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SECTION 1

1.0 Introduction

The Navy is engaged in a program to define and demonstrate

Deployable Waterfronts that will provide world wide logistics
support for our forces in CONUS and overseas. The Memorandum of
Agreement on U.S. Navy and U.S. Army Joint Strategic Mobility
Program Development and Coordination, signed by VADM T. J.
Hughes, DCNO Logistics, OP 04 and LTG B. F. Register Jr., DCS
Logistics, DALO-ZA, on 8 Dec 86, outlines a balanced program and

capability to ensure the necessary resources of ships, cargo

offload systems and theater logistics systems to provide the
required flow of materiel in support of forces worldwide. The

Navy has specific tasking to determine if a requirement exists
for a family of deployable waterfront facilities. These fac.-

ilities would serve such functions as: a) Strategic Sealift Ship
unloading at fixed ports or Logistics Over The Shore (LOTS)
sites, b) Advanced base pre-positioning, c) Advanced Logistics
Support Bases for fleet replenishment, and d) Relocatable piers
for homeporting and for Strategic Sealift Support Facilities
restoration in the event of damage. Homeported and pre-position-

ed platforms could also provide some peacetime cost offsetting
advantages over present support systems.

1.1 Scope of Work

A- investigation was conducted into the use and availability
of heavy lift semi-submersible ships for transporting deployable
waterfronts. The results of this investigation is in the form of
technical data suitable for use in preparing program documents.
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1.2 Summary

The deployment waterfront concept is a family of large

modules that can be configured to accomplish a variety of

missions. These modules can be outfitted with special mooring,

fendering and cargo handling equipment which allow use in

unsheltered offshore locations. When equipped with storage

modules the deployable waterfront can function as an Advanced

Logistics Support Base supporting the deployed fleets. The basic

pier facility could be used for advanced base pre-positioning of

stores and equipment. Other utilities and repair outfitting

packages would provide a standard homeport pier facility. The

focus of this study is on the transportability of these pier

units on heavy lift semi-submersible ships. The number and

characteristics of ships available world-wide are tabulated with

size and weight limits noted. The major conclusions are that the
pier modules can be constructed to fit on the cargo deck of 105

feet or wider ships and in multiples to fit on cargo decks up to

426 feet long. The weight of multiple units can be up to 14668

short tons. This envelope would fit on any of the available
ships.

1.3 Conclusions

With the oil exploration impetus, a significant capability

to safely transport large structures long distances across oceans

has been provided.

1.4 Recommendations

The design of deployable waterfronts should include the

requirement to be compatible with the available transport ships.

Provisions need to be made to acquire the services of these ships

in time of need. Further, through out the design, development of

1-2
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the deployable waterfront basic modules including the add-on

features there will be a need to test, demonstrate, validate and

revalidate the concept through out its life by conducting full

scale exercises utilizing the heavy lift semisubmersible ships.

Further work is needed to determine the limiting environmental

conditions of current, wind and wave conditions that loading and

offloading of these heavy lift ships with military cargo can be

accomplished. Universal seafastenings need to be developed to

speed up the loading process. Methods and equipment required to

protect the cargo from waves breaking over the deck while

underway need to be developed.

1-3
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SECTION 2

2.0 Discussion

The deployable waterfront consists of a family of large

modules that cain be configured to accomplish a variety of

missions. These basic modules when outfitted with special

mooring, fendering and cargo handling equipment can be used in

sheltered or unsheltered offshore locations. When storage

modules are added the deployable waterfront can function as an

Advanced Logistic Support Base supporting the deployed fleets.
The basic pier facility could be used for advanced base pre-

positioning of stores and equipment. Utilities and repair

outfitting packages would provide a standard homeport pier facil-

ity. These facilities could also serve as the Strategic Sealift

Support Facilities port restoration in the event of damage.

Homeported and pre-positioned platforms could also provide some

peacetime cost offsetting advantages over present support

systems.

The use and availability of heavy lift semi-submersible

ships for transporting deployable waterfronts was demonstrated by

the British operations in the Falklands. Figure 2-1 shows the
load out in transit and figure 2-2 shows the installation in

place. The British deployed this floating pier facility from

England to the Falklands in March 1984 to support the after

action operations. Six offshore oil field ballastable support

barges (328 feet x 98.4 feet x 30 feet deep) were outfitted in

England and transported the 800C miles in three trips using the

DYVI semisubmersible heavy lift ships. The first load was made

up of the support crane barge, 2 quayside barges, and the six

mooring dolphins. The second load contained the causeway

sections, the roll-on roll-off pontoon and one sto:age barge.

