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Executive Summary

Oceaneering International, Inc. (Oceaneering) developed this recovery procedure for the H.L.
Hunley at the request of the Friends of the Hunley, Inc. and he Hunley Commission.

The primary objective of this effort was to develop a detailed plan for the recovery of the Hunley.
This plan is based on the Preliminary Study for the Recovery of the Hunley and input from
numerous other experts in marine archaeology and engineering. Oceaneering performed a Finite
Element Analysis of the hull of the Hunley based on historical information regarding the
construction of the hull. Data regarding hull thickness, rivet placement and condition gathered in
October was also used in the analysis. This finite element analysis was used to evaluate the
proposed recovery method and is provided in Appendix B of this report.

Oceaneering is proposing to recover the Hunley utilizing an all welded steel tube box truss with
bolt on bearing seats and a removable sling support system incorporated with load cells for data
acquisition. When deployed for recovery, the truss will bear on two rigid cylindrical caissons
installed by suction methods. Divers will work to recover the Hunley by excavating 1’-2’ at a time
and installing the slings to provide for continual support of the vessel. A diving platform utilizing a
permanent 4 point mooring system will support the diving operations and may or may not be
configured to provide for the lifting requirements of the Hunley, in which case a separate crane
barge will be utilized when required. After recovery, the Hunley will be transported to the
conservation site at the Naval Shipyard in Building 255 in Charleston Harbor.

The recovery is tentatively scheduled for the May, June, July timeframe. This was based on
historical weather data for the area and provides the best tradeoff of calm seas vs. the chance of
severe storms.
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H.L. Hunley General Recovery Procedures

1.0 Introduction

The following document describes the recovery operation for the H.L.Hunley. It will detail
personnel and equipment mobilization, diving operations, site excavation, recovery truss
foundation, recovery truss (frame) placement and rigging details.

2.0 Personnel & Equipment Mobilization

Oceaneering (Ol1) will mobilize a 21-man dive crew and commercial diving equipment from their
Gulf Coast Division located in Morgan City, Louisiana. The dive crew will consist of 10 divers, 8
tenders, 2 supervisors and 1 superintendent for 24-hour operations. Two dive crews will be
formed, each working 12-hour shifts (see Table 2-1).

Table 2-1 Dive Personnel — 24 Hr. Ops.

Title Job Description No. Personnel
Superintendent Project Manager 1
Supervisors Shift Supervisor 2
Divers Construction Divers 10
Diver-Tenders Dive & Assist 2
Tenders Assist Divers 6

A diving platform will be mobilized to the Port of Charleston where operations personnel will load
diving equipment, excavation equipment, recovery structures, and recovery materials
summarized in Table 2-2 and Table 2-3. The diving platform will transit to the site and utilize a
permanent 4 point mooring system for diving operations. The 4-point moor will remain deployed
for the duration of the recovery. Should the diving platform need to pull off of the site for weather
or other considerations the permanent moor will remain in place, minimizing return time and
anchor handling near the site.

Heavy lifting equipment may be located on the diving platform or transited to the site on as
needed basis. The major lifting operations will be setting the recovery frame foundation, setting
the recovery frame, and recovering the Hunley. The final determination of diving platform and
lifting configurations can only be determined at time of reserving these assets, depending on

availability.

Table 2-2 Equipment Deck Space

EQUIPMENT ESTIMATED DECK AREA ESTIMATED WEIGHT (Kips)
(Sq. Ft.)
Diving 1100 25.0
Suction Pile 6000 30.0
Excavation 400 12.0
Recovery 1000 30.0
Hunley N.A. = 35.0
5
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Table 2-3 Dive Related Equipment

Item Quantity

* Shallow Air Package 2

Barge Support Package

Dive Control Van

Deck Decompression Chamber-Double Lock

Jetting/Excavation Package

Air Tuggers-10 k

Pneumatic Tool Package

Underwater Burning Package

Wet Welding Package-300’ )

Topside Welding/Burning Package

Standard Tool Box Package

Sluice Box Package

Standard Diving Consumable Package

DIO[=IN| == [N=|W|W|—|—|—

Rigging Boxes

* Note: Equipment packages include all required supporting gear
and related items.

