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ABSTRACT The Navy is engaged in a progtram to define * & -

and demonstrate Deployable Waterfronts that will provide iy o e

worldwide logistics support for our forces in CONUS and ; - [t ? N

overseas. These deployable waterfront facilities would m = A f

serve such functions as: a) Strategic Sealift Ship w I DR

unloading at fixed ports or Logistics Over the Shore b g n"’ ';1\:.','(_:'.

(LOTS) sites, b} Advanced base pre-positioning, o ___{"""",-;3

c) Advanced Logistics Support Bases for fleet replenish- © r..(_" R

ment, and d)} Relocatable piers for hemeporting and for; 8 1y BEGIR

Strategic Sealift Support Facilities restoration in the event P

of damage. Homeported and pre-positioned platforms could"
also provide some peacetime cost offsetting advantages overg
; present support systems. N

An investigation was conducted into the use and avail-
ability of heavy lift semi-submersible ships for transporting
A deployable waterfronts.,
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1.0 Introduction

'z ‘a7

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 Deveiopment and Coordination, signed@ by VADM T. J.
Hughes, DCNC Logistics, OP 04 and LTG B, F. Register Jr., DCS
Logistics, DALO-2A, 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 peacectime cost offsetting
advantages over present support systems.
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1.1 Scope of Work

An investigation was conducted into the use and availability
of heavy lift semi-submersible ships for trangporting 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 con-~ept is a family of large
modules that can be configured to accomplish a variety of
rissions. 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 supperting the deployed fleets. The basic
pier facility could be used fer 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 o0il 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
M revalidate the concept through out its life by conducting full
scale exercises utilizing the heavy lift semisubmersible ships.

f Further work is needed to determine the limiting environmental
T 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
4 protect the cargo from waves breaking over the deck while
4 underway need to be developed.
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SECTION 2

2.0 Discussion

The deployable waterfront consists of a family of large
modules that can 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
ocutfitting 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 c¢f damage.
Homeported and pre-positioned platforms could also provide some
peacetime cost offsetting advantages over present support
systems.

The use and availability of heavy 1lift 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 storage barge.
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The third load was made up of 2 storage barges and one guayside
barge. This facility provided 900 feet of ship berthing, 18,000
W square feet of quayside work area, 1,270,000 cubic feet of
g covered storage and a roll-on roll-off facility. The 1link to
shore was provided by 600 feet of ballasted causeway. The 2-way
) causeway was fabricated in 5 sections and designed to carry loads
W up to 30 tons over a single axle. The onsite installation took
Y about 75 days. Office, accommodation and support facilities were
! built as second stories over the storage areas. The ftotal cost
i 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
i 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
uj module design specifications should contain loading criteria
based on loads expected during transit. Thisg, 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 mocdule 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
demnonstrated with the successful movement of the large jack-up
0il rigs. Two rigs being transported 13100 nautical miles on the
DYVI SWAN, had an overhang of 114' encountered a gale force
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cyclcue off Madagascar. Waves reached .7' causing the ship to
slow from an average 15 knots to 12 knots and the maximum roll
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was less than 3.5 degress. 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 pocints out the value of the self-
propelled vessels carrying the carge. 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 Preparaticns

The cargo load must be laid out to provide the most
efficient use of space available considering the stability,
dynamic wmotions, 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
luoading area should have relatively calm water and wind condit-
ions and the weather forecast over the expected loading time
should be desirable.




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. S2e Appendix
A for sample lcading sequence of AMERICAN 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
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
congstructed on some of the ships to reduce the impact of the wave
slap on the cargo.
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The AMERICAN CORMORANT had deck extensions added, about 20
feet wide by 60 feet long both port and starboard about midships,
to protect the cargo items that overhung the deck from wave slap.
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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 quides
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for the sequenced unloading.

2.3.1 Preparations

“0

-‘_'-‘.'.'{ (e U.i_;l‘z'dz..ﬁr_—-ﬁ@

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.
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2.3.2 Offloading Cargo

The sequence of offloading will be the reverse of the
loading where the shallow draft cargo will be flcated-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.
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2.3.3 Ship Turnaround
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Since there are a small number of these heavy-lift float-on
£loat-off ships, ship turnaround is very important. This makes
it very important to have a detailed plan and the resources
available to =sarry 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:
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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 0il 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
reguired to weld the seafastenings and one more day for
fueling before getting underway.
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Transit. The ship was in transit 36 days from
Singapore tc Cameron LA.

Offload. Discharging the two o0il rigs was

accomplished in one day. Total elapsed time was 42
days.

T~ e T

g

For comparison, the same trip would have taken about 95 days
if the 0il rigs were loaded on barges and towed. There was no

menticn of environmental conditions encountered during
locad/offload.
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Another example of the load/cvffload operation is included in
Appendix A, with the *»-my cargo on the AMERICAN CORMORANT.

2.4 BHeavy 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 tc 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
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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 cof 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 i"= 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
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 loadiny process.
Operational methods and equipment need to be developed to protect

A = 1o I o ez =l
he carge from the waves breaking over th

ct

k when in transit.
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The DYV Class.

Figure 2--6.

Corga DWT: 24,500 Lton
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Appendix A

The following photos show the AMERICAN CORMORANT float-on
lcading sequence of Army cargo 25-27 November 1985 in Charleston,
S.C. This represents a typical loading operation which shows the
complexity and sugport assets required.

Preparati~u time required (o design, fabricate and install
the foundations. tiedrwns and guide posts was not available.

The 22 pieces of JArmy carjgo was loaded in about 16 hours, 6
hours to moor and bailast—down th2 ship and four hours to load
the cargo, and 6 hcours to tailast-up the ship. Four tugs were
used to handle the two nested tug boats, three nested LCM 8 craft
and the two nested float na c¢ranes. Other small craft were used
to handle lines, etc. Three more days were required to attach
the padeyes, lashings and seatastenings. The use of the four
point moor was a unique reguirement for this particular location,
since then, this load has been discharged and relocaded 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 reguired 6 hurs to ballast-down the ship with
the cargo being removed within an hour.

The environmental conditions during the initial locading were
minimal wind and wave action but with a 5 knot tidal current
e o - £ - e
1

hence the requirement for the four point moor. The actual

loading took place during slack water on each side of the tide.
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Figure A-1 Ship positioning in four point moor
with the two bow anchors,

Figure A-2 Ship stern anchors ready to deploy.
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Figure A-3 Ship ballasgting down, note the chocks
and guide posts welded to the deck,
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' Figqure 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.
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Figure A-7 Two 100' Army tug boats, rafted together,
being maneuvered into position.
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Figure A-9 fThree LCM-8 being positioned by two
tugs over ship.

Figure A-10 Small craft used to assist in the
positioning of LASH barges.
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NAVFACENGCOM - SOUTH LIV, Code (4A3, Charleston, SC; Code 1112, Chardeston, SCi Code 4o,
Charleston, SC; Library, Charleston, SC

NAVFACENGCOM - WEST DIV, 49720, San Bruno. CA: Code 04A2.2 (Lih), San Bruno, CA; Code G4B, San
Biuno, CA; Cade 104.1, San Dicgo, CA: Code 102, Sun Bruno, CAL Code 2031C, San Bruno, CAS Pac NW
Br Offe, Code €2, Silverdale, WA: Pac MW DBr Offc, Code (750, Silverdale, WA

NAVFACENGCOM CONTRACTS Code 400, Portsmouth, VA; DOICC, Dicgo Garcia; Earle, ROICC, Colis
Neek, NJ: OICC, Guam: OICC, Rota, Spain: OICC/ROICC, Norfolk, VA, ROICC (Code 495),
Portsmouth, VA: ROICC (Code 913), Everett, WA ROICC, Corpus Christi, TX: ROICC, Kellavik,
Icefand; ROICC, Point Mugu, CA: ROICC, Virginia Beach, VA SW Pac, OICC, Manila, RP: ‘Tvident,
OICC, St Muarys, GA

NAVHOSP CE, Newport, RI

NAVMAG Code 10, Lualualei, Il SCE, Subic Bay, RP

NAVMARCORESCEN LTIG Davis, Ruleigh, NC

NAVOCLEANO Library. Bay St Louis. MS

NAVOCEANSYSCEN Code 94, San Dicgo, CA: Code 90428, San Dicgo. CA

NAVPGSCOL Code 68 (C.S. Wu), Monterey, CAL E. Thoriton, Moaterey, CA

NAVPHIBASLE PWQ, Norfolk, VA; SCE, San Dicgo, CA

NAVSCOLCECOFF Code CddA, Port Hueneme, CA

NAVSCSCOL PWO, Athens, GA

NAVSEASYSCOM Code 05SM, Washington, DC; Code 05M3, Washington, 1DC: Code 05R12, Washungton, DC:
Code 56W23 (J Coon), Washingion, DC

NAVSHIPREPFAC SCE, Subic Bay, RP; SCE, Yokosuka, Jupan

NAVSHIPYD Cuarr Inlet Acoustic Range, Bremerton, WAL Code 13, Peart Harbor, HI: Code 202.4. Long
Beach, CA: Code 202.5 (Library), Bremerton, WA; Code 308.3. Pearl Habor, Hi Code 420, Long Beach,
CA; Code 440, Postsmouth, NH; Code 443, Bremerton, WA: Code 903, Long Beach, CA; Library,
Portsmouth, NH; Mare Island, Code 202,13, Valicjo, CA: Mare Lland. Code 208.08, Valicjo, CA: Mare
Island, Code 280, Vailcjo, CA; Mare hland, Code 404, Vallejo. CAD Mare Island, Code 421, Vallejo, CA;
Mare Island, Code 457, Vallejo, CA; Mare Island, PWO. Vallejo, CA{ Nortolk, Code 380, Portsmouth, VA;
Norfolk, Code 420, Portsmouth, VA; Norfolk, Code 440. Portsimouth, VA: Norfolk, Code 442.2.
Portsmouth, VA; Norfolk, Code 450-HD, Portsmouth, VA: Norfolk, Code 4571., Portsmouth, VA, PWQ,
Bremerton, WA

NAVSTA A. Sugihara, Pearl Harbor, HI: CO, Long Beuch, CAL CO, Roosevelt Roads, PR Code 423, FPBO
Guantanumo Bay; Code N4215, Mayport, FL: D, Engr Div, PWD, Guantanamo Bay, Cubai Engr Div,
PWD, Rodman, Panama Canal; Engrg Dir, Rota, Spain; PWO, Guantanamo Bay, Cuba; SCL, Ziuam.
Murianas Islunds: SCE, Sun Dicgo. CA: SCLE, Subic Bav, RP: WO 93, Guantanamo Bay, Cuba

NAVSUPPACT PWO, Holy Loch, UK

NAVSUPPO Sce Offr, La Maddalena, Italy




NAVSWC DET, White Oak Lab., PWQ, Silver Spring, MD

NAVWARCOL Code 24, Newport, RI

NAVWPNSTA Earle, Code 092, Colts Neck, N1 PWQO, Scal Beach, CA

NETC Cuode 42, Newport, Ri; PWO, Newport, Rl

NCR 20, CO

NETPMSA Tech Library, Pensacola, FL

NMCB 3. Ops Offr; 4, CO; 5, Ops Depts 74, CO

NORDA Code 11218P. Bay St. Louis. MS; Code 352, Bay St. Louis, MS: Cude 40, Bay St Louis, MS

NRL Code 2511, Washington, D20 Code 60127 (Bultman)., Washington, DC

NSC Cheatham Annex, PWO, Williamsburg, VA: Code 43, Oakland, CA; Code 54.1, Nortolk, VA; Code 700,
Norfulk. VA: SCE. Norfolk, VA

OCNR Code 1121 (EA Silva). Arlington, VA: Code 33, Arlington, VA

PHIBCB 1. CO. San Dicgo. CA: 1. ELCAS Offer, Sau Dicgo, Car L P&L, San Dicgo, CA: 2. CO. Norfolk,
VA

PWC Code 10, Qakland, CA: Code HKL Guam. Mariana Islands: Code 101 (Library). Oakland. CA: Code 1011,
Pearl Hmbor, HI. Code 110, Oaklund, CA; Code 110C, Oakland, CA: Code 123-C, San Dicgo. CA; Code
30, Norfolk, VA: Code #K), Oakland, CA: Code 00, Pearl Harbor, HID Code 00, San Dicgo. CAL Code
420, Great Lakes, 1L Code 420, Qukland. CA: Code 4208 (McFarland). Subic Bayv, RP: Code 4208 (Waid).
Subic Bay. RP: Code 421 (Quin), San Dicgo, CAL Code 421 (Reynolds), San Dicgo, CAL Code 422, San
Dicgo, CA:; Code 423, San Diego, CA: Code 424, Nortolh, VAT Code 425 (Kaya), Peart Harbor, HE: Code
438 {Aresto). San Dicgo. CA: Code 500, Norfolk, VAL Code 500, Ouklund, CA: Code SOSA, Oukland, CA:
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. l‘l’ Cade 590, San Dicgo, CA: Code 700, San Dicga, CAL Library (Code [34), Pearl Harbor, HIL Library.
S Guam, Matiana Islunds; Librasy, Nordolk, VA: Library, Pensacola, FLG Library, Yokosuka, Japan; Tech
oy Library, Subic Bay. RP: Code 615, Guam. Maiuna Islands

“ SAN DIEGO PORT Port Fae, Proj Engr, 8w Dicgo, CA

i SEAL TEAM o6, Nurfolh, VA

‘l SUBASE Bangor, PWO (Code 87a). aacmerton. WA

N SUPSHIP Tech Library, Newpeit News, VA

i'»l HAYNLES & ASSOC 1. Hayne . #.E., Oukland, CA

s UCT ONE, CO. Norfolk. VA, TWO, CO. Port Huereme, CA

S

US GEOLOGICAL SURVLEY Maurine Geology Offe (Piteleki), Reston, VA

USCINCPAC Code 144, Camp HM Smith, Hi

USNA Mech Engrg Dept (Hasson), Annapalis. MD; Ocein Engrg Dept (MeCormick). Annapolis. MDD PWO,
Annapolis, MD

USS USS FULTON. Code W-3

ADVANCT.D TECHNOLOGY, INC Ops Cen Mg (Bednar), Camarillo. CA

CALIF MARITIME ACADEMY Library. Vallejo, CA

CALIFORNIA Nav & Occan Duev (Anmstrong), Suacramento. CA

CALIFORNIA INSTITUTE OF TECHNOLOGY Environ Engrg Lib., Pasadena, CA

CORNLLL UNIVERSITY Civil & Enviros Engrg (Dr. Kulbawy). Tthaca, NY

DUKE UNIVERSITY CE Dept (Muga). Durham, NC

FLORIDA ATLANTIC UNIVERSITY Occan Engrg Dept (MeAllister), Boca Raton, FL1 Ocean Engrg Dept
(Su). Boca Raton, FL

FLORIDA INST OF TECH CE Dept (Kalajian)., Melbourne, FL

INSTITUTL OF MARINE SCIENCES Dir. Morchead City, NC: Libravy, Port Aransas, TX

IOWA STATE: UNIVERSITY CE Dept (Handy), Ames. 1A

LEHIGH UNIVERSITY CE Dept, Hydryulies Lab, Bethlehem, PAL Lindermuan Library, Bethlehem, PA:
Matine Geoteeh Lab (AL Richards). Bethichem. PA

MAINE MARITIME ACADEMY Lib, Custine, ML

MICHIGAN {LCH UNIVERSITY CE Depr (ffaas), fHoughton, Mi

MIT Engrg Lib, Cambridge. MA: Lib. Tech Reports, Cambridge. MA

NATL ACADENMY OF SCIENCES NRC. Naval Studies Bd., Washington, DU

NEW YORK-NEW JERSEY PORT AUTH R&D Uagr (Yontar). Jersey City, NJ

NY CITY COMMUNITY COLLEGE Yibnary, Brooklyn, NY

ORLEGON STATE UNIVERSITY CE Dept (Yim), Corvallis, OR: Occanography Scol, Corvallis, OR

PURDUE UNIVERSITY CE Scol (Altschaefil). W. Lafayerte, IN: CE Scol (Leonards), W. Lalayvette, IN:
Engre Lib, W. Lafayctte, IN

SOUTHWLEST RSCIT INST R, Delfant, San Antonio TX

TECH UTILIZATION K Willinger, Washington, DC

TEXAS A&l UNIVERSITY Civil & Mcech Engr Dept. Kingsville, TX

TEXAS A&M UNIVERSITY CE Dept (Ledbetter), College Station, TX: CE Dept (Niedsweceki)y, College
Station, TX: Ocean Engr Proj, College Station, X

UNIVERSITY OF ALASKA Biomed & Marine Sci Lib, Fairbanks, AK

UNIVERSITY OF CALIFORNIA CE Dept (Gerwick), Berkeley, CA

NIVERSITY OF HAWAI Manoa, Library, Honolulu, 1 Ocean Engrg Dept (Erteking. Honolulu, H
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UNIVERSITY OF ILLINOIS Arch Scol (Kim), Champaign. IL; Library, Urbana, 1Li M.T. Davisson, Urbana,
IL: Metz Ref Rm, Urbana, iL

UNIVERSITY OF MICHIGAN CE Dept (Richart), Ann Arbor, Ml

UNIVERSITY OF NEBRASKA Polar lce Coring Office. Lincoln. NE

UNIVERSITY OF NEW MEXICO NMERI (Falk). Albuquergue, NM: NMERI (Leigh). Albuguerque, NM

UNIVERSITY OF TEXAS Breen, Austin, TX: CE Dept (Thompson), Austin, TX: ECI $.402 (Friedrich),
Austin, TX: ECJ 5.402 (Tucker), Austin, TX

UNIVERSITY OF WISCONSIN Great Lakes Studics Cen. Milwaukee, W1

AMETEK OFFSHORE RSCH Santa Barbara, CA

APPLIED SCI ASSOC, INC White, Orlando. FL

BATTELLE D Frink, Columbus, OH:; New Eng Marine Rsch Lab, Lib, Duxbury, MA

BECHTEL NATL, INC Woolston, San Francisco, CA

BETHLEHEM STEEL CO Lngrg Dept (Dismuke). Bethlchem, PA

BROWN & ROOT Ward, Houston, TX

COASTAL SCI & ENGRG C Jones, Columbia, $C

CONSTRUCTION TECH LABS, INC Dr. Corley, Skokie, 1L

DRAVO CORP Wright, Pittsburg, PA

EASTPORT INTL. INC Mgr (JH Osborn). Ventera, CA

EG&G WASH ANAL. SVC CEN Bonde, Gaithersburg, MD

GIANNOTTI & ASSOC, INC Annapolis, MD

JOHN J MC MULLEN ASSOC Library, New York, NY

LIN OFFSHORE ENGRG P. Chow. San Francisco CA

LINDA HALL LIBRARY Doc Dept. Kansas City, MO

MARITECH ENGRG Donoghue, Austin, TX

MOFFATT & NICHOL ENGRS R Palmer. Long Beach, CA

PACIFIC MARINE TECH (M. Wagne-) Duvall, WA

WOODWARD-CLYDE CONSULTANTS R Cross, Walnut Creek, CA; R Dominguez, Houston, TX