2-1
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The third load was made up of 2 storage barges and one quayside

barge. This facility provided 900 feet of ship berthing, 18,000

square feet of quayside work area, 1,270,000 cubic feet of

covered storage and a roll-on roll-off facility. The link to

shore was provided by 600 feet of ballasted causeway. The 2-way

causeway was fabricated in 5 sections and designed to carry loads

up to 30 tons over a single axle. The onsite installation took

about 75 days. Office, accommodation and support facilities were

built as second stories over the storage areas. The total cost

of this facility was $32M.

2.1 Deployment

The planning for deployment will take into account the ships

available to make the transit. Since it is not known what

vessels will be available, and with the limited assets available,
the deployable waterfront planning and module design should be

based on the capability of the smaller heavy lift ships. The

module design specifications should contain loading criteria

based on loads expected during transit. This, along with the

cargo deck dimensions, will guide the design envelope (overhangs)

into compatibility with the transit ships. Early trade-offs will

be required to cost out the transit methods of tow vs carry.

The benefits of carrying the modules vice towing are that the

modules do not have be designed to withstand the same loads as a

ship. Experience has shown the dynamics of carry, i.e. dry tow,

put less dynamic loads on the module structure (including the

internal machinery and outfittings) than would be experienced

when under tow, The result would be modules weighing and costing

less. The safety of open ocean transport has been dramatically

demonstrated with the successful movement of the large jack-up

oil rigs. Two rigs being transported 13100 nautical miles on the

4 DYVI SWAN, had an overhang of 114' encountered a gale force
'4

cyclcne off Madagascar. Waves reached 17' causing the ship to

slow from an average 15 knots to 12 knots and the maximum roll

2-4
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was less than 3.5 degrees. Many similar trips have been
experienced transporting other oil rigs and large structures. As

a measure of how well the transport industry has progressed, the

insurance premiums for wet tows was around 10% of the value of

the cargo. With the faster and safer dry tow the premiums were
reduced to 2-3%. Rates for self-propelled vessels are now around

0.2%. This dramatic difference points out the value of the self-
propelled vessels carrying the cargo. The value can be traced

all the way back to the cost savings in the design of the
equipment, foundations and basic structure of the cargo.

2.1.1 Preparations

The cargo load must be laid out to provide the most
efficient use of space available considering the stability,

dynamic motions, overhang, slamming, freeboard, list and trim of

the vessel. Also the destination, time of year and expected

weather conditions is included in the load planning.

Seafastenings are designed, fabricated and installed according to
the planned load out. The design of the fastenings is critical

since the load is considered integral with the ship for the
overall stability calculations. Guide fenders are positioned and

welded on the deck to hold the cargo in place as the ship is

ballasted. The items making up the load are rafted together for
ease of handling and the loading is sequenced according to the
cargo draft. i.e. the deep draft cargo is loaded prior to the
shallow draft cargo. An area with sufficient water depth to

allow for the max submergence draft plus desired clearance is
located near were the cargo is located. Float-on or off takes

about 6-12 hours depending on the load configuration. The 1
l,..ading area should have relatively calm water and wind condit-

ions and the weather forecast over the expected loading time

should be desirable.

2-5
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2.1.2 Loading Cargo

The transit ship is moored, in a 4 point moor, in the

desired location and ballasted down. The cargo load is rafted

according to draft, positioned with tug boats, secured to the

fender guides for the sequenced loading. As the ship is deball-

asted the loads settle into the desired positions. See Appendix

A for sample loading sequence of A4ERICAN CORMORANT.

2.1.3 Seafastenings

The seafastenings are positioned and the cargo welded for

the sea transit.

2.2 Transit

Transit time for the ships vary from 13 to 16 kts with

ranges up to 30,000 miles. Some varying of the ship's heading

will be made as necessary to minimize the dynamic loads on the
A4 cargo. Also, slamming loads on the cargo overhangs is a

condition to avoid and is typically experienced in beam seas.

Change in heading to quartering sea will reduce or eliminate the

frequency and intensity of the wave slamming. Bulwarks have been

constructed on some of the ships to reduce the impact of the wave

slap on the cargo.

The AMERICAN CORMORANT had deck extensions added, about 20

feet wide by 60 feet long both port and starboard about midships,

eo to protect the cargo items that overhung the deck from wave slap.

2.3 Offload Cargo

The transit ship is moored in the selected location and

ballasted down. As the cargo load is floated according to draft,

the cargo is rafted with tug boats, secured to the fender guides

2-6
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for the sequenced unloading.

2.3.1 Preparations

A location with adequate water depth and shelter from the

wind and waves needs to have been selected as close as possible
to the objective area. The mode of transit from the unloading

area to the location of final use must be planned early on and

specific tugs either provided on location or carried with the

cargo.

2.3.2 Offloading Cargo

The sequence of offloading will be the reverse of the
iloading where the shallow draft cargo will be floated-off first.

A sufficient number of tow vessels need to be on hand to move the

cargo to the desired locations. Some temporary nearby anchoring

capability for the cargo may be required during the float-off.

The transit ship could also carry tug boats to handle the offload

and assembly.

2.3.3 Ship Turnaround

Since there are a small number of these heavy-lift float-on

float-off ships, ship turnaround is very important. This makes

it very important to have a detailed plan and the resources
Aavailable to zarry it to a successful conclusion.

2.3.4 Actual Operations

An example, reported in Ocean Industry Magazine in May 1982,

of a commercial load/transit/offload operation of two large oil
jack-up rigs contains a break down of time for each operation:

2-7
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Preparation. The time required for preparation of

cribbing and installation on the ship was not given.

Load. The loading of the two oil rigs was done in one

day. Starting at 0800, they were in position over the

ship at 1210, and dry at 1700. Four more days were

required to weld the seafastenings and one more day for

fueling before getting underway.

Transit. The ship was in transit 36 days from

Singapore to Cameron LA.

Offload. Discharging the two oil rigs was

accomplished in one day. Total elapsed time was 42

days.

For comparison, the same trip would have taken about 95 days

if the oil rigs were loaded on barges and towed. There was no

mention of environmental conditions encountered during

load/offload.

Another example of the load/offload operation is included in

Appendix A, with the -my cargo on the AMERICAN CORMORANT.

2.4 Heavy Lift Semisubmersible Ships

Table 2-1 contains the principle characteristics of the

heavy lift semisubmersible, self propelled, ships in the free

world . There are 18 ships identified as potentially usable for

the transport of deployable waterfront modules. Different

sources were used to construct this table, some with conflicting

information. Where possible, owner/operator provided information

was considered to be the most authoritive and used in the table.

From the table a range of dimensions can be defined. For all but

the Dock Express Class ships the overhang is only limited by the

2-8
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ship stability and structural strength of the cargo being

carried. As a practical matter the overhang may be limited by

dynamic stability and slamming. For example, the DYVI ships,

with a max beam of 106 feet transported the Flexiport modules

8000 miles with an overhang of about 108 feet as shown in Figure

2-3. There are many examples of these ships carrying outsized

cargo such as drill rigs, assembled refineries and drydocks.

Figures 2-4 through 2-9 show the plan and profile outlines

of each class of ship drawn to the same scale of l"= 100 feet.

Salient characteristics of length overall, extreme beam, cargo
loading and deck dimensions, draft while loading and depth of

water over the cargo deck are included on each figure for ready

reference.

2.5 Results

The Deployable Water Front module width could be limited by

the 66 foot well deck of the Dock Express Class and with a module

length of about 300 feet which would be compatible with all the

heavy lift semisubmersible ships.

The limiting environmental conditions of current, wind and

wave conditions that loading and offloading military cargo can be

4, accomplished need to be determined. Some universal methods of

padeyes, lashings and seafastenings need to be developed to speed

up the labor intensive completion of the loading process.

Operational methods and equipment need to be developed to protect

Scargo from % waves bei over the deck when "n transit.
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Appendix A

The following photos show the AMERICAN CORMORANT float-on

loading sequence of Army cargo 25-27 November 1985 in Charleston,

S.C. This represents a typical loading operation which shows the

complexity and suppjort assets required.

Preparati,_ time required Lo design, fabricate and install

the foundations, tie6r.;ns and gui.Ie posts was not available.

The 22 pieces of Army cargo was loaded in about 16 hours, 6

hours to moor and ballast-down the ship and four hours to load

the cargo, and 6 hours to Lailait-up the ship. Four tugs were

used to handle the two nested tug boats, three nested LCM 8 craft

and the two nested float'no cranes. Other small craft were used

to handle lines, etc. Three more days were required to attach

the padeyes, lashings and seatasteningso The use of the four

point moor was a unique requirement for this particular location,

since then, this load has been discharged and reloaded with the

ship swinging on its anchor. Also, on these subsequent loadings

of the same equipment the tiedown time has been reduced to 8

hours of mechanical attachments.

