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For the past few years, the Navy and the Naval Facilities Engineering
Command have endsavored to adopt and implement the tenets of the Total
Quality Management theory (called Total Quality Leadership by the Navy)
into its functions and operations. Cantral to this theory is the idea that the
people within the organization should make constant efforts to improve the
quality of how that organization operates. To that end, the following report is
an evaluation of the ELCAS system and provides recommendations for
future resolution of existing problems.

Prior to coming to the University of Texas, the author was assigned as
the Officer-in-Charge of the Elevated Causeway (ELCAS) team at
Amphibious Construction Battalion TWO (ACB-2) in Little Creek, Virginia (for
a complete listing of acrcnyms see appendix D). ELCAS is a temporary pier
facility used to transfer containerized cargo and equipment ashore during
the follow-on phases of an amphibious assault. The existing ELCAS system
was introduced in the late 1970's and s nearing the end of its useful iife due
to structural deterioration. This problem became clearly evident durning
some of the planning for a possible amphibious assaulf on Kuwait dunng
Operation Desert Storm in 1391.

ELCAS was develope{{) meet the requirement to provide
expeditious and sustained transfer of containerized cargo from container

ships to an undeveloped beach in a remote locatior.. Container ships




presently make up the majonty of commercial shipping and provide the most
readily available form of shipping to the Navy for overseas deployment of
cargo. ELCAS is one part of the Container Off-loading and Transfer System
(COTS) that was designed as a joint Army, Navy and Marine Corps system
to provide a means to conveniently support the follow-on phase of an
amphibious assault (NAVFAC 1981).

An improved ELCAS system has been proposed for several years
and was actually contracted out in 1985 (Daley 1991-2). However, after a
long history of difficulty in securing sub-contractors, the contractor defaulted.
A second solicitation has run into problems regarding the criteria for
qualifying bidders and the contract was terminated for the convenience of
the government. The existing system, in its deteriorated state, is currently
the only system availabie. This report will endeavor to provide a readily
undsrstandable overview of the existing and proposed systems, develop a
realistic Cntical Path Mathod planning document that could be used by the
Operational Commandsr during the erection of ELCAS, suggest an
alternative mathod for procuring a new system, and make recommendations
for improvement in several problem areas.

Chapter 2 of this report will describe the existing ELCAS system in
detail, including the history of its development, its function, a component and
eraction procedure description, crew size and training requirements, and
provide some detail on the problems with the existing system. Chapter 3
presents a Critical Path Method planning document for the entire process of

instaling ELCAS in a remote [ocation. This CPM includes activitiss for off-




loading the system from a Seabee Barge Carner, transporting the system to
the beach, assembling the pier and making ELCAS operational. Durations
for the activities necessary to erect ELCAS will be approximated based upon
expernience from several previous operations, and various factors for
productivity degradation.

Chapter 4 describes the new Cantilever/Modular ELCAS System
(also known as ELCAS (M)) which 1s scheduled to replace the existing
systom. This chapter also examines the difficulties that have been
encountered in the procurement history, describes the differences and
advantages of this system and looks at the outlook for future employment of
this system.

Chapter 5 examines ELCAS component availabilty in the commercial
sector. Finally, Chapter 6 will offer conclusions and recommendations as to
the future of ELCAS.

A Brief ELCAS System Description

The existing ELCAS system is divided between ACB-1 in Coronado,
California and ACB-2 in Uttle Creek, Virginia. Figure 1-11s a picture of the
existing ELCAS system in an elevated status. When ELCAS was initially
delivered, it was intsndad to provide up to 3000 feet of temporary pier for the
off-load of containerized cargo (NAVFAC 1981). During training, each ACB
typically constructs an 810 foot pier with a "pierhead" that 1s two causeways
wide. This training scenario involves the use of twelve 90 fest by 21 feet by

5 fest pontoon causeways.




In an actual scenario this system would be off-ioaded frum a sea-
based carrier (Naval Ship, Seabee or LASH (Lighter Aboard Ship) barge
carrier), assembled offshore, and inserted into the beach (Figure 1-2 is a

picture of a Seabee Barge Carrier (SBC)).
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FIGURE 1-1 Picture of the Existing ELCAS System




FIGURE 1-2. Picture of a Seabee Barge Carrier
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Once inserted, several hydraulic cranes are used to pick up lengths of
20 inch diameter hollow steel pile and “stab® them into holes (called
spudwells) which are either internal or external to the causeways. These
pile are then driven with diesel pile hammers (that are placed by the cranes)
to varying degrees of bearing depending upon their position in the
causeway string and what they will have to support. Hydrautic jacking units
(50 ton capacity each) are placed on top of some of the pile and are used to
lift the ELCAS out of the water to a deck height of 20 ieet above mean low
water (15 iget to the bottom of the causeways). When the ELCAS is jacked
to just above the required height, holes are cut into the pile and metal pins
are inserted. The ELCAS is then lowered to rest on the pins. Piles on the
pierhead that would interfere with truck and crane traffic are cut off at deck
level and capped.

A 140 ton lattice boom crane is driven into position on the pierhead
and a tumtable is also set up on the pierhead. Once oparational, the 140
ton crane is used to pick up containers from lighterage that docks alongside
the ELCAS and transfer them to flatbed tractor-trailer trucks that drive out to
the ELCAS from shore and are turned around or, the tumtable. When
loading is complets, the truck drives off the ELCAS and another is loaded.
The 21 foot causeway width allows two trucks to pass each othsr on the

roadway leading up to the pierhead to permit faster operation.




Research Methodology

The research methodology foliowed in this report included reviewing
available literature pertinent to ELCAS, interviewing knowledgeable
persons regarding different elements of the chapters that will be covered,
and conducting a literature and telephcne search of available marine
construction technology that will aide in the development of an alternaie
contracting strategy. For much of the background information, and to fill in
the gaps, this researcher relied on past experience to estimate what was
required (see resume of experience in Appendix A).

A large part of the research involved contacting several civilian
personnel who have been involved with the ELCAS program since its
inception and several people who were a part of the ELCAS construction
and operation team for either ACB-1 in Coronado, California or ACB-2 in
Little Creek, Virginia. For the history of ELCAS, personnel from the Navy
Civil Engineering Laboratory (NCEL) in Port Hueneme, California ware
contacted and interviewed. NCEL s responsible for the testing and
evaluation of the ELCAS system and was also the developmental
organization for the system. Personne! at the Civil Engineering Support

Office (CESO), which is responsible for the acquisition of all Civil

Engineering Support Equipment, including the Elevated Causeway System

were also interviewed (Daley 1991-2). (Pat Daley from the Sealift Support
Branch of CESO, has been involved with the ELCAS system since its




inception and is presently involved with the solicitation of the ELCAS (M)
system). The David Taylor Research Center (DTRC) was also contacted and

is involved with the testing of Joint Logistics Over the Shore system, of which

ELCAS is a part. (Art Ra.. * from DTRC provided a bevy of information

regarding the history, davelopmental tests and the performance of ELCAS
under a variety of conditions. He was working at NCEL when ELCAS was
first introduced).




History

The U. S. Navy's involvement with major logistical support to
amphibious operations essentially began in World War II. Pontoons (a
hollow steel box used as a building block for floating structures) were
utilized in a variety of ways, including break waters during the Normandy
invasion. "Warping tugs” (a type of powered pontoon secticn) were used in
both the Pacific and Mediterranean theaters of World War Il. Pontoon
causeways were also used as bridges 1o allow the Landing Ship Tanks
(LSTs) to discharge their equipment and cargo over the shore (NAVFAC
1981). A causeway section is a fioating structure made up of several
pontoons designed to camy cargo cr equipment over the water.

The LST (shown in Figure 2-1) was designed to beach itself and
discharge rolling equipment through doors in its bow.

FIGURE 2-1: Drawing of an LST with pontoon causeways side-
loaded




Compared to most other Navy ships the LST has a shallow draft that allows
1t to get in close to shore so that the equiprent can be driven off through as
little water as possible. However, many of the beaches in Mediteranean
had very shallow gradients that would force the LST to ground too far out to
effectively off-load of the equipment. Pentoon causeways (see Figure 2-2),
because of their very shallow draft, were designed to bridge the gap

between where tha LST could land and the shors. This development made

FIGURE 2-2: Drawing of a pontoon causeway.

many areas accessible that the Germans had assumed were impregnable.
Causeways and causeway ferries (strings cf causeways used to ferry

equipment from the Amphibious Assault Force into the shore) were well

suited for transporting equipment which carried break-bulk cargo.

The limitations of this system became evident during the Vietnam
War. The advent and increasing utilization of containerized cargo transport
medes (ships, trains and tractor-trailers) in the 1960's and 70's made
containgrization the transport mode of choice (Figure 2-3 shows a standard

centainer).




FIGURE 2-3: Picture of a standard container.

However, a lack of proper port faciiities to handie containers and difficulties
in handling and moving containers over a floating causeway pier due to their
size and weight were an impetus in the development of a different means to
move containers ashore (Rausch and Skaalen 1977). Bulk containers
{pallets and small boxes) can be easily lcaded onto trucks by the variety of
forklifts that make up part of the standard equipment complement for the
Armed Forces. Howsver, standard containers are either 20 by 8 by 8 feet, or
40 by 8 by 8 feet, and exceed the lifting capacity of most of these forklifts.

These containers require handling by a specialized, higher litting capacity

forkiift called a Rough Terrain Container Handler (RYCH) which are much
larger and more expensive than a standard forklift and are not as commonly
available in the allowances of amphibious units (NAVFAC 1981).

This problem led to a major research effort by the Navy and the
subsequent development of the Container Off-loading and 1ransfer System




(COTS) of which ELCAS is an important part. This system requires that
Department of Defense (DOD) planning for the logistics support to sustain
major contingency oparations rely extensively on the utilization of U. S. Flag
commercial shipping.

This planning was clear dunng preparations for deployment for
Operation Desert Shield and Desert Storm, when reserve and auxiliary
shipping were activated as quickly as possible to move cargo and
equipment overseas. Military Airlift Command flights were rapidly booked
and were limited in their ability to carry heavy or large cargo. The available
break-bulk and barge-carrier shipping was also quickly obligated for use,
moving tanks and other oversized cargo to the Persian Guif. This brought
homre the naed for a way to containenze as many assets as possible that
were needed in the theater. In the Parsian Gulf Confiict, off-loading
containers from shipping was not a problem because of the numerous state-
of-the-art pert facilities available. However, if this conflict had occurred in
one of the under-developed portions of the wortd, the COTS and ELCAS, in
particular, would have been very valuable for transfernng the cargo from the
ships to where it would be needed on shore.

Amphibious assaults are typically conducted over undeveloped
beaches. The handling of containers in tnis environment is a difficuit
problem to solve. Initially an overalt DOD Over-the-Shore Discharge of

Cargo (OSDOC) ressarch effort was commissioned which invoived

contributions by the Army, Navy and Manne Corps. In July, 1975 the COTS

Navy Development Concept was promulgated and the Navy Material




Command was tasked with its development (NCEL 1976). Control was later
passed to the Naval Facilities Engineering Command (NAVFAC) with
assistance from the Naval Sea Systems Command (NAVSEA). The concept
of ELCAS was developed as part of the Ship-to-Shore sub-system of COTS.

Howaver, other ideas had been considered before ELCAS was
adopted. One idea that was evaluated in the late 1960's was to construct
two towers to support a high wire for pallet transfer (Rausch 1991-2).
Howevaer, the towers took too long to erect and the construction process was
too manpower intensive to be feasible. Another method tned was to use a
large balloon on a wire to transfer containers. This system was tested in
1978 (Rausch 1991-2) but was also proven unworkable because it was
unstable in winds over 10 knots. Container transfer by helicopter was also
not feasible because of the relative high fuel consumption of the helicopters
and the large volume of containers that would have to be moved.

The first ELCAS causeway sections were constructed by the the Navy

Cwil Engineering Laboratory (NCEL) by modifying some of Amphibious

Construction Battalion One's (ACB-1's) Navy Lighter (NL) pontoon
causeways in 1975 {Rausch and Skaalen 1977). The system was first
erected and tested by the NCEL at Point Mugu, Califormia in June and July,
1975. Figure 2-4 is a drawing of an operational ELCAS system. Just pnor to
this test, two sections were assembled and evaluated in the harbor at the
Port Hueneme Construction Battalion Center in California to make sure that

the equipment fit together befora it was barge-ferriad to Point Mugu for the




FIGURE 2-4: Drawing of an operational ELCAS.




erection test. This test was designed to investigate the operational and
structural capabilities of the NL ELCAS and to develop operational
procedures as a basis for the NAVFAC publication P-460 (ELCAS Manual)
and did not involve container handling. The second test was conducted at
Silver Strand Beach, Coronado, California with military operators from ACB-
1 performing tihe construction. This exercise was conducted in November
1875. Container handling operations were conducted in December and the
pier was left in place until 5 January 1976 in order to check for pile
settlement and to provide an opportunity for the pier to encounter rough
seas.

Two deployment scenanos were subsequently evaluated with this
system. The first involved loading the 810 foot ELCAS system configuration
onto three LSTs and an Amphibicus Transport Dock (LSD) and deploying
from Little Creek, Virginia to Onslow Bay, North Carolina, where the ELCAS
was successfully erected and operated as part of Operation Solid Shieid 79
(COMOPTEVFOR 1979). This operation was conducted from Apnl to June

1979. Upon completion of the exercise ELCAS was dismantled and

returned to Little Creek. This exercise proved that ELCAS was deployable

aboard USN amphibious shipping, but required an enormous amourit of
well deck/tank deck space (40,900 sq. ft. net not including the causeways
that were side loaded). It was noted in the evaluation report after the
axercise that this space requirement would be in direct compatition with
USMC assets which would also require transport by Naval shipping and

would most likely have a higher priority for shipment. This was a driving




force towards the development and test of means to transport ELCAS by
commercial shipping.