3.0 Diving Operations

A team of archaeologists will be on site fulltime to lend recovery support and consultation to the
diving operations. The archaeologists, using their own diving equipment, will team with Oll divers
during excavation and assist in the rigging of the Hunley to the recovery frame. A team of
archaeologists will begin work at the stern, where recovery of the possibly disarticulated stern
parts and other artifacts may be necessary. Oll divers and archaeologists will start excavation
and rigging operations from the bow and work aft.

The recovery effort will be based on a 24-hour operation. Dive operations will normally be 2 Oll
diver/archaeologist teams in the water simultaneously during excavation and rigging operations.
Additional archaeologists may be needed to monitor the orientation of the Hunley in the recovery
frame during rigging operations, to determine if any adjustment in the support rigging is required.

4.0 Survey and Site Marking

Prior to the arrival of the diving platform, archaeologists will have completed their pre-recovery
site work, and will have marked the bow and stern of the Hunley with survey buoys. These buoys
will enable proper positioning of the platform for diving operations. Once moored, dive teams will
perform initial inspection dives to verify the position of the Hunley and observe any unusual
circumstances prior to recovery. Site conditions will be assessed and discussed with on site
archaeologists to determine special requirements during recovery operation.

5.0 Site Preparation

5.1 Excavation Equipment

The excavation system will consist of a large pump to supply pressurized seawater, two
sluice boxes to filter the excavated effluence for artifacts, two suction hoses to transport
the excavated material to the sluice boxes and two excavation hoses to assist in
loosening the seabed matrix. Each dive team will operate a suction hose and excavation
hose to excavate the bottom matrix surrounding the Hunley.
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The excavation system will be powered by a single 6” x 6” jet pump, which produces up
to 1,500 gallons per minute (GPM) of seawater at 300 psig. The jet pump output will be
connected to a manifold, which will supply the 1 ¥%2” hoses for the inductor of both sluice
boxes and excavation hoses. Additionally, the manifold will supply hoses for deck wash-
down of artifacts. '

The sluice box inductors inject a stream of water into the upper portion of the suction
hose, just below the water line. This venturi creates a suction that will draw the loosened
seabed material up the suction hose and deposit it into the sluice box, where artifacts can
be recovered from the effluence. The sluice boxes have 3 sieve plates, of decreasing
mesh size, to maximize effluent flow rate and artifact recovery (see Figure 1). The 4” ID
suction hoses will extend from the inductors down to the divers, terminating in swivel
suction heads. The suction heads will have handles for ease of use and rubber covered
nozzles to minimize damage to the Hunley. (see Figure 2)

Strainer plates

Discharge

Sluice Box

A Pressurized W ater
Connection

W ater line

Inductor

Suction hose used by divers
(not full length)

Figure 1: Sluice Box

Figure 2: Swivel Suction Hose Head (rubber tip not shown)
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The excavation hoses will be used by the dive teams to aid in seabed excavation. The
1%2” ID hoses terminate with T-shaped nozzle heads, which allow the divers to loosen the
bottom matrix in a controlled manner, with a balanced water stream. As the matrix is
excavated, the divers will be looking for imbedded artifacts for documentation and
recovery. The loosened material is suctioned to the surface for further examination.

5.2 First Stage Excavation

The first stage excavation operation will excavate an area approximately 40 feet wide by
130 feet long by 4 feet deep. Excavating this size of an area will be necessary for slope
stabilization for diver safety as excavation depth increases, and to excavate the areas to
be occupied by the suction piles.

After first stage excavation has progressed to expose the top of the Hunley, divers will set
buoys at extreme points of the vessel. One buoy at the bow and stern and one buoy at
the center of the Hunley will be set approximately 2-3 feet above the vessel for the
alignment of the truss during deployment.

Divers will continue to excavate around the Hunley until 1/3 of the vessel is exposed,
leaving the majority of the matrix around the Hunley undisturbed for structural support
(see Fig. 3).