The offload required 6 h ,urs to ballast-down the ship with

the cargo being removed within an hour.

The environmental conditions during the initial loading were

minimal wind and wave action but with a 5 knot tidal current

hence tL or the 'our point moor. The actual

loading took place during slack water on each side of the tide.
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Figure A-2 Ship stern anchors ready to deploy.
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Figure A-3 Ship ba~'lasting down, note the chocks
and guide posts welded to tho deck.

*1A

Figure A-4 Ship fully ballasted ready for cargo.
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Figure A-5 Two YD 100 ton barge cranes rafted

together, maneuvered into position.

Figure A-6 Barge cra es poitioned over shilp,

W4"
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Figure A-7 Two 100' Army tug boats, rafted together,
being maneuvered into position.

C.0

Figure A-8 The Army tug boats positioned over

blocks on ship.
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Figure A-9 Three LCM-8 being positioned by two
tugs over ship.

Figure A-lO Small craft used to assist in the

positioning of LASH barges.
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ARMY ENGR DIV ED-SY (Loyd), lluntsville. AL: IINDED-SY.

Iluntsvilk,. AL
ARMY EWES Library, Vickshu rg MS:. WESCD (TW Richardson), Vickshurg, MS; WESCV-z (Whalin).

( * Vicksburg, MS-. WESCW-D. Vicksburg. WS WESGiP-E, Vicksburg. WS WE-SCP-E:M (C] Smlith),
Vicksburg, MS,

ARMY LOGC ALC/ATCI-MS (Morrissett). Fort Lee. VA
ARMY MMRC DRXMR-SM (Lenoc). Watertown. MA
ARMY MSAA DRXSY-CM (M Ogorzalck), Aberdeen Proving Grnid. MD
ARMY NMTMC MITl-CE, Newport News. VA
ADMLNSUPU PWO. Bauhrain

'j ~C1C Code 10, Davisvillu. RI;, Code 15, Port Iluentne. CA: Code 155. Ptort hluenerne, CA-. Code 156F, Port
Itoenemec, CA; Code 1571, Port Hluenemie, CA; Library, Davisville. RI; PWO (Code 80t), Port Hluenenme.

*1 CA: PWO. Davisville, RI
CBU 401, OIC, Great Lakes. IL; 411. 01(2, Notfolk. VA
CINCLANTFLT CE Supp Plum., Offr, Norfolk, VA
CINCPACFLI Code -.1, Pearl Hatrbor, III
CINCUSNAVEUR London. England

~. 1CNO Code OP 323, Washington, DC; Code OPl 323, Washington. DC; ('ode OPl 414, Washington. DC; C:ode
OP 424, Washington, DC; Code OP 441F. Washington. DC; Cod#, OP 914K4, Washington. DC'; ('ode 01'
97. Washington. DC; Code OP 987, Washingion, DC; Code 01197, Washington. DC4 COMCB3LAN'r Code S31% Norfolk, VA

COMCI3PAC Diego Garcia Proj Offr, Pearl H-arbor, Ill
COMDT COGARD Lib~rary, Washington. DC
COMFLEACIl PWO. Sasebo, Japan
COMNAVAC-I' PWO, Lonidon, England
COMNAVAIRSYSCOM Code 41712, Washington, DC
COMNAVIIEACIIGRU ONE. CO. Sanl Die:go. CA
COMNAVFOR Korea, ENJ-P&O
COMNAVLOGPAC Code 4318, Pearl Harbor, IIl
COMNAVMARIANAS Code N4, Guami
COMNAVRESFOR Code 09, New Orleans, LA
COMNAVSUPPFORANIARC-FICA DET, PWO. Christcharch, NZ
COMNAVSURF Code N42A, Norfolk, VA; Lant, CO, Norfolk, VA; Paie. Code N-4, Sail Diego. (CA
COMOCEANSYS Lant, Code N9, Norfolk, VA
COMSC Washington, DC
COMSURFWARDEVGRU CO. Norfolk. VA
COMTI'A Lant, SCE, Norfolk, VA
COMUSNAV CENT, See Offr, Pearl Harbor, IIl

S COMOPTEVFOR CO. Norfolk. VA
DEPCOMOPTIEVFORI'AC Code 701A, Sanl Dicgo (CA; ('ode 705, Sanl Diego, C'A
DIRSSP Tech Lit), Washington.' DC
DNA STTlIrI'L, Washington. DC
DOD DFSC-FE. Cameron Station. Alexandria, VA
DOE Wind/Ocean Tech Div. Tobawco, MD
UTIC Alexandria. VA
DTNSRDC DEl'. Code I 075, Annapolis. MD; DE'I' ('ode 119'. Annapolis. MD; DETE Code 1250. Annapolis, MI);

DET. ('ode 1508, Annapolis. MD: 1311'. C'ode 4120. Annapolis, Ni)
VTRCEN, Code 1561, Bethesda, MD
FMFLANT CEC Of ir, Norfolk, VA
FMFPAC FEO, Camp 11M Smith, Hit; S('IAD ((G5), ('ampt I11M Smith. Ill

- --h -- - - -



GIDEP OIC, Corona, CA
INTL MARITIME. INC D Walsh. San Pedro, CA
LIBRARY OF CONGRESS Sci & Tech Div. Washington. DC'
MARCORBASE PWO, Camp Lejeune. NC. Pac. ACOS FE, C'amp Builci. JA: Pac. FE. (Camp Butler. JA
MARITIME ADMIN MAR-770 (Corkrey). Washington. DC; MMA. Library. Kings Point., NY
MCRDAC M & 1. Div. Quantico, VA. NSAP Rep, Quanieo. VA
NAS PWC-1 14 (PWO), Cuhi Point. RI': PWO. Ketla'.jk. Iceland-. PWC). MolfeO Hield. CA
NAIL BUREAU OF STANDARDS BILdg Mat Di%,(a~~) ('aithCrSbUrg. MI): R ('hung. (iaither1Slnirg. N11)
NAVAVNDEPOT Code 6IKK. Pensacola. FL
NAVCAMS PWO. Norfolk. VA
NAVCIIAPGRU CO, Williamsburg. VA; (Code 3(0, Williamsburg. VA: ('ode 64). Will iamsburg. VA

NAVCOASTSYSCEN CO. Panamna City. FL: Code 236q). lPanamna City. FL; ('ode 423. Pananma Citv. Fl.: ('ode
6.30. Pananma City. FL: Code 715 (J. Mittlentan) P'anamta Citv. FL-: Code '172 (('II. Koesy ). Panama ('itv.
FL; Tech Library. Panama City, FL

NAVCONSTRACEN Code D2A. Port Hlueneme. ('A: C'ode 1"12. (iullpot. NIS
NAVEDTRAPRODEVCEN Tech Lib. Pensacola. FL-

NAVFAC Centerville Bich, PWC). Ferndale, ('A: I'WO Oak Hlarbor. WA
NAVFACENGiCOM (Code (XI, Alexandria, VA: (Code 0)3. Alexandria. \'A: Code 03T (Essoglou). Alexandria.

VA: Code (MA, Aiexandria. VA: ('ode 414A1. Alexandria. VA: ('ode (NAIl). Alexandria. VA: ('ode 014A3,
Alexandria. VA, Code 04A4E (Bloom). Alexandria. VA: Code (46. Alexandiia. V'A: ('ode 06(31 (Cv1'hers).

Alexandria. VA; Code 4)9MI24 (L~ib). Alexandria. VA: ('ode ltM). Alexandria. VA
* NAVFACENGCOM -CIIES DIV. 1:130-l1L. Washington. D)C

NAVFACENGCOM -LANT D.IV. Br Ofc. Dir. Naples. Italy: Cod,' 1112. Norfolk, VA: ('ode 405. Norfolk.'3 VA: Library. Norfolk. VA
NAVFACENGCOM - NOR'llI DIV. (ode (W4. Philadelphia. PA: (ode' 44A1.. Philadelphia. PA: Code 11.

Philadelphia. PA; Code Ill. Philadelphia. PIA: Code 20-2.2. Philadelphia. PA: ('ode 4448AF, Philadelphhiia.

A NAVFACENC3COM -PAC DIV. C'ode 091'. Pearl i larbor. Il1; C'ode 1041 IKyil. I'earl Hlarbor. III: Code 24411.
Pearl IHarbor, III; Code 40)2. Pearl IHarbor. IlI: Library. Peatl 11I (aror. Ill

NAVFACENGCOM -SOUTH DIV. Codc t)A3, Charleston. SC. ('ode 1112. Charleston, SC: Code 40)6,
Charleston. SC': Library. Charleston. SC

NAVIFACENGCOM -WEST DIV. 049P/20,. San Bruno. ('A ('ode 044A2.2 (Lib). San Bruno, ('A: ('ode 04B, San
Biano. CA; Code 14)1.1, Sun Diego. C'A: Code 102. San B~runo, ('A: ('ode 20431C, San Brunto. CA: Pae NW
Bir Offe. Code C'142. Silverdale. WA: l'ae I"W Br Olle. (.'ode C/54), Silver-dale. WA

NAVI:ACENGCOM CONTRAC1"S ('ode 460., Portsmouth. VA; DOIC('. Diego Garcia; Earle. ROI(CC. C'olts
Neck, NJ:. 01CC, Guam:; 01CC. Rota. Spain: OICC/ROICC. Norfolk. VA; ROICC (('ode 495),
Portsmouth, VA: ROICC (Code 913), Everett. WA: ROICC. ('orpiuN Christi. TIX- ROIC('. Kcllavik.

Icland; ROICC, Point Mvugu. ('A: ROICC. Virginia Beach. VA: SW Pric. 01CC. Manila, RIP: 'Indent,
NAIIS CE.ys Nepot.A

* ~~NAVMAGPCE ('o ewp oarut, Il:S . uiIavR'
NAVMAR CodeSC0N LiJOais. RaleiSCE. N-,CBy.tl
NAVOCAC)IEE Libary BayStLois. MSeihN

NAVOCEANSYSCEN Code 94. Suin Diego. CA: ('ode 904211, San D~iego. CA
NAVPGSCOL Code 68 (C.S. Wu), Monterey. CA: E. 'lihornton. Monterey. C'A

NAVPIIIBASE PIWC) Norfolk. VA; SCE, Sun Diego. CA
NAVSCOLCEC.'OF-F Code C44A. Port Huenetme, CA

j NAVSCSC0L PWO. Athens. GA

Code -56W23 (J Coon). Washingtoo. DC

NAVSIIIPRLPFAC SCE, Subie Bay. RI': SCE, Yokosuka, Japan
NAVSI IIPY D Carr Inlet Acoustic Range. Brenierton. WA: ('ode 1314. Pecarl H arbor. III: Code 2024, L~ong

Beach. CA:. Code 20)2.5 (Library). B remneriu, WA: ('ode 308.3. Pearl Ilu hoi, .I1; ('ode 420, Long IBeach.
C'A; Code 440, Portsmnout h, Nl: Code 443. Biremerton . WA, C(ode 00)3, Long Bleach, CA: Lilir;,rv
P'ortsmouth, NilI; Mare Island. Codek 20)2.13, Vallejo, CA: Marc 1,lautd. ('ode 2048.08. Vallejo, C': Marc
Island. Code 280, Vallejo, ('A; Mare .Land. Code 404. Vallejo, CA: Mare island. ('ode 421, Vallejo. (CA:
Mare Island. Code 457. Vallejo, ('A Mare Island, I'WO. Vallejo. CA; Norfolk, ('ode 384). Portsmoath. VA:
Norfolk, Code 420), Portsmoath. VA: Norfolk. Code .140. Portsntouth. VA: Norfolk. ('ode 442.2.

Portsmouth. VA; Norfolk. Code 45)-1-I), Portsimouth. VA: Norfolk. ('ode 4571., Portsinutm. VA: l'WO.
Bremecrton. WA

NAVSTA A. Sugihara. P'earl Hlarbor, Ilk: CO. Long Beach. ('A ('0. Rooscvelt Road. PR: ('ode 423. 1:11(3
Guanmtanumio Bay; Code N4215. Mayplort. FL: Dir. Engr Div. 'WI). (iuantanmo Bay. ('aba: Engr IDiv,
PWD , Rodman, P'anamna Canal: Engrg Dir. Rota. Spain; PWO. iOuai, ;naloo BIav. Cuba, SU'L. Ci uam.
Marianas Islands: SCE. San Diego. C'A: SCE, Subic Bay. RIP: WC' 943, (uantanamno lay, Cuoba

NAVSUPPACT Pwo, Holy Loch, UK
NAVSUPI'O Sec Offr, La Maddalena. Italy



NAVSW(' DET, Whit. Oak Labl. PWO. Silver Spring, MlD
NAVWAI&COL Code 24. Newport. RI
NAVWPN5TA Earle. Code 0(N2. Colts Neck. N. INVPO, Seal Beach. ('A
NETC Code 42, Newpiort. RI; PWO, Newport. RI
NCR 2(0, CO
NE'IPMSA T .ech Library. Pensacola. FL
NMCB 3. Ups Offr; 40. CU. 5. Ups Dept: 74. CO
NORDA Code 1121S11. Bay St. Louis. M Code 352. Bay St. Louis, MS: Code 440). Bay St. L~ouis. MS
N RL Code 2511, Washington. IX': Code 6127 (Ilultman). Washington, DC
NS(' Cheatlham Annex. P\VO. Williallsbuig. VA; (Code 43. Oakland. 'A; (Code 54.1. Nottolk, VA: (Code 70)).

Norfolk. VA: SCE. Norfolk. VA
OCNR Code; 1121 (EA Silva). Arlington. VA: ('ode 33. Arlington. VA

PIIIB('B L, CO. Sat- IDiego. ('A: 1. EL('AS Offer. Saot D~iego. ('a:; !. P'&L, San IDicgo. CA: 2. CO. Norfolk.
VA

'4 * ~PWC C'ode 10,. Oakland. CA: C'ode I1K). GIL1111. Mariaiia ISIdaIIs: COdLC 1(01 ( Libratyl . Oakland. C'A: ('ode 111.
Pead I Ian ht. Ill. ('ode l110. Oakland, (A; Code 11I0C, Oakland. ('A; Code 123-C'. San Diego. CA; Code
34). Norfolk. VA. ('ode 4(M, Oaklanid. CA: C'ode 4W,) P'earl 1 labor. III; C'ode 4W)1. San Diego. ('A: Code
420). (heat LaLc . IL-: ('ode 421). Oakhld. (CA: ('ode 42013 (McFarland). Sublie Bay. RIll: ('ode 420)13 (Waid).
Sullie Bay. RP: ('odeti 421 (Qujin), San Diego. CA: Code 421 (Revnolds). Sao Diego. (CA: (Code 422. San

D~iego. ('A: ('ode 423. Sau Diego. CA: ((Ide 424. Norlolk . VA: Coide 425 (Kava)* Pearl I larbot. Ill: ('odi:
439 (Aresto). San Diego, CA: ('oie 5(W, Norfolk. VA: ('ode %1)). Oakland. ('A: ('ode 505A, Oakland. ('A:
('tide 590). San Diego. CA: ('*ode 7W)4. San 0 jegti. CA: Library (('odle 14.PalIlro.II iba

Guam, Matiana Island%; Library. Norlolk. VA: Library, Pensacola. I-L: Library. Yokosuka, Japan Tech
Library. S-ubie Bay. RI1: ('ode 615, Gownu. Mai iana Islands

SAN DILGiO PURl Port Fac. Proj Enigr, 1iii Diego. ('A
4 ~ aEAL- TEAM 0. Norfolk. VA

SUIJASE Bangor. PWO (('ode 8- ,iceiton. WA
SUI'SI3IP Tech Library. Newplit Ncwvs, VA

HIAYNE'S & ASSOC II. Ilayne- . E.. Oakland. ('A
UCT ONE. ('0. Norfolk. 'VA; TWO. CO. Port Ituevemec. ('A
US GEOLOGICAL SUR11VEY Marine Geology 01kc (Pliteleki). Reston. VA
USCIN('IAC ('odc 144, Camp IIM Smith. III
USNA Meeb Engrg Decpt (H asson), Annapolis. Ml): Ocean Engrg IDept (Mc( ormick). Annapolis, MD): lWO.

Annapolis. NID
USS USS Ft tiTON. Code W-3
ADVANCV.,D 'IECIINOLOCIY. INC' Ops 'Cen Mgi (Ilednar). ('amarillo. ('A
C'ALIF 1tARITIME ACADEMY Library. Vallejo, ('A
('ALII'ORNIA Nay & Ocean lDcs (Arnwsrong). Sacramento. CA
CALIFORNIA INSTI lUTE OF TECHINOLOGY [Environ Enigrg Lih. Pasadena. (CA

CORNELL. UNIVERSITY Civil & Enviruit Engrg (Dr. Kalha-vy). Ithaca. NY
DUKE UNIVERSITY CE Dept (Muga). Dathani. NC'
FLORIDA ATLANTIC UNIVL-RSrl~Y Ocean Lngrg Dept (McAllister). ljoca Raton. FL; Ocean Engrg D~ept

(Su). Bcau Raton. FL.
F'LOIDIA INS') OF '1E('II ('E Dept (Kalajian). Melbourne. FL
INSTIT'UTE OF: MARINE SCIEN('ES Dir. Morehecad ('itx'. NC. Lihrarv. Port Arnas. 'IX
IOWA STAI)h UNIVERSITY CE Dept (Ilattdy). Attes. IA
[EHIG1H1 UNIVERSIT'Y CE D~ept . H ydraulies Lab. Ilefltlehet. PA; Liiadermat (ibrary. Boehleheti. PIA:

Maiine Geotech Lai, (A. Riehards). Blethlehemi. PA
MAINE MARtITIME ACADEMY Lib). ('astine. ME
MICIIIUAN 'I CH UNIVERSITY C'E Dept (iiaas). IHoughton, Mi
MIT Engrg ~ib, C'ambridge. MA: Lit). Tleeh Reports. ('anuidge. MA
NATL ACADINIY OF SC'IENC'ES NRC. Naval StudiCS lid]. WaShinlgton.1 DCI NEW YORK-NEW JERSEY PORT AUTIh R&D) Fngr (Yontar). Jersey ('ih'. NJ
NY C'IT1Y C'OMMUNITY C'OLLEGE !.iltarV, Btrooklyn,. NY
ORUN STlATE UNIVERSITY C'E Dept (Y'ina). ('orsallis. Olt: Oceanographly Scol. 'olyallis. OR

PU RDUE UN IVERSITIY C'E Seol 1 Altseliaefl . W. I alayette, IN: CEI Scol I I.eonards) . W . I al-ivettv'. IN:
Engrg Lib, W- Lafayette, IN

SOUl')IWESI RS('lI INS) It. Del jail. San Anton~io IX
TECii UIILIZATION K Willinger, Washington, DC(
TEXAS A&I UJNIVERSITY C'ivil & Mccli Engr lDcpt. Kin'sxilie. 'IX

TEXAS A&M UNIVERSITY C'E D~ept (Lxtdlictter). ('ollcge Station. IX: ('T Dept (Nicd.'wccki. ('ollcge
Station. 'IX Ocean Engr Prioj. ('ol lcgc Statint IX

UNIVERSITY OF. ALASKA tBiomned & Karine Sci I lb. Fairbanks. AK
UNIVERSITY 01" C'ALIFORNIA ('E Dept (Geiwick). Berkeley. ('A
U.N IVERlSI I OF- IHAWA II Manna. I ibrry, H onolulu. 111I; O ccatt Enitg D ept (Iirtckini). H onolulu, Ill

A'



1 UNIVERSITY LJF ILLINOIS Arch Scol (Kim), Champaign. It,; Library, Urbana. It., M.T. IDavisson, Urbana.
I IL-. Metz Rcf Rim Urbana. iL

UNIVERSITY OF MICHIGAN CE Dept (Richart), Ann Arbor, ML
UNIVERSITY OF NEBRASKA Polar Ice Coring Office. Lincoln. NE
UNIVERSITY OF NEW MEXICO NMERI (Falk). Albuquerque. NM; NMERI (L-eigh). Albuquerque, NM
UNIVERSITY OF TEXAS Breen, Austin. TX; CE Dept (Thonipson), Austin, TIX-, 13( 5.402 (Friedrich),

Austin. TX; ECJ 5.402 (Tucker), Austin, TX
UNIVERSITY OF WISCONSIN Great Lakes Studies Cun. Milwaukee. WI
AMETEK OFF-SHORE RSC1I Santa Barbara. CA
APPLIED SCI ASSOC. INC White, Oilando, FL
BATTELLE D Frink. Columbus, OH;, New Eng Marinc Rsch Lab. ll,' Duxbury. MA
BECHTEL NATL, INC Woolston, San Francisco, CA
BETHLEHEM STEEL CO Engrg Dept (Disniuke). Bethlehem. PA.4 BROWN & ROOT Ward, Houston. TX
COASTAL SCI & ENGRG C Jones, Columbia. SC
CONSTRUCTFION TECHI LABS, INC Dr. Cosrley, Skokie. 11,
DRAVO CORP' Wright. Pittsburg, PA
EASTPORT INTL. INC Mgr (il- Osborn). Ventura. ('A
EG'(&Ci WASHf ANAL. SVC CEN BondL!. (3ithersburg. MD)I4 GIANNOTTI1 & ASSOC, INC Annapolis, MD

I. JOHN J MC MULLEN ASSOC Library. New York. NY
LIN OFFSHORE: ENGRG P. Chow. San Francisco CA
LINDA HIALL LIBRARY Doc Dept. Kansas City. MO
MARITECII ENGRG Donoghue', Austin, TX

j MOFFATIT & NICHO)L ENGRS R Palnmer. Long Beach. CA
PACIFIC MARINE TECH (M. Wagtte- Duvall. WA
WOODWARD-CLYDE CONSULTANTS R Cross, Walnut Creek. CA; RZ Donminguez, Houston, TX

1


