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INTRODUCTION 

Work reported previously, reference 1, describes several mechanical 
and electrical test models of the List 1 SD coaxial cable underwater 
splice which were fabricated and tested successfully. A split washer 
strennth member termination was shown to offer considerable promise but 
required further development and refinement. Electrical models tested 
in air and in water showed acceptable impedance mismatches of less than 
11. These models were also subjected to sustained high voltages of 
6,000 VDC in air and no breakdown or leakage occurred. 

This report concentrates on the work performed during FY-78 under 
the Ocean Facilities Engineering Block Program. This effort consisted 
of dielectric grease investigations and underwater mating of electrical 
splice models. Gelled dielectric fluids for use as a grease are shown 
to be most suitable for underwater SD coaxial cable splicing applications. 
Electrical models fabricated for underwater mating have been operated 
successfully at 6,000 VDC for 30 days at 5000 psig. Impedance mismatches 
of the electrical test models were about 0.4%. 

BACKGROUND 

Figure 1 shows the SD coaxial cable underwater splice concept. The 
entire splice unit is prefabricated with a suitable length of replacement 
cable attached. A splice unit is connected to each end of a cable repair 
section. The length of the section depends on the extent of the damage 
and cable separation caused by parting the cable under tension on the 
seafloor (reference 2). 

The splice unit is designed for mating to the prepared end of the 
undamaged coaxial cable on the seafloor independent of depth. All that 
would be required to repair a damaged SD cable is to cut out the damaged 
section, prepare the ends of the cable to fit into the splice units and 
insert the cable ends. Once the cable is inserted, the splice unit will 
restore approximately 75% of the original 16,000 lbs breaking strength, 
restore transmission characteristics, prevent seawater from leaking into 
the splice and provide protection of the spliced area from the environ¬ 
ment. 

Description of Splice 

Figure 2 shows the internal mechanisms of the splice concept. The 
center strength member of the SD cable is held in place by a specially 
designed split-washer cable gripping mechanism which is housed inside a 
steel body. The steel body is gold plated to improve conductivity. A 
Multil am band captured by the steel body makes contact with the inner 
copper conductor of the prepared cable end and restores electrical con- 
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tinuity through the splice. An 0-ring seal, also captured by the steel 
body, will prevent seawater from hosing back into the interface area 
from the previously exposed strength member. Also the 0-ring prevents 
grease from hosing into the steel strands by preventing pressure loss in 
the cavity containing the split washers. 

The geometric relationship of the coaxial cable inner and outer 
conductors for proper impedance match is provided by the specially 
shaped acrylic (or polyethylene) dielectric. The shape is defined by the 
ratio of the inner and outer conductor radii where: 

where K = dielectric constant of inner dielectric 

rQ = outer conductor radius 

r^ = inner conductor radius 

Z - 44 ohms for SD coaxial cable o 
A brass or copper sleeve, which captures the interface seal and a 
Multilam band, fits over the acrylic dielectric body. This sleeve 
provides electrical continuity for the outer shield conductor through 
the Multilam band and on through the splice. The interface seal prevents 
water which hosed up the cable between the outer copper conductor and the 
polyethylene dielectric from entering the interface area. 

The interface seal is fabricated from a conductive or semi-conductive 
material to assure proper impedance matching. 

Grease channels from inside the split washer housing through the 
steel body (by means of a check valve to the rear of the split washers 
and into the rear grease reservoir allow the displaced gelled dielectric 
to flow freely during cable insertion. Grease channels in the interface 
area also allow gelled dielectric to flow freely to fill voids in these 
areas and also vent into the compensating grease reservoir during inser¬ 
tion of the cable. 

Over the entire copper sleeve is a flexible rubber boot which also 
forms the grease reservoir and the compression seal on the ends. The 
entire unit is enclosed by a steel pod for protection from the environment. 

