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Abstract 

Deep Submergence Research 

1 January through 31 December 1966 

The Deep Submergence Research Program at Woods Hole 
Oceanographic Institution (WHOI) entered into the first full 
operational year during 1966. ALVIN and the support catamaran 
underwent modification and overhaul during the winter months. 

ALVIN played a key role in the successful recovery of an 
H-Bomb lost in the sea off Palomares, Spain. This operation is 
reported in some detail . ALVIN then embarked on a series of 
dives supported by the catamaran . One series off Bermuda was to 
inspect the ARTEMIS array. Transit was then made to 
Tongue-of-the-Ocean (TOTO) in the Bahamas. There portions of the 
AUTEC range were inspected, several WHOI science dives were made, 
and a diving program carried out for the Naval Oceanographic 
Office (NAVOCEANO) . 

After tow back to Woods Hole, two science dives were made 
and both ALVIN and the catamaran went into an extensive refit 
and inspection period. The plans for this activity are reported 
in some detail. 

A new ALVIN-type submersible is under design and construction 
at Electric Boat Division of General Dynamics Corporation. 
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Repor ts , Papers and Articles 

The following technical reports, papers and articles contain detailed 
information dev e loped under this contract during the report period: 

L WHOI Reference No . 65-52 "Ob servation Windows of the 
Deep Submersible, ALVIN", by J . W. Mavor , Jr., dated 
December 1965 (printed in March 1966). 

2. WHOI Reference No. 66-22 "Deep Submergence Research 
Conducted During the Period l J a nuary through 31 December 
1965" dated June 1966 . 

3. "Ten Months with ALVIN" by J. W. Mavor , Jr . , in 
Geo Marine Technology, Vol. 2 No .2; February 1966 . 

4. Letter Report on I n spection and Overhaul of ALVIN, November 
1965 - January 1966 dated March 14 , 1966. 

5 . WHOI Technical Memorandum No . DS-21 "Long Term Exposure and 
Cycling Tests of Syntactic Foam Buoyancy Material Used in 
DSRV ALVIN" , by W. s . Shultz and F. P . Omohundro . June 1966 . 

6. WHOI Technical Memorandum No. DS-22 "A Discu ssion of Various 
Means for Improving Visibi lity from the DSRV ALVIN or 
Similar Vehic les" , by Lincoln Baxter , II . November 1966 . 

7. ALVIN and the Bbmb by W. 0 . Rainnie , J r ., in 
OCEANUS Vol . XII . No . 4 August 1966 . 

8 . ALVIN, 6000~Ft. Submergence Resear ch Vehicle , by J . w. Mavor,Jr ., 
Harold E. Froehlich, Wi l liam M. Marquet and W. 0. Rainnie ,Jr . 
A pa per presented at the Annual Meeting of The Society of 
Naval Ar chitect s a nd Marine Engineers on November 10 , 1966 . 
(In print in the transactio n s.) 

9 . Letter Report on Inspect i on and Repai rs of DSRV ALVIN, May - June 
1966 dated July 14 , 1966 . 

10. Comparison Tests of Epoxy Potted and Sand Filled "Amp-trap " 
150 ampere Fuses , prel iminary report by W. s . Shultz dated 
July 1966 . 

11 . I nspection of the ARTEMIS Array (U) , b y W. 0 . Rainnie , Jr . dated 
Nov ember 25 , 1967 presented at the Underwater Acoustic 
s ymposium on December l , 1966 . CONFIDENTIAL (In print in 
the Transact i ons.) 

12. Hydrostatic Tests of a 6 AL - 4V Titanium Buoyancy Sphere f or 
ALVIN , by P . E. Humphries , David Taylor Model Basin dated 
January , 1967 . 



Introduction 

This year, 1966, may become known in subsequent history as 
the one in which deep submergence v ehicles (DSV) "came of age . " Up 
until this point in time, it was necessary for proponents of DSRV' s 
to project their capabilities with a great deal of imagination and 
speculation. This year a growing number of DSRV's participated in 
r esearch and other dives worthy of world-wide attention. No longer 
is it necessary to speculate whether the DSRV's can perform useful 
and valuable work because they have already done so. 

It started in January with the call from the Navy for the 
ALVIN, ALUMINAUT and CUBMARINE to assist in the search for a Hydrogen 
Bomb lost in an unfortunate collision between a B-52 Bomber and 
KC135 tanker over Palomares, Spain. These three vehicles plus the 
unmanned CURV (Cable- controlled Underwater Recovery Vehicle) played 
a major role in the operation that succeeded in finding the lost 
weapon and its recovery - a major achievement in protecting the 
security of the u.s. and the free world . 

ALVIN went on from there to inspect a major portion of the 
ARTEMIS array off Bermuda , the Atlantic Underwater Test and Evaluation 
Center (AUTEC ) range in the Bahamas and also to perform a variety 
of special experiments for the Naval Oceanographic Office (NAVOCEANO) . 
Sandwiched in between were several WHOI scientific dives. One off 
Bermuda for biology , three (3) in Tongue of the Ocean (TOTO) for 
geology , and one into Oceanographer's Canyon, the first time a 
geologist has looked directly into one of these major features of the 
Atlantic slope. 

ALUMINAUT also has been busy, having recovered a ton of 
oceanographic instruments from deep water in the Caribbean as well as 
bringing back a large sample of manganese from the Blake Plateau. 

CUBMARINE and ASHERAH were called on again to assist in finding 
a lost device near Vieques in the Caribbean . . On the Pacific Coast , 
Westinghouse's DEEPSTAR 4000 was christened and commenced a series of 
successful scientific dives with Scripps Institution of Oceanography 
(SIO) and the Naval Electronics Laboratory (NEL) observers . Electric 
Boat's (EB) STAR II and STAR III were launched this year and commenced 
a series of successfu l dives on various projects. 

The Deep Submergence Systems Project (DSSP) program took a 
step forward with the award of a contract to Lockheed for the Deep 
Submergence Rescue Vehicle. Lockheed was already busy on its own 
DEEP QUEST due for launching in 1967. General Motors started construction 
of the DOWB, and Ocean Systems on a submarine with diver lockout 
capability with Perry Submarine Builders , Edwin Link supervising the 
design. All three of these mentioned vehicles will be operational 
by mid-1967 . The contract was awarded to EB for two more ALVIN-type 
v ehicles thi s year for delivery in early 1968. 
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Thus many newcomers are now joining the growing fleet of deep 
diving submarines. 

Although the number of submersibles grows daily, the surface 
support ship development lags rather badly. There is still a limita
tion on operations of all of the DSV's whenever the wind blows over 
15 knots or the seas get mor e than 5 feet in height. Underwater 
tracking and navigation is still relative ly crude. The catamaran 
developed by WHOI continues to be the most advanced surface support 
and DSV tracking ship, built for that purpose, but it is still in the 
developmental stage and is an early prototype. Lockheed is building a 
ship called SUBPORTER that should be operational soon. 

At the end of this report period negotiat ions were being conducted 
between WHOI and NAVOCEANO to make a major step f o rward in underwater 
navigation and other instrumentation. Very little progress seemed to 
be imminent in the surface support ship fie l d. It is hoped that the 
extensive DSSP effort on these problems will begin to pay-off in the 
near future. 

General 

ALVIN was at Otis Air Force Base finishing an annual ins pection 
and refi t {see page 11 of Report No. 2 for major items accomplished 0 

with details contained in Report No. 4.) preparing for departure for 
Tongue of the Ocean and a test diving program to see if the technical 
problems uncovered in the 1965 dive series had really been corrected. 
The call from the Office of Naval Research (ONR) came on January 22nd , 
and ALVIN with full support equipment was loaded onto two Air Force 
Cargo Planes by 1 February enroute to Rota, Spain to participate in the 
H-bomb search off Palomares. (See Figure 1) Final assembly and a 
shallow test dive were conducted at Rota and the submarine , crew and 
equipment were loaded on the uss PLYMOUTH ROCK (LSD 28) . The 
ALUMINAUT was already embarked. Both were then transported to Palomar e s. 
There, plans were carried out to transfer to uss FORT SNELLING (LSD 30 ) 
that was to become our support ship for the operation. After a bad 
storm delayed the transfer, the first dive was made from FORT SNELLING 
on Valentines Day . This commenced a series of some 34 dives in the 
search and finally successful recovery of the missing bomb on April 7th . 
This operation was an important event in the development of ocea n 
engineering in general and deep submersibles in particular . It was 
the first recovery of a valuable piece of equipment from water deeper 
than 2,000 feet. But probably more important was the fact that finding 
it in the first place was believed by most to be practically impossible . 
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ALVIN was transferred to uss LINDENWALD (LSD 6) for one dive 
and then transported to Woods Hole, air transportation not being 
considered as desirable after the urgency was removed. 

ALVIN was transferred to the USS SAN MARCOS in Little Creek for 
the final leg to Boston where it was picked up on May 5th by the 
DSRVT-1 LULU on her maiden sea voyage after a major modification during 
the winter, 1965-66. 

The catamaran modification and maintenance program was the one 
described in Report No. 2, page 14 completed by March 1966. 

After a refit period in Woods Hole to replace batteries and make 
other minor repairs and inspections to ALVIN. The catamaran with 
ALVIN embarked, departed Woods Hole under its own power on 24 June in 
company with M/V NARRAGANSETT as escort , bound for Bermuda. Upon 
arrival , a series of dives was conducted to inspect the ARTEMIS array 
off Plantagenet Bank. One biology dive 5850' with Robert Hessler was 
conducted not far from the area that Otis Barton and William Beebe dove 
in more than 30 years earlier in the "Bathysphere." 

A Navy tug , USS KEYWADIN, took the DSRVT-1 in tow for the 
Bahamas, arriving there on July 28th. A series of dives for the 
Atlantic Underwater Test and Evaluation Center (AUTEC) were made to 
inspect the terrain and underwater arrays . Then a short series of 
shallow dives were made to take underwater movies for a film produced 
for the National Education Television Network . (It is being shown 
nationwide on NET stations during December and January) . 

Allyn Vine made his fi r st deep dive in ALVIN followed by John 
Schlee to look at the geology of TOTO south of Goulding Cay. 

In late August a month-long series of 15 dives were made for the 
NAVOCEANO under the supervision of Mr . R. Frank Busby to evaluate the 
usefulness of DSRV ' s for deep ocean survey work . An interesting series 
of experiments were conducted to investigate such things as underwater 
visibility , soil mechanics, biological fouling, marine geology including 
samples , sub-bottom profiling , bottom acoustic reflection loss , gravity 
measurements, bottom site-survey, and sub- surface navigation systems. 

The catamaran was then towed to Woods Hole by the uss ACCOKEEK 
. arriving on October 2nd. One more series of dives were attempted . 
This resulted in one dive east of Cape Cod to observe the micro
structure of the thermocline by Claes Rooth. One dive was made into 
Oceanographer's Canyon by James Trumbull to investigate the geology 
of continental slope canyons . Additional dives planned ther e were 
cancelled because of weather and the annual refit was commenced on 
21 October. The refit is still in progress at t he end of this report 
period. Maj or modifications to ALVIN and the DSRVT-1 are being 
undertaken. Major items for ALVIN include: 
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l } Replace aluminum spher es with titanium spheres . 
2 ) Rearrange the i n t e r na l personnel sphere . 
3 ) . Add addit ional buoyancy (syntactic foam ) for more payload . 
4 ) 
5 ) 
6 ) 

7) 

8) 
9 ) 

10) 
ll ) 

Replace wiring. 
Inspect a n d r epai r the aluminum frame. 
Replace ball valv es with solenoid valves in the main 
ballast and v ariab le ballast systems . 
Replace batter ies wi th longer lived ones and add some 
additional capacit y . 
Impr ove phot og r aphy capability . 
Inspect all par ts f or wear and recondition . 
Replace the ou ter fai r ing. 
Improve the e xte r nal light ing. 

Major items for the catamaran i nclude : 
l ) Remov e t he Hol l y hoist a nd utility van t o save weight a nd 

to improv e the capab il i ty. 
2) Replace these i t ems with "built in" facilities which 

a r e light e r and more efficient. 
3) Improve su r face navi gation and underwater tracking 

capability . 
4) Overhaul engines and generators . 
5) Add hydraulic syst em f or steering,main hoist system , 

anchor windlass and sub-tracking towe r . 
6 ) Impr ove unsatisfac tory air conditioning. 
J) Provide addi t iona l bunks . 
8) Install adequat e dar kroom facilities and wet - lab space . 
9) Inspect and repair all equipment. Rearrange bridge in 

accordance with e x pe r ience from operations . 
10 ) Cut-out unnecessary str ucture , etc. , in order to increase 

fuel c ar rying c a pac i t y and provide i mprov ed trim a nd 
list c ont r o l. 

