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FOREWORD

This report describes COMSERVPAC underwater mooring
operations and associated activities conducted in November
of 1970 off the coast of San Diego, California, under the
technical direction of the Supervisor of Salvage, Office
of the Director of Diving, Salvage and Ocean Engineering
Projects (Ships 00C), Naval Ship Systems Command. Materials,
techniques, procedures, related activities, and results are
described herein, as well as an overall assessment of the
completed project. Information gathered, data compiled,
and knowledge gained in connection with this undertaking are
intended for use by those Commands engaged in similar activi-
ties or by those contemplating such operations.

//’ Q ) ;
E. B. Mitchel C/RAVLSZQl

Captain, USN
Supervisor of Salvage, U.S. Navy
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ABSTRACT

Successful underwater mooring of a buoyant submarine hull 300
feet below the surface in water depths of 3,492 feet is accomplished
in a seven-day period by U, S. Navy vessels and personnel, The hull,
used as a sonar training target and identified as the SQUAW, is held
in fixed position beneath the surface by means of four mooring legs
which are attached to it and which extend to the ocean floor. A
stationary condition is achieved and reasonable stability is assured
by arranging the legs in such a manner that they resist vertical,
horizontal, and lateral movements of the hull, Two inner vertical
legs with heavy counterweights resting on the ocean bottom provide
the necessary vertical restraint needed to prevent the hull from
rising to the surface, while two outer legs--legs which assume an
underwater catenary contour configuration--attached to the bow and
stern and securely anchored to the bottom restrain horizontal move-
ment, An evaluation of the results of the mooring shows that all
design specifications pertinent to the project were met. It is esti-
mated that the SQUAW will remain in its present position from five
to ten years, barring premature failure of two or more legs or acci-
dental damage to the structure proper, in which event the hull will
overcome any remaining restraints imposed on it and will rise to the
surface.
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Frontispiece. SQUAW, the model experimental submarine hull,
being readied for mooring operations at the
Naval Ship Yard, Long Beach, California.






REFERENCE AXIS,

Figure 3-1
Catenary Leg Configuration



SECTION 3
DESIGN CALCULATIONS

Restrictions. Mooring design calculations were directed toward de-
termining:

1. Ballast and trim
2. Leg composition and configuration
3. Acceptable tolerances under design conditions

Computations were affected by such factors as ship storage ca-
pacities, ship equipment capabilities, the physical characteristics
of the ground tackle, the provision that wire-rope noncontact with
the ocean bottom be maintained at all times, and more specifically,
by the maximum length and tension of the wire-rope and the parallel
force exerted at the anchor shaft at the ocean bottom.

Bow and Stern Legs. Since the effects of ocean currents on the
moorings were of negligible magnitude, the outer mooring legs assumed
the configuration of a weighted catenary. See Figure 3-1 for leg
contour configuration. The general equations that relate the depth
(Y), the span (X), and the scope (S), are given by

H
Y = w (sec ¢l - sec ﬂo) (3-1)

tan ﬂl + sec Ql

X = %% 1n (3-2)
tan QO + sec ﬁo
s = X (tan g, - tan g) (3-3)
T w ‘e Sl

where:
H is the horizontal component of tension
W is the leg weight in water per unit length
Qo is the lower angle with horizontal

ﬂl is the upper angle with horizontal



An important characteristic of the catenary is that H is con-
stant at any point in the scope. The tension (T) at any point (P)
is

T, = H sec ¢P (3-4)

and the vertical force (VP) is

<
It

H tan ¢P (3-5)

VP = TP sin ¢P (3-6)

The following formulas are developed from the previous equa-
tions when applied to the compound catenary in the chain-wire-rope
leg on a level bottom (i.e., ¢O = 0). Referring to Figure 3-1:

(NOTE: 1In equations 3-7, 3-8, and 3-9, brackets desig-
nated number one (1) refer to the chain portion of
the leg; number two (2) brackets refer to wire portion.)