Figure 3: Initial Excavation

6.0 Recovery Frame Foundation

Eighteen-foot diameter suction piles will be used for the structural support of the truss
and Hunley during recovery operations. Each pile will have an articulating bearing pad,
installed on the pile cap, to ensure the truss is set level for final positioning relative to the
Hunley (see Figure 4). Dive support personnel will set up for suction pile installation
topside. After first stage excavation is complete, each pile will be lowered into position.
Oll Divers will guide piles into place. The topside crew will begin suction operation to set
piles at required depth to carry the recovery frame/Hunley load. Divers will monitor
levelness of pile caps during installation. Any adjustments to maintain a level foundation
will be made by rigging the pile to the crane, and applying tension to one point while the
pile continues to penetrate. This will ensure a level foundation for recovery frame
stability. The following is a summary of how suction piles work.
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Suction Pile Description (From Delmar Systems, Inc.)

Suction piles were originally developed by Delmar Systems, Inc. Suction piles
are typically used in the Gulf of Mexico for oil rig mooring systems in deep water.

The system works on the principle of differential pressures between the surface
and the water depth of the pile.

The support system uses a steel suction caisson as the pile. The caisson is
cylindrical in shape with the bottom end open. The top of the pile is capped with
a steel structure to support the truss while the recovery of the vessel proceeds.
Installation and embedment of the caisson is accomplished by evacuating water
out of the top of the pile (creating a pressure differential pushing the pile into the
sediment) until the required penetration is reached. The process is reversed to
recover the caisson after the truss and the Hunley has been lifted.

The advantage of the suction piles is less penetration required than conventional
driven piles, ease of recovery, location accuracy and minimal disruption to the
site (see Table 6-1 for Suction Pile Equipment).

18'-0° 0D OPEN
TTOM FLOATING TRUSS
PAD (TYP>
— i -r\%
i ]

18-~ 0.0

Flgure q: Suction Pile

Table 6-1 Suction Pile Equipment & Personnel

Item Quantity

Steel Suction Caissons — 18’ Diameter 2
Crane Barge Rigging Package 2
Pumping Unit Packages 2

TO-3 Fibroc Evacuation Pumps 4
Norwegian Buoy Assembly — 18” Dia. (300 Ib) 30
Delmar Project Coordinator 1

9
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6.1 Pile Installation Preparation

To prepare for suction pile installation, dive teams will excavate an area 25 feet out from
each end of the Hunley. The depth of excavation will be determined in the field for pile
top elevation. Divers will maintain slope repose of 45 degrees or less.

6.1.1

Vessel Requirements

The vessel used to for the suction pile installation will also be used for
the recovery lift of the Hunley. To maintain station positioning, a four
point mooring system will be utilized (see Figure 19). A 150-ton crane
aboard the main vessel will be in service for the installation of the piles.
Additional deck space is required for suction piles and the pumping unit.

An assist vessel, if required, could be utilized for suction pile alignment,
safety support, and shuttle duties for equipment.

6.2 Pile Installation Procedures

6.2.1

6.2.2

6.2.3

6.2.4

6.2.5

Initial Sediment Removal

Pile sites will require 4’ to 6’ of detrimental soil, clay, and sediment
removal below original mudline (see Figure 3). The removal of this soil
will ensure proper pile embedment and stability.

Buoy Installation

Divers will be employed to set buoys marking precise caisson location
relative to the Hunley. 18" diameter Norwegian buoys utilizing 300 Ib.
clump weights and taut lines will be set in a circular array fore and aft of
the Hunley. The buoys will be offset 1-0” out from the outside diameter
of the pile location. The centerline distance between the piles has been
preliminarily set at 72’-0”.

Vessel Stationing

The main vessel will be set in position for caisson installation # 1. The
vessel will utilize the four point mooring system to maintain position
during installation. Positioning will be accomplished through the use of
four air tugger winches.

Safety

Safety during the pile installation operation will be maintained through
proper communication, adherence to pile installation procedures and
verification that all performance requirements have been met. In
addition, an equipment inspection and function test for all gear and deck
equipment will be carried out prior to caisson installation.

Pile Installation
With divers on deck, the crane on the main vessel will lift the first pile into
position over the buoy array. Deck air tuggers will control vessel

positioning to maintain accurate placement of the pile. Divers will re-
enter the water once the pile is fully submerged.

10
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6.2.6

The pile will be lowered within 3 feet of the excavated seabed. Divers
will confirm position of pile in buoy array by referencing clump weights
and taut lines. After position is verified, the pile is lowered to mudiine
and self-penetration begins. .

The rate of penetration, amount of embedment, and vertical orientation
will be continually monitored until pile is lowered to refusal by its own
weight. After leveling and correct attitude is confirmed, the lift rigging is
released and brought to the surface.

