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This is a report on a technology survey of 13 major

ABSTRACT

U. S. shipyards and 16 of the best comparable foreign ship-

yards.

A standard procedure is followed in assigning one
of four technology levels to a broad range of shipbuilding

operations and processes in each shipyard. The results are
presented in terms of comparisons among U. S. shipyards and
between U. S. and foreign shipyards.

LEGAL NOTICE

This report was prepared as an account of government-soonsored
work. Neither the United States, noc the Mantime Admunistration,
nor any person acting on behalf of the Maritime Administration
A) Makes any warranty or representation. expressed or |m8I|e :
with respect 'to the accuracy. comEIeteness. or usefulness Of the
information contained in this report. or that the use of any infor-
mation, apparatus. method, or process disclosed in this report
may not. infnnge privately owned rights: or (B) Assumes any
Inabilities with” respect to the use of. or for damages resulting from
the use_of any informtion, apparatus. method. or process dis-
closed in thiS reprot As used in the above. “Persons acting on
behalf of the Maritime Administration” includes any employee or
contractor of the Marntime Admurustration to the extent that such
enployee or contractor prepares, handles. or distribiutes. or Pro-
vides access to. any information pursuant to his employment or
contract with the Manume Administration,
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FOREWORD

This report, Technology Survey of Major U. S. Shipyards - 1978,

is organized as follows:

0 Chapter 1. Introduction -- Sets forth the circumstances
that caused the survey to be made and what it should
accomplish, along with its limitations.

0 Chapter Il1. Survey Procedure -- Describes how the
survey was conducted in the United States and abroad,
what shipbuilding activities were covered and how
technology was measured.

0 Chapter Il11. Comparisons and Analyses -- Puts in
perspective over 2000 technology level determinant
made in 13 U. S. shipyards and 16 comparable foreign
shipyards. First, they are treated in aggregate form.
Second, they are treated in a more detailed but select-
ive manner to emphasize the most important shipbuild-
ing operations, highlighting areas where U. S. ship-
building technology is high and low.

0 Chapter 1V. Basic Data -- Consists of a series of
tables which present all of the technology level
determinations developed during the survey, in three
different ways. Chapter Ill is based on these data.

0 Chapter V. Summary -- Sets forth the highlights of
the survey, including comnents from A & P Appledore

(London) Ltd., who developed the technology level
standards and surveyed the foreign shipyards.

The Maritime Administration and Marine Equipment Leasing, Inc.
wish to acknowledge the substantial contributions made to this survey
by A & P Appledore (London) Ltd. and the U. S. shipbuilders whose

complete cooperation made the survey possible.
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1. INTRODUCTION



INTRODUCTION

At the end of World War 11, the United States had the largest
and most productive shipbuilding industry in the world. During
the past 30 years, this industry has contracted to a fraction of
its former size and has only in recent years made substantial in-
vestments in new facilities. On the other hand, foreign ship-
builders, notably Japanese, have invested billions of dollars since
WWIT in new facilities and can now produce merchant ships in a
much shorter time and with substantially fewer manhours than are

required in the United States.

1. U.S. SHIPYARDS STILL LAG BEHIND LARGE PRODUCTIVE SHIPYARDS
IN JAPAN AND EUROPE

The U.S. shipyards have gone through a major organizational
and technological change in the past 10 years. The United States
Navy, being concerned with increasing shipbuilding costs, changed
its acquisition policies to promote economies of scale In its
multibillion dollar program and, in so doing, attracted industrial
conglomerates into the shipbuilding business. The Maritime Admin-
istration of the Department of Commerce has also encouraged
standard ship design concepts to promote economies through multi-

ship construction programs. At the present time, all but two of

-1



our major shipyards are owned by large parent corporations.
Primarily as a result of this new ownership, over a billion dollars
have been spent on new facilities and the modernization of exist-
ing shipyards since 1970.

In the area of construction of nuclear and conventionally
powered naval combatant ships, the U.S. is without peer in the free
world. With respect to construction of large merchant ships, how-
ever, United States shipyards still lag behind the large productive
shipyards in Europe and Japan.

In spite of substantial improvements that have been made,
overall shipyard labor productivity in the U.S. has declined.

U.S. shipyards have placed this deterioration in productivity

over the last 10 years to be from a minimum of 15% to as much as
35%. This loss in productivity, though not attributable to lack

of facility improvement, can be compensated for and improved if
facilities, working environment, planning and other factors are

improved.

2. THE MARITIME ADMINISTRATION IS ACTIVE IN PROMOTING PROGRAMS
WHICH WILL ENHANCE SHIPYARD PRODUCTIVITY

In an effort to improve the productivity of the U.S. ship-
building industry the Maritime Administration initiated the Na-

tional Shipbuilding Research Program which since 1971 has sponsored

I-2



and jointly funded many R&D projects with a view toward improving
the competitiveness of the U.S. shipbuilding industry. However,
there has not been a uniform industry-wide evaluation of the tech-
nology being applied to all phases of shipbuilding with a view
toward identifying industry-wide needs. The R&D programs to date
have usually dealt with development of specific equipments and
procedures where deficiencies have tended to be apparent.

In 1975, the British government conducted a technology survey
of all United Kingdom shipyards in connection with the nation-
alization of the industry. After seeing the procedure used, the
Maritime Administration concluded that a similar survey of major
U.S. shipyards would be useful.

In May 1978, the Maritime Administration contracted for an
assessment of the level of technology now being employed by major
U.S. shipyards, as compared to the best comparable foreign ship-
yards. The procedure used to make this assessment was the same
as that used in the U.K. which had been developed by a prominent

British engineering firm, A&P Appledore (London) Ltd. (APA).

3. THE PURPOSE OF THIS REPORT IS TO ENCOURAGE A STRUCTURED AND
ANALYTICAL EXAMINATION OF THE SHIPBUILDING PROCESS IN THE
UNITED STATES

This report identifies U.S. ship construction operations and

procedures that are lagging behind their foreign counterparts. It



is hoped that this survey will provide guidance in two ways.

(1) Encourage Individual Shipvards To Examine In Depth

Areas Where They Are Using Low Level Technology

First, it is hoped this survey will encourage U.S.
shipbuilding management to look at their operations and exa-
mine in more depth areas where the difference between U.S.
and foreign technology is greatest. By giving special atten-
tion to those areas (elements) that are labor intensive or
labor sensitive, this study could be most helpful in sup-
porting long range shipyard improvement plans or proposals

for government participation.

(2) This Study Can Also Serve As A Baseline To The Govern-

ment For Detemining What Shipvard Improvement Prodgrams
It Should Support

Second, since this survey covers such a broad spectrum
of shipbuilding operations and procedures it is possible to
look at the value of one operation in relation to another to
determine which operation, if improved, would have the great-
est impact upon productivity.

By establishing a baseline in accordance with well de-
fined standards a future survey could measure the effectiveness
of improvement programs and identify additional advances in

technology.



(3) This Report Deals With Facilities, Equipment and
Systems, But Does Not Measure Motivation, Management
Or Effort

Shipyard productivity depends upon a combination of
many factors. The facilities, tools and procedures covered
in this survey are most important, but they are only as good
as the people who manage and operate them.

This report only identifies the levels of technology
being used. The decision by a shipyard to use more advanced
technology would depend upon an economic feasibility analysis
taking into account the market and the characteristics of the

individual shipyard.

1-5



1.  SURVEY PROCEDURE



SURVEY PROCEDURE

The evaluation system used for this technology survey was
developed by A&P Appledore (London) Ltd. (APA). The survey was

conducted by Marine Equipment Leasing, Inc. (MEL).