For mor e complete descri ption o f these modifications. See 
Appendix A. 
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Th e Aircraft Sa l v age Operation, Mediterranean (AIR SALVOPS MED) 

Preparations for Shipment - The detail s , for future reference, are 
described in Appendix B. 

Assembly and Test at Rota, Spain 

The Cl41 departed Otis AFB 1 February and arrived in Rot a 
2 February. The Cl3 3 (See Figure No.1 ) did not g e t off until 
2 February because of weather , and arrived Rota 5 February. The 
submarine was assembled and check-outs performed for a dive on 
February 7th. When about 3/4 s ubmerged, l arge g rounds were detect ed 
on the cont r ol ci r cuit s a nd the control cir cu it fuse in number 3 
battery blew abort ing the dive prior to full submergence . 

After the batteri es were removed , the trouble was discovered 
to be water leakage into the tops of t he batteries through the 
connector plat es . It is believed these worked loose from vibration 
of the airplane , which was sev ere at times on the way over to Spain . 
These were repaired and another test dive conducted in Rota harbor 
on 9 February . This was successful and the submarine and support 
equipment was loaded onto uss PLYMOUTH ROCK (LSD 29 ) that afternoon 
fo r transport to the sear ch area off Palomares in the Mediterranean. 
ALUMINAUT was already on boa rd having been brought across the At lantic 
from Miami, Florida. 

Operations at Palomares 

a. Arrival 
Upon arrival i t was learned that a transfer to USS FORT 

SNELLING (LSD 30 ) , (Figure No. 2) , was required since PLYMOUTH 
ROCK was returning to CONUS . ALVIN and ALUMINAUT were moored 
to b uoys on the 11th so the loads could be t rans ferred between 
LSD 's while moored . A "mistral " came up suddenly with winds of 
ov er 70 knots and it was 21 hours lat er before ALVIN was back in 
the well of PLYMOUTH ROCK. The submarine suffered minor damage 
to the skin on the afterbody (which also holds the lift pro ps on ~) 

that t ook two more days to repair . Then the transfer by LCU 
f r om PLYMOUTH ROCK to FORT SNELLING was made . The first div e 
in the search area was made on February 14 from FORT SNELLING 
to a depth of 1800' . ALVIN h a d been assigne d the high pr obabi lity 
area, a 1,000 yard c ircle south and east of the fisherman's 
position that was to remain the general area of search f o r the 
remainde r of t he operation e xcept for two div es in 500- 800 feet 
of water later in March . 

b . It sh ou l d b e me ntion ed that a great dea l o f "behind- t h e 
scenes " activity went on dur ing t hi s period . Besides transferring 
al l equipment from one LSD to the other and setting up the shops 
and chargers for operation, the procedure for launch and 
recovery was worked out wi t h both LSD's . The fac t that no 
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trouble wa s experienced with this part o f the ope r ation attests 
to the good seamansh ip a nd skill on the part of t h e PLYMOUTH 
ROCK, FJORT SNELLING and the ALVIN crew. In addition , t he 
portable UQC and tracking gear had to be put on an MSO, the 
SKILL (.MS O 47l),(Figure No.4 ) , and procedures f or tracking 
worked out with that vessel as well as the USNS MIZAR (Figu re No .5 ) 
This part of the operat ion a l s o b ecame r outine in a s h ort 
time a n d later proved successful. 

c. Operating Sch edules 
After an unpr ecedented fiv e consecutive days of div ing 

(it was anticipated and announced we would be able to dive o n ly 
e v e ry other day ) , a four day diving and one day down schedu le 
was agr eed upon in order to equalize the batteries. Wh en 
necessary later in the recovery phase, this schedule was ignored 
and ALVIN made l l dives in 12 days. 

Unfo rtunately ALUMINAUT ' s support and ALVI N's operations 
from the LSD were in direct conflict when ALUMINAUT required 
docking for upkeep or r epairs. Over-the-side launch and r ecov e ry 
of ALVIN was made on two occasions but this method was dangerous 
f o r both the operators and the submarine and was not used afte r 
one part icularly bad experien ce, which fortunately ended~ithout 
serious damage. 

d . Launch and Recov e r y 
ALVI N's normal laun ch was from the flight deck into a flooded 

we l l (8 l/2 - 9 feet water depth under the crane ) . Four o r six 
t ending lines were used until c lear of the well. ALVIN drov e under 
power to the s t e rn gate, wh i ch was then opened and ALVIN drov e 
clear. The tending l ines were recovered by rubber boat a nd 
swimmers. After some e x perimentation with t owing ALVIN by 
motor whaleboat (MWB) more clo s ely to the preferred diving point , 
i t was f ound that it was usua lly better t o div e where lau nche d 
i f r easonably clo se to the dive poin t (with in 1000 yards ) . 

The r ecovery o f ALVIN was essentially the reverse o f the 
launch except the MWB was used to tow ALVIN aster n o f the LSD 
f r om the surfacing point. An inhaul line from t he LSD was then 
attached by r ubber boat to the towing bridle of ALVIN and t he 
MWB cast off. When hauled close enough to the s tern of t he LSD, 
swimmers attach ed the t e nding lines and ALVIN drov e forward (F :i.gure No . 
to the crane and was then lifted up to the flight deck. The 
ballast was then pumped until the well was dry. On some occasions 
ALVIN wa s launc hed and placed back on the well~deck 
instead o f to and from the flight deck. It was satisfactory 
t his way as battery and air charging cables were long enough to 
reach; h owev e r ,it was quite a bit easier to service the submarine 
on t he f light deck next t o t he s upport v ans tha n in the well . 
This was the met hod generally u sed. 



The crane of the LSD was used in either case b ecause it 
was f ound t hat the waves i n the well, even with the stern gate 
closed, were larg e enough to prevent sitting down solidly on 
ALVIN ' s skids immediately. This caused pounding on the submarine 
skids that was undesirable. Since the crane was available, it 
was used on all launches and recoveries after the first one 
in PLYMOUTH ROCK. 

e. Tracking systems 
Tracking from the MSO's was crude at best with the po rtable 

equipment provided by WHOI. UQC ranges, rough depth contours, 
and approximate bearings on UQC transmissions using a line 
hydrophone hung ov er the side o f the MSO was the method employed . 
Instead of ±200 yard accuracy expected, it was only good to 
approximately ±400 yards in the d~pth of water (~2000' ) . 

Nev ertheless it was the system that first found the b omb in 
2,500 feet of water. MIZAR's Underwater Tracking Equipment (UTE} 
was then u sed (±140 feet) to return to the bomb on the bottom 
each time it was attempted. Pilot familiarity with the bottom 
terrain was a vital part of this system however, as the MIZAR's 
UTE was not good enough to direct ALVIN to within visual contact 
of the point. No system good enough to do a 100% search of the 
1,000 yard squar es laid out for search patterns. "Fortune 
Cookies" were made and available but were not used for sev eral 
reasons. One reason was that they would present numerous false 
targets for sear ch sonars; and two, they had to be in clo se 
proximity t o each other (less than 4 0 feet) in order to acquire 
one f rom another-one visually. This required a very large number 
to mark the areas of greatest interest. 

It s hould be stated unequivocably that without the DECCA 
network in operation for surface ship navigat ion, the search a nd 
r ecov ery would have been many times more difficult, if not 
impossible. Although it failed on some occasions (wind storms 
usually) and required daily reference checks by ships using it, 
it was more reliable during our presence than most electronic 
systems. Search operations were not interrupted by DECCA 
failures nearly as often as by weather. 

Another lesson of value is that the conn of the ship , t he 
plot of the track (Ship and DSRV) , and the DSRV surface controller 
must be in close physical proximity in order to function well. 
This is not a new discovery, just a reaffirmation of operating 
procedures for similar missions (i.e. combat air patrol control 
from CIC). An important consideration is position o f the sh ip 
relativ e to the DSRV and the bottom terrain. Sound (communications, 
tracking equipment, etc.) does not travel behind hills very well. 
It i s usually better to remain "down- s lope" from the submersible. 
This a nd any physical limitations such as location o f the sound 
gea4 acoustic interfere nce from propulsion, etc . , should be 
c learly explained t o commanding officers a nd conning off i cers. 
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CIC conn (where the plot is maintained) with the bridge serving 
only as a lookout and safety control station worked very well 
both on the MSO's and MIZAR. 

fo The First Search Phase 
ALVIN arrived in Spain essentially untested after an 

extensive overhaul. The shallow test dive in Rota harbor was 
reassuring, but not conclusiveo Therefore the pilots dove the 
submarine on the first two deep dives, and then after observing 
the terrain , (See Figure No.6), the currents , etc. , it was 
decided that a third person in the sphere would be a very 
important addition to increase the search capability. Thus almost 
all dives in the search phase made without the mechanical arm 
were with two pilots and one observer. The mechanical arm 
arrived by air in the middle of February, having recently been 
repairedo In order to test it in deep water, two div es were made 
with it mounted and without an observer, since the arm weight is 
such that with it mounted the reserve buoyancy remaining in the 
variable ballast system is lower than desiredo A general policy 
has been adopted that when the arm is mounted, only two persons 
are in the sphere. 

ALVIN was first assigned the task of classifying targets in 
a semicircle of a thousand yard radius southeast of the reported 
impact position by the Spanish fisherman, Simo Ortso This was 
considered one of two high priority search areas, the other being 
the computed splash point. The latter area was on leveler bottom 
to the northwest and was a more suitable area for ALUMINAUT , 
where it was assigned. ALVIN's search dives turned up various 
artifacts on the bottom including one piece of aircraft wreckage . 
However, correlation of the side-looking sonar contacts and the 
visual ALVIN contacts was not satisfactory because of the 
uncertainties of the navigation e r rors in the submarine tracking 
system, and in the s i de-looking sonar pos ition when conta cts 
were observed on that equipment in deeper water o 

A review of the dive s ummary Appendix C will r econstruct 
the sequence of dives during the search phase prior to discover y 
of the weapon on Dive Noo 128 (Local Dive No . 19 ) March 15th . 
The things that led to the discov ery of the weapon were a ser i es 
of assumption s based on reported information and on-the- scene 
observation . These were: 

(1) Assumption that fish erman's reported event was fac t 
and t hat h i s r e ported position was accurate . First o f al l 
the l and t errain (mount a inou s ) a nd b ottom terrain· (h e h ad 
an echo sounder) were conducive to visual (eyeball ) 
navigati on . He wa s intimately familiar with the area 
hav ing e a r ned a good l iving fishi ng there for many years. 
(I t was a ccurate.) 
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(2) The observed deeper (below 1,000 feet ) current 
direction and average force. This was gene ra l ly down 
slope to the southwest and varied between zer o and 
occasionally exceeded l knot. The surface current 
varied much more in force and direction . (The bomb 
actually had dragged down- slope on a general heading 
of 240 o.) 

( 3 ) Observation of the bottom terrain . It sloped shar ply 
to the south of the position of the highest probabi l i ty 
(also the general direction of major deeper currents ). 

(4) Assumption that the ' chute was deployed as reported 
by Orts and remained so to the bottom. This led to the 
supposition that · the weapon should leave a track on the 
bottom for some distance because of the parachute drag 
in the current and particularly if it landed on the 
steeper slopes observed. (Note - ALVIN pilots and 
observers started looking for the track on the second 
dive.) It was believ ed that the track should be recog
nizable and different from the many other tracks 
observed on the bottom in this area made by fishing gear . 

(5 ) Assumption that weapon and 'chute remained together 
as reported by Orts. He said it sank too quick ly for 
him to recover the "half man" attached. If the weapon 
had not remained attached , the ' chute probably would 
have been recovered. Here , it must be admitted that we 
did not ignore unusual depressions and mounds whenever 
discovered in the event they had become separ ated . 
However , this assumption led us to believ e we were looking 
for a much larger tar get than if t h e weapon were not 
attached to the chute . This was the case . 