B H
Y = [}7 (sec ﬂl - 1{] (3-7)
c 1

X = X + — 1n (tan ﬂl + sec ﬂl (3-8)
c
1

u tan ﬂz + sec ﬂz
+ W in
r t +

an ﬂl sec ﬂl



H
S = xo + W (tan ¢l) (3-9)
C
1
+ H (tan @ - tan @
W 2 7
r
2
T, = Hsecd, (3-10)
V2 = H tan ¢2 = T2 sin ¢2 (3-11)

where:

X is the chain scope lying on the bottom

)

@l is the cable angle with horizontal at the
chain-wire rope junction

¢2 is the cable angle with horizontal at the

upper end
W is the weight of chain per unit length
W_  is the weight of wire-rope per unit length
T is the tension at the upper end
H is the horizontal component of tension

\' is the vertical component of tension at the
upper end

The approach to a solution of equations 3-7 through 3-11 is to
select values of H at the surface and subsurface positions. A
unique chain-wire rope scope is thus obtained. However, the solu-
tion obtained may not necessarily be acceptable, since it may exceed
the mooring restrictions, 1In this case, a new set of values for H
is selected and the process is repeated.

Vertical forces are obtained by summing the weight of the chain
and wire-rope in the catenary. Tension is obtained by vector addi-
tion of vertical and horizontal forces.
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Table 3-2

Calculation of Submerged Mooring Condition

Item Weight Remarks
(tons)
Light ship.......cciiverinnen. 409.55 1965 test
Five (5) main ballast tanks...... 246.38 1965 test
Forward trim tank................ (slack) 1970 requirement
After trim tank,......coceenuenas 5.13 1965 test
Two (2) anchor legs.......ccvvues 20.98 1970 mooring
Two (2) counterweight legs....... 10.20 1970 mooring
TOTAL SUBMERGED WEIGHT 692.24
Submerged displacement........... 700.66
RESERVE BUOYANCY 8.42%

*Corrected buoyancy 5.46 tons (see mooring problem 4, page 47)

Table 3-3
Submerged Condition Loading Data
Weight
Item Gallons | (tons) Remarks
A, Trim tanks (fresh Fresh water at
water) 269,28 G/T
After trim tank..... 1382 5.13 SDG: 3 ft-1 in
B. Main ballast tanks Salt water at
No. 1, 100%.cauvecas 12574 48.03 261.8 G/T
No. 2, 100%.ueecasss 18288 69.85
No. 3, 100%cececcans 11428 43.65
No. 4, 100%cceceaens 12574 48.03
No. 5, 1007%.ceacaass 9636 36.81
TOTAL WEIGHT --- 246,37
C. Two anchor legs..... -——- 20.98 Two (2) at
23,500# each
Two (2) counter- Two (2) at
weight legS.eess.. --- 10.20 11,420# each
TOTAL WEIGHT -—— 31.18

11
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Table 3-5
Trim Tank Capacities

Forward Trim Tank (FR 2-14% @)

CG of Vol Gallons Corresponding to Each Inch of* Sounding

Above Feet

BOttom Of 0|| lll 2” 3” 4" 5” 6” 7" 8" 9” 10” 11”

Keel (ft)
3.20 0 80 94 109 123 137 152 166 180 195 209 223 238
3.65 1 252 289 327 364 401 439 476 513 551 588 625 663
4,53 2 700 765 830 895 960 | 1128 1295 1463 1630 1798 1965 2133
5.45 3 2300 | 2473 2646 2819 2992 3165 { 3339 3512 3685 3858 | 4031 [4204
6.14 4 4377 4550 | 4273 4896 | 5069 5242 | 5415 5588 | 5761 5934 | 6107 |6280
6.83 5 6453 6626 6799 6972 7145 7318 7492 7665 7838 | 8011 8184 8357
7.52 6 8530 | 8693 8856 9019 9183 9346 9509

SNDG at 100% = 6'-6 7/8" = 9672 CG = 7.92'
After Trim Tank (FR 38%-51)

