42. Wave-induced current patterns and magnitudes obtained for representative wa\}es '
with Plan 37 installed in the model are presented in Plates 16 and 17, fespectively, for the
+1.0-m (+3.2-ft) and +2.1-m (+7.0-ft) swls. Maximum velocities were 2.35 mps (7.7
fps) in the area between the spending beach and the interior detached breakwater for 16-sec,
5.8-m (19-ft) waves, 1.68 mps (5.5 fps) in the interior entrance channel for 16-sec, 5.8-m
(19-ft) and 20-sec, 4.3-m (14-ft) waves, and 1.68 mps (5.5 fps) on the east side of the head
of the shore-connected breakwater for 16-sec, 5.8-m (-19-ft) waves. All maximum velocities
occurred for the +1.0-m (+3.2-ft) swl. Visual observations with Plan 37 installed, versus
the earlier plans, revealed that the -4.9;m (-16-ft) deep channel enhanced circulation in the

small-boat basin. The plan resulted in slightly stronger eddies in the basin.

43. Evaluation of results at this point in the investigation indicated that the layout of

Plan 37 was the optimum 60-vessel configuration considering wave and surge conditions in
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the small-boat harbor mooring area and harbor circulation (wave-induced current patterns and

magnitides and ebb tidal flow conditions).

44. Wave heights obtained with Plan 38 iﬁstalled for representative wave conditions
are presented in Tables 9 and 10, respectively, for short- and long-period waves with the
+1.0-m (+3.2-ft) and +2.1-m (+7.0-ft) swls. For short-period wave conditions, maximﬁm
. wave heights were 0.52 m (1.7 ft) in the interior entrance channel (gauge 5) and 0.21 m
(0.7 ft) in the small-boat mooring area (gauge 8) for 16-sec, 5.8-m (19-ft) waves with t.he
+2.1-m (+7.0-ft) swl. For long-period wave conditions, maximum wave heights were
0.82 m (2.7 ft) in the interior channel and 0.91 m (3.0 ft) in the mooring area for 16-sec,
5.8-m (19 ft) waves with the +2.1-m (47.0-ft) swl. Wave periods assbciated with the
maximum ]ong-period (surge) conditions in the mooring area ranged from from 118 to 139

seconds.

45. Wave-induced current patterns and magnitudes obtained for Plan 38 are presented
in Plates 18 and 19 for representative waves for the +1.0-m (+3.2-ft) and +2.1-m (+7.0-ft)
swls. Maximum velocities were 2.44 mps (8.0 fps) in the area between the spending beach
and the interior detached breakwater for 16-sec, 5.8-m (19-ft) waves with the +1.0-m
(+3.2-ft) swl, 2.04 mps (6.7 fps) in the interior entrance channel for 16-sec, 5.8-m (19-f1)
waves with the +2.1-m (+7.0-ft) swl, and 1.46 mps (4.8 fps) on the east side of the head of
the shore-connected breakwater for 20-sec, 4.3-m (14-ft) Waves with the +1.0-m (+3.2-ft)

swl.

46. Ebb tidal current patterns and magnitudes for Plan 38 are presented in Plate 20
for the +2.1-m (+7.0-ft) tide range. Magnitudes obtained_wére 0.98 and 0.88 mps (3.2 and
2.9 ips), respectively, east and west of the angled interior detached breakwater, 0.34 mps
(1.1 fps) in the small-boat basin, and 0.12 mps (0.4 fps) in the interior channel. These tidal

flow patterns and magnitudes were similar to those obtained for Plan 37.

47. Wave heights obtained for representative wave conditions for Plan 39 are
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presented in Tables 11 and 12, respectively, for short- and long- period waves with the
+1.0-m (+3.2-ft) and +2.1-m (+7.0-ft) swls. For short-period wave conditions, maximum
wave heights were 0.52 m (1.7 ft) in the interior entrance channel (gauge 5) and 0.21'm
(0.7 ft) in the small-boat mooring area (gauges 8 and 9) for "16-sec, 5.8-m (19-ft) waves
with the +2.1-m (+7.0-ft) swl. For long-period wave conditions, maximum wave héighté
were 0.79 m (2.6 ft) in the interior channel for 16;sec, 5.8-m (19-ft) waves and 0.91 m
(3.0 ft) in the mooring area for 16-sec, 5.8-m (19-ft) and 20-sec, 4.3-m (14-ft) waves with
the +2.1-m (+7.0-ft) swl. Wave periods associated with the maximum long-period (surge)

conditions in the mooring area ranged from 115 and 130 seconds.

48. Wave-induced current patterns and magnitudes secured for representative waves
with Plan 39 installed are presented in Plates 21 and 22, respectively, for the +1.0-m
(+3.2-ft) and +2.1-m (+7.0-ft) swls. Maximum velocities were 2.38 mps (7.8 fps) in the
area between the spending beach and the inteﬁor detached breakwater for 16-sec, 5.8-m
(19-ft) waves with the +1.0-m (+3.2-ft) swl, 1.7 mps (5.6 fps) in the interior entrance
channel for 16-sec, 5.8-m- (19-ft) waves with the +2.1-m (+7.0-ft) swl, and 1.46 mps
(4.8 fps) on the east side of the head of the shore-connected breakwater for 16-sec, 5.8-m

(19-ft) waves with the +1.0-m (+3.2 ft) swl.

49. Ebb tidal current patterns and magnitudes secured for Plan 39 are shown in Plate
23 for the +2.1-m (+7.0-ft) tidal range. Magnitudes were 0.85 mps (2.8 fps) on each side
of the angled interior detached breakwater, 0.3 mps (1.0 fps) in the small-boat basin, and
0.18 mps (0.6 fps) in the interior channel. These tidal flow patterns were similar to those

obtained for Plans 37 and 38.

50. During the conduct of the inveStigation, all improvement plans experienced long-
period (surge) conditions in the small-boat harbor mooring area. These surges (heights)
generally had amplitudes ranging from about 0.6 to 0.9 m (2 to 3 ft) with associated periods
ranging from approximately 110 to 145 seconds (depending on the plan). These vertical

wave heights generally do not cause problems, or result in vessel damage, in small-boat
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harbors. The horizontal velocities associated with a standing wave system, hbwever, could
pose problems for floating dock systems and vessels. Therefore, it is important that these
horizontal movements be considered in the small-boat harbor design to ensure proper
orientation and anchorage of dock systems as well as proper orientation and mooring of
vessels. Current data obtained that was associated with harbor seiching is presented in Plate
24 for the 60-vessel harbor configuration. The vectors depict and directions of the back and
forth current movements in the mooring area. Maximum velocities obtained ranged from -

0.21 to 0.3 mps (0.7 to 1.0 fps) depending on location.

51. In earlier studies, experiments were conducted with the wave-dissipating
spending beach inside the harbor constructed to an el of +3.7 m (+12 ft). Experiements
conducted for this series of improvement plans indicated that the spending beach could be
reduced to an el of 0.0 m (0.0 ft), (with a +1.2-m (+4.0-ft) berm along it’s perimeter) and

still provide essentially the same level of protection from storm wave conditions in the small-

boat harbor.
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PART V: CONCLUSIONS

52. Based on results of the coastal model investigation repoﬁed herein, it is

concluded. that:

'|_§’

o

i

[

i

=

‘Preliminary experiménts indicated that all improvement plans would result in wave

heights of less than 0.3 m (1.0 ft) in the small-boat mooring area for short-period
storm wave conditions.

Preliminary experiments indicated that the harbor would experience long-period
(surge) conditions for all improvement plans. ' ’

Preliminary experiments indicated that the area between the wave-dissipating
spending beach and the interior detached breakwater should be constructed to an el
of -0.6 m (-2.0 ft) to reduce wave heights in the small-boat harbor mooring areas.
Excessive wave-induced currents in this area, however, indicated that the area '
should be hardened (capped with riprap) to prevent scour.

Preliminary experiments indicated that strong wave-induced currents in the interior
channel may cause navigation difficulities for extreme storm wave events. Strong
wave-induced currents along the area east of the shore-connected breakwater also

‘may pose problems for vessels mooring in this vicinity. These current magnitudes

also indicate that toe protection at the head of the structure may be required.

Preliminary experiments indicated that the angled interior detached breakwater
would result in enhanced circulation and better distribution of flow in the small-
boat harbor basin for ebb tidal currents as opposed to the straight structure.

Preliminary experiments indicated that the -4.9-m-deep (-16-ft-deep) interior
channel would result in enhanced wave-induced circulation and stronger eddies in
the small-boat basin as opposed to the -3.7-m-deep (-12-ft-deep) channel.

Experiments indicated that the 60-vessel plan configuration (Plan 37) will provide
adequate wave and surge protection to the small-boat harbor as well as adequate

harbor circulation.