In summary , the result of these assumptions and observations led 
us to believe the weapon and 'chute were attached and a distinctiv e 
bottom track would make a larger search target. We firmly believed 
from the beginning that the weapon would be found downslope f rom the 
fisherman's position to the south . Depending on how long the 'ch u te 
took to reach the bottom , we believed it would be found at the bottom 
of the canyon where the current became very much less. This latter 
supposition was in error as it did not reach the very bottom , but all 
of the other deductions were basically correct and led to the discov ery . 
These comments are entered into this report because the rationale 
developed was of major importance in s u sta ining real hope of s u ccess and 
kept morale high. It was believ ed we were operating i n t he area where 
it would be found on all but two div es , No . 's 124 and 124, in s ha llowe r 
water. 
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The reasons it t ook so much longer to find the weapon than might 
be e x pected was due partly to the errors in tracking the submarine on 
t h e bottom from the surface. Even though MIZAR was the tracking ship 
on the first track discovery on March 1st , her navigation s y stem at 
t h at point had unknown but suspected errors in it that were fortu nately 
isolated and corrected by MIZAR prior to the discovery of the weapo n. 
For example , it was believed that ALVIN was in the southwes~ corner of 
the 1000 x 1000 yard square, C- 4, the first time. When the bomb was 
actually found it was in the southeast corner of c-4 about 800 yards 
away . These uncertainties and the reluctance of the staff to believe 
that the track was the real thing were the major cause of delay . An 
interesting coincidence occurred on the dive that first discovered 
the track. Captain Frank Andrews, the Task Group Commander during 
the THRESHER search, was the observer. He too believed that the track 
was of uncommon interest. 

The terrain also contributed to the delay in finding the weapon . 
The slope was very steep at the point where it finally hung up and 
was found (See Figure No.6). On the first two track-following dives , 
the submarine apparently passed very close to the weapon without 
sighting it.because the bottom fell away so sharply the track could not 
be followed visually and was lost . On the third dive on the track , 
McCamis and Wilson very wisely (and bravely) backed down the slope to 
keep the track in sight, and thereby discovered the parachute-shrouded 
weapon in 2550' of water . Photos were taken (Figure No . 7 ) , and analyzed 
as not positive immediately because so much of the actual weapon was 
covered by ·the 'chute . However , the portion of the aircraft bomb rack 
was exposed and led to eventual identification . Location of the cameras 
h i gh on the nose of ALVIN did not permit photos of the same ~hings 
that the pilots could see through the viewports. Thus at first their 
belief that they had found the weapon was not fully shared by 
Admiral Guest (CTF 65) . 

Th e Fi rst Recovery Attempt 

ALUMINAUT was instructed to rendezvous (the first one in deep 
" inner space") with ALVIN when the weapon was found in order to 
pinpoint the target using the best tracking s ystem available - MIZAR 's 
UTE. ALVIN was being t r acked by USS ABILITY (MSO 519 ) when the weapon 
was found and was not carrying a MI ZAR transponde r. ALUMINAUT t ook a 
MIZAR trans ponde r on board a nd by a combination of surface vect oring 
and FM Sonar contact between submarines, landed within visual distance 
of ALVIN at the scene. ALUMINAUT remained there for 22 hours while 
MIZAR a c cura tely f i x ed the position. Meanwhile , ALVIN s u rfaced to 
cha rge b a tter i es, mount the me chani cal a r m and plan the n ext ste p . The 
unexpected d isc overy caused a g reat deal o f d eb a t e as to t h e next step . 
The n ext f our d i v es were ma de in t h e f i rst attempt to r a ise the weapon. 
A b a s ic con sideration in this series of dives was to plant an anchor 
o r some other object with lift line attached on the bottom near the 
t a r get. From this a s imilar l a rge l i n e could b e attached to t he weapon 
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by ALVIN without the impediment of the surface tended lift line 
whic h was b eing pulled about by currents, surface waves and surface 
tending ships. At this point the target was in a very precarious 
position conducive to slipping further down the steep slope. The 
special features of each dive in summary is shown in Appendix D. 

The Second Search Phase 

After the line broke, ALVIN had a mercury system leak which 
was repaired and dove late in the day. ALUMINAUT was sent down in 
the interim to search for the dropped weapon. This dive was unsuccessful . 
ALVIN was likewise unsuccessful in locating a track or the weapon because 
of low visibility caused by the lift attempt and ALUMINAUT. ALUMINAUT 
tracks misled ALVIN it is believed. No pinger or transponder signals 
were discovered by either submersible. 

The search continued for a short period without success. ALVIN 
then changed Straza Sonars in one day in order to acquire a transponder 
mode not included in the original set and to improve margi nal operation 
experienced up to that time. The full search pattern of two pilots 
and an observer was reinstituted and the mechanical arm was taken off . 

Much of the search was concentrated to the north because the 
bottom evidence from the original resting position of the weapon s e em 
to indicate it had been dragged up the slope, lifted off and fa l len on 
the flatter terrain above 2, 000 feet. ··· "Lift-off" was at 2100'. 

After doing a fairly fine- grained search above the original site , 
the ALVIN Group prevailed upon the staff to search below and on 
Dive No . 140, April 2nd , the weapon was again found almost due south of 
the original resting place in 2800' of water . This time it was in a 
less precarious position. On this dive it was again a coincidence 
that Lcdr. George Martin, pilot of TRIESTE .on THRESHER search , was 
the observer . The weapon wa s now wrapped in the 'chute completely . 
It a pparently had slid down the same track as it went up on the lift 
attempt, and this obscured the subsequent course of events . This was 
further complicated by a profusion of ALUMINAUT tracks in the near 
v icinity . Again ALUMINAUT and ALVIN relieved each other on station . 

By this time CURV (Controlled Und erwat er Recovery Vehicle), 
(Figure No . 9) , from NOTS , China Lake, had arrived on the scene and had 
been modi fied and tested for 2800 ' depth operation . 

Conclusion of the Operation 

ALVIN made three more dives to reconnoiter, plant 37 KC pingers, 
a 45 KCS p inger for the CURV homing, and an attempt to untangle the 
parachute to identify that the weapon was sti ll attached. CURV 
attached a line to the ' chute at the crown after ALVIN spread it out. 
This l ine was then buoyed off. ALVIN reluctantly made a dive to see 
wha t had r esulte d from putt i ng a s train on this l i ne by small b o a t i n 
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an a t tempt to unr avel the 'chute. The weapon had been moved sev eral 
hund r ed feet away and in tracking it down hill , ALVIN almost got 
e nta ng led in the billowing 'chute (billowing because of the bo bbing 
buoy on the surface) . CURV then went down again, assisted b y ALVIN 
pi lot Wilson, and attached another line . On the next try to attach 
the 3r d line , CURV got hopelessly entangled in the ' chute and the 
bomb was lifted , CURV and all , by PETREL on April 7th . ALVIN was 
submerged dur i ng the lift to track the pingers to the surface from 
ab out 1 , 000 yards away . This was done in the event it was dropped again. 
Fortunately this was a successful lift and the difficult job was done 
at last . (Figure No . 8) The DSRVG personnel then left Palomares a nd 
r etur ned home by air, leaving one person to accompany ALVIN back to 
the U. S . on USS LINDENWALD (LSD 6) . 

By the end of the operation ALVIN had made 34 dives , f o r a total 
of 22 3 hours submerged and had contributed significantly to the ov erall 
success of the search and recovery of our first H-bomb lost in 
inter national waters . ALVIN and the support group had been previou sly 
transferred from FORT SNELLING to USS LINDENWALD on April 6 for the 
final d i ve and transport home. 

Radioactive Monito r ing 

Dr. Hays borrowed a radiation measuring device from another prog e ct 
at WHOI that was used to test bottom samples from the skids of ALVIN 
afte r each dive. The data taken indicated that no sifnificant radiation 
e x isted on the bottom from the weapon at any time. A known sampl e of 
radioactive material was used to test the counter prior to measuring 
the samples to insure that the readings were meaningful. Wrist watches 
wer e several orders of magnitude more "radioactive" than any of the 
b ottom samples measured. 

WHOI Personnel Actively Participating 

Dr . Earl E. Hays , William 0. Rainnie , Mar vin J. McCamis , 
Valentine P. Wilson , William M. Marquet , George deP. Broderson , Arthur 
C. Ba rt lett , Mark P. Fox, Russell G. Graham , David H. Mason and Cheste r 
R. Por embski were participants . Frank P . Omohundro joined ALVIN 
b riefly at the end of the operation . George Broderson rejoined t h e 
LINDENWALD aft e r hospitalization to accompany the ALVIN back to t he 
U. s. Oceano g r apher John Bruce was also present to advise the staff on 
u nder water cur rents , etc. 

Cd r . Rho des Boykin f r om Code 466 ONR was present t hroughout the 
o per ation and rendered invaluable liaison with the Task Force Commander 
and s ta ff . He also rendered much needed assistance in the surface 
c o ntro l pa r t y as well as acting as an observer on several key div es . 
Lcd r. Geor ge Brown also j oin ed late r and was very helpful in t he ma ny 
administra tiv e details of this operation. 
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Return to the u. s . 

The operating and support crew of the ALVIN vehicle returned to 
Woods Hole from Palomares , Spain, with the exception of George 
Broder son who was assigned to accompany the ALVIN, embarked on the 
USS LINDENWALD {LSD 6) for return to the United States . The catamaran 
and crew wer e in Woods Hole continuing preparations for the summer 
diving schedule interrupted by the Spanish expedition . ALVIN returned 
from Norfolk to Boston on 5 May aboard uss SAN MARCOS having been 
transferred from LINDENWALD, which had experienced a boiler casualty 
on the Atlantic crossing. As a result of the rigors of the diving 
schedule in Spain, the ALVIN was partially disassembled and refitted 
prior to deployment from Woods Hole on June 24 enroute to Bermuda. 
(See Report No. 9) 

Overhaul Completion of DSRVT- 1 (Figure No. 10) 

The completion of painting , loading of equipment, stores and 
provisions, overhaul of the submarine lifting system and test of same , 
installation and test of a new battery handling system, constituted the 
major part of the work accomplished to complete the overhaul done in 
Munro's Shipyard, Boston, during December and January. The catamaran 
departed for Boston under command of Captain Allan Davison , to pick 
up ALVIN. It returned to Woods Hole, the first extensive sea voyage 
for this unique vessel under its own power. See Appendix A for details 
of work done. 

Instrumentation 

Work was continued on instrumentation in a limited way because 
of budget restrictions . A "precision time" navigation system was 
designed and built oy the WHOI electronics shop for use with the 
Cubmarine and ALVIN for tracking purposes during dives off Argus Island. 
This system was a "breadboard" model and met with only limited success 
believed to have been related to instability of the trigger circuit~y. 
This system was improved and used later in the Bahamas with much better 
results. As mentioned , the CTFM Sonar was replaced twice; once in 
Spain and finally during this period. 

ALVIN Refit May - June 1966 

ALVIN was partially disassembled on the catamaran during this 
period to accomplish the following major items: 

a. Replace batteries 
b. Inspect variable ballast spheres 
c. Replace mercury fitting 
d. Repair leak in Main Ballast Tanks 
e . Remove and replace loaned Straza CTFM Sonar 
f. Install new vent valves in Main Ballast System 

A post-refit shallow test dive was conducted in Woods Hole Harbor. 
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Bermuda Expedition 

Catamaran Transit to Bermuda 
The catamaran proceeded to Bermuda under its own power. However, 

i t was necessary to refuel from escorting M/V NARRAGANSETT enroute. 
Arrival in Bermuda was delayed by weather , but all gear and machinery 
worked well. During the latter part of this voyage waves up to 20 feet 
in height were encountered without undue difficulty; however speed of 
advance was reduced at times to almost zero . A single side-band radio 
was loaned by USNUSL , New London and provided long-range communication 
throughout the voyage between the catamaran , USNUSL and Tudor Hill 
Laboratory. Some problems were encountered with this radio due to 
antenna mismatch. This was corrected in Bermuda by the Research 
Detachment. Additional radio equipment was also installed to provide 
short range communications with Tudor Hill and Argus Island. 

The catamaran arrived in Bermuda with foul weather and therefore 
diving at Argus was delayed. A shallow test dive was conducted in the 
harbor at the Naval Base to check out the systems, especially the 
sonar , on July 1. In tow of YTM 176, the catamaran deployed to Argus 
Island on July 2nd and commenced diving on the 3rd. A series of three 
div es were completed inspecting about one third of the 1961 horizontal 
string, a part of String No. 10 (1963) and most of String No. 9 . 
Hurricane warnings forced evacuation of Argus Island and the catamaran 
returned to port under tow of YTM 176. The Straza Sonar was not working 
on the first dive, so the Straza Technical Representative was called 
to Bermuda to repair it . In addition, the WHOI designed and built 
"real time'' pinger system was installed and tested by WHOI personnel. 
The results were marginal because all of the deficiencies had not yet 
been taken care of. Work continued at WHOI on this system for test 
in the Bahamas. After the weather passed , the catamaran returned to 
Argus Island, in tow of YTM 176, and completed three more dives to 
inspect Strings Nos. 7, 6 and 5, returning to port because of weather 
on July 13th. 