The erection itself went quite well. Despite encountering soft-bottom
conditions, the elevation and outfitting were accomplished in 69.6 hours of
working time. "Working Time” only accounts for the actual time the crews are
working at the tasks, not including any delays that may be encountered.
This should not be confused with the total amount of time it takes from pier
insertion to the pier teing operational. (Note: in most of the previous
ELCAS exercises, construction activities have only been performed during
daylight hours, utilizing one working shift.) This measurement method
artificially enhanced the work efficiency because adverse conditions were
aveided. Starting and stopping the clock when desired meant that the crews
waere always properly briefed and equipped pnor to performing the
construction activities, and avoided having crews work at night, which
significantly degrades performance.

One particular problem encountered in this operation was difficulty in
handling, stonng, and transporting the pile. The causeway sections that are
side-loaded onto the LST's rest flush against the sides of the ship, thereby
not permitting any cargo or equipment to be loaded on their deck. Pile were
stored on trailers inside the tank-deck of the LST. However, the weight (up
to 7500 Ibs.) and length (40 to 70 faet) of the pile, coupled with difficuity in
maneuvering the pile trailar, preciuded loading/unloading by way of the bow
ramp (the bow ramp is a steep ramp that extends from the main deck of the

LST forward to the beach or to a causeway ferry). Loading by way of the
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stern gate is the only other alternative. Ttus is difficult even under ideal
conditions.

The second ELCAS system transport evaluation was conducted in
1983 (Rausch 1981-2). it involved the test loading and unloading of the
system onto a LASH (Lighter Aboard Ship) type barge carrier in the
Chesapeake Bay. The LASH Ship has a gantry crane that spans the beam
of the ship and can roll longitudinally from bow to stern and a large hoid that
allows for storage of the individual ELCAS sections without stacking. This
allows the sections to be pre-loaded with a large portion of the ancillary gear
that is required to construct the ELCAS pier before they are brought onboard
the barge carrier. The construction cranes, jacking systems, external
spudwells and most of the pile can be pre-loaded onto a position on top of a
causeway section that will facilitate system erection. This provides a big
advantage over the causeway storage procedures that are required in the
use of the Seabee Barge Carrier (SBC) ship that will be discussed later.
Additionally, the causeways can be pre-loaded in such a manner that they
can be assembled in their proper order next to the side of the LASH ship
and taken to the shore as one large barge unit {(another significant time
savings versus the SBC). This evaluation was successful and demonstrated
that the system could be deployed by commercial shipping. However, no
attempt was made at that time to erect and operate the system and the
operation of the LASH crane was limited to calm water conditions.

In July and August 1990, ELCAS was erected at Fort Story, Virginia
with the purpose of evaluating the use of Lightweight Modular Multi-purpose




Spanning Assembly (LMMSA) as a means to span from the seaward end of
the ELCAS pier to a floating, 3 causeway wide by 2 causeway deep, Roll
On/Roll Off (RORO) platform. This platform provided a means for causeway
barge ferries to discharge rolling stock onto the RORO, dnve up to ELCAS
and then to the beach. This operation had never before been attempted and
was highly successful despite side currants in excess of 2 knots.

In September, 1991 the Joint Logistics Cver-the-Shore exercise
number three (JLOTS Ill) was performed, also at Fort Story (CNBG-2 1991).
This exercise involved the loading and unloading of the complete 810 foot
ELCAS system and supporting gear onto a SBC. After discharge from the
SBC, all equipment was taken to the beach and ELCAS was assembled and
erected. The operation inciuded a successful demonstration of the system’s
container off-load capabilities and another demonstration of LMMSA as a
bridge bstween ELCAS and a RORO platform. The results of this exercise

provides important data for the next chapter of this report.

Technical Aspects of ELCAS

As previously stated, ELCAS's pnmary function is to provide cargo
handling capability over the surfline to connect to a shoreside transportation
network. Previousiy, cargo off-load had been attempted by using a 250 ton

crane (see Figure 2-5) on a buili-up area of the beach to directly off-load

containers (NAVFAC 1981). However, the lifting radius was very long and

hence the lifting capacity was small even with a crane of this capacity.




FIGURE 2-5: Picture of a 250 ton crane off-loading containers

{rom shore. The craitis an LCU.




Using ELCAS, a 140 ton crane can be used to lift heavier containers
and avoid having to pass through the surf zone. The Navy Civil Engineering

Laboratory in Port Hueneme, California has been designated by NAVFAC

as the responsible laboratory for the Ship-to-Shore systsm. The original

specifications for ELCAS are given in Appendix B (Rausch and Skaalen
1977).

Components and Erection Procedure

ELCAS consists of standard NL pontoon causeway sections
configured with specially developed components for elevation and cargo
handling/pier operations. The ELCAS system is composed of a roadway,
pierhead, fender system, beach ramps, jacking and pinning gear, 20 inch

diamater pile and spudwells. Figure 2-6 is a diagram of an ELCAS pier.
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Figure 2-6: Plan Diagram of an ELCAS pier




Each causeway section is 90 feet long, 21 feet wide, 5 feet desp and
weighs approximately 75 tons (NAVFAC 1981). itis constructed of 45
pontoons connected by flat and angled braces (3 by 15 configuration). Each
pontoon is a welded steel module 5 by 5 by 7 feet and has a wall thickness
of 3/8 inches and internal structural bracing. In a floating state each
causeway is designed to canry a load of 110 tons. The causeways are end
connected by the use of two "flexor pins® which have steel ends and a steel
core wrapped by hard rubber. This design provides a large amount of
structural strength while retaining flexibility. Figure 2-7 shows a descriptive
drawing of flexor pin construction and shows how causeway sections are

end connected.

MATING CAUSEWAY MSTOME
USING PLEXOR €90 COMMECTORS

woa! 2258/ e

FLEXOR COMETIUC TION

Figure 2-7: Flexor Pin Construction and Causeway End Connection




In addition to the flexor pins there are male and femaie connectors on the
end of thie causeways (that are structurally integral to the end pontoons) that
fit into their opposite connector on the causeway with which they will marry.

For a typical ELCAS training mission an 810 foot, two-causeway-
wide, pierhead arrangement i1s used (see Figure 2-6). This includes a
roadway of six causeway sections in a row attached to a pierhead of six
sections made up of two, three-section-long strings which are side-
connected to provide a two-causeway-wide platform for the operation of the
container handling crane. There are two side-connectors per section.
These are solid steel pins that are deployed between the sections using a
hydraulic ram. The system was originally designed to be expandable to a
iength of 3000 feet to allow for the required 20 foot water depth at the
pierhead. This would permit lighterage access in areas where the sub-
surface beach gradient is very shallow.

ELCAS is different from a floating causeway pier in that it Is elevated
out of the water to a height to the bottom of the causeways of 15 feet above
mean low water (20 feet to deck level). This provides for protection from tidal
ranges of 8 feet and swells of 7 feet.

Twanty-inch diameter pile of varying lengths are used to support the
ELCAS pier when it is elevated. These pile are stabbed into spudwells (a
hole in or attached to the causeway which is designed to accept the pile)
and driven to required bearing at a minimum of four locations per causeway.

There are two types of spudwell, internal and external. Figure 2-8

shows a drawing of an external spudwell.




SPUOWELL ATTACHING DETAILS

Figure 2-8: Drawing of an External Spudwell.

The internal spudweils are specially designed causeway cans that have
structurally reinforced holes that allow the pile to be placed through them.
Thase are found on the pisrhead and incorporate a manhole for workers to
perform pinning operations under the top deck of the causeway. Internal
spudwells allow the pierhead sections to be side-connected flush to each
other. Additional internal spudwells are found in the pierhead section
(section number 11 of figure 2-6) that supports the outriggers of the 140 ton
crane. External spudwells are attached to the outside of the roadway
sections and to the pierhead for altachment of the fender stnng. The

external spudwells are attached to the causeways by means of four

projections that fit into holes in the side of the causeways which are secursd
by a locking device that slides down into a depression in the projection




called a guillotine. Both external and internal spudwelis have compensator
rods that are used as attachment points for the jacking system. These
compensator rods help to overcome the shock that may be encountered on
the causeways and jacking systems due to swells. The compensator rods
consist of a 1 inch diameter sieel rod that extends the depth of the causeway
(5 feet) where 1t is welded to a circular stee! plate that bears against hard
rubber packing to act as a shock absorber.

The fender string is designed to provide a convenient place for
lighterage to moor while resisting the forces that such lighterage impose on
the ELCAS (see Figure 2-9). The fender strings are the samse length as
causeway sections but anly one pontoon wide (compared to three pontoons
wide for the causeway sections). Three fender stnng sections are attached
end-to-end and positioned adjacent to the pierhead after the ELCAS pier
has been elevated. Each fender string section has two internal spudwaells.
Piles are placed into external spudwalls on the elevated pierhead and down
through the internal spudwells in the fender string. The fender piles have
specially designed pointed ends {0 provide supenor penetration without
driving (compared to the hollow design of the standard pile). Standard
operating procedures (NAVFAC 1981) call for driving these pils to a 55
blow-count-per-foot bearing, and pinning thern at the pierhead to provide
additional suppott in the vicinity of where the 140 ton crane will oparate.
However, in typical training evolutions the fender pile are only stabbed and
not driven due to the conservation of time and pile splices that would be

expended if this procedure were followed. Commercial shipping fenders are
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Figure 2-9: Detail of Fender-String Attachment

attached to the fender string to provide a cushion for the lighterage to bear
against when they are moored at the pisrhead.

The Beach Ramps are 30 feet long by 10 feet wide stee! ramps used
to bridge the transition between the roadway section closest to shore and
the beach. A set of two are placed side-by-side to provide a ramp for the 21
foot wide causeway section. Figure 2-10 shows a picture of an ELCAS pier

under construction with the beach ramps in the foreground.




Figure 2-10: ELCAS Pier Showing Beach Ramps
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One variety of NL pontoon causeway is the inshore or "A” section.
This section is designed with 5 ramps that can be manually deployed to
provide a transition for vehicular traffic to transit from the causeway to the
beach. However, the inshore section provides a transition that is too steep
and doesn't have the requisite strength to allow transit of the 140 ton crane.
The ELCAS beach ramps are specifically designed to provide a very strong,
stable and easy transition between the beach and the pier.

The ELCAS system turntable (Figure 2-11) facilitates rapid container
loading onto tractor-trailer trucks by turning the trucks around so that once
they are loaded they can drive straight to the beach. The turntable consists
of a top and a bottom section. Dunng the ELCAS construction process, the
bottom section is welded to the deck of section 9. The top section is
supported by a ring of air bearings. These air bearings are inflated by a 750

cfm air comprassor and lift the top section up sc that it can be turned.

TRUCK STOP (2)

END BOLSTER (2}

Figure 2-11: ELCAS Turntable




The ELCAS erection process is very susceptible to bad weather,
particularly while the causeway sections are still floating in the water.
Standard operating limits for pontoon causeway systems are typically stated
(NAVFAC 1981) as Sea State 3 which is roughly defined as winds up to 20
knots and three foot seas. However, ELCAS has been erected in the past in
6 to 8 foot seas. This is more common at ACB-1 in Coronado, California
where such waves heights are common at the ocean-side exercise area.
During one ELCAS exercise at ACB-1 in 1989, a storm developed before
the pier could be elevated. This resulted in the system being ripped apart
and the various parts scattered down the beach. Because of this danger, it
is imperative that the planners of ELCAS operations have accurate weather
data and that the early stages of the operation be completed as quickly as
possible in order to have the pier elevated and out of harm's way at the

earliest time.

ELCAS Erection Equipment

ELCAS was initially designed to be assembled using a 50 ton crane
(NAVFAC 1981). However, the typical complement of assembly cranes is
now two 65 ton hydraulic all-terrain cranes, two 30 ton hydraulic all-terrain
cranes and an 8 ton crane {cherry picker). These cranes are highly
maneuverable (have the ability to tum all 4 wheels or crab stesr) for mobility
around the pile and other obstructions.

The 8 ton crane 1s used for the lighter lifts, allowing the other cranes to

operate at more productive tasks. Additionally, it is positioned on the
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causeways that are being elevated to provide crane-lift capability for moving
jacks or whatever else is required on the elevated sections. The much
heavier weight of the larger capacity cranes would overtax the lifting
capability of the hydraulic jacks. The 8 ton crane is also quite useful for
transterring jacks from section 10 through 12 when they are elevated down
to the water-level sections (1 through 9 see figure 2-6). The 8 ton is the
primary crane used to set the external spudwells in place on the roadway,
and also is used to remove the cutoff sphice ends from the elevated pierhead
and place them onto the administrative support barge (or "admin barge”
which is usually a 3-causeway-section string that is tied up alongside
sections 7 to 9). Alternatively, ACB-1 has been issued a 15 ton crane that
retains the capabilities of the 8 ton (including the ability to be on the sections
being jacked up) while having some of the capabilities of the 30 ton crane
(ke stabbing the shorter length forty to fifty foot long pile on the roadway).
The 30 ton cranss are used for all the activities in assembling ELCAS =
except for those involving the heaviest lifts. This includes picking up the pile
from the causeway deck and stabbing them into spudwells, setting external
spudwells, picking up pile and jack boxes from the “admin barge” and
dnving pile. The 30 ton crane is performing a near .apacity lift when it
places a DE-30 pile driver (with an approximate weight of 14,000 Ibs) on top

on a pile under rough conditions (by convention the load charts for the

cranes are cut in half when operating from a floating platform). The standard

operating procedure at ACB-2 was that the 30 ton cranes would only be

used for pile driving up to the end of the roadway, where the movement of

.t

2




the causeway under the crane would typically be less and there would
hence be less stress on the crane. In a contingency situation this constrant
could be ignored, but there would be a nsk of damaging the crane’s boom.