ICG of Vol Gallons Corresponding to Each Inch of Sounding

Above Feet

Bottom Of OH l" 2" 3” 4” 5" 6” 7” 8” 9" 10” 11"
eel (ft)
3.17 0 73 85 97 109 121 133 145 157 169 181 193 205
3.63 1 217 253 289 325 361 397 434 470 506 542 578 614
4.44 2 650 708 765 823 880 918 955 993 1030 1068 | 1105 1143
5.41 3 1180 | 1382 1583 1785 1987 2188 2390 | 2592 2793 2950 | 3197 3398
6.10 4 3600 { 3801 | 4003 | 4205 | 4407 4608 | 4810 | 5012 5213 5415 5617 5818
6.79 5 6020 | 6222 6423 6625 6827 7028 7230 | 7432 7633 7835 8037 8238
7.50 6 8440 | 8606 8771 8937 9103 9269 9434 | 9600

SNDG at 100% = 9672 CG = 7,92




Total surface displacement and reserve buoyancy were calculated
as shown in Table 3-4 below., Refer to Figure 3-2 for sketch of free-
board measurement, The subsurface mooring condition of the SQUAW is
illustrated in Figure 3-3, and the form curves appertaining thereto
in Figure 3-4,

Table 3-4
Surface Mooring Condition
Weight
Item (tons) Remarks
A, Surface mooring
condition
Light ship.cececseseccscccsnns 409,55
Main ballast tanks 1, 3, and
4, 1007 fulleesesesoosncoacans 139,71
Two (2) anchor legS...essssess 20,98 1970 requirement
Iwo (2) counterweight legs.... 10.20 1970 requirement
Two (2) counterweights at
18330# each.veeeceosossessnans 16.37 1970 requirement
After trim tankeeeeeoosssaness 5.13 1965 test
TOTAL SURFACE DISPLACEMENT _601.94 _
Mean draft (15.01 ft + 4.56 ft) : 19.57 ft'| Form curves
Draft awashiseeseescecssssscass ; 23.04 fq
Freeboard..ccesecocecccocasses | 3.49 fy
Freeboard.csessesssecencssacss I_ 3.5 _fty| Ssee Figure 3-2
B. Reserve buoyancy
Total displacement..ceeocecess 700.66
Surface displacement.ccesssess 601.94
RESERVE BUOYANCY 98.72

3. 6" FREEBOARD

N G-

€ = 1065104

Figure 3-2
Freeboard Measurement
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SECTION 4
THE MOORING OPERATION

Preparations. The magnitude and complexity of the contemplated
project demanded extensive as well as intensive planning and pre-
paration prior to on-site installation of the hull. Important
matters such as funding; obtaining materials and equipment; load-
ing and scheduling ships; procuring required instrumentation
(tensionmeters and footage indicators, depth recorders, surveying
equipment) and securing the specialized personnel needed to moni-
tor measurements and record data; drydocking the SQUAW for repairs,
and ballasting and trimming it to the specified design conditions;
and coordinating all aspects of the operation were completely and
thoroughly considered and discussed. All actions taken in this
regard were directed toward and pointed to a smooth operational
performance during the entire activity and to a successful achieve-
ment of the objective.

The Operational Plan. Operations were launched from the U. S.
Naval Station, San Diego, California, and mooring was effected by
proceeding through eight distinct phases (graphically illustra-
ted in Figures 4-1 through 4-10) as indicated below.

Phase Activity
l ceceeeceenosseaeass Load ships
2 teeeersesssssssees Lower leg A-1
3 teteteceasennsaess Lower leg A-2
4 teiiesteceseesesss Lower leg B-2; measure and cut for depth
5 tevesssecssssesssas Lower leg B-1
6 ceeeecceccsseessss Transfer all legs to SQUAW
7 eesecsssssassesass Flood ballast tanks and correct catenary
8 eteeetececscesssss Remove surface buoys

Procedures applicable to each phase were implemented by follow-
ing a ''sequence of events" which established the orderly, successive
step-by-step actions to be taken by ships and personnel. Such sched-
uling, of course, did not preclude the use of initiative by officers
and men involved if, during the operation, unexpected or unusual
circumstances, conditions, or occurrences forced departures or devi-
ations from the prescribed standards, specifications, or routine set
forth,

The Phasing Process. All details and activities relative to ship
movements, personnel assignments, and equipment readiness were co-
ordinated so that a smooth, steady, and uninterrupted overall oper-
ation would be assured within the planned time-frame. Each phase
was designed to succeed the preceding one in a merging fashion,

17



PHASE 1 -- LOAD SHIPS

(NOTE: Refer to Figures 4-1, 4-2, and 4-3 for illustrations
of location and arrangement of materials and equipment on
each of the three ships actively involved in the mooring
operation prior to their departure from port. Also refer
to the '"Materials List'" inserts for easy identification of
"piece numbers' noted in the description of procedures
which follows.)