Experiménts indicated that the 30-vessel plan configuration (Plan 38) will provide
adequate wave and surge protection to the small-boat harbor as well as adequate

harbor circulation
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1. Experiments indicated that a reduction of depths in the harbor to -6.7 m (-22 ft)
west of the interior shore-connected breakwater (Plan 39) will have no negative
- impacts on wave and surge conditions or harbor circulation in the small-boat
harbor. ’ '

J. Experiments indicated that long-period surge conditions in the harbor should not
‘cause problems in the small-boat mooring area provided dock systems are properly
oriented and vessels properly moored.

k. Experiments indicated that the 0.0-m (0.0-ft) el of the wave-dissipating spending
beach (with the +1.2-m (+4.0-ft) berm along its perimenter) studied during this

period will provide essentially the same level of protection from storm waves in the
mooring area as the +3.7-m (+4-12.0-ft) el spending beach tested in earlier studies.

t
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Table 1
Short Period Wave Heights for Plan 28
Experimental Wave : Wave Height at Indicated Gauge Location, ft

Period Height ] .

sec) (ft) Gauge 1 Gauge 2 Gauge 3 Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge 11
swl=+3.2 ft

8 10 23 0.6 1.1 0.3 0.6 0.3 0.1 0.2 0.2 0.2 0.7

10 10 2.6 0.7 0.9 0.5 0.8 0.4 0.2 0.2 0.3 0.2 0.9

16 14.4 3.5 1.2 1.5 1.4 1.3 0.9 0.3 0.4 0.5 0.4 1.3

16 19 4.2 1.4 1.7 1.6 1.4 1.0 0.4 0.5 0.6 0.5 1.4

20 14 4.0 - 114 1.7 1.5 1.4 0.9 04 0.5 0.6 0.5 1.5

25 5 2.0 1.0 [ 1.7 1.3 1.2 0.6 0.1 0.2 0.3 0.2 0.6
swl = +7.0 ft

8 10 2.8 1.0 1.0 0.8 0.7 0.5 0.2 0.2 0.3 0.3 ] 6.7

10 10 3.5 1.0 141 0.8 0.9 0.7 0.3 0.3 0.4 0.3 1.0

16 14.4 4.6 1.6 2.0 1.6 1.4 1.1 0.5 0.5 0.7 0.6 1.8

16 19 5_.6 2.0 2.6 1.9 1.8 1.3 0.6 0.6 0.8 0.7 2.2

20 14 4.8 1.7 2,2 1.8 1.6 1.1 0.5 0.6 0.7 0.6 120

25 5 2.5 0.8 1.1 1.1 1.2 0.9 0.2 0.3 0.4 0.3 0.9




Table 2
Long Period Wave Heights for Plan 28

Experimental Wave Wave Height at Indicated Gauge Location, ft

Period Height

(sec) (ft) Gauge 1 Gauge 2 Gauge 3 Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 | Gauge 11
swi=+3.2ft '

8 10 24 0.7 1.2 0.5 0.8 0.6 0.7 0.9 0.6 0.6 1.0

10 10 2.9 1.0 1.3 11 1.3 1.1 1.1 1.3 0.8 0.9 1.4

16 14.4 4.0 1.7 2.2 24 2.0 1.8 1.7 2,0 1.6 1.6 2.0

16 19 4.7 2.0 24 2.6 2.3 1.9 2.3 1.8 1.6 1.8 2.2

20 14 4.5 2.0 2.4 2.4 2.4 1.8 1.9 2.0 1.4 1.6 2.4

25 5 24 0.7 11 1.0 0.9 0.6 0.5 0.7 0.6 0.6 0.8
swi=+7.0 ft

8 10 2.8 1.4 1.4 0.9 0.9 | 08 0.9 14 0.6 0.7 1.4

10 10 3.6 1.2 1.3 1.2 1.3 1.1 1.2 1.2 0.9 1.0 1.4

16 14.4 5.0 2.0 2.6 2.5 2.2 1.7 1.9 2.1 1.5 1.8 2.6

16 19 6.1 2.6 3.1 3.4 2.6 1.9 2.0 2.1 1.7 1.7 3.2

20 14 5.3 2.2 ‘ 2.9 2.9 2.5 1.9 2.0 2.2 1.6 1.8 2.8

25 5 2.6 0.9 1.2 1.2 0.9 0.7 0.6 0.7 0.6 0.6 1.0




Table 3

Comparison of Wave Heights for Plans 28-32; 16-sec, 19-ft waves; swil = +3.2 ft

Wave Height at Indicated Gauge Location, ft

Plan
Gauge 1 Gauge 2 Gauge 3 Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 X Gauge 9 Gauge 10 Gauge 11

Short Period Wave Conditions

28 4.2 1.4 1.7 1.6 1.4 1.6 0.4 0.5 0.6 0.5 V 14

29 42 13 17 - 1.5 1.4 0.9 0.3 0.5 0.6 0.5 1.4

30 4.0 1.4 1.7 1.5 1.4 0.9 0.4 0.4 0.6 0.5 1.3

31 4.1 1.3 1.8 1.6 1.3 0.9 : 0.4 0.5 0.5 0.5 1.4

32 4.5 1.4 1.8 1.6 1.4 0.9 0.3 0.4 0.5 0.5 | 1.4
Long Period Wave Conditions

28 4.7 2.0 24 . 2.6 2,3 1.9 2.3 1.8 1.6 1.8 2.2

29 4.6 1.9 24 2.3 2.3 1.6 1.9 1.8 1.4 1.6 2.1

30 4.6 1.9 2.5 2.3 2.1 |17 1.8 1.5 1.4 1.5 2.1

31 4.7 1.9 24 2.4 2.1 1.6 - 1.9 1.7 1‘.4 1.7 2.2

32 5.0 2.0 2.7 2.6 2.3 1.6 1.9 1.6 1.4 1.6 2.4




Table 4
Short Period Wave Heights for Plan 32

Experimental Wave Wave Height at Indicated Gauge Location, ft

Period Height

{sec) (ft) Gauge 1 Gauge 2 Gauge 3 Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 | Gauge 11
swl=+3.2ft

10 10 2.5 0.7 0.9 0.7 0.7 0.5 0.2 0.2 0.3 0.2 0.9

16 19 4.5 1.4 1.8 1.6 1.4 0.9 03 0.4 0.5 0.5 1.4

20 | 14 4.0 1.3 1.8 1.5 1.5 0.9 0.3 0.3 0.5 0.4 1.3

25 10 3.3 1.1 1.6 1.5 1.2 0.8 0.3 0.3 0.4 0.4 1.1
swl=+7.0 ft

10 10 3.3 1.0 0.7 0.6 1.1 0.6 0.2 0.3 0.4 0.3 1.0

16 19 50 1.8 1.8 17 2.1 1.0 0.4 0.6 0.7 0.6 2.0

20 14 4.6 1.6 1.7 1.7 1.5 1.0 0.4 0.6 0.6 . 0.6 1.9

25 10 4.4 1.4 1.6 1.8 1.5 0.9 0.3 0.4 0.6 0.5 1.6




Table 5
Long Period Wave Heights for Plan 32

Experimental Wave Wave Helght at Indicated Gauge Location, ft

Period Height _

(sec) (ft) Gauge1 | Gauge 2 Gauge 3 Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge 11
swl=+3.2 ft

10 10 2.7 1.0 1.4 1.2 1.2 1.0 1.1 1.2 0.8 - 0.9 1.3

16 19 5.0 2.0 2.7 2.6 2.3 1.6 1.9 1.6 1.4 1.6 2.1

20 14 4.4 1.9 2.6 24 2.5 1.6 1.7 1.4 1.3 1.5 2.2

25 10 3.7 1.5 2.2 2.1 1.8 1.3 1.4 1.7 1.2 1.4 1.6
swl=+7.0ft

10 10 3.4 1.2 1.1 1.1 1.5 0.9 1.2 1.1 0.7 0.9 i.4

16 19 5.6 2.5 2.6 3.0 3.0 1.7 2.5 2.1 1.5 1.7 2.8

20 14 5.1 2.2 2.5 2.7 2.4 1.6 2.0 2.0 1.5 1.7 2.8

25 110 4.7 1.8 2.1 2.4 2.1 1.5 1.5 1.5 1.2 1.3 2.2




Table 6

Comparison of Wave Heights for Plans 33-35; 16-sec, 19-ft waves; swl = +3.2 ft

Wave Height at Indicated Gauge Location, ft

Plan
Gauge 1 Gadge 2 Gauge 3A Gauge 4 Gauge § Gauge 6 Gauge 7 - Gauge 8 Gauge 9 Gauge 10 Gauge 11

Short Period Wave Conditions

33 4.3 1.4 0.5 16 1.2 0.8 0.3 0.4 05 0.4 15

34 4.3 1.4 0.5 1.6 13 0.9 0.3 0.4 0.5 0.4 1.6

35 4.2 1.3 0.5 1.6 1.3 0.9 0.3 0.4 0.5 0.4 1.5
Long Period Wave Conditions

3 4.8 21 2.9 2.5 2.2 2.1 24 2.2 1.9 1.7 25

34 4.7 2.0 3.2 2.8 2.3 1.6 2.3 2.7 1.9 1.9 2.3

35 4.6 19 . 3.1 2.6 2.3 1.8 2.0 2.3 1.5 1.9 2.3

D




Table 7
Short Period Wave Heights for Plan 37

Experimental Wave Wave Height at Indicated Gauge Location, ft

Period Height .

(sec) (ft) Gauge 1 Gauge 2 Gauge 3A | Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge 11
swi=+3.2 ft

10 10 2.1 0.6 0.3 0.7 0.5 0.3 0.2 0.3 0.2 0.2 0.6

16 19 4.2 1.4 0.6 1.6 1.0 0.8 0.4 0.4 0.6 0.4 1.5

20 14 3.5 1.2 0.5 1.5 1.0 0.7 0.4 0.4 0.4 0.4 11

25 10 3.1 0.9 0.4 1.5 - 0.9 0.6 0.2 0.3 0.4 0.3 0.9
swi=+7.0ft

10 10 3.7 1.0 0.3 0.8 0.6 0.3 0.3 0.3 0.5 0.3 0.8

16 19 5.4 1.8 0.7 1.8 1.5 0.9 0.6 0.7 0.8 0.6 2.3

20 14 4.8 1.7 0.6 1.8 1.4 0.8 0.6 0.6 0.8 0.6 2.0

25 10 4.5 1.5 0.5 2.0 1.2 0.6 0.5 0.5 0.7 0.5 1.7

L et



Table 8

Long Period Wave Heights for Plan 37

Experimental Wave

Wave Height at Indicated Gauge Location, ft

Period Height
(sec) (ft) Gauge 1 Gauge 2 Gauge 3A | Gauge 4 Gauge § Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge 11
swi=+3.2 ft
10 10 25 0.9 2.1 1.3 1.0 1.0 1.2 1.2 0.8 0.9 1.2
16 19 4.7 1.9 3.4 27 2.0 1.9 2.2 2.2 1.6 2.0 23
20 14 4.1 1.8 3.0 24 2.0 1.7 1.9 2,0 1.3 1.6 2.0
25 10 3.5 1.3 2.6 2.3 1.6 1.4 1.9 1.8 1.8 1.6 1.4
swl=+7.0ft
10 10 3.7 1.2 2.2 1.3 1.3 1.4 1.3 14 0.9 1.0 [ 1.2
16 19 5.8 24 4.0 3.1 2.7 1.8 2.4 24 1.9 2.1 35
20 14 5.3 2.3 4.0 2.9 2.5 1.9 2.4 2.7 1.8 2.0 2.8
25 10 4.8 1.9 29 2.7 1.9 1.5 2.0 2.1 1.5 1.7 2.3
7 . ; A q ’7
£ K"/ ;e v Vari 5' 4' ~




Table 9

Short Period Wave Heights for Plan 38

Experimental Wave

Wave Height at Indicated Gauge Location, ft

Period Height :
{sec) (ft) Gauge 1 Gauge 2 Gauge 3B Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge 11A
' swi=+321t | '
10 10 2.8 0.8 0.3 0.8 0.6 0.3 l 0.2 0.2 0.4 0.3 0.7
18 19 4.6 1.3 0.5 1.6 1.1 0.6 0.3 0.5 0.6 0.4 1.6
20 14 3.8 1.3 0.5 1.5 1.2 0.6 0.3 0.5 0.5 04 1.5
25 10 34 0.9 0.4 1.4 1.0 0.5 0.2 0.4 0.5 0.3 1.5
swi=+7.0 ft

10 10 3.8 1.4 0.3 0.9 0.8 0.5 0.3 0.3 0.6 0.4 0.7
16 19 5.5 1.9 0.7 1.9 1.7 1.0 0.6 0.7 0.9 0.7 1.9
20 14 4.8 1.7 0.6 1.8 1.4 0.9 0.5 0.6 0.8 0.7 1.8
25 10 4.5 1.5 0.6 2.0 1.3 0.8 0.5 0.5 0.8 0.6 1.8




Table 10

Long Period Wave Heights for Plan 38

Experimental Wave

Wave Height at indicated Gauge Location, ft

Period Height .

(sec) (ft) Gauge 1 Gauge 2 Gauge 3B Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge 11A
swl=+3.2ft

10 10 3.2 1.0 2.0 1.4 1.2 11.0 1.6 1.6 1.0 1.4 2.5

16 19 4.6 1.9 3.0 2.6 2.0 - 1.9 2.4 2.3 1.7 2.2 4.6

20 14 4.3 1.8 2.7 2.4 2.1 1.5 1.8 2.0 1.4 2.2 4.3

25 10 3.8 1.3 2.4 2.2 1.8 1..4 1.8 1.9 1.5 1.8 3.6
swi=4+7.0ft

10 10 3.9 1.3 1.9 14 1.2 1.0 1.4 1.6 1.0 1.2 2.3

16 19 6.0 25 3.7 3.3 2.7 1.8 2.7 3.0 1.9 28 5.4

20 14 5.3 2.2 3.6 ' 3.0 2.6 1.8 2.5 2.9 1.9 2.5 5.1

25 10 4.9 2.0 2.7 2.8 2.0 1.6 2.1 2.3 1.6 2.0 3.9




Table 11

Short Period Wave Heights for Plan 39

Experimental Wave

Wave Height at Indicated Gauge Location, ft

Period Height ,

{sec) (ft) Gauge 1 Gauge 2 Gauge 3A Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge 11A
swi=+3.21#t

10 10 2.2 0.6 0.3 0.8 0.4 0.3 0.2 0.2 0.2 , 0.2 0.8

16 19 4.1 1.2 0.6 1.8 1.0 0.7 0.4 04 Q0.5 0.4 1.7

20 14 3.9 1.2 0.6 1.7 1.0 0.6 0.4 0.4 0.5 0.4 1.7

25 10 3.2 0.8 1.0 1.5 0.7 ___ 0.5 0.3 0.3 0.4 0.3 1.6
swi=+7.0ft

10 10 3.6 1.0 1.0 1.3 0.8 | 0.4 0.2 0.3 | 0.3 0.3 0.8

16 19 5.8 2.0 1.2 2.4 1.7 1.1 0.7 0.7 0.8 0.6 1.8

20 14 4.9 1.6 1.4 2.2 1.5 0.9 0.6 0.6 0.7 0.5 1.7

25 10 4.6 14 1.0 2.2 12 07 _ 0.5 0.5 0.6 0.4 17




Table 12

Long Period Wave Heights for Plan 39

Experimental Wave

Wave Height at indicated Gauge Location, ft

Period Heighf .

(sec) (ft) Gauge 1 Gauge 2 Gauge 3A Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge 11A
swl=+3.2 ft

10 10 24 0.9 2.2 1.3 1.0 1.3 1.3 1.5 1.2 1.3 2.4

16 19 46 1.7 3.5 2.7 2.0 2.0 1.9 25 1.8 2.1 143

20 14 4.3 1.7 3.6 26 1.9 1.8 2,0 2.4 15 1.9 4.2

25 10 35 1.2 3.6 2.4 1.5 1.7 21 2.2 1.6 2.0 3.3
swi=+7.01

10 10 3.8 1.2 3.2 1.6 1.1 1.2 1.5 1.5 1.0 1.2 1.9

16 19 6.4 2.7 41 38 2.6 2.4 2.7 3.0 2.4 2.5 4.9

20 14 5.6 2.3 4.1 3.2 2.3 2.1 2.9 3.0 2.1 2.4 - 4.6

25 10 5.0 1.9 3.6 3.0 1.8 1.7 2.2 2.1 1.6 1.9 . 3.5
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A 1:100-scale (undistorted) three-dimensional coastal hydraulic model was initially used to
investigate the design of proposed harbor improvements at St. Paul Harbor, St. Paul Island,
Alaska, with respect to wave and current conditions in the harbor and sediment patterns at the
site. Wave-induced circulation and sediment patterns seaward of the main breakwater as a result
of submerged reets were investigated. Proposed improvements consisted of deepening the
entrance channel, constructing a maneuvering area and installing a wave dissipating landfill inside
the existing harbor, and constructing submerged reefs seaward of the main breakwater. The
model was reactivated in 1997 to study, on a preliminary basis, small-boat harbor improvements
and flushing of Salt Lagoon in St. Paul Harbor. In this study, the model was reactivated to
finalize the design of small-boat harbor improvements and flushing at St. Paul Harbor. The
model reproduced approximately 2,865 m (9,400 ft) ft of the St. Paul shoreline, the existing

I'idal flushing Hydraulic models
farbors Wave-induced currents Wave dissipating landfill
Wave protection St. Paul Harbor, St. Paul Island, Alaska
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19. ABSTRACT (Continued).

harbor, the surface area of Salt Lagoon with its connecting channel to the harbor, and sufficient
offshore area in the Bering Sea to permit generation of the required test waves. An 18.3-m-long
(60-ft-long) unidirectional, spectral wave generator and an automated data acquisition and control
system were used in model operation. It was concluded from study results that:

a. Preliminary experiments indicated that all improvement plans would result in wave heights of
less than 0.3 m (1.0-ft) in the small-boat mooring area for short-period storm wave conditions.

b. Preliminary expenments indicated that the harbor would experlence long-period (su1 ge)
conditions for all the improvement plans. !