The 865 ton cranes are used pnmarily on the pierhead sactions, where
hecause of the double-causeway-width their outriggers can be fully
extended. They are used to piace the turntable and to install the beach
ramps, although these procedures can also be performed by two 30 ton
cranes acting in tandem.

The 140 ton crane does not generally participate in the construction of
ELCAS. Howaever, its off-load from the causeway section which carries it on
the Seabee Ship and the erection of its boom and installation of the
counterweights are all activities that consume a considerable amount of time
and must be completed prior to having a working ELCAS pier. The 140 ton
crane's pnmary mission is to lift containers from lighterage (primarily Utility
Landing Craft (LCUs) and causeway ferries) and place them onto tractor-
trailer trucks for further movement ashors. Because of its bulk and the width
of its outrigger spread, the 140 ton cannot operate effectively from ELCAS
while it is still floating. This crane is rubber-tired and must be raised on is
outriggers to parform lifts. It has very iimited mebility in the sand and has
suffered frequent tire punctures during ELCAS operations. An idea under
consideration with the Civil Engineenng Support Officer (CESQ) is to
replace this crane with a crawler crane which would not require the use of

outriggers to perfonn lifts and would be much more mobite in the sand.
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Rough terrain forklifts play a critical role in the erection of ELCAS.
There are a variety of items that are tco heavy to be moved by hand that ¢can
be quickly picked up and moved around by forkift. Tracior-trailer rigs are
also very usaful in the erection process. A large quantity of material can be
moved from the beach out to the pierhead on one tractor-trailer load, saving
numerous loads by forklift. They are particularly useful for the transport of
additional pile or pile spiices, which because of their length are

cumbersome to handle with a forklift.
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FIGURE 2-12: Drawing of the ELCAS jacking system.

The jacking system (see Figure 2-12) consists of hydraulic power
units, 50 ton capacity hydraulic jacks, jacking chain, gimbals and hydraulic
lings. This systam is used to raise the ELCAS out of the water up to the

position where it can be pinned. An operator 1s required at each jack, at




each power unit and as a jacking captain who signals to the jack operators.
Each power unit has a small diesel engine that provides hydraulic pressure
to each of the jacks and has individual controls for each of the jacks. Each
jack is controlled by its operator from causeway-ievel by means of three
quarter inch diameter lines that are attached to levers on the jacks (on top of
the pile approximately 20-25 feet above causeway-level). These levers
control jack engagement and up or down movement of the dogs. The jacks'
"dogs" are hardened stes! pins that fit into the holes in the jack chain and
actually provide the lifting motion. A complete cycle of the jack involves a
movement of only 2 to 3 inches. Figure 2-13 1s a drawing of a jack assembly

mounted on a piie.

1OLER WHEEL (2}

SWIVEL

COAD-RATED
SHACKLE

GIMBAL ASSEMBLY

Figure 2-13: Jack Mournted on a Pile
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Crow Size and Training Requirements

The NAVFAC publication P-460 and other documents have called for
42 peopls to be dedicated to the ELCAS eraction process for each working
shift (NAVFAC 1981). However, in most ELCAS training evolutions aciuai
manning has ranged from 15 to 25 people per shift, many of whom were
activated reservists who had not had the time to train and inieg-ate with the
active duty team before the operation. It is not realistic tc presume that the
ideal 42 man complement par shift will be available in an actual wartime
scenario, because ACB assets are frequently spread thin while performing a
variety of other higher priority functions.

The activities that must be completed to erect ELCAS will be
discussed in further detail in the next chapter, but specific skills anJ training
for certain key personnel are essential for the successful construction of
ELCAS. Each of the parsonne! designated as crane operators must be
thoroughly trained in the capability and operating procedures for their crane.
Poor judgement on the part of a crane operator can easily cause injury. The
training for a crane operator should entaii both hands on and classroom
training. The Navy Equipment Operator rating manuals and NAVFAC
manual P-306/7 provide important crane safety informetien and instructions.
Howaever, before an Equipment Operator is even given a traming ficensa fo7
the crane, he should be required to attend a 40 hour crane safety and
rigging course.

The formal training program for ELCAS has become outdated.

Present ELCAS training relies on an individual receiving signatures from




qualified supervisors upon the complation of certain tasks as deiineated in
ine ACB's Personai Qualification Standards (PQS!. However, some ¢f the
systems Fisted for signature requirements are no isnger usad and the most
current exlition of the ACB PGS no longer contans many of the ELCAS
waich stations. Additionsliy, their 1 a lack of nstructional msaterini that
would dictate whai muat be accompiishad to receive a signature. The
Navy's PQS systerm works wall wien it is properly supported. Howaver, the
ELCAS PQS neads to b6 re-wiitten o reflact current micrmation on how the
system is erected ang whit personne! are required to know.

Severa: years ago a farmal ELCAS traming school was planned but
was naver established. The dasign of the new building for the ELCAS tesm
and the Steel Snop (Chatliz Company) at ACB-2 in Littie Creek. Virginia
incorporated requirements for such: a training facility. Yraming for ELCAS is
presently devisad and implermented by the personnel who nappen 1o be in

charge of the team at that time. Because of the iong inisrval betwesn actual

training operations, the shert period of time people are actualiy assigned to

the ELCAS team, and the variety of other assignments to which an ACB is
tasked, it is possible that the OIC, AOIC and LPO of a team could tuin over
before their replacements had actuaily experienced an operation. A formal
training program utilizing the knowledge gained at both ACB's over the
years and the expertise at NCEL would be very baneficial.




Deployabllity

ELCAS was developed with the design parameter that it be capable
of deployment by Naval Amphibious shipping or commercial shipping. A
detailed load plan was develcped for putting the ELCAS system and all
associated supplies, material and equipmant onto the Seabee Barge Carrier
in preparation for Operation Solid Shield 91 (which was cancelleu due to
commitments for Desert Shield/Storm).

The SBC (Figure 2-14) is configured to have three decks that can
hold barges. These barges are part of the equipage for the SBC and are
approximataly 95 feet long, 31 fast wide and 16 feet high with a partially
enclosed storage space. The opening in the top of the barga is
approximately 65 feet long and 29 feet widse. This barge configuration
renders some of the space unusable because the containers for ELCAS
gear, and much of the ELCAS gear itself cannot be stored under the
overhang. The logistics of how to load and off-load the Seabee must be
carefully planned because of the layout and the manner in which the barges
and other gear carried onboard can be stored. Each deck has a jacking and
transfer system that rides on rails. This system is positioned undemeath the
item to be moved. The barge or other item to be moved is lifted a few inchas
off the deck and then carried down the rails to the stern of the ship where it
can be loaded onto a 3000 ton capacity elevator. The elevator (see Figure
2-15) can be lowered or raisad to each of the 3 deck levels and can also be

submerged to allow the barge or other item tc be towed away from the ship.
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Figure 2-14: Diagram of the Loading Plan for a Seabee Bargs
Carrigr
{Legend: SLWT= Side-Loadable Warping Tug

CN= Abbrevigtion for pontoon causeway.)







The Seabes barges rest on two large steel |-beams when in position
on the‘ship. Howaever, the NL Pontoon causeway sections are only 21 feet
wide versus the 31 foot width of a Seabee barge. This narrower width made
necessary the installation of an additional I-beam to properly support the
causeway. For the SBC which was used in the off-{oading exercise in
September, 1991, only certain areas of the ship had this modification,
limiting the availability of space to place the causeway sections (see figure
2-8). However, this modification is planned for all areas of the SBC's which
are in the James River reserve fleet.

Because of the high demand for this type of shipping in a contingency
situation, it is likely that other equipment will also be loaded on the SBC.
This other equipment will have a great effect on the load pian and off-
loading procedures. It 1s very important that equipment be off-ioaded in the
order that it is needed. This is an important consideration that must be
addressed in developing the load plan.

The load diagram (figure 2-8) shows 13 barge storage locations that
are empty. During the JLOTS Ill exercise in September, 1991, the empty
spaces were filled with other Army and Navy amphibious craft that were
involved in the operation. It is likely that if ELCAS is ever deployad in an
actual scenario, this space will be at a premium and the gear with the
highest priority will be sent. However, if a longer ELCAS pier is needed, an
additional 22 E{. CAS sections could be carnied, assuming the I-beam
modification was made at all locations. Theoretically, this would allow the

construction of a 2520 foot ELCAS pier with a 9 section double-wide




pierhead. However, a longer pier would require additional storage space for
pile and external spudwells, so the causeway carrying capacity would
probably be reduced somewhat. Appendix C contains a listing of items that

are required to deploy ELCAS.

Existing System Condition

The majority of the structural components used in the existing ELCAS
system have been in sarvice since the late 1970's and early 1980's (Groff
1991). These components are, for the most part, made of structural stee!
and have been exposed to direct contact with saltwater for at ieast 3 weeks
every time a training evolution is performed (once or twice per year). At
ACB-1 in Coronado, CA, many of the sections must be stored in the water for
a longer penod of time due to a lack of sufficient storage on land. ACB-1
also has a much smaller facility for sandblasting and painting the sections,
which limits the amount of maintenarice they can perform. At ACB-2, these
sections are typically sandblasted and repainted on an annual basis.
Howsver, the combined sffects of the saltwater, sandblasting and structural
fatigue from use has left the sections in a deteriorated state. There are many
areas of structural importance that cannot be reached for maintenance
without disassembling the causeway itself.

Of particular significance are the connections between the pentoons
and the angles that hold the pontoons in place. Causeway disassemoly is a

difficult procedure because the constituent components of the causeway are
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welded, in addition to being bolted into place. This means that disassembly
usually results in the destruction of many of the causeway components.

Regular NL Pontoon Causeway sections that are used for deploying
teams typically have a planned life of 5 to 7 years. The ELCAS sections see
a comparable amount of wear and tear but have been in service for over
twice that time period. NAVFAC and the Civil Engineenng Support Office
have been aware of the deterioration, but funding for rehabilitation on the
old system has previously not been approved due to the anticipation of
receipt of the new cantilevered or modular ELCAS system. Howaever, the
procurement process has been delayed since 1985 (Daley 1991-2) (this
situation will be discussed further in the Chapter 4).

ACB-2 has identified that the most cost effective method to restore the
system is for CESO to procure 12 new ELCAS sections to replace the ACB-2
daployable sections and to overhaul or replace the erection equipment. The
existing sections could then be sandblasted, painted, and placed into
storage for contingency use in the erection of a 3006 foot ELCAS. CESO
now contracts for universal causeway secticns that are designed to work as
intermediate sect:ons for barge ferries or as Ro!l On/Roll Off (RORO)
sections. These sections are delivered with mounting locations for external
spudwaells, so they could be used as direct replacements for roadway
sections.

Alternatively, replacement components (pontoons, internal spudwells

etc.) couid be procured and new sections could be assembled by ACB-2
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personnel. However, due to workload requirements, this could delay system
upgrade significantly.

CESO is presently planning to take action to rehabiltate the existing
ELCAS systeins at both ACB-1 and ACB-2 to maintain the operation
capabilities of both systems until the new modular ELCAS system (ELCAS
(M) which will be discussed in Chapter 4) is operational (Daley 1991-2).
The eventual plan is for ELCAS (M) to be stored, operated and maintained
by ACB-2 and for ACB-1 to receive both of the existing ELCAS systems.
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hapter 3: itical Path th PM
Planning Docum:
Discussion

The erection of ELCAS is a repetitive procedure that should be a
relatively straight forward, mechanical process. However, because of the
great expenditure of effort involved in an ELCAS exercise, the training
evolutions are conducted at most twice per year and frequently only once
per year. Because the military personnel (including the chiefs and officers)
who perform the construction are typically assigned to only a two or three
year billet at an Amphibious Construction Battalion and often they do not
spend even that whole amount assigned to the ELCAS team, it is common
for two-thirds of the active duty members assigned to the erecticn team to
have no prior experience in ELCAS erection.

The NAVFAC publicaticn P-460 (NAVFAC 1981° provides in-depth
information regarding what the ELCAS parts are and how they function
together, but some parts of it are outdated (it 1s presently under revision and
a new issue will be published in the next few months) and a clear cut step-
by-step erection plan is not clearly displayed. A CPM for ELCAS was
developed based on the P-460 but it's usefulness for the personne! actually
erecting ELCAS and their Operation Commanders is imited because it 1s
not detailed. Additionally, the manning requirements called for in the P-460

are unrealistic, so the data in the existing CPM 1s for the most part obsolete.




Previous Project Scheduling Document for ELCAS

The development of a Critical Path Method planning document for
ELCAS was conducted in 1983 (ADTECH 1983) in order to extrapolate
manpower, resource, and time raquirements for the construction of a 3000
foot ELCAS from historical performance related to the 810 foot ELCAS. The

tachnical approach of this report was to :

1) Study the results of previously conducted ELCAS
operations.

2) Examine the overall construction method and procedures
with regard to best use of space, avoiding clutter, environmental
effacts, safety, etc.

3) The uniqueness of the configuration was studied so that
apparent disadvantages could be used advantageously to facilitate
construction where possible.

4) The construction method was optimized so that additionai
resource requirements were kept to a mmimum.

5) Factors arising from the extreme length of the roadway and the

large number of causeway sections ware appraised to assura that

there was adequate recognition of the necessary changes that they

require.

This report took time, equipment and procedural baseline data from
the P-460 ELCAS Manual (NAVFAC 1981) and made assumptions as to the

following:

- 30 ton cranes can drive piling on an ELCAS section (from prior experience
this has been shown to be true provided that the wave motion is small, i.e.,
iess than 3 foot swells).