MK-2 BUOY FOR
BITTER END OF A-1

8000 LB EELLS ANCHOR
LASHED OVER THE SIDE

>,
K

(1]

400 FEET OF
1%" WIRE

-t~ LEG A-1

5700 FEET

[ITITH

™. A2 CROWN
WIRE
. 4000 FEET

5
i

OO

A-2 CROWN BUOY

6000 LB CLUMP LASHED
OVER THE SIDE 8 SHOTS OF CHAIN LEG A-1

ATF #1

CHOWANOC

1. ATE#1 WILL LOAD LEG
A-1-A-1 CROWN WIRE

AND A-2 CROWN WIRE

AND 1-MK-2 BUOY.

Figure 4-1
Loading of ATF # 1 (CHOWANOC)
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18,300 LB CLUMP

8000 LB EELLS ANCHOR oeR 2
LASHED OVER THE SIDE____ .5 500% 8

Lk
Il

.......... .. 3000 FEET OF 1%”
WIRE LEG B-1

0o

/ LEG A-2 5700 FEET

3000 FEET OF 1 1/4” WIRE
LEG B-2

400 FEET OF 1% WIRE
FOR LOWERING 18,300 LB
CLUMPS LEG B-1 AND B-2

8 SHOTS OF CHAIN LEG A-2 o33

6000 LB CLUMP
LASHED OVER THE SIDE

ATF #2 18,300 LB CLUMP

MOLALA

Figure 4-2
Loading of ATF #2 (MOLALA)

SURGE BUOY MK-4

LOAD WHEN THE SQUAW

PICKED UP FOR TOW, INSTALL

ON SKIDS TO ROLL OVER THE SIDE

LEG A-1 CROWN WIRE

{ CROWN LINE

FOR LEG A-1

A-1 CROWN
BUOY

M0

MARKER BUOY

4000 FEET 4%" NYLON

1000 LB CLUMP

ATA

KALMIA

Figure 4-3
Loading of ATA (KALMIA )
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Loading of each ship and rigging of the SQUAW were accomplished
in the following manner:

ATF #1 (CHOWANOC)

1. Two-inch two wire from drum and wire from wing drums were
removed and stored on power reels. (Photo #2)

Photo #2
Two-inch Tow Wire on Power Reels

2, Loaded leg A-1 (pieces 6 through 14) and stored pieces 6,
1, 5, 10, and 11 on towing drum in that order. Stored
eight pieces of number 4 on deck and secured and lashed
pieces 13 and 14 over the side ready for release,

20



3. Loaded leg A-2 crown wire and buoy pieces 7, 15, 19, and
20. Stored pieces 7, 19, and 20 on wing drum in that
order. When leg A-1 is layed, leg A-2 crown wire is to
be transferred from wing drum to empty A-1 towing drum.

4, Loaded Mark 2 buoy (not listed in '"Materials List') to
secure bitter end of leg A-1.

ATF #2 (MOLALA)

1. Two-inch tow wire from drum and wire from wing drum were
removed and stored on power reels,

2. Loaded leg A-2 (pieces 6 through 14) and stored pieces 6,
1, 5, 10, and 11 on towing drum in that order. Stored
eight pieces of number 4 on deck, Secured and lashed
pieces 13 and 14 over the side ready for release,

3. Loaded legs B-1 and B-2 by securing and lashing piece 17
to quarter bitts ready for lowering (done both port and
starboard sides). Stored pieces 7 and 6 on wing drums
leg B-1 starboard and leg B-2 port).

4. When leg A-2 is layed, leg B-1 will be transferred from
wing drum to empty leg A-2 towing drum ready for lower-
ing. When leg B-1 is removed, leg B-2 will be transferred
from wing drum to empty leg B-1 towing drum for lowering.

Materials List

Piece
_ No. Description Amount | Spare |[Total
1 2" bolt pin shackle 38 6 44
2 1-1/4" x 294 ft w/each end 2 - 2
3 1-3/4" detachable link 14 2 16
4 1-1/2" x 90 ft. stud chain 22 2 24
5 2" @ x 7-1/2" L.D. ring 4 2 6
6 1-1/4" x 500 wire rope w/each end 4 - 4
7 1-1/4" x 3000 ft wirc rope w/(8) each end 4 1 5
8 1-1/4" wire rope closed socket 32 4 36
9 Miller Swivel - 4
10 | 1-1/4" x 2850 ft w/ @ 2 - 2
11 1-1/4" x 2850 ft w/(8) each end 2 - 2
12 1-1/4" wire rope open socket 4 5
13 6000 1b clump 2 - 2
14 8000 1b Eell 2 - 2
15 Buoy, mooring mark 4 4 - 4
16 Pear shape anchor shackle - 2
17 18,330 1b clump 2 - 2
18 1-1/2" detachable link 12 14
19 1-1/4" x 1000 wire rope w/(8) @ 2 2
20 1-1/4" x 50 wire rope w/(8) each end 2 - 2
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ATA (KALMIA)

1. Two-inch towing wire from drum was removed and stored on
power reel,

2. Loaded leg A-1 crown wire on towing drum starting with
pieces 20, 17, and 19. Faked out piece 19 on deck.
Loaded piece 15.on deck ready for attaching.

3. Loaded 1,000-pound clump, 4,000 feet of 4-1/2-inch nylon,
and marker buoy on deck.

4, Loaded two pieces of number 15 on deck on skids for launch-
ing without lifting. (Photo #3)

Photo # 3
Mark-4 Buoys Ready for Launching
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SQUAW

1, Made fast all pieces number 4 and made fast lower ends on
deck, Made up short shot of chain through bull nose for
the tow line. (Photo #4)

2. Rigged with fender (removed before flooding).

3. Rigged, coiled, and lashed pieces number 2 before getting
underway. (Photo #5)

Photo #4
Short Shot of Chain Through Bull Nose

Photo #5
Wire Rope Rigged, Coiled, and Lashed

23



1744

4000’

MK-4 BUOY W

ATF

LINE FROM BUOY TO ATF

/—100' LINE

/— MK-4 BUOY

I \

5700 - 1% WIRE ROPE

TN
CABLE CUTTERS —\

6000 LB CLUMP

[<—— 50 PENDANTS ———

450’ - 12" CHAIN

270" - 1% CHAIN

BOTTOM

8000 LB EELLS
ANCHOR

WIRE TO DETONATE
CABLE CUTTERS

j«—— CROWN LINE - 4000’

Figure 4-4
Lowering Leg A-1



PHASE 2 -- LOWER LEG A-1

1. KALMIA departed for operations area and on arrival layed
positioning buoy and made fathometer survey,

2., CHOWANOC and MOLALA arrived the following day and layed
leg A-1 (see Figure 4-4).

3. Operational movement proceeded as follows:
(A) CHOWANOC kept in vicinity of position buoy.

(B) KALMIA closed CHOWANOC and launched two surge buoys
piece 15. (Photo #6)

(C) CHOWANOC retrieved surge buoys and brought them
alongside. (Photo #7)

(D) KALMIA passed messenger to CHOWANOC and payed out
crown wire to CHOWANOC,

Photo #6 Photo #7
Surge Buoys Being Launched Surge Buoys Being Retrieved
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(E) CHOWANOC made up crown wire to Eells anchor.
(Photo #8)

(F) KALMIA payed out crown wire to about 1,000 feet.
(G) CHOWANOC shackled surge buoy pendant to Eells

anchor and lowered anchor over side (Photo #8) until
buoy supported weight of anchor.

Photo # 8
Crown Wire Being Made up to Eells Anchor

Photo #9
CHOWANOC Lowering Anchor over Side
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(H)
(D)

J)

(K)

(L)

(1)

CHOWANOC secured nylon distance line to buoy.

CHOWANOC lowered three shots of chain over side,
(Photo #10)

CHOWANOC secured wire pendant from #2 surge buoy
to 6,000-pound clump.

CHOWANOC secured 100-foot distance line to #2 surge
buoy,

CHOWANOC lowered 6,000-pound clump over side until
buoy supported its weight.

CHOWANOC let go surge buoy, payed out five shots of
chain, and transferred weight of chain to towing
drum wire,

Photo # 10
CHOWANOC Lowering Chain over Side
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(N) CHOWANOC station kept and payed out 5,700 feet of
wire and KALMIA payed out 4,000 feet of crown wire
(both wires payed out to their full length).
(Photo #11)

(0) KALMIA put boat in water and secured nylon line to
#1 surge buoy.

(P) UDT personnel readied wire cutters. (Photo #12)

Photo #11
CHOWANOC and KALMIA Paying Out Wires

Photo #12
UDT Readying Wire Cutters
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(Q)
(R)

(s)

(T)

(0)

V)

(W)

(x)

KALMIA took station 4,000 feet upwind from CHOWANOC.

UDT placed cutters and fired. (Photo #13) Anchor
leg settled to bottom and KALMIA retrieved both surge
buoys, brought buoys alongside, and stretched out
anchor and clump.

Photo # 13
UDT Placing Cutters

KALMIA secured crown buoy to crown wire and let
crown buoy go into water.

KALMIA delivered surge buoys to CHOWANOC,

CHOWANOC took one buoy, secured it to ring of
anchor leg (piece 5), and slacked off wire until
surge buoy supported bitter end of anchor leg.

CHOWANOC attached lazy pendant of #2 surge buoy
to #1 Mark-4 buoy and let them ride free.

KAIMIA remained in area and assisted until moor
was set.

KALMIA returned to port and picked up SQUAW and
surge buoys (piece 15).
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PHASE 3 -- LOWER LEG A-2

1. CHOWANOC and MOLALA layed leg A-2 as shown in Figure
4-5,

2, Operations proceeded as follows:
(A) MOLAIA picked up lazy pendant from #2 surge buoy

to her bow chock until piece 5 (big ring) was just
outside of gunwale, (Photo #14)

Photo # 14
MOLALA Picking up Lazy Pendant from # 2 Surge Buoy
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(B) MOLALA secured both surge buoys alongside,

H passe eg A-2 crown wire to LA,
(C) CHOWANOC d1 A-2 MOLALA
(Photo #15)

Photo # 15
CHOWANQOC Fassing Leg A-2 Crown Wire to MOLALA
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--AT THIS POINT, REPEAT STEPS TAKEN IN PHASE 2, 3(A) THROUGH
3(W), WITH THE CHOWANOC TAKING THE PLACE OF THE KALMIA IN
THIS PHASE--

(D) CHOWANOC and MOLALA installed tensiometers in legs.
(Photo #16)

Photo # 16
Tensiometers Being Installed on Legs

(E) CHOWANOC went downwind heading and took a strain.

(F) CHOWANOC observed tensiometer readings until leg
A-2 was on bottom,
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PHASE 4 -- LOWER LEG B-2; MEASURE AND CUT FOR DEPTH

MOLALA lowered leg B-1 and made final depth calculation
for cutting SQUAW's chain pendants to proper length for
both legs B-1 and B-2, (See Figures 4-6 and 4-7,)

Operations proceeded as follows:

(4)

(B)

(9

(D)
(E)

(F)

(G)

Pieces 9, 4, and 17 were attached to leg B-1 and
cable readout was placed on leg B-1.

Lowering procedures began, but were interrupted by
a wire mishap (see Mooring Problem #3, page 47).
Operational method was revised (see Figure 4-6) to
similar lowering plan used for legs A-1l and A-2,
and leg B-2 was used in lieu of leg B-1,

A 60-foot pendant was attached to the surge buoy
(piece 15) and the 18,000-pound clump (piece 17)
was attached to the pendant. Leg B~2 was attached
to the clump.

Clump was lowered until buoy supported the weight.

Buoy was floated forward to the bow and leg B-2
was payed out.

UDT personnel placed cutters on pendant and fired,
allowing leg to settle on bottom.

Leg B-2 was measured. SQUAW chain (piece 4) cut

for placing on the SQUAW., Leg B-2 was secured to
deck.
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PHASE 5 ~- LOWER LEG B-1

1. CHOWANOC and MOLALA lowered leg B-1.

2. Operations proceeded as follows:

(A) MOLALA attached 60-foot pendant to surge buoy.
(Photo #17)

Photo #17
MOLALA Attaching 60-foot Pendant ro Surge Buoy

(B) CHOWANOC moored to MOLALA's starboard side and
passed anchor end (Photo #18) of leg B-1 (piece 8)
to MOLAIA,

Photo # 18
CHOWANOC Passing Anchor End of Leg B-1 1o MOLAL A4
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(C) MOLALA shackled leg B-1 to Miller Swivel (piece 9)
and lowered overboard with 18,000-pound clump
(piece 17) until buoy supported weight.

(D) CHOWANOC's small boat took a position off MOLALA's
port bow with buoy in tow, (Photo #19)

Photo # 19
CHOWANOC’s Small Boat with Buoy in Tow

(E) CHOWANOC payed out leg B-1 and passed ring (piece 5)
to MOLALA which secured it to the deck.

(F) UDT personnel placed cutters on pendant and fired,
allowing leg to settle on bottom.
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38



PHASE 6 -~ TRANSFER ALL LEGS TO SQUAW
(See Figure 4-8)

1. KALMIA brought SQUAW to MOLALA, MOLALA cut SQUAW chain
pendants to proper length and secured legs B-1 and B-2
to SQUAW chain pendants, MOLALA slacked leg B-1 until
SQUAW had weight of leg. Procedure was repeated for leg
B-2, MOLALA placed her mooring lines to SQUAW, MOLALA
transferred leg A-2 to SQUAW and let SQUAW take weight
of leg. Procedure was repeated for leg A-1. MOLALA se-
cured retaining lines to the three fenders on the SQUAW
and cut fenders free from the SQUAW. MOLALA retrieved
fenders and cleared side of SQUAW.

2. Operational movement proceeded as follows:

(A) KAIMIA brought SQUAW alongside MOLALA, (Photo #20)

Photo # 20
SQUAW Being Readied for Mooring

(B) KALMIA kept pieces #15 alongside until time to
attach SQUAW.

(C) MOLALA transferred legs B-1 and B-2 by making up
pieces 1 and 5 and lowering weight to SQUAW,

(D) When the SQUAW was supporting weight of leg B-1,
piece 6 was cut,

(E) Procedure was repeated for leg B-2.
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(F) At this point, ship mooring lines were made up to
the SQUAW,

(G) Pieces 1 and 6 were made up and leg A-2 was trans-
ferred to the SQUAW.

(H) Weight was lowered to the SQUAW on piece 6,
(I) Piece 6 was cut when SQUAW had weight of the leg.
(J) Procedure was repeated for leg A-1.

(K) MOLALA remained moored alongside and assisted in
rigging the surge buoys (piece #15). (Photo #21)

Photo # 21
MOLALA Assisting in Rigging Surge Buoys
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(L) CHOWANOC recovered leg A-2 crown buoy and took
strain to predetermined mooring tension,

(M) MOLALA removed rubber fenders and cleared side of
SQUAW. (Photo #22)

Photo # 22
SQUAW, Mooring Legs in Place, Ready to Submerge

(N) Rubber boat was launched to pay out sonar sensor
and prepared to open flood valves,
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PHASE 7 -- FLOOD BALLAST TANK AND CORRECT CATENARY

1, Ballast tanks were opened and SQUAW was submerged to
proper depth while CHOWANOC took proper tension to
correct catenary.

2. Operational movement proceeded as follows:

(A) CHOWANOC retrieved crown buoy and took crown line
(piece 19) on board and lifted anchor and clump
(pieces 13 and 14) off bottom.

(B) CHOWANOC took necessary pull on leg A-2 to reach
the predetermined tension necessary to pull the
SQUAW down to depth.

(C) Signal was given to open flood valves. SQUAW did
not reach prescribed depth on first attempt (see
Mooring Problem #4, page 47). (Photo #23)

Photo # 23
SQUAW, Partially Submerged in First Mooring Attempt

(D) CHOWANOC reduced tension on leg A-2 and SQUAW
surfaced., Ballast was recalculated.