Pile Suction Operations

After the pile has penetrated to refusal under its own weight, suction
operations will begin to set pile to required depth. The soils engineer will
determine required embedment depth. Allowable skin friction values will
dictate depth of embedment into the existing mudline. An embedment
depth of 12-20 feet has been set preliminarily.

Divers will close the flooding valves and prepare to receive the pump
umbilical from topside. The diver will mate the male umbilical stabbing
guide to the suction pile female pump orifice and actuate the quick
connect fitting. Diver 1 will then communicate topside to begin pumping
operations to evacuate the pile.

Diver 2 will observe pile depth indicators, pre-marked on the side of the
pile, as pumping operation and penetration proceeds. During pumping
operations, pump pressure, gauge pressure, pile level, and penetration is
continually monitored.

The pile is pumped down until pile top end cap structure has made
contact with bottom sediment. Pumping operations are then terminated
and the quick disconnect for the umbilical male stabbing guide and the
safety line is de-mated. A continuous suction source or valve is not
required to maintain embedment of the pile.

Installation preparation, pile installation and suction pile operations are
repeated for suction pile No. 2. See Figure 5 for an illustration of pile
installation.

6.3 Suction Pile Recovery Procedures

After the recovery truss has been deployed and the Hunley has been successfully
recovered, the main vessel will be positioned to begin pile recovery operations.

6.3.1

6.3.2

Flooding Pile

Divers will be employed to inspect the piles, stab into pile flood orifice,
actuate quick connect/disconnect and attach safety lines to pump hoses.

Pumping operations begin after all necessary umbilical and stabbing
guides are attached. The pile is then flooded during pumping operations
to release its hold on the soil. Data documentation concerning pump
pressure and pile uplift are continually monitored as pumping operations
(flooding) continues.

Extracting Pile

11
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Once skin friction has been broken and the pile begins to lift, pumping is
terminated. Lift rigging is attached to the crane block and pumping is
reestablished. Coordination is required between crane uplift and
pumping to extract pile successfully. Pumping is continued until
pressure is equalized inside the pile. Once free and the lower perimeter
seal has been broken, the pile is recovered to the main vessels deck.

This procedure is repeated to recover the second pile.

Figure 5: Pile Installation

7.0 Recovery Frame (Truss) Mobilization

7.1 Mobilize Truss

The truss will be prepared for deployment topside by dive support personnel. Necessary
rigging for the lift is prepared and installed on the main truss and coordinated with crane
operator for proper lifting procedures. Bearing seats will be shop welded to each end of
the truss for landing on the suction piles (see Fig. 6).

12




Oceaneering International, Inc.

The Hunley Project

/TQUSS

ﬁgure 6: Truss & Bearing Seats

7.2 Truss Placement
The truss is positioned over the site by heavy lifting equipment, and guided into a position
by Oll divers to straddle the Hunley (see Fig. 7). The truss is slowly lowered, ensuring
the Hunley remains centered in the truss space, to make contact with the floor of the
excavation. Buoys, previously set on the centerline of Hunley, will be utilized to guide the
truss into alignment with the Hunley.

Figure 7: Truss Placement

13
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Jetting nozzles, installed on each of the four truss legs, will allow the truss legs to
penetrate the seabed with minimal disruption to the supporting matrix under the Hunley
(see Fig. 8). Divers will have to perform some hand excavation at the truss knee braces,
to lower the truss into the final recovery position. The truss will be in final recovery
position when the bearing seats land firmly on the suction pile. After the truss is
excavated to the required depth, divers will begin to rig the truss to shop installed
padeyes on the pile cap to secure the truss for stability.

Figure 8: Final Recovery Position of Truss

8.0 Final Excavation and Rigging

8.0 Final Excavation

Once the recovery frame is secured to the piles, Oll divers and archaeologists will begin
final excavation of the Hunley. OIl divers and archaeologists will begin excavation from
the bow of the vessel, while archaeologists alone will start work at the stern. The
archaeologist’s methodology for stern excavation is not detailed here, however, the
rigging details will be the same as described below. As for the bow, the hull will only be
excavated enough to rig and tension a single sling at a time before excavation and
rigging continues towards the stern. This will ensure that the Hunley is continuously
supported by either the surrounding matrix or the truss, as the weight of the Hunley is
transferred to the truss.

14
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8.1 Rigging Methodology

As each section of the hull is exposed, the condition of the hull will be documented before
positioning the rigging. Measurements will be made to determine the configuration of
compliant support materials to conform to hull features, such as keel weights and dive
planes. These support materials and padded blocks will distribute the weight of the
Hunley to the rigging, and prevent the rigging from making contact with hull features,
such as the dive planes. The Hunley will be supported by 12” wide nylon slings, which
will be draped under the exposed section of the hull and connected to the recovery truss
(see Figure 9). The custom padding and blocking will be positioned against the hull, and
the sling will be snugged up to hold the padding and blocking in position. The padding
and blocking will then be secured to the sling with ties or fasteners. Turnbuckles, which
connect each end of the sling to the truss, will be used to tension the sling to support the
weight of each portion of the hull. Load cells, which form part of the sling rigging, will
monitor the tension of the slings. When the required load in each sling has been
reached, the divers will stop tensioning the sling.

There is evidence that the port side of the hull may distort when the surrounding matrix is
removed. This distortion is based on the FEA model of the Hunley for worst case
conditions of a weak hull filled with sand, which could exert an outward force. To resist
this outward distortion, 8” slings will be rigged over the port side and attached to the truss
on the starboard side. The 8" slings will be tensioned to remove slack, but will not apply
an inward force to the hull. The sole purpose of these slings is to keep the port side from
distorting outward.

Figure 10: Sling Installation

15
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8.3 Rigging Hardware Details

The Hunley will be supported by 12” wide nylon slings, nominally spaced on 14.5”
centers. Each end of the slings will be attached to the recovery frame with turnbuckles,
which provide the mechanisms for tensioning the slings. The starboard side turnbuckles
are attached directly to the recovery frame padeyes. The port side turnbuckles use a
chain and hook arrangement to accommodate various rigging lengths, allowing the sling
to be snugged up to the hull without wasting valuable turnbuckle travel. The starboard
side turnbuckle assemblies also include load cells, which determine sling tension. Figure
10 illustrates the starboard sling end rigging hardware and Figure 11 illustrates the port
sling end rigging hardware.

All slings will be constructed of nylon, which is unaffected by sodium hydroxide used in
the conservation phase. However, due to possible long term exposure to the sodium
hydroxide, the sling manufacturer recommends periodic strength testing of the slings
during the conservation phase. The 12” slings have a working capacity of 16,600 pounds
and 6% stretch at full load, resulting in a maximum elongation of 1”. The 12” slings will
be fabricated in a woven fashion to provide a matrix of 1” square holes, used to secure
padding, blocking, and the 8” slings to the 12” slings (see Figure 12).

The port side turnbuckles, which have 12 inches of travel, will be used to pre-tension the
slings and compress compliant support materials. Once pre-tensioned, the turnbuckles
at both ends will be shortened simultaneously, minimizing the torsional loads induced by
sling tensioning.

The turnbuckles on the starboard side have only 6” of travel, due to rigging length
restrictions. The 12” turnbuckles must be used for pre-tensioning, or else the 6”
turnbuckles may bottom out before the load of the Hunley is fully supported. All hardware
has a minimum working load of 5,200 pounds.

The 8” slings will be fastened to the 12” slings as low on the port side a possible. These
slings can be used on every 12" sling, or applied where deemed necessary as the rigging
progresses. The slings will cross over the port side, and be fastened to the starboard
side of the truss with turnbuckles. Neoprene pads will be inserted between the slings and
the hull to distribute the load and protect the Hunley. The slings will be tensioned only
enough to compress the neoprene pads, applying no appreciable force on the Hunley.
Figure 15 details these secondary support slings.

Adjustment chain
ek Section of Recovery
frame
6’ Tumbuckle
Load cell

Figure 10: Sling Detail - Starboard Side
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\_ Section of

Recovery Frame

Turnbuckle

Support Sling

Figure 11: Sling Detail — Port Side

Support System
Attachment Holes

Figurel2: 12” Sling (Partial Length)
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8.4 Load Cell Details

Load cells will be integral to the rigging system to monitor the tension in each sling during
the recovery operation, see Figure 11 for load cell location. Each load cell will be
monitored topside by support personnel. The load cell data acquisition system, illustrated
in Figure 13, will provide individual sling tension, total weight of the truss load and alarm
signaling (if required) during recovery of the Hunley.

The weight of each portion of the hull being supported by each sling will be calculated,
resulting in a tension value for each sling. During initial rigging of the slings, top side
personnel will direct the divers in the tensioning procedure until the proper tension has
been achieved. During the entire recovery procedure, the loads in all slings will be
monitored and adjusted if required. Sling tension will be critical to ensure the load of the
Hunley is distributed properly, to minimize hull distortion and induced stresses.

DATA _
ACQUISITION LAPTOP MONITOR
SYSTEM COMPUTER

SUB SEA
UMBILICAL

4

SUB SEA l
CONNECTORS ‘ ] I \
(4x>

YT WD wwﬁﬁw@wwwmﬁ

\ =

LOAD CELLS MOUNTED IN RIGGING SYSTEM

Figure 13: Load Cell System

The load cell system could also be utilized during the conservation phases of the project.
Individual slings could be loosened for conservation considerations, then re-tensioned to
the original value.

8.5 Compliant Support System

A compliant support system will be utilized to distribute rigging loads, and protect the hull
and hull features. Two materials are currently being proposed. A urethane based foam
injection system may be utilized for compliant support of the vessel and protection of hull
features. Alternatively, or in conjunction, neoprene pads of various durometers (softness)
may be fabricated and inserted between the slings and the hull for compliant support of
the vessel and protection of hull features.

The foam injection system can be installed and can conform to irregularities in the hull
with little fabrication. A vinyl bag can be secured to the sling (see Figure 14) before the
sling has been snugged to the hull. Foam would then be injected into the bag through a
surface supplied hose assembly, where the material would expand in the bag to conform
to the hull. Foam bags can be placed along the dive planes, stern, and keel to minimize
damage, see Figures 15 and 16 for foam bag installation.

18
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However, a vendor search for an injection foam material that meets the strength,
installation, and chemical compatibility requirements yielded no perfect candidates.
Several vendors do have foam systems that can be injected, but lack physical data that
would predict how the foam would perform in this sub-sea installation and conservation
application. These materials are typically used in the building insulation industry, and the
electronics equipment packaging industry, not used as a submerged structural
component. This foam injection concept has many attractive feature, making it worth
pursuing. In order to determine it's worth, all candidates will have to be tested in sub-sea
conditions similar to what will be encountered. It is the intention, as part of the final
engineering effort, to conduct such testing.

Foam Bag Secured
To 12” Sling

Figure 14: Foam Bags
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SLING

I

8” CONTAINMENT

]

INJECTED FOAM

Figure 15: 8” Containment Slings

INJECTED FOAM

H1gure 16: Foam Installation
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As an alternative, or in conjunction with the injection system, a compliant support system
can be fabricated from sheets of neoprene. Neoprene has chemical compatibility with
10% sodium hydroxide, and comes in various densities. The physical properties,
compressive strength and amount of deformation under loads, are known. Neoprene is
relatively inexpensive, readily available, and easily fabricated on site.

Prior to setting a support sling in position, the total pad thickness and length can be
measured. Top-side personnel can fabricate a pad out of 1” thick by 12” wide strips of
neoprene, which can be fabricated over a form that replicated the curvature of the hull.
Successive layers can be glued together, starting with a very soft durometer (30-50
Shore 00) close to the hull, and end with a firm durometer (75+) to make contact with the
sling, until the desired thickness is achieved. To rig around the dive planes, thicker
neoprene pads would support the keel, and padded wood blocking would prevent the
slings from contacting the planes. The blocks are easily fabricated and would have to be
counterweighted to assist the divers in fastening them to the 12” slings. Lay-up time for a
nominal pad is estimated at several hours, however, the majority of the hull has a uniform
cross section that may except a standard fabricated pad that can be made from the initial
measurements. See Figure 17 for neoprene pad installation under keel, and Figure 18 for
neoprene pad and blocking installation around dive planes.

8" CONTAINMENT SLING
& NEOPRENE PAD R o

12* SLING

NEOPRENE PAD

Figure 17: Neoprene Pads
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FASTENERS

NEOPRENE PAD

Figure 18: Neoprene at Dive Planes

The final design of the rigging configuration and support material choice(s) will result in a
support system that maximizes hull compliance, load distribution, and hull protection.

8.6 Deflection Monitoring

Vertical deflection of the Hunley will be monitored closely during excavation and sling
installation operations. A datum will be established prior to excavation and sling
installation. After the truss has been lowered into position, vertical measurements taken
at each truss panel point will be recorded and act as the datum for vertical deflection
monitoring as each sling is installed.

A cylindrical sleeve will be installed at each panel point on the centerline of the truss.
Divers will be able to obtain vertical measurements at the centerline of the Hunley to
accurately record differential deflections from its original resting position to its suspended
position. Any discernable deflections can be corrected by tensioning or de-tensioning the
slings.
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9.0 Recovery of the Hunley

Preparation for lifting the Hunley will begin after all slings and required supports are installed. To
dampen longitudinal movement of the Hunley during the lift, a number of 12” slings on each end
of the Hunley will be rigged to the truss legs. Load cell data will be analyzed prior to raising the
vessel to make certain slings are carrying distributed load and the vessel is stabilized. If deemed
necessary, a semi-permeable membrane can be slung under the Hunley to capture any small
artifacts that may fall from the hull during the lift. The semi-permeable membrane will allow water
to drain through, so as not to unnecessarily load the truss and crane.

Weather and sea conditions are major consideration when attempting a critical heavy lift. Once
authorization has been given to proceed, divers will rig a 6-sling bridle to the truss. Ol divers will
monitor the tensioning of the bridle to ensure the slings are evenly loaded, and rigged correctly.
Once the recovery frame is being supported by the crane, the divers will be removed to a safe
area, and the lift will be completed (see Fig. 20).

Once the Hunley has been set on a transport barge, support personnel will secure the truss to the
deck and remove (by burning) the bearing seats from each end of the truss. The Hunley will be
stabilized in the truss using tension straps placed at critical locations inside the truss to prevent
movement during transit and install the bolted bottom struts. A soaker system will be in place to
continually wet the Hunley with seawater to minimize oxidation during transit to the Port of
Charleston.

Figure 20: Diving Platform
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10.0 Weather Contingency

During the operation to recover the Hunley it will be necessary to closely monitor the weather in
the South Atlantic and Carribean. In the event of a hurricane or severe tropical storm it will be
necessary to evaluate the recovery operation and take appropriate action to protect the Hunley
from the effects of any storm surge. The recovery truss and pile system are capable of
withstanding any potential impacts of a storm. To protect the Hunley and stablize it in the truss
assembly sandbags will be stacked around and beneath the hull to replace any soil that has been
removed during the recovery operation. It is only necessary to install sandbags within the
envelope of the truss. The truss itself will help to protect the Hunley and to stabilze the
sandbags. A sufficient number of sandbags to handle any portion of the recovery operation will
be staged on pallets ready for shipment offshore on short notice. Sandbags will be lowered to the
bottom using the onboard crane and a cargo net. This method allows the divers to guide the
sandbags into position and a minimum amount of time will be necessary to place them in their
final configuration. The installation of the sandbags and the protection of the Hunley should be
accomplished in 12 hours from the time the sandbags arrive on site. This is based on actual
experience installing sanbags on offshore oil platforms and pipelines. The sandbagging of
pipelines and other subsea structures is the standard method used in the shallow waters of the
gulf of mexico to protect them from hurricanes.

The decision to abandon the work site and seek cover from any potential weather event is one

that needs to be made in a timely fashion. The time to transport the sandbags to the work site,
install them on the Hunley and then transit the work platform to a safe hurricane mooring will all
need to be considered.
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The HUNLEY Recovery Structural Investigation

The successful and uneventful recovery of the HUNLEY depends upon a realistic evaluation of
the residual strength of the submarine’s hull. The hull consists of a collection of disparate parts of
unknown origin and properties. The parts, which were riveted together, may no longer be
structurally connected. The purpose of the structural investigation is to establish the possible
failure modes of the hull and to direct the recovery plan to address them.