- No weather delays will be encountered.




- Surveying will be done incidental to elevation but will not affect the cntical
path (from pnior expenence this is not {rue, night pile driving and jacking
operations can be greatly slowed by the inabilty of the surveyor to see the
marks on the pile).

- That the ELCAS construction team members may be assigned to jobs
outside of their rates (in the Navy a rate is a combination of of the person's
rank and their fisld of specialization, e.g. an EO1 is a first class Equipment
Operator).

- That the P-9 Pontoon is used, which adapts the flexor for use as a
causeway side connector, thus allowing the hfting of side-connected
sections simultaneously using a minimum number of jacks (this is not true,
ELCAS sections have not been modified in this manner).

Drawing from the P-460, this report calls for a 42 man erection team
per shift. This number had been achieved in a few prior oparations where
ELCAS was the main focus of the operational objectives, particularly when
the system was new and ELCAS was a high visibility system. However, in
all of the operations observed by this researcher, the erection team size has
ranged from 15 to 25 people. These numbers are usually achieved by the
augmentation of Selected Reservists who are activated only for the pericd of
the exarcise and in most cases have not developed sufficient skiils in the
construction activities or teamwork with the active duty members io be truly
effective. Ideally, the 42 man complement could be permanently assigned to
the ELCAS training team so that in a two shift operation at least one half of
the specified manning would be available per shift. However, the ACB's are
frequently tasked with a vanety of manpower intensive activities without
sufficient time to prepare for the requirement.

In reality, ELCAS is a component of the Assault Follow On Echelon

(AFOE) and will probably not receive the same dedicated support as the
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units needed for the first line Because of thig, it would be beneficial to
create a planning document based upon a realistic manning and training
availability, in order to provide the Officer-in-Charge of the theater where the
ELCAS will be erected with a realistic schedule for having an operational
ELCAS.

The previous CPM scheduling effort (ADTECH 1983) takes a gensrai
view of the erection process and provides estimates of performance based
largely on what is written in the manuals rather than actual experience.
Considarations that are not properly developed include: production
degradation from integration of untrained crews; crowding of equipment and
personnel, efficiency based on weather conditions that are within the
working parameters but still degrade performance; and performance
degradation from night cperations and fatigue. These effects are inevitable
due to the nature of tho operation.

ELCAS has bean erectad and mads fully operational in 62 hours of
construction time from when it was first inserted. However, this ereciion was
performed with an unusually experienced crew (and supervisors), working
only dunng daylight and securing operations during penods of rough
weather. Such a luxury woula not be allowed dunng an actual wanime
contingency where the equipment and supples in the containers are

needed ashore as quickly as possible.
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Productivity Analysis

Probably the single most important factor in achieving and
maintaining good preductivity during an ELCAS opsration is good planning
and communication of objectives and responsibilities of the personnel
involved. The activities that will be performed should be laid cut in a step-
by-step mannsy and thoroughlv iindersteod by all supervisors and crew
leaders. in the week prior to the operation, the Officer-in Charge (OIC),
Assistant Officer-in-Charge (AOIC), Leading Petty Cfficer (LPO), boat crew
supervisors, and all other crew leaders should pian the ELCAS systen: ship
laycut and debarkation and how ELCAS will be erected ance the equipmant
is brought ashore. Each of the work crews shouid be pre-established and
have spent time training together pricr o the aperation.

Cna problem that hes occurred in the past was a breakdown of
communication between the boat crews and the teadership of the E1.CAS
team. As an example, the Seabee Ship was loaded in ihe wreng order at
last Septembar's JLOTS |} exerciss, which significantly slowsad the
operation and discouraged the personng! whc worked on the projeci. tis
imperative that all personnel, including the boat crews, know the gameplan
prior to the start of the operation. It would be beraficial for scmeons who is
knowladgeable regarding the overail planning process to accompany the
boat crews during their evolutions to ensure that tasks are performed in the
required order (this person should bs a minimum of a responsible First

Class Petty Officer (E-6) to insure that his input is considered).
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All of the personne! who will work in the erection process should have
a cursory understanding of what the work goals are for each day. The CPM
pr-.sented will assume that all personnel are familiar with their duties and
the ELCAS Team objectives for each working shitt.

In the past, Selected Resarvists have been activated for ELCAS
training and brought to the ELCAS site on the first or second day of eracticn
without a proper briefing of their responsibilities. The active duty leadership
dgo not have prior knowledge of the reservists abiliies and qualifications and
o not know for certain who will arrive and when. This leads to confusion
and actually degrades the performance of the ELCAS team during the early
part of the exercise. However, it is likely that a similar situation would occur
in an actual contingency operation The reservists would probably be
activated from their home drilling locations and sent to the ELCAS erection
location with hittle opportunity to integrate with the active duty erection team.
Because of this, preparations should be made in advance tc have a
responsible individual act as an indoctninator for the incoming 1eservists.
The reserve traming organization shoutd provide him with clencal and
administrative supgort and he should maintain a close working relationship
with the AOIC so that the iIncoming reservists can be efficiently integrated
with the active duty crews as quickly as possible.

I Presidential authority 1s not granted to recall reservists, it is possible
that the ELCAS wili have o be erected by only active duty persennel on the
ELCAS team (since an augmentation of personne! from other companies of

the ACB may not be possibia due to other operaticnal requirements). It




would therefore be beneficial to have the ELCAS team ready and able to
construct ELCAS without outside assistance in as rapid a manner as

possible. The CPM presented here will assume this option and calculate the

activities’ durations accordingly. However, it would be possible to modify

this CPM to account for incorporation of reservists or an active duty
augmentation. The contnbution of raservists for the first two days of the
operation should be discounted. Aclditional crews couid then be formed to

perform some of the activities after fwo days.

Productivity Factors

Several reports have been written regarding production degradation
in the field of construction due to a vanety of factors (Crawford 1987 and
Kieschnick 1587). Factors that degrade parformance which are applicable
to the ELCAS construction process include the degree of training and
familiarity with the task. weather conditions, overtime work, fatigus, night
operations, sub-floor soil conditions and overcrowding.

The factors discussed in the succeeding paragraphs are based upon
the author's experience and judgement, as there is no research data
available on this matter. These factors are summarized in Table 3-1. These
factors should be considered to be additive in nature not multiplicative (i.e. if
there are two factors that degrade performance of 25 and 50 percent
respectively, the total added time would be 75 percent of the original activity

time).




Productivity Degradation Factors
Productivity Inhibitor -Assigned Factor

1/3 of crew inexperianced
1/2 of crew inexperanced
neaty all of crew inexperienced

Overtime/Fatigue:
810 10 hrs. per shift

10 to 12 hrs. per shift

12 to 14 hrs. per shift
working midnight to 0500

Wave action:

pierhead 2 to 3 feet
pierhead 3 or more feet
roadway 2 to 3 feet
roadway 3 or more faet

Temperatura:

15-20 degrees F
20-29 degrees F
30-40 degrees F
85-90 degrees F
90-95 degrees F

95 to 100 degrees F

Piledriving 20
Other night-time activities 1.2

Clay or organic sub-floor ericountered in pilednving: Add 13 nrs. per pile

Table 3-1: Productivity Degradation Factors
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A factor to account for 'ack of traiming and familianty with the system is
largely subjective and coulr be assigned by the AOIC with knowledge of the
individuals. In general, if the person has been invoived with a previous
ELCAS operation, or has been assigned to the ELCAS team for at least 6
months and has participated in severa' training evolutions, or 1s a licensed
crane operator and has trained with the ELCAS team for a few operations
then that person could be considered trained. However, if more than one-
third of the personnel assigned to a crew are inexperienced, then a factor
should be assigned to lengthen the time expected for them to complete an
activity. A reasonable factor for a crew with one-third of its personnsl
inexparienced would be to add 15 percent to the time required to complste
the activity. For a 50 percent inexperienced crew add 30 percent to the
activity completion time. If the crew 1s inexpenenced except for one or two
perscnnel, add 100 percent to the achvity completion time.

Workers who participate in the construction of ELCAS will be
performing activities that are very physically demanding and alsc very
dangerous. Fatigue must be a serious consideration to all personnel in
leadership positions. Studies have shown (Crawford 1987 and Kieschnick
1987) that accidents and other safety incidents increase significantly when
fatigue is a factor. For any work over 8 hours per shift, over 40 hours per
waek, or betwaen the hours of midnight and 0500, a factor should be
assigned to account for fatigue. This would not be a constant factor but
would increase at some exponential rate as levels of fatigue increase.

During some ELCAS operations. personne! have worked in excess of 20
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hours straight with only a lunch break. Extreme care by supervisors and
equipment operators must be taken at this point to ensure that thers are no
accidents. If several actities still need to be completed after a period of
extended work of this nature, it is highly probable that the productivity will be
s0 degraded as to negate any advantage gained by working the extra time.

Superior performance can be extracted from personnel by working
moderate hours with sufficient rest time in between. A minimum of 6 hours
steeping time per day should be available to all personnel, preferatly in an
uninterrupted stretch. If personnel are required to work over 8 hours but less
than 10 hours on one shift then an appropriate factor wouid bs to extend the
length of activities during this period by 10 percent. If they have worked
between 10 and 12 hours or are working between midaught and 0500, a
reasonable increase in activity time would be 20 percent. If they work
between 12 and 14 hours on a shift, the activity times should be increased
by 50 percent. Work on a shift longer than 14 hours wili prebably degrade
future productivity and should be discouraged. However, therg are times
when stopping work will not be the best alternative. For example, it may hurt
the morale of personnsl (stop their "momentum®) to be ciose to an obvious
stepping point or intermediate milestone and not reach it. This should be
weighed against what effects the fatigue is having in regards to safety in
determining when to stop.

Weather parameters for which work must be halted can be a
judgement cali on the part of the OIC. However, weather conditions that are

not severe enough to halt work will significantly degrage productivity. The
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construction process 1S most susceptible to productivity degradation while
the ELCAS pier is still in a floating condition. Wave action causes the deck
of the causeways {o pitch and roll and this makes it more difficult for
personnei to perform manual lifting and carrying tasks. This effect is
amplified greatly when it is applied to operatiens with cranes, because a
small gitch at deck levei becomes multiplied by the length of the crane's
boom and applies a pendulum motion to the load which is connected to the
boom via the wire rope cable. This not only increases the time required for
activities like pile driving and pile stabbing, but also makes the operations
very dangerous.

As a rule of thumb activity lengths on the pierhead should be
increased by 100 percent f wave actior: is above 3 feet and by 40 percent if
wave action is between 2 and 3 feet. The effects of wave action for activities
on the roadway are not as pronounced because the causeway sections are
more sheltered and constrained in their movement. For roadway activities,
the activity lengths should be increased by 70 percent if the wave action is
above 3 feet and by 20 percent if the wave action is between 2 and 3 feet.

High winds (but not high enough to ment stopping work) will also slow
some activities and will also have a greater effect when the causeways are
floating than when they are elevated. However, higher winds are generally
the cause of greater wave action so the factors listed in the previous
paragraph should apply.

The physical comfort of the workers also has a pronounced effect on

productivity. For temperatures between 40 degrees F and 85 degrees F, this
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effect should not be too severe. Productivity studies (Crawford 1987 and
Kieschnick 1987) indicate that higher temperatures tend to affect productivity
more than low temperatures. This is true in regards to the fatigue
component of reduced productivity from temperature, but colder
temperatures may also slow productivity because additional clothing must
be wotn which may be cumbersoma. Both hot and cold temperatures will
require additional break times for the team's personnel.

As an estimation, for activities parformed when the tempsrature is
beiwaen 85 and 90 degrees F or between 30 and 40 degrees F (ircluding
wind chill), add 20 percent to activity durations to account for required rest
time. For temperatures between 90 and 95 or between 20 ana 29 degrees F
add 40 percent. For temperatures between 95 and 100 or 15 to 20 degrees
F, add 60 percent to activity timas. This researcher has not observed
ELCAS team and boat crew personnsl working outside of these temperature
ranges and cannot justify factors to add to the activity times, although
would be logical to assume that the activity durations would increase as the
temperature conditions got worse. High temperature factors should be
greatly increased if the wearing of chemical protective clothing is required.

Night operations have the most effect on tasks that require claar
vision. Poor visibility can be somewhat mitigated by the use of light plants
and the ELCAS lighting system. However, these measures are never as
effective as daylight. Perhaps the task most effected is the ability of the
Engineering Aide (surveycr) to see the pile from the beach during a pile

driving operation in order to measure blowcounts. Other operations that will
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be adversely affected include the ability of the crane operator to see exactly
where he will place a load. In general, pile dnving operations shouid havs
their activity tengths doubled and the duration of other operations should be
increased by 20 percent. These factors alsc take into account the natural
tendency of personnel who have not been working the night shift previously
{as will be the case for the majority of the ELCAS team) to work less
productively at night, partly due to fatigue and partly due to unfamilianty with
the work environment.

The sub-flocr scil conditions have an influence only during the pile
driving operations. If the soll is sandy, the proper blowcount can be
achieved in a relatively shont period of time. However, if a deep pocket of
organic material is encounterad, beanng will not be reached until the pile
penetrates through the stratum. If the soil is made up of clay, the soil will
initially be very resistant and will loosen and liquify as the vibrations of
driving affect it. In this case, the present method in practice is to allow the
pile to drive for 15 to 20 feet then allow the soil to set up for a period of at
igast 12 hours. The clay will resolidify and provide (hopefully) stable support
for the pile. If clay soil is encountared, a delay time of 13 hours per pile
should be added to the expected duration of the pile driving activity (this time
amount can be taken simultaneously for pile that will be driven in the same
crane set-up).

