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eface

s been prepared to asasist operating

personnel of the construction barge HMB-1. Systems and
opersting procedures which are peculiar to this vessel are

. ]
b described, with particular at
mode »f operation. However,

‘tence in th
typical mar

e area

tention given to the submerged
a general lknowledge and compe-

s of geamahship,'marine piping systems, and

ine machinery on the part of the responsible

opersting personnel is assumed.
‘For information regarding the proper operation, repair,
or maintenance of specific jtems of equipment within systems,

refer to manufacturers' instructions.
- PR

All op

erating personnei_éhould be familiar with the

restrictions on operating procedures jmposed by the U.S.

Coast Guard

certificatl

as a condition of design approval and vessel

on. “These restrictions are given in Section Il

of shis manual.
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I HULL SYSTEMS |
Ao G-QD i .o

'fhe HMB-1 is to be designed as a construction barge and
submersible drydock for support of Lockheed Ocean Systems in
Oceamographic Research Qperations. The drydock will support
the development and testing of commercial ocean mining system
hardware and. will assist in the placement, testing, and

‘* pecovery of offshore petroleum systems equipment. The drydock

will be utilized under tow for transport of various oceano-
graphic research equipment, as well as systems hardware to
designated operation sites. Submergence of the drydock &o
depths of 100 to 165 feet will allow for a wider varlety of
research purposes, constructién, maintenance, and repair of
various elements of hardware -associated with Lockheed's
Ocean Programs.

Unusual features of the construction barge (CB) are
the wing -walls on both sides; curtain bulkheads across the’
ends of the wing walls; a roof spanning the tops of the wing
walls thet can be rolled open or closed even when submerged;
a tpavelling bridge crane bétween the wing walls for use at
dockside; remote control during submerged operations from a
surface support barge; and four cylindrical floats above the
wing walls connected at each corner with chain linkages.
These floats are self-erecting during submergence and self-
depressing during surfacing. In addition to providing buoy-
ancy and stability, the floats will improve control after
the main structure submerges.

As sn ocean barge, the carrying capacity at the load
line draft of 13'-11-3/8" is 6,290 long tons. The maximum
carrying capacity for submerged operations with the payload
located on centerline amidships is 2;500 long tons. At
other locations for the payload, there is a redué¢tion in the’
weight that can be 1lifted due to the compensation necessary

to correct for list and/or trim.
) I-1




p.8

(619) 556-4507

Tony Furrh

Mar 14 06 11:47a

o SNOIIVLS FHYHI o
ol St 02 52 ot s€ of sh Oﬂ

| B # d
gy = o g e S g
yoad NIVH —7 __I“r.....r_.l._ﬁLr_l._L._.L.I.._._LlnLr.ﬂ—L.r“.th.l - ;
L '

. TIAFT 10O - mll...._.l..|_.l..| .|._...II.T...‘||1..|4.1 H\ (dEL)
I T Lo beat m" AREIA
_ TIANT] €0 == — 1T — | l_.“sl_....“ Jl_lr..‘ l__...!
o .Hgmc .._.__._n_._._ mv__ [ ] | | [T _..____.._rhﬁ_....
| .\ﬂuﬁ T T { _
ENTHOVLLY h =—=xlzzzzt
© HHEANITAD =
J00d QEXIA . . X001 LEA
T4V ANV QAL NOILISOd QESOTO .
SLY0Td AVOTHANIAXRD, STANYd JO00H .quDH.Hm HOOH "TOYINOD 400d DNIATIIS

INEWZONVEV TVNENED ‘EDHVE NOILOMMISNOD

-~




\..:’

Mar 14 U6 11:48a

Tony Furrh
(619) S556-4507

B. Hull Aprepeement

The principal characteristics of the CB are as follows:

Lengtn, overall - 321~ o"
Breadth, extreme — 106"~ 10"
Height, wing wall above basdline ' 621~ o"
Heighz,'main deck {centerline above baseline) 191~ o"
;_{Widthu jnside wing walla, molded 76~ g"
" Length inside wing walls . ' 276! - o"
Load-ine draft (above votton, .of keel) 131-11-3/8"
Loadline draft aisplacement ° 10,875 L.T.S.W.
Light Vessel dlsplacement, estimated I,585 L.T.5.4.

The Lower "barge’ nll is subdivided by three Yongitudinal
bulknesds extending between the transverse rake bulkheads,

and four additional transverse bulkheads.

The Wdrydock-type wing walls on either side are subdivided
vertically by the 01 and 02 decks, and transversely by 12
bulkheads.

A1l spaces below the 01 level have been, designed as either

free-flooding or Wgofi" spaces. They must be flooded com~

pletely before the CB submerges, as they will not withstand
fulil submergence pressure.

p11 spaces above the Ol jevel are "hard" spaces which have
bveen designed to withstand submergence depth pressure.

C. Ccmgartment Nomenclature

ALl spaces on the CB have been jdentified by a four-part

compartment number, using the conventional U.S. Navy system-
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4 - main deck

01 -
o2 -

Second part
Frame mumb

T Third part,
0 - extend

(613) 556-4507

First part, deck at lower boundary of space
. .2 -~ bottom

er at forward boundary of space.

transverse location
g each side of centerline

1 - girst space Eo starboard
‘ 2 - . port

3 - gecond " " starboard

h . n " port

Fourth part, type of space
S -~ soft ballast tank
B - hard ballast tank

T
\'{
F

trim tank
void.- space
free~flooding space

The following is a brief description of the spaces on board.
and their functions.

/‘o;%
2- 10~ 0-8
2-449- 0-8

2~ 3-1&2-S
2- 9-1&2-5
2-20-1&2-S
2-32-1%2-3
2-}3-1&2-5

2 3-31-S

Eﬁéﬁzﬁs
3 %l -8
9@—5’_1,,3_33&-3

1- 0= O-F

Forward rake
After reke

Pontoon tanlks

Wing tanks

Forecastle

treated as soft pontoon tanks
in 211 operations. Extend
from side to side of vessel,
bottom to main deck.

extend from centerline to
wing bulkhead P/5, and from
bottom to main deck. Bounded
by soft ’structure.

extend from wing bulkhead te
shell P/S, and from bottom to
01 deck through flood open-

.ings in main deck, except in

way of midships access pass=

age, where main deck is tight.

Free~flooding through side
ports and arches in aft
bulkhead. '

p-10
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1-2)-1%2~F Midships access Free-flooding  speces in wing
. “a wall for access to main deck

and up to wet lock B/S.
Extend from main deck to 01
deck between frames 2li-and
58. Between frames 2L and
25, they extend clear to 02
deck, with wetlocks located

& in top, outboard.
01-03-1&2-T = Trim tanks Hard ballast tanks connected
01 -ho-1&2-T . . by a ring main gystem for
‘ - . chenging trim or heel without
_ changing displacement.
01 ~0&-1&2-B Variable These 18 tanks are fitted for
01-09-1&2-B Ballast tanks taking on bellast, and are
01-15-1&2-B further identified in the
01-2D-1&2-B -~ operating instructions as VB
01-25~1&2~B tanks. Since they do not
01-28-1&2-B . ~¢ Tave level jndicators, they
01-32-1&2-B would normally be carried
01 -ho-1&2-B" *  completely full or completely
01-43-1%2-B empty during submergence .
01-12-1&2-B Variable Similar to tanks listed

01 -¥-T&2-B. ‘“Ballast tanks -gbove, except that they are

fitted with benk level, tank
PTES5Ure, arno vaive 0S1tion
indicators. ese are fur-
Ther identified in the operat-
ing instructions as IVB or
instrumented variable ballast
tanis . )

A11 02 level tanks Voids Not Titted with means of
flooding or blowing, except
control spaces.

02-2l~1&2-V Control space Pitted with means of press-
X _ urizing for damage control
purposes. _

D. Decks
It will be helpful bto operating porsonnel to memorize the
heights of decks and other strucbure above the keel, so that

the elevation of the top or bottom of any tank relative to
outside waterline can be determined guickly from draft.

1-5
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Draft may be rea
fluidic system g

d from conventional dreft
duges located in the starboard

and in the remote control statlon.

~ Main deck, at side 18 £t —

o= Main deck, at center 19 It —

— 02 deck . 51 £t o
03 deck N 62 rt
Top of roof, at ends 85 f+

Top of roof, cen

ter sections 90 £5

(619) S556-4507

marks or from

control space

P. 12
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£. Mporing

—____-——-'—'-'—' .

The site selection for submerging the CB will involve, =mong
other things, considerations of the mooring arrangement,
equipment, and anticipated forces thet will act on the CB

When anchoring in 160 to 165 feet of water, the two anchors
shouvd be set down approximately 600 feet apart and 100 feeb
eheed of the buoys marking the site. The anchor chains form.
an angle of 30 degrees b0 the centerline of the CB with Q0
fathoms of chain paid out.

The surface support barge (WwB) will be connected tO the stern
of the CB with a chain. A tugboat or anchors attached to the

the B in position against opposing forces. The site should
be laid out s0° gs to minimize these opposing forces of current,
tide, prevailins winds, and waves. .

The anchoring equipment consists of two 6,000-pound anchors .,
Ba14t ‘snug Stowing" s each connected to 105 fathoms of
1-5Y8-inch, Grade 3» gtud-1ink chain. Estimated holding
powzr of each enchor in the direction of pull of the chain
jg given in the following teble, for use in laying oubt moor~
ing aprangements for perticular sites.

{Chain Angle With Fottom, Degrees

Bottom Condition

__&and set 0 6 12

Mud, 250 £4 drag 115,000 1b 90,000 1b 80,000 1b

Mud, 50 ft dreg 70,000 1b hS,OOO 1b h0,00Q 1b

Sand, 50 £+ drag 90,000 1b 89,000 1b 70,000 1b
P
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F. Dutfit List

1. Towing bridle
1 towplate, alloy steel, Washington Chain & Supply Co.
#2
3 3—inch alloy steel shackles
2-3/L-inch, hlg strength, stud link chain-bridle
legs (approx. 86 fest long)
2 L-inch alloy steel safety shackles
1 2-3/h-inch, high strength, stud link chain surge
chein (approx. 35 feet long)
2. .Anchors
. 2 6,000-pound anchors, Baldt "Snug Stowing"
3. Anchor chain
2 105 fathoms, 1 5/8—1nch. Grade 3 stud link chain
li. Anchor chain stoppers
2 velican-hook tyve chain stoppers
2 nawl-tyne chain stoppers
5. .Anchor windlasses
2 Markey type WAS-3l with air motor drives and manual
contrels, wildcat for 1-5/8-inch stud link anchor
chain and one 2l4-inch.diumeter warping head
Fairlead blocks and shackles
#ooring lines
avigation 1lghts
h 155mm merine signal lanterns, Tideland Signal Corp.
ML-155; with automstic lamp chenger and sun switch.
One light with a red lens, one with a green lens,
and two with white lens.
3 battery packs, esch consisting of two Eveready “Air
Cell" batteries type T-2300 and one type T-1600 in
series. Connectors, cables, stowage boxes, and light
screens. The red and green side lights shall be
lamped with 6.2 volt, 0.h6 amp bulbs, and the white
lights with 6.2 volt, 0.25 amp bulbs.
9. I[Electronic flash beacon

-~ O

1 battery-powered flash beacon, Benthos‘Model 21113-200,

with a 50-foot long tethering line of 1/4-inch
polypropylene
10. Loading bcom and winches g‘T},'
1 3l-foot boom, pad eyes, bloeks, and rigging lines
2 winches, 15 horsepower, one for hoisting and one for
topping, Beebe Model 5000
2 winches, 10 horsepower, for vangs, Beebe Model 2500.
A1l four winches are eir motor driven and revecrsible
“with "dead man” type control levers.
11. TFire fighting equipment

6 15-pound portable carbon dioxide firc extinguishers

Fire hoses and nozzles

11 0-pound portable, dry chemical type fire extlnguisherg

for the control spaces

1-9
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CB Outfit, cont'd

’%%| 12. Travelling roof machinery

13. Surface support eguipment for remote control
3. TElectrical Umbilical Assembly (7043-56)

1 850-foot long section for CB connection

1 100-foot long surface section .

2 cable grivs %one for CB and one for reel)

b. Fluidic Umbilical Assembly (7043-55)

© 1 850-foot long section for CB connection

- 1 100-foot long surface section
c. Electric and Fluidic Reel Assembly (7043-54)
2 peels nearly identical with 6-Toot diameter by
. 13-inch wide drum and 9-foot dismeter tapered

flanges, mounted on a common reel foundation
designed to permit rapid removal and replacement.
of the reels

2 reel drives, geared air motors providing 5.8
horsepower at 61 rpm at 90 psi and brakes that
are spring set, air release band-tyre -

4. Ballast Air Umbilical Assembly {(7043-57)

17 S0-foot sections of L-inch 1D hoses joined by
quick-disconnect-qouplings. Three hose sectionsi
are spares.

e. Vent Air Umbilical Assembly (7043-57) .
' 17 50-foot sections of 2-inch ID hoses joined by
£ quick-disconnect couvplings. Three hose sections
are spares.
¢. Air Hose Wire Rope Cables {7043-57)
17 1l-inch long with eye in each end used to pass
through the towing chsin
3L wire rope tethers, one end attached to male encs
of li-inch and 2-inch diameter air hoses end the
other end attached to pearsnaps with about &6 inches
of wire
3} arm hold-down cables to go arcund the quick-
disconnect coupling arms on the female ends of °
the li-inch ané 2-inch diemeter air hoses
g. Towing Chain Assembly
725-Toot length of one-inch stud link, Grade 3,
galvanized chain used for connecting the surlace
- ship to the CB . :
h. Chain Winch (70L3-50)
- 1 winch capable of storing 600 feet of one-inch
stud 1link chain, manufactured by Markey Machinery
" Model DASC-i6 end driven by a single radial
piszton air motor, EINCO ¥odel 272M33
1. Hose Storage Rack (7043-51) ‘
3 17-foot steel racks for_storing the 17 h-inch
and 17 2-inch, 50-foot lengths of air hoses
j. Chain and Hose Guide (7043-51)
1 56-foot steel rabrication to provide a means of"
joining the umbilical hoses to the towing chain

I-10
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CB Cuitfit, cont'd

k.

O.

Reel and Winch Control Station (70L3-52)

1 steel 'pipe and plate raised platform for the
control console and operator. Control levers and
gauges are provided for each umbilical reel and
the towing chain winch.

A fabric cover is provided.

Remote Control,Station (7043~52)

1 portable house containing the remote control
console, along with furniture, lights, ventila-
tion, and cormunication equipment .

Compressor/Generator Station (7043-51)

1 vortable house for the two constant oressure air
compressors and the two diesel generator sets
along with lights, ventiletion, and fuel system

Remote Electrical System (7043-53) :

Phis is a self-generated electrical power source

for the CB and its surface ship mounted equipment.

> 10K, L60VAC, 3 phase, 60 HZ generators, Lima
Model MAC-R, powered by Lister Model SR-3 eir
cooled diesel engines with 12 volt electric
starting systems #nd other accessories

1 160 VAC electrical distribution panel with three
L60VAG, 3 phase circuits. Also included are
motor controllers and the station lighting trans-
former in this panel. :

4 transformer panel in remote control station

Comstant Pressure Air System (7043-51 & -53)

This system provides 3 SCFH at 100 psig for supply-

ing air to the CB fluidic system.

2 electric motor-driven air compressors, Quincy
Model F-210, of 3 SCFM at 120 psig, with a. 30-
gallon receiver, air cooled aftercooclers, one-
horsepower, LLOVAC, 3 phase, drip-proof electric
motor, and sccessories »

Ballast Air System (7043-50, -53, -57)

Provides 2h00 SCFE of .air at 100 psig and 150°F

maximum temperature for blowing ballast tanks on

the CB.

2 gelf-contained, diesel driven rotary tyve, Atlas
Copco liodel PT-1200, each delivers at least 1200
SCFi1 at 100 psig discharge pressure

1 water cooling heat exchanger, Young Model XF-805-

PRl -4 P -CN -B
1 filter/separator, Dollinger Hodel GP-108-210 is
located downstream of the heat exchanger
Sea Water System (7043-51 & -58)
Provides waber for cooling the ballast air hesat
exchanger. .

1-14
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cont'd

v
-

sea water pump, Pacific Pumping Co. Type L,
1.5-inch BD, Unitype, centrifugal pump with

single suction cast iron casing and bronze impeller.
Pump rating is 50 gpm at 50 feet TDH and 15 feet
maximum suction lift. The electric motor is a
one-horsepower, L60VAC, 3 phase, 60 HZ, drip-
proof motor.

15-foot " length of 2-inch suction hose with inlst
foot valve. :

25-foot length of 1-1/2-inch hose for heat exchanr
ger discharge - '

75-foot length of 1-1/2-inch hose for pump dis-
charge

gate valve and thermometer located at heat exchar-

ger outlet

"

I-7
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;:3 G. Structursl Design Criteria

1. Hydrostatic Loads.

An understanding of the structural characteristics of the CB
js essential in determining the ‘limits of safe operation
during flooding and blowing of tanks. Table I-1 summarizes
the hydrostatic loads, on various structural boundaries,

. which were used for design. The air test pressures used for
strustural proof testing during construction are also shownm.

-It & important to distingiish between external boundaries,
such as the shell, bottom, or main deck, and internal boundaries,
such as bulkheads or 02 deck. During flooding or blowing
opemations, an externsl boundary is subjected to a differ-
entiial between the internal pressure of the tank and the
amoitent pressure outside. Internal boundaries, however, may
be subjected to the full gauge pressure in a tank, if the
adjecent space is at atmospheric pressure (as are the void
spaces, unused hard tanks, or vented soft tanks). In some
cases, the internal boundary strength can impose constraints
on the operating procedure.. ‘During soft tank blowing, for
instance, the strength of bulkheads determines a limiting
draft at which empty tanks may be vented to atmosphere while

A adjecent tanks are still being blowm.

I-13
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TABLE I-1
SUMMARY

External Boundaries

hxternal 0L roso—=

OF DESIGN AND TEST PRESSURES#

(619) 556-4507 20

DESIGH | sEsT=:
- Top of Bottom E
- Tank_ of Tank ! (Air) -
Pontoon and Rake Tanks i2l4.5’ 36.0 § 33-1
+  Wing Tanks . 36.5 62.0 | hh.8
Fard Tanks 11L4:0 111.0 % 121.0

.1
-1

Intarnal'Boupdaries

(NOTE:
throughout height.

Te
as given above.) :

Boundaries Between:

Adjacent Pontoon Tenks
Pontoon and Wing Tanlks
Ad jacent Wing Tanks
Adjacent Hard Tenks

# All pressures are expre
R Ref: NASSCO Dwg 360-126-01.

I-1h

ssed as head of seawater,

A11 bulkheads designed for uniform head

st pressures are

Design Pressure
2.0
47.0
67.5
177.0

»

in fees.
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" ' 7 MECHANICAL AND ELECTRICAL SYSTEMS

Reference

10

1

12

fﬁa

A" LIST OF TECHNICAL MANUALS

L'}

Equipment
Fluidic system
Ballast air compressors
Conslant pressure uirycompressors |
Diesel generator sels
Sea water pump '
Hydraulic pump, electric motor driven
Hydraulic pump, air driven
Chain winch
Umbitical reels
Vang winches

Hoist and topping winches

Anchor windlass

(619)

S556-4507
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3. OPERATIONAL DIAGRAMS - AN INTRODUCTION

P _ ;
The operational diagrams illustrate mojor features of the CB and surface ship
system. Each diagram illustrates a sub-system as simply os possible.  Only
the features necessary for a broad understanding of the oparation are included.
For system details, the reader should refer to the contract plans and working

drawings.
. "

Each operational diegram is accompanied by a text, which briefly describes
the system ond lists @ step by step operafional outline. The operational

. outline assumes that initially all machinery is shut down and all valves are
clesed, wnless stated otherwise.

Instructions relating to diving procedures and diver safety are not covered
in this menual.

.2
Ly

Gauges:are defined by their number on the gouge list, NASSCO Drawing
No. 362-200-06. :

M D
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S GEMERAL SYMBOLS
N.O. Normmally Open
"  N.C.  Normally Closed

Float check, closes when
filled with water

Butterfly Valve, manually operated

D\lj
p—ﬁ&g Butterfly Valve, remotely operated
H<X

Globe valve

Needle Valve

Pressure Control Valve

Gate Valve

Swing Check Valve

2EHe

._.1\2}.;

==t Stop Check Valve

Lift Check Valve

2 Way Ball Valve

3 Way Ball Valve

, Y

Pressure Gauge

5 &

P Pressure Switch

Strainer, 100 Mesh Basket

[
B o

Filter, 24 Micron Element

®

% Filter/Moisture Separator )

é‘ " Float Check Yalve
q:l Thermometer

PNEUMATIC SYMBCLS

Pilot 4 woy valve pilot operated, doshed
%ﬁﬁ fines = no springs. Flow shown for

feft side of pilot pressurized.

2 _L}Energ.

o NN e

4 Way Valve, solenoid
operated, no springs flow

-

{4 shown for right solenoid

Al energized.

$ T 9 4Way Valve, solenoid actuated
soL \\«l“\vl’ (Dashed lines) Spring return{Fully

drawn lines).
Quick Release Valve, passes oir in one
direction, exhousts other direction

,—5—2 Pressure Regulator, Manuo!
Pilot
'"»éjﬂ"*
HYDRAULIC SYMBOLS

==t Shut-Off Valve

r /"V‘I:/ Pressure Regu[uﬁng Valve

Relay Valve, output preportional
to pilof signal

L Pressure Relief Valve
L

*“{.}"i ‘Bafl Check Valve

~ead 4 Way Valve, Solenoid
F{ALY ’
/\'\ * 1:3 opcrated w/ detents

>gf 4 Way Valve, solenoid cparaied,
Al spring retumn

. H-2A
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T ’ FIGURE 1 ' .

BALLAST AIR SUPRLY AND SREAKOUT SYSTEM

1. DESCRIPTION
11 provided by wo 100 prig, 1200 scfm oir compresian for the
Jollowing utes: . .
Tonk blow « Prenwrizing sanks and stabilizing cylinden in order
1o expel bollast witer.
Trim tonk trorsfer = Prassuriziag one trim fonk in order to trans=
fer water to an adjacent, wonted fonie '
Breskout = Disteibute oir batween the vestel shell ond the 1ea
floor in arder to break 3urface odhereice.
Prarsurizing the wat fock in ordet lo equol imide and oulside

prevsures. e

_ ~Nomal and emergency air supply to contrel spaces.
Powet for the following aic mators on the CB:
Ona hydravlic pump
Two anchor windlasses
Variovs boom winchos. .
Power for the fohowing air motors on the surfoce ship:

Two wrbilicol reels
" Choln winek.

2. SPECIAL FEATURSS

a) The flow conteal wolve, J, isdesigned to supply o comtent

oir quontilty ot any spuce pretsure beiween atmozphedic and 60 psig.
1) The float valve *X* s ¢ salety feoture. It will poss air, but
will close it Filled with water, and thercfore pruvent flocding of
the space in case of & brack in the bollost supply main e¢ vmbilicol.

¢) The two filtee/miisture separotors (/M) and the strainer (5)
should be dis~enembled ond cleansd after oppeoximalely every 200
howrs of opatation, 10ne spore filter should be kept on hond fer the
anface ship, Dollinger model, filter seporolor. B

/ﬁ!\

3. STARY UP
#) Open éroin valve “D* ord legve it open for cbout 5 minutes ta
aHow ony eccumutoted water to dein.
CAUTION
Do not forgat to shyt volve securely, leaving this
volve open may tesvlt in overprenure in tank,

) Drain the moishste separator. When unils are empty close drain
valves. - s

. «) Actuste the S.W. cooling system, see Figuee 11 and Ref. 4.

d) Stort ene oir compressor, See Ref. }. Check that compresior
gouge shows appremimately 100 pii.

a) Open valves "A®, “C%, ond “E* and vulves "F* in both stor-
boord and port control space. The system is row prenurized and
govges GA-S, “BALL ALR SUP” and GA-7, =BALl AR STR DISCH*
should recd about 100 prig. .

£} Stort second © if required

A

4 OPEPATION _

@) For cperotion of swb-systerns referanced on the diagram, set the
epprepriata sestions.

1) To actuate the 50 scfm spoce supply, open valves *G® ond “B".

If the oir supply Is too cold, the temperalure may be increosed by
partially opening valve *B" and, if required, throttling valve “A".

. €} Toochate the bragkout systera, mave the "Volve Directional

Central” switch, S=1 to "Open™ and the Breokout Valve Contrel
Switch®, $-2 10 “On®, holding it for about 3 seconds. Toe solenoid
volve shifts, directing pressne fo the buhterfly valve actuator, The
butteddly valve cpem ond air it supplied 1o the breakout system. o
shot off tha cic flow, position switch $~1 to "Close” and mwitch 3-2
g “On™, Note that the solenoid valve will remain in it pasition
wntil @ new tignol is applied, therefore the butterfly volve 7 kept
either openor cloed by © positive air pressure.

. FIGURE 2

. CONSTANT PRESSURE ATR SUPPLY

). DESCRIPTION

Alr is provided by we 100 psige 3 sefm oir comprenors. The com=
pressors ard controlied by pressure switches, which will oyremat=

* jcally cycle the units on o off. Narmally only the unit with its

prassure swilch set o stort ot 105 gui and stop ot 120 psi will
oputate. If the syltem pressure should drop to 95 psi due to
abnorrmatly high oir demand, the other unit will stack.

The constant prasswre air ks conveyed through o 5/8° O.D. tube
which is part of the multi-tuba fluidic vmbilical cable.
Conrant pressure air i vigd for the following:
Supply to thel fluidic sensing system,
Prcumatic value octuation in both CB control spaces.
Overp |protecrion volve system aetuotion.
Diract space supply of emcrgancy tife support aiv.
Acluation oftihe sface ship winch and real control sprem.

2. SPECIAL FEATURES .

o} The {icat chelk valves "K” will ollow oir to pass, bot will
clote ogaimt water flow. If the umbilicot or piping ovtside of the
spoce bitaks, the volve in the domaged line will prevent flocding.
b) The Tilter/maltiure sepatotar (F/M) and the Fint filtes (F) inside
of the cantrel space should be dis -assembled ond cleoned after
apprewimotely every 200 hous of opevotion. Owne spare filter
element shauld tae kept en hand for surfoce ship, Dollinger model,
Riter scparator. The fitter in the Auidic system branch e des~
eribed in Ref. |

3. START UP
o) Open droin volve “D* ond leave it open for about 5 minules
10 ellcw ony sccumulated woter jo droin,
CAUTION

Do no! forgot to shut valve secwaly. Leaving this

valve mpen moy retult in overpressure in tonk.
b) Open droinvalves “# yutit ofl water hot escnped from com=
pressor air tonls and from the fiften, Clow vobva.
<) Start comprensors, see Ref. 3. Woit untif compresson stop ol
120 prig tank pessure.

n-3

AND OVERPRESSURE PROTECTION SYSTEM

d) "Open valves A%, npgw, “C", "E" port ond storboard ard "M".
The constant pressure air tyttem is now operatfonal in both control
spaces.

4. OPERATION

a) For specation of sub=iyitems refarancad on the diogrom, see the
oppropriols sections.
b) If emergeney oir supply is requirad In mither contiol space due
to Failure of The fallost oir supply system, open volve SR
CAUTION
Opening the direct space supply vcive "G~ completaly
will drep the system prastura ta @ level wiete the
flyidic system ond the p tie controls b
Inopecotiva. .
5. OVERPRESSURE FROTECTION YALVES
. The purpose of the overp « protection valve systom ls to Hndt
the moximum pressure which may be supplied to ony ballost or trim
tonk to o sofe level. There Limits are defined on the following
pressures, obove ombient wotet {evel, ot the top of the tonks
Pantoon tanks: 20 Fee?
Wing tanks 1 X2 Feet
Hord tanks : 40fcet

A fluidic trarsducer is locoted ot the level of eoch tank top« Eoch -

ssansduccr rommits a signal equat to the pressute of the amtient
wotes 1o pilo? volve "H", Valve “M" tronsmils The same pressure;
plus 1he ollowable tank overproisuTe to the top of tho diophmgm of

valve *J%, terding to opén the volve. The oir pressure from valve -

=3* is appliad 1o its bottom of the diaphrogm, tending to cluse the
volve. Therefaie, the volve discharge preawwre will be Kimiicd to
the sum of five watet previuee plus allewoble overpretiure otcach -

tonk top, since if the dischorge pressuie excreds this value, Tt will,

close the volive.

GA-Y shows the pilot pressure to the volve in psi, and
govge GA-11 shows the wic supply prassurc selative to amblicnt

woter pressure In foet of woter. For the hard tank prolection system,

theie two gouges ore duplicatad on the snface conteed comole.

-

p.24
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Figrr= 7
777 SY.SifEMm )
ok Descsumon d} Relief volver protect the Svarps They
ic pressure is wied 10 octuate all remare epented sea volves. should be :hchd and odjnn ed pmod' enlly.
The syatem i pressurized by ane electric mator driven pump, see Ref. & a5 ! tysterm e detented hydmolic spool valves of shown -
and gae oir motos driven pump, mhf. 7. The pumps have the following on fig. 7. 70 wwre thot the spool will not be moved off the
capucities ond cperali detent by hydwulic shock, o check valve i inualled in the retum
Electsic deiven: 4.6 gpo ot 1500 pal. Pressure switch actuated to valve from each speol. in addition, the sheck eifect af the inerin
i slart ot 1600 s ond stop ot 1800 pai. in the fong retum line From the port control space it reduced by an
- Alr drivent 250 cu. in. per minute ot 1000 psi discharge occomdoror precharged to 15 pig.
+ pressure. Copocily d with & ing ) If the hydraulic pressure drops below 1000 psi in the starboord —_—
oiicharge pressure. Stall presuce is 1730 pai. control spoce, or 700 mai in the port spoce, an audible and visual -
The ofr driven pump will mcintcin a pressure of sbout 1700 gi on the olorm will be actuated in the control spoce ond on the W3,
aystem. When oil denond is wificient to drop the pretsure 2o 1600 p'. 3, START P
tha alectric pump starks and brings the pressure up to 1800 pei. The air ) Open valves “P%, Fig. 1 ond A", “8%, -nd "C. Moke sure.
pump stops, but will start vp again slewly ot abour 1700 pai, Two 550 cv. that atmetpheric rchrm tank vent wlu s open, sce Fig. 5.
in. aceumuloton redure cycling ond provide reserve ofl eapacity. Supply ballest alt 1o the olc driven pump and storr the elecirically
OFf pressure is reduced to 1000 pii for the waive actuating system shown dtiven pump.  Wait until both pumps hove 1topped. GA =S will
on Figs, 6,7,8und 9, lhcp-pfng distribytion system li shown on Figs. show about 2000 psi and GA-3, sthd should show about 1000 psi.
21, 22and 23. i b) Cpen volves "D storboaed and “E° pars, GA-J, port, shouldt -
z . {SPECIAL FeATUTSS : show abot 1000 pst.
The hydraulic fuid is Shell “Irys™ Huld 905. This fs an off end water €) System is operational and wilf centinwe 1o operate autanstically
omhnen eipecially designed to reduu fite hazard. as long o5 ballest oir and efectric power i °'°'H-‘"-
b} Synem cleonlineus s of Cleon filten ond strainen A sHUT DOWN .
frequently, particulorly during the ﬁm cod of aperatt .
¢) Aiir blaed plugs hava been prmmhd in oll hl"\ poink in the Syztam. a) Closs off valves, shut off electric driven pump m\d air supply
Crack the plugs occesionally o bleed any accumulated air. to air driven pump.
FIGURE 4
. WET LOCK SYSTEM
1. DESCRIPTION Close valve "A
The purposs of the wet fock system is lo encble divers o enter and leave 5. Open valve "H' slawly, when air low stop cpen valve "D, . .
the control spuces. The pduury ideration of the design is to insure the 8. Opan control room hatch, ond leave spen.
salaty of the divers, the y consideration is ta pe t flonding of b) Leoving Almasshetic Control Rocm
the control spoce. Nuetmal entrance and exit to the wet lock when the C3 t. tnter wet lock, close and dog contral coom hoteh, undog
it 1ubmerged is through the ovtboord door, which opers directly to the sea. wel Jock deor.
The inboard door opent to the oecess bunk ord Suedwhen the C3 s Ry 2. Close volves “D" gnd "H*, .
surfaced. : 3. Equalize wet lock pressure with sea pressure through valve
2. SPECIAL FEATURES “A®, During presswrization, feel wet lock door with arm er
0) Gauges in the wetllock sthow the wet lack praniure relative to tha * foot to detect when equulitotion cccunm.
onblent woter, GA<1%, and relalive lo the control spece, GA-18. Gavges CAUTION
in the control space show the space pressure relotive fo wet lock pressurs, The gir pressure 70 valve "A~ is 100 psf.  Open volve care-
GA=1, ond relative t¢ surfoce otmasphere, GA-2. fully wlnle mmroring gauge GA-1? i order to prevent
Valve "AY is ecrached cpen, 30 that o small amount of air 75 drscl-mgud in wee fock,
“%eﬂ Kimes. The air will exhoust to the seo theough valve %87 hen-ng 4, - Ploce walve-TA® ot morked povition-and open wet lock dear. |,
& wet lock and the cmbient water prasture very nearly equal or all rimes. 5. Leove wet logl, closeond dog door :
+he woter fevel in thewer lock will be at the fevel of the inlel to valve 6. Ascend to surk el \pressi R
"8, 19° below the 02 Jeval. This offers added protection agairst floading <) Entaring Hyperbaric Control Roam
of the conteal spoce. b, Open volre "C* 1o insure lock pressure equalized with
¢} VWhen the control sooce s under hyperbaric pressure, the normal aie 1ea peassurs.
wpply to the spoce is exbausted through volves "F* and "B*. A slight 2. Open door to wat lock, anter, clcze and dog daor.
presture gmdienl will exist aleng the coatee] space to the wet lock to the 3. Check pressuré differanticl, if any, between control
sea Hew path. . room and wet lock by checking gauge GA=18.
d} The wat lock nuat oe floeded before submerging, This is iy done 4. Open wlve “H* slowly to give desired decompression rate.
by leaving wet lock deor apen until 02 level is submerged, then dives goes When pressures eppeor equolized, open valve "D”,
over the side ond closes door, towt 5. Open control room hatch and enter. :
P t wel .4 . B
;) \g;;;;l"i&wﬁe! to allow diver to vent wel tack oir spoce stow y &) Leaving Hyparbaric Control Soom
a} Entering Atmoiphesdic Conteol Room 1. £ater wer lock, close ond dog centrol room hosch.
1. Open volva “Z* to insure wet lock pressure is equalized with 2. Close volves "D* and "H“. Open volve “E*, undog and
sea peassure. open wat lock hatch. ’
2. Cpen daor tawet lock, enter, elose ond dog kateh, 3. Clese volve "E". .
3. Check gouge "GA-18" 1o inturs contro! room peessure 4, Check valve "A”™ opan te motlicd paition.
is etmapheric. 5. Leave wat! lock, close ond dog doot, escend 1o sucface
4. Undag contzal room Mrch. Chack volve “E" closed. taking y decamp, .
. FIGURE 5 - :
. CWTIEOL SPACE PRESSURIZING, VENTING AND ATMOSPHERIC REFERENCE SYSTEM
1. DESCRIPTION 3. OPERATION
" The control space premurizing syttem allows ropid pressurization of o) Tha narmal made of opemation it with tho Control space
the control space. Whenaztuated, using sthe full flow of both balleyr atmespheric. [t shauld only be premm-d in emergencies, such
ai’f conpe the ,_‘ will i li:o spaca pressuee by ane o3 13 prevent flaoding. Theref int, volves
bely every 1.7 mimutes. The sy may be “A" and "B* must be open and valve ’C” :lmed.
egiwm! locn Ny of from the WB. The space vcmlng system exhowsts b) To pressurize the contral space slowly, pasition switch $-I te
the normal aie supply to the control space, kecping the spoce otems~ *Close” locally or on the W8, hold for about 3 scconds. The
_pherie. Clostng eitie the manval or the temote opsrated valve to solenoid operated pneumatic spool valve shils and valvt 'A‘ closes.
* the tonk will couse the space to go hyperbarie if the CB is submarged. Spoce prassure will increase by one otmonpt
The remote oparated volve moy be opersted from the control space every 80 minutes. The same resule is oceompluhed by mm"y
console or Erem the W3, cloting valve "B™,
e tmesph f tem exbausts miscelh instryment €} Topressurize the sace avickly, potitien switch $<2 to opon ond
Teiduy and The dtlc‘vng; ftom llu. air driven hydravlic pump. The hold for 3 seconds. . The spool volve shifts end valve "C™ opens.,
-ﬁk absoids suigzs in wir pressure due lo starting and stepping of CAUTION
—

2. SFECl-\L FEATURE}

If the control space is presurized, most of the elechical circuin
serving the CB ate automaticafly cut~out or described in Fig, 13
ond Damage Control fiam 10.

Cn-s

1When pressmizing o contral space raoidly, space over«
* presture may result unless the spoce pressure Ts monitored

eludy and the air supply &1 shut off when the space

‘pressure reoches or slightly exceeds ombient water

- preswe.
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. FIGURE 6 :
- SOFT TANK FLOODING AND BLOWING e

1. DESCRIPTION

When flooding soft tanks (wing, pontogn or rake), water anters the
tonk theough the wee chat, @ hydraulically eperoted seo valve and 0

“length of pipe. The air in the tank T expelizd thiough o veat pipe

10 eliber the stesboed of port control space, tivbugh a 3 way ball volve
ond ovetboord theough @ check valve and bulterfly volve.

Whan blowing anl, oit is wpptied from the bollost olr system, Fig.

1, theoingh the averpressure protection velves, Fig. 2, ond through o
Blow munilold to te tenls. Water s expalled theough the 320 volve.
The piping distribution system is shown on Figures 15 ond 16.

2. SPECIAL FEATURES

@) The ven? pipe terminals in the p tanks ore kept a3 clase to
the over head os panible fo prevent tropped aér bubbles when Fldoding
fonks. .

"b) A float check valve, “A%, is located in the lowest point in cach

pontoon tank vent dline.  The volve will open ond drain woter from the
pipe whan the tank is being blawn, but wilt clese during flooding when
the watar leval resches the lovel of the boll float. This frauees that

the tonk will Gl olmost complutely, providing the flcat voltve does not
lagk: These valvas must be chacked regulacly 10 insure that they will
scat tightly. Aftes the vent pipe hos been filled with water, noodd-
Ttional venting can occur unfess the water level is first lowered 1o below
the oot check, & feat bulow the main deek. ’

) Should the Hodt check valve foil to clase, tropped oir may be

vented from @ pontoon tank theaugh o fluth pipe plug located dicectly
over eveh vent Jine teminal.

d) Should a sea volve become inoperative, the water in the tonk may
ba expelied 10 cnwodjocent tank thiough on emcrgency blow valve
operoble from theimain deck.

These v?'vu ore shown on Figure 20. e

3. OPERATION, FLOODING
a) Air, hydraulis, preumatic, fluidie ond elecirical systems wyust
be operational. .
$} Open volve "8, port ond starboord, and ofl valves “C".
c) Position velve "D to “Vent",
d) Prossurize blow maalfeld, Fig. 1, and perform operation 4Ka),
{b) and (c). -
4) Poiltion volve "E” 1o "open®. Hydsoulic ofl will shift the:giston
eperoted sctuator ond apen valve "F*, beginning flocding.
) Flooding is completa when the sound of gir rushing througheths
went pipes cease, ond/oc when the CB daaft stops focreasing. When
flocding is complete, position seo and vent valves o5 specified in
Section V-3,
CAUTION

Yo prevent tank overpressure dus fo leaks or misoperatiom

feave either valve *D" in the vant position or volve “F*

open whencver possible, with valves “B% and “C* apen.

4. OPERATION, BLOWING

o) Chack thot the overpresture protection valves are operating
propecly, see Fig. 2.
b) Open all valves *C",
c) Position valve “E” to cpen. Hydrulic oil will thift the piston
operated ochulor ond open valve “F".
d) Position volve "D to "blow™. Compressed oir will enter the
tonk and Force the weler out through the seo valve.
€} Completion of blowlng will be indicated by a sudden presuce
drop in the bollost air 1upply main ond by emergence of air bubbles
outboard of the vessel in way of ok belng blown.
1} After blowing is complete, clase the seo valve *F™ ond
immediotely porition valve *D* to "vent.”
CAUTION

Alwoys open the seo valve "F* before opening the blow

valve "D" in order 1o Insure that fonk overprersure will

nol occur.

FIGURE 7
“VARIASEE TANK FLODDING AND SLOWING

1. OESCRIPTION

Fiooding and blowing of variable fanks may be controlled from either
the starboard cortrol space or from the ¥/B. The opermtional steps ore
jdenticol in either cote.

When Flooding, woter entess into o recess in the inboard wing wall,
through o hydwulically opemited sea vaive, a pipe ond Io the fonk.
The olr In the tank §a expelled through o vent pipe and a pneumatic=
olly operated butledly volve 1o a vent monifeld and overboord
thiough o checkmalve and o buttesfly valve.

When blowing tonks, oir it supplied from the ballost air spptem, Fig.
1, Heovgh the averptesture protection valve, Fig. 2 ond to the jank.
Water is expelied through the sea volve.

The piping distrdbution system s shown on Figure 17, The entire
electrical/prevmatic/hydraulic control ond indicotion system is
shown on Drowing Ne, 204321,

2. SPECIAL FEATURES

a) A remavoble boffle plate Is located in front of the sco valve in
ordar To deflect the waler when blowing tanks, .

b} Each tank has & drainwell tocoted Tn T lowest point.  The well
i covered by 01172 mesh galvonized screen.  The well must ba
kept clean ond the scicen should be Tnspected reguloly ond reploced
if it has become domoged.

) Special lndicaring instrymentation bes hean provided for four
variable fonks. They ore: O1-12-18, 01-12.28, 01-35-18 and
01-36-25. The iniention is that these valves will be used duriog

the fino! desceal or initiol oscent operoti The i tation
comittt oft

An interlosk which prevents opening the blow volve untess the
vant valve is cloted ond prevents opentng the vent valve unlfess
the blow wolve is closed.

tomps on Ihe stadboard centrol space hard tank eansole ond en
the sutface ship central ¢ le, indicoting whather vent, Llow
ond sco vhlves are open or closed.
Gouges on the sturboord control spoce haed tonk console and on
the sufoce ship eontrol comole, indicating tank water fevel
and internel tonk pressure In of external pre near the
fank top.

N7

3. CPEPATION, FLOQDING

a) Als, hydroulic, preumotic, fluidic and alectrical tystemmmust
Yre operctional.

8) The electrical conteol location selection switch shall Tnitially
ke positioned to “Local”. Sce Fig. 13.

c) Opén valve "A" port aml storboord, ond ol! valves “B°,

d) Pesition volve dicectional contral switeh, S5=1to “Open™

«) Position the veat volve operting switch, $-2 to "On", hiold
for 3seconds, The solenoid cperated p tie volve "C" sailts
and directs cir 1o the butterfly volve “D" oparator, which ogens
the volve. .

) Potition the {ea valve operaticg switgh, 53 to *On", hold for
2snconds. The solencid cperoled hydrautic volve “E® shifts and
directs oil to the butterfly valve "F* operator, opaning the wive
ond (looding begins.

g} Flooding is conplete when the sound of olf rushing through the
yent pipes cease, and/or the CB dmfit stope fncreating, For the 4
fratrumented tonks, the woler level govges will indieote whea the
tonk Is full. Whan flooding is complele, position valvas Dond F os
dicected in Section iV-8,

CAUTION

To prevent tonk overprasiure due to feaks or miscperation,
loove either valve "D or "F* opan wheneve: possible,

4, OPERATION, BLOWING
o} Check thot the overprenure protecion valves “H” ere ofetating
propetly, sce Fig. 2. .
b) Check 1ot the veat volve is closed.
¢} Position witch 51 to "Cpan®. B
d) Positicn switches S-3and 5 4t AOn* in thit ordet. Sen volve
F* and blow valve "G* will cpen. Ballast air flows through valves
"H*, "G~ gnd “B" to the fank, dispelling woter thwough valve “F7.
¢} Completion of blowing is indicoted by o sudden presure drop in
the bollost ofr weply @ain and by emergence of oir bubbles olong-
the irzide of the wing wall in woy of tank baing dlown, for
Iraleumanted tanks, the water Tevel indicator will show when the
fonk is empty. : : :
£} Aficr blowing is complete, position 5= to “Clote® and 24 to
=On", <losing valve “G".
CAUTION
Leove 3ea valve “F* open whenaver ponsible in grduc fe
provent ovempresiurizotion of tonk due 1o olr fraks or
misoperation.

p.28
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- - FIGURE 10 ' -

) W8 REEL AND WINCH POWER AND

Y. DESCRIPTION
Eilical haodling equipeent conish of the ideatical electrical
4 fluidie wmbilical coble reels, and the chatn winch. Eoch umit ia
powered by 0 ceveruble uir moter ond i1 equipped witha Mﬁmlly
. MNotors and biakes are contiolled froma single common
comale with ons lever contralling soch unit. Brokes are sat outo~
matically in the lever Mtop™ pesition. Gouges ditpluy air pressure to

od brake. .
o e works o fillowss A for powaring the motors Ty svpplied

feom the ballast alt pystem. The alic potses Theough ona ohe

ene asters Teloy volve “A® and 1o the ohead ond astem posht on the
motors. Eoch reloy walve is actuoted by @

the volve Is propertional to the control

conirols the chaln winch motot exhavst by opening one lve ‘G:.cnd

. closing the othes. olves "C* exbouts the reel motors. The
slgnal determined by the ccntrol levet angle. The levers also
octvate the brakes. The calease point of the Brokes is el by regulater
0% The feguh!onoppl'za a pre-dcmmed. fined, previure 1o one
sidy of the pilot of walve g, When the control signol exceads Wt
proaure, valve "Etishith and the broke §a seleared. The pilgt should
be adjwted to give amooth operation without tlippage when the

- broke relectes.

2. SPECIAL FEATURES

Tive ree! brokes are ¥oil wly, thoy will engoge automolically through

speiogt if air supplyiis interropted. The chain winch brake b dovble

octing ond will ot engoge on oir svpply failure. This brake &s
bocked up by o manual segagoment feature ond © mechanieal choin
it fail, on alamm will sound
before the presure drops to 0 fevel which will conse the broke to

CAUTION

1 the low comstant presiwre oir alarm sounds, immediately
angage brokes on il three units, thea gquickly sat the ma

brake on the chain winch.
3. OPERATION

Keep the control lever steaight vp when 0o real or winch mationtis
desired. Al gauges reod zero except choin winch "Hrake an”

which rends 100 psi. To cwe! in or aut move the lever o3
indicated by arrows on contro! head. When brokes disengage,
wheaka of ™ gouges gou 10 100 psi readingy, "hrake on® gouge
goes fo Tet0.

cauTION

= Uphilicol 1eels must not be oparated when susface
sections of the wmbilicals are ottached to rechs. To
prevent reel operation slase valves “F".

FIGURE I
SEA WATER COOLING SYSTEM
1. DESCRIPTION designed 1o seduc the ballast oir tempesature from 250°F to. 1 10°F
The sea water system cools she boltast gir throvgh o waler 1o oir ;"hg:“‘;;&” watet. .,

heot exchonger. Water i supplied theough @ hate
with o Feol valve tn the free eod, 1t panes through the pump, the
%eat exchanger arid bock overboard.

The pump copecire bs 50 ypm ot 50 feat TOH. The heol exchanger i

7

Connect overboard hoses. Close hect enchanger discharge valve
aA", Bomeve plug ot priming cennection and Bl yitem
completaly with watet, reploce plug. Stort pump and whea
dischorge govge shows pressure, open vaive “A".

) -FIGURE-12
€8 WINCHES, PONER AND CONTROLS

1. DESCRIPTICH "

winch, The two onchor windlosses ore locoted on the focsle deck
forward, Eoch it is powered by on air pewared moter supplied from
the ballost oir apstem.

These wits willlbo wwhmerged with the CB. 11 is exiremely important
fhat waler doesmot penetrale Into the moters duing submecgense,
therefote all pasible points of leckags, such ot ohaft seals, must be
kept in finst closs condition and serviced ocsording to Hha manu=

rs fec

2. SPECIAL FEATURES

The forword ord the oft set of uir motors ate coch supplied through
o fiftar. Since the ballos! gir 13 olregdy thorsughly filizred, these
will rarely need cleaning, but should bu inspected occasionally.

(IR ]

3. OPERATION
Before operating any air motor, open volves "B".

The anchor windlasses are cperated by the 4 woy ball valve *A%,
whith diverts atr 16 either the aheod 6¢ the oitem port in the ’
windlass motor. Valve ~C" must ba open if the windloss s Heing

All hooen winches ace controlled thiough lever, sp~. The hoith
ond topping wi h brokes are sel autamatically when the leyer s
In the neotral position.

CAUTION

Bofore diving, ol valves "8* must be cloted. Foilure
to do so will cause equipment damagé.

p.30
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. [
1. DESCRIPTION .
Electrical power may be wwpplied from the remole electrical system on

the surface ship via the dlccirical umbilical, or from shore powar vida

« power tion in the rarboord centrol space.

(-

shor
~The remote slagiricol 1yttem it thown in detuil on Drowing No. 7043-53,°
ﬁ [ i as fallows:

Eithet of two 460V, 30, 10KW salf-regulated diesel generator
i way bo vied o gena.ate the electricol power.

A 450V Disteibution Ponel provides clrguit selection and protection .

taelacbkad

for the 460V circuin. This paoal contui icolty i
clecwit beeak Toruelocti ge

A 4407120V kamiormer panel provides both 250V-39 power and
120V-19 control power to the remote control corsole.

The clegtrical ymbllical transmits the electricat powar ond control

sigrals from Ihe remote control comole 1o the gontrol
spacs on the CB. .
The electeical umbitical is shown in detoil on Orowing No. 7043-56,
ond Conteine the tall g types of conducto -
FUNCTION SIZE, AWG GUANTITY
Bov/30 o I powes 'y 3
120V/1£3 coates! power 12 3{t spare) | -
Valve contol, indicator FI73 wi
lompt, olarms, colf bell
ound powered telephone T1& - Shiglded 2 pains

" The CB Power ard liglm? system i shown i datail on Drowing Mo,
7043-25, end cribed a3 follows:
A 440V/3D power ponel ln the storboord coatrol space provides
cireult selagtion and prutection for the 440V power chuits in the
CB. This ponal wlio bas wachonically interlocked switches for
selection of either umbilicol power or shore powar.
A40/120V tronsformen in both port ond storboard control apace
provide conveniun o 120V, 3 pover.
320V lighting paneh in both port ond sterboord contgl spoce
provide 120V, 1Pcircuit selection and protection. )
The Valve Control ged ndication Circuit i showo in delail on
Deowing No. 7043-21, shaels 1-J. T circuit contaire o Control
Power Local-Remote Switch located on the Hord Tank Console to
provide selection as Tollowss .
LOCAL position ~ permits control of preumatic ond hydroulic~
-ally acturied vilves from she Hawd Tonk Corsale using clectrieal
control power from the Power and Lighting system.
REMOTE position = permits control of pr tc and hydroull
ally octusted volves from the wuriace ship Remote Conteal Comale
wing electricol control power from the Remote Coatrol Cansole
vig the electrical valbilical.
The valve control citeuit provides three types of valve control, a5
follows: :
Varioble Tank Volves ~ One ON-CEF switeh for eoch volve to
be wed in ¢ tion witha ¢ Valve Directional Control

CPEN-CLOSE switch, .
S!cbilhinsg Cgim!ef Valves « One volve direstional control
M- L Twilch for each volve.
Trim Tank Vabves - One BLOW -OF¢-FILL switch for soch tim
tonk,
2. SPECIAL FEATURES
The 10 EW diesel gonerlon ore self-reguiated ond do not tequire
axternol edjustmedh to motatain cortect voltuge and frequency.
The remote electrical system will ovtomaticolly disconneet afl but
essentiol power 19 the C3in the event thot either contol spoce
presiure exceeds 10 pig. {See Drowing No., 7043-53.)
3. PRECAUTIONS .
s} Do ot ottempt lo operdle both penecators in poroliel {interlock
namolly would prevent this).
b) Do not aitemgt to stort mose tban one motor ot @ fime. Allow 0
seconds betwecnstarts for e gencwtor fo stabilize.
¢} Excopt in an Tmergency, do nol operole more thon two valves
simultoncously. J{This eesteiction does not apply 1o the tim system.)
d) Peior to leaving the starbooed eoniccl space during o dive, glwapy
ploce the Contrdl Power Switch 1o REMOTE.

4. REMOTE FCVER & LIGHTING SYSTEM OPERATION

o) Plcce oll 430V Disteibution Ponel gircuit broaken 1o OFF.
tor, fotlowing manufocturess -

¥ ) Pace selecied goneratod circuit breoker to ON.
d} Press generctos overleod telay START switch,
o) Enetgize comprenar/generator atation lights snd equipment o
dusired by placing ppropriate ehrcuit bresker to ON.
CAUTION
Wait 30 secoads beiween consegulive molor start.
1) Check thot the C8 Elcctrical Powar Switeh il OFF (Located In

Remole Gonteo! Stution).
13

ELReTREES

SYSTEM
g) Enargize Remore Condrol Siation Power and Lights Dy pIOCIng
wpprogciale circust breakes on 60V Digteibution Ponel to ONM.
h) When the eleciricot webilical is connected ard the CB Ssarboord ~
Coniral Station etks for power, place the CB Electvicol Fower
switeh to ONL - .
The Remote Contiol Console and the CB will be enargized ot
this points ‘ ]
5. CB POWERAND UIGHTING SYSTEM CPERATION
a) Plose olf circuit treckers on the 440V Power fanel and 120 ¥
Lighting Ponels to OFF. .
t) W power istobe token from shore power, connect shote power
ond ploce Power Tramsfer swiich to SHORE PVR.  ~
2) ¥ power ktobe sokan from the wurface ship, ploce Power
Tronafer Switch to SURFACE SHIF and wk the Remote Coairol
Station for electricol powar. .
d) When the 440V m-rbmlamiud,mincmmabdb
120V Lighting Ponrls and the hydsaulic pump by placing the
:rnp'hle 440V cirevit brecken to ON.

Energize the 120V circvits by plocing the oppropriote 120V
citevit breaken to ONM.
é. LOCALVALVE CONTRIOL : .
o) Encrgize te 120V conole power circuit and reloy power circeit
@ described in porogroph $ obove. .
b) Pluce the Control Power Switch to LOCAL.
&) Operaie ramotely-astuated volves using velve contral switches
on Hord Tonk Comole st in Poragraph B below.
7. REMOTE VALVE CONTRQL .
o) Place Control Power Switch to REMOTE.
b} Ope ly-actvated valves uing valve control switches
on Remote Conteol Contole ox described in porogreph 8 below.
8. VALVE CONTROL ~ GENERAL '

.

o

VALVE SWITCH OPERATION

Alt varicble | Common volve directionol | Place o OfEN or CLOSE,

tank valves | control switch . {os desiced. :

Becokowt oit | Individual volve o= Hold to ON for 3 seconds

valve OFF switch then release 10 spring
centarad OFF position:

Stobilizing | tndividual volve OPFEN- | Hold 1o desired position

cylinder CLOSE swirch for 3 seconds, then

volves, relcosw fo spring

spoce supply| cantarad patftion.

vant valves

Ploce recuiving toak swi=
tch 1o FILL, Ploce
sending tonk switch te
BLOW/, When trim tecosfer
ts complete, ploce both
ewilches to conter CHF
position.

Tedividunl trim tonk
BLON-OFF-FILL awitch

Teim tank
valves

2. GROUND TEST (ALL LOCATIONS}

Ploce Ground Test Switch to TEST panition, 1f any ground rastilomp
dockers, the comesponding plmohsogmndwhich should be
eleored. ,

10. ALARMS ,

a) Analarm condifion will be indicated by both on audible ham
and on indicator lomp.

) The horn may be silenced by plating the Alarm Silence Switch
1o OFF. ’

¢} Once the olam condition has been corcected, ploce the Morm
Stlence Switch to ON.

A list of olorms T included in the frent of the damoge control |
section. .

et
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C. INTRODUCTION TO FOLDOUTS

rder to 11lus

27 show pipe runs throughout the vessel isometrically.

4o help the operator in bvecoming familiar with ths

Figures 1 through 13 were simplified as much
trete operational features. Figures 14 through -
s required to coavert the jnitial operation to
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the desired effect on the,.vessel. The operator is urged to study both groups
of figures until he is familiar with tbe relationships between them. -

Explanatory motes and references to related figures are added to each sheet

when required.
FIGURE

14
15
16
17
18
19
20
21
22
23
24
25
26
27

TITLE

4t Ballast iir, 2" vent, end anchor air supply

Pontoon end rske tanks, flood-blow-vent

Wing tanks, flood-blow-vent

Variable tenk, flood-blow-vent

Fpim tank — vent, blow and transfer systen

Stabilizing cylinders, flood, blow and vent

Emergency drain - rake, wing end pontoon tanks

Hydrsulic lines and valves for pontoon, wing and rake tanks
Hydraulic lines and valves for varlable and trim tanks

Stabilizing cylinder hydx:
-“Fluidics

Bottom breskout system

Sounding tube locatlons

Fire mein

ulic lines znd valves
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) Section III
Operating Restrictions & Recormendations

-~

Restrictions

A.

The following operating restrictions are referenced by an
endorsement on the certificate of inspection, and may not be

altered or violated without prior approval of the cognizant -
O0fficer in Cherge, Marine Inspection, U.S. Coast Guard.

'1.

The assigned loadline draft shall not be exceeded except
when the vessel is moored so as to ensure that it will
come to rest on the bottom in water not exceeding

W65 feet iIn depth.

During soft tank flooding or dewatering, upper control
space hatches shall be secured closed whenever draflt
mxceeds 59 feet. Access or egress through such hatches
whall be.permitted only.when flooding or dewalering is
gecured. In no case shall the conbrol spaces be mamned
when any portion of the Upper deck is awash, except as
permitted for salvage. -

‘When the upper deck is submerged, no entrance of personnel
shall be permitted into interior spaces of the vessel,:
‘where the opening of watertight elosures is required,
except for repairs or other salvage operations requirsed
for flotation of the vessel. :

Prior to beginning the submergence operation, the ocean
bottom in the vicinity of the bottoming .site is %o be
inspected by divers or other means suitable to establish
that the bottom is clear of obstructions and free from
conditions which could hazard the wvessel.

(a) No fewer than two pontoon or rake tanks shall be
blown simultaneously.

(b) One wing tank may be blown if two pontoon tarks are
being blown simultaneousiy.

(¢) The minimun mmber of wing tenks blown sirmultaneously
shall be limited to three tanks at drafts lece than
22 feet, four tanks at drafts between 22 and 20 teet,
or six banks at drafts greater than 28 feet.

(d) After the maximum smounl of water has been bloun

from the wing banks, following restriction s(e),
wing tanks may be blown individually to ensure

11T
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,%%; compliance with restriction 6, provided that air .
. _ supply is reduced to one compressor and manifold
pressures are monitored continuously.

(e) A minimm of three wing tanks and one veriable
tank, or one wing tank and two variable tanks
shall be blown simultancously.

6. In order to provide'positive transverse and longitudinal
stebility during flooding and blowing operations, wing
tanks 2-9-3, 2-9-k, 2-20-3, 2-20-l, 2-32-3, 2-32-4 shall

. be empty whenever any pontoon tanks are slack.

7. GCare shall be exercised to emnsure that all soft tank
flood valves are open before beginning emergence opera-
‘tiOnB -«

8. Caere shall be exercised to ensure that support veasel
chareotoristics are such that the safety of the
submersible comstruction barge is not compromised.

9. A log shall be kept of all submergence operations. This
"~ log shell contain the following informatlon:

. (2) Dates and times of submergence and emergence.
@%ﬁ -{b; Depth of submergence.
Geographical posilion of submergence.
(a) Times, durations, and circumstances surrounding
entry into the control space while submerged.
(e) Minimum weter temperature adjacent to the sub-
nerged barge.
(r). Report ol completion of required bottom

investigations. :
(g) Major operational chenges and events of special
significance. r

10. Materials of unusuel flammability, spark or ignition
sources, and materials presenting a serious risk of
atmospheric contamination shell not be present in either
of the control spaces while the construction barge is

- submerged. Care shall be taken to ensure that engine
exhaust gases or other potontially dangerous atmospheric
contaminants are not introduced into the submerged control
gpaces via the air supply system.

11. Care shall be -taken that current velocities, sgurfacc
veasel traffic, and other conditions of the gubmerged
operatlion do not present 2 significant hazard to the
safety of the copatruction berge. .

ITI-2
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When operating in the submerged mode, the control space

-gtmosphere shall be thoroughly flushed (ventileted)

Lefore salvage personnel are allowed to enter.

Vesns shall be provided for routine and emergoncy diver
decompression. Procedures for using these means shall
b2 established.

Before undertaking répalrs, alterations, or modifica-
tions, including any welding, to the pressure-resistant
#tructure particular attention should be given to the
mequirements of 46 CFR 189.45-1 to determine whether
prior approval by the Coast Guard is required. .

fhe interual pressure of the control spaces shall not be raised above
25 p.s.l.a. except when it 1s necessary to do so in order to prevent
rontrol space flooding. Selvage personnel entering the control space
under such conditions shall be equipped with a breathing gas suppiy
shich is completely independent of the control space atmosphesre.

Bafe operation of the HMB-1 depends to a great extent on the operatlon
of the surface support vessel (work berge) and its portable installed
support equipment. ifter this support equlpmecnt has been installed on
m suitsble work barge, a Cosst Guard inspectlion will be required before
mny operation imvolving HMB-1 is conducted.

The nearest officer in Charge, Marine Inspection ‘shall be notified at least
%0 days prior to any operation of HMB-1,

III-3
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£ L .
3 B. Recormended Ope:atjl_nﬁ Practices

Thé fcllowing operating practices have been recormended by
the U.S. Coast Guard to enhance the safe operation of the
vessel, but are not a required conditlon of certification.

1, !'Submergences and emergence operations should be con
ducted during daylight hours only. :
: »

. 2. '"Phe Owner-—operator -ghould request that the Coast Guard
District Commender, in whose district operatioms are taking
.place, issue a Nollos to Merinems when enticipated operations
apre such that the submerged construction barge offers a
potential hazard to navigstion or when normal surface ‘
traffic could hazard the submerged barge or its support
vegsel. The Coast Guard operates a voluntary submersible
vessel operations reporting system which would serve this
purpose . )
3. Care should be taken to insure that diving personnel are
properly qualified.at cubmepizence depths in excess of 5
feelt , diver gsusceptibility to nitrogen narcosis should be

considered.
e h. If it is ever necessary for personnel to enter the
3 cortrol speces while those speces are 3n a.hyperberic condi-

tion and while tho bargo 1s at or near its meximum rated
operating depth, care should be taken to limit the duration
of their exposure zo as to avold the possibility of oxygen
poisoning. T

(The U.S. Navy Diving Manual sets & bwo-hour normel paximum exposure time
for & 1.1 almospheric partisl pressure of oxygen and a four-hour maximmarn
for a 1.0 atmosphere)

oy
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Section IV

. Operating Sequences
A. General

The .following operating sequences have been prepared for a
typieal cycle of submergence, submerged payload change, and
prestrfacing. A water depth near the maximum design depth
has been assumed.

“Detzils of anchoring and uﬁbilical deployment will vary with
site conditions and available surface equipment, and mush be
plamed accordingly.

In the case of shallow depth operations, or other particular
ciroumstances, certain steps given here may be eliminated or
-pepented. However, care mast be exercised not to overlook
essential precauvtions if tho gpequence of operations is

vorbed Irom that indicated kiere.

B. !Surmary of Ballast Tank Valve Poaitions

Tormal valve positions are given in the © erating sequences
and in the system descriptions (Section I1). However, the
normal ballast tank vent, blow, and sea valve positions at
the end of each operating step are summarized in the follow-

ing table for guick reforence.
Nots that the following precautions must be observed.

1. Wneneveyr draft exceeds approximately gl feet, it is
possible for empty tanks to £i11 through other filled tanks
via the vent manirfold, if vent valves oOn both full and empty
tanks are left open. r

2. Vhenever the CB is ascending, or could possibly
ase=nd insdvertently, all tanks should have some means,
through either sea valves or vent valves, of rclieving excess
internal air prcasure. .

3. Whenever possible, tanks should be vented to preclude
overpressure or unwanted buoyancy aue to inadvertent leskage
of Dlow valves.

Iv-1
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I'Of_]roon ey PR VTR YOG
- Tanks Tanks' Tonks
el o g c ] g | [ g
o2 | o 6|l 21% e 2
At End of Step Tl |>] =|l3|> =loi>
No. - Description tE z 5 Jé-g ?} EITE >° E
‘ pien eSle | Les | s{2led el
1 Preflood Check € (clole jclole jc| o
PF |C|O|PF |C O
2 Poatoon Tank Floeding E ClO{E CiO|E C O
: . - PE {Cl|OlPF |C|O )
F-10]0
3 Combined Pontoon and Wing E CI|OIE C O
‘ Flooding PF 1C | O
) F JO|C|F (O}lC
4 Wing Tank Flooding PF JC|CIE C O
. F Q|C|F oiC
5 Combincd Wing ond Variable E C C
Flooding PF JC | C
. F QIC|F O|C|F o} ¢C
6 Predive Check F QlO}F O | O | Urchanged
7-10 Diving and Flooding on Bottom Unchanged E c| c
P 1 C C
. . F O C
11-14 Blowing, On Bottom or To Ascend . Unchanged E C o._
PE [C | OF
. F O| C
15 Preparation for soft tonk blowing F O{C|{F O{C|E C O
' PR C O
F C O
16 Combined Wing and Variable F O{CH{E OjC E c "0
Tank Blowing 1 PF |O|C See Note
F O1|C
17 Wing Tank Blowing F O|C|E C|O E C O
PF |C {O See Note
F CjOo
18.  Coinbined wing and pentoon tank  ~ E OfClE |C|O}E 0| O
blowing PF 1 O C
: F QlC
19 Pontoon Tank Blowing E C|O}E C|Oj{E o| O
PF |C 1O
F cjo
‘ Note, when draft reaches 30 feet. E o O
Symbols: Tank Condition Valve Position
E - Empty O - Open
IF - Partly Full C -~ Closed et
F - Full ' '

V-2
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G._  Procedure ' . S
Step 1. Checklist, Preparation for Flooding
.’:QQ INITIAL CONDITIOH: Moorings and Umbilicals ready for diving.

OPERATI ONS { _BEPER TO

8. Check Tor free flooding:
Aft bulkhead ports unpinned.
Main deck access doors P/S secured open.
‘Chain locker draiiis open. -
- Forecastle deck access door open.

b. Check exterior machinery ready for sub-
mergence?! .
Boom winches.
Anchor windlasses.
Roof machinery.

c¢. Check soft tank emergoncy blow valveé closed. Sect II, Fig. 20.

d. Remove non-wateiproof equipment to WB: . f
€02 Tire extinguishers:® : :

Navigation lights and hatteries.

©. Release lashings on cylinders.

Read dreft marks.

g. Enter control spaces, securing inboard Sect II, Fig. L.
wetlock doors closed, outboard doors

open.. Check all wetlock velves in normsl
position, and clese and dog 02 level hateh.

St 1 etmn ki e aan s e bt e

h. BEstablish telephone communications with WB.

: Sect II, Figs

i. Check a1l tank valve positions, including _
.+ 6,7,8, and 9.

¢ylinders: Seu valves closed, vent valves
open.

. Mechanical system check:

1) Ballast air supply @ 100 psi P/S. . Scet I, Fig. 1 -
. 2) Constant pressure air supply " " 2
@ 100 psi P/3. ;
{3) Hydraulic primary pressure, 1700 . oo n 3
to 2000 psi. ' i
(}) Hydraulic secondary pressure, s " " 3
1000 psi P/S. P
(5) Space air supply flowing normally. P " 1
- (6) Check atmospherie refercnce Lurk ;o " 5
' valve to space open. |
(7) Check control location selector E
t

switeches in "Local" position (stbad
control space).
TT1v-3
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Step 1, cont'd
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REFER TO

k. Check all vent manifolds open overboard.

m. Check out fiuidie system:

(2}

Flow meber readings normal.
Verify draft,’” trim, and list with

draft merks.

.n. [Pressurize soft tank blow manifelds.

FINAL CONDITION: Ready for diving.

ESTIMATED TIME:
MANNTNG: Control Space Port.
L | " Stbd

Surface Control Station

IVl

Sect I, Figs 6 & 7.

Sect II, Fig. 1.
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o Step i2. Pontoon.Tank Flooding

TNSTLAL.CORDITION: ~Normally, tanks will be ballastod oo for
ses towing, Section T. Meximum draft: Assigned load line.

OPER4ATIONS y REFER TO
a. Start flooding all pontoon and rake tanks. .%!oct: II, Fig 6. -
b. GControl attitude by closing flood valves :Sect Vi, B,1,2.
on primary, or if necessary, secondary
: pontoon tanks. - .

c. Meintain attitude within the following
limits: | ‘ i
List: & 2 £t (1 degree). Note 1

mpim, when dreft is less than 18 rt: '

_Minus zero by head. :

Plus 2 ft to‘h. deg.) by stern. .

Tpim; when drait is ‘greater than 19 £6¢

7 r6 (1.3 aeg.)- . i

d. KEontinue until all possible tanks are flooded’ Note 2
full, or to waterline. ‘Note 3
™ 5
e. Leave sea valves and vent valves open on ‘
f4lled tenks. R

FINAL CONDITION: Max dralt:
Min draft:

ESTIMATED TIMb:
MANIING, Unchanged

i

IV-S'
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NOTES _

" 1. -, If 1ist exceods given limits while a soft tank is being pressed
up, air will be trapped in cuttoard corners of tanks on the high side. Once
both vents are covered in & given tank, and the portions of the vent linss
sloping downward to the wing well are flooded, this air camnot be vented: by
merely correcting the ]ist condition. The tank mist be blown down at least
three foet to drain the vent lines, Then reflooded with zero list.

Trim shonld be maintained during finsgl flooding of pontoon tanks, so that after
the vent ut the low end of the tank has flooded out, the remaining air will be
,concentrated at Lhe high end, and maximum air purging will result.

CAUTION: It is essential that the flooded tanks have a minimum of sir
retained, since any bubbles will tend to compress, and impair
the controllability of the vessel during diving. If desired, the
vent plugs for esch pontoon tank in the main deck may be removed prior
to flooding the tanks in order to ensure that all air will be expelled.
With payloads having regions which are possible sources of entrapped
alr, vent plugs should normally be repuved. ‘

)

Filled conditior; of tanks can be determined by closing vent valves slowly

-

and listening for air flow through partially closed valve.

2. ' Normally, no more than two pripary tanks will be left partielly
- flooded. Flood disgenal peirs until one tank in pair is full.

3. With emall peyload, flooding rates-may be very slow near 18«foot
drafc. If necessary, procsed to next step.

-6 .

16191 556-4507 p.58
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Yy Step 3.

——

-
— Sev

INTTIAL CONDITION: Max Draft:

OFEEATIONS

‘Flood remaining pontoon tanks.

a.

b.

Y]

e
."-\

Min Draft:

Combined Pontoon and Wing Tank Floodin3'

(619) S558-4507

REFER _T0 ...

gimmltaneously, start flooding any primary
[or, if necessary, secondary) wing tanks
A3 agonally opposite from unfilled pontoons.

nontrol attitude by number of wing tanks
being flooded, within the limits given in
Step 2. '

Continue until all remaining pontoon tanks
iare flooded.

IClose vent valves, 1eavé'sea valves open on
£i1)ed tanks. Close seavalves, lcave vent
-valves open on unfilled wing tanks.

FINAL CONDITION: Max drafts

Min draft:

LSYIMATED TIME:

MANMING: TUnchanged.

V-7

T e S L ]

Sect II, Fig 6.

Sect II, Fig 6.
Scet VI,B,1,Db.

Sect VI,B,1,c.
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\ Step L. Wing Tank Flooding

INTTT AT, CONDITION: 'Max Draft: -
Min Draft:

QPERATIONS

-k e e g e e s 1 meam TR - . - aw

8. Start flooding all remaining wing tanks.

b. Control attitude by closing sea valves
and vent valves on primary wing tanks as
. necessary.

¢. Continue until all but two primary wing
tanks (or additionnl secondary wings if
necessary) are pressed up. Stop flooding
by closing sea valves and vent valves on
unfilled wing tenks.

4. Secure all pressed-up wing tanks with sea
valves open, vents closed.

“3 ¥INAL CONDITION: Max. Drafi:
~“Min. Dpatt:

ESTIMATED TIME:
MANNING: Unchanged.

]

1v-8

——

*

556-4507

.  REFER TO:

Sect II, Fig 6.
Sect VI',B,.‘I,c.

Seot VI,B,1 ,c-

Seet TI, Fig 6.
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Step 5. Combined Wing and Variable Tank Flooding

(618) 556-4507

"

INITIAL CONDITION: Max Draft:

p.61

Min Draft:
OPERATIONS | _BEFER T
. r” .
a. Check that all systems are ready for vari- | Seect II, Figs 7 & 73.
eble tank flooding, with local control.
‘b. Minge 03 level conirol ‘space access hatches
down closed, but do mot engage dogs.
¢. Charge trim system if not already done. Sect II, Fig 8
' Sect VI, G, 1 L]
d. Flood remaining wing tanks and unsymmetri~  Sect II, Figs 6,7,8.
zal VB tanks. Transfer trim ballast and i Sect VI, C.
311 IVB.tanks as required for diving. At ¢ A
fhis time, do mot fill any tanks which will .
be used in symmetrical diving groups. ‘
e. Becure remsining wing tanks with sea valves
.open, vents closed, when pressed up. i
£, 'Report filled VBs to contrel station for

RLogging on status board.

FINAL C_ONDITION: Max Draft: 62 ft (u? = O \A’u:,‘\._,>

Min Draft:

ESTIMATED TIME:

MANNING: TUnchanged.

U]

Iv-9
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Step 6. Predive Checkoff List
INITIAL CONDITION: ..

OPERATTONS

REFER TC

Ensure that the following conditions exist
befcre leaving the CB control space:

a. !Control space hatch to wet lock closed.'

b. Wetlock doors closed with wet lock
flooded.

¢. 'Wetlock pressure equal to ambient water
pressure.

d. Sea aﬁd vent valves set as tabulated in
valve position table, step 6.

e. All blow valves closed.

f£. Valves serving wet lock seb éorrectly.

g. Both direct spacs supply valves closed.

h. Space vent valve open.

i. Normal space supply system operating
correctly.

j- A1l boundary root valves open.

”

k. Electrical "Gontrol Location Selector
Switeh® set to "Remote'.

m. Control transfer has occurred. BHave WwB

- ¢cycle some remote operated valves as
convenient, check that valves operate

properly.
n. 03 level hatceh closed and dogged.

NOTE: Items g through j, a2nd n are also
applicable to port control space.

Iv-10

Sect II, Fig L.
Sees GA-1 and
depth gauge.

Sect IV-B.

Sect II, Fig L.

P-

62

Sect II, Figs 2 & 5.

Sect IT, Fig 5.

: Sect 1T, Figz 1.

Sect IX, Figs 1
through 8.

Sect II, Pig 13.

—
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Stegp 6, cont'd.

FINAL CONDITION: Max Draft 6 ft.

ESTIMATED TIME:
MANNING: Unchanged. v

Iv-11
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Step 7. Variable Tank Flooding, Surface

INITIAL CONDITION: ~Max Draft: 62 ft
Min Draft:

OPEERATIONS

a. .1If remaining freebodrd, sea conditions,
etc., permit, start floodlng symmetric
variable tanks.

b. At discretion of_dockmaster, stop flooding
2ll variszble tanks. Abandon control spaces.
Close and dog hatches.

¢. Divers close and dog oubboard wetlock
doors P/S.

d. Remove crew to surface coqtrol station.

FINAL CONDITION: Mex Draft:
Min Drafé:
. ESTIMATED TIME:

MANNING: Unchanged.

Iv-t2

-

LB613) SO6—-95U7

__HEFER TO .

Sect IT, Fig 7.
Sect VI,C,1.

Sect II, Fig 7.

-

T
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1)

Ster 8. Diving

INITIAL CONDITION: Max draft: 62 ft

Min drafi:

OPERATI ON

REFER TO

Cie

d.

. N ) 1 b
During dive, monitor draft, trim, and

list indicéation continuously.

Flood symuetrical diving group until
draft reaches approximately 61 feet.
Stop flooding. Adjust attitude to
zero-zero with IVBs {if freeboard
permits) or with trim system.

Flood not more than I} tanks in symmetri-
cal diving group until 03 level submerges
(62-£t draft). o

When 03 level submergeé, reduce flooding .

to one diagonally opposite pair in diving
group, until roof submerges and cylinders
sre nearly erect (95-ft draft). Stop

flooding of ‘the two tanks simultaneously.

Wait 5 to 10 minutes for draft and atti-
tude to stabilize.

Check all indication for normal readings.

Ensure that dreft, trim, end list are
either constant, or oscillating about a
mean value. 4

Adjust attitude to zero-zero, preferably
with IVBs.

Resume flooding in diving group, using
only two diagonally opposite tenks at a
time, until draft reaches 125 feet.

At 125-£t draft, stop flooding to reduce
descent velocity. . Then flood one diasg-

onal pair intermittently until draft is

stabilized at about 14,0 feet.

Trim to zero-zero,. using diving group,
IVBs, or trim system. .

IV-13

Sect II, Fig 1.

Sect II, Fig 7.
Sect VI,C,1.

.._.,,,,./"T-\ ,f\/\f\

o e — _’/“"\\___’,
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Step 8, cont'a

‘w‘e

OPERATIONS

1. Flood one diagonal pair intermittently.
{If Aesired, use rlood valves only, not

" Monitor cylinder freeboard visually from

j. VWhen cylinders submerge, stop flooding.
‘ Prepere to blow, one filled diagonally
opposite peir if necessary. No further
flooding should be necessary.

k. If trim or list develop during free dive,
do not attempt to correct, except by
blowing to regain cylinder freeboard.

m. If diving rate exceeds!one foot per
second, blow pair selected in J above
momentarily. If this ‘results in over-
correction (ascent), do not counterflood.

_ -Return to cylinder freeboard, reflood
'3 blown pair, and repeat free dive.

n. V¥hen CB bottoms, open all four cylinder
flood valves (not vent valves), 'and fill
at least 1/3 full. (Or otherwise obtain
approximately 200 L.T. negative buoy-
ancy). : .

FINAL CONDITION: CB on bottom with at least
200 L.T. negative buoyancy

ESTIMATED TIME:

MANMING: Surfece. i

Ui

vl

R

cam = .

-REFER TO -

Sect II, Fig 7.

; Sect VI,C,1.
vent valves for faster operator response).: .

r—— ("‘:-__,(‘:- — T »..__,A‘

|
i
¢
Sect IL, Fig 9. —
Seet VI, C,2.




Mar 14 U6 12:07p

A

INITEAL CONDITION:

Tony Furrh

{619) 556-4507

Step 9. OCylinder Flooding

CB on bottom. Cylinders empty {or

Filled up to 1/3 full if used to obtain bottom

peactionl.

OPERATIONS

lREFER

TO

a. Monitor cylinder levels. Fill all four
cylinders with yent‘valyes closed until
flooding rate reduces noticeably due to

trapped bubble.

b. Open vent valves on all four cylinders to
continue flooding until indicated lovels
stop increasing. (Close vent valves. If
indicated levels (now angles) start
decreasing, close flqod valves.

g - mid € T ———

-t tabiim b 4

c. Complete flooding one ‘cylinder at a time.

Yote the CB trim angle. This will
spdicate the angles (plus or minus) at
which the cylinders will come to rest on

-gaddles.

d. TFlood by opening vent valve. When angle
sterts to decrease, cycle vent valve to
control descent rate. If response de-
creasing rate) to closing vent valve is

Y R

slow, close sea valve and walt for descent
to-stop. If necessary, finer control may
be obtained by cycling sea valve open ;
ocecasionally until descent stopsy cycling |

vent valve

¢. When angle

degrees, cylinder descent should be allowed:

open once, then repeating.

above deck is 1less then ten :

to stop completely after each cycle of -

valve.

». When cylinder is resting in saddle open

flood and vent velves, and allow to flood
completely. Leave these valves in open

position.

FINAL CONDLTION: - Min bottom preaction, 630 long tons. ~

EST-MATED TIME:
MANKING:

110 minutes.

Iv-15
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‘Sect II, Fig 9.
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Step 10. Flooding Tanks on Bottom

5
f -

Optional step to be performed as reqguired.

16139) 556-4507

REFER_TO

OPEEATIONS

- '.
e. Open flood valve(s).

Ensure that vent valves on all empty
tanks are closed (particularly tanks which
have been blown). : ‘

¢. Open vent valve.

d&. When bubbles étop rising to surface, .
tarnk(s) are filled. Leave valves open.
ot

"-{Iu.i"i

" IV-156

Sect I1, Fig 7.

|

o
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Steﬁ'f1. Blowing Tanks on Bottom..

' Opﬁiwnal step to be performed as required.

OPERATIONS

(618) 556-4507

-

p.B9

REFER TO

a.  Monitor draft end manifold pressure
continuously. )

b. Observe blowing reatrictions.

c.. Close vent valves on tanks %o be blown.

d. Ensure that sea velves have been
opened. ,

e. Open blow valves, on ab jeast the mini-
muo. permissible numbegfof tapks, simul-

tangously.

f. When air pubbles appear at surface, close

blow valves. Then close sea valves.

Open vent valves, and leeve open unless

additional tanks s&re to .be flooded.

Y

CIVA1T

Sect II, Fig 1. -

Sect IIT

sect II, Fig 7.

|

{

\
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: Step 12. Preparation for Ascent
A . .

INITIAL CONDITION: GB resting on bottom with sufficient
negative buoyancy to permit erection of cyllnders
without 1lifting off.

OFERATIONS . REFER: TO
a. Adjust trim and 1ist moments to zero. - Sect V-,C,1.
b. Close vent valves on all ccmpletely Sect IZ,Fig 7,8.

flooded tanks.

c. Open vent valves on all partially
flooded or empty tanks.

g | IV-18
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2

Step '13. Blowing Cylinders

| INITIAL CONDITION: As in Step 21.

Sect II, Fig 1. -

OPERLATIONS REFER TO
a. Monitor manifold'pressures and draft
continuously. ‘
b. Close all cylinder vent valves. Sect II, Fig 9.
¢. Open all cylinder blow valves
simultaneously. . :
d. Blow until empty. Angle/level indicators
will increase to mexinmum angle, then
decrease again to zero level.
e. Close blow valves. '
f, Close sea valves.
g. Open vent valves, and observe that level

4ndicstions remzin at -zero. Lezve vent
valves open.

IV-19
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INTTIAL CONDITION:

tony rurrn TIeT

- [V

Step 1l. Blowing Variable Tanks

. QPERATIONS

DI TIDU /I

P.7C

CB on bottom, slight negative buoyancy.

REFER TQ

‘positive buoyancy

" Monitor manifola"pressures, draft, trim,

and list continuously.
Observe blowing restrictions.

If possible, blow IVBs to slight positive
buoyancy, te observe for bottom suction.

increase
If breskout
breskout air

Tf bottom suction is epparent,

graduelly.

150 L.T., use
: ot

force exceeds
system.

VWhen liftoff occurs, Ftop all blowing,
leaving sea valves open on tanks being
blown.

-~Hhea-tops.Of-oylinders-broachmsurface,

close sea valves on the tanks which were
being blown at time of 1iftoff.

Allow draft to stabilize.

Any tanks which axe blown completely or
partially during 1iftoff or ascent, should
be secured with sea valves closed and vent

valves open before proceeding with ascent
using other tanks. .

Open sea valves and resume blowing sym-
metric diving group.

Cycle trim tank vents open several times
during ascent. ) ‘

When 03 level broaches surface, open
cylinder sea valves and cycle trim tank
vents open. : .

As many VB and IVB tanks as possible
should be blown before persomnnel board
CB. 1In particular, blow tanks 25 P/S,
and if possible, blow other tanks in
vicinity of control spaces.

1v-20

Sect II, Fig 1.

Sect IIX

Sect TI, Fig 7.

Sect TI, Fig

Sect II, Fig 7.

3
!

\

i
i

Vi
Sect II, Fig 8.

Sect IT, Fig 7 & €.

»

Seet IL, Fig 7-

-
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-8tep 14, cont'd.

556-4507

REFER TO

OPERATIONS

n. hSecure blowing, close all sea valves,
and open all vent valves. :

=

Iv-21

Sect II, Fig 7.
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Step 15. Preparation for Soft Tank Blowing

INITIAL CONDITION: “Urnmanned, e11 hard tanks vented..

Max. Draft:- 62 feet
Min. Draft: G52 feet

OPERATTIONS

(613) S5586-

4507 p.74

REFER TO

-

b.

Board CB. Crews shduld be landed sepa-
rately on port and starboard sides,
immediately adjacent to control space
hatches. They should proceed immediately
to hatches, enter tontrol spaces, and elose
hatohes (without dogging) behind them. No
personnel should be on deck during hard
tank blowing operations.

Check position of &1l hard tank vent and

blow valves. Blow valves should be closed
and vent velves should be,open.

Establish communications., Transfer to
local control.

Position all soft tank vent/blow valves Tronm

vent to close.

FINAL CONDITION: Max. Draft: 62 feet.

Min. Draft: 52 feet.

ESTIMATED TIME:

MANNING: Remote Control, 3. ,

Stbd Control, 3.
Port Control, 2.

]

IV-22

Dwg 70l 3120.

Sect IT, Fig. 7.

Sect II, Fig. 6.
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Step 16. Combined Wing and Variable Tank Blowing

INTTIAL CONDITION:

Max. Draft: 62 feet.
Min. Draft: 52 feet.

LDLALI) IODT™ODUY P.7D

Merned, with local hard tank control.

OPEIRATTONS - : REFER TO
.a. Monitor manifold pressures cont;nuouslf.

b. Observe blowing limitetions.

c. No personnel should be permitted to leave

. control spaces during hard tank blowing.

d. Blow remaining variable tanks in combina- Sect II,
tion with appropriate primary wing tanks Yigs 6 & 7.
until all variable tanks-Are empty. Trans-.
fer trim system ballast as necessary.

e. Secure blown variable tanks with sea v#IVes
closed and vent valves open. Secure blown

. .Wing .tanks sea valves open and vent valves
closed. Wing tanks shall not be vented to
atmosphere.

f. Check all hard tank vent valves opén by

direct observation in control spaces P/S.

Cycle trim tank vents open and observe actual

valve operation.

) d

FINAL CONDITION: Max. Draft: 62 feet.

Min. Draft: 52 feet.

ESTIMATED TIME:

MANNING: Unchanged.

Iv-23
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Step 17. Wing Tenk Blowing

INI¥TAL CONDITION: Maximum draft

OPERATTIONS

Minimum draft

(6139) S556-4507

HEFER TO

a.
b.

c.

d.

Monitor manifold pressures continuously.
Observe blowing limitations.

Blow all wing tanks, using primary wings
to control trim and list.

When draft reaches 30 feet, open all VB
and IVB sea valves to drsin empty.

At drafts less than 30 feet, after hard
tank sea valves have been opened, the 03
level comtrol spece hatclies may be opened
fully. Personnel may be permitted to leave
the control spaces briefly to observe air
emitting from sea velves and verify that
tanks are empty. Access shall be limited
to the 03 deck in the immediate. .vicinity
of the control space hatches.

As individual wing tarks are blown empty,
they shall be secured with sea valves open
and vent valves closed. Blow valves may be
closed or throttled to achieve desired
manifold pressure.

When =1l wing tanks, except the two primary
tanks needed to control attitude, dppear to
be empty, cycle blow valves to open.. Ensurd
empty tanks by observing air emitting in
way of sea valve and by appropriate reduced
manifold pressure.

When all empty tanks have been cycled,
check draft boards to ensure that drafts
forward and aft are less than 41 feet.

Vent wing tanks to atmosphere as follows:
Check that 21l wing tank vent/blow valves
are closed, then close sea valves and
position vent/blow valves to “"Vent" on all
empty wing tanks. Wait for air flow to
cease, and check that no change in draf't
or attitude occurs.

V-2l

Sect II, Fig 6.

Note 1.

Note 2.

P-
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Step 17, cont'd .

FINAL CONDITION: Maximum Draft: 29 feet.
Minimum Draft: 20 Tfeet.

NOTES

1. Venting of a wing tank &t drafts in excess of
30 feet may result in overloading of internal structural
boundaries if an adjacent tank is blown. Open sea valves
ar2 used to maintain some ambient pressure in all tanks and
midimize pressure differentials across intermal bulkheads.
If sudden trim or list develops, tanks may reflood through
sea valves, sO0 secure all blowing and close sea valves to
maintein intact stability if-this should occur.-

2. Any change in draft or attitude during venting is
an indication that a sea valve has not closed properly.

Iv-25
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(619) S56-4507

Step 8. Combined Wing and Pontoon Tank Blowing -

INITLAL CONDITION: Maximnm.draft: 29 feet.
Minimum draft: 20 feet.

OPERATIONS _ : _ REFER_TO

a. Check thatl all ponbtoon tank vant/bloq valves
are in closed position. :

b. Monitorx manifold pressures continuously,
and observe blowing limitations.

c. .Blow remeining (primary) wing tanks in combi- | Sect II, Fig:

-pation with the four primary pontoon tanks.
Open wing tenk blow valves first, in order

to reduce manifold pressurs before pressuriz-
ing pontoon tanks. .

3. Control trim and 1ist by closing pri.mar# _
pontoon tank blow valves &s necessary, observ-
ing blowing 1imitations. .

e. When escaping air, end wing tank manifold
pressure drop, indicating thab remaining
primary wings are empty, secure blowing. Do
not vent pontoon tanks .

f. Clase remaining wing ‘tank sea valves, and
vent to atmosphere, as in Step 173.

r ) A

iv-26
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Step 19. Pontoon ‘l‘a_nk Blowing

INITLAL CONDLTION: Maximum Draft

OPERATI ONS

d.

Minimum Draft

(618) 556-4507

REFER TO

"
Monitor manifold pressures continuously.
Whserve blowing limitations._

Blow remaining pontoon tanks until desired

~graft and attitud? are reached. It is recom-

mended that & minipum number of pontoon tanks
‘be blown slack while main deck is submerged,
so as to maintain maximum transverse and
longitudingl stebility. After the main deck
‘has emerged, more tenks may be blown simul-
ansously to obtain the ‘maximum ballest

idischarge rate.

'When desired draft and attitude ere reached,
.secure blowing. Close all pontoon tank sea

—valves. "Position-all vent/blow valves to

vent. Wait for all tanks %o vent to atmos-
‘'phere, and observe jbhat draft and attitude

remain constant.

Crew may now have free access to anj part of
the vessel.

Drain wet locks, and open jnboard wetlock
doors and 02 level hatches. »

Iv-27

P.78




Mar 14 06 12:10p Tony Furrh

(619) SS6-4507

V. DAMAGE CONTROL '

INTRODUCTION TO DAMAGE CONTROL SECTION

The damage control section deseribes various casualties which may occur duribg C8
operation. The scope of the section has been limited as follows:

. - I
ICosualties described are limited to those which are peculior to the
iintended function of the vessel, i.e. a submergible recovery vessel.

Malfunctions and casualties are excluded when their correction fall within
the capabilities of competent marine personnel.

While equipment failure correction is included, equipment malfunctions
ore not. The operator is referred to the technical monuals for equipment
troubleshooting information. \

Each item in this section covers @ specifid'éamge condition, except for the first
four. Whe first four items analyze problems which may occur when entering or
leaving the control space, with the headings being the operation rather than the
problem. : i .

The operators should be thoroughly fomilior with the domoge control procedures and

should be drilled in correcting simulated damages. In cose of a real domaoge situation,

there may not be time to consult this manual.
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EQUIPMENT FAILURE SUMMARY TABLE

Yo TToUs

FAILING COMPONENT ,

CONSEQUENCES

REMEDIES

Ballast oi- compressor, one.

Reduced blowi;wg times

None required

Ballost oir compressor, both.

Ballost umbilical.
Main supply Pipe on CB.

WB reels ond chain winch
jnoperative. Tanks cannot be
blown. Air driven hydraviic
pump becomes inoperative.

Repair. See daomage
control section 6.

_ Vent umbi'ical.

Control s;;aces go hyperbaric. -

Elecirical power to CB automat-.

ically cut. Both hydroulic
pumps become incperative.

Repair. See damage
contro! section 6. If
repair is impossible, CB
surfacing moy be
accomplished as des-
eribed in section 10.

Fluidic umbilical.

Fluidic and pneumatic systems
on CB becomes inoperstive.

e e

Install cross connection

from ballost air on CB.
See damage control
section 8.

Electricd! umbilicol.

‘Electrical system on CB becomes

inoperative. Electrical driven
hydraulic pump becomes inoper—
otive. Remote valve control
system for variable tanks does
not work.

‘Emergency surfacing

procedure os des-
cribed in domage
control section 10.

One generator set.

No standby capacity.

None required.

Both generator sefs or
distribut ‘on panel.

No power on either WB or C8B.
See olso electrical umbi lical
failure.

Obtain 440 VAC power
from tug if possible.
See damage control
section 10.

-

Conston: pressure aif
compresiors, one.

No standby capacity.

None required.
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EQUIPMENT FAILURE SUMMARY TABLE - Continued

FAILING COMPONENT * CONSEQUENCES ' REMECES =
Constant pressure air No constunt air pressure on WB. Install cross connection
compressors, both.’ Alarm sounds. Chain winch brake from ballast air on WB.

may fail. See also fluidic
__umbilical failure.

- 4 o
Air driven or electrical Reduced standby capacity., . None required.
driven hydroulic pump ;
Both hydraulic pumps No hydraulic pressure on CB. See damage: control
L. P. alarms sound. ‘ section 9,
Sea'woter pump on WB. CB control spaces may get Rig spare pump if
uncomfortably hot. available. <eep both
‘ ‘ballast air compressors
T A ) -on line, control for

altemate cycling, loading
each compressor for aboyt
3 minutes,

V-3
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ALARM CONDITIONS

ALARM DESIGNATION! .

WARNING
CONDITION

REQUIRED
ACTION

f'-lydraulic system low -
pressure, port and sthd

Pressure drops
to 1000 psi
stbd, 900 psi
port

See damage control
section 9.

Instrumented varicble
tank high pressure,
alarm, 4 tanks

Tonk pressure
40 feet or
higher

Manually throtile
ballost air supply or
open tunk vent.

)

Trim tonk high
pressure alarm, 4 © -

tanks ©+ -~ .. o

Tank pressure
40 feet or
higher

Manually throttle
ballost air supply or
open tank vent.

High bilge water
alarm, port and stbd

LOCATION
4 Z
0., O,
ag | k2 182
& 106 |9
w . Qa ;g
X 4 X
X
X
X X

Bilge water
level 3-6"
high

Pressurize control
space.

Control space pressure
alarm, 2 sensing stbd
side, 2:sensing port
side

Control space
pressure, 3

i sounds
alorm, 10 psi
cuts off power
to CB

Before power is cut
off, insure that sea
valve is open and

vent valve is closed

on alf Hooded tanks.

_L.P. Constant air
alorm

Constant air
pressure drops

to 90 psi

Manua“y set chain
winch brake or choin
stopper.

i
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will not open

air is not being supplied through )

vaive A or because air is leaking

not emerge. Water flows ihto
wetfock.

tei13) II0TTIU/ pP.-us
| ENTERING ATMOSPHERIC CONTROL SPACE ]
Refer to Figure 4. R . —
PROBLEM CAUSE CHECK AND CORRECTION
Qutboord wet 1. Wet lock pressure isbelow 1. Check:
lock door . ombient water, either because Open valve "C". Air bubbles do

Commeni: from wet lock to control space 1. . Correction:
Wet lock pres- . {a) Hold valve open until inward
" sure will waterflow stops. Open door.
normally be (b) In case of large leak, flow
slightly through valve "C" will not
higher than equalize pressure. Close valve
ambient water to avoid flooding control space.
pressure, Diver surfaces and control space
making it s is pressurized to water depth,
easy to see Figure 5.
open door.
2. Door is'sticking or is 2. Check:
" malfunctioning mechanically. Open valve "C". Air bubbles
' emerge. Close valve.
2. Correction:
" Attempt entry through inboard door.
Pry either door open with suitable
tool if necessary. .
Wet lock Bad gosket or mechanical Check:
door or malfunction. When valve "D" is opened to equalize
piping to wet lock and control space pressures,
sea leaks water level in lock will rise.

Correction:

| If door cannot be closed, or Tkak
fixed, ony stoy in the control 1oom -

- ) . must be limited to the time available
before water reaches bottom of control
space hatch coaming. 1f leck is large,
control space must be pressurized to
water depth before entering. Leak
detection: "Open valve "G", close
valve "B", (secaled open). Clase wet
= lock door, (continued next poge)

V-5




. ENTERING ATMOS PHERIC CONTROL SPACE

CHECK AND CORRECTION

open valve "A" until GA-19 reads

cbout 3 psi. Exit through door and

close it. lnspect outside of lock for . -
air lecks while air supplied through

valve "A" expels the water out through

| valve “G*. After teck hos been found,

undog door, close valve *G" and let
air pressure in lock push door open and
cefill lock with water. Open valve "B"

and reset valve "A" to throttling position.

CAUTION:

Do not reclose valve "G" until door is
completely undogged and bubbles
emerge around door edge.

Continued *
PROBLEM CAUSE
e
ot
. --Controlsspace {-Wet {fock pressure-higher-than
hatch will control space pressure after
not open valve A has been closed and
) valve D opened
Mechanical molfunction

Check: ‘GA~18 indicates difference

between pressures.

Correction:

Pressurize control space slightly, see
Figure 5.

See also "Wet lock hotch and piping
to sea leaks”, above. Water leaks
into wetlock may make it impossible
to open control space hatch.

Ascend until 03 level is dry, enter
through topside hatch.

V-6
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2. LEAVING ATMOSPHERIC CONTROL SPACE

Refer to Figure 4 ' ' —
PROBLEM - CAUSE CHECK AND CORRECTION
Control Mechonica! damoge or Pressurize control space to ambient
space hatch malfunction water pressyre, using ballast ai*
will not . v direct space supply, Figure 5. Exit, .
close on ) : leaving control space hatch open.
exit Time to pressurize is 8 minutes ot
maximum depth.
Wet lock Slight underpressure in ‘Open valve "A" more, until airis
door will wet lock. | - | definitely exhausting through valve
not open . "B".
Mechanico! damage or Use inboard ddor.
malfunction e '
We t tock Mechanical damage or - Leave it open.
door will malfunction
not close
on exit
Emergency Severe damage Close control space hatch to wet lock. -
escape, -Undo 03 leve!l hatch, close control
wet lock space vent, open direct space supply
inoperative and let space pressure open hotah.

Spoce will fill with water up toclower
edge of hatch trunk and hatch trunk
will be full of water.

If entry into hyperbaric control space
through the damaged wet fock moy be
possible, close direct spoce supply, .
exit, and close hatch. Space will
empty of water avtomatically.

or ; ST
Leove space supply open, exit and
leave hatch open. Re-entry of contral space
space will be required to save €B.

V-7
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3. ENTERING HYPERBARIC CONTROL SPACE

Refer to Figure 4

IS1Y) DDH-4DUY

PROBLEM CAUSE CHECK AND CORRECTION
Ovtboard 1. Wet lock pressure is below 1. Check: ’
wet lock ambient water, because of any’ Open valve “C". Air bubbles do
door will two of the three couses listed: not emerge, water flows into .
- oot open {a) Valve "A" is closed wetlock.
completely. 1. Correction: .
‘ (b) Volve “F"is closed: Diver returns to surface and requests
(c) Control spate pressure is - check of control space pressure.
below ambient water Note that valve "F* being closed
pressure. will cause excess control space
pressure under hyperbaric conditions.
If control space is hyperbaric, but
or wet lock is not, diver returns, opens
valve "C* until inward waterflow
: stops, opens door and enters.
=, 2. Door s sticking or is 2. Check:
— {--malfenctioning mechanically ..Open valve "C". Air bubbles
: emerge. Close valve.
2. Correction:
Attempt entry through inboard door.
Pry either door. open with svitable
tool if necessary.
Control 1. Control space pressure 1 1. Check: _
space lower than wet lock pressure » GA-18 will indicate pressure differential.
hatch w I ‘ ' 1. Correction:
not opef (o) Close valve "A" until the wet lock
- pressure is definitely below control
space pressure. Open hatch and
. " reset valve “A". ,
" (b) Increase control space pressure,
. using direct space supply, see
. Figure 5. This must be done from WB.
2. Mechanical malfunction 2. Ascend until 03 level is dry, enter
- through topside hatch.
2

v-8
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4. LEAVING HYPERBARIC CONTROL SPACE

-Refer to Figure 4 *

1D1J7 IV0"TOUS

CHECK AND CORRECTION

PROBLEM CAUSE

Control Mechanical damoge or Leave open. Open wet lock door ond

space maifunction direct space supply, blowing water level

hotch willl R down to hatch coaming. Close:direct -
* not close space supply, exit and close wet lock

on exit door. Subsequent entry to control

. space is only possible with space
’ hypetbaric.

Wet lock 1. Wet lock pressure is 1. Check:

door will below ambient water Does gauge GA-19 show wet lock

not open underpressure. If so, is air emerging

from valve "A" and from the discharge
v line from valve "F".
1. Correction: .
. If oir is not emerging as listed, open
valves "F" and "A".
2. Mechanical damage or Use inboard door.
malfunction

Wet lock Mechanical dmage or Leave it open.

door will maifunction '

not close

on exit

Emergency Severe damage Idgnticol to "2. Leaving atmespheric

escape becouse ' control space".

wet lock is

inoperative
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5. CONTROL SPACE FLOODING

(619) SS56-4507

-—

CAUSE

INDICATION,

CORRECTION -

Leak ot

or near
02 level ’

i Th= il-

8ilge alarm is energized.

Calculation of maximum height
of water, in control space, h feet
. 233t
d+33
where 1 is stop watch reading

L4

‘in minutes and decimal

fraction of minutes, d is depth |
of 02 level in feet.(depth Ind-

“jcation-51 #t). Both ballast

compressors operating. With one
compressor only operating use:

L

d+33

Open direct spoce supply and close space vent.

Start stopwatch. When
ambient water pressure,
space pressure closely.
above ambient water pressure. Cl

space pressure equals
stop the watch. Monitor
1+ must not exceed 40 feet

ose and reopen

space supply if necessary. When bilge alarm goes
off, close spoce supply. Disconnect all elec- ’

tricity to CB and send diver down

CAUTION:

to investigate.

If water level reaches solenoid valve controlling

direct spoce supply valve, it may

not be possible

to shut off supply. To avoid space overpressure,
ballast eir supply must then be controlled at

{ ;surface ship root valve.

.Leak .-
above
02 -
level

Bilge olarm is energized.

Calculation of moximum

| water height as above.

ldentical to above, but bilge alarm will remain

energized.

Space has been emptied to minimum

water level and space supply maybe closed when

- substanticl emount of bubbles emerge af surfoce.

K




AT MUT A LN 1TOUINIg rrurrn

-

6. BALLAST AIR SUPPLY TO CB CUT OFF

Refer to Figure 1

LDLJIF DIV /

——t

CORRECTION

Svnr?

CAUSE INDICATION
Ballast | Ballost compressors do not Diver goes down to investigate and carrect.
hese cycle on. No air It may be necessary to pay out chain fo
. kinked. | exhoust from vent hose. x correct a kink. -
Valve in
main
supply -,
line left ‘ :
closed.
(valve .
£orf)
: Insure that vent to tank 2-20-1-S is open.
Ballast | Ballast compressors keep Shut off ballast air supply, valve "C", If possible
hose running ot full speed. Llorge f-fetrieve hose up to broken section and
brokea | amount of air surfaces in . replace on surface. Alternatively send
way of breck T divers, two minimum, down for underwater
replacement.
! Remove water from hose and main as folfows:
Increase tension on chain to CB until it leads
off fan tail at 0 5~ ongle with the horizontal.
Open breakout system control valve ond blow
until air emerges on surface. Shut off air
supply on surface.
Diver opens drain valve *D" and removes plug
cbove vent terminal in tonk 2-20-1-S. Surface
personnel opens ballast air supply for about 10
minutes. Close drain valve and replace pipe
plug. . . . . .'. N L
Both No bollast air pressure on Repair or replace at least one compressor.
bgllust WB.
air
- compress - -
ors in- =
operative! -

v-11
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7. VENT UMBILICAL BLOCKED

" Refer to Figufe 5

-

151Y) DODE~-45HU7

CAUSE INDICATION CORRECTION

Vent |Mo oir exhaust from vent line. | Piver goes down to investigate and correct.

hose  |Control spoce pressures It may be necessary to paY out chain to

- kinked. climb. - correct a kink. y
Yalve |
in vent
. line left . .

closed. '

See

Fig. 3

] ’ - '

Water ||Same as above, but diver Insure that vent fo tank 2-20~1-5 is open. Rig

in vent |finds no visible blockage- _connection from surface ship vent hose terminal

hose, ot ' S go ballost system air supply. Diver enters both

in vent .-control spaces, closing valve "E". - -

main : - SR e

* Removes pipe plug above tank vent
terminal, see Fig. 6. Next drain valve "D*
- "is‘cpenedmnd‘hose-ir-pressuﬁzed to 100 psi for

about 10 minutes. Increase tension on chain
to CB until it leads off fan tail at o 5° angle
with the horizontal. Close valve "D", and
replace plug, but leave pressure on umbilical
hase while inspecting for leaks. Repair os
required. I P

Vent lInitially, air escapes in way If possible, retrieve hose up to broken section

hose of break. As hose fills and replace on surface. Alternatively, send

broken ;with woter, indication divers, two minimum, down for underwater

. becomes same as above. replacement. After repair, procedure is
. similar to "water in vent hose" above.

v-12
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5. FLUIDIC AND PNEUMATIC SYSTEMS INOPERATIVE

_ 'Refer to Figure 2.

CAUSE INDICATION CORRECTION =
Fluidic Air emerges in Close valve “E™ and install cross connection in stbd
umbilical way of break. control space between 1/2% NPT connection on
destroyed Fluidic system . |,. constant pressure air, ond ballast air service outlet,
. becomes Fig. 1. Svuitable hose to be stored in control space. i
| inoperative. Referring to drawing 7043-21, sheet 2, fluidic system,

open valve from bladder accumulator to space ord
- | close valve between the two manometer legs. This
results in the following condition:

1. WB fluidic system becomes inoperative.

2. CB fluidic system remains operational provided
ballast air pressure exceeds 60 psi. System
accuracy is reduced. System becomes grossly
inaccurate at air supply pressure less than &0 psi.

Preunfatically actuated valves will operate with 40

psi air supply.

Close constant pressure air root valve "C" at vebi lical

™ on WB.,
Constont Constant pressure | Provide eross connection from ballast air on WB. ~
pressure oir | L.P. alarm on Suitable hose to be stored in accessible location. No
unavailoble | the WB sounds {1 fluidic system deterioration with pressure above:90
on WE due : psi. Some inaccuracy with air pressure 60-90 gsi,
to o gross inaccuracy below 60 psi air supply.
electrical : :
fatlure or Pneumatically actuated valves are similar to "Fuidic
similar ' _ Umbilical Destroyed” condition.

When WB constant pressure air alarm sounds,
immediately insure that mechanical chain stopper is
set, otherwise chain may start running out.

v-13 —
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9. HYDRAULIC SYSTEM _I_NOPERATW_E

Refer to Figure 3

CAUSE -+ | INDICATION CORRECTION

Tota! system | Hydraulic pressure Where sea valves were left opén after flooding,

failure due | unobtainable. flooded tanks may be blown again. Trim system

to main Alorm sounds on will be inoperative.

supply lime | WBand in both Blow tonks as required to ascend to surface and repair.

destruction, | CB control spaces. Keep tanks with open sea valves empty by intermittent,
“ or similar short duration blowing. '

Failure of
supply

- system due
to loss of
reservoir,
suction
main of
similar

Neither pump
will deliver oil.
Alarm sounds

as above.

If foilure is discovered at 2000 psi pressure,
approximately 600 cu.in. of oil stored in
accumulators will be available, sufficient for
stroking one valve 43 times. If foilure is

discovered ot 1000 psi alarm setting, opproximately
280-&u. in. is availoble, sufficient for 20 strokes.
Blow flooded tanks, close all pontoon tank sea val ves
and os many wing tank sea valves as possible. Keep
tanks with open sea valves blown empty. Repair.

Either
pump
fails

Pump does not
start

None required. The electrical ond the air
driven pump each has the capacity to handle
16 valve strokes per minute.

v-14
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* Refer to Figures 7 and 13
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"10. EUECTRICAL POWER TO CB CUT-OFF

CAUSE INDICATION

CORRECTION

-~

Electrical | On CB, all electrical -

umbilical | equipment goes dead.

destroyed | On WB all indicating”

lamps from CB goes
off. ‘

Trip breakers to CB power. The breaker is locoted
in the compressor/generator station on the WB:

if the CB is on surface, blow flooded tanks. Voariable
tanks are blown as follows, referring to Fig.
If sea valves are closed, solenoid operated hydroulic
valves, valve “E*, are shifted manually by pushing
on rod through hole in end of solenoid, .using small
screwdriver. Blow valves are opened by shutting
off the air supply to each pneumatic valve panel,
valve “K", and maonuatly shifting the solenoid
operated butterfly valve "G".

.t .
1f the CB is on the bottom, man both control spaces.
Select tanks, including cylinders which when blown,
will result in a small negative buoyancy. Shit the

hydraulic and pnevmatic operated sea and blow valves

as.obove, and blow the selected tonks. Next; cut

off the bollast air supply on the WB and select tanks -

which when blown will result in emergence of"

the 03 level. This should preferrably be the
instrumented voriable tanks. Manually position the
blow valves ond hydraulic sea valve gontrol valves
to open os before. Unman control spaces. Oben
ballast air supply on the WB, which will start the

" blowing. Throttle the ballast air supply, and os
- soon as the depth indicator shows thot surfacing has

started, shut ballast air off. Wait until ascent stops,
then continue to blow slowly, gently bringingithe
CB to the surfoce.

Re-man control spaces, close empty tank blow and
sew valves. Blow remaining variable tanks and
soft tanks. Close all sea valves and open all vent
valves. : )

St
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11, CYLINDER FLOODS ACCIDENTALLY DURING SUBMERGENCE )
Refer to Figure -
CAUSE {NDICATION CORRECTION
Sea volve |Sec valve position indicated |Blow out water, close seavalve.
left open by light. Water Jevel
. lindicated by water level .
Leak ond angle indicator- * ln cose of leak, water can only be blown out

to the level of the leak.

-

12. CYLINDER BLOWN ACCIDENTALLY’ON BOTTOM

Refer to Figure 9

CAUSE INDICATION CORRECTION
o~
~Blow vdlvé 'Blow valve position indicated 1Close blow valve, open sea valve and
incdvert- iby light. When sufficient vent valve.’
" ently water has been expelled for
opened. |the cylinder to tilt, this is
~ lindicated by the water level
Blow valve ;and angle indicotor.
leaks. '
NOTE: e
Blow valve
cannot be
opened
without
also open- -
- ing flood
valve.
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13. CYLINDER CANNOT BE BLOWN ON BOTTOM A

Refer to Figure ¢

CAUSE INDICATION CORRECTION
No ballast See damage control items See damage control item &.
or constant 6 or8.

pressure air

Hydraulic
foilure

See damage control item 9.

See damage conirol item 9. -

ﬂ

Hydraulic
hose to
flood valve
fails

Loss of hydraulic oil. Oil
slick shows on surface.
Alarm sounds.

Valve indication shows
valve "closed". ot

Cut ballost air supply and electric power
to CB to stop both hydraulic pumps.
Divers go down to:
(o) Repair leck if pessible, or
(b) Plug broken hose end toward control
station, and
(c) Enter control station to check
reservoir oil level, refill if required.

14. CYLINDER CANNOT BE FLOODED ON BOTTOM

Refer to Figure 9

CAUSE -

- INDICATION -

7 CORRECTION

Hydraulic
failure or
.hydradlic
hose to
flood er
vent valve
fails

See damage control item 13.

See damage control item 13.

v-17




Mar 14 06 12:15p

Tony Furrh

15. BAULAST TANK DOES NOT BLOW

(619) 556-4507

Refer to Figures &'and 7
- CAUSE INDICATION CORRECTION
(o) Any tank
' No ballest i See damage control item 6. .
- air .
Hydrav'ic See domage control item 9.
failure, : -
sea valve
system
inoperdtive
Failure 1of CB will take on Determine which tank is not blowing os follows:
one sec unexpected list and/or ¢ (o) Estimate by list and trim indication.
valve ho trim. ' (b) Close all blow valves.
open - | (c) Open blow valves to tanks, one by one in
ordar of decreasing probability. Check effect
.. per {(d) below, then close each valve.
N (d) When Faulty tank has been found, ‘blowing will
1 have no effect on vessel attitude. When tank
, pressure reaches overprotection valve setting,
: ballost air flow will stop. ‘
If o variable tank is ot fault, leave it full while
compensating by not blowing disgonally opposite
varicble or wing tanks. .
If a soft tank is not blowing, manually open the. .
emergency drain and evacuate the tank through
an adjacent tank. See Figure 20.
(b) Va-ioble
tonk
Failure of CB will take on unexpected : Determine which tank is not blowing as follows:
one biow list and/or trim. (o), (b), and (c) as obove.
valve to - (3) When faulty, closed valve has beer found,
open. " ballast air flow will stop. Manifold pressure
will equal depth of tank water level. Correct
. See ako per domoge control item 10.
) Electrical i
" failure,
o item 10,

V-18
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16. BALLAST TANK DOES NOT FLOOD

Refer to Figures 6 and 7

(619) 556-4507

p.98

CAUSE

INDICATION

CORRECTION

(@) Any ltank

Hydraulic
failure, sea
valve system
inoperafive

See damage control item 9.

Fatlure of one
sea velve to
open

L4

CB will take on unexpected
list and/or trim.

if still submerging, resurface and repair.
If on the bottom, do nothing.

(b} Varinble
* ‘tank

Electricnl
failure,
variable

. sank.vent

and sea
vaives
inoperative

.See

damoge control item 10.

One vent
valve does
not open

Similar to

"Failure of one sea valve to open”, above. -

-

v-19
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Section VI
HYDROSTATIC CHARACTERISTICS
AND CALCULATIONS

A. General

Desipgn Features. The ggneral arrangement of the CB and the
hydrostatic loadings used for structursl design were based
.on-a sequence of flooding which started with the tanks located
near the bottom of the vessel and proceeded upward. The void
spaces in the uppermost part of the vessel, without means of
flooding, were made small enough so that the light vessel,
without payload, could still be submerged.

Constraints én Bellasting Sééﬁence. The ballasting sequences
described in this section and in Section III are based on the

following design and operating constraints.

# The CB must maintain positive transverse and longi-
. tudinal atability at all times to opreclude sudden

%

capsizing.
The design structural loadings must not be exceeded.

Vessel attitude (trim and list) must be kept within
reasonable limits.

The ballast conditions used rmust be ones which the

operator can attain using the instrumentation or

other visible or audible indications available to him.

The operations needed to accomplish submerging or
raising should rejuire the minimum elapsed tinme.
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# Caleulations needed to predict or check the condition
of the vessel should be kept %o a minimun. ‘“here
" needed, they should be stmplified so as to conserve
.time and minimize the possibility of error.

When to Perform Calculetions. Calculation forms for soft
tank ballasting conditidns are provided. The calculations
are to be performed in the conventional manner. With
.experience, however, it should be possible to operate the
vessel on the surface without extensive plann*ng or calcula-
tion of the various intermediate stages of flooding, provided
that the guidelines given in this section ere followed.

Hard tank ballest arrangements for each submergence should

be planned in advance, particularly when payload condition

is 'to be changed while submerged. Generally, there are mang
possible tank arrangenents for a given payload. UWith caereful
planning, an efriclent sequence can be selected and elapsed
time for the operation cen be minimized. A well-defined
plan will also ald in identifying and counteracting any
casualties which might occur.

B. Soft Tapk Ballasting

The recormended flooding and blowing séhuences for soft tanks
are covered in Section C of this manual. In swmary:

1. Soft Tank Flooding Sequence
. a. Floed all pontoons.
- Primary pontoon tanks for attitude control:

2-32-2 2-0-2
. 2-32-1 2-0-1 _
Secondary pontoon tanks rfor attitude control::
2-h3-2 2-3-2_
2431 | 2-31

vVi-2
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b. Combined pontoon and wing flooding: Flood .

primary (or secondery) wing tsnks diagonally
" _opposite from unfilled orimary (or secondary)
pontoon tanks.

c¢. Flood all wing tanks.

L Primﬁ}y wihg tanks for attitude control:
2-h3-h 2-3-h -
‘ 2-43-3 ' 2-3-3
Secondary wing tanks for attitude control
-2-32-b 2-9-h
2-32-3 2-9-3 -

d. Fldod remaining. -tanks used for attitude control
in combination with hard tanks znd/or trim
transfer. '

— 2. Blowing

Due to restrictions on the minimum number 6f soft
tanks which may be blown simulteneously, blowing is
not precisely the reverse of flooding. DNote

. restrictions in Section IIIX.

Primary and secondary groups of wing tanks and
pontoon tanks for attitude control ere the same as
for flooding. However, other tanks must be blowing
at ell times so as not to violate restrictions.

'a. When all symmetric pairs of hard tenks are
‘blown,. and trim ballast transferred ss necessary,
board CB,

b. Blow remaining hard tanks in combination with
all wing tanks. Close blow valves on not more
~3 then four primary (or secondary) wing tanks at
one time, as néeded for attitude control.
Vi-3
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¢c. When at least four wing tanks are blown completaly,

start blowing at least two pontoon tanks.  Then
wing tanks may be gecured when blown completelx.

d. VWhen all wing tanks are empty, start blowing

all pontoon tanks; then secure wing tank manifcld

and individual wing tenks. Control attitude

by closing blow valves on primary ( or secondany)

pontoon tanks-only, until désired surface condi-~
tion is reasched.

NOTES: Observe proper sequence for securing
tanks, as given in Section C of this
manual.

Always blow as many tanks as possible
simultaneously. This will ensure

. compliance with restrictions, end will

conserve cbmpressed gir, thereby mini-
mizing elapsed operation time.

Tank Cepacity Curves

Net tank capacity curves are given on the following
pages,‘ror'use as,neceSséry in hydrostatic ¢calcula-
tions. ' i

Calculation Forms
Sample hydrostatic calculation forms are given on

~ ths following pages. Characteristics of full sof&

tanks are given. Characteristics of partially full
tanks may be obtained from bgnk capacity curves,

Curves of form (contract plan No. 70L,3-2, Sheets 1
and 2) are needed for any'hydrostafic caleculations,

excdept for conditions wherse soft tanks are completiely
_ flooded. ’

Vi
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¢. Hard Tank Ballastine g
The nsed for careful planning and'monito;ing of hard tank
ballast ‘conditions dictates = graphical_approach to hydro-

atatic calculations. Conventiohai ééi&uiﬁtions using curves
of foxm and tank capaclty curves may also be performed if
desimed. But, in general, the following diving polygons and
overlays can be used more ¢conveniently.

. Contract Dwg No. 70L3-L; Sht 1, Long'l Diving Polygon

1t

noow R " ght 2, " n " (Overlay)
n ® 043-S, Sht i, Transverse Diving Polygon
LU - " * (Overlay)

The "Polygon Reference Tablegz, Aﬁpendix A, are required to
identtify codéd points on the polygons. '

1.

Guidelines |
The following considerations should be ‘kept in mind

when plenning tank errangerents. The extent to which
these criteriza can be met will ‘depend on the indivi-
dual case. Obviously, payload with a size and
location which approaches the carrying capacity of CB

" cannot be supported with the same peserves against

casualties as can smaller or more favorably located
. * r

payloads.

Trim Svstem Charge. The most convenient trim system
weight, both for charging and for use, is 50 per cent.

Payload cepacity can be extended (in terms of welight,

but not necessarily moment) by reducing the charge.
A 25-vercent charge is also convenlent, but does not
provide as much trimming capacity. The vessel cen

" theoretically be omerated with. the trim system empty,

but “this mekes cgntrol of the diving operation more

‘aifficult.
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Trim system.distribution.”” If other constraints sre

_ not compromised, it is desirable to distribute trim -

ballast equally. If this is not practical, attempt

to leave at least a small smount of reserve for

trimming in any direction for eritical stages such

as final qylinder.submsrgence. .

TVB Tank Levels. Attempt to £ill IVBs partially.

Any completely full or combletely empty tank limits
the operator's ability to make fine adjustments to

the diving plan during the operation. Other VB tanks
may of course be used for fine .adjustment, but only
the IVBs provide data to determine the magnitude of
any errors in the diyihg plan which might be accounted
for in subsequent dives.

Symmetric Divipg Tanks. Submerged operation (diving

.or ascending) will be simplified if this stege of

the operation is accomplished with symmetric sets ol
four or more tanks st a time. The symmetric tank
pair combinations of sufficient capacity to dive

.from the 03 WL to the cylinder depth VL are

06, 09, u&. and 43 P/S
16 and 32 P/S
20 and 29 P/S
Tank combinations containing one or more of these
groups are identified on the polygon and will be
discussed further.

The IVB tank group, 12 and 36 P/S, elso have suffi-
cient capacity for diving. A secondary pogsibility
for diving groups, which are nearly symmetric, but
will require slight trim corrections during diving,are
06, 25, and h3 P/S —

09, 25, end LO P/S '

since tanks 25 P/S are located slightly aft of amidships.
vi-8
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Longitudinal Polygon

Coordinates. The léngiﬁﬁdiﬁai polygon is a
graphical description of the ballast weights
(vertical axis, long tons) and moments
(horiiontalf;zis, 1ong'€§ﬁufé¢$) of various
combinations of filled varisbié ballast tenks .
(vBs}. -, T '

Sign conventions. The vertical scale of increas-
ing ballast weights is ploﬁted dovnward. The
horizontal scale of jncreasing forward bellast
moment is plotteg,to the left, and aft moments
to the right. o '

Tank peirs. The points on the longitudinal
polygon, and in the accompanying "Longitudina
Tank Combination Tables,™ consider only vort and

TSterbesrd pairs of filled variable ballast tanks.

Values on the overlay are for the average of
port and starboard levels in trensverse pairs of

instrumented variable tanks (1VBs) and trim tanks.

Lines. Each of the eighte;; VB tanks are of
equal height and width. Ten of the tanks are

18 feet in length, and the other eight are

2L feet in length. _This results in 26 possible
values of weight in filled P/S pairs of VB tanks.

Each possible welght is represented by a horizontal

1ine on the polygon. The line jg identified by

Points. All of the possible longitudinal moments
essocinted with possible tank pair combinations
VI-9
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of the prover weight are plotted as individual
points along each line. Since labelling of each
point with its tank comhinations would be -
cumbersome, points are numbered consecutively
from left to right. The one or more combinstions,
vhich can be used to obtain the weight and moment
of a given point, may be found in the longitudirsal
tank combination tables. First, turn to the page
in the tables éorresponding to the line number.
VB tanks essociated with the point are listed,;
using the freme jdentification number.

Attitude. The relationship of ballast arrange-
ment to draft and, payload cheracteristics as
described below, assumes "jevel equilibrium”,
or zero trim. Other than level conditions may De
treated, however, if the longitudinal stability
characteristics are ¥nown, by measuring the
jmbalance of longitudinal moments from the
polygon.

Trin system chsrge. The polygon scales and over-
lays have been prenared for the condition whera
the trim system is charged po 50 per cent capacdty.
Other conditions can be treated by preparing
additional overlays.

ela;ionshin to éraft, without nayload. A
ertical scale of CB keel draft is given on each

margin of the polygon, with draft increasing
downward. I1f no payload is being carried, trim
system is ‘charged to 50 per cent, end IVBs are
empty, then thec draft may be read directly from -
the weight of the £illed tank combination by
moving horizontally to the draft scale on the

margin.
vVi-10

p.10B6




Mar 14 UB 12:18p

-~

Tony Furrh
; (619) 556-4507

- - B -
1

-
-

1If the IVBs are not empty, ﬁl&ce'ths upper origir _.

of the overlay on Eho_point corresponding to the
combination of f£illed VBs. Then mark the point
on the inner diemond region of overlay corres-
ponding to the IVB tank levels. The draft may
then be foung‘by‘mpving horizontally from this
point to the ﬁraff'acalee'

Tpe draft scale is essentially a plot of CB
displacements (in long tons) for each draflt.

For any VB tank condition, the sum of light ship
weight, net soft tank ballast weight, trim system
weight, and VB tank ballast weight is equal to

the CB gisplacemept for vertical equilibrium.

Tne draft at which this CB displacement oceurs

is plotted opposite the VB tank condition

point. |

Definition of Payload Weight. Noite that we can
treat only the ryet" payload weight, or the
welght in eir minus any buoyency. (For 2 steel
structure which floods completely, the wet weight
1s 87 per cent of the dry weight. For payloads

with other materisls or with watertipht spaces,

buoyancy must be calculated.)

Relationshin'to draft. with pavload. In this
case, the sum of light ship weight, net soft
tank bellast weight, VB and IVB tank weights,

_trinm system charge, and wet payload weight, must

-

equal the C3B displacement at the equilibriun
areft. All terms of the equation except payload

_weight are jncluded in the geonetry of the poly-

gon, overlay, and draft scale. The payload

VI-11

P.lO?




LB A s AP

TRTIZg T AITINR

IDLIF DIV TTOUS P.lUbY
-

weight may be added graphically by transferring
the cbrresponding vertical distance from the
payload sceale in the margin. :

Longitudinel Origin. ~Note that the vertical lime
through the polygon, correSponding to zero on
the paylosd moment scale, is not at the center
of the polygonﬁen#elope. This results from the
longitudinal asymmetry of the vessel. The light
ship center of gravity 38 forward of emidships,
and VB tenks 25 are aft of emidships. The verticel
line, end moment scales, have been loceted such
that if the graphical sum of VB moment, IV3
moment, trim systenm moment, and payload moment
1ies on the line. the vessel will be in level
equilibrium.

.. Syrmetric Diving Tanks. The groups of symmetric

VB tanks which are of sufficient capacity to b
used for diving were given in the guidelines.
For ballast conditions fully submerged, it 1is
preferable to have one such group filled (unless
s+ is feasible to use the IVB grouwp for 4ivingl.
Tank combinations vhich coqﬁain such groups are
identified by their point symbol on the longi-
tudinal polygoﬁﬁ

__4 symbol is used for combinations with

symetric diving groups . '

__+ symbol i{s used for other corbinations.

_In the reference tables, any tarks which form A

symmetric diving group, or grouvs, gre under-

. lined.

VI-12. ~—
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Transverse Polygon )
Relationshin to Lonzitudinal Polygon. Note that

if transverse moments of the vessel and payload
are negiigible, and only P/S pairs of tanks are
filled, %Shen only the lbngitudinal polygon need
be uvsed. .Hgyever, 1t is necessary to use both
polygons to treat 2 condition involving transverse
moments. To make the two truly independent would
have required a much more complex longitudinal
polygon. :

Coordinate Axes. The transverse polygon is also
a plot of the weights and moments associated with
various combinations of filled VB tanks. Weight
is plotted on the vertical scale, increasing
downward. Transverse moment, about the CB
centerline, is plotted on the horizontal scele,
with starboard ballest noments to the left and’
port ballast noments to the right.

ILines. Horizontal lines are again identified by
the total VB weight. More lines appear on this
polygon, since we rust represent all the weight
combinations of ten small tanks and eight large
tanks, rather than the five pairs of small tanks
and four pairs of'largg tanks represented on the
longitudinal polygon.

Points. Each point on a line represents a
transverse moment which can be obtained using @&
combination of filled VB tanks whose total
weipht equals the line fumber. The points are
nunbered {rom 1eft- to right, for reference to
the "Trensverse Tank Combination Pables". In

. VI-13
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the transverse tables, it is not necessaﬁy to
identify individual tanks by freme number. ‘All
tanks have. the same trﬁnswerse‘moment arm; there-
fore, the trensverse tables merely give the
quantities of larg and smll tsnks filled on
each side. -

Symmetric and skew tenks. For complete level
equilibrium, an arrangement of filled VB tanks,
and levels in IVB and trim tanks, must be found
which result in equality of both trensverse and
longitudinal monents. In order to find the
simultaneous solution, consider any VB tank
arrangement to be,made up of some number of filied
P/S syrmetric péirs and some number of additional
filled tanks, for which the tank on ‘the opposite
side is not filled (skew tanks). The weight ani

longitudinal moment of the symmetric tank are

represented by a point on the longitudinal polyzon, -
which includes all combinations of transverse

symmetric pairs. The net transverse moment of

the symmetric tanks is zero.

The total weight of all the, filled tanks and the
total transverse moment (due to skew tanks) ara
represented on the transverse polygon. In ordex
to represent the additional weight and longi-
tudinal moment of the skew tanks, alternate oriigins_
for skew tanks are given on the lonpgitudinel

.overlay. These alternate origins are again iden-

tified by line number (the weight of the skew
tanks in long tons) and point. The p01nts.are

labelled with the frame identification numbers

of the skew tanks.

vi-1h ' —




4" UD 1S laP 1oy rurrn o113} QD6 ~F2U/
iar D

.&;"’." - . - N . “-- . B

: Zanks. To find & -
combination of VB tanks which will produce nearly

“w jevel equilibrium at a given draft and payload
condition, plot the payload weight and "transverse
moment on the transverse polygon, messuring from
the origin cgrresponding‘to the desired draft.
similarly, plot the payload weight snd longi-
tudinal moment on the loﬁgiﬁﬁdinal polygon.

Place the overlsy on the transverse polygon
upside down, with'the-origin on the plotted
payload point, to §8entify the possible solu-
tions. A workable solution must be found by
trial and error. Pick a possible solution and
look it up in thé_Transverse Reference Tables.
The weights of the syrmetric and skew tanks are
given in the table, identified 2s "Long'l Polygon
Line No." and "Alternate Origin Line No."

S . Place the longitudinal overlaj, also upside down,
with the proper alternate ofigin line on the
plotted vayload point, and slide it horizontelly
to test various alternate origins (skew tank
longitudinal moments) on that Yine. For each
alternate origin, try to find a point on the
proper longitudinal polygon line which is made
up of tanks not used as skevw tenks. Note that
a tank camnot be £31led twice! Note also that

. the other constraints 1isted previously must be
observed (providing symmetric diving tanks,
trim rgsefve, IVB margin, etc.).

If transverse payload moment is large; consider-
gple searching may be required. )
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Simultaneous Sof?kpli.fﬂ p IVB . When a
nromising simultansocus solution for the VB tanks
is found, check the requireé levels of the four
IVB tanks. Leave boﬁh.overlays in place, unside
down, as in the previous. ‘step. From the trans-
verse overlay, read the average levels of the
port pair and starboard pair. From the longi-
tudinal overlsay, read the average levels of the
forward pair and efter pair. There 1s no unique
solution, but a possible solution of tank levels
may be found by inspection. Moerely select an
arbitrary level for one tank which will result

. in levels between zero and eighteen feet for

the other three tanks. A disgram for this
purpose is given on the worksheet.

Simnltancous Solution, fo Tpipp Tanks. The trim
tank levels may determined, if necessary, in the
same manner as described for IVBs above.
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