The splice is completely filled with a gelled dielectric grease to 
keep seawater out and fill all the voids. It is fitted with wiping 
seals at the entry to aid in wiping the cable of seawater as it is 
inserted into the splice unit. The end of the steel pod is equipoed with 
a serrated gripping mechanism to grip the polyethylene outer jacket. 
The gripping mechanism prevents the residual tension in the outer jacket 
from pulling it out of the solice. Flexural strain relief for the cable 
is also provided. 
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Operating Scenario 

The operation of the splice is as follows. First, the damaged 
cable is located, the damaged portion is removed and the ends of the 
remaining good cable are prepared to fit into the splice. Next, the 
cable ends are inserted into the splice. As the cable is inserted, the 
wiping seals wipe the cable of seawater. The gelled dielectric being 
displaced by the insertion of the cable carries seawater out and also 
helps to wipe the dielectric interface. The strength member reaches 
the split washer strength termination and passes through easily. At 
the same time all the seals begin to seal onto the cable and excess 
gelled dielectric from the interface area and the split washer termina¬ 
tion housing flows into the grease reservoir. The compression seal 
releases excess gelled dielectric to seawater and seals onto the outer 
jacket. Also, the Multilam bands engage with the inner and outer 
conductors and restore electrical continuity. After the cable is fully 
set into the splice, a slight withdrawal (1/8 inch maximum) of the 
cable will engage the split washer strength termination. Any voids 
formed at the interface by this movement will be automatically filled 
with gelled dielectric from the grease reservoir. The outer jacket 
gripping mechanism is actuated by a sliding cone tyne device which 
cause the serrated jaws to grip the outer jacket. The steel pod 
serves only to protect the splice from abrasion on the seafloor. Once 
the two ends of the splice are connected to the existing cable the reoair 
is completed. 

Problem Areas 

Discussions with personnel knowledgeable about conventional SD 
cable splicing clearly point out the interface between the cable 
dielectric and the splice dielectric as the key problem area. The 
presence of sustained high voltage on the cable can cause dielectric 
breakdown or corona noise in this area even with existing surface 
splicing_by injection molding techniques. The long term effects of the 
dielectric gel on the polyethylene dielectric used on the SD coaxial 
cable are not fully studied yet so this is a prime area of concern. 
The effects of seawater on gelled castor oil also require further 
study. 

Since the success of an underwater repair system for SD coaxial 
cable depends on the reliability and performance of the splice itself, 
these two areas were considered first. The entire concept of the self- 
contained splice depends on the use of a grease to prevent seawater from 
entering the splice during mating with the cable on the seafloor and an 
interface with no corona noise or breakdown in the presence of high 
voltage. This investigation is discussed in the following. 
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APPROACH 

A search for a dielectric grease compatible with high density 
polyethylene was conducted first. Many compatible dielectric materials 
come in liquid form only. However, a gelling agent was identified which 
can be used to gel liquids to a grease-like consistency. This agent 
has some unique properties when used to gel liquids which are discussed 
later. 

After studying and then selecting dielectric greases and fluids, 
wet inateable high voltage test models were fabricated and tested in 
shallow water to determine the feasibility of the wet mating concept. 
After successful completion of the shallow water tests, the models were 
tested in the pressure vessel to simulate deeo ocean applications. 

DIELECTRIC STUDY 

Several dielectric fluids were identified for use with the splice. 
Since many petroleum products attack the high density polyethylene 
dielectric of the SD coaxial cable, only non-petroleum dielectric fluids 
and petroleum products compatible with polyethylene were studied. Some 
of these fluids were mineral oil (Marco! 70), inert fluorocarbon 
(Fluorinert PL-77), castor oil, silicone fluids and grease, and trans¬ 
former oil. The approach was to determine the best dielectric candi¬ 
dates in terms of cost, availability, ability to gel usina a gelling 
agent (Cab-0-Sil),resistance to water absorption, dielectric properties, 
and compatibility with polyethylene. 

Cab-O-Sil 

Cab-O-Sil is fumed silicon dioxide (silica) manufactured by the 
Cabot Corporation. The lack of significant amounts of ionic impurities 
makes Cab-O-Sil an excellent dielectric in itself. Hence, it has been 
used frequently in electrical insulators. The most unique of Cab-O-Sil‘s 
characteristics is its ability when used as an additive to modify flow 
properties. It does this by building a three dimensional network of 
Cab-O-Sil aggregates in the fluid which alternately forms and breaks in 
response to the degree of shear force applied. Hence Cab-O-Sil's 
important and widespread use in liquid systems is for the control and 
increase of viscosity and thixotropy. A thixotropic system is one which 
exhibits a time dependent decreasing viscosity or shear stress at a 
constant shear rate. Eliminating the shearing force will allow the 
viscosity to return over a period of time to its original static valve. 
The combination of thickening and thixotropic properties of Cab-O-Sil 
makes it an ideal substance to use in the formation of dielectric gels 
for use in the splice. Refer to Appendix A for additional information 
on Cab-O-Sil. 
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Dielectric Fluid 