¢. Preliminary experiments indicated that the area between the wave-dissipating spending beach
and the interior detached breakwater should be constructed to an el of -0.6 m (-2.0 ft) to reduce
wave heights in the small-boat harbor mooring areas. Excessive wave-induced currents in this
area, however, indicated that the area should be hardened (capped with riprap) to prevent scour.

d. Preliminary experiments indicated that strong wave-induced currents in the interior channel
may cause navigation difficulities for extreme storm wave events. Strong wave-induced currents
along the area east of the shore-connected breakwater also may pose problems for vessels mooring
in this vicinity. These current magnitudes also indicate that toe protection at the head of the

structure may be required.

€. Preliminary experiments indicated that the angled interior detached breakwater would result
in enhanced circulation and better distribution of flow in the small-boat harbor basin for ebb tidal

currents as opposed to the straight structure.

f. Preliminary experiments indicated that the -4.9-m-deep (-16-ft-deep) interior channel would
result in enhanced wave-induced circulation and stronger eddies in the small-boat basin as
opposed to the -3.7-m-deep (-12-ft-deep) channel.

. g. Experiments indicated that the 60-vessel plan configuration (Plan 37) will provide adequate
wave and surge protection to the small-boat harbor as well as adequate harbor circulation.

h. Experiments indicated that the 30-vessel plan configuration (Plan 38) will provide adequaté
wave and surge protection to the small-boat harbor as well as adequate harbor circulation.

i. Experiments indicated that a reduction of depths in the harbor to -6.7 m (-22 ft) west of the
interior shore-connected breakwater (Plan 39) will have no negative impacts on wave and surge
conditions or harbor circulation in the small-boat harbor.

j- Experiments indicated that long-period surge conditions in the harbor should not cause
problems in the small-boat mooring areas provided dock systems are properly oriented and vessels

properly moored.



k. Experiments indicated that the 0.0-m (0.0-ft) el of the wave-dissipating spending beach (with .
the +1.2-m (+4.0-ft) berm along its perimeter) studied during this period will provide essentially
the same level of protection from storm waves in the mooring area as the +3. 7-m (+12.0-ft) el
spending beach tested in earlier studies.
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ADDENDUM 1

1. INTRODUCTION AND BACKGROUND

This addendum documents a limited update of the economic evaluation presented in the Saint
Paul Small Boat Harbor General Reevaluation Report (GRR). The GRR analysis was
completed in 2001 and benefit values were presented in October 2001 dollars. The GRR
analysis follows this addendum. Corps policy, as stated in ER 1105-2-100, requires that
economic data be current at the time that a decision document is submitted for approval. In
order to verify that the conclusions of the evaluation are applicable under current conditions
all of the assumptions in the evaluation were reviewed and key components of the benefit
calculations were brought to current price levels.

The original evaluation was conducted with a view towards conditions expected to prevail
over the long-term, or more specifically over the 50-year planning period of analysis. Given
this view, it is not surprising that many of the assumptions made in 2001 are still applicable
today. Perhaps most important is that the 2001 evaluation incorporated the expected
downturn in regional crab fisheries and anticipated the potential for fleet consolidation when
a new rationalization plan was introduced. The industry is indeed undergoing structural
changes brought about by regulatory decisions and reduced harvest totals in the crab
fisheries. In spite of this consolidation, Saint Paul is well positioned to take advantage under
the new regulatory framework because of the locally based processing activities.

The critical link between fishery resources and project benefits is explained in paragraph
3.2.1 of the GRR Economic Appendix and is copied below. The evaluation is essentially
based on four key steps: 1) Estimate the harvest value; 2) Estimate the Fleet size (moorage
demand); 3) Estimate vessel operating budgets; and 4) calculate the NED benefits that would
result from changes in fleet income.

3.2.1. ROLE OF RESOURCE ASSESSMENT IN THE BENEFIT ANALYSIS

The establishment of a defensible estimated harvest from Saint Paul, under the with-
project and without-project, was central to an evaluation of benefits for a new harbor.
Overall there is no increased catch, however, the increase in Saint Paul based harvest,
under with-project conditions, supported a flow of potential project related gross
income to the island, which was used to estimate the number of vessels that could be
supported there. The resource assessment was therefore the key to predicting the “with-
project fleet.”’ The projected gross harvest by the Saint Paul based fleet is summarized
in table 3.

After derivation of the fleet, and the gross income, the benefit analysis was linked to
identification of cost differences between harvest operations out of Saint Paul and an
alternative port. In order for the cost differences to be estimated, sample vessel
operating budgets were developed. The budgets were established for vessels typical of
the future fleet and show costs incurred in a typical year. Data from fishers,
manufacturers, other reports, and published sources were relied on (see budgets and
footnotes). The budgets (see tables 6, 7, 8, and 9) were important to the benefit analysis
because they were used to derive the hourly cost of operations. Benefits depend to a
certain extent on being able to make the case that a harvest out of Saint Paul will
require fewer hours and less travel, hence be less costly. The importance of the budgets
is further addressed in the risk and uncertainty portion of this report.
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Given that the original evaluation incorporated risk and uncertainty analysis and that many of
the recent events were anticipated in the benefit analysis, it could be argued that the results of
that evaluation are sufficiently current as written and can be used as a basis for decision-
making. Many of the structural changes in the fleet are neutral or potentially positive
changes for the Saint Paul participants because the island is located in the center of the
important fisheries and enjoys a significant location advantage over Akutan and Unalaska
where much of the processing infrastructure is located. This location advantage, the local
processing quota for the opilio crab fishery, as well as the local harvests taken as part of the
Community Development Quota program are expected to ensure that a portion of the harvest
will be taken by a small fleet of vessels operating from Saint Paul. The anticipated fleet size
should approximate the numbers estimated in the 2001 analysis. Derivation of the fleet size
is outlined in the sections that follow and is a replication of the 2001 procedures, using recent
harvest data and updated Saint Paul landing data under the rationalization plan.

2. COMMUNITY PROFILE

The socio-economic setting of St Paul is largely unchanged from the conditions in place at
the time of the latest economic analysis. The population remains at about 500 residents, with
seasonal peaks above 600, and the local economy continues to depend on local government
and commercial fisheries for employment opportunities. As stated in the prior economic
analysis, problems and opportunities of the community are directly connected to the
resources of the Bering Sea, and the community believes that the sea offers the best
opportunity for a sustainable local economy. The sea is a critical subsistence resource and
also supports the local multi-species processors operated by Trident and American Seafoods.
Icicle Seafoods operates a floating processor in the harbor and up to nine other floating
processors have operated nearby in recent years. Fish taxes have historically been the largest
single revenue source for the community.

The estimated 2004 per capita income is $18,400. Per capita income is utilized in this
evaluation as an important threshold for estimating future participation in the fishery. It is
expected that income from fishing would have to equal 120 to 140 percent of the per capita
income in order to induce entry into the industry by local residents.

The community remains an energetic supporter of the small boat harbor project and is
pursuing several initiatives that will allow them to take advantage of the opportunities
presented by the development of a locally based day-fleet. The local Community
Development Quota (CDQ) group, the Central Bering Sea Fishermen’s Association
(CBSFA), is the organization spearheading many of these initiatives. Section 2.2 of the GRR
economic appendix outlines the problems and opportunities from CBSFA’s perspective and
briefly addresses their efforts to alleviate these problems. In recent years, the organization
has acquired a crane to launch and retrieve vessels, has implemented a vessel repair and
maintenance project to support the local fleet, has continued to provide financing for local
vessel owners, has acquired ownership interest in local processors, and has created a
subsidiary to accumulate quota shares in regional fisheries.
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3. STEP ONE: ESTIMATE HARVEST VALUE

Step one of our evaluation is to estimate the harvest value for the anticipated local fleet. This
estimate is made by determining the average annual harvest and applying the average ex-
vessel value to arrive at harvest value. The GRR correctly assumed that fisheries managers
would close the king crab fishery for several years and would limit the harvest of opilio
(snow crab) to less than 40 million pounds annually. The following table shows the annual
harvest levels of crab in the Eastern Bering Sea from 1990-2004. Average annual harvest of
opilio, the most important single species, dropped from 185.4 from 1990-1999 to 132.99
when the 2000-2004 harvests are added to the record.

Table 1. 1990-2004 Crab Harvest Data Eastern Bering Sea

(million 1b)

Year Opilio Pribilof St Matthew

Red/Blue King  Red/Blue King
1990 160.0 0 1.7
1991 325.2 0 3.2
1992 313.0 0 25
1993 229.2 26 3.0
1994 148.0 1.3 3.7
1995 74.0 20 3.1
1996 64.4 1.1 3.0
1997 117.1 1.2 4.4
1998 240.0 1.2 29
1999 183.4 0 0
2000 30.8 0
2001 253 0 0
2002 323 0 0
2003 28.3 0 0
2004 23.9 0 0
TOTAL 1994.9 9.4 27.5
AVERAGE 132.99 0.63 1.83

The impact of this reduced harvest on the Saint Paul economy is mitigated however by a new
structure in the crab fishery. With the season that started on August 15, 2005, a new three-
tiered quota system was put into effect for the Bering Sea-Aleutian Island crab fisheries.

This new rationalization plan allocates shares of the crab harvest to fishermen, processors
and communities. The plan is intended to increase safety by eliminating the “race to fish”
and should also increase efficiency by reducing the overcapitalization in the harvest and
processing sectors of the industry. Under the plan, catchers will be able to harvest their quota
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over the entire season rather than rushing to catch the entire allowable catch within a matter
of hours, as has been the case in some fisheries during recent harvests.

Saint Paul is a beneficiary of the new regulations because of its historic participation in the
processing industry. Forty-two percent of the processor quota for opilio and 9.5% of Bristol
Bay Red King Crab was allocated to the Pribolof Islands and will likely be landed in Saint
Paul due to the limited processing infrastructure at Saint George. The 2001 economic
evaluation estimated that 35% of the opilio harvest would be landed at Saint Paul, so the
requirements of the rationalization plan will increase local landings above the share expected
in the GRR. Ex-vessel prices have also increased in recent years due to the limited crab
harvests. The combined effect of increased landings and increased average price produce an
estimated harvest value for the local fleet that is remarkably similar to the estimate
determined in the 2001 economic analysis. Table 2 below shows the relevant calculations.
The current harvest value is $2,533,600, compared to $2,530,000 in 2001.

Table 2. Average Annual Crab Harvest From The Eastern Bering Sea, 1990-2004

Species Exvessel Price (§) Harvest (Ib)
Tanner Crab 1.23 132,990,000
Saint Matthew Blue King 2.89 1,830,000
Pribilof Red and Blue King 3.89 630,000
Total Annual Harvest 135,450,000
Saint Paul Island Landings Using 42% Quota 56,889,000
Weighted Average Price 1.26

Annual Value of Saint Paul Landings 71,68,140
Value of Landings by Vessels <60 ft 1,433,600
Portion of Values In CDQ Allocation 1,100,000
Estimated Potential Local Fleet Harvest 2,533,600

4. STEP 2: DERIVATION OF FLEET SIZE (MOORAGE DEMAND)

The fleet size is estimated by comparing the value of the local harvest (and the proportionate
share of the harvest that can be realized by individual catchers) to the local per capita
income. The 2001 analysis assumed that local participants would be induced into the
industry if they could realize incomes 120 to 140 percent of the per capita income. The result
of the harvest value calculations in step one indicate that the derivation of fleet size in the
2001 can be accepted as applicable under current conditions, given that the income threshold
is relatively equal to the level used in the 2001 report. Tables 4 through 7 of that document
do not require updating and are accepted as representative of the day fleet expected to
develop in Saint Paul under current conditions. The fleet is still expected to consist of 60
vessels up to 60 feet in length.
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S. STEP THREE: ESTIMATE VESSEL OPERATING BUDGETS

A review of the vessel operating budgets indicates that the key components are the
investment cost, food, fuel and crew share. Other components were expressed as percentages
of the investment costs and would only vary if the investment cost has changed since 2001.
The investment costs used for the typical vessels in the original evaluation were gleaned from
200 sample sales listings in the year 2000. A spot check of current sales records indicated
that vessels in each category varied around the values shown, however the number of
samples is limited so an average value could not be determined with confidence. The current
listings are consistent with the 2000 values, so the investment costs were assumed to be the
same. Insurance, fees, business expenses and maintenance are proportional to vessel costs so
they will remain at the same levels shown in the original evaluation. Crew shares are a
percentage of ex-vessel values paid for the vessel harvest. In step one, expected harvest
values were determined to be approximately the same, so crew shares will also remain
unchanged. Consequently, food and fuel are the only values that have changed appreciably.
Fuel costs, estimated to be $1.30 per gallon in 2001, were originally based on weekly
observations in Saint Paul and Dutch Harbor over a twenty-month period. Regular
observations were not continued following completion of the evaluation; however, the
feasibility report prepared for the Unalaska small boat harbor project used a fuel/lube cost of
$1.52 per gallon, expressed in 2004 prices, based on regular observations. This value is
adopted here. The food cost per crew member has increased by $1 per day, from $20 to $21.
Table 3 shows the original and updated operating budgets for the Saint Paul fleet.

Table 3. Typical Operating Budgets Expanded Saint Paul Fleet

Seine/trawl/crab (58 ft) Seine/longline/crab (58 ft)  Seine/longline (45 ft) Longline (32 ft)

Yr. 2001 Yr. 2005 Yr. 2001 Yr. 2005 Yr.2001  Yr.2005 Yr.2001 Yr. 2005
Repair/maintenance 90,000 90,000 32,000 32,000 13,500 13,500 6,400 6,400
Hull Insurance @ 5% 45,000 45,000 16,000 16,000 6,700 6,700 3,000 3,000
P&l Insurance @ 2% 18,000 18,000 6,400 6,400 2,700 2,700 1,200 1,200
License/permit fees 47,200 47,200 18,300 18,300 9,000 9,000 5,400 5,400
Association dues 1,000 1,000 1,000 1,000 500 500 300 300
Business expenses 18,000 18,000 7,000 7,000 2,600 2,600 1,200 1,200
Food 16,400 17,200 13,000 13,600 11,800 12,400 4,400 4,600
Fuel 209,800 237,800 92,100 104,400 82,600 96,500 20,500 24,000
Return on capital 59,200 59,200 21,000 21,000 8,900 8,900 4,200 4,200
Crew share 504,600 504,600 206,800 206,800 138,300 138,300 46,600 46,600
TOTAL ($) 1,009,200 1,038,000 413,600 - 426,000 276,600 291,100 93,200 96,900
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Table 4. Hourly Equivalent Cost Summary

Seine/trawl/crab (58 ft) Seine/longline/crab (58 Seine/longline (45 ft) Longline (32 ft)
ft)

Yr. 2001 Yr. 2005 Yr. 2001 Yr. 2005 Yr. 2001 Yr.2005  Yr. 2001 Yr. 2005
Fuel cost (%) 21 23 22 25 30 33 22 25
Hourly fuel cost 106.50 124.64 47.00 54.72 47.00 54.77 23.60 27.36
Hourly fuel + repair + 134.30 171.80 56.80 71.49 53.50 62.36 32.50 34.70
maintenance
Combined hourly variable 26 32 27 32 34 38 30 31
Total hourly cost ($) 512.80 544.03 210.20 223.27 156.80 165.00 106.40 110.62

6. STEP FOUR: ESTIMATE NED BENEFITS

Reduced Transportation Cost Related to the Harvest Activity

The hourly vessel operating budgets generated for this report are $171.80 and $71.49 for two
configurations of 58 ft vessels. The travel cost under the without-project condition is
$812,614 (larger 58 ft vessel) and $338,147 (smaller 58 ft vessel) for a without-project
harvest related travel cost of $1,228,662. In addition, there are 17 small vessels fishing an
average of 22 days out of Saint Paul with an annual variable cost of $77,867. When
compared to the with-project condition, travel cost of $744,848, the saving provided by the
small boat harbor will be $483,800 annually.

Table 5. Without—Project Harvest Related Travel Cost

Size Fishable Days Days Fished No. Vessels RT Hours  Cost/Hour ($) Total ($)

0-251it 48 14 28 Nil

26-32 ft 73 22 17 2,244 34.70 77,867

58 ft by 17 ft (beam) 159 159 19 4,730 71.49 338,147

58 ft by 23 ft (beam) 159 159 19 - 4,730 171.80 812,614
1,228,662

Table 6. With—Project Harvest Related Travel Cost

Size Fishable Days Days Fished No. Vessels RT Hours Cost/Hour ($) Total ($)

0-25 ft 48 14 28 Nil

26-39 ft 73 22 17 2,244 3470 77,868

40-55 ft 147 44 13 3,432 . 62.36 214,020

55-58 ft 159 48 22 6,336 71.49 452,960
744,848
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Prevention of Damages

Benefits estimated for prevention of damage to the expanded fleet are expected to be a
function of value as well as crowding. The estimated value of the Saint Paul fleet is
unchanged from the 2001 evaluation so the benefit estimate remains unchanged at $127,900
annually.

Prevention of Theft

Benefits estimated for prevention of theft were based on personal interviews with the local
fishermen and were expected to vary according to the value of the fleet. The estimated value
of the Saint Paul fleet is unchanged from the 2001 evaluation so the benefit estimate remains
unchanged at $52,000 annually.

Prevention of Vandalism

Vandalism damages (and benefits) were estimated as a function of fleet value, so the annual
benefit estimate will remain unchanged at $21,000.

Delay Prevented by Water Taxi Service

The hourly operating cost for vessel operating in the without project condition was based on
fuel/lube costs of $1.39 per gallon and produced an hourly variable operating cost of $90.
Current fuel/lube costs are 9.4% higher at $1.52 per gallon, producing an hourly variable
operating cost of $98.40.

Without the project, vessels waiting cost will be $98.4 x 1996 hours = $196,400. Wave

" activity outside the harbor will make it impractical to provide water taxi service 35% of the
time so preventable waiting cost is $127,700. Under the with-project condition, delivery cost
will take less than an hour per vessel and will be $71.49 x 650 deliveries = $46,500. Benefits
associated with water taxi service made possible by the project are now estimated to equal
$81,200, an increase of $1,200 from the 2001 estimate.

Transportation Savings for Scheduled Repair

NED benefits are earned from reduction of travel to other facilities outside of the Saint Paul
area. The 2001 analysis included a stochastic analysis of delays that does not need to be
repeated here. The variables of that analysis are applicable today with the exception of the
hourly operating costs. The weighted hourly costs were estimated to be $38 for the vessels
seeking repair in Saint Paul. Total hourly operating costs for the Saint Paul fleet have
increased by approximately 6 percent since that time, so the costs for the transient vessels
seeking repair has been estimated at $40 to reflect a 6 percent increase. In the without-project
condition the cost of vessel repair trips to Oregon and Washington is 48 trips x 400 hours per
round trip x $40 weighted average hourly cost of the fleet = $768,00.

Under the with-project condition, at least 75% of the customers will still need to travel to
Saint Paul from other locations, including Dutch Harbor, False Pass, King Salmon, King
Cove, Port Heiden, Nelson Lagoon, Akutan, Nikolski and several smaller villages in the
Yukon Delta. With an average round trip travel time of 60 hours in the with-project condition
for 75% of the customers or 83, the travel saving of using a repair facility at Saint Paul is
$768,000-$199,200 = $568,800, an increase of $28,400 from the 2001 estimate.
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Port L.and Opportunity Cost

The benefit estimate from the 2001 analysis is assumed to be applicable today. Any change
“would be minimal and would not have a material affect on the formulation of this project.

Opportunity Cost of Launch and Retrieval

The benefit estimate from the 2001 analysis is assumed to be applicable today. Any change
would be minimal and would not have a material affect on the formulation of this project.

Transportation Savings for Disabled Vessels

Vessel operating costs for ocean going tugs are estimated to be $494 per hour. The round trip
cost equals $494 x 550 miles/6.5 knots = $41,800. An average of five events per year would
be prevented, therefore annual benefits for this category are $209,000, an increase of $10,700
from the 2001 estimate.

Reduced Harbor Maintenance Cost

The benefit estimate from the 2001 analysis is assumed to be applicable today. Any change
would be minimal and would not have a material affect on the formulation of this project.

Improved Subsistence Fishery

The benefit estimate from the 2001 analysis is assumed to be applicable today. Any change
would be minimal and would not have a material affect on the formulation of this project.
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7. BENEFIT SUMMARY

Table 7 presents a comparison of the 2001 estimate of total NED benefits to the updated
~estimate. The changes were the result of increased operating costs, largely caused by a six
percent increase in the average cost of fuel and lubrication costs. Short-term spikes in costs
have recently driven these costs even higher, however this analysis relies on the observed
costs used in the 2004 Unalaska feasibility study to reflect a reasonable long-term value.

Table 7. Benefit Summary
(Costs, thousands)

Yr. 2001 Yr. 2005
Prevention of Damage 1279 127.9
Prevention of Theft Loss 520 52.0
Prevention of Vandal Loss 21.0 21.0 -
Harvest Cost Reduction 360.3 483.8
Delay Prevented by Water taxi Service 80.0 81.2
Transportation Savings for Scheduled Repair 540.4 568.8
Port Land Opportunity Cost 20.0 20
Vessel Haul Out _ 69.8 69.8
Transportation Savings for Disabled Vessels 198.3 209
Dock Maintenance 48.1 48.4
Subsistence Fishery - 3996 399.6
TOTAL 19174 2081.5

The proposed 60-vessel harbor has a construction cost of $11,754,000. Applyinga 5 1/8%
discount rate over a 50-year period produces average annual costs of $849,000, which
includes interest during construction and an annual O&M cost of $159,000. Average annual
benefits are $2,082,000, producing a benefit cost ratio of 2.50 and net benefits of $1,233,000.
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EXECUTIVE SUMMARY ' Vil

EXECUTIVE SUMMARY

Developments in the Bering Sea fishing industry have forced Saint Paul to move rapidly
towards development of a small boat harbor able to accommodate vessels (fleet) up to 58
feet. The fleet will operate as a day fleet in the waters surrounding the island. Supported by
the advantage of being at the center of the rich Bering Sea fishing grounds, the fleet will
target halibut, cod, and crab for commercial and subsistence purposes. A fleet based at Saint
Paul will provide transportation efficiencies over alternative ports. Lack of a harbor has
restricted the size and number of local vessels.

Seven alternatives were evaluated, and South Village Cove was shown as the most attractive
alternative concerning local needs and Corps’ guidelines. The South Village Cove has the
potential for being developed in phases, and at any scale of development that is economically
sound from the local and NED point of view. Significant savings result from a fully
developed plan which is demonstrated as having a benefit to cost ratio of 2.4:1. The NED
alternative will also provide some relief to harbor congestion and conflicts between smaller
and larger vessels vying to use docks at the deep-draft facility. The project will accommodate
60 vessels.

A series of political and business decisions were made in the U.S. and Japan during the
1980s, which structured the full U.S. development of the eastern Bering Sea crab, pollock,
cod, and all other groundfish fisheries. When these key political and business decisions were
made, Saint Paul was not on the development map from the fishing industry’s perspective.
Saint Paul, in spite of its location, had no harbor, no fleet, and virtually no infrastructure to
support industry development.

Before October 1983, the island was classified as a Federal Government installation. The
island was the center of fur sealing activities under the administration of National Marine
Fisheries Service (NMFS). National Marine Fisheries Service accounted for more than 60%
of the employment on the island, and when they withdrew in 1983, they left behind a
community without an economic base.

Seven years later, the deep-draft Saint Paul Harbor was opened. This was in 1990 long after
the domestic groundfish industry was fully developed, long after infrastructure investments
had been committed, and long after the industry was in full swing at Dutch Harbor and
Akutan where it had been built. Even so, the location advantage of Saint Paul attracted some
processing, and a crab processor was moved there in 1993. Crab processing facilities were
expanded in 1995 and then cut back in 1999. There has been no processing of other species
with the exception of a few halibut in 2000.

There is no local harvest income from the crab harvest because the vessels operate out of
other ports. There is no local small boat harbor. This has kept the fleet harvest by local
fishermen near subsistence levels. To date the local fleet consists of 26 vessels all under 32
feet. With a harbor leading to development of a local fleet, the rich nearby Bering Sea stocks
can provide an economic base, stability, employment, and growth. An expanded fleet based
at Saint Paul will be the least cost way of harvesting stocks around Saint Paul.
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STUDY SCOPE AND AREA 1

1.0 STUDY SCOPE AND AREA

1.1 Scope of Study

The City of Saint Paul and the Corps share an interest in establishing the viability and
Federal interest in development of a small boat harbor consistent with other harbor
developments in progress. The shared concern is based on an opportunity for significant
savings in mobilization cost should a small boat harbor be constructed concurrent with other
work.

The engineering proposals included in this study were limited to proposals for development
of a small boat harbor inside of the existing breakwater. The proposed plans were all
separable from the completed and under construction (in 2000) deep-draft improvements in
the sense they could be considered on a last added basis. None of the proposed small boat
harbor alternatives were practical on a first-added basis, because all of the plans required a
protected channel to the ocean. The scope of this study therefore included all deep-draft
alternatives as if all authorized, under construction or permitted improvements were already
in place. The purpose of this report is to support Federal participation in development of a
small boat harbor and to identify the best alternative.

1.2  Study Participants

This economic study has been conducted through the cooperation of the City of Saint Paul,
the Corps ft Alaska District, Tetra Tech Infrastructure Group, and Kenneth Boire Consulting
Economist. Local needs were assessed through meetings with island residents and others who
made important technical contributions to the planning process and formed a Citizen
Participation Committee. Major contributors to the study include staff at the City of Saint
Paul, The Aleut Community of Saint Paul, Pribilof Bering Seafood, Bering Sea Eccotech,
Central Bering Sea Fishermen Association, Tanadgusix (TDX) Corporation, Alaska
Department of Fish & Game, Island Stewardship Program, National Marine Fisheries
Service, North Pacific Fisheries Management Council, International Pacific Halibut
Commission, Natural Resource Consultants, and Waterfront Associates. Informally
established protocol included coordination with the Alaska District Corps of Engineers
through Clarke Hemphill, Project Manager at the time, and Andy Miller, Chief Economist at
the time. Coordination with the City of Saint Paul was through Char Kirkwood, City Planner
and John Merculief, City Manager. Coordination with the Citizen Participation Committee
was through members at large of the Aleut Community of Saint Paul Island, Central Bering
Sea Fishermen’s Association, TDX Corporation, and the City of Saint Paul.

1.3 Location and Socioeconomic Setting

Saint Paul Island is in the eastern Bering Sea of Alaska, about 775 air miles west of
Anchorage and 275 miles north of Dutch Harbor. The rocky, treeless, island has a land area
of 44 square miles. It and a smaller adjacent island, Saint George, are the only islands in the
Pribilof group, which are populated. Saint Paul has a resident population that fluctuates
between 500 and 750. Population in 2000 has been reported to be 585. About 79% are Alaska
Natives. The island has a fish processing industry, which imports several hundred seasonal
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2 STUDY SCOPE AND AREA

workers when operating at peak production levels. Most of the processing workers are
imported for seasonal jobs.

Before October 1983, the island was classified as a Federal Government installation. The
island was the center of fur sealing activities under the administration of National Marine
Fisheries Service (NMFS). National Marine Fisheries Service accounted for more than 60%
of the employment on the island, and when they withdrew in 1983, they left behind a
community without an economic base. Almost immediately the residents began to establish
themselves as a strong, self-directed, viable community independent of NMFS.

The residents pulled together, and the City of Saint Paul proved itself as a forward thinking,
active, and positive force. The City now provides utility services and numerous community
services, including cooperation in health, housing, education, and environmental awareness.
The City planning staff and management have been essential to the success of Saint Paul as
an American city that works.

14 Economic Base

Despite a dedicated effort, the island has not fully developed a stable locally owned
economic base. It has many low paying seasonal jobs to offer, and local managers must
import workers to keep the food processing factories running. Existing local industry is the
result of city development of a harbor to accommodate large fish catching and processing
vessels. About 79% of adult residents have income from some form of employment, with the
largest number involved in government, some 36%. Employment in local government is
large because the government role is woven into almost every aspect of the local economy,
which is based on the fishing industry. The island economy is closely tied to a transient
fishing fleet and elements of the economy function as a trans-shipment point and processing
station. Management of this industry support role is a focal point for local government. Major
sectors of employment of island residents in the local economy are summarized below.

Table 1. Major Sectors of Employment

Sector % Employed
Local Government 36
Education 19
Services 14
Trade 12
Fishing 18

At the time of the NMFS pullout, there was no harbor on the island. Supply ships had to
anchor out and be unloaded to open skiffs, which took the cargo to the beach where it was
carried ashore. Lack of a harbor kept a local fleet from developing, because sea conditions
are too harsh for beachable skiffs. When the city developed the deep-draft harbor to create its
own opportunity to enter the fishing industry, everything was scaled to the Bering Sea crab
vessels and large trawlers of the groundfish industry. Even after the harbor was constructed,
the protected area was far too rough to accommodate smaller vessels that the island residents
were interested in owning, and able to afford for subsistence fishing. Today the fragile island
economy is almost totally dependent on the boom-bust cycles of the trawler fleet and crab
vessels that call at Saint Paul to off-load and re-provision. With a small boat harbor, the
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STUDY SCOPE AND AREA 3

island residents will be able to look forward to participation in the fishing industry as owners
of modern harvesting vessels.

The most recent data available shows average household earned income among the island
permanent residents was $39,900 in 1999, and average income per employed person was
$18,100.

Problems and opportunities of the community are tied to the resources of the Bering Sea.
Therefore, the study area includes the Bering Sea area available to harvesters who would
operate from Saint Paul, and the area of those based elsewhere but who would deliver to
processors based at Saint Paul. Also included are the alternative harbors that would be used
in the absence of Saint Paul. The most likely alternative harbor is Dutch Harbor, about 275
miles across the Bering Sea, to the south.

1.5 Environmental Setting

An estimated 250,000 sea birds of 11 species use Saint Paul Island for nesting and rearing
young. The most abundant species are thick-billed murre, common murre, black-legged
kittiwake, parakeet auklet, and least auklet. A large least auklet colony exists on Village
Cove beach. Lesser numbers of waterfowl, shore birds, and songbirds are found on the island
either as migrants or residents. Salt Lagoon, the only salt estuary in the Bering Sea, is an
important resource for migrating sandpipers and turnstones as well as migratory Eurasian
species. Waterfowl occasionally use the freshwater ponds on Saint Paul Island.

Land mammals inhabiting Saint Paul Island include reindeer, house mouse, Pribilof shrew,
and arctic fox (blue phase). Reindeer were transplanted to Saint Paul Island in 1911 to
provide subsistence meat for the Native population. Reindeer now roam freely on the island
and are managed by the Saint Paul tribal government. Foxes are relatively abundant,
particularly near bird colonies and on the main breakwater.

Northern fur seals, Steller sea lions, and harbor seals are abundant on Saint Paul Island
during portions of the year. The northern fur seal is the most abundant. Seals come to the
Pribilofs for breeding and pupping from early May to October, feeding within a 200-mile
radius of the islands. Fur seals began migrating toward Southern California and Northern
Japan during October and remain at sea until returning to the Pribilofs in May. They feed on
anchovy, hake, herring, Alaska pollock, and other fish and squid. Other marine mammals,
principally whales and porpoises, frequently are observed offshore at Saint Paul. Fur seals
are seen inside the harbor and in the entrance to Salt Lagoon.

1.5.1 Endangered and Threatened Species

Two species of birds, six species of whales, and one sea mammal listed in the “United States
List of Endangered and Threatened Wildlife and Plants” have been reported on or in the
vicinity of the Pribilof Islands. The short-tailed albatross is reported as accidental in the
Pribilofs, while a confirmed sighting of the Eskimo curlew has not occurred since the late
1880s. The six whales are the blue, finback, sei, humpback, right, and sperm. The sea
mammal is the Steller sea lion, which occurs at two locations on Saint Paul Island but not in
the vicinity of the harbor.
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1.5.2 Climate

The climate is maritime, resulting in considerable cloudiness, heavy fog, high humidity, and
restricted daily temperature fluctuations. The humidity remains uniformly high from May to
late September. There is almost continuous low cloudiness and occasional heavy fog during
summer months. The maritime influence in the Pribilofs keeps seasonal temperatures mild,
and daily variations are kept to a minimum.

The island area has periods of high wind throughout the year. Frequent storms occur from
October to April, often accompanied by gale-force winds to produce blizzard conditions.
Under the influence of prolonged north and northeast winds between January and May, the
sea ice occasionally moves south to surround the island.

1.5.3 Ice Conditions

The icepack in the Northern Bering Sea occasionally moves south and on occasion surrounds
the island during periods of prolonged north and northeast winds between January and May.
Mariners are warned by National Oceanic and Atmospheric Administration (NOAA) charts
against the possibility of entrapment in Village Cove. An icebreaker has never been
necessary for access to the island. It is conceivable that sea ice might possibly interfere with
small vessel harvest activity of the proposed day fishery on some days during the months of
January through May.

1.5.4 Waves

The existing harbor in Village Cove is in direct alignment with deep-water waves
approaching between the west-northwest and southwest sectors. Deep-water waves
approaching from the south and southeast sectors are partially sheltered by Saint George
Island and Otter Island and would diffract around Reef Point before impinging on the project
site. Southerly and southeasterly deep-water waves therefore undergo considerable energy
reduction before affecting the project site. Village Cove is in the lee of Saint Paul Island for
waves approaching from northwest clockwise through southeast. Waves in the Bering Sea
are extremely large, and around the shallower waters of Saint Paul Island, their heights are
depth limited during numerous events each year. Maximum wave height, expected near the
entrance to the present harbor, is 27 feet. Wave heights in the present harbor are greatly
modified by the breakwaters and spending beaches.

1.5.5 Harbor Water Quality
Harbor water quality is dominated by the exchange of tide-generated flow through the harbor
on its way to and from Salt Lagoon and by wave driven currents. The Salt Lagoon surface is
more than three times that of the harbor and more than double the tidal prism. The harbor
waters are generally exchanged in one tidal cycle by just tidal flows. Harbor water is also
exchanged by wave-generated setup even under minor storm conditions.

1.5.6 Salt Lagoon Water Quality

. Salt Lagoon water quality appears to be dominated by tidal exchange. Because of the small
range in tidal elevation and length of the basin, several tide cycles may be required before all
the water is exchanged. Mixing of water in the tidal lagoon should be good because waters
are shallow, and winds are frequent and strong enough to stir the lagoon from top to bottom.
Storm surge causes supplemental exchange in the lagoon and periodic improvement of water
quality.
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2.0 PROBLEMS OF THE WITHOUT-PROJECT CONDITION

21 Existing Harbor

Historically, the island did not have a small vessel fleet until about 1995. During the NMFS
years, the island residents depended on NMFS marine mammal programs for employment,
and before 1983, the island was classified as a Federal Government installation. When
NMES withdrew in 1983, the community had to find other sources of employment. The
community constructed the first deep-draft harbor consisting of a channel, breakwater, and
dock in 1986, but the project was ineffective. The Corps of Engineers modified it and put it
into service fully in 1995. Until this harbor facility was installed, there was no small vessel
fleet at Saint Paul except a few skiffs and traditional skin vessels used to lighter for vessels
delivering freight to the island. The local fleet grew from a few open outboard powered skiffs
to 26 ft, aluminum, I-O driven vessels in less than a five-year period. Most of the vessels are
in the 20 ft to 30 ft class, and they are used in a day fishery for halibut, within sight of the
island.

2.2 Local Concerns

The Central Bering Sea Fishermen’s Association (CBSFA) is a non-profit corporation
originally formed by the halibut fishermen of Saint Paul Island. It has status as the
Community Development Group with the purpose of qualifying for regional Community
Development Quota (CDQ) allocations. It is open to all residents of the Saint Paul
community. The Central Bering Sea Fishermen’s Association has been the successful
recipient of five CDQ allocations (1992-1993, 1994-1995, 19961998, and 1998-2000). All
of the owners of Saint Paul based vessels belong to CBSFA.

The Central Bering Sea Fishermen’s Association working with other members of the
community, established a Citizen Participation Committee, which has developed a plan to
deal with the disadvantages of an isolated economy overly dependent on the boom-bust
cycles of the Bering Sea crab harvest. The plan includes a strategy for maximizing income
from the regional fisheries by developing a diversified harvest-processing complex. The
centerpiece of the complex will be the small boat harbor. Local concerns about the without-
project condition were documented in public meetings at the community. On behalf of the
Citizen Participation Committee, CBSFA has stipulated the problems associated with the
without-project condition as follows:

e The fleet is moored at temporary docks. When threatened by wave conditions, the vessels
and the docks must be removed from the water. It is a costly and time-consuming
operation, and it brings an end to all harvesting. The fleet needs all weather protection for
as much of the year as possible.

e Vessel security is a concern, due to theft and vandalism problems related to the large
number of short-term visitors. The island has become a popular visiting place for eco-
tourists. It is also the host to several hundred temporary workers when local processing
facilities are in full swing.

e The smaller vessels must use the deep-draft dock to unload their catch. When they arrive,
they must wait for larger vessels to clear the area. Frequently they find themselves
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working while vessels in the 100-200 ft class are docking next to them. This can lead to
extensive waiting periods, crowding, and safety concerns. There is a need to minimize
congestion caused by small vessels using the deep-draft facility.

The existing temporary dock, launch ramp, and haul-out machinery have a practical limit
of 32 ft vessels. Resources next to the island are plentiful, but the small vessels are
unsuited to the Bering Sea conditions. Upgrading of the fleet will require a protected
moorage and an improved haul-out facility. The Central Bering Sea Fishermen’s
Association has determined local moorage needs to be for 30-60 or possibly more vessels
up to 58 feet.

The temporary dock is impractical for managing heavy gear. With a protected moorage, a
breakwater could be modified to provide for loading and off-loading. It could also serve
as a place to tie-up vessels, such as equipment barges too large to fit into the small boat
harbor. It could also be used for temporary moorage of disabled or oversized vessels.

Salt Lagoon is a sensitive environmental area, southeast of the temporary dock and
moorage. Small vessel traffic congestion and reefs near the dock could be the cause of
accidents, causing pollution spills.

The temporary floating dock does not have adequate space for all of the local vessels
involved in commercial fishing, or aspiring to be involved. A concern of the Aleut Tribal
Community is that members have no room to launch or tie-up skiffs for purposes of
subsistence harvest. There is no direct economic consequence to the commercial harvest,
but there is a consequence in the form of family subsistence hardship. The tribe needs a
facility that will support subsistence use.

There are reefs near the existing docks. The approach is so limited by the reefs that
several captains, familiar with the approach, have damaged their vessels. An adequate
and safe approach channel is needed in connection with a new moorage facility.

There is an existing launch ramp, but the surface is broken and sheets of concrete have
been displaced, causing an uneven traction surface. The ramp is too narrow to
accommodate launch trailers sized to handle the larger vessels. Its use is further
discouraged by the fact the ramp terminates at the waters’ edge, causing vehicles to be
stuck and damaged as they roll off the edge. The launch ramp is not protected from wave
action, and it is frequently unusable for that reason.

Overall, the existing temporary dock has practically no dedicated staging area. There is
no designated or reserved area for people waiting to use the launch or waiting to unload
equipment onto the dock. The shore side area is not dedicated to providing support for the
harbor operation so parking of trucks, trailers, vessels, and gear is neither guaranteed nor
secure. This creates a situation where juggling of equipment causes a great deal of lost
time and frayed tempers. All of the potential users of a small boat harbor insist that
adequate uplands be provided as part of the moorage facility.

The vessels and the docks must be removed by a rented crane (owned by a local
contractor), using an operator and spotter. To be used for haul out, the crane must be
moved from a work area to the haul-out location, resulting in high haul-out costs. Limited
uplands, causing a bottleneck during the haul out and stretching out the time the crane is
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needed, also increases cost. Future users argue that a small boat harbor must provide a
means to remove vessels and docks efficiently at low cost.

o The small vessel fleet is required to move anytime space is needed for barges, container
vessels, or larger fishing vessels. During the winter crab season, there is no moorage
available for local fishermen at all. Potential users of an improved small boat harbor
suggest that moorage facilities should be adequate to accommodate the expanded future
fleet and that there be space to accommodate disabled vessels unable to leave Saint Paul.

e Dock space is inadequate, and rafting is sometimes required. Since there is no wave and
wind protection, the vessels get banged together, and damages are a concern. Damages to
vessels and docks cause the cost of harvest to increase unnecessarily. A new harbor
would eliminate the damages, which the vessel owners consider to be part of their
operating budget. To them, some of the cost appears as lost time since the vessels and
docks are removed when there is a threat of storm damages.

e Congestion in the launch process, limited crane services, and ramp limitations stretch out
the amount of time it takes to launch the entire fleet. At times, the launch process can be
so challenging as to eat away the fair weather window to the point that fishing trips are
canceled.

e Since the existing temporary facility is not protected, storms require dock haul out and
storage. A new small boat harbor will need to be protected to save the cost of repeated
dock haul out.

e The temporary docks and launch facilities are essentially limited to vessels no larger than
32 feet. This limitation of vessel size causes severe limits on the harvest. Larger vessels
would be able to venture further out to sea and would be used in a wider range of weather
conditions. Larger vessels would also be able to be more effective in targeting more
distant stocks and would have higher production rates. Future users of a small boat harbor
urge that the harbor be sized to accommodate vessels up to 58 ft by 23 ft by 8 feet.

+ The limitation on vessel sizes has caused development of multi-species harvesting to be
discouraged. Larger vessels are needed to profitably target cod, halibut, and crab. Since
the fisheries occur over an eight to nine month period, large vessels are more likely to be
compatible with 