To adequately investigate the structural integrity of the HUNLEY the following data is required:
e Dimensions including shape and hull thickness
e Material properties including modulus of elasticity, yield and ultimate strength of
all parts
e Rivet details including size and pitch
e Contained material density and amount

A. Description of HUNLEY Hull from the Record

The HUNLEY cross section is obround'. The dimensions of the hull are not accurately known.
The measurements made by divers do not agree with the record and the record is inconsistent
(reference 1). Accounts in the record place the hull thickness at 5/8” but speculation is that the
hull may be as thin as 1/4”.

It is known from the record that the hull was constructed from a riveted boiler that was split
longitudinally. A plate, called a strake, was inserted between the cut edges and the assembly was
riveted. The bow and stern ends were reported to be castings but the transition pieces between
the hull and the ends are not described. None of the material properties are known.

The rivet pattern was not clearly established in the record. Artist drawings show longitudinal and
circumferential seams. It is not evident if the rivet patterns are accurate or representative. An
attempt was made to infer a rivet pattern by review of contemporary literature or artifacts. The
earliest reference to riveted boilers was written much later in 1917, and represents the distillation
of many lessons learned from boiler failures (reference 2). No artifacts of riveted construction
could be located.

The hull is ballasted with cast iron. The cross sectional dimensions of the casting are known
approximately, however the length and number of the castings is problematical. It is assumed that
the castings are attached to the hull near their ends so they could be released in an emergency.
No details of the connecting member such as size, strength or material composition is known.

B. Findings from Site Investigations

The record data that is relevant to the structural analysis includes the hull inclination of about 45
degrees, that the hull probably contains sand and the hull is covered with an accretion layer.
Speculation is that the hull may be nearly full of sand.

The most recent dive was motivated by the need for data on the hull. Specifically hull thickness
and rivet characteristics were needed for the structural analysis. The dive established the rivet
size and pitch and that the rivets may have corroded, perhaps to nonexistence. The hull material
was reported to slough off when an attempt was made to remove the accretion layer by grinding.

! Obround. “An obround opening is one which is formed by two parallel sides and semicircular ends.”
ASME Boiler & Pressure Vessel Code, Section VIII, Division 1, paragraph UG-36.
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The softness of the hull material is characteristic of a wrought iron. The rivet pitch and size are
introduced into the structural models as is a variation representing a material more flexible than
steel and thinner than the hull.

The rivet pattern was measured at 2” between adjacent rivets located in the same plate and
about 2” across the butt interface of adjacent plates. The rivets are countersunk with a nominal
maximum diameter of 1” and a rivet shaft of 5/8”. One rivet was examined in detail by a diver and
was found to have corroded to nonexistence. The hull region that was cleaned was relatively
small and may or may not represent all riveted joints. Also there is no reported indication of more
than one circumferential riveted joint.

The dive also successfully collected UT hull thickness measurements. While there was some
variation in hull thickness the nominal thickness was found to be somewhat less than 3/8”. See
Appendix A for the hull thickness measurement data. The minimum average hull thickness of
0.340” was used in the structural analysis.

A sample of the accretion layer was obtained and will be tested to establish if the accretion has
inherent strength. If the accretion layer is reasonably strong it may reinforce the hull connections
where rivets have corroded.

C. Mathematical Model of the HUNLEY

There is very little factual data available for development of a structural analysis. Of the four items
listed in the opening section above, only the rivet pitch and size is known.

The structural analysis findings are strongly dependent upon the geometry assumed. To clarify
the contrasting dimensional data, see Table 4.1 of reference 1, cross sections of the dimensional
data attributed to McClintock and that reported by site divers are generated. Figure 1 shows the
cross section per McClintock’s account and Figure 2 from the divers measurements. In both the
strake is set at the 9” measured by the divers. The “beam” data is used to develop the obround
shape. Also noted is the resultant “depth” dimension. The difference between the “depth”
dimensions in the record is 3” (“4 feet” versus 51” shown) for the McClintock data and 4” for the
diver's measurements. Since the larger beam will generate higher stress, and conservatism is
warranted, the diver data is used in the structural investigation.
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Il. Figure 1 Cross Section Based on McClintock’s Notes
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Figure 2 Cross Section based Upon Site Measurements

In an attempt to establish overall geometry, a three dimensional CAD model of the hull was
created from data in the record. The three dimensional model is shown in Figure 3. A segment
from this model is used to investigate rivet strength.
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