1. THE SHIPBUILDING TECHNOLOGY SURVEY CONCEPT HAS BEEN USED
INTERNATIONALLY

The system for evaluating shipbuilding technology was devel-
oped in 1975 and was first used in an extensive study prepared for
the British Government shortly before it nationalized its ship-
building industry. The purpose of the U.K. study was to obtain
a commonly based, objective appreciation of the quality and quantity
of the hardware and the associated methods and technology being
used in each shipyard. Since that time, the system has been for-

mally applied in Canada, France, Egypt and India.

(1) The_Shipbuilding Categories Considered Cover The Full
Range of Shipyard Operations

Information on the technology and methods employed in
each shipyard is collected by way of a survey of these prin-

cipal operational categories:

0 Steelwork Production

0 Qutfit Production and Stores



Figure

ELEMENTS

-1

SURVEYED

STEELWORK  PRODUCTION

Al PLATE STOCKYARD AND TREATMENT

A2 STIFFENER STOCKYARD AND TREATMENT
A3 PLATE CUTTING

A4 STIFFENER CUTTING

A5  PLATE AND STIFFENER FORMING

A6 SUB-ASSEMBLY

A7 FLAT UNIT ASSEMBLY

A8 CURVED AND CORRUGATED UNIT ASSEMBLY
A9  3-D UNIT ASSEMBLY

A10 SUPERSTRUCTURE UNIT ASSEMBLY

Al QUTFIT STEELWORK

OUTFIT PRODUCTION AND STORES

Bl  PIPEWORK

B2  ENGINEERING/MACHINE SHOP
B3 BLACKSMITHS

B4  SHEETMETAL WORK

B5  WOODWORKING/JOINER SHOP
B6  ELECTRICAL

B7  RIGGING

B8  MAINTENANCE

B9  GARAGE

B10 GENERAL STORAGE

B11  AUXILIARY STORAGE

LAYOUT AND MATERIAL HANDLING

El LAYOUT AND MATERIAL FLOW
E2  MATERIALS HANDLING

AMENITIES

FL ~ GENERAL ENVIRONMENTAL PROTECTION

F2  LIGHTING AND HEATING

F3  NOISE. VENTILATION AND FUME EXTRACTION
F4  CANTEEN FACILITIES

F5  WASHROOMS/W Cs., LOCKERS

F6  OTHER AMENITIES

: DESIGN. DRAFTING. PROD.

ENGR"G & LOFTING

G1  SHIP DESIGN

G2 ~ STEELWORK DRAWING PRESENTATION
G3  OUTFIT DRAWING PRESENTATION

G4  STEELWORK COOING SYSTEM

G5  PARTS LISTING PROCEDURES

G6  PRODUCTION ENGINEERING

G7  DESIGN FOR PRODUCTION

G8  DIMENSIONAL & QUALITY CONTROL
G9  LOFTING METHODS

C: OTHER PRE-ERECTION ACTIVITIES

cl MODULE BUILDING

C2  OUTFIT PARTS MARSHALLING
C3  PRE-ERECTION OUTFITTING
C4  BLOCK ASSEMBLY

C5 UNIT AND BLOCK STORAGE

D: SHIP CONSTRUCTION AND
INSTALLATION

D1~ SHIP CONSTRUCTION

D2  ERECTION AND FAIRING
D3 WELDING

D4  ON-BOARD SERVICES

D5  STAGING AND ACCESS

D6  PIPEWORK

D7  ENGINE ROOM MACHINERY
D8  HULL ENGINEERING

D9  SHEETMETAL WORK

D10 WOODWORK

D11  ELECTRICAL

D12  PAINTING

D13  TESTING AND COMMISSIONING
D14 AFTER LAUNCH

H: ORGANIZATION AND OPERATING
SYSTEMS

HL ~ ORGANIZATION OF WORK

H2 ~ CONTRACT SCHEDULING

H3 ~ STEELWORK PRODUCTION SCHEDULING
H4  OUTFIT PRODUCTION SCHEDULING
H5  OUTFIT INSTALLATION SCHEDULING
H6  SHIP CONSTRUCTION SCHEDULING
H7 ~ STEELWORK PRODUCTION CONTROL.
H8  OUTFIT PRODUCTION CONTROL

H9  OUTFIT INSTALLATION CONTROL
HIO  SHIP CONSTRUCTION CONTROL

HIl  STORES CONTROL

H12  PERFORMANCE & EFFICIENCY CALC.
H13  COMPUTER APPLICATIONS

H14  PURCHASING
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Other Pre-erection Activities
Ship Construction and Outfit Installation
Layout and Materials Handling
Environment and Amenities
Design, Drafting, Production
Engineering and Lofting

Organization and Operating Systems.

These categories have been broken down into seventy-

two (72) elements as shown in Figure 1l-1, preceding page.

Each of the seventy-two elements covers a discrete

shipbuilding operation or procedure. To illustrate, the fol-

lowing are examples of the descriptions of several elements

and the points evaluated.

Al.

A3.

PLATE STOCKYARD AND TREATMENT
Description: The storage, handling, treatment

and control of plate from receipt to delivery

to the cutting area.

Points Evaluated: Method of storage, handling,

treatment, manning, control.

PLATE CUTTING
Description: Cutting by all means large rec-

tangular and non-rectangular plates, large and

small internals, floors, longitudinal, webs, etc.



Points Evaluated: Marking, handling, cuttings

accuracy.

AT . FLAT UNIT ASSEMBLY
Description: This includes the welding together
of flat plates to form flat sections of shell,
deck, bulkhead, tank top, etc. It includes at-
tachment of stiffeners, floors, webs and

longitudinal.

Points Evaluated: Workstation definition, ma-

terials handling, material positioning, welding,

fairing, major unit build up, storage.

Appendix A,_DESCRIPTION OF THE 72 SHIPRUIIDING ELE-
MENTS, contains the complete description of each of the seventy-
two elements in the form shown above. It is noted that two of
the elements, B5 and DIO, cover wood working/joiner work.
Since U.S. ships contain virtually no finished wood products,
these two elements were not given level assignments in the
U.S. shipyard survey. Therefore, only 70 of the elements have

been included in the comparisons.

@) Lshe i
Of_Shipbuilding Technology Which Are App
Worldwide

A four point scale of reference is used during the



examination of technology, methods and operating systems. In

simple terms:

Level 1 - Indicates basic or low technology and
characterizes the shipyard of the fifties
and early sixties.
Level 2 - Relates to the medium technology shipyard
of the sixties.
Level 3 - Reflects good practice in the early seventies.
Level 4 - Typifies a high output, advanced technology

shipyard.

A descriptive set of standards for each of the seventy-
two elements has been prepared. These standards consist of
examples of methods and practices which typify each of the
four levels of technology for each element. The surveyor is
thereby able to assign a “level of technology” to each aspect
of shipyard operation which is studied. During the survey,
the “closest” whole level number is marked and comnents pecul-
iar to the shipyard and element being studied are recorded.

Eight samples of the shipbuilding technology standards
used in the survey are shown in Appendix B, SAMPLE LEVEL
CRITERIA FOR SHIPBUILDING TECHNOLOGY.

Al - Plate Stockyard and Treatment
BL - Pipework (shop)

C3 - Pre-erection Outfitting



D5 - Staging and Access (ship)

E2 - Materials Handling

FI - General Environmental Protection
G7 - Design for Production

H2 - Contract Scheduling.

These sheets give examples of methods and practices
which typify each of the four levels of technology. Their
purpose is to give the survey team a scale of reference. In
this way, it 1is possible to make world-wide comparisons on a
consistent basis 1s and also to vary the teams from shipyard to

shipyard and still obtain valid and comparable results.

(3) This_Survey Compares Each U.S. Shipyard With Four
Comparable Foreign Shipyards

In order to give the survey of U.S. shipyards relative
meaning in a worldwide sense, it was decided that each ship-
yard would be compared with four of the best comparable for-
eign shipyards. The determination to limit the comparison to
four shipyards was based on the need to keep the survey within
a reasonable budget and time span. It was further decided, in
order to assure a diversified geographical distribution, to
limit the number of comparable shipyards in any one country
in a single comparison to two. The final ground rule was that
at least one Japanese shipyard should be in each comparison

because of Japan’s preeminence in world shipbuilding.



2. THE SURVEY PROCESS INVOLVED THE USE OF TWO SURVEY TEAMS

In order to survey 13 U.S. shipyards in the alloted time two
survey teams were required. The earlier surveys of foreign ship-
yards also involved different surveyors. All surveyors, however,

used the same standards and essentially the same survey techniques.

(1) To_Assure Consistency and Comparability Of Data. sur-
veyor Training And Cross-Checking Of Data Was Required

During the week of June 5, 1978, two senior members
of the APA staff conducted a workshop for the six MEL sur-
veyors on survey content and procedure. The workshop covered
in detail what was included in each of the 72 elements and a
discussion of the four technology levels for each element.
This workshop and the ensuing exchange of views enabled the
U.S. surveyors to be on the same “wavelength” as their British
counterparts.

The second step taken by MEL to assure consistency
and comparability of data was to design data sheets for col-

lecting data. Appendix C, EXAMPLES OF CORRECTED SURVEY NOTES,

is a reproduction of actual data sheets for the eight elements
shown in Appendix B.

The third step took place after the survey when all the
surveyors met and exchanged annotated data sheets. Initially,

each surveyor assigned a technology level to each element he



surveyed. When the data sheets were exchanged with the
counterpart surveyor on the other team, the level assign-
ments were withheld and the counterpart surveyor read the
notes and made his own level assignments. Then, the two sur-
veyors compared notes and reached agreement on the level
assignments. This was done between the three pairs of sur-
veyors that made up the two teams. It turned out that the
surveyors were in agreement at least 90% of the time. This
is very good considering that levels are stated in whole num-
bers and there are a number of borderline cases, e.g., closer
to 2 or closer to 3.

The fourth and final step took place in England. Dur-
ing the process of comparing U.S. shipyards with their for-
eign counterparts, each level assignment was reviewed using
the surveyors' notes with the same APA staff engineers who
conducted the workshop so as to assure consistency with the

APA survey of the foreign shipyards.

2 The Thirteen Major Shipyards Surveyed Have Built Some
Of The Most Complex Ships In The World

The selection of the U.S. shipyards to be surveyed was
based primarily on size, employment, and product. Since the
survey included foreign shipyards building primarily for
deep-sea commercial service with some naval construction,

the largest of the U.S. shipyards building for this service



were selected. These shipyards are now building over a broad
span of complexity and ship size, from a nuclear powered air-
craft carrier and submarines to gas turbine powered frigates
and from commercial ships ranging from a 10,000 DWT tanker to
395,000 DWT ULCCs and LNG ships. Figure 11-2, following Page
shows the location and names of the shipyards surveyed. One
large shipyard, General Dynamics, Groton, which is building nu-
clear powered submarines exclusively, was excluded. Included
in the survey, as part of the General Dynamics, Quincy, report,
is the General Dynamics, Charleston, SC, liquid natural gas
(LNG) sphere manufacturing facility.

The U.S. Shipyard Technology Survey took place during the

period July 17 through August 15, 1978. The shipyards surveyed

were as follows:

M Survey Dates
Bath Iron Works

Bath, ME 17-18 July 1978
General Dynamics 20-21 July 1978

Quincy, MA
General Dynamics

Charleston, SC 3 August 1978
Seatrain Shipbuilding _

Brooklyn, NY 24-26 July 1978

Sun Shipbuilding _
Chester, PA 27-28 July 1978

Bethlehem Steel
Sparrows Point, MD

Newport News SB & DD
Newport News, VA

Ingalls Shipbuilding Div.
Pascagoula, MS

31 July-1 August 1978
7-10 August 1978

25-28 July 1978
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Shipyard Survey Dates

Avondale Shipyard 17-19 July 1978
New Orleans, LA

Livingston Shipbuilding 31 July-1 August 1978
Orange, TX

National Steel & SB 3-4 August 1978
San Diego, CA

Todd Shipyards 7-8 August 1978
San Pedro, CA

Todd Shipyards 10-11 August 1978
Seattle, WA

Lockheed Shipbuilding 14-15 August 1978
Seattle, WA

The two survey teams visited the U. S. shipyards simul-
taneously. One team surveyed the East Coast from Bath, Maine
to Charleston, South Carolina. The other team surveyed the
Gulf and Pacific coasts.

Each team was made up of three surveyors with each sur-
veyor assigned a specific group of elements to survey. A
typical survey schedule is shown in Figure 11-3, following
page. This schedule and a description of the survey elements
shown in Appendix A were sent to the shipyards in advance of the
surveys along with a request that a knowledgeable guide be
designated to accompany each surveyor and arrange that he talk
to the responsible people in each area. Each surveyor took
notes on each of his assigned elements using the prepared data
sheets and also composed summary statements which were addressed
to the standards for each element. Examples of the note-taking

and the summary statements are shown in Appendix C.
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Figure 11-3

SURVEY SCHEDULE

Surveyor Surveyor Surveyor
#l #2 #3
Day 1 Introduction Introduction Introduction
AM. Yard Tour Yard Tour Yard Tour
Layout & Environ.
El - E4
Day 1 | Steelwork Prod. Outfit Prod. Yard Background
& Stores
P.M. Al - A7 Bl - B6 Technical Info.
Gl - G3
Day 2 A8 - All B7 -Bl1l G4 - G9
A_M. Pre-erection D6 - D7 Org. & Op. Systems
cl -C4 HL - H4
Day 2 C5 - C6 D8 - D14 H5 - H13
P.M. Ship Const. Amenities
FI - F3
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Upon completion of the note-taking, the notes and summary
statements were sent back to the shipyard for review and comment.
After the comments were reviewed, the summary statements were
revised, if necessary, and the level of technology affirmed or

changed.

3) Sixteen Major Foreign Shipyards Were Selected For Com-
parison With U.S. Shipyards

APA was supplied with copies of the shipyard survey
notes together with a brief description of each U.S. shipyard

surveyed. These descriptions included:

0 past work experience

0 current work experience
0 principal facilities

0 maximum ship size

0 site area

0 labor force.

These U.S. shipyard histories and characteristics are

in Appendix D, UNITED STATES SHIPYARD HISTORIES AND DESCRIPTIONS.

On receipt of this information, APA reviewed their
data on twenty-five leading foreign shipyards in Japan, Ger-
many, France, Denmark, Sweden and in the U.K.

For each U.S. shipyard, a number of foreign shipyards
were selected as being appropriate for comparison. The number
of foreign shipyards to be compared to each U.S. shipyard was
then reduced to four, of which no more than two were in the

same country and of which one was in Japan.
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The selection of foreign shipyards took into account all
the information contained in the descriptions of the U. S. ship-
yards. During the MEL visit to APA in England, the selection
process was fully reviewed in order to ensure that MEL was satis-
fied that the most advanced comparable shipyards had been
selected. Some adjustments were made during the exchange of
more detailed information on the U. S. and foreign shipyards.

Appendix E, DESCRIPTIONS OF COMPARABLE FOREIGN SHIPYARDS,

contains the summary of the characteristics of the foreign ship-
yards selected for comparison.

For all the foreign shipyards, levels of technology have
been assigned in accordance with the scale of reference
defined in the APA shipbuilding technology survey technique.

In half of the shipyards, APA has conducted a full survey of
facilities, equipment, technology and methods. For the remain-
ing shipyards, senior APA staff members have spent a minimum of
two man weeks in each shipyard during the past three years. A
considerable number of APA personnel have, therefore, been
involved in assigning the levels of technology to the selected
shipyards.

In order to maintain the confidence of past clients and to
secure continued exchange of information with leading foreign
shipyards, APA is unable to disclose the names of the shipyards
for publication.

In selecting comparable foreign shipyards, the following
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principal selection criteria were used:

Work experience -past ten years
Work experience -current
Maximum ship length -feet

Shipbuilding employment
Size -acres
Type of shipyard -new/redeveloped

Work experience and shipyard type categories are coded

as follows:

Work experience A simple commercial ships
B complex commercial ships
C simple naval ships
D combatant ships

Shipyard type L underwent limited redevelopment
M underwent major redevelopment
N new/greenfield shipyard

In Table 11-1, following page, is a display of these
criteria for the thirteen U. S. and sixteen foreign shipyards
covered by the survey.

The process for making the actual selection of comparable
foreign shipyards consisted of preparing thirteen selection
sheets like Table 11-2, page 11-17, one for each U. S. shipyard,
and including the foreign shipyards whose characteristics and

products most closely resembled the U. S. shipyard. In this
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CRITERIA FOR SELECTION OF COMPARABLE SHIPYARDS

Work Max. Emplment Size Yard
U,8, Shipyard Experience Length Acres Type New Yard / Redeveloped Yard Highlights
Past Current Ship Shpbldg Shpbldg Calog.
Bath Iron Works A B, D B,D 700 3300 02 L ftedev, slnce 1470 - outlittiog pler, wiys wad, , 220 ton cenne
Gon. Dynumics, Qu, B,C B 930 6300 172 M Redev, alnce 1970 - ateel cul & fub, ,hasin sphere plant 1200 ton ey
Seatvain A A 109-1 2100 Go M Redev, since 1070 - stenl cut & foh,, point fncil,, 4 x 200 ton er
Sun A,B A,B 1100 3000 160 M Radev, sluce 1070 - connte, & Inunch acctionnt duck, 2 x 260 tan e
Relhlehen, Sp. Pt, A A B, C 1200 3260 142 Redev, siuce 1968 - stecl cut & fuh, bulldiag busin, 4 x 200 1w cr
Neowport Nev s A,B,D A,B,D 1000 22000 250 N/M New comn, yard since 1973 - steal fob, , bailding bagin, 1000 ton cr
Litton/lugalls B,D D 800 10500 400 M New yard siuce 1068 - unigque launchilng syslem
Avondale A,B,D A,B,C 1050 4300 210 M Redev, aluce 1070 - constr, & lnunch syn,, paint fnc,, GOD ton cr
L.evingston A,B A,B 700 1700 80 L N.C. steet culting
Natfonnl Stecl A,B,C AC 980 5500 145 M Redev, since HITO - enlarged ways, new hasin, 175 ton e
Todd, Loua Angelen A,D D 600 2000 60 L ftedev, afnce 1475 - culneged wayn, 2 x 175 ton er
Todd, Scattle A,B,D D 550 1000 35 L N, C. cutting machine
Jockheed A,B,C Cc 700 2500 100 L Redov, slnce 1065 - way, N,C, cutting, steel fab,, 50 lon ¢y
Fovelgn Shipyard
Yard Q A A B 1360 5700 210 N New 1950 - 700, 000 ton dack, 1,000 ton ar nedded tutes 96U
Yard N A,B,D B,D 1000 5400 100 M Redev, late 1970's - all areas (extensive)
Yard Il A,D D 1150 3600 40 M Redov, ensdy 14703 - steel and outfit shopa, 2 x 110 ton ¢
Yard P A A 860 1600 45 M Redev. mid 1970°4 - new abifpyned hnilt around existing dock
Yurd J A,B A,B 1500 6500 170 M Redev, lote 19605 - o) arens (extensive)
Yard 1 A,B A,B 1170 5900 90 M Nedev, lnte 10608 envly 1970 - dock nnd crannge
Yoard M A,B,C A,B,D 1020 5500 120 L hmproved corly 1060
Yard C AB,C,D As,C,D 850 2600 50 L Gradunl pedov, within consteaints of site
Yord it A,B,D B,D 1000 6000 100 M Redev, within constralotas of site - most nrens
Yoaed P A A,B 1500 + 3000 200 N New yord mid 107008 « high steel throughpt, high techaology
Yord B A,B,D A,B 1000 6000 250 M Redev, [rom L9610 - stee) catting & fab, , dock, 2 x 840 oy ¢y
Yard K A,B A B 1100 3900 65 L Wedoev, onsly 1370 - ateel culting & fab, , berth eranes
Yard 15 B,C,D B,C,D 600 3500 35 L Geadunt fmprovements over past twenty yenes
Yard A A,B A B 1300 3900 95 M Hedov, enrly 19608 = very subtitantinl with subseq, Tmprovements
Yaed L. A A,B 1000 3500 250 N New mdd 1860°8 - extennton systom, covered work
Yord § A,BD A,B,D 1320 6100 200 M Mijor improvemaonts oves twenty yenrs - high teclinology

TABLE I1I-1



TABLE 11-2

SELECTION OF COMPARABLE SHIPYARDS

U.S Foreign Shipyards
Criteria Shipyard Yard C Yard E  Yard N Yard M

Work Experience
Past 10 years A,B,D A,B,C,D B,C,D A,B,D A,B,C
Current B,D A,B,C,D B,C,D B,D A,B,D

Maximum Ship

Length (Feet) 700 850 680 1000 1020
Employment 3300 2600 2500 5400 5500
Size (Acres) 92 50 35 100 120

Shipyard Type
(New or Re-
developed) L L L M L

Discussion

There are five foreign shipyards roughly comparable to
this U.S. Shipyard. One shipyard which emphasizes steel

throughput and which has less complex ship capability
was dropped.

11-17



illustration, a U.S. shipyard was compared to foreign ship-
yards C, E, N and M. Appendix F, COMPARABLE FOREIGN SHIPYARD
SELECTION SHEETS, contains all thirteen of the selection sheets
similar to Table 11-2.

The geographic distribution of comparable shipyards is
shown in Table I11-3, following page.

Table 11-4, page 11-20, shows the specific foreign ship-
yards (by code letter) compared to each of the thirteen U.S.
shipyards. Appendix E gives a description of each foreign ship-

yard.

(4) Survey Reports on Indivi I_Shipvards Show the Tech-
nology Level Comparison Within the U.S. and With Four of

the Best Comparable Foreign Shipyards

Upon the completion of the U.S. shipyard survey and the
comparisons made with the foreign shipyards, an individual
shipyard report was made on each U.S. shipyard containing the
information contained in Figure 11-4, page 11-21.

Each U.S. shipyard was given a table comparing its tech-
nology levels with the other U.S. shipyards. Figure 11-5, page
11-22, shows how this table was set up. The form of the com-
parison between each U.S. shipyard and the four comparable
foreign shipyards is also shown in Figure 11-5.

The bulk of the shipyard report consisted of the “SUMMARY
EVALUATION OF SURVEY ELEMENTS” for the 70 shipbuilding elements

a sample of which is included in Figure 11-6, page 11-23.
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TABLE 11-3

GEOGRAPHICAL DISTRIBUTION OF FOREIGN
SHIPYARDS COMPARED TO U.S. SHIPYARDS

U.K. Japan German Danish Swedish French
Shipyard Name--U.S. Yards Yards Yards Yards Yards Yards

Bath Iron Works
Bath, ME

General Dynamics 1 1
Quincy, MA

Seatrain Shipbuilding
Brooklyn, NY

Sun Shipbuilding | 1 |
Chester, PA

Bethlehem®Steel
Sparrows Point, MD

Newport News SB & DD
Newport News, VA

Avondale Shipyard { 1
New Orleans, LA

Ingalls Shipbuilding
Division 1 | | 1
Pascagoula, MS

Livingston Shipbuilding
Orange, TX

National Steel & SB
San Diego, CA

Todd Shipyards 1 1 1
San Pedro, CA

Todd Shipyards
Seattle, WA

Lockheed Shipbuilding
Seattle, WA

N

N
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TABLE 11-4

COMPARATIVE FOREIGN SHIPYARDS

Shipyard Name--U.S.

Bath Iron Works
Bath, ME

General Dynamics
Quincy, MA

Seatrain Shipbuilding
Brooklyn, NY

Sun Shipbuilding
Chester, PA

Bethlehem Steel
Sparrows Point, MD

Newport News SB & DD
Newport News, VA

Avondale Shipyard
New Orleans, LA

Ingalls Shipbuilding Division
Pascagoula, MS
Livingston Shipbuilding
Orange, TX

National Steel & SB
San Diego, CA

Todd Shipyards
San Pedro, CA

Todd Shipyards
Seattle, WA

Lockheed Shipbuilding
Seattle, WA
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ENGINEERING AND LOFTING SHIPYARD| AVC- 112134
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Figure 11-6

SUMMARY EVALUATION OF SURVEY ELEMENTS

SUB-ASSEMBLY

Description: Assembly of parts of a main unit.
It will include putting face plates on webs, in-
stalling brackets, stiffeners on floors, longi-
tudinal, foundations, etc.

Points Evaluated: Workstation definition, ma-
terial handling, material marking, jigs, welding,
fairing, storage, material flow.

Summary Evaluation: Work is carried out in
“space available” areas within the fabrication
area. Pieces are pre-marked, welding is by
manual MIG sets. Some reusable jigs are used.
Material flow is logical and the storage area
is adequate.

STIFFENER CUTTING

Description: Cutting by all means,
e.g., angles, H beams, channels, | beams.

Points Evaluated: Marking, handling, cutting,
accuracy.

Summary Evaluation: Marking of stiffeners is
done manually. Handling is by bridge crane
with hand clamp and also forklift attachment.
Cutting is done manually and with a universal
steel worker--some minor cold shearing.

PLATE AND STIFFENER FORMING

Description: The process used to effect single
or double curvature.

Points Evaluated: Forming process, technical
information transfer, handling, accuracy.

Summary Evaluation: Cold bending of plates
and stiffeners is controlled by use of templates.
Handling is done by magnetic and hand clamp
bridge cranes.
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(5) The Individual Shipyard Reports ldentify Specific Ship-
building Operations Where Technology IS Low, Thus Suggesting
Areas for In-depth Analysis by Shipyard Management

The purpose of the individual shipyard reports is to give
shipyard managers an unbiased appraisal of their shipyard over
a broad spectrum of operations, and to give them a picture of
how they compare with other shipyards in the U. S. and four of the
best comparable foreign shipyards according to internationally
acceptable standards. The comparisons with four comparable
foreign shipyards and with other U. S. shipyards contribute to
this appraisal by showing where other shipyards have given the
greatest emphasis in improving their technology. Additionally,
an evaluation of technology levels assigned each element can be
made on an absolute basis by comparing the level assignments with
the level descriptions.

While the individual shipyard reports contain a wealth of
information on technology levels, they do not contain information
on organizational efficiency, employee motivation and other
factors which greatly affect a shipyard’s productivity. Also,
they do not contain information on the economic feasibility of
introducing methods, practices or equipment needed to raise
technology levels. Rather, economic analysis is considered to
be in the province of each shipyard where knowledge of all per-
tinent factors is most readily available.

It is hoped that top management will look at their opera-
tions where the level of technology is low and make an in-depth
analysis to see if introducing more advanced technology would be

economically feasible.
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11 COMPARISONS AND ANALYSES

The rationale underlying the selection of shipyards to be com-
pared and the basic technology level data are presented in Chapters
I1 and 1V, respectively. In this Chapter, comparisons and analyses
are made. The approach is to go from the broad to the detail

level, from the eight categories to the 70 elements. More specifically:

0 The average technology levels of the U.S. and foreign ship-
yards for each of the eight categories are presented in

four different ways to provide a broad perspective of the
differences found.

0 Certain of the 70 elements are identified as critical and
are presented in some detail.

0 Areas in which the U.S. shipyards measure favorably are
identified.

0 Some of the causes of technology level differences are
identified.

1. ON AN OVERALL BASIS. U.S. SHIPYARDS EXHIBIT LOWER TECHNOLOGY
LEVELS THAN THE FOREIGN SHIPYARDS

The data developed during this technology survey provide a
wealth of detail for comparison and analysis. Over 2000 technology
level judgments were recorded together with considerable data on
shipyard characteristics and workload. These data have been con-
solidated to provide a manageable overview of the industry. While

recognizing the risk in making such consolidations, it is believed
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that they accurately reflect the comparative situation at the time

the field survey work was done.

1)

Average Technolagy Level

Fnrpign thlnyardq lead I S thpyardq in Six of the Fighf
Categories Surveyed

As described in Chapter 11, the 70 elements to which techno-

logy levels were assigned for-each shipyard fall in eight ship-

building process categories, each containing generally similar

items. For example, Steelwork Production, Category A, contains

11 elements ranging from Plate Stockyard and Treatment, Element

Al, to Outfit Steelwork, Element All. Figure 1l11-1 was construct-

ed by averaging the technology levels of all U.S. shipyards and

all foreign shipyards on all the elements making up each of

the eight categories, starting with Steelwork Production,

Category A.

TECHNOLOGY LEVELS BY CATEGORY

Foreign Shipyards

U. S. Shipyards

7 ///, I
_ .
steelwork tfit 0 r Snip Const. Layout & Environ. ssign Orqani;. 5
ﬁl‘O uction rod. & Pre-Erect. & Outfit Material 5 rafting srating
Stores  Activities Installation tlandling Amenities  »fting systens

A

B ¢ D E F G H
Technology Categories

Figure 111-1

11-2



The U. S. shipyards lead the foreign shipyards only in
Category B, Outfit and Production Stores. Average technology
levels are the same for Category H, Organization and Operating
Systems. For the remaining six categories, U. S. shipyard tech-
nology levels are lower on the average, the greatest disparities
arising with the Categories C and F, Other Pre-erection Activ-
ities, and Environment and Amenities, respectively. This invites
closer review of Figure I111-1. The first four categories (A-D)
cover the technology employed in the “hands-on” manpower inten-
sive part of a shipbuilding project. Two of the remaining four
categories primarily concentrate on the work place and working
conditions. The last two deal with the engineering and systems
elements which direct and control the “hands-on” work. In
actual fact, these last four categories are supportive since
their purpose is to make it possible for the work force to
complete the ship in as short a time as possible with minimum”
expenditure of manpower.

The shortfalls in three of the first four categories stem
from two broad causes. One concerns facilities and equipment,
e.g., covered work places, semi-tandem building berths, heavy
lift cranage. The other concerns items which are amenable to
solution by thoughtful execution of the elements comprising the
last four, and particularly, the last two categories. Examples
include the adoption of extensive pre-outfitting practices,

construction of modules and improved dimensional control. Ina
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number of cases, management initiative alone is all that is

needed.

(2) The Magnitude of the Differences In the Technology Levels
of U. S. and Foreign Shipvards Is Substantial

A second overall view of the technology level differences

Is presented by Figure 111-2.

DI SI HBUTI ON OF TECHNOLOGY LEVEL DI FFERENCES

= U.S. VS FOREIGhI AVERAGES FOR EACH OF 70 ELEMENTS -

20 U.S.SHIPYARDS ]

FOREIGN SHIPYARDS P77

15~

NUMBER OF ELEMENTS
3
7

0-25 26-50 51-75 7610 1.01-UP
RANGE OF ELEMENT LEVEL DIFFERENCES

Figure 11 1-2

Of the 70 elements considered, the foreign shipyards led in

51, the U.S. shipyards in 16. There was a tie on three of the

elements. To illustrate the magnitude of the differences in

technology levels, five ranges by quarter levels of difference

were established. At the low end of the range where there is

a difference in technology level of O to .25 levels, the U.S.
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shipyards led in five elements while the foreign shipyards
led in six. U. S. shipyards led in only one element in
the range of .75 to 1.0 levels while foreign shipyards led
in nine elements.

Overall, when U. S. shipyards lead, they lead by smaller
margins, as can be noted from the bias to the left of the
apparent center of gravity of the four U. S. shipyard bars in
Figure 111-2, .as compared to the center of the five foreign
shipyard bars. Thus, when the foreign shipyards lead, they

tend to lead by a substantial amount.

(3) Medium Sized U. S. Shipyards Compared lLeast Favorably
to _Their Foreign Counterparts

Early in the assessment of the survey findings, it was
noted that the technology levels of the larger shipyards were
higher than those of the smaller shipyards. The major U. S.
shipyards were divided into three size groups of two, six and
five shipyards, large, medium and small, respectively, to test
this observation. The criteria used were essentially the
same as those described In a previous section of this report
which were used to match U. S. shipyards with comparable
foreign-shipyards. The foreign shipyards were divided into comp-
arable groups of four, ten and seven shipyards by keeping them

with the specific U. S. shipyards with which they are compared
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throughout the survey. No foreign shipyard appears more than
once in any one group but, because some of the shipyards were
used within comparisons with more than one U.S. shipyard, five
foreign shipyards appear in two of the size groups.

Figure 111-3A compares the average technology level of
each large, medium and small U.S. and foreign shipyard in

Steelwork Production, Category A.

COMPARISONS OF AVERAGE TECHNOLOGY LEVELS
BY SIZE OF SHIPYARD

A. STEELWORK PRODUCTION
4

T
!
3l- 1 —— ® _— . b - - - - PUNS—
o il —. = .
3 o =1 - L J !
L o !
] - =
9 ?|——+ —_— e - 1
< | - :—
[+
w
>
S N P - = INpwviDuALUS YaRD _____
= INDIVIDUAL FOREIGN YARD
© AVERAGE US YARD
® AVERAGE FOREIGN YARD
1
LARGE MEDIUM SMALL ALl
SHIPYARDS

Figure 111-3A

In each case, foreign technology is significantly higher.
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Also, the average technology level of the highest U.S. ship-
yard in each size group is below the foreign average for that
group, and the ranges barely overlap. Supporting detail at the
element level indicates that the U.S. shipyards excel only in

Plate Cutting, Element A3. On the other ten elements, the

foreign shipyard average technology level is higher.

Figure 111-3B covers Category B, Outfit Production and

Stores.

COMPARISONS OF AVERAGE TECHNOLOGY LEVELS
BY SIZE OF SHIPYARD

B. OUTFIT PRODUCTION & STORES
4 e ———

C JE | ]

AVERAGE LEVEL

= INDIVIDUAL U.S YA‘RD
! = INDIVIDUAL FOREIGN YARD
0 AVERAGEUS YARP

'. AVERAGE FOREIGNl YARD
LARGE MEDIUM SMALL AlLL

SHIPYARDS

Figure 111-3B

In this case, an aggregate of 11 elements, the U.S.

overall average is higher_ AISO, the range between the high

and low performance of the shipyards in each size group is
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roughly equivalent although there is only one case where

the highest U.S. shipyard matches its foreign counterpart in
the size group. Throughout this series of figures, it can be
noted that technology levels vary with shipyard size, the
larger shipyards averaging the highest technology.

OQutfit Production and Stores, Category B, is the only
category in which the U.S. shipyards enjoy a lead. U.S. and
foreign shipyards are equal in Category H, Organization and
Operating Systems. While additional facts and analysis would
be needed to draw a firm conclusion, it does appear that the
high levels reached in these two categories stem at least in
part from the facts that many of the U.S. shipyards are in-
volved with Navy work and ship repair work. These kinds of
work require more extensive shop support and the Navy work,
particularly, requires detailed scheduling and control systems.

Figure 111-3C, following page, relates to Other Pre-Erection
Activities, Category C. It covers work that traditionally is
done on the building berth but, in the high technology ship-
yards, is done concurrently in numerous units or blocks prior
to erection on the berth. The large and medium sized U.S.
shipyards are substantially behind in this category which com-
bines five elements. The small U.S. shipyards fare better in

relation to their foreign counterparts, but both are low.
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COMPARISONS OF AVERAGE TECHNOLOGY LEVELS

BY SIZE OF SHIPYARD

C. OTHER PRE-ERECTION ACTIVITIES
4
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Figure 111-3C

More than any other single category, other Pre-Erection

Activities, Category C, clearly marks the high technology,

modern shipyard.

It is not necessary to engage in any of the

five elements making up this category in order to build a ship.

However, it has been demonstrated that ships can be built In

a significantly shorter time period with significantly fewer

man days if high technology is achieved on these elements.

It is noted that on the average the medium sized U.S.

shipyards are substantially behind their foreign counterparts

in this category.

This same observation can be made for

several of the categories to follow.
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Figure 111-3D, Ship Construction and Outfit Installation,

Category D, covers the work on the building berth and after

launch.
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Figure 111-30

The large U.S. shipyards have quite high technology in this
area and three of the five small shipyards closely match their
foreign counterparts. The highest of the medium sized U.S.
shipyards matches the foreign shipyard average, with the
others well below.

High technology in this category requires efficient

fairing and welding, excellent services and well planned and
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sequenced installation of outfit. In the very high technology
shipyard, the ship is virtually complete upon launch and time
on the building berth is very short.

Figure 111-3E, Layout and Materials Handling, Category E,

contains the averages of just two elements.
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Figure I111-3E

In essence, technology Level 4 can be achieved on Element
El, Layout and Material Flow, only in a new greenfield ship-
yard. Dependence upon shops in the adjacent old shipyard
results in material flow problems which detract from the opti-
mum. Up-to-date materials handling equipment including con-

veyors and special purpose manipulating equipment is required
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to increase the technology level of Element E2, Materials

Handling. Large U.S. shipyards match their foreign counter-

parts in this category while the technology level averages of

the small and medium shipyards fall behind. The number of

foreign shipyards at Level 3 in each size group is an indica-

tion of extensive modernization efforts.

Figure I111-3F applies to Category F, Environment and

Amenities.
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Figure 111-3F

The elements in this category relate generally to

services and support provided to employees.

Some of these

elements involve matters which have an impact on productivity.
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For example, protection from heat, cold, noise and other as-
pects of working conditions. Generally, U.S. shipyards do not
measure up to the foreign shipyards in these environmental fac-
tors. Also, relatively little attention is being paid to access
to meals or a decent place to eat them. It is noted that the
small foreign shipyards are rather low in this category as well.
Improvement in these elements might improve productivity through
greater motivation and reduced turnover. This area appears
to merit consideration.

Figure 111-3G applies to Category G, Design, Drafting

Production Engineering and Lofting.
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U. S. shipyards do quite well in this category with only the
medium-sized shipyards falling a little behind. With respect to
the design elements, it was found that foreign shipyards do more
active marketing of their own designs. OFf course, they are not
so heavily involved in Navy work which is not marketable. With
respect to Production Engineering, Element G6, it was found
that this function is scattered in several U. S. shipyards and
that less attention is being given to the continuing develop-
ment of assembly, outfitting and erection standards, practices
and sequences which serve to shorten construction time and
reduce man hours.

Figure 111-3H depicts the average technology levels for

Category H, Organization and Operating Systems.
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The single Organization of Work Element, Element HI, concerns
the flexibility permitted in assigning work to and in super-
vising the work force. Some of the foreign shipyard managers
have considerable flexibility in this regard.

With respect to systems for scheduling and controlling
work, the U. S. shipyards are generally well advanced. This
certainly stems, in part, from the requirements for certain
management controls imposed by Department of Defense Instruc-
tion 7000.2, and from the requirements imposed by the com-
plexity of many of the ships built in U. S. shipyards. However,
while there was evidence that the systems serve to keep manage-
ment informed, there was less evidence that the systems were
being used by first line supervisors in directing the efforts

of their subordinates.

This analysis by shipyard size groupings can be summarized

by several general conclusions:

0 Technology levels tend to vary with shipyard size,
with the larger shipyards having the higher tech-
nology.

0 The medium sized shipyards appear to need more im-

provement than the larger and smaller shipyards if
their technology is to become equal to or surpass
that of their foreign counterparts.

0 U. S. shipyards lag substantially behind the foreign
shipyards in three of the four “hands on” categories
involving substantial numbers of the work force.
Relative strength in the design, planning and control
areas should facilitate improvement in the *“hands

on” categories without substantial capital invest-
ment.
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(4) Level 4 Technology Exists in the U S for Only 31 of the
70 El enents Surveyed

On Element &4, Steelwork Coding Systens, 12 of the 13
U. S. shipyards surveyed practice Level 4 technology. However,
there are a nunmber of elements where none of the U S. shipyards
are as high as Level 4. Table Ill-1 illustrates this situation

by category.

AVAI LABILITY OF HI GH TECHNOLOGY

NO. OF ELEMENTS

TOTAL LEVEL 4
CATEGORY ELEMENTS FOREIGN U.S
A STEELWORK Pr oducti on 11 1 |
B, OUTFIT PRODUCTION & STORES 10 7 5
¢.  OTHER PRE-ERECTION ACTIVITIES 5 5 1
D.  SH P CONST. & | NSTALLATI ON 13 (39) 10 (33)  4(11)
E LAYOUTS MATERI ALS HANDLI NG 2 2 1
. ENVI RONVENTS AMENI TI ES 6 6 1
G DESIGN DRAWNG, PROD. ENGR 9 9 8
& LOFTING
H  ORGANI ZATI ONS OPERATI NG SYS. 4 4 10
70 64 31
TABLE 11-1

Steel work Production, Category A is conprised of 1 ele-
ments. Level 4 technology has been achieved on all the 11
el ements by at least one of the 16 foreign shipyards, al though
no single foreign shipyard is at Level 4 on all 11 elenents.

The 13 U S. shipyards, on the other hand, have reached Level 4
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on only one of the 11 elements. Thus, if a U.S. shipyard
manager desired to personally observe Level 4 technology in
these areas, he would have to visit the appropriate foreign
shipyards for ten of the 11 elements.

Outfit Production and Stores, Category B, has ten elements.
For three of the ten elements there is no Level 4 in the for-
eign shipyards, covered by the survey, nor does it exist for
five of the ten elements in the U.S. shipyards. When individual
elements are examined, it is found that Level 4 has not been
achieved for two Of the elements in any of the shipyards sur-
veyed, U.S. or foreign.

The first four Categories, A through D, cover the shop
and waterfront work, the physical work of shipbuilding. There
are 39 elements in these categories. The foreign shipyards
have achieved Level 4 on 33 of them, the U.S. shipyards on
11. As previously noted, however, Other Pre-Erection Activi-
ties, Category C, provides the most readily discernible indi-
cation of the adoption of the technologies which have re-
duced construction time and man hours abroad. In this cate-
gory, the U.S. shipyards surveyed had reached Level 4 on only
one of the five elements.

The last four categories starting with Layout and Mater-
ials Handling, Category E, and ending with Organization and

Operating Systems, Category H, cover the planning, control

and support of the productive work. Layout of a shipyard is
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almost inherent. In some shipyards, however, layout can be
improved with additional investment if site restrictions per-
mit. A new, “greenfield” shipyard usually achieves Level 4 in
Element EI. However, a new shipyard where there is a depend-
ency on old shops in the adjacent older facility will not rate
a Level 4 in this element. Utilization of modern material
handling devices including conveyors and purpose designed
positioning devices is required to achieve a Level 4 assign-
ment for Element E2. Actually, some of the U.S. shipyards
that have constructed substantially new shipbuilding facili-
ties in recent years were marked just under Level 4 for
Category E.

In Environment and Amenities, Category F, the U.S. ship-
yards fall far behind. This suggests that the importance of
the six elements making up this category should be reviewed for
their impact on productivity. It is possible that traditional
U.S. practices in this area are not economical in the long run,
particularly when employee turnover and training costs are
considered.

In the last two Categories (G, H), the U.S. shipyards’
technology levels tend to equal those of the foreign shipyards.
U.S. shipyards apparently do not market as many new designs as

their foreign counterparts, but this is probably due to market
factors rather than new design capability. Drawings delivered

t0 the Shop floor as a part of Work packages appear to meet
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high technology standards which, in this case, indicates that
they are straight forward workpiece drawings suiting the require-
ments of a particular group of workmen. However, the surveyors
did note that intermediate shop and production planning staffs
produced many of the workpiece drawings rather than having

them produced by the drawing room staff.

Several of the U.S. shipyards have operated, or are
operating, pay incentive plans in selected areas. These ship-
yards, particularly, appear to have a good feel for performance
levels and for the status of work. Most of the U.S. shipyards
have detailed scheduling systems which establish start dates
and durations for the many operations necessary to build a
ship. In some cases, there is an indication that these same
schedules are not used as the paramount tool in the management
of work by shop floor and shipboard first level management.
Therefore, while progress is reported against schedule, some
work is not supervised by schedule.

One of the criteria with respect to Level 4 assignment

in the scheduling elements concerns the loading of manpower

and facility resources by workstation. Little evidence was
found of the loading of facilities in U.S. shipyards, although
there were a few cases where work was diverted to an alternate
capability because of facility overload. The fact is that most

of the facilities were not fully loaded and did not require
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special scheduling and reporting attention. In this situation,
Level 4 technology might not be a profitable goal to achieve.

In the aggregate, one or another of the 13 U. S. shipyards
surveyed is practicing Level 4 technology in 31 of the 70
elements observed. The U. S. shipyard manager would have to go
abroad to sight more than half of the elements, if Level 4
were his goal.

At this time, it is appropriate to note that very few, if
any, of the shipyards surveyed, U. S. or foreign, would have
been at Level 4 in any of the elements 20 years ago. For many
of the elements, Level 4 is a product of the 1970s. Higher
technology than Level 4 is difficult to visualize, but higher
levels, say Level 5, must exist somewhere in industry. The

shipbuilding industry should search out this higher technology.

2. SIXTEEN MOST CRITICAL AREAS ARE IDENTIFIED

In the previous section of this chapter, it was noted that
foreign shipyard technology exceeded that of the U. S. shipyards in
51 of the 70 elements surveyed. In this section, 16 of the 51 ele-
ments are selected for further consideration.

Appendix G, COMPARISON OF AVERAGE TECHNOLOGY LEVELS BY ELEMENT,

contains charts showing, for each element within each category, the
average technology level for the 13 U. S. shipyards and the 16 foreign

shipyards included in the survey. These charts provide a visual
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i mge of which sector, foreign or U S, is in the |ead on each of
the 70 el enents, and by how nuch.

Appendi x H, COVPARI SON OF ACTUAL TECHNOLOGY LEVELS BY ELEMENT,

presents detailed data on the levels achieved by the U S and,
separately, the foreign shipyards on each of the 70 elenents. In
the case of these charts, the number of shipyards at each of the
four levels is shown as a percentage of the total number of U S.
and foreign shipyards surveyed, respectively. Thus, the distribu-
tion of level assignments is readily discernible. It is easy to
note whether the preponderance of U S. shipyards are at Level 1,
2, 3 or 4 for any given elenment, and simlarly for the foreign
shi pyar ds.

Together, the information in Appendices G and H provides an
overview of the technol ogical |eadership, elenent by elenment, and
of the magnitude of the differences. Cbviously, all the elenents
are not of equal inportance and in sonme cases the differences are
mniml. In order to direct attention to the nore inportant ele-
ments, a dual selecting out process was enployed. First, if the
difference between U S. and foreign shipyard average |evels was |ess
than one-half of one level, the el ement was excluded fromthe analy-
sis. Second, those elenments which passed the first test were re-
viewed to determne whether they were manpower intensive or manpower
sensitive. Manpower intensive elenents are those that directly uti-

lize substantial numbers of workers. Manpower sensitive elements
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are those concerning processes which may definitely affect the
anount of shop and waterfront manpower required. Ship design is an
example. It is recognized that these two tests have their limtations,
but the process serves to indicate the inportance of assigning sone
sort of priority to each of the elements, particularly when they
are being analyzed by individual shipyards

Overall, 16 of the elenents on which foreign shipyards were
in the lead passed the two tests just outlined. They are listed on

Table 111-2.

SI XTEEN MOST CRI TI CAL AREAS

LEVEL DIFFERENCE
FOREIGN HIGHER

ELEMENTS THAN U.S.
c1 MODULE BUILDING 11
c2 OUTEIT PARTS MARSHALLING .5
c3 PRE-ERECTION QUTHITTING 5
D2 ERFCTION & FAIRING 8
D4 ON ROARD SERVICES 6
o]} HULL ENGINEERING 6
G1 SHIP DESIGN 7
G6 PRODUCTION ENGINEERING 7
H1 ORGANIZATION OF WORK 10

P e L R L T T T L T L T L T A LR EE LR TRE AT SR TN Y
A6 SUB ASSEMBLY 9
A8 CURVED UNIT ASSEMBLY 6
A9 3D UNIT ASSEMBLY 8
03 WELDING 6
GENERAL ENVIRONMENTAL PROTECTION .7

LT e T L T R T T G L L TR R B T BT T T
c4 BLOCK ASSEMBLY 9
D1 SHIP CONSTRUCTION 8

TABLE III-2
It will be noted that the 16 elements are further divided into
groups of nine, five and two elenents, respectively. These groupings

were based on a subjective judgnent of the nmmgnitude of the investnent
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that would be required to raise the technology levels substantially.
A more refined estimate could have been made on a shipyard by ship-
yard basis, but this would not serve the inmediate purpose which is
simply to emphasize that not all technology level improvements would
require substantial expenditures.

(1) There Are Nine Critical Areas Wherein the Technoloay

Level of U.S. Shipyards Could be Raised with Minor Capital
Investment

Figure 111-4 is a chart, similar to those in Appendix H,
showing the percent of U.S. and foreign shipyards assigned

to each of the four levels for Element CI, Module Building.

Figure 111-4

80

sol C1—MODULE
BUILDING

70+

U.S. SHIPYARD AVERAGE

% OF SHIPYARDS

FOREIGN SHIPYARD AVERAGE

TECHNOLOGY LEVEL

The chart shows that 54% of the U.S. shipyards were assigned
Level 1 while none were assigned Level 4 on Element CI. 31% of
the foreign shipyards were assigned Level 4. The shaded area

gives some indication of the magnitude of the technology
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difference.  There are several definitions for modules which
vary from the definition used in this report. In this context,
a module is an assembly of equipment on a foundation together
with piping, valves, cabling and, in some cases, part of the
ship’s structure.
The nature of the criteria used to distinguish between each
of the four technology levels has been discussed earlier in this
report and eight examples are included in Appendix B. In the
case of the Module Building element, the differences between
Level 1 and Level 4 are shown in condensed form as follows:
0 Level 1
No Module Building

0 Level 4
Large scale module.assembly
Integrated with steelwork
Purpose designed work area
Extensive pre-planning
Testing prior to installation

Upon examination of the criteria, it will be noted that
many of the differences, Level 1 to Level 4, could be effected
without significant investment. Rather, the major changes
would be in the planning and engineering areas and could be

effected through management initiative.
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A simlar technique will be used to present the remaining
15 critical elements. That is, the element will be named and
a brief comrent as to level differences will be provided. Then,
the chart and a condensation of the nost pertinent technol ogy
level criteria will be shown. In each case, U S. shipyard
data will be shown by solid lines, foreign by dashed Iines.
0 Elenent C2, Qutfit Parts Marshalling (Figure I11-5),
covers the assembly of parts prior to production. The
U.S. shipyards peak at Level 2 while there are a nunber

of foreign shipyards at Levels 3 and 4.
Figure 111-5

10~ C2-OUTHIT
PARTS
MARSHALLING

% OF SHIPYARDS

Level 2

Some parts kitting prior to production

Level 3

Majority of parts kitted in a designated

area prior to dispatch to production areas
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Element C3, Pre-Erection Outfitting (Figure 111-6),

covers the outfitting of units and blocks prior to

erection on the berth. The U.S. shipyards peak at

Level 2 while the foreign shipyards peak at Level 3.

Figure 111-6
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Level 2

Partial preoutfitting of units by installa-
tion of pipe supports, cable hangers and
some painting

Level 3

Substantial preoutfitting of units and blocks.

Includes pump, engine and control rooms.

Level 4

Complete preoutfitