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SALVAGING THE UsSeSs S-81

the U.S.04 5~51, 2 submarine of post-war construction, with
8 surface dispi&canunt of 1000 tons snd a submerged displacement
of 1250 tona, was sunk on the night of September 25,1926 about
fifteen miles east of Block Island in & surface eollision with
the merchant steamsr CITY COF ROME. 4 large gash in the port side
of the S5-51, about shirty feet forward of the conning tower,
wes made by the bow of the CITY COF ROME, thisnopening coming into
the battery room, the second main compartment from the bow. Tha
#-51 senk in less then ome minute with the loss of thirty three
of her officers and orew, there being only three surgivors picked
up bx the CITY UF ROHE'S boate.

The wreck was located next morning by an o0il and air slick.
Divers went down snd found the bost in 132 feet of water heeled
over 11° %o port, hesding about 350° true. No signs of iife
inside were apparent then or later, but as a reaﬁwszm@suresfbr
about five days an endeavor was made to 1ift the stern with
derricks. This failed.

Lfter thorough consideration of all offers by commercial
concerns, the Navy Department decided to undertake the work itself, .
Iieutenant Commander E.Ellsberg, Construction Corps, U.S.Navy,

was pleced in charge of the technicsl operctions snd the diving

personnel.
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A study of the wreck lead to the conelusion that the batiery
room and the torpede room forwsrd were damaged by the collision
and by the impsct with the bottom, to such &n extent ss %o meke
‘their buoyaney irretrievable. It was decided %o mske the other
compartments, which were found undenaged, wetertight snd thus
obtain an internel buoyency of about 450 tons, msking ressonable
allowances for bilge water. %0 make up the renainder of the
buoyeney required, together with & safe margin for a reserve,
eight pontoons with 2 net 1lift of 80 tons each, were to be employed.
Twosuch pontoons, once used on the F=4, eleven yesars agﬁ, ware
available at the Norfolk Navy Yard. The New York Navy Yard
immediately commenced construction of the pix additional pontooons
required.

As the initial engineering problem, it was necessary teo
design the pontoomns to withstand the pressures they were t0 work
against. The water pressure at the depth of 132 feet was abdbout
58 pounds per sq.in. It wes reclized that the pontoons night
be exposed to this as an internal burstiang pressure in casg of &
repid rise to the surfece. They were therefore duilt to resist
this pressure, and the two F-4 pontoons were given additional
internal stiffening, as they were originally built for use in
only 45 feet of water. As an additional aategu&rﬁ; all peontoons
were Titted at the bottom with & simple spring loaded relief velvs,
6 inches in dismeter, set to 1ift at an emaﬁ#s pressure of
5 pounds.

The pontoons were steel oylinfers, 32 feet long, 12 feet,

6 inches in diemeter, sheathed with 4 inches of wood to take ex~

.



ternal chafing. Xach pontoon was in itself practicslly & seciion
of & submarine, with internal franes, longltudinel stiffeners and
heavy reinforeed bulkheads at the ends and im the middle, A

12 inch hawse pipe ran vertically through esch half of the pontoon
8 feet from the end, through which the chains which formed the
eradle slings were passed, |

While the pontoons were under construction, the a&lrasu.
expedition salled for Block Islend and active work commenced
about the middle of COctober. The first efforts were to ocut
awey the rigging end radio antennse to avoid fouling the divers.
That aaﬁrintpé. the salvage work began.

The U.5.5. FALCON, s minesweeper fitted with extre air
compressors, & recompression chamber for divers, and some other
special apparatus, was the diving vessel. She first planted seven
anchors in & cirecle about the wreck, each segured to & surface
mooring buoy, to which duoys the FALCON thereafter moored herself
before diving. :

The UsS.8e 5«50, & sister of the S-51, was present for
gone time as & prehearssl vessel on whioh the divers preactimed
before entering the 5-5l.

The prelimincry rehearsals over, the divers entered the
enzine room and procesfed to close all valves inside needed 10
meke this compartment airtight. Some thirty valves weke eloaaa'
on the first dive, but trouble immediantely developed. The
largest valve, the muin engine air induetion, 25 inches in
dianeter, would close only zbout three guarters of the waYe
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After severwl dfves on this vulve, it was conoluded that something
hed wsshed under the valve disk end was lodged there, preventing
the velve from closing. The fight with the 5-51 had begun.

To clear this obstruction, it wes necessary to remove the
superstructure deck over the valve body and 1ift the valve
bonnet. The bomnet weighed 300 pounds, was 39 inches in dianeter,
and was secured by 40 bolts and nuts. It can be imegined what
& tusk this presented %o the divers. The work was immedistely
gtarted however and yroaéeded for five days at the end of which
time the bonnet wus 1lifted snd & piece of one inch steel pipe
about two feet long was found under the velve disk., This was
removed, and the valve then closed ecsily.

The above instance, iz which it took five days to close &
valve which we night confidentdy have expected to close in five
minutes was s;m example of what we found thereafter in the prosecution
of the job.

The divers continued with the work of closing interior
valves and doors and finally succeeded in oclosing all valves in
the motor room aft as well as the door lesdinz to that compart-
ment. Compressed &ir wes put on that compartment to foree the
water out, but the air wes found %o be escuping through & valve
which was known to have been closed. Inquiry of the survivors
showed this valve to have been defective. Nothing remeined but
to reopen the motor room, remove the defective valve and plug
the pipe. More work and more delay.

Mesnehile it was necessery to supb;ant the reguler hatches
to the intect compartments with specisl salvege hatches. The
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regular hatches were designed to seat under an external pressure
only; evern & 1ight internal pressure would blow them opem. In
addition it was necessary to provide apill pipes reaching to
.'tgc bottoms of the compartments to discharge the water,and
&ir connections for blowings These pipes and velves were nade
& part of the new salvage hatches, which were provided with
strongbacks to keep them seanted sgainst & heavy inside pressure.
fhnse hateches were heavy, aban£ 700 pounds each, and the long
splll pipe atteched made Lhem cﬁaherseam to handle but there
was no easisr method. Two hatchea of this type were instulled
during the fall operations, one without pipes over the conning
tower hatch, and one with pipes and valves over the gun sccess
heteh, both leading to thé centrul operating compertment under
the conning tower.

To secure the pontoons to the submarine, it was necessary
to run tunnels under her for the chain cadles,about seventy feet
from the bow and sbout oné hundred and ten feet from the bow,.

In both these locations, the submerine wes buried about seven
feet deep in haprd c¢lay and sand. Tunneling wes started
fmmediately, using & fire hose to cut through the clay bus
progress was slow, was interrupted by storrs, and after each
enforeed departure, we came back t0 find the tumnel filled uwp
agtin during our absence, and we had to stert afresh after each
storm.

Meanwhile the weather was getting steadily worse sad November

was passing away. Storms increassed in frequency and im intensity.
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- The water grew colder snd we ran into & streteh of weather

‘which allowed only one working day out of fifteen consecutive

dnys.

Under these conditions work beczme impossible and operations
were muspended until spring.

During the winter, 2 class for training new divers was
started, experiuﬁnﬁs were undertaken with an underwster cutting
toreh which was developed into & suecessful instrument, and the
necessary equipnent was carefully overhsuled.

Diving operations wers resumed on April 26,1926 with & |
greatly sugmented erew of divers, twenty four nen being available
ineluding Lieutenant Comnander E.Ellsberg,(CC),U.S5.N., who had
also guelified as & deep sea diver during the winter.

The first problem attacked wus the proper method of lowering
the pontoons. A8 this involved handling & bulky and heavy welght
and correctly locating it 13Z feet down, severul rehearsals were
earried out in deep water, but well elear of the submarine., It
wes finally determined that the only safe method wus to flood
the pontoon down until it just submerged, supporting esch end
of 1% on a 12 inch napnils hawser. In its ﬁunah condition it
was held with flood valves and venis open until it hed reached
& negative weight of about eight tons, when the flood valwes
and vents were closed. This nezetive welight was found $o be
the minimum which would ensure longitudinel stability snd prevent
the pontoon from stending on end on its way downs. With the valves
slosed, the pontoon was then lowered, its welght remeaining con-
stant 2ll the way downe. _
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Having made sure that the pontoons could be sefely handled,
the 'F&I-GQ& commenced securing pontoons to the ﬂmm which was
clear of the bottom snd reguired no m&ﬁg. - Two manile reeving
lines were runm under the stern and on these a pair of one inch
wire lines wes heuled ’éhmngh, ‘from port to starbourd., These
Jwlres weee attached to the shuins suspended through the hawsepipes
| of the first pontoon. and were %0 be used to guide the pontoon
down to its position. %he pontoon was flooded as im rehesarsal,
but Jjust as it went awssh & one ineh wire strep holding the after
12 ineh hewser to the pontoon, pulled apart in the splice and
the pontoon tore away and samk, after end first. Fortunestely
the FALCON was holding this poatoon somewhat $0 port and it
lsnded sbout twenty feet away from the submarine's stern.

An emenmination of the splice im the strap showed it had
opened up without any special struin, but to prevent & recurrence,
forged steel links were substituted and no more pomtoons broke
awey in the lowering process.

The first pontoon wes dragged over to the side of the sub-
marine by hauling on the guide wires, after which these wires
were threzded through the hewsepipes of the second pontoon.

The second bontaan was suecessfully lowered to about 90 feet,

held there while & dfver checked its position, snd them carefully
lowered into position slongside the submarine. The chains from
the opposite pontoom were hauled through the hawsepipes im this
process. With the second pontoon on the bottom, the divers with
the underwater torch burned out & stud in iha chain link just
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above the top of the hawsepipe and inserted s 4" x 4™ nickel
steel togzle bar to lock the chain in position &and take the
load. These bars had previocusly been tested to & load of E35
tons over a span of 18 inches which was the distance across
the top of the hawsepipe castings.

Having secured the first pair of pontoons, work was resumed
on the tunnel at frume 46. After two weeks of damgerous and
arduous work, the divers completed this tunnel and two meanils
reeving lines were run through it, followed by two 1 ineh wire
lines.,

A pontoon was lowered with ohnins attached as &t the stern,
in the first instance, but the chains hung up on the box keel
which was one foot lower than the lmll, end refused to pull
through. Some two wesks were spent in on endeavor to haul
these chuins through, but the net results were only broken
hawsers, &8s we successively perted & 6-inch manils line, an 8-inch
manils line, & l-inch wire line, and finally tore the s tern winch
out of its foundeations on the sesgoing tug IUKA which was being
used to heul en the lines. '

After this lest mishep, it was conciuded that the method wes
wrong &and tﬁa pontoon wes blown free of water by compressed air
apd brought to the surface, chains and all. The chains were re-
moved from the pontoon, and lowered separately one chaln at &
time from starboard to port. The digers guided the hauling lines
threugh the tunnel, and by giving enough slack to the chain, it
was &llowed to drag through the tunnel clear of the box keel snd
pa@ded through without diédiculty.
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Having pessed & pair of chains through im this manner, the
one inch wires attached to the cheins om both sides of the sub-
narine were hsuled tsut and the ehainé held up vertically. The
wires were threaded through the pontoon hawsepipes, and the pon-
toons lowered, port pontoom first, om the wiréa as guldes. The
pontoon wes held suspended at s dpeth of 90 feet, when two divers
went down onm i%, checked its position, snd reported sverything
clear. The pontoon wns them slowly lowered with the divers
riding down on it, until the chein showed through the hsﬁ:opipnu,
when it wus again held end while the divers inserted the togele
bars through the chain links. When this was done, the pontoon
with divers aboard was lowered to the botton, where the divers
east loose the 12 inch menile lowering lines, let £0 the one inch
wire lines to the chains, opened flood velves, saw everything else
secured, and ocame wup.

The mate pontoon was lowered in the same manner. The FALCON
becane éo expert in pontoon hundling thst she was able t0 run &
p&ir of chains snd lower snd secure eompletely a pair of pontoons
in sbout seven hours.

1% now becane nesessery to dig & new tunnel under the submarine
amidships. About this time, & muchinist's mete on the FALOON who
had observed the action of the ordinary fire hose nozzle previously
used in tunneling, turned out & new mozzle with bulanced jets
that enabled the divers to use about five times as much water
pressure as formerly. With Weldern's nozzle, the diver could
easily hold & 2-1/2" fire hose under & water pressure of 200 pounds

per square ineh. As & result, the second tunnel wes completed inm
' -9=
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two ﬁa;a, instead of in the long number of weeks spent on the Tirst
OnG. I : 3
The sealing up of the interior and the planting of a1l pontoons
was completed sbout the niddle of June. The next problem wes %o
float up a&ll pontoons slongside the submarine, level them off,
and lash them against sliding when the submerine rose. In this
operation the cranky nature of the pontoons was demonstrated,
beceuse as they became buoyunt, one end or the other woddd always
rise first and the pontoom would flo .t on end and herdly ever
horizontals The end which rose first would Grag the slack chain
through under the submerine from the other side and meke the
levelling off of both pontoons ubove the subrarine impossible.
After & few such experiences, & differant levelling nethod
wes useds 4 one inch wire was ettsched to esch end of the first
pontoon of the peir to be levelled, the wires being tuken through
~ She bitts to the winehes on the FALCON., The pontoon was then
lightened by blowing and during this process, = strein wes kept
on the wires until the wélght was s0 reduced that the winches
could hsul the load. Blowing was then stopped, and the pontoon,
with perbaps twelve to Tifteen tons negative weight was lifted
from the bottom and hoisted uwp until it wes held sbove the
submarine &t the height desired. The oygosite pontoon was then
/ ’blm, ik it floated up, amd as one pmtoun was already in
proper position &nd held there, its mafie wss unable to run away
with sny sleck chain. By blowing elther end of the mate pontoon
&8 necessary it was ennpdllcd to ﬂ.mt horlzontally alongside the
first pontoon.
10~
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The above process worked very well and was regulsrly
employed. However, owing to the heavy weights handled snd the
surging on the lines due $o the FALGON'S rolling im & sesway,
it resulted now and then im breaking the one imch wires or the
pelicen hooks with which they were secursd to the pontoons.

On the night of June 21, 1926, sll work was completed,
the pontoons pertly blawﬁ down, and some compartments partly
emptied, in readiness for the final blowing the next day.

June 22,1926, brought a storm which made any attempt to
reise the 5~-51 that day out of the gquestion. Two of the pontoons
and the engine room hed been refilled the day before to avoid
& premeture rise, and it was declded %o awalt better weather,
However, the storm took charge and rocked the lightemed S-51 om
the bottom emough to bresk the suction grip forwerd snd the bow
roses. Quick work on the FALCON's part hauled her clesr smd
prevaented a disasters

The bow and four forward pontoons ghewegebove water. As
practically the only thing to do, an sttempt was nade $o 1ift
the etern in spite of the storm, and blowing wae commenced on
the after compartments and the after pair of pontocns. It
should be remembered that it was always intended to reise

:f*tha vessel stern first end the lashings &nd pontoon loeabtienc
were selected with that in mind. i

¥hen the stern pontoons were praeticaily blown,but the
after compartments still mostly full of water, the second
ageident of the day happened. The stern pontoons broke the

2-1/2 inch chain cables holding them to the submarine snd floated
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to the surface separstely. It 18 now definitely known thet they
slipped forward bringing their chein cables successively in

contect with the point where the vertical keel starts and thus
bresking the chuins under impeet. This ascident deprived the stern
of its reserve buoysney. 4&As it Turther happened that all spill-
pipes in hatehes were located at the forwerd or high ends of each
compartment, it was impossible Lo force out more them half the
water in each compartment.

Under these circumstences, ruising the stern wes impossibdle,
and nothing remuined but to sink the bow before the storm should
carry sway the bow pontoons. Under conditions which sound nore
like fioction than fuet, several seamen and officers from the
FALOON boarded the pontoons and though mahy times swept off by
heavy seas eand thrown off by the erretic and itremendous
hammering of the pontoons against each other and the submarine,
these men stuck to the Job until the floo¢ velves were opened,
and the bow with the pontoons still attached sank slowly from
view.

The deep gloom which perveded sthe sclvege party after this
agocident oan well be imagined. It is & high tribute to the
spirit of the officers wnd nen of the Nuvy to know that the
next dey all hends cgain turned to with & determination snd &
vigor far in exeess of their previous efforis. The four
damaged pontoons at the bow were found stending on end in a
tangled heap. These were cast loose and brought to the surface
for repeirs. At the Barbor of Refuge, Point Judith, the repair



ship VEISTAL apnd & hundred ton erane from the Navy Yerd heuled
these four and the two stern pontoons out of water, and in seven
days hed them completely repaired and ready for service again.

The pontoons were returned to the wreek, and the FALCON'S
men, working with redoubled energy, lowered and secured completely
three psirs of chains and three pairs of pontoons on three
suceessive days. The Fourth of July was celebrated by working
8ll day asnd nearly all night, and when July Fifth dawned everything
wes agaln preotically ready, and all vessels took their stations
for raising.

A% 12:17:30 pem., Lieutenant Commander E.Ellsberg, {CC),U.S.N.,
turned the sair on the engine room and shortly afterwards on the
stern pair of pontoons. At 2:06 pems, the stern pair of pontoons
thth the stern rose to the surface. Air wes then turned on the
forward group of pontoons, &and at exmetly 5 p.n., the bow rose.

All pontoons were noted to be spaced exuoily es8 intended and the
subnarine's draft was found to be 32 feet s anmticipated. There
wes & list to starboard of sbout 10°.

4% 4 p.n., the tow got underway for New York, 150 miles away,
The CAGAMORE and IUKA were towing in tandem shezd, with the FALCON
towlng 150 feet asterm of the 5-51 and maintaining a stezdy supply
of air through twenty air leads to all pontoons and all dDuoyant
compartments. The speed of the tow wes mt first three Emots, which
the next dsy wuas inereszsed to five knots. The tow proceeded smoothly
and steadily from the open ses into Iong Island Sound and through it
into the Ezst River. Hell Gate was safely passed and the $pw was
within sight of the Nevy Yard when the civilisn East River pilet

.



14~

/[ attempted So take it Yhrguph s A&rrow passege between two reefs
instead 51' sticking to the Geep water channel on the Menhattan
'sidm 4s a consequence, he stranded the 5-51 om Mem-of-iar Roek
&t bigh tide im about 24 feet of water end the impaet of the keel
with ‘the reef carried away the chain cebles of the second pair of
pontoons from forwerd which happened to come where the reef hit
the keel.

The 8-51 was thus left im a hazardous position, with one
quarter 0f her pontoon buoyaneoy sone, hard end fast on & reef,
and in 8 very strong tidewsy. Fortunately for all concerned, the
originsl reserve buoyuney provided ss & margin for towing was
sdequete. Working depperately for the remsinder of the dsy, the
salvege crew resank the four remeining forward pontoons until
they were wholly awash and resecured the toggle bars. In this
manner, the reserve buoyzney of these pontoons wes brought into
Play for lifting purposes, and just overbslansed the effeetive buoy-

_angy of the lost pair of pontoons.

When the evening high tide arrived, sll ponteons were blown
down again, and the bow was lifted several feet higher than it
hed been when it struck. As & result, the S-51 floated olear of
the reef, and was then towed stern first, with & 1ist to starboard
of about 25°, the remainder of the way %o the Yerd. HBere, after
& hard struggle sgeihst the tide, she was turned into the Nevy Yard
basin and the next dey was safely linded in the drydoek snd
straightened up.

Thus ended a salvege job which for the size of vessel raised,
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the exposed loetion whare the work hod %o be done, the depth
of weber worked in, and ths distancs the submsrine had to be

,/ transported, hes no parallel in history. A® su engineering fead,
1t is the pride of the offigers who took past in it, but far above
thet ia their minds stend the quiet, steadfest, and herelo
behevior of the men of the Havy uhé sigked thelr lives in the

Iﬁcptxw gnd on the surfeee of the ses thet the S«51 might rise
sgaine

0f the edegquroy of the sngineering eppliances used, there
never was sny doubt. That the humen element might orack wnder
the struin was the ever present deanger end the feet thet in spite
ef peril and discourngensnt the officers epd men involved slweys
e buek unt fought om antil the job was dome, will slways rersin
the brightest spot in the salwage history of the S=5l.

Ke ELLEBIRG.
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