(E) MOLALA added additional ballast needed on SQUAW
by using 2-1/4-inch anchor chain,
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(F) Procedures (A), (B), and (C) above were repeated,
SQUAW submerged to the 300-foot mooring depth.
(Photo #24)

Photo # 24
Mark-4 Buoys Identifying Location of SQUAW Now Moored at 300-foot Depth

PHASE 8 -- REMOVE SURFACE BUOYS
(See Figure 4-10)

All vessels stood by for navigation fixes on final posi-
tion of the SQUAW target.

2. Crown buoys were removed (Photo #25) and all ships re-
turned to port.

Photo # 25
Crown Buoys Being Removed
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Specific Procedural Recommendations. Safety was of utmost and of
primary concern throughout all phases of the operation. Dangers and
hazards inherent in moving and handling heavy equipment and cumber-
some weights, precision timing required in performing assigned tasks,
and many other factors related to safety considerations were taken
into account, and measures and care taken in advance to minimize and
reduce the probability of injuries to personnel or damage to equipment.
In addition to the rules and regulations set down in this regard, two
specific recommendations were made as indicated below,

With regard to the heavy anchor weights and the 18,330-pound
weights, it was recommended that:

1., The anchor weights and chain be lowered over the side by
using the wire on the towing drum. Pelican hooks would be used for
this purpose.

2, The 18,330-pound weights be lowered from the stored posi-
tion at the quarter bitts to the main legs by using 1-1/4-inch
wire on the wing drum. Wire and snatch blocks were furnished for
this purpose.

Instrumentation and Other Aids. Various measuring devices indispens-
able to the operation were utilized to obtain information, record
data, and maintain constant monitoring of changes that occurred.
Accuracy required in crucial and critical moments dictated the use

of such instruments as tensiometers and footage indicators for
measuring cable tension and length. Recording capacities of these
particular devices were 100,000 pounds. In addition to the fore-
going, a depth recorder was used to produce a bathymetric chart of
the mooring area,

0f equal importance were the many activities associated with
communication, navigation, and distance measurements, Means were
provided by which all ships in the task force could at any time
quickly determine their relative and absolute positions and the dis-
tance between them. Ocean currents were investigated (surface, mid-
water, and bottom) to determine direction and magnitude, and ocean
bottom characteristics were studied and examined. Accurately posi-
tioned buoys served to guide and aid ship movements and provided
visual reference when vessels maintained their stationary positions,
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Mooring Problems. An operation of this size and magnitude did not
escape the unexpected problems which somehow appear despite all pre-
cautions taken and preparations made. Mooring problems encountered
were not of a major character and are listed as follows:

1. All wire rigging was made up with fittings in place, which
created a storage problem., The wire was stored on the tow-
ing machine drums.

2., The total rigging/towing gear was difficult to work in that
the crews of the ships were not sufficiently experienced in
this aspect of the operation.

3. One 3,000-foot wire was damaged while it was being removed
from the stowage drum and had to be replaced.

4, The lack of exact light ship weight required an adjustment

in ballast after the first attempt was made to put the
SQUAW in its moored condition.
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SECTION 5
CONCLUSIONS AND RECOMMENDATIONS

Realization of Objective. Achievement of the objective was realized
as planned, The SQUAW was moored at the specified design depth with-
in the time period allotted and without any major setbacks or mis-
haps. Planning, coordination, personnel skills, and leadership were
combined in a closely knit operation to bring about a successful
conclusion to this activity.

Recommendations. On the basis of this mooring experience, it is
recommended that:

1. The drop system be utilized in the deployment of large moor-
ing systems,

2, When any mooring system is recovered following long use,
inspection should be made for causes of failure and a report

prepared on the findings,

3. All equipment should be made up and secured on deck prior
to arrival on the site,

4, More time be allotted in advance of the task to crew training.
Conclusions. It is concluded that:

1. Crew training and crew efficiency are critical elements in
the procedural process.

2., The drop system makes the handling of huge amounts of moor-
ing equipment safer, even in rough seas.

3. Safety is of prime importance, and rules and regulations
appertaining thereto should be adhered to without exception.

48