The scenario considered in this report is that a minimum size work
craw will be used to erect the ELCAS system. This is based upon the theory

that ELCAS is being erected as a follow-on asset in support of an actual
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Amphibious Assault and that optimum assets could not be devoted to the
erection team. Because of this, over-crowding will not be considered as a
major factor. Howaver, if more than the optimum crew size were available
this could arise as a problem and appropnate production degradation

factors should be developed.

CPM For ELCAS

The CPM diagram and supporting documentation are attached in
Appendix E of this report. The activity durations are based upon the average
of estimates provided by individuals who are knowledgeable in tha ELCAS
system and some time measurements from previous operations (Karrh 1992
and Miller 1992).

The productvity reduction factors histed in Table 3-1 have not been
applied to the activity durations in this CPM, so it should be considered to be
an optimum completion schedule. In addition to the productivity reduction
factors listed, human error is always a factor. Simple mistakes or oversights
can cause long delays and even require that the logic of the construction
plan be changed. Equipment failure is common and unpredictable during
an ELCAS deployment. The lift and transfer equipment cn the Seabee
Barge Carner (elevators, lift and transfer mechamsms etc.) receives
infrequent maintenarice because of its status as a reserve ship and would
be prone to breakdown. Additionally, the crews that would operate this

equipment would be hired during the short activation penod before the snip




would sait and this could result in a greater likelihood of human error due to
their lack of familiarity with the equipment.

The data for this CPM has been entered into the software package
Piantrac. Plantrac has been used to check for logic error and calculate
completion times. The use of a software system with this CPM would be very
beneficial due to the numerous changes that must be made to accommodate
the productivity degradaticn factors. A software system would also allow the
planner to generate resource and sequencing plans quickly based upon
ship configuration and available personnel. Lack of resources or changes in
local conditions may also necessitate planning logic changes which can be
quickly incorporated when using a software system. Plantrac is probably not
the ideal software to use for planning an ELCAS operation dus to its inability
to use decimal fractions of hours for the time intervals (minutes must be used
instead) and the awkwardness of the diagrams which it generates.

The CPM diagram in Appendix E shows 100 activities and a total
duration of 110.5 hours. Half of the activities listed are on the Critical Path.
The sefficiency of the ELCAS erection process could be improved if these
critical activities could be shortened. Two types of activities stand out as
having the most potential for improvement; those involving the handiing and
dnving of pile and the handling and operation of the jacking system. Seven
activities on the Critical Path involve the stabbing or driving of pile and have
a tota! duration of 22 hours. Six activities on the Cntical Path involve the
transfer, set-up or operation of the jacking system and have a total duration

of 45 hours. Additionally, as discussed earlisr, these activities are
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susceptible to substantiai delay {poor sea-floor conditions and jacking
system breakdown). Improvements to the methods of pile handling (e. g.
improved splicing connectors) or jacking operation (purchase of an
additional set of fours jacks and a power unit to lessen the requirement for
transfer) should result in an overall time savings to the construction process.
It is hoped that this CPM will provide useful planning information for
future OIC's and AQIC's of ELCAS operations. This author would be happy
to provide copies of this CPM to any interested parties. This CPM can best

be tested through use and observation during future operations.




Overview

The Modular ELCAS System (called ELCAS (M)) was daveloped as a
replacement for the aging standard NL (Navy Lighterage) pontoon
causeway system, to facilitate transport of the system by commercial
container ships and to provide a system that is easier and safer to assemble
(CESO 1990).

One of the most hazardous aspects of the existing ELCAS system is
the fact that it is in a floating state dunng the first few days of eraection. This
makes it much more dangerous to operate cranes on this unstable platform
and means that the construction deck is trequently wet and slippery and
subsequently more equipment and manpower is required to erect the
ELCAS. The ELCAS (M) system is designed to overcome this problem
since it will be installed from the beach out to sea using a cantilever
technigue. As a result, it will be aimost independent of surf conditions.

The ELCAS (M) System is composed of iSO (International Standards
Organization) compatible {conform to standard container ship specifications
for containers) pontoons, which improves its mobility by commercial
shipping. Transport of the ELCAS system by activ: Naval Amphibious
shipping is not realistic in a wartime environmer... This was clearly evident
during the preparations for Operation Desert Storm, when bacause of other,

higher prionty commitmants, it would have been nearly impossible tc secure
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a sufiicient number of LST's to move a system ke ELCAS to the Persian
Gulf.

Contaner ships are desigried to carry cargo that fits into either a 20
by 8 by 8 foot, or a 40 by 8 by 8 ioot container size. The corners of the
containers have fitings that facilitate lifing with a spreader bar arrangement
by cranes or by BTCH. These containers are designed to fit efficiently into
the holds of the container ships and can be stacked as many as ten high (80
feet). The standardization of the containers allows rapid loading and
unloading of the ships and facilitates transfer ashore.

A network for container shipping has been developed to a great
extent in most areas of the world. it includes rapid connections and inter-
connectability with railroad and truck transpoertation networks (which also
have vehicles specifically developed to handle containers) The availability
of this weli-developed transporniation network makes an ELCAS system
dssigned around the SO containers much more mobile and capable of
rapid deployment during contingency operations. Additionally, since
ELCAS was initially designed to provide a means to move containerized
cargo ashore, it 1s logical and functionatiy efficient that it should be capable
of transport on the ships it is designed to unload.

A technical report and study was nerfermed in Apnl 1988 by MAR,
Inc., of Severna Park, Maryland {MAR inc. 1288). This study evaluated and
discussed the transportatior: and installation scenano for the ELCAS (M).
MAR divided the transportation and installation processes into the following

key areas: Containerization of the Components, Off-loading cf the System,
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Beach Operations, Marshall Yard Operaticns, Roadway Construction,

Pierhead Construction, and Pierhead Equipment Instaliation. The ELCAS
(M) structure will be compnsed of three major areas: the Beachhead, the
Roadway and the Pierhead. The beachhead will be composed of an 80 foot
ramp and the first three wide section of 40 foot long pontoon modules. The
Roadway will be composed of as many as 65 forty-foot long (3 section or 24
foot wide) road sections and a 40 foot long Roadway to Pierhead Interface
section. The Pierhead will be 240 feet long (6 medules) by 72 feet wide (9
modules). It will provide operating space for two 160 ton cranes to transfer
containers from lighterage to tractor-traifer trucks. Twoe air-bearing turntables
will be used on the pierhead to tum the trucks around.

Since the final design of the ELCAS (M) systemt 1s part of the bid
solicitation (the contract calls for a tumkey system (CESO 1990 and Dalsy
1951-2)), most of he details have not yet been determined. However,
general requirements have been established and a general construction
plan has been developed.

The general requirements for ELCAS (M) are (CESO 1990) that “the
Contracter shall design, develop, support and fabncate a 3000-foot ELCAS
(M) System and demonstrate (test) the ELCAS (M) System". All design and
technical data wouid become the property of the Government. General

requirements were that the ELCAS (M) system would provide for:
1) The transport in and on an ISO compatible containership.

2) Oft-loading of ELCAS (M) System from the containership.




3) The assembly of pontoon barges in the water alongside the
contanership.

4) Transporting all hardware from ship to shore to the
marshalling area or erection site.

5) Off-loading all hardware at the teach.
6) Erection by cantitevering pontoons from the beach.

7) Handling cargo at the pierhead and transport of cargo via
1. actor-trailers to the beach.

8) Retrigving, disassembly, preserving, and packing the erected
system for transport and use in a different location or retum to storags.

Personnel Requirements

The MAR report (MAR 1988) includes the development of bar/chart
planning documents for the installation of ELCAS (M) and cails for a total
required crew of 66 personnel per shift based upon observations that were
made during operation JLOTS Il Howaever, for each task, such as RTCH
operator, RTCH signalman, ngger, bulldozer operator eic they assign a
separate person. In actuality, one member of the ELCAS (M) erection team
would be trained to perform a variety of tasks and reduce the number of
required personnel. Efficient division of the manpower should result in more
realistic manning requirements.

Using the marshalling yard manning as an example, MAR czlls fcr 2
RTCH operators, 2 RTCH signalmen, 2 forkhft operators (to move connector
hardware and other smaller tems), 1 bulldozer operator, ong 8 ton crane
operator, one 8 ton crane signalman, one 30 ton crane operator, one 30 ton
crane signaiman, 8 riggers, 2 welders and 1 mule driver (a mule is a small

tractor designed to pull the container sections when they are mounted on

.




wheels). This manning (22 men per shift for the marshalling yard) would be
extremely inefficient both as a utilization of manpower and creation of a
crowding problem. With preper training, a Navy Equipment Operator should
be able to perform all of the required operator tasks in addition to rigger or
sighalmzn duties. Additionally, the welders (known as Steelworkers in the
Navy) would also be able to serve as nggers, signalman and possibly forklift
and mule operators. Tha marshaliing yard could be properly manned by 7
Equipment Operators, 2 Steeiworkers and a supervisor (probably a semor
E-5 or E-6) for a total of 10 personnel.

MAR's numbers for the roadway and pterhead erection teams are
also inflated. Their requirement of 11 personnel couid be safely reducec to
8 including an on-site suparvisor. Additionally, they show a simultaneous
requirement for roadway and pierhead erection crews when the pisrhead
crew will not be required until the roadway is compieted MAR states a
requirement for 17 personne! in the pierhead erection crew. This number
could safely be reduced to 12, or more correctly stated thera would be a
required augment to the roadway erection crew of 4 personnei.

Additicnally, MAR recommends 8 men per shift per pontoon
causeway that would carry the ELCAS (M) modules from the ship to shore.
Standard opsrating practice at an Amphibious Construction Battalion calls
for 1 coxswain, 1 engineer and 1 bowhook for a powered causeway section
and the addition of 2 or 3 riggers to provide addittonal manpower. Baing

conservative this gives a requirement of 6 men per causeway per shift.




Additionally, one senior enlisted person should be assigned to supervise the
two caussway fefry crews

One requirament that MAR failed to identify is for that of mechanics to
maintain the cranes and matenal handling equipment. From prior
experience, a minimum of 2 mechanics would be required per shift. This
gives a more realistic manning requirement of 38 personnel per shift,
assuming the pierhead erection team requirement and including the
pontoon causeway crew supervisor and an overall shift OIC (this would most
likely be either the OIC or AOIC of the erection team depending upon which
shift it was). Note that although this is a higher number than the 25
personnel per shift used to calculate the CPM for ELCAS in Chapter 3, this
number includes 13 people for boat crews and has the additional

requirement of a marshalling yard.

Contracting History

The existing ELCAS system was acquired through a series of
component contracts. The ELCAS system was broken down into small
packages and the CESO served as a general contractor and sub-contracted
out the individua! systems. The ELCAS NL pieces (internal spudwslls etc.)
were bought as normal pieces on a low-bid, pnca-per-item basis from steel
manufacturers. The cranes were bou'ght as a senes of separate packages,
the turntable was subcontracted out to a steel constructor, and the jacking
systems were purchased separately. There were no major problems with

this procurement process because it was handled at a micro-scale.
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However, thers was no long term agreement with the manufacturers to
provide ongoing technical. traiming or spare pars support. Since the system
was bought piece-by-piece, the responsibility for maintaining the system
expertise and an inventory of spare parts was placed on the contracting
agency, in this case CESO.

The basic intent of the new modular ELCAS system was to go to
larger pontoon modules that would be easier to assemble together and
would be readily transportable on commercial shipping (container ships
(Datey 1991-2 and CESO 1990)). As previously stated, regular Naval
Amphibious shipping could not afford to provide the space necessary to
transport ELCAS by that means.

In the early 1980's, Robishaw Engineering presented a proposal for
the cantilavar ELCAS to some of the upper level Navy management in
Washington and an edict came down that the new ELCAS would be
cantiievared. The first solicitation for CANTELCAS (a cantilevered ELCAS
system) was in 1985 (Daley 1991-2). The intent of the Navy was to recewve a
complete system including a training program, erection procedures, an
improved connector design and repair parts availability. (Robishaw was one
of the bidders but they wera considered nonresponsive due to thare
unwillingness to modify their connsctor design for the project).

Ferry Manne, Inc., was awarded the contract in 1586 Ferry had a
very good design, but they had a hard time getting a reliable subcontractor
to buiid components in the U. S. and they had dificuities in organizing and

pulling the project together (Daley 1991-2). They also did not have a good
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concept of what was entailed in the requirements for a turnkey system,
including the Jdevelopment of training manuals and ongoing engineenng
support, etc. Their initial subcontractor produced a peor quality product (one
of the Initial pontoons was warped and unusable) in an untimely basis and
subsequently went bankrupt. The bankruptcy court ruled that the contract
with Ferry was one of their assets and Ferry had to expend a considerable
amount of money to buy thair own contract back. Ferry then unsuccessfully
sought other subcontractors. Because of these problems, Fery failed to
make the required delivenes to the Navy and was imtially terminated for
cause in 1989 (which would have meant that Ferry would be responsible for
the cost of the subsequent solicitation). However, Ferry filed litigation and
NAVFAC agreed to a settlement which actually paid Ferry some of the
contract value.

Bids were sent cut again in December, 1991, and the contract was 4
subsequently awarded to Jered Brown Bros., Inc., of Troy, Michigan. The .
seiection procass was based upon a numencal evaluation of the strength of
the proposals in areas of capabilities of the company, technical deveiopmant
of the construction method and the strength of the design. The cumulative
score regarding tha strength of the proposals was then used as a weight
multiplied against the bid price. Lakeshore, Inc, had the best overall score
fror the proposal avaluations but an extensive pre-award inspection and
evaluation of their facilities indicated that they did not have the capabilities
which they claimed to have In their proposal. As a result, Jered Brown Bros.

Inc., who had the second best numencal score and a very good pre-award
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inspection (they had all the capabilties which they claimed), was awarded
the contract.

Lakeshore subsequently filed a protest of the award. A second round
of bids were taken and this ttme Jered Brown was the lowest because they
cut their cost. After this second award, the Competition Advocacy Board
under the Secretary of the Navy stepped in and said that it was
inappropriate to rate the proposals on a numencal basis. Subsaquently. the
contract with Jered Brown was terminated for convenience and all the
bidders have been compensated for their bid and proposal preparation
costs.

At the present time, another proposal solicitation has been completed
and the proposals are being evaluated by a technical review board. This
tima the review board is evaluating the bidders on an adjective rather than
numerical basis. A business judgement board will review the proposal
subsequent to the technical review board, and a contract award is

antictpated by September (Daley 1991-2).

improvements to the Contracting Process

An alternative to soliciting a “turnkey” complete system would be to
divide the ELCAS {M) System into smaller packages and have the
coniracting officar (CESO) act as a general contractor and ensure that the
components of the system are all procured in the proper amounts and with a
high level of quaiity. However, this significantly reduces the possibility of

receiving innovative ideas from an industry expert in the area of marine
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engineenng and requires CESO to be the expert. Additionally, these
smaller contracts will not have provisions for long term support from the
contractor so the Navy would have to maintain a stock of replacement parts.
An example of this is where the manufacturer for the air bearnngs in the
turntable for the existing ELCAS no longer produces this product and
replacements have to be custom fabncated at a much higher cost than
would be if the parts were commercially avalable. The hydraulic jacking
system is also no longer in production and existing components must be
overhauled to maintain serviceability rather than be replaced.

Breaking the ELCAS (M) System into sub-packages and acting as a
general contractor would require a much more intensive effort on the part of
CESO in terms of manpower and resource commitment. The present push
within the Department of Defense is to downsize the civilian force as much
as possible to reduce the expenditure of the Operations and Maintenance
(OM&N) Funds that pay for salaries of personnel. The Government has
pushed for a centralization of supply, contracting and inventory control
actwvities to reduce the number of personnel required to manage a certain
number of items. Howaever, when this centralization occurs, expertise at the
contracting office is lost. The Seahft Support Branch at CESO is presently a
smali office, which would have a difficult time in managing the $5 million in
design work required to bnng the ELCAS {M) system onto #ne (Daley 1991-
2). In order for CESO to properly manage the procurenient and angoing
maintenance of the ELCAS (M) system by a component procurement

process, it may be necessary to hire additional perscnnel.




Another possible alternative would be for the Navy to contract with a
consortium of marine engineering organizations in order to secure tneir joint
expertise and production capabilities. This would help to avoid the
production difficulties encountered by Ferry Marine and provido a greater

amount of engineering expertise.
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Chapter 5: Commerciai Alternatives to ELCAS (M)Innovations

Development

The purpose of this chapter 1s to examine the feasibility of contracting
for the naw ELCAS System by selecting as many components as possible
from marine engineenng manufacturers’ standard catalogs and having an
engineer who is knowledgeable in the system piece together what would be
required to make a workable system. The goal would be to use equipment
that I1s already available in commercial industry and may be ised for simitar
purposes, rather than specially fabncated items To collect the information
given 'n this chapter a vanety of Manne Engineenng Firms on the Texas and
Louistana Gulf Coasts were centacted and therr catalogs examined.

There are many advantages to this method. First of all and maybe
most beneficial would be that the contracting time and procedures could be
drastically shortened and simplified Secondly, engineenng design work
would be lessened. A properly selected system should require much less
developmental work. Additicnally, it could ba possible {6 purchase or lease
only a small portich of the ELCAS system in this manner and thoroughly test

it before having to buy the whole system (McNair 1992).




Flexitloat and 1SOLOG Systems

One company that cames a hine of products in this area is Robishaw
Engineering Inc. in Houston, TX (Rohishaw 1982, Robishaw 1991 and
McNair 1992). The author first became famihar with their "Flexifloat”
products (tradename) in the fall of 1990, while stationed at ACB-2. Flexifloat
modules are standardized pontoons cf 10 foot width and 5 foot denth which
are dimensioned for permissible overland transport. They are avaiable in
lengths of 10 feet (called a "unit-float"), 20 feet ("duo-float"), 30 fest ("tri-float”)
and 40 feet ("quadra-float”). Figure 5-1 1s an artist's rendition of these
modles {Robishaw 1982).
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FIGURE 5-1 “icture of Flexifloat modules.




Flexifloat units use a ngid locking system that permits inter-locking on
all sides of the module. This allows the pontoon system to be constructed to
almost any configuration. A venety of specialized aitachments and
components are available to permit multi-purpose applications. These
include bow and stern units which offer low resistance to turbulance for use
in a Flexifloat ferry, ramps for loading applications, elevating and non-
elevating spudwells and propulsion unmits. Flexifloat systems are commoniy
used for marine and nvernne construction, in dredging and pipelaying
applications, and as fernes and bridging urts. Figure 5-2 is an ariist's

rendition of a Flexifloat ferry.
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FIGURE 5-2 Picture of a Fiexifloat fe:ry.
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The ISCLOG system is a vanation of Flexifloat system that uses
pontoon modules that are dimensioned and manufactured to iSO container
spacifications, facilitating transport by container ship. One such system has
been delivered to the U. S. Army Transportation Command At Fort Eustis,
Virginia.

A test and evaluaticn of an expenmental Air Cushioned Vehicle
Landing Platform (ACVLP alsc called a Fly On-Fly Off platforr) which was
constructed from Flexifloat modules was conducted in Cctooer of 1990.
ACB-2 personne! assembled and moved the platiorm to its test pesition in
the Chesapeake Bay. This evaluation wrivolved the lease rather than
purchase of the modules, which was prudent since this was the first active
evalisation of such a system and it is not known whether the Flexifloat
modules will again be required for this p* rpose. The Fiexifloat module
shipment for this test came from various pars of the Southeast. This
researcher initiaily travelled to one of the storage facilities near Richmond,
Virginia to inspect the modules and develop a pian for their assembly.
These units appeared to be very rugged and :ad been used in many other
manr.e applications.

In order to construct the ACVLP, several of 1.:¢ F.exifloat units had to
be interconnected. The side and end connectors used :n the Flexifloat
system are mucn more ngid than the flexor yns used in the Navy's Rolt On-
Roll Cff (RORO) platform and there was some guestion as to how they would
resist structural fatigus from the cychical loading and unloading that would be

ancountered in rough seas. However, from personal ctservatinn as the
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safety officer for night operations on Chesapeake Bay, the ACVLP handled
the up to 3 foot seas and 15 knot winds much better than the RORO platform
to which it was attached.

During the Joint Logistics Over the Shore Test il conducted in
September, 1991, ISOLOG causeway fernes did undergo rough weather
(Rausch 1991-2). Some of the single sections received damage but this
damage was comparable to that sustained by the Navy NL causeways.
Dunng this storm they encountered 8 foot seas which is significantly above
the standard operating parameters.

Another concern that has not yet been fully avaluated is if the
Robishaw connectors between each module will sustain contact damage
dus to their being directly along the penmeter of the modules (Daley 1991-2
and Rausch 1991-2). This question can perhiaps be answered by a 'nng
term evaluation of the perfermance of the system currentiy tinderway by the
Ammy.

The Flexifioat and ISOLOG pontoon moduies have praved to be easy
to put togsther (at least dunng calm to modsrai2 weatier) requding only two
or three workers to move them in the water by :ang using cne inch diameter
line. By contrast the reguiar pontoor caussways raquire the use aof a small
tug for assembly. An additional 2dvantage s that the Flexifloat medules are
small ana light enough to be easily tzken from the water to iand using a 65
ton hydrautic crane, even at a 25 foot plus radws. tn companson, a 142 ton
crane cannot lift a standard NL pontoun causeway frem the same lifting

location.




The major disadvantages to the use of Flexifioat moduiss is their
incompatibility with the existing Navy pontoon system and their non-
conformance to standard 1SO sizes. However, the recent development of
the an ISOLOG system has overcome many of these drawbacks. This
system is commaercially available, conforms to the standard 40 foot by 8 foot
ISC envelepe, and has special pontoons available that will mate to standard
MNavy NL causeways. These special pontoons have male and female end-
connactors that mate to the ends of standard Navy NL pontoon causeways.
With these end-modules, they can form a standard 24 by 120 foot causeway
and be well suited for transport by container ships, which would make them
ideal for use in the reéserve mission areas of the Assault Follow-On-Echelon
{prepositioning ELCAS and RORG units on commercial shipping).

The ISOLOG units are sold on a commercial basis to organizations
that need to be able to transport a pontoon platform system overseas. They
have baen used for a construction project on the Kwajalein Atcll in the
Paufic and they are used by some of the major 0il companies. However,
this systam s not sold commercially in large numbers like the ragular
Fraxificat sys*sm. A typical 40 by 8 by 4 5 feot section cosis around $40,000
and can ba ordered in any required quantity (McNair 1992).

The ISOLOG madules are similar to the regular Flexifloat modules in
their rough sthape, stzuctural strength and locking connectors. Each of these
eanectors is rated ay 150,000 pound capaciy. A typical Quactra-float
1SOLOS medule (40 foot by 8 foot) is side connected using sight of these

connectors. These modules have an additional advantage of having a draft
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of only 14 inches unloaded, which is six to eight inches less than the
standard NL pontocn causeways. The umiform deck icad which allows for
12 inches of fregboard is 145 pounds per square foot  This gives a load
capacity of 208 i¢cns for the 24 by 120 foot causeway. This is aimost acuble
tha ratec capacity of an NL pontoon causeway (110 tons) This wouid aliow
ong ISCLOQG causeway section {0 carry three M-50 tanks whereas one of the
NL type sections can only carry one.

Tha cormers of the units are equipped with 1SO type 1611 fittings that
permit hifting and handling as standard freight containers. These modules
also have the reguisite sirangth to qualify for shipment, which maans that
they mus? be able 1o structurally withstand the weight of 14 forty-icot cargo
containers stacked directly abeve them The Dugc-fioas (20 by 8 foot
dimensicns) can also be conrected by means of iniegral connectors to form
an "ISOPAK" that is dimensiona! equivaient to a forty foct container. The
modules ars all equ:pped with recessed pipe plugs to faciitate easy water
drainage or filling with 3 flotation enhancing foam, if required, 1o mitigate the
threat of battic damage t¢ the uniis. Because of their ISC compatibiiity,
thase urits canr also sasily 9e hansted oy RTCH, which are part of the
allowancs of the Manuma Prspositioned Force.

Robishaw has also developed nropulsicn medules that feature a
steerable 369 degrae water-jst and are 100 parcent compatibla with non-
powered moculas (Robishaw 1991). The ngquoity of the connactions
between the prepulsion moduias and the non-powerad wodulas sheuld

anhance 1he barge ferty's hardiing charactenstics. With the existing




P . [ . l S AE o i ) - B

81

pontoan causeway systems, Side Loadable Warping Tugs {SLWT) and
Causeway Tenderboats are typically tied to the sections they are pushing by
means of ing. Handling problems can result when this line shps or breaks.
However, attachment by way of line does allow the pushing craft to readily .
change positions as required {o better handle the causeway string.
Robishaw’s propulsion module is only fory feet long comparad to the 90 foot
iong SLWT and it is designed to be a component part of the causeway. Two
moduies would be used for a 4 string causeway with a total length of 480
feet. Tha 1ISOLOG propulsion modules have supenor power 10 the SLWT's
(6G0 hp per engine versus 425 hp) and are more efficient for transferring the
powar into maneuverability since they are an itegrat part of the causeway.

The propulsion modules could also be transported by container ship
cargo bt the cuxswain's conn must be removed before cther containers
cculd be placed onop of . However, # should e loaded on top of the
stack because it woult be naeoded in Ine water to handle containers as they
a.8 1aken off the ship.

Rob.shaw has proposed use of the ISGLOG systam for a cantilever
ELCAS as shown in Figure 5-3 {Rorishbaw 1891). Studies have been
perfcrmed al the Robishaw faciory to test ths strengtn of the Flexifloat v
connectors in repard 1@ supporting & cantisvered load and to test the
structural ngioty of tne sysiem with an esuivalent load to that of a 140 ton
crane on the sections when t was elevated. These tests showed anly smail
amounts of deflaction in the cantilovered arrangoment which would vot

adverseiy affect the erection procedre. As pravicusly discussed, ¥
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Robishaw's connectors are rated at 150,000 pounds in tension,
compression and shear. In a cantilevered arrangement they would have
shaar and ténsion forces, whichi given that the total weight of one modute is
only 22,400 pounds should not pose too much of a problem The spud
attachments which would be used in this system are rated at the strength of
two locks which 1s 150 tons  They work under the concept of cutting the pie
off st deck ievsl than taking a one eighti turn to lock a cap in place over the
top of the pils. The majer concarn would be the resistance of the connection
and lack of deilecton when subject to 2 moment of not more than 1.12
million ib-feet (McNair 1292).

Rovishaw alse marniuiacturas elsvated structure attachments or
slgvating spud walls. This equipment 1s used to have a platform raise itself
{simuiar to one system that is i use at the present time by the U. S. Army in
the Delong Pier}. This systeni has tha capability to raise a piatform with a
crane and exira equipment aiready on it These spudwells do require the
use of spectal pile that can be locked in place at any height. A variety of
attachmants can be purchased to facihitate the operation of the Robishaw
systems. Thess can tnciude winches for farry operation across nvers,
outboard moter urits, fender, and bumper systems Awr custuoned
assemblies are available to permit operat.on in extremely shallow water
Such an assambly may be towed dy a tug or amphibious vehicie (possible
the Amy's LARC LX). Hingad connectors are also avalante 1o serve wrere
changes in water elevation may be encountered (2 possible application may

pe the ELTAS beach ramps). A vanety o' spJg wells are manufaciured ard
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special items can be constructed if needed Some of these spud wells have
devices to hold pile up so that a platform can be moved to another location
and the pile re-stabbed {called a holding spud). Yoke spacers are available '
to provide space to work in between the modules of a platform, or to instali a
rake to minimize the forces of a current. The versatiity that the Robishaw
systems show i configuration and the wide vanety and availabihity of
accessonas increases the utlity of the Flexifloat and !ISOLOG systems in a
variety of applicaticns.
Mechanical Connectors

Another area where improvement seems possible for the ELCAS
system s In the method by which piie are spliced together. When 3 soft
seafloor is encountared dunng pile dnving & i1s usually necessary to splice
an additional length of pile on to the pile being driven. One of the
requirements for ELCAS is that it may have to be disassembled, re-deployed
and re-erected in anothsr locaticn  This means that <he pile used to erect
ELCAS must be recovered to the greatest extent possible. Tharefore, if a
pile splice connection 1s to be dnven beiow ths czuseway cecx level it must
be careiully welded to ensure successful pile retneval  This pile welding
process s ime cansuming and danger-as  Steeiworkers nave received
senous shocks wiite waidmg when *~8\ wers hit witn se=scray. The
iengths of pile ussx — 2n L CAS zpavation are tvpically 40 to 66 fest
sunng ar ZLCAS gmratior 1 auy " 380, <ome piie had to be spliced 2 01 3

times each Eacr: 3t these spiicas recuirsc a 360 degree, fuil-penetration

weld which ‘ook 62 (0 &€ munuies 1o =mrmier2 A solutton o this problem




woutd be to use a mecharical splice which would be attached to the pile
durning the pre-gdeployment phase in the homepor

Information regarding these splices was recewzd from the Vetco-Gray
company 'Vetce-Gray 1991). Therr product which i1s applicable to the 20
incn diameter 1/2 inch wall thickness pie used in EL.CAS is called the
Rapid Lock Type RL-4S Conductor and Casing Conrector The Vetco
macharrcal connector alleviates splicing probiems by creating a mechanical
Lonnection between the two pile sections that i1s stronger than the steel itself
and can be assembled ir a matter of seconds

The curent metnoc used at ACB-2 for pile splicing 1s to weld an 18
= zile sectior inside the 20 inch prle and weld shims on the extenor of the
18 1c5 ghe so 2t i wall act @s a guide for connecting the two pile. This
2ur2t purcrzsh g iergths of 18 inch pie twhich is not as readily available
as the 20 nch pile a7 parforming a good deas of preparation work pnor to
the operation  T1e 48tcs inneciors also reguire installation prior to the
upaldliig e the iy materzs cost s for the connectors themselves. They
are soll yuiding and requirg unly a one2 quarter ‘um to be secure  The pin
and box set for each connector costs appronmiagezy $300 per set. By
companson, oach 8 toui fenyth of 18 incli prle used in a conventional sphice
~onts approximataly §LEG  Velco cutwsrtors 318 1aqutany used by the major
oil companies fur offshore platiorm suppni ard nenes ran be ordered as an
"Off the shett” nem  [hyse vunnednrs arn dosigned 10 be rgusable. Figure

5-4 Is an artiet'e rendition of a '/etco connectir




FIGURE 5-4 Picture of a Vetco cornector
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The incorporation of the Vetco-Trzy or a similar type nechamicas
connector into the ELCAS system couid =ap senefrrs in other areas. D-1e

area that has been studied over the last few years by the Navy Cwil

E.ngineering Laboratory (NCEL) is an :mproved mathoc = owe a~ving. This

study has involved the use of a BOMAG combinztor sb =<x.ryompact
piledriver that can alsc serve as a piie extracior  Jioratrry puadnving is
much faster than the standard impact piledrar 3 that o Loed with e curmrent
ELCAS system However, the vibrations disturt *ne sana around the area o*
the pile and result in the pile being dnven turtner cown 'nto e sand to
achieve the same beanng capacity. The time savrgs during the dnving
operation is frequently negated by the additionat ime required <o splica the
pile. However, if mechanical connectors were used "1e resuiting ime
savings in the splicing process may overcome this cisadvantage .n an.
case having a pile extractor included s part ot the aquipment asowance for
ELCAS would be beneficial because it would facilitate tear-cowr and re-

deployment of the system if it was erected in a remote location
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Chapter 6, Conclusions and Recommendations:

Conclusions

The Elevated Causeway system (ELCAS) provides an important part
of the Navs's capabiiities in the area of resupply to forces ashore dunng the
Assault Foliow-On-Phase of an Amphibious Assault. ELCAS provides the
only practical means to transfer containenzed cargo over the surf-line.
Howaver, the 2xisting ELCAS system 1s nearnng the end of its useful life due
to structural -etenoration. A replacement system for ELCAS has been
planned for many years but contractual difficulties have delayed its receipt.

“he design of the replacement system, known as the modular ELCAS
svstem cr ELCAS (M), addresses this problem by being readily
transportable by container ships. Container ships provide the most
avalizole form of commercial shipping 10 the Navy for cverseas deployment
of cargo The ELCAS (M) is designed to be constructed from pontoons that
have the characteristics (dimensions and fittings) to be transportad as
containers and will be constructed from the shore outward in a cantilevered
fashion. The ELCAS (M) system could be pre-deployed on a container ship
i the vicinity of where it may be needed

However, problems have developed in the contracting process for
ELCAS (M). A new ELCAS system is overdue and would be desperately
needed If a war-time contingency anses

This report describes the components, equipment, construction

methods and personnel required to assemble and erect the existing ELCAS,




and develops a CPM logic Giagram to off-load ELCAS from a SEABEE
barge carner, transport it ashore and erect it. The developmenti of this CPM
(Chapter 3) includes the assignment of productivity reduction factors to
account for personnel fatigue, weather conditions, and iavel of training
readiness and should assist ELCAS OIC's in the future.

ELCAS 15 a fairly low technology, rugged system that ~an be erected
and operated in difficult environments. The need for such a system will most
likely exist into the foreseeable future. In recent years amphibious forces
have played an important role ir military actions in Leoanon, Grenada and

the Persian Gulf.

Recommendations
This report has dentified several problems that affect the Elevated
Causeway system. The following recommendations are derved from this

report:

» Overhaul the existing ELCAS system. Aging cranes and other equipment

require replacement and new ELCAS pierhead sections should be built.

* Revise and modernize the ELCAS training program. The Personal
Qualif.cation Standards (PQS) system for ELCAS needs to be re-written to
refiect current information on how the system i1s erected and what personnel
are requir d to know. The introduction of a formal school for ELCAS training

would be beneficial. Training evolutions should be coordinated and
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integrated with the reserve forces as much as possible to enhance teamwork

between the reserve and active forces.

» Purchase or lease a small portion of the ISOLOG or similar commercially
available components to avaluate their suitablility for service as part of the
ELCAS (M). Thoroughly test these components to ses if they will work in the
proposed application.

* Design and procure the ELCAS (M) system to utilize as many

commercially available marine engineenng components as possible.

* Maintain a cadre of ELCAS (M) system expertise at CESO and NCEL. and
require that CESO maintain the inventory of required spare parts. This could
require increasing the staff of CESO's Sealift Support Branch, but the likeiy

savings from the procurement process could far outweigh this expense.

« NCEL and CESO should coordinate testing of the modular causeway
system used by the Army at FT. Eustis to evaluate its applicability toward
meeting the Navy's needs.

» Evaluate the feasibility of purchasing a crawler crane rather than rubber
tired crang with the ELCAS (M) because of its enhanced mobility in the sand

and quicker set-up time for hfts.




* Th3 CPM and productivity factors provided in this report can serve as a
starting point towards improving training for ELCAS leadership. The CPM
should be evaiuated, improved and incorporated into an appropriate
software system. The productivity factors shouid be evaluated and could

provide baseline data on actual installation time requirements.

* The CPM analysis in Chapter 3 identified pile-driving and jacking
operations as the two most critical activities in ELCAS erection. if the
existing ELCAS is intended to be kept in an active status, purchase an
additional set of 4 jacks and 1 power unit for sach ACB. Additionally,
purchase a small number of the Vetco-Gray mechanical connectors
discussed in Chapter 5 and test them dunng an actual ELCAS operation for
suitability. These connectors would also improve the erection process for
ELCAS (M).
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Appendix A

Author's qualifications and experience at ACB-2:

Oct-Nov 88: Assigned to the Operations Department, receiving an overview
of battalion operations and functional relationships. Successfully completed
the Ampibious Warfare indoctrination course at the Amphibious Warfare
Schooi.

Nov 88-Jan 90: Assigned as the Officer-in-Charge (OIC) of Causeway
Lift/Launch and Amphibious Assault Bulk Fuel Team Blue TWO. Served as
OIC of this team for a Mediterranean Sea deployment from May to
November, 1983. On this deployment directed independent causeway
operations at Sierra de Retin, Spain, Capo Teulado, Sardinia, Haifa, Israsl,
Saros Bay, Turkey and was part of a contingency force for the evacuation of
the U. S. Embassy in Beirut, Lebanon. Quahfied as a Barge Ferry Pilot and
completed the Personal Qualification Standards for Officer of the Deck
Inport, Small Boat Officer, Combat Information Center Watch Officer and
Officer of the Deck Underway.

Jan 90-Oct 91: Assigned as the CIC of the ELCAS team and the Assistant
Alfa Company Commander. Directed the erection and operation of ELCAS
including the first ever installation of the Lightweight Multipurpose Spanning
Assembly (LMMSA) as a bridge between ELCAS and a floating Roil On/Roll
Off Causeway Piatform from July to August 1990.

Oct 91-Jul 92: Assigned as the Charlie Company Commander responsible
for the direction of the battafion Steel Shop, Sandblasting Crew and
continued as OIC of the ELCAS Team




Appendix B
ELCAS Specifications:

1) Capable of being transported by Landing Stup Tank (LST) and
commercial carriers, including barge ships.

2) Capable of being installed in 72 hours.

3) Capable of being elevated 15 feet above Mean Low Water, under
conditions of 8-foot tides and 7- foot swells.

4) Provide berthing facilities for lighterage, including a 20 foot water depth
at the pierhead.

S) Provide a fender system for pierflighterage interface.
6) Provide mooring capability for lighterage.
7) Provide truck tumaround capabilty on the causeway pier.

8) Provide for lighter operation/cargo handling and transfer beyond the surf
20ne.

9} Be compatible with cargo from existing container ships and other
container-capable cargo ships, such as roll-on/roll-off ships and barge
carrier ships.

10) Handle 10 to 12 containers per hour from hghter to
shore.

11) Handle from 20-foot (22-ton) to 40-foat (35-ton) containers at a 40 foot
boom radius.

12) Perform continuous operations in sea state 3 (significant wave height at
5 feet with 30-knot winds and 4-knot currents).

13) Survive in sea state 6 (12 to 20-foot waves with 75-knot winds and 4-
knot currents).

14) When given 24-hour waming for equipment removal, survive hurricane
forces and become operational within 48 hours following the storm.
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Deployment Requirements

As part of predeployment planning for a contingency operation in tne

Appendix C

Persian Gulf, a list of the following items which are required to deploy

ELCAS out of the Continental U. S. was generated in January, 1991 (Groft

1991):

12 ELCAS Causeway Sections 1 Shim Box

20 Conex Boxes

1 Turntable with ramp
3 Tractor trailer trucks
1 Field Truck (Military)
40 External Spudwells

2 Beach ramps

3 ELLCAS fender sections

2 Pallets of pile caps
4 Welders

300 feet of stee! ASP matting

2 DE-30 piledrivers
One 65 ton crane

Two 30 ton cranes

2 Pin Boxes

1 Pallet of Acetylene
1 Paliet of Oxygen

1 30 kW generator

1 15 kKW generator
One 750 cfm air compressor
2 Gimbel boxes

1 generator platform
One 10000Ib forklift
6000 feet of 20" pile
One 140 ton crane
One 60 ton crane

One 8 ton crane




Appendix D: Acronyms Glossary

ACB: Amphibious Construction Battalion. Military Unit of the Navy whose
mission is to support amphibious assaults and landings in the areas
of pontoon causeway operations, fuel delivery system installation and
beach salvage and construction support.

ACVLP: Air Cushioned Vehicle Landing Platform. Floating platform
designed to allow hovercratt to fly on and fly off to facilitate the
movement of containers and equipment from anchored ships to the
shore. It is designed to be attachad to RORO platform.

AFOE: Assautlt Follow-On Echelon. The second wave of an
Amphibious Assault designed to sustain extended operations.

AQIC: Assistant Officer-In-Charge. Second in command of a team or
particular phase of an operation. Usually a Senior Enlisted person,
Chief or Senior Chief Petty Officer (E7-E8).

BOMAG: Brand-name of an expenmental piledriver used by NCEL.

CAF: Frame used to support boats and other equipment when secured on a
deck of a Seabee Barge Carrier when the design of bottom of the
equipment does not readily match the supporting rails on the Seabee.

CANTELCAS: Initially the name for the proposed modular ELCAS
system which is designed to be built from the shore outward in a
cantilevered fashion.

CESOQ: Civil Enginesring Support Office in Port Hueneme, CA.
Organization tasked with inventory maintenance and replenishment
includes all the pontoon causeway system components and the
ELCAS system.

CNBG: Commander, Naval Beach Group. Next supenor in the Naval
Chair of Command to the ACB.

COTS: Container Off-load and Transfer System. General Term for the
Department of Defense systems designed to transfer containerized
cargo over the shore.
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CPM: Critical Path Method. Refers to a planning system for scheduling
operations. Primanly used in planning construction projects. The
system involves breaking the operation down into a series of activities
and scheduling them taking into account dependencies between the
activities and other constraints.

CSP: Powered causeway section.
C/W: Abbreviation for pontoon causeway.

DE-30: DE-30 Pile Hammer. Diesel driven pile hammer used to drive the
supporting pile for ELCAS.

DOD: Department of Defense.

ELCAS: Elevated Causeway or Elevated Causeway System. Temporary
pier facility used primanly to transfer containenzed cargo over the
shore. Refers to the existing system which has been in service since
the 1970's.

ELCAS (M): Modular ELCAS. System planned to replace the existing NL
pontoon ELCAS system. This system is intended to be built from the
shore outward in a cantilevered arrangement. Utiizes modular
components that are built to standard cargo container dimensions.

FLEXIFLOAT: Robishaw Engineering's standard pontoon system using in a
vanety of manne construction applications. The umits are designed to
be readily transportable by truck but do not have standard container
dimensions.

ISO: international Standards Organization. Refers to the specifications for
qualification as a standard cortainer used for transport on
contamnarships. SO containers nave special corner fittings to
faciitate movement by port facilities {cranes, trucks and rail).

ISOLOG: Robishaw Engineenng’s mcdular pontoon system. Designed to
be readily transportable by standard containar carners.

JLOTS: Joint Logistics Over-The-Shore. Refers to operations involving the
movement of supplies and equipment from water based carriers to |
and, conducted by two or more of the armed services (generally Army,
Navy and USMC).

LACV-30: Army hovercraft used in amphibiocus operations to transporn cargo
and equipment.
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LARC 60 or LARC LX: Large Army amphthious vehicle used to carry other
vehicles and cargo over both water and land.

LASH Ship: Lighter Abcard Ship. Commercial barge carner which uses an
amidships gantry crane to lift barges and transfer them in and out of
the water and to place them into a large interior holding area.

LCU: Landing Craft Utility. Large (110 to 200 foot) landing craft used to
transport cargo and equipment from ship to shore. Designed to be
beached.

LMMSA: Lightweight Modular Multi-purpose Spanning Assembly.
Modutar aiuminum bridge designed for rapid assembly and
cantilevered deployment to replace damaged sections of ELCAS and
to serve as a ramp between ELCAS and a floating RORO platform.

LPO: Leading Petty Officer. Next in command after the AOIC, usually a First
Class Petty Officer (E-6).

L.SD: Amphibious Transport Dock. Naval amphibious ship characterized by
a large "well deck” which can be flooded to facilitate the loading of
landing craft.

LST- Landing Ship Tank. Naval amphibious ship characterized by its ability
to be beached and transfer equipment via a "bow ramp”. Also used to
transport pontocn causeway sections which are loaded onto its sides.

NAVFAC: Naval Facilities Engineering Command.

NAVSEA: Naval Sea Systems Command.

NCEL: Navy Civil Engineering Laboratory, Port Hueneme, CA.

NL Causeway: Navy Lighterage type causeway. Type of causeway
currently used by the Navy. A standard section 15 made up of 45
pontoons in a 3 wide by 15 long arrangement.

OIC: Officer-in-Charge. Officer placed in command of a team of military
personnel for a particular operation.

0OSDOC: Over-The-Shore Discharge Of Cargo.

PGS: Personal Qualification Standards. A training system used by the
Navy.
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RORO: Roll Or/Roll Off platform. Floating 3 causeways wide by 2 caussway
long platform dasigned to be attached to a moored carge ship to
facilitate the driving off of equipment onto the platform for further
transportation ashore via causeway fernes.

RTCH: Rough Terrain Container Handler Large forklift designed to move
containers in a rough terrain environment (e.g. low traction conditions
on a beach).

SBC: Seabee Barge Carner or Seabee Ship. Commercial barge carrier
which uses a stern elevator and a rail mounted lift and transfer
system to load and position the barges.

TACS Crane Ship: Specialized ship designed to provide crane services to
other ships and to lighterage tc move containers and equipment
when moored.

USMC: United States Marine Corps.
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Appendix E: CPW Development

Two diagrams and a description of terms and abbreviations are
provided to make the CPM development and activity list easier to
understand. Figure E-1 shows the loading sequence for the SBC and
numbers the ELCAS causeway sections. Figure E-2 shows the numbering
sequence for the causeway sections when they are inserted in the ELCAS
pier.

The CPM presented here makes several assumptions. Because of
the way ttie upper and lower decks of the SBC are loaded, the middle dack
must be off-loaded first to provide storage space for CAF's. ELCAS sections
1,2,7, 8,910, 11 and 12 are pre-loaded with 4 pile each (before loading
on the SBC) to facilitate pile stabbing operations when the pier is inserted to
the beach. Thrae pile would be stacked and chained down at one side of
the causeway and one would be secured to the deck on the other side (this
maximizes pile storage on the causeway deck and still leaves just enough
room for the cranes to drive down the section). The cranes used to plan this
CPM include one 8 ton cherry-picker, two 30 ton hydrauiic cranes, one 60
ton hydraulic crane, one 65 ton hydraulic crane and a 140 ton lattice-boom
crane.

Thirty minute breaks are included in the CPM at the noted locations to
account for the non-productive time during the changing of shifts. Times in the

activity list are given in hours.




Description of Terms and Abbreviutions
"Assem."= Assemble or connect.
“BF"= Barge ferry (to push with one or more SLWT's).
“BR"= Beach ramps.
"CMW = Causeway saction.
"C/W (fender)"= C/W loaded with the three-section fenderstring.
"C/W(turntable)"= C/W loaded with the EL.CAS turntable.
"C/W(140)"= C/W loaded with the 140 ton crane.
"EF"= Early Finish, i. e. the earliest an activity may finish with the given
durations.
"ELCS 5= ELCAS section number 5.
"ES"= Early start.
"F:"= The activity will start after the finish of the actwity listed afer the colon.
Lightoff= Required maintenance procedure to start an SLWT after a period of
storage.
No.= Arbitrarily assigned activity numiber.
"S:"= The activity will start after the start of the activity listed after the colon.
"SBB"= Seabee barge.
"SBB (jacks)"= SBB carrying the ELCAS jacking systam, lighting
system and misc. gear.
"SBB (pile)"= SBB carrying gile, the 140 ton boom and
counterweights.
"SBC"= Seabee Barga Carrier
"Spuds.”= Abbreviation for external spudwell.
"w/"=With or containing.
"+0.3"= This means a delay of 0.3 hours will occur after either the
start or finish of the activity which is the dependency donor.

"= Critical Path activity.




SEABEE SHIP LOADPLAN
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FIGURE E-1: Diagram of the SBC loadplan.
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FIGURE E-2: Diagram of an ELCAS pier
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ACTIVITY LIST (Table E-1)

Middle Deck

No,
*100
105
‘110
*115
120
125
“130
“131
*133
‘135
“136
‘138
140
145
147
*149
“150
*180
170
175

D -
SLWT 1&2 ungriped
ELCS 1/3 & 2/4 ungriped
SLWT 1&2 to elevator
SLWT 1&2 down glevator
ELCS 1&2 lifted

SLWT 1&2 light-off

ELCS 3&4 to elevator
ELCS 3&4 down elevator
Assem. ELCS 3to 4
ELCS 1&2 to elevator
ELCS 1&2 down elevator
Assem. ELCS 110 2
Assem. ELCS 1/2 to 3/4
ELCS 7/5&8/6 ungriped
Lit ELCS 7 and 8

ELCS 586 to elevator
ELCS 5&6 down elevator
Assem. ELCS 5t0 6
Assem. ELCS 5&6 to 1-4
SLWT 1&2 BF ELCS 1-6
ashore and insert

Lower Deck

180

Ungripe SLWT 3&4
Ungripe SBB's

SLWT 3&4 to elevator
SLWT 3&4 down elevator
ELCS 1-6 s¢ cured w/dozers
SLWT 384 light-off

ELCS 748 to elevator

Dependency Duyration
Start 0.5
F:100 0.5
F:100 0.4
F:110 0.7
F:105 0.3
F:115 1.0
F:120/125 0.5
F:130 0.7
F:125/131 0.5
F:133 0.5
F:135 0.7
F:136 0.5
F:138 0.5
F:105 0.5
F:145 0.3
F:138/147 0.6
F:149 0.7
F:140/150 0.5
F:160 0.5
F:170 1.0

F:145
F:180
F:160/180
F:183
F:175
F:184
F:186




ELCS 7&8 down eievator
Assem. ELCS 7108

BF ELCS 7-8/assem. to 1-6
Ungripe ELCS 9

"I CS ¢ to eisvator

ELCS 9 down elevator
ELCS 9 BF&assem. to 1-8

Upper Deck

Ungripe ELCS 10&11

ELCS 10&11 to elevator
ELCS 10&11 down elevator
Assem. ELCS 10 te 11
Ungripe ELCS 12&C/W(140)
ELCS 12&C/W(140) to elev.

ELCS 12&C/W(140) dwn zle.

Assem. ELCS 1210 10-11
BF ELCS 10-1210 1-9
assem. end connected
C/W(140) to beach/off-load
140 ton to staging area
Disassem. EL.CS 10-12 from
-9, assem. side-connected
60 ton set beach ramps

65 ton stab 4 pile on ELCS 8
8 ton set 4 spuds.ELCS 2
30 ton set 4 spuds ELCS 6
Rearrange cranes

€5 ton stab 4 pile ELCS 12

F:188

F:190
F:185/191
F:182
F:191/194
F:196
F:192/197+0.8

F:194
F:197+0.3/210
F:215

F:220

F:210
F:225/230
F:232
F.225/235
F:200/240

F:240

F:245+0.5

F:245+0.8
F:245+0.5
F:245+0.5
F:245+0.5
F:254/260/265/266 0.5

F.250/260+0.3

0.5
0.4
0.7
0.8
0.5
0.5
0.7
0.8
1.3

3.0
1.5
1.8
1.5
1.8
1.8

2.8

65 ton drive 2 pile ELCS 12 (including DE-30 preparation)

8 ton set spuds. ELCS 1&3
30 ton stab 4 pile ELCS 6
30 ton set 8 spuds ELCS485

F:267
F:267
F.267

3.2
1.5
3.2




273 Install roadway mat/beach F:267
improvements (end activity)

274 30 ton stab 4 pile ELCS 3 F:271/S:270+1.8

*275 60 ton off-load 8 pile from F:271/285
SBB(pile)

276 30 ton stab 4 pile ELCS 2 F-27440.2

277 30 ton stab 8 pile ELCS 4/5 F:272/275

278 65 ton stab 4 pile ELCS 11 F:26840.5

278 30 ton stab 4 pile ELCS 1 F:270/276+0.2 &

$:288+2.0

280 Ungripe C/W({fender) F:230
& C/W(turntable)

283 SBB's to/down elevator F:240/S:246
SBB(pile) to ELCS 6 F:283
SB8B(jacks) to beach F:283
60 ton off-load pile. boom, F:275
counterwts. from SBB(pile)

SBB(jacks) to ELCS 4 F:279/287

65 ton stab 4 pile ELCS 10 F:278+0.3

65 ton stab 4 piie ELCS 9 F:290+0.3 &
S:288+4.0

30 ton off-load jack & F:277+0.3/289

lighting gear from SBB

65 ton stab 4 pile ELCS 7 F291+1.0&

{includes shift break) S:288+6.0

294 SBB(pia) to SBC F:288
(end activity)

*295 65 ton stab 4 pile ELCS 11 F:293+0.3 &
(note: ELCS 11 has 8 interna! spuds) S:288+8.0
296 SBB (jacks) to SBC {end activ.) F:292
*287 65 ton drive 10 pile at F:295+0.5
ELCS 11&12 (includes shift break)

. . .- - L -




298 I[nstall lighting system $:292+5.0
(end activity)
299 60 ton drive 4 pile ELCS 7 F:288+1.0
300 66 ton drive 4 pile ELCS 9 F:299+0.5
(includes shift break)
*301 65 ton drive 4 pile ELCS 10 F:297+0.5
302 60 ton drive 4 pile ELCS 8 F:300+0.5
*303 Set up jacks for 10-12 F:292/301
304 60 ton drive ELCS 6/5/4 F:302+0.5
12 pile(includes shift break)
305 30 ton drive ELCS 3/2/1 F'279/301+1.0
(includes shift break)
*307 Jack 10-12 to grade, lower F:303
and pin (includes shift braak)
*308 Transfer jacks to roadway F:307
*308 Jack 1-9 to first bift & pin F:304/305/308
(includes shift break)
*310 Transfer jacks F:309
(inciudes shift break)
*311 Jack 1-9 to grade ard pin F:310
{includes shift break)
312 Assem. boem-140 ton F.246/288 4.0
*313 Side-connect 10-12 to 7-9 F:311 3.0
314 C/W(fender) & (tumtable) F:280 1.2
to/down elevator
315 Attach safety rigging F:311 4.0
(end activity)
316 C/W(fender) to beach F:314 5.0
Remove fenderstring from C/W, Redeploy&Assem. fenderstring
317 Set 6 spuds. on ELCS 10-12  F-311 25
318 C/W (turntable) to beach F:314 1.1
*320 Install fenderstring F:313/316/317 3.0




*322 Drive & pin fender pile
(includes shift break)

*324 140 ton drive to pierhead

*325 Redeploy, lift & position
turntable.

*330 Turntable made operational
(end activity)

F:320

F:312/322
F:318/324

r.325
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