Weather kept operations suspended until July 17th, at which time 
the first deep science dive of ALVIN was made on the way to Argus . 
Dr. Robert Hessler, a WHOI biologist , was the observer and Marvin 
McCamis the pilot . (This was also the first deep dive with one pilot 
and one scientific observer.) Two plankton sampling nets were rigged 
on ALVIN , to be selectively opened and c-losed by 
the mechanical arm. These were used to collect samples very near the 
bottom interface, a task very difficult to accomplish from a surface 
towed net. Samples were obtained and are being analyzed. Better 
plans for future deep biology dives resulted from this one. Dr . Hessler 
was transported ashore by Boston Whaler upon completion of his div e 
and the catamaran proceeded to Argus. 
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On July 18th, the final dive i n the Bermuda area was made with Mr. 
Donn Cobb of the USNUSL Research Detachment as observer to inspect the 
1963 String No . l, and portions of the 1961 vertical string which was 
l ocated just to the west. (Note: A more complete report of this series 
of dives on Plantagenet Bank was made in a paper presented at the Navy 
Underwater Acoustic Symposium, December l. It is classified CONFIDENTIAL 
and will be published in the proceedings of the Symposium) . 

Summarizing the ARTEMIS dives, seven were made in total. 103 of 
the 209 (one was found missing) modules were inspected. ALVIN 1 s 
observations confirmed suspected problems and revealed some new ones. 
Thi s was the deepest (6000 ') known underwater inspection and photographic 
mission done to date , and it was done in the unfriendliest of terrains. 
Cliffs, gullies, and strong currents (up to an estimated 2.0 knots ) 
were encountered. It did , however, fulfill a commitment made when the 
ALVIN concept was first suggested in 1962 which resulted in the 
construction of the vehicle and its support craft . 

The catamaran returned to st . Georges on July 19th to await the 
arrival of uss KEWAYDIN (ATA 213). It arrived on 21 J uly , one day late 
because of the tail-end of hurricane Dorothy. Departure for Andros 
Island , Bahamas was delayed by the same storm until 23 Ju ly . The tow 
then commenced, arriving AUTEC , Andros Island on July 27th. Maintenance 
was conducted on ALVIN enroute to correct small saltwater leakage into 
the Main Ba llast va l v e box. 

It should be noted at this point that complete logistic support 
and fullest cooperation in solving problems were provided by the Tudor 
Hill Laboratory (Cdr. Joseph Pinning) and the Bermuda Naval Station 
(Captain Dawkins) to the ALVIN Group. The YTM 176, provided by the 
Naval Station, was especially helpful in the execution of our mission 
there . Enough cannot really be said about the support and assistance 
we received from all elements of the Bermuda complex , both civilian 
and military . 

AUTEC Operations 

Upon arrival , all of the DSRVG logistics requirements were taken 
care of by AUTEC , at Site No . 1 , the main base. A meeting was h e ld 
with the Commanding Officer , Cdr. Glen Barney and his staff and a 
diving program was developed to be completed in a two week peri od . 
Commencing July 29, a total of eight dives were completed in direct. 
support of AUTEC . These were completed on August 12th . In summary, 
these dives were made to inspect underwater hydrophone emplantments, 
the cable runs and in one instance to inspect a large vertical acoustic 
array. All dives , but one , accomplished their goal . One hydrophon e 
b ai l, u sed to plant the hydrophone , was found to b e upri ght i nstead 
of down as designed . Later, one dive from the NAVOCEANO series was 
used to correct this deficiency . 
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The results of this inspection , in general , revealed that the 
AUTEC r ange was v ery well designed and laid in the same manner . No 
unu s u al problems were discovered. Observers participating were from 
USN Underwater Weapons Engineering and Development Station , Newport; 
and International Telephone and Telegraph , Inc.; and David Taylor 
Model Basin. 

Movies and Sc i ence 

The catamar an p r oceeded to New Providence Island as a base. 
ALVIN made three shallow dives for underwater movies to be used in a 
National Educational Television (NET) program. This film (a childr en ' s 
and adult's v e rsion) will be shown this winter and next spring 
nationally on NET. WHOI and ONR will receive copies of this 
professional movie for thei r own use. 

On August 23rd , Allyn Vine made his first deep dive in ALVIN. 
Currents , bottom topography, and temperature were observed on this 
dive. Dr . John Schlee , a member of the Geological Survey Agency (GSA), 
r esident in Woods Hole, made two dives to observe the bottom geology 
to ascertain among other things , the structure of the Tongue of the 
Ocean (TOTO), an interesting geological phenomena . Core and rock 
samples were obtained . These have been dated to gain a better under
standing of how TOTO was formed in ancient times. 

NAVOCEANO Dive Series 

A well planned ser i es of scientific and engineering dives 
sponsored b y NAVOCEANO were undertaken beginning on August 25th. The 
dives , 15 in number , their objective , and results are summar ized in 
Appendix E . 

It can be said that the experiments conducted in close association 
and under the direction of the personnel from NAVOCEANO was a very 
interesting and educational e xperience for both parties. Messrs. Frank 
Busby and Roger Merrifield , who supervised the diving operations in the 
field for NAVOCEANO were particularly well qualified to do this with 
forbearance and u nderstanding of problems encountered , while at the 
same time accomplishing almost all of the objectives of the _program; a 
rare feat in using this new oceanographic tool , t h e deep submersible. 
The program was carried out on sch edule in spite of the c lose approach 
of two major hurricanes during the period , "Faith" and "Inez" . The 
scientific results of the data collected during this series of dives 
is in preparation by NAVOCEANO . 

De parture from the Bahamas 

The USS ACCOKEEK (ATA 181} arrived on schedule and departed 
September 26 with the catamaran in tow . An uneventful passage to 
Woods Hole was accomplished with the exception of the last day out, 
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when a severe northeast storm slowed forward speed to almost zero. 
Th ey finally arrived one day late in Woods Hole on 2 October 1966, 
having completed a successful cruise as planned. ACCOKEEK returned 
to home port , Philadelphia, without entering port. 

Operations off New England 

Upon arrival in Woods Hole, the catamaran and ALVIN was prepared 
for a series of dives south of New England. The first was actually 
conducted east of Chatham with Dr. Claes Rooth to measure the temperature 
microstructure at the thermocline. A 5' rod with thermistors at each 
end were placed in the hand of the mechanical arm and the temperature 
differences measured inside as ALVIN proceeded to a depth of 600' . 

The next dive was made into Oceanographers Canyon, 120 miles 
southeast of Nantucket. Dr. James Trumbull was the observer. He was 
the first geologist to directly view a deep canyon in the Atlantic 
continental slope. Movies and stills were taken during the dive. The 
dive was shortened by the lack of navigation reference when the radar 
buoy, planted in 600' of water on the edge of the canyon, carried away. 
The M/V NARRAGANSETT again acted as escort during this expedition. 

Fog and predicted bad weather terminated operations the following 
day and the catamaran returned to port. Blustery weather and a 
catamaran main engine casualty prevented a planned sortie the following 
week, so operations were concluded for 1966. ALVIN moved to Otis Air 
Force Base for annual refit , and the catamaran commenced a modification 
program in Woods Hole. These are still in progress at the end of this 
report period. (See Appendix A for details.) 

New Construction 

The second DSRV for ONR/WHOI and one for AUTEC was made possible 
by a dditional funds provided after the Aircraft Salvops Med. Bids had 
been taken by February and the contract for final design and construction 
was executed between the Naval Ship systems Command (NAVSHIPS) and the 
Electric Boat Division (EB) of General Dynamics Corporation , Groton, 
Connecticut, in June . WHOI partici pated to a minor degree in the 
preparation of the final specifications and the bidders conference 
includi ng an inspection of ALVIN at Otis Air Force Base in J anuary. 
WHOI has since spent considerable time monitoring the design and 
participating in design conferences at EB and at NAVSHIPS. 

Mr. Valentine Wilson was appointed the Senior Pilot in charge of 
the second WHOI DSRV and h a s been s pe ndi ng an i ncre as i ng amount of h i s 
t i me i n that act i v i ty. A crew chief f o r the v ehic l e has al s o b een 
added to the staff . No further operating or support crew is being added 
because of budgetary limitations and uncertainty regarding the delivery 
date of the vehicle. 
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The two (2) hulls from the ALVIN contract with Litton I ndustries 
have been provided as government furnished equipment (GFE) for th e two 
new DSRV's. This means that design of the pressure spheres is not a 
major part of this procur ement . 

Structural Design 

At the direction o f NAVSHIPS and ONR, WHOI took steps t o design 
and procure Titanium spheres (Ti-6Al-4v), (Figure No . 15), to replace 
the nine buoyancy spher es (7178-T6 aluminum ) and the six variable 
ballast spheres (606 1-T6 aluminum) in ALVIN during this period. A 
contract was signed with Titanium Metals Corporation of America to 
provide these spheres. This will be the first known use of Titanium 
for major pressure-resistant structures in deep submersibles . 

All of the new spheres were pressure-tested at the manufactu r er 's 
plant to 5000 psi (inte rnal hydrostatic) and again at DTMB to 4500 psi 
(external hydrostatic). In addition two spheres from the production 
run were chosen as the worst structurally, to be tested to failure. 
The first one was tested during this report period and failed at 7800 ps i 
after cycling 2000 times to 3000 psi in sea water at 45° F. The 
failure mode was believed to be a combination of buckling and creep at 
this pressure. See Reference No. 12 for details. The second will be 
tested to collapse early next year. The creep phenomena will be more 
fully investigated at that time. 

Optical I nvestigation 

A study in some depth was conducted by Lincoln Baxter , II, the 
results o f which are reported in Report No. 6. 

Research Submersibles Workshop 

WHOI, e ncou r aged by ONR, sponsored a Deep Manned Research Vehicle 
Workshop at Woods Hole on 21-22 November, 1966. This conference was 
organized for the pur pose o f getting together the scientific users of 
DSRV's, the DSRV operators and the DSRV program sponsors to explore the 
past e xpe ri e nce and plan for future scientific use of this new oceano
graphic tool. Approximately 150 experts in the field representing the 
United States , France, Canada, and Great Britain attended. (Figure No. 12 ) 
A summary report is in preparation. 

During this c onference , the Assistant Secretary of the Navy for 
Research and Development, Dr. Robert Frosch, took the opport unity to 
present the Meritorious Public Service Citation to five members of the 
WHOI staff fo r their contribution to the success of Aircraft Salvops 
Med. (See Figure No. 13) 
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Cooperation from Other Activities 

Assistance in the Aircraft Salvops Med. - the ALVIN group would 
not have been very useful without the assistance of many activit ies in 
the preparations for and carrying out of the mission in Spain. First 
of all, the per s onnel of Ot is Air Force Base, particularly Lt. Col. 
Towns end, provided a great deal of help in preparing and loading the 
submarine and support equipment on the cargo aircraft. Sgt. Lorens of 
Dover AFB rendered invaluable assistance as "Cargo Master" both at Ot is 
and at Rota, Spain. 

It was also Otis AFB which p rovided the hangar for the annual 
refit period 1965-1966, as well as logistic support in the way of 
fork-lifts, heat, light, and other necessities. 

Upon arrival in Rota, assistance in the reassembly of ALVIN was 
rendered by the naval pe r sonnel assigned to the base , the Sub marine 
Squadron Staff and personnel of the USS HOLLAND, and particularly 
Capt. John Young, CO Naval Activities, Spain. 

The CO and crew of PLYMOUTH ROCK (LSD 29) , transported us to 
Palomares. The uss FORT SNELLING (LSD 30 ) , which boarded us, s u pported 
us, commiserated with us and played a major role in the success of that 
operation, will never be forgotten by the ALVIN group embarked. 
Capt. I. A. Robinson, his officers and crew were so cooperative, 
solicitous and helpful that operations would have been almost impossible 
without them. Capt. Downing and the crew of the USS LINDENWALD (LSD 6), 
which transported ALVIN back to the U.S., will also be f ond ly r emembe r ed 
for their willingness to help. 

USNS MIZAR provided a surface control center on many occasions 
and will always be remembered for the many times she got ALVIN down and 
ba~ck up safely. Mr. Chester Buchanen (NRL) was the person who developed 
and operated the system that accomplished this difficult mission and 
who was involved personally in the many long hours gu iding ALVIN in the 
search and recovery. 

The MSO ' s, first SKILL and then ABILITY, provided the surface 
control parties with everything necessary to bring about the successful 
discovery of the H- bomb in spite of the fact that this was an unprecedented 
(in their experience and ours) mode of operation. They willingly took 
advice from the "civilians" of the ALVIN group on control of the ship, 
plotting, etc., which got the job done. 

Cooperative Program with Massachusetts Institute of Technology (MIT ) 

One naval officer, Lt. Ronald Booth, enrolled in the postgraduate 
course in Naval Architecture and Mar ine Engineering at MIT, spent the 
summer at WHOI assisting in study of special problems associated with 
the oper ation of DSRV's. This was a continuation of a cooperative 
program begun in 1965. 
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Assistance From USNUSL Research Detachment, and Naval Station, Bermuda 

All of the logistic support necessary was provided by these two 
activities during ALVIN's deployment in Bermuda. The tug YTM 176 served 
again as our towing and tending ship to and from Argus Island with a 
great deal of skill. The support furnished by the Naval Station (Capt . 
Dawkins) was better than ever, and Cdr. Joseph Pinning and Mr. A. Donn 
Cobb of the Research Detachment at Tudor Hill were most cooperative. 

Operational Assistance in the Bahamas 

The main base at AUTEC, under the command of Cdr. Glenn Barney , 
provided berthing facilities and all necessary logistic support while 
operating in the AUTEC range. In addition, they supplied weather 
information and mail service when operating elsewhere in the Bahamas. 
Loan of a DECCA navigation receiver was a very important contribution 
to the success of our operations in the Bahamas. 

Weather Information 

The Fleet Weather Facility at Norfolk, Virginia provided 
necessary forecasts of weather duting the operating year . 

Personnel 

The DSRVG continued to grow as more tasks were undertaken this year . 

Full Time Employees Staff 
Earl E. Hays 
William 0. Rainnie, Jr. (also Chief Pilot) 
Thomas B. Aldrich 
William M. Marquet 
James W. Mavor, Jr. 
Thoma s 0. McClure 
Frank P. Omohundro 
Arnold G. Sharp 
William s. Shult z 

Charlotte G. Mu z zey 
Margaret P. Stern 

Operations 
Marvin J. McCamis 
Valentine P . Wilson 

Ar t hur c. Bartlett 
J ess D. Ba ugh 
Edward L. Bland , Jr. 
George deP. Broderson 
Theodore J . Cu rti s 
Alla n R. Davison 
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Future Program 

Qpe~ations, continued 
Russell Go Graham 
Richard Do Hafner 
A. Larry Hunt 
David H. Mason 
Patrick J. O'Malley 
Clifford Lo Phippen 
Chester R. Porembski 
Carlos F. Porrata 
Ferdinand c. Scaglione, Jr. 

Resigned 
Earl Bascome (December 1966} 
Paul Byron (July 1966} 
Ronald Hartman (August 1966} 
Olin Knight (May 1966} 
John Rozum (May 1966) 
Maurice Spillane (September 1966} 

Part-time 
John Duff 
Roger Forand 
Joseph Henderson 
Joseph Rokicki 
Donald Williams 

Associates 
Lincoln Baxter, II 
Ronald Booth , Lt. , USN (MIT} 
Jess H. Stanbrough 
Allyn C. Vine 
Joseph B. Walsh 
Douglas C. Webb 

1. Scientific Program with ALVIN 
The DSRV program at WHOI for calendar 1967 is planned to 

concern itself'with scientific exploration of the deep sea, the purpose 
for which the ALVIN concept was undertaken . 

In order to take advantage of the best weather patterns , a 
series of dives in the Bahamas is scheduled to commence the diving program ; 
then in the Florida Straits; on the Blake Plateau; off the Chesapeake; 
south of Woods Hole on the continental slope, including geology dives 
into several canyons; and biology dives t o investigate the benthic 
communities in deeper water; a nd to conduct othe r oceanograph ic experiment s 
in situ. 
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2. Instrument Development 
A major undertaking in the near futu r e under the sponsorship 

of the NAVOCEANO, is to develop instrumentation for the more efficient 
scientific use o f DSRV's s u ch as : underwater navigation, environmental 
sensors and recorders, manipulative tools and accessories, and optical 
aids. This program should significantly enhance the ability o f DSRV 's 
to conduct useful scientific tasks in the deep ocean. 

3. New DSRV 
The completion of the design, the const ruction and test of 

the second DSRV will be closely followed . Provi sions for s u pport of 
this vehicle will be studied and planned for . Obtaining and training 
of the operating and support personne l will become an increas ingly 
important activity. 

4. New Developments 
WHOI has considered the present state-o f-the art and has 

determined that the most urgent needs in the next year are the design 
of a DSRVT capable of supporting at least one additional DSRV; a nd 
the design of a 20,000' DSRV for scientific exploration to the b ottom 
o f 95 percent of the world's oceans. It will be proposed that these 
two projects be undertaken just as soon as fu nds can be obtained. 

In addition, investigation will continue into mean s o f 
improving the capabil ities of both the ALVIN and the catamaran within 
the budgetary limitations imposed . 

The procedure fo r the collapse test of the second titanium 
sphere at DTMB will be pr~pared and the test witnessed. 
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Figure 1 

Figure 2 

Figure 3 

F igure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Illustrations 

ALVIN loading into the cargo airplane at Otis AFB 

ALVIN and USS FORT SNELLING (LSD 30) 

ALVIN in the well of the FORT SNELLING 

USS SKILL (MSO 471) 

USNS MIZAR 

Underwater Terrain off Palomares 

Bomb - underwater 

Bomb - surface after recovery 

Figure 9 CURV (Cable- controlled Underwater Recovery Vehicle ) 

Figure 10 - The Catamaran , DSRVT-1, underway in Cape Cod Canal 

Figure 11 - ALVIN rigged for Science Dives 

Figure 12 - Deep Manned Research Vehicle Workshop 

Figure 13 - Meritorious Public Service Citation Awardees 

Figure 14 - Artists conception of the DSRV II 

Figure 15 - Drawing of Ti Sphere 
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The C-133 at Otis Air Force Base with a 
portable van being loaded 
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Figure lc ALVIN from inside the C-133 during loading 
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ALVIN at Palomares with 
and the ALVIN 

(LSD 30). (Offical 

uss BOSTON (CCGl) 
Mothership USS FORT 
u.s.Navy Photograph) 
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FORT SNELLING with tailgate lowered. 
L to R in background - ASR,MSO,ARS (Official U.S. 
Navy Photograph) 
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Figure 3 

~.~ 
------.,~l.--- - :;;;.; 

~ 

;. 
t ~ ----

' .... .,. .... 
-=~~ • 

ALVIN in the well of FORT SNELLING preparatory 
to being lifted onto the hangar deck 
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Figure 5 USNS MIZAR of the Naval Research Laboratory 
(Official U.S.Navy Photograph) 
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1. Heg:nnmg of weapon:-. t rack . 

2. Firsr sighting of weapon by ALVIN on 15 March. 
3. E stimoted point of lift off from bottom before line por t ed during recovery attempt (Pion CHARLIE) on 24 Marc h . 

4. Weapon re located by ALVIN on 2 April. 
), Recovery from thi s point c>n 7 Apri! us. irtg CURV . 
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Artist ' s conception based on s ketches supplied by Dr. R. J. Sm ith of Naval Civ i l Engineering Laboratory: Dr. 

Sm ith's sources of information were the bathy metry survey prepared on the USN$ DUTTON, disc ussi ons wi th members of 
the tactical analys is team on the staff of CTF 65, statements made by AL YIN a nd ALUMINAUT pi lots, and bottom photo

graphs supplied by AL YIN and MIZAR . 

Figure 6 The Terrain off Palomares, Spain where the H-Bomb 
was found. (Courtesy of NCEL, Port Hueneme) 
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DISCOVERY~~ The Parachute-shrouded Nose of the 
H-Bomb photographed by the E,G & G Camera Mounted 
on ALVIN 
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Figure 8 

....... ,,,,, 
.. ..,. ' ~ , _1 .... . . 't 

The elusive H-Bomb on the deck of the uss PETREL (ASR 14), 
after successful recovery. L to R: Two Spanish 
officials; RADM w. s. Guest, USN, Commander Task Force 65; 
and MajGen. D. E. Wilson, USAF, Commander 16th Air Force. 
(Official u.s. Navy Photograph) 
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Figure 9 
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The Cable-controlled Underwater Recovery Vehicle (CURV) 
developed and operated by the Naval Ordnance Test Station, 
Pasadena, that recovered the weapon. (Courtesy of NOTS, 
Pasadena) 
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10 DSRVT-1, in The Catamaran, 
after modifications during 

the Cape Cod Canal 
winter 1965-1966 
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Figure lla ALVIN rigged for geology dive in TOTO 
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Figure llb ALVIN rigged for geology dive into Oceanographic 
Canyon 



Figure 12a 
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Working group at the Deep Manned Research Vehicle 
Workshop held at WHOI November 21-22, 1966 



Figure 12b One of the panels shown during the Workshop. 
(Standing is H. E. Froehlich, Principal Designer 
of ALVIN) 



Figure 13 
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Meritorious Public Service Citation presentation -
Seated L to R: RADM. 0. D. (Muddy) Waters, Oceanographer 
of the Navy; Dr. E. E. Hays, WHOI; The Honorable 
Robert A. Frosch, Assistant Secretary of the Navy for 
Research and Development 
Standing L toR: w. M. Marquet, WHOI; V. P. Wilson, 
WHOI; W. 0. Rainnie, Jr., WHOI; M. J. McCamis, WHOI 



Figure 14 Artists Conception of the DSRV II being designed and 
constructed by the Electric Boat Division of 
General Dynamics Corporation for ONR/WHOI and .AUTEC 



Figure 15 One of the Titanium Spheres manufactured by PSI 
for ALVIN. 



APPENDIX A 

Summary of Modifications - Refit 1965 - 1966 and 1966 - 67 

1. ALVIN Modifications - Winter 1966 - 1967 

The experience gained in operating ALVIN in a variety of missions 
and circumstances indicated the need for numerous modifications to 
improve safety , reliability, maintainabi lity and capability. In 
addition, the planned program to replace the Aluminum spheres , used in 
the Variable Ballast and Fixed Buoyancy systems was directed by 
NAVSHIPS to be done this year. Titanium spheres having a designed 
collapse depth of over 15,000 ft., were designed and built. This made 
possible other modifications to simplify systems , make more thru-hull 
wires available for payload, and reduce weight. An additional 
objective followed in all of the modifications was that the changes 
made should contribute to the longer-range plan to qualify ALVIN for 
an operating depth of 9000 ft. The modifications described below are, 
at year's end, all in the process of accomplishment. Completion, 
final testing and evaluation will take place in 1967. 

a. Main Ballast Blow System -- this system was completely 
redesigned including the following major changes~ 
1) The two l/2 cu. ft. aluminum air flasks are removed; 

and one of the Titanium fixed buoyancy spheres, with 
capacity of 3 cu. ft., (vs l cu. ft. ) is used for 
storage of 3000 psi compressed air. 

2) The large, heavy and unreliable motorized ball stop 
valve and smaller, solenoid list-control valves are 
replaced by two small (l l/4" D x 2" L) solenoid valves 
which serve the dual functions of stop and list-control. 
These two small valves are relocated to the Variable 
Ballast oil-filled box. 

3) The Main Ballast box now contains only two vent valves 
and pressure transducers; therefore it is considerably 
reduced in size, and is relocated to the afterpart of 
the conning tower. In the former location, access for 
maintenance was gained only by removal of the entire 
sail structure. 

4) The two vent valve s are modified to operate with a 
single solenoid coil. The two-coil and switching 
arrangement formerly used was a continuing source 
of malfunction. 

5) Nylon tubing is used to r eplace stainless steel tubing 
from the top of the tanks to the solenoid-operated 
vent valves and to the manually operated vent valve in 
the sail. The manual vent valve was changed from 
stainless steel to P.V.C. All of these changes were for 
weight saving, cost reduction and reliability. 
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b. Additional buoyancy -- syntactic foam, of 37 lb/cuoft. densit y , 
is being added to the bow superstructure to accomplish the 
following: 
1) Provide additional buoyancy to permit carrying three 

people when the mechanical arm is attached. 
2) Provide protection for permanently-mounted equipment such 

as sonar, strobe light, and cameraso 
3) Provide mounting space and the necessary buoyancy for 

increased scientific instrumentation. 
4) Provide buoyancy for the future installation of two 

light-weight mechanical armso 
5) Provide buoyancy for increased battery capacity . 

Co Variable Ballast system -- this system was extensively 
redesigned with the following major changes: 
1) The Aluminum spheres are replaced by Titanium spheres o 
2) The large , heavy unreliable motorized ball valve is 

replaced by a two- way, solenoid- operated poppet valve. 
3) The two lower spheres have connections at their tops with 

tubing connecting to the four upper spheres ; thus , the 
two lower spheres will fill completely before any fluid 
enters the upper spheres. 

4) The float switch chamber is being re- arranged and 
re-oriented to reduce the chance of pumping air from 
the spheres. 

d. Battery -- the type , capac~ty and arrangement are all being 
changed as follows: 
1) A combination of Exide 12v and Cell- o-matic 2 v cells 

have been in use o These are being replaced by a single 
type designed for deep discharge in an attempt to 
improve the short life experienced with the present 
cells(<SO total cycles ). The cell selected, on the 
recommendation of the ma nu facturer , i s the Exi d e FH- 17, 
a 6-volt, 158 amp-hr . battery . The measured capacity in 
the first three ( 3) cycles was 143 AH o We expect this 
to improve to 150 AH as the batteries age o For use with 
the new battery , a new v ent- filt e r reservoir was 
locally designe d. 

2) The new cells are arranged in three parallel s trings of 
five batter i es each to s upply a 30- volt bus , a nd t hree 
parallel strings of ten batteries each to supply a 
60-volt bus . Each of the three battery tanks contains 
one 30- volt string and one 60- volt string o 

3) A comparison of the we ight and capacity of the new 
batteries v ersu s the old is t ab ulat e d b e low: 
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(a ) Characteristics of indiv idual cells: 
Volt A.H . Act Wt.-Air Wt. - H20 Dimen sions - In. 

Exide Commodore 7 2 
Cell- 0-Matic Olympic 
Exide FH-17 

DC 
12 

2 
6 

8 Hr. Rate Lb. 
6 0 44.0 

105 14 . 5 
150 60.0 

(b) Old and new Battery Arranqement -

w L H 
25.3 6 5 / 8xl0 l /8x8 1/4 
7. 7 2 l / 8x 6 7/8x8 1/4 

31.9 6 7/8xl 0 l/4x9 5/16 

No.of No. o f Total Wt. in Wt. in Amp . Hr . KW .H. 
Cells/St 

Science (30v) 
Control (30v ) 
Propulsion(60v 
Old Arrg't Tot .c 1 

Science/Contra 
( 30v) 

Propulsion(60v 
New Arrg't Tota 

New Arrg't Dif 
Change in % 

L 

15 
15 

5 
--

5 
10 
·--

--

Strings Cells 
3 45 
2 30 
6 30 

11 105 

3 15 
3 30 
6 45 

-- --

Air Lb Water Lb. Cap . Cap . 
652 347 315 9. 45 
435 212 210 6 .30 

1320 759 360 21. 60 
2407 1318 885 37 0 35 

900 4 79 450 1 3. 50 
1800 95 7 450 27. 00* 
2 700 1436 900 40 . 50 

+293 +118 +15 +3. 25 
+12. 2 + 9.0 +1. 7 +8 .7 

* Since propulsion battery capacity has been t he limiting factor in 90% 
of the dives to date, relativ ely more cells were added to propulsion. 

We now expect to have about one additional hour of 
propulsion endurance at cruising speed. 

(c ) A comparison of the gain in capacity v e r s u s the weight 
pena l ty fo r t he new bat te r y a r rangement does n ot appear 
to be entirely warranted u n less one consider s the 
expected improved life of the new cells (200 cycles 
minimum v s less than 50 cyc les ). This mean s t hat i f the 
new batteries live~up to expectations, we will hav e t o 
change batter ies eve r y other year instead of twic e- a - year 
as we have in t he past . . This h as been a maj or ma i ntena nc e 
problem. In addition , the 12v Exide batter y did not 
permit using it for the 30v banks. Thu s t wo different 
cells were required. 

4) The b u s circuitr y is simplified by r eplacing a 30-volt 
Science b u s and a 30~volt Control bus with one 30-vo l t 
Auxiliar y bus, artd by arranging the b a tteries so all 
three t anks c ontain the same number and kind of cells . 

5 } To accomodate t h e physical dimensions o f t he n ew type 
batter y , t h e b at t ery t r ays wer e re- designed and modified . 
The r esulting t r ays a r e slightly heavier; but are 
stronger a nd are not as susceptible o f p r ov iding a 
g r ou nding pat h . 
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e. Battery Compensation System -- this system was redesigned 
t.o improv e flow o f venting gases and the flow of 
compensating o il , and to improve the safety of the system 
by separating each box vent system from each other. 

f. Main Sphere Electric Disconnects -- the oil-filled boxes , 
into which all wires were brought fo r connection to pins , 
were redesigned larger to facilitate making connections . 

g. Sample and Tool Trays -- during the year sev eral designs of 
trays, as well as methods of attachment, have been tried. 
The most recent design is light-weight, may be dropped by a 
solenoid release , has sled-runner type supports to prevent 
catching on the bottom, and is readily viewed through the 
front window. (See Figure No.ll) 

h. Weight- droppers -- during the year's operations a solenoid
operated weight-dropper designed by Benthos Co. was 
successfully tested. Now three weight-droppers of similar 
design, capable of dropping 250 lb . weights , are under 
procurement , in addition to a pinger-dropper. These will be 
used as follows: 
1) Descent Weight - a 200 lbs . weight (or less, depending 

on depth of dive) will be carried until near the bottom , 
then released to speed the descent without using power 
pumping an equal amount of Variable Ballast to achieve 
neutral buoyancy. 

2) Ascent Weight - a 100 lbs . weight will be ca r ried until 
the Pilot desires to return to the su r face , at which 
time the weight is dropped . A controlled ascent can be 
made without pumping the 100 lb . of Var iable Ballast. 
This is also a back-up f or the V. B. System that will permit 
r eturn to a depth where the MB system becomes more 
effectiv e. (Above 1000') 

3) Mechanical Arm Compensator - since Syntactic Foam is 
being added to permit carrying three people wh en the 
arm is attached, c ompensat ing weight must be carried 
on those dives in which the arm is l eft off. As an 
added safety featu r e, this weight will be droppable . 

4) Pinger-dropper -- a small , expendable 37 KC pinger will 
be carried externally. If the Pilot desires to mark 
a spot on the bottom and use it as a r eference, he may 
drop the p inger , which is actuated upon release. At 
present if a 37 KC pinger is carried , its signals 
seriously interfere with the CTFM Sonar. 

i. Fiberglass Skin -- the fragile superstructure has been a 
continuing maintenance problem. The entire lower portion 
was redesigned to give i t greater strength and to permit 
removal of small sections for much better access to other 
components. Fox example , the structure which contains the 
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flexible bags of the Variable Ballast system is made integral 
with the skin in that area. Thus it is now separate ly 
removable without disassembly of the submarine . Access panels 
are enlarged for better maintenance and repair; and all 
bolting edges are strengthened to prevent loss and improve 
maintainability. The present skin was porous and had 
absorbed a great deal of moisture making it heavier than 
desirable. 

j. Frame-- inspection of the frame at the start of the refit 
period revealed a number of small cracks in welds in the 
vertical members at the after end of the skids. Re-enforcing 
members were welded into place in the weak areas. 
Re-enforcing members are also being added between the forward 
end of the skids and the r ing which supports the personnel 
sphere. The latter is being done to bear the load of the new 
syntactic foam being added to the bow. 

k. Hull Penetrators -~ one penetrator containing six (6) coax 
cables and one penetrator containing six (6 ) shielded pairs 
of wires are being replaced by penetrators containing 18 
single leads. This change will provide additional thru- hull 
wires for scientific instrumentation. 

1. Electric Circuits -- i mprov ed reliability at some expense in 
maintainability replacing pin connectors in s ome of the 
oil-filled boxes by h ard-wiring between boxes. 

m. Battery Fuses -- to eliminate the possible hazard of the 
arc of a blowing fuse igniting the combination of hydrogen, 
oxygen and compensating o il present in the battery tanks, an 
investigation and test program was carr ied out. One obvious 
solution was to remove the fuses f rom the battery tanks; 
however this would be complex and expensiv e in -the ALVIN 
arrangement. Negotiations with a fuse manufacturer were 
carried out to produce a fuse potted under vacuum with epoxy. 
Tests were conducted to de t e rmine: 
1 ) Whether the blowing charact~ristic is satisfactor y . 
2) Whether the fuse could withstand s ubme r genc e pressure. 
3) Whether the epoxy potting would successfu lly quench the 

arc when blowing. 
All the tests were satisfactory for the 150 amp size o f fuse 
tested ; an order was placed for s u fficient 70 amp f uses for 
the 30-volt batteries and 150 amp fuses for the 60-volt 
batteries, plus s ome o f e ach for spares and s ome 70 amps 
for testing. However, the latter did not t est satisfactorily.* 

*One o f the 70 amp fuses cont i nu ed to pass current after ini
tially blowing. Investigation further revealed that the 
potting compound was a flammab le type o f epoxy. The potted 
fuse approach was abandoned at this t i me. The previously u sed 
sand-filled,oil- soaked fuses are b eing relocated to a posit i on 
at mid-depth of the battery tanks. 



n. Sphere Internal Arrangement - a study was carried out and 
work is progr essing to accomplish the following: 
1 ) Improve accessibility to the side windows. 
2) Relocate the Pilot ' s seat from the starboard side to 

the centerline. 
3 ) Improve accessibility of controls and viewability of 

indicators and monitors for the Pilot when he is at 
the front window and the observers as well. 

2. Catamaran Modifications Winter 1965-1966 

During the period of trials with ALVIN during 1965 the concept 
of launching, recovering and servicing ALVIN with the catamaran was 
proved. The concept that the catamaran would be simply a working 
platform, always tended by other support ships providing berthing, 
towing service and tracking services , was changed . Thus at the start 
of 1966 the catamaran was in a shipyard undergoing a modification 
program to make it self sufficient for periods of about one week. 
Much of the program was carried out in Woods Hole by other contractors 
and by in- house effort . All features of the changes and new 
installations were engineered, coordinated and supervised by 
DSRVP personnel . 

Following is a listing of the major work accomplished; 

a. All hull and steel superstructure was sandblasted and 
painted . 

b. The central sections of the starboard pontoon were insulated 
and outfitted with bunks and lockers to accomodate 22 men . 
Air conditioning and space heaters were installed. 

c . The watertight integrity of both pontoons was improved by 
adding watertight doors , hatches and scuttles. 

d. Bilge drain piping was improved , overboard hull fitt i ngs 
were improved, a fresh water distribution system was 
installed , and tank heaters were installed i n the above-water 
fresh water tanks . Large dump valves were also installed 
in the fresh water tanks as a means of damage control . Fire 
hydrants were installed. 

e . The single outboard drive unit located forward between the 
hulls was replaced by two units of the same s ize . One unit 
was placed on a pedestal on the s tern of each pontoon . The 
two units are controlled remotely from the new Pilot House. 

f. An additional cargo boom was added on the s tarboard s ide, 
and both booms were equipped with 2-speed electric winches . 
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r 
g. A surplus MK 14 gyrocompass system wa s i nstalled with two 

r epeater s in the new Pilot House a n d a peloru s r epeater on 
each side. 

h. Aluminum a ccess t runk s with incl ine d ladders were installed 
to prov ide access for both per sonnel and ca r go f r om the u ppe r 
deck into each pontoon. 

i. Considerable weight reduction , to compensate f or new weights 
being added , was achieved by cutting out the fla ng e a nd five 
i nches of the web of h eavy i nternal frames in both pontoons. 

j . One 35 KW diesel-generator was replaced b y a 60 KW diesel
generator and a new electr ic distr i b u t i o n system was 
installed. 

k. An alumi num Pilot House and mast were installed on top of 
the afte r arch. Boat davits were incor porated into the 
structure of the Pilot House to per mit hoisting one Boston 
Whaler . The Pi l ot House was outfitted with an existing 
marine band transceiver, a Loran receiver, an existing 
precision depth recorder, an inexpen siv e r adar, a PA and 
intercom system , two underwater telephone cont ro ls, a chart 
table and stowage , an e ngine control console, two gy r o
repeaters , a nd a magnetic compass. A combination air-condi
tioner and h eater was installed in the overhead. 

l. Space for many r equired functio n s was not a v ailable in the 
two pontoons; therefore a 40-ft. house trailer was specially 
outfitted and installed on the foredeck . This was an 
unhappy compr omise ; but, for the funds avai lab le, served 
the functions very well. The tra i l e r was outfitted to c ontain 
an office, ga lley , dining a r ea, showe r, a nd head facilities. 

Diversion of ALVIN to Spain p r ovided addi t i onal time to make 
further improvement s i n t he Catamaran. Sea trial s showed that with 
light winds a speed of about 6.5 knot s could be achieved; but that 
course-keeping and maneuvering in tight quarters with a ny wind was 
unsatisfactory. Model tests were conducted i n the towi ng tanku 
resulting in the design and installation of "lee-boards" on the 
inboard side of each pontoon under the fo rward arch. Subsequ ent 
trials indicated considerable improvement i n maneuverability against 
a wind had been achieved. 

A Battery-handling platform was designed and i nstalled on the hoisting 
cradle. This platform obviated the previ ou s hazardous and labor ious 
procedure of lifting ALVIN plu s cradle with the "Holly Hoi st ". mov ing 
them both f orward ove r the deck , a nd set ting them up on 39 " h igh 
pedestals just to r emov e batte r ies from ALVIN. 
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3. Catamaran Modifications Winte r 1966-196 7 
As the year ended , e ngineering studies were underway t o make 

further impr ovements in the Catamar a n. These are occasioned by the 
following factors : 

a . Additional experienc e was gained in operating during the 
past season . 

b. Correction of known deficiencies, f or which time had not 
been avai lableu was desired . 

c. A contract had been awarded fo r the const r uction of a 
second submarine for WHOiu which is to be la r ger and 
heavier than ALVIN. 

The modification pr ogram planned to be undertaken during this 
period was as f ollows : 

a. Weight Reduction - Cont inuation of the weight r emoval 
program begun last year to handle the second DSRV and 
to improve the range and habitability. 

b. Submarine Repair - Wi th the addition o f the battery 
removal system on the hoisting c r adle last year, major 
repairs to the submarine no longer r equi r e lifting the 
whole submarin e . Thus to sav e weightu t he "Holly Hoist" 
has been removed a nd a derr ick capable of lifting l/2 
of ALVI N at a : .t\ime is b eing designed to replace it at 
considerable saving in weight as well as utility for 
other functions . 

c. Habitability - The temporary h ouse trailer added last 
year was not adequate f or the purpose and interfer ed 
seriously with conning of the shi p in r est r icted water s. 
All of the f unc tions are being built into compartments 
between the port and starboard hulls forwa r d and under the 
main deck. Included i n thi s c ons tructio n a r e f uel tanks 
to increase the r a nge f rom one week to two weeks o f normal 
operations. Bunks are to be added to total 26 v s 18 . 

d. Hoisting system - The hoi sting system has to be completely 
overhauled with r enewal of c ables , · etc. It is also 
intended to improve the safety of the s y s t em by tying the 
port and s tarboard hoi s ting drums tog ether mechan ically u 
and changing over to hydraulic drive. This was done primarily 
to improve safety o f operat ion by r emoving a chain d r i v e 
necessary with t he design of the electric drive. 

e. Engi ne Room - it wa s found that the 35 KW Kohler generator 
was uneconomical to r epair. In order to ma intain commonality 
of equi pment u a 6-71 GMu 60 KW Diese l gene r ator set was 
installe d . The inc r e ased capacity is nece ssar y t o handle 
the increased instrumentation and habitability load a s well . 



The hydraulic pump fo r the new syst ems was connected to 
the original 60 KW generator set engine . The electrical 
system now will con sist of two ( 2 ) 60 KW gensets. A 
fuel t ransfer syst ems is planned to prov ide better control 
of trim. 

f . Steering System - The electrica l steering system for the 
main engines wa s unsatisfactory i n that it drifted badly. 
Separate hydraulic steering systems for each engine is 
planned . An automatic pilot will be added to this system 
when time a nd funds per mit . These hydraulic systems will 
be made cross connectable to the main hydraulic system fo r 
emergency power. 

g. After Mast - Broken welds in the after mast indicate repairs 
or replacement to support the new RDF and Radar antennas. 
A new lightweight forwar d mast is to be added to meet 
Rules - of-the -Road requirements for height of navigation . 
lights . 

h . Anchor Windlass - The anchor windlass is now located aft 
on the starboar d hull and uses a mushroom a nchor which is 
of little value in anchoring in coral sands. This is to 
be replaced by an anchor windlass and a Danforth anchor 
located in the bow a nd operated hydraulically. This is made 
possible by the removal of the forward house trailer. 

i. Photo- Wet Lab .. - Expe r ience last year indicated we need an 
on- the- scene photo processing capability as well as a 
science wet-lab. This is t o be constructed in the s t arboa r d 
hull . 

j . Air Conditioning and Freezer Space - In the hot and h umid 
tropics , the ai r conditioning installed last year was 
entirely inadequate on the bridge , the starboard liv ing 
quarters and in the mess hall-galley area . This is to be 
corrected by the addi tion o f adequate capacity . The freezer 
space was not adequate a nd will also b e improv ed. Storage 
spaces necessary for s towage of spare parts and c orrodible 
stores will be dehumidified . 

k. Electronic s 
1 ) Radar - the inexpensive radar set p rocured last y ear was 

almost useless for the service i nt e nded. A more power ful 
and sophi s ticated set will be procured for better surface 
navigation, avoidance o f surface traffic a n d location 
of the s ubmarine on the sur face. 

2} SSB Radio - will give long range communication s throughout 
the i ntended operating a r ea. Thi s wi ll be i n s ta lled . 
Licensing may be a problem . 
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3) RDF equipment to obtain bearings on radio signals for 
navigation as well as the submarine , if lost , is being 
procured and installed. 

4) Sub Tracking - an improved transponder system for tracking 
the submarine independent of the UQC is being installed. 

5) Echo Sounding - the PGR which has not been reliable since 
acquisition three years ' ago, is being replaced by a 
different model which is reputed to be simpler , therefore 
more reliable as well as being more compact and lightweight o 

The result of the above modifications should make the Catamaran a 
somewhat more self-sufficient ship and a safer support platform . The 
tracking and navigation capability should be markedly better than 
previously. 
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APPENDIX B 

Preparations f or Shipment 

The submarine was assembled except for the conning tower. A 
special shipping skid was built by Otis AFB personnel for sliding 
ALVIN into the aircraft - a Cl33. It was decided to remove the lift 
props in order to assure overhead clearance. It turned out this was 
no t necessary ; however both of these subassemblies were separately 
skid mounted for easy handling. The spare batteries were packed in 
special shipping boxes. Most all of the loose gear was placed in the 
v ans with the exception of the battery handling gear. 

The decision was made to take all five support vans for self
sufficiency. This was a fortunate choice as it took sever~l days to 
get the proper voltage for charging batteries hooked up on the LSD's. 
In addition the LINDENWALD was a DC ship at a different voltage from 
the submarine. This also permitted packing most of the loose gear in 
them rather than separately boxing it . The new charging van was 
completed and tested prior to departure. 

For reference in the event the information is needed in the 
future, the following loading was made. On the Cl41, a full jet 
aircraft from Charleston , s . C., the following cargo was loaded on 
February 1, 1966: 

Conning Tower w/skid 
Electronic Van 
Machine Shop Van 
Batteries, Spares 

02 Bottles 
Oil Drums 

Sling 
Sling 
Stand(Batt. Hoist) 
Stand (Batt. Hoist) 
Steel (Batt . Handling) 
Steel (Batt . Handling) 
Batt. Hand. Frame 
Batt. Hand. Frame 
Batt. Hand. Stand 

Total 

w~ 2 , 300 
11,000 
13,000 

1 , 275 
1 , 625 
1,625 

350 
431 
432 
454 
454 
455 
455 
400 

40 
250 
250 

20 
20 

100 
110 
300 

35 , 346 
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On the Cl33 , a turbo-prop aircraft from Dover, Delaware , the following 
was loaded on January 31 , 1966: 

Utility Van Wt. 
Main Submarine Assembly 
Charging Shack 
Power Van 
Afterbody Upper Fwd. 
Lift Props 

Total 

7,150 
28 , 670 , inc. skid 1500 
4,800 

14,920 
560 
350 

56 ,450 
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APPENDIX C 

DEEP SUBMERGENCE RESEARCH VEHICLE ALVIN DIVE 
SUMMARY 

1 January - 31 December 1966 

Year's Results 

Test Dives 3 
Working Dives 73 
Working Hours Submerged 430:54 
Average Working Submergence 5:54 
Total Diving Depth 26818 Fathoms 
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Dive Date 1 66 Location Objective Pilots Observers Max.De,Eth Submerged 
109 2/9 Spain Test McCamis Marquet 40 1 lh20m 

Wilson 
110 2/14 Spain Search Rainnie None ·. 1800 1 6h03m 

McCamis 
lll 2/15 Spain Search Rainnie None 2100 I 6h03m 

Wilson 
112 2/17 Spain Search McCamis Hays 2000 1 7h00m 

Wilson 
113 2/19 Spain Search McCamis None 2300 1 7h0lm 

Wilson 
114 2/22 Spain Search Rainnie None 2250 I 7h00m 

McCamis 
115 2/23 Spain Search McCamis Marquet 1700 1 3h32m 

Wilson 
116 2/24 Spain Search Rainnie Marquet 1550 I 6h47m 

Wilson 
117 2/25 Spain Search McC"lmis Hays 2300 1 7h20m 

Wilson 
118 2/26 Spain Search Rainnie Boy kin 2300 1 6h22m 

McCamis ONR 
119 3/l Spain Search Rainnie Andrews 2800 1 7h05m 

Wilson Cath.Univ. First found "track" 
120 3/2 Spain Search McCamis Hays 3000 1 7hl6m 

Wilson 
121 3/3 Spain Search Rainnie Mason 3200 1 6h47m 

McCamis 
122 3/4 Spain Search Rainnie Graham 2800 1 3h26m 

Wilson 
123 3/7 Spain Search McCamis Helm 2700 7h00m 

Wilson DSSP 
124 3/8 Spain Search Rainnie Henifin 750 I 6h28m 

McCamis DSSP 
125 3/9 Spain Search Rainnie Porembski 800 1 5h30m 

Wilson 
126 3/12 Spain Search McCamis Fox 2600 1 4h46m 

Wilson 2nd time on "track" 
127 3/13 Spain Search Rainnie None 2700 1 7hl8m 

McCamis 
128 3/15 Spain Search McCamis Bartlett 2550 1 l0h23m 

Wilson Found weapon 
129 3/16 Spain Recovery McCamis None 2725 I 4h57m 

Ass;i_st Wilson 
130 3/18 Spain Recovery McCamis None 2775 1 7h26m 

Assist Wilson 
131 3/23 Spain Recovery McCamis None 2700 1 8h29m 

Assist Wilson 
132 3/24 Spain Recovery McCamis None 2700 1 7h27m 

Assist Wilson 
133 3/25 Spain Search McCamis None 2900 1 8hl2m 

Wi l son 
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Dive Date'66 Location Obj ective Pilots Observers Max . DeEth Submerged 
134 3/26 Spain Search McCamis None 2600 1 7h0lm 

Wilson 
135 3/2 7 Spain Search McCamis None 2500 1 8h52m 

Wilson 
136 3/28 Spain Search McCamis None 2300 1 6h54m 

Wilson 
137 3/30 Spain Search McCamis None 2950 1 8h04m 

Wilson 
138 3/31 Spain Search McCamis Elliott 2200 1 6hl7m 

Wilson Straza 
139 4/l Spain Search McCamis Boy kin 2800 1 7hl7m 

Wilson ONR 
140 4/2 Spain Search Rainnie Martin 2900 1 9hl8m 

McCamis OPNAV Found weapon again 
141 4/3 Spain Recovery McCamis None 2900 1 7hllm 

Assist Wilson 
142 4/5 Spain Recovery McCamis None 2900 1 4hl3m 

Ass i st Wilson 
143 4/7 Spain Observe McCamis None 1925 I 3h03m 

Recovery Wilson Weapon recovered 
144 6/22 Woods Hole Test dive McCamis Marquet 75 I 53m 

Harbor Porernbski 
145 7/l Bermuda Test dive McCamis Marquet 75 I lhlOm 

Bay Wilson 
146 7/3 Argus Photo McCamis None 3200 1 5h03m 

Island Insp. Wilson 
147 7/4 Argus Photo McCamis Webb 5200 1 5h05m 

I sland Insp. Wilson 
148 7/5 Argus Photo McCamis Porernbski 6100 1 5h22m 

I sland Insp. Wilson 
149 7/10 Argus Photo Mc Camis Mullarkey 6100 1 6h00m 

I sland Insp. Wilson USNUSL 
150 7/ll Argus Photo McCamis Broderson 6000 1 6hl6m 

Island Insp. Wilso n 
151 7/12 Argus Photo McCamis Mullarkey 5900 1 5h38m 

Island Insp. Wilson USNUSL 
152 7/17 Off Castle Biology Mc Cami s Hessler 5850 I 6h00m 

Harbor First deep science dive 
15 3 7/18 Argus McCamis Cobb 5950 1 5h27m 

Island Wilson USNUSL 
154 7/29 Off Photo Mc Cami s Ow~n 5200 1 6h03m 

Andros Insp . . Wilson 
155 7/30 4 East Ph oto McCamis Austin 4350 I 6h28m 

Golden:Cay Insp . Wilson USNUWS 
156 7/31 l East Photo Rainnie Austin 2400 1 4h07m 

Golden:Cay Insp. Wi lson USNUWS 
157 8/4 5 East Photo McCamis Austin 5450 1 5hl2m 

Andros I nsp . Wilson USNUWS 
158 8/5 Photo Rainnie Murray 5150 I 7h0lm 

Insp. McCamis ITT 
159 8/6 2 East Photo McCamis Lamoureux 2625 I 4h58m 

Andros :rnsp. Wilson USNtJWS 
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Di v e Date ' 66 Location Objective Pilots Observers Max.DeEth Submerged 
160 8/7 Off Photo Rainnie Fine 5050 I 4h29m 

Andros I nsp. Wilson USNUWS 
161 8/12 TOTO Photo McCamis Merriam 5625 I 6h00m 

I n sp. Wilson DTMB 
162 8/15 Goulding Movies McCamis shallow lhllm 

Cay Wilson 
163 8/17 Dyford Movies McCamis 200' 2hl8m 

Cay Wilson 
164 8/19 Lyford Movies McCamis shallow 2h44m 

Cay Wilson 
165 8/22 TOTO Physical Rainnie Vine 5850' 6h28m 

Oceano. 
166 8/23 TOTO Geology Wilson Schlee 5550' 5h55m 

167 8/24 TOTO Geology McCamis Schlee 3250 I 5h24m 
168 8/26 TOTO Visibility Rainn i e Olson 2750 I Shllm 

measure NAVOCEANO 
169 8/27 TOTO Geology Wilson Bu sby 4100' 4h45m 

NAVOCEANO 
170 9/1 TOTO Soil McCamis Rucker 3550 I 5hl2m 

Mechanics NAVOCEANO 
171 9/6 TOTO Soil & Rainnie Delort 4900' 6h4lm 

Gravity NAVOCEANO 
172 9/8 TOTO Activate Wilson Davison 5350 I 6h38m 

Module Mech.arm mounted 
173 9/9 TOTO Bottom Rainnie Huddell 4500' 6h3lm 

Recon . NAVOCEANO 
174 9/10 TOTO Moor McCamis Merrifield 5550 ' 6hl3m 

Insp. Wilson NAVOCEANO 
175 9/11 TOTO Array McCamis Farquhar 5600' 6h28m 

Insp. Bland NAVOCEANO 
176 9/14 TOTO Bottom Rainnie Kle i n 4900' 5h04m 

profiling Porernbski E, G & G 
177 9/16 TOTO Bottom Wilson Breaker 4950' 5hl6m 

loss Taylor NAVOCEANO 
178 9/18 TOTO Bottom Rainnie Breaker 4550' 5h46m 

loss Taylor NAVOCEANO 
179 9/19 TOTO Navigation McCamis Mar quet 4950' 6h34m 

test Wilson 
180 9/21 TOTO Navigation Wilson Merrifield 150 I 2hl7m 

test Delort NAVOCEANO 
181 9/22 Lyford Navigat i on McCamis Webb 80' 3h05m 

Cay test Davi son 
182 9/23 Lyford Navigation Rainnie Me r rifield 50 ' 2h04m 

Cay De l ort NAVOCEANO 
183 10/14 29 East Thermal Wi lson Root h 615 I 2h52m 

Chatha,m g radient 
184 10/15 Oceano- Geology McCamis Trumble 4800' 4h50m 

graphers 
Canyon 

END CF l966 OPERATI ONS 
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APPENDIX D 

SUMMARY OF DIVES - Aircraft Salvops Med First Recovery Phase 

Div e 129 March 16, 1966 - Mechanical arm mounted. Special stake 
taken to bottom on a 3/8" polypropylene messenger line, hand tended 
from small boat. The stake was driven in to the hilt near the weapon. 
A life line was to be run down the messenger by surface ship and then 
ALVIN was to attach it to the weapon, probably using a grappling hook 
in the parachute shrouds and risers. This attempt failed when the 
messenger-line stake was pulled out of the bottom attempting to run 
the lifting line down it. This was first of many successful 
acquisitions of the target by ALVIN using MIZAR's UTE to get in near 
vicinity and then using "clues" to find weapon. 

Dive 130 March 18, 1966 - Tried to use special clamp, but 'chute and 
position of target prevented. Attempted to lower MIZAR's camera sled 
to near vicinity with line to be attached. Attempt was aborted when 
positioning sled by MIZAR became too difficult in current and surface 
conditions prevailing. 

Note: Worsening weather and preparations for a new lifting rig 
delayed the next dive until March 23. 

Dive 131 March 23, 1966 - Planted 37 KC pinger and Straza Transponder 
on 'chute with fish hooks. MIZAR dropped anchor with "poodle" within 
70 feet of position and buoyed off. ALVIN attached grapnel on line 
from bottom of anchor to 'chute. 

Dive 132 March 24, 1966 - Removed more shrouds and risers to more 
thoroughly hook in with grapnel. Unsuccessful in unraveling lines 
from "poodle" for more attachment. Made decision to lift by MIZAR 
ALVIN surfaced. Line broke between anchor and weapon shortly after 
lift-off from the bottom as recorded on MIZAR's Precision Graphic 
Recorder ( PGR ) • 
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N.O . Dive No. 
1 

2 . 

3 

4 

5 

APPENDIX E 

Summary of NAVOCEANO Dives in TOTO 

WHOI Dive No . Purpose 
168 Photographic study of 

visibility while 
maneuvering near 
bottom. Special 
camera mounting and 
camera target 
required. 

169 Geological Surv ey of 
terrain from deep 
water toward shallow . 
A core was taken. 

Results 
Intended data was 
collect ed , howev er, 
flat bottom was 
difficult to find 
for the experiment 
on this dive . 

Mission accomplished 
except that dive was 
terminated soone r than 
planned because o f 
approach of hurricane 
Faith . 

170 Study of Soil Mec~s. ALVIN found the 

171 

172 

Two core samplers of 
different design with 
pingers and lights 
attached were dropped 
from surface by the 
catamaran . 

Soil Mechanics and 
Gravity Measurement. 
Two more samplers 
were dropped by the 
catamaran similar 
to dive No . 3 . 

Correct t he upright 
bail on one hydro
phone in the AUTEC 
field found on 
previous s eri e s of 
dive s . (Thi s wa s not 
done on that dive 
because the mechanica l 
arm was not carried) . 

samplers and took 
pi ctures of same . Slope 
and density of bottom 
prevent ed penetration . 

The samplers were again 
found by ALVIN five 
day s after dropping 
using a 37 KC pinger 
t o home on , and one 
light was released as 
designed and recovere d 
by the catamaran . 
Gravity measurement was 
successfully made . 
Samplers did not 
penetrate flat bottom . 

Miss ion accompli shed . 
NAVOCEANO "donated" 
this dive to AUTEC in 
the interest of support
ing the i r (AUTEC ) 
mi s sion . 
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N.O.Dive No. 
6 

7 

8 

9 

10 

11 

12 

WHOI Dive No. Purpose 
173 Bottom reconnaissance 

to find a spot to 
emplant future 
sensors ~· -

174 

175 

176 

177 

178 

179 

Inspection of the 
Deep Water Mooring 
in the middle of 
TOTO. 

Inspection of envir
mental mooring , 
especially for 
biological fouling. 

Acoustic bottom 
profiling with 
E,G & G recorder 
near the bottom in 
deep water. 

Acoustic bottom loss 
measurements at 
50', 500', 2500' and 
4500 ' above bottom in 
deep water. 

Same as 10 

Navigation in deep 
water. One triplane 
planted severa l days 
earlier was bracketed 
by catamaran with two 
more. ALVIN used 
Straza Sonar to 
acqui re and navigate 
the r efrom. 

Results 
Surv ey was condu c ted 
and s uitable location 
in the pro per depth 
of water were f ound 
and marked on the chart 
by Surface t racking 
party . Two cor es were 
taken. 

Unable to find western 
leg of moor and inspect 
it t o the surface as 
planned . Some 
suspicion, no t c onfirmed 
that mooring anchor 
is not attached to 
leg as supposed . 

Location and i n spection, 
including photos made 
of s ubsurface float 
and s tring to bottom 
anchor . 

2 1/2 miles were run 
a nd bottom profiling 
made successfully . 
Bottom penetration was 
achieved. Established 
feasibility of using 
this t echn ique f rom 
DSRV 's. 

Data collected at 
depths indicated . Still 
being analyzed. 

Same as 10 

Successfully found 
navaids (triplanes) 
and made various 
experiments to eva l u ate 
efficacy of using thi s 
economical deep wa ter 
navigation system. 



N.O.Dive No. 
13 

14 

15 

WHOI Dive No. Purpose 
180 Precision underwater 

navigation system for 
photo surveys. Two 
transponders were 
surface planted in 
shallow water and 
circular paths run 
about them submerged. 

181 

182 

Precision underwater 
navigation system 
using "precision 
time" pinger emplanted 
on bottom in shallow 
water. 

Same equipment and 
objective as Dive 
No.l3 except 
attempt to run 
"straight line';' 
search pattern. 

Results 
System works well. 
With very little 
practice , pilots can 
maintain 1- 3 foot 
accuracy on ci r cu la r 
search patterns . 

Results v ery similar 
to dive No . 13. 

Enough was learned t o 
indicate system will 
work as designed. 
However , mechanical 
submarine difficulties 
with the variable 
ballast system coupled 
with poor transponder 
performance prev ented 
good data collection. 
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W0ods Hole 0ceanoqrarhic Institution 
Reference No . 67-23 

DEEP SUBI·lERGENCE RESEARCH CONDUCTED DURING THE PERIOD l JANUARY 
THROUGH 31 DECEMRER 1966. 2 3 pages. Apri 1 196 7. Con t rae t floor - 3484 ( 00) 

I NR 260-107 , 

The Deep Subl'!ergence Research Proqram at Woods Hole Oce?.no<]raptlic 
Instituti on (~/HOI) entered i nto the first full operational year du1 ing 
1966. ALVIN and the suprort cat<~maran un<1erwcnt fTlOdific:e~tion and over-
haul dur i nq the winter months . 

.t..LVIN played a key role in the successful recovery of an H-Gonh 
lost in the sea off Pa l omares , Spnin . This operi'ltion is re{:lorted in 
some detail . ALVIN then embarked on a ser i es of d ives supportet! by the 
CC!tamnran. One ser ies off Bermuda was to ins pect the ARTEr1lS array. 
Transit was then made t o Tonquc-of- the-OceA.n (TOTO) in the Bahamas . 

I 
There portions of the AUTEC range 11ere inspecterl, several WHO! science 
dives l"ere made, and u d i ving pr ografTl carr i ed out f or the Naval Oceano
qraphic Office (NAVOCEAIW) . 

After toH back to Hoods Hole , two science dives l'lere f'lade and both 
.A.LV IN i!nd the catamn r an ~1ent into an extensive refit and insrection 
per i od . The pl ans for this activity are rerorted in some detail. 

A new ALV IN-type subfllers i hle ·is under desiqn and construction at 
Electric Boat Division of General Dynamics Corporiltion . 

L 
Woods Hole Oceanoqraphic Institution 
Reference No. 67 - 23 

DEEP SUB~IERGENCE RESEARCH CONDUCTED DURING TilE PERIOD l JANUARY 
THROUGH 31 DECEMRER 1966. 23 rages. Apr il 1967. Contract flonr-3484(00) 

I 
NR 260- 1 07. 

The Deep SubMe r gence Research Proqram at Woods Hole Oceanograptlic 
Inst i tution {WHOI) entered ir.to tile f i rst full operational year dur ing 
1966 . ALV IN and the support cat~1nr1 r an unC.erwent rmdificat ion and over-
hau l rlurinq the winter months . 

P..LVIN played a key role in the successful recovery of an H-Gomb 
l ost in the sea off Pnlomares, Snoin . This operi'!tion is r eported in 
some deti!il . ALVIN then embarked on a ser i es of dives supported by tile 
catarnoran . One series off Bermudet was to inspect the ARTEMIS array. 
Trans it was then made to Tonque-of-the-Oce'ln (TOTO) in the Bahamas . 

I 
There portions of the AUTEC range were inspected, several WHO I science 
d i ves were made, ond a div ing prO~JrafTl carried out for the Naval Oceano
qraphic Office (NAVOCEANO). 

After t01" back tCl l·J oods Hole, two science dives 1'/ere nade and both 
P..LVIN and the catamnran I·Jent into an extensive refit e~nd inspection 
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