Two dielectric fluids, castor oil and Marcol 70 mineral oil were 
chosen for testing because of their low water absorption characteristics 
and good dielectric properties. The Naval Research Laboratory performed 
studies on castor oil {reference 3) and found that castor oil had a very 
low water absorption characteristic of about 1%. More significant is the 
fact that the dielectric constant does not change with absorption of 
water. 

Because of this Naval Research Laboratory study, a detailed analysis 
of castor oil was not performed. Rather, the gelling of castor oil 
by Cab-O-Sil was studied and the gelled castor oil was tested in the 
splice configuration. Also Marcol 70 mineral oil was gelled and tested 
on the splice. 

Experiments determined that approximately 9.4% by weight of Cab-0-Sil 
added to castor oil produced a gel which had the consistency of soft 
grease. For Marcol 70 mineral oil 6.4% of Cab-0-Sil by weight was 
required to obtain a gel with the same consistency. 

When the grease-like gelled castor oil and Marcol 70 were subjected 
to shear stresses from a mixer, the gel became less viscous such that 
when the container was tipped, the gel flowed like very thick oil. After 
the shear stress was removed, the gel returned to its original grease- 
1ike consistency. 

During mating of the cable to the splice, the gelled dielectric 
is subjected to shear stress and becomes less viscous enabling the gel 
to flow more easily. Once the cable and the splice are set and movement 
ceases, the castor oil returns to its original static gelled state. 

SPLICE TESTING 

Two underwater mateable electrical models were fabricated for 
testing in shallow water and in the pressure vessel for deep water 
applications. First, a high voltage underwater mateable model was 
fabricated and tested. Upon successful completion of these tests a 
complete laboratory electrical model was fabricated and tested. After 
testing was completed these models were placed in pressure vessels for 
long term tests under sustained high voltage which will continue until 
failure occurs. 

High Voltage Underwater Mateable Model 

Figure 3 shows the high voltage underwater mateable test model in 
the test stand prior to pressure vessel tests. The splice model shown 
on the lower portion of Figure 3 was first tested in shallow seawater 
(about 3 feet deep). This model was designed and fabricated to test 
the wet mating concept and to test for high voltage breakdown or leakage 
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currents at the interface area after being mated in seawater at 5000 
psig ambient pressure. Figure 4 shows a cross-sectional sketch of the 
model. It consists of a brass sleeve with Multilam bands, a neoprene 
wiping seal, an acrylic dielectric and a check valve assembly. 

The model was filled with gelled dielectric and then olaced in 
seawater without the wiping seal. The SD cable was then inserted into 
the splice and 6,000 volts DC was applied. This sequence was repeated 
several times. The results were inconsistent in that sometimes there 
were no high voltage breakdowns and sometimes it failed completely. 

Analysis of the first splice model, without wiping seals, revealed 
that the gelled dielectric by itself was not completely wiping the 
cable of seawater as it was being inserted. Hence, the interface area 
had trapped seawater which caused the splice to fail. 

To solve this problem, a wiping seal was placed over the splice 
entry. The seal consisted of a neoprene rubber sheet with a hole large 
enough to fit over the inner conductor {see Figure 5} and four additional 
holes to allow gelled dielectric to be expelled from the splice. As 
the cable is inserted into the splice the seal helps to wipe seawater 
from the inner dielectric interface area. 

With the addition of the wiping seal shallow water mates resulted 
in no high voltage breakdown and essentially zero leakage current (<lyA). 
Several shallow water tests were conducted and the voltage was raised to 
10 KV. There were no failures with gelled castor oil for 14 days,however, 
gelled flarcol 70 failed after 3 days under sustained 10 KVDC in seawater. 

The splice was then prepared for pressure vessel tests. The splice 
was mated at 5000 psig and afterwards 6 KVDC was applied for 1-2 hours. 
A total of seven mates were performed in the pressure vessel and in 
each case the splice had no high voltage breakdown or leakage current. 
These test results were particularly significant in that they show the 
feasibility of the underwater mating concept. 

This model was placed back in the pressure vessel for a long-term 
test and after 30 days at 5000 psig and 6 KVDC the splice failed. Post 
test analyses showed that the lack of internal seals allowed seawater to 
be forced or to migrate into the interface area. 

Complete Electrical Laboratory Model 

Based on the test results of the high voltage model, a complete 
laboratory electrical model was fabricated. The complete electrical 
model {shown in Figure 6) was designed for impedance matching, sustained 
high voltage, experimental internal seals, mating at pressure in seawater, 
and pressure compensation. The internal arrangement of the splice is 
very similar to that shown in Figure 2 except split washers, outer 
jacket gripping mechanism, inner conductor seal, check valve and repair 
section assembly, were not included. The differences of this model 
and the high voltage underwater mateable model are: (1) longer entry 
for more wiping action of the gelled dielectric on the cable, (2) specially 
shaped acrylic dielectric for an impedance match, (3) internal seals 
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added to prevent seawater from entering interface area, (4) pressure 
compensation by means of a grease reservoir, and (5) two wiping seals 
fabricated from a perforated Neoprene diaphragm {exterior wiping seal 
can be seen in Figure 5). 

The electrical model was packed with gelled castor oil and placed 
in a test fixture for mating underwater at pressure (shown in Figure 7). 
A total of four mates were performed, two with instrumentation for 
impedance matching and two for high voltage breakdown leakage current. 
Separate tests were necessary because the available coaxial connector 
through the pressure vessel head could not operate under high voltage. 
The pressure vessel seawater temperature was about 8°C. 

The first two mates at 5000 psig were instrumented with a Tektronics 
Model 1501 Time Domain Reflectometer (TDR). The results showed a 
reflection of 0.4% due to impedance mismatch. The second set of mates 
were to test for high voltage breakdown/leakage current using a Hi-Pot 
cable tester. The splice was subjected to 6 KVDC and no breakdown 
occurred. Leakage current was only about 2 ya and most or all of it 
was from leakage in the cabling and connectors tjirough the pressure 
vessel head, the splice was left for 6 days at 5000 psig and a 6 KV 
was sustained with no breakdown or increased leakage currents. The 
model was removed after 6 days because of pressure vessel scheduling. 

DISCUSSION/CONCLUSION 

The test results of the high voltage model and the complete electrical 
model demonstrate that the underwater splicing concept does work. Long 
term effects are not known at this time and will be studied as data 
becomes available. 

One particular problem of concern is seawater which hoses up the 
damaged cable and becomes trapped between the steel strength members and 
between the dielectric and outer conductor. The hosing can cause problems 
since once the cable is set inside the splice, gelled dielectric can 
also hose up into the cable and deplete the splice of pressure compensating 
gel. This problem can be overcome by the design of soecial seals at the 
critical locations. 

PLANS 

Additional studies will be conducted on gelled castor oil. These 
studies will concentrate on long-term effects of sustained high voltage, 
pressure, temperature, contact with seawater, and contact with other 
slice materials. Long-term effects of seawater, pressure, and high 
voltage on the electrical models will be analyzed. In a parallel effort, 
seals will be designed and tested for use in the splice. Based on the 
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results of these tests and analyses, a complete electrical prototype 
model with seals, will be fabricated and tested. 

Design and testing of the split washer strength termination will 
also be conducted in parallel with the material and seal studies. 
Analyses of cable and fault location methods will be conducted as well 
as studies of alternate damaged cable replacement sections. The concept 
analysis for a cable end preparation machine will also begin. 
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SD Coaxial Cable 

High Voltage Underwater Mateable Model 

Figure 3. Wet mateable high voltage model in test stand 
(unmated position). 
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Figure 5. Experimental wiping seal for the SD cable splice. 
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Figure 7, Motor driven mating test fixture. 
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APPENDIX A 

Cab-O-Sil is the Cabot Corporation trade name for fumed silicon 
dioxide (silica) which is produced by the hydrolysis of silicon 
tetrachloride vapor in a hydrogen oxygen flame. Molten silica spheres 
of from 7 to 14 millimicrons (7 to 14 x 10~9 meters) can be formed by 
process variations and these fuse together to form branched, three- 
dimensional, chain-like aggregates. Agglomeration occurs as the 
aggregates cool below the fusion temperature of silica and entanglements 
take place. Further agglomeration takes place during the collection 
process. The residual hydrogen chloride adsolved on the surface of the 
Cab-O-Sil during its production is reduced to less than 200 ppm by 
calcination. Also, during formation of Cab-O-Sil, hydrogen groups 
become attached to the silicon atoms, thus making its surface hydro¬ 
philic and capable of hydrogen bonding with suitable molecules in 
vapor, liquid, or solid form, but especially between Cab-O-Sil aggregates. 
A network of silica will form when a sufficient concentration of Cab-O-Sil 
is thoroughly dispersed in most liquid systems, with the result that 
thickening and thixotropy are imparted to those systems. 

Reference: Cabot Corporation Brochure, Cab-O-Sil Properties and Functions 
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NAVNUPWRU MUSE DET Code NPU-30 Port Hueneme, CA 
NAVOCEANO Code 1600 Bay St. Louis, MS; Code 3408 (J. Kravitz) Bay St. Louis 
NAVOCEANSYSCEN Code 2010 San Diego, CA; Code 4473 Bayside Library, San Diego. CA; Code 52 (H. 

Talkington) San Diego CA; Code 5204 (J. Stachiw). San Diego, CA; Code 5214 (H. Wheeler), San Diego CA: Code 
5224 (RJones) San Diego CA; Code 6565 (Tech. Lib.). San Diego CA 

NAVPGSCOL D. Leipper, Monterey CA; E. Thornton. Monterey CA 
NAVPHIBASE CO, ACB 2 Norfolk, VA; Code S3T, Norfolk VA; Harbor Clearance Unit Two. Little Creek, VA; 

OIC, UCT ONE Norfolk, Va 
NAVREGMEDCEN SCE (D. Kaye); SCE, Guam 
NAVSEASYSCOM Code OOC (LT R. MacDougal), Washington DC; Code SEA OOC Washington. DC 
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NAVSFC Gxle 6034 (Library), Washington DC 
NAVSH1PYD; Code 202,4, Long Beach CA: Code 202.5 (Library) Puget Sound. Bremerton WA; Code 440 Portsmouth 

NH: Code 440. Puget Sound, Bremerton WA: Tech Library, Vallejo, CA 
NAVSTA Maim. Com. Div., Guantanamo Bay Cuba: PWO, Mayport FL; Utilities Engr Off. (LTJG A.S. Ritchie). 

Rota Spain 
NAVSTA BISHOPS POINT Harbor Clear. Unit one. Pearl Harbor, HI 
NAVSUBSCOL LTJ.A. Nelson Groton, CT 
NAVSUPPACT Code 413, Seattle WA; LTJG McGarrah, Vallejo CA 
NAVSURFWPNCEN PWO, White Oak. Silver Spring. MD 
NAVTECHTRACEN SCE. Pensacola FL 
NAVWPNCEN Code 2636 (W. Bonner), China Lake CA 
NAVW'PNSTA EARLE PW Office (Code 09C1) Yorktown, VA; PWO, Seal Beach CA 
NAVWPNSUPPCEN Code 09 Crane IN 
NAVXDIVINGU LT A.M. Parisi. Panama City FL 
NCBC CEL AO 1C Port Hueneme CA: Code 10 Davisville, Rl; Code 156, Port Hueneme, CA 
NOAA Library Rockville, MD 
NORDA Code 410 Bay St. Louis. MS; Code 440 (Ocean Rsch Off) Bay St. Louis MS 
NRL Code 8441 (R.A. Skop), Washington DC; Rosenthal, Code 8440, Wash. DC 
NSD SCE, Subic Bay, R.P. 
NAVOCEANSYSCEN Hawaii Lab(D. Moore), Hawaii 
NUCLEAR REGULATORY COMMISSION T.C. Johnson, Washington, DC 
N(JSC Code 131 New London, CT; Code EA123 (R.S. Munn), New London CT; Code S332. B-80(J. Wilcox); Code 

SB 331 (Brown), Newport RI: CodeTA13l (G. De la Cruz), New London CT 
OCEANAV Mangmt Info Div., Arlington VA 
OCEANSYSLANT LT A.R. Giancola, Norfolk VA 
ONR CDR Harlett, Boston MA; BROFF, CO Boston MA; Code 221. Arlington VA; Code 481, Arlington VA: Code 

481, Bay St. Louis, MS; Code 700F Arlington VA; Dr. A. Laufer, Pasadena CA 
PHIBCB 1 P&E, Coronado, CA 
PMTC Pat. Counsel, Point Mugu CA 
PWC CO Norfolk, VA; CO, Great Lakes IL; CO, Oakland CA; Code 120C (Library) San Diego, CA: Code 220.1, 

Norfolk VA; Code 400. Pearl Harbor, HI 
U.S. MERCHANT MARINE ACADEMY Kings Point, NY (Reprint Custodian) 
US DEPT OF INTERIOR Bureau of Land MNGMNT - Code 733 (T.E. Sullivan) Wash. DC 
US GEOLOGICAL SURVEY Off. Marine Geology. Piteleki, Reston VA 
USCG (G-ECV) Washington Dc; (G-MP-3/USP/82) Washington Dc; G-EOE-4/61 (T. Dowd), Washington DC 
USCG ACADEMY LT N, Stramandi, New London CT 
USCG R&D CENTER LTJG R. Dair, Groton CT 
USNA Oeean Sys. Eng Dept (Dr. Monney) Annapolis, MD 
CALIF. MARITIME ACADEMY Vallejo, CA (Library) 
CATHOLIC UNIV. Mech Engr Dept, Prof. Niedzwecki, Wash., DC 
DUKE UNIV MEDICAL CENTER B, Muga, Durham NC 
FLORIDA ATLANTIC UNIVERSITY BOCA RATON, FL (MC ALLISTER) 
LEHIGH UNIVERSITY BETHLEHEM, PA (MARINE GEOTECHNICAL LAB., RICHARDS); Bethlehem PA 

(Linderman Lib. No,30, Flecksteiner) 
LIBRARY OF CONGRESS WASHINGTON, DC (SCIENCES & TECH DIV) 
MAINE MARITIME ACADEMY (Wyman) Castine ME; CASTINE. ME (LIBRARY) 
MIT Cambridge MA: Cambridge MA (Rm 10-500, Tech. Reports. Engr. Lib.) 
NATL ACADEMY OF ENG. ALEXANDRIA, VA (SEARLE. JR.) 
OREGON STATE UNIVERSITY (CE Dept Grace) Corvallis, OR; Corvalis OR (School of Oceanography) 
PENNSYL.VANIA STATE UNIVERSITY STATE COLLEGE, PA (SNYDER) 
SCRIPPS INSTITUTE OF OCEANOGRAPHY LA JOLLA, CA (ADAMS) 
SOUTHWEST RSCH INST King, San Antonio, TX; R. DeHart, San Antonio TX 
STANFORD UNIVERSITY Engr Lib. Stanford CA; STANFORD, CA (DOUGLAS) 
TEXAS A&M UNIVERSITY College Station TX (CE Dept. Herbich); W.B. Ledbetter College Station. TX 
UNIVERSITY OF CALIFORNIA BERKELEY, CA (CE DEPT, GERW1CK); La Jolla CA (Acq. Dept, Lib. C-075A); 

SAN DIEGO, CA, LA JOLLA, CA (SEROCKI) 
UNIVERSITY OF DELAWARE Newark, DE (Dept of Civil Engineering, Chesson) 
UNIVERSITY OF HAWAII HONOLULU, HI (SCIENCE AND TECH. DIV.) 
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UNIVERSITY OF ILLINOIS Melz Ref Rm, Urbana IL; URBANA. IL (DAVISSON); URBAN A, IL (LIBRARY); 
URBANA. IL (NEWARK) 

UNIVERSITY OF MASSACHUSETTS (Heronemus). Amherst MA CE Dept 
UNIVERSITY OF NEBRASKA-LINCOLN Lincoln. NE (Ross Ice Shelf Proj.) 
UNIVERSITY OF NEW HAMPSHIRE DURHAM, NH (LAVOIE) 
UNIVERSITY OF RHODE ISLAND KINGSTON, R1 (PAZ1S); Narragiinsett RI (Pell Marine Sci. Lib.) 
UNIVERSITY OF SO. CALIFORNIA Univ So. Calif 
UNIVERSITY OF TEXAS Inst. Marine Sci (Library), Port Arkansas TX 
UNIVERSITY OF WASHINGTON SEATTLE, WA (APPLIED PHYSICS LAB); SEATTLE, WA (OCEAN ENG 

RSCH LAB, GRAY); SEATTLE, WA (PACIFIC MARINE ENVIRON. LAB., HALPERN); Seattle WA (E. 
Linger) 

UNIVERSITY OF WISCONSIN Milwaukee WT (Ctr of Great Lakes Studies) 
AGBABIAN ASSOC. C. Bagge, El Segundo CA 
AMETEK Offshore Res. & Engr Div 
ATLAN TIC RICHFIELD CO. DALLAS, TX (SMITH) 
BECHTEL CORP. SAN FRANCISCO, CA (PHELPS) 
BELGIUM HAF.CON, N.V.. Gent 
BOUW KAMP INC Berkeley 
BRITISH EMBASSY Sci. & Tech. Dept. (J. McAuley), Washington DC 
BROWN & CALDWELL E M Saunders Walnut Creek, CA 
BROWN & ROOT Houston TX (D. Ward) 
CANADA Can-Dive Services (English) North Vancouver; Library, Calgary, Alberta; Lockheed Petro. Serv. Ltd, New 

Westminster B.C.; Lockheed Petrol. Srv. Ltd., New Westminster BC; Nova Scotia Rsch Found, Corp. Dartmouth, 
Nova Scotia 

CHEVRON OIL FIELD RESEARCH CO. LA HABRA, CA (BROOKS) 
COLUMBIA GULF TRANSMISSION CO. HOUSTON. TX (ENG. LIB.) 
CONCRETE TECHNOLOGY CORP. TACOMA, WA (ANDERSON) 
DRAVO CORP Pittsburgh PA (Giannino); Pittsburgh PA (Wright) 
NORWAY DET NORSKS VERITAS (Library), Oslo 
EVALUATION ASSOC. INC KING OF PRUSSIA, PA (FEDELE) 
EXXON PRODUCTION RESEARCH CO Houston TX (A. Butler Jr) 
FRANCE Roger LaCroix, Paris 
GOULD INC. Shady Side MD (Ches. Inst. Div., W. Paul) 
GRUMMAN AEROSPACE CORP. Bethpage NY (Tech. Info. Ctr) 
MAKAI OCEAN ENGRNG INC. Kailua. HI 
LOCKHEED MISSILES & SPACE CO. INC. L. Trimble, Sunnyvale CA; Sunnyvale, CA (Phillips) 
MARATHON OIL, CO Houston TX (C. Seay) 
MOBIL PIPE LINE CO. DALLAS, TX MGR OF ENGR (NOACK) 
NORWAY A. Torum, Trondheim; DET NORSKE VERITAS (Roren) Oslo; I. Foss, Oslo 
OCEAN ENGINEERS SAUSALITO, CA (RYNECKI) 
OCEAN RESOURCE ENG. INC. HOUSTON, TX (ANDERSON) 
PACIFIC MARINE TECHNOLOGY Long Beach, CA (Wagner) 
RAYMOND INTERNATIONAL INC. E Colle Soil Tech Dept, Pennsauken, NJ 
SANDIA LABORATORIES Library Div., Livermore CA 
SEATECH CORP. MIAMI, EL (PERONI) 
SHELL DEVELOPMENT CO. Houston TX (C. Sellars Jr.) 
SHELL OIL CO. Houston TX (R. de Castongrene) 
TIDEWATER CONSTR. CO Norfolk VA (Fowler) 
TRW SYSTEMS CLEVELAND. OH (ENG. LIB.) 
UNITED KINGIXJM British Embassy (Info. Offr), Washington DC; J. Derrington, London; R, Rudham Oxfordshire; 

Taylor, Woodrow Constr (Stubbs), Southall, Middlesex 
WATT BRIAN ASSOC INC. Houston, TX 
WESTINGHOUSE ELECTRIC CORP. Annapolis MD (Oceanic Div Lib, Bryan) 
WESTINTRUCORP Egerton. Oxnard, CA 
ADAMS, CAPT (RET) Irvine. CA 
BULLOCK La Canada 
R.F. BES1ER Old Saybrook CT 
T.W. MERMEL Washington DC 
CEC Donofrio, John L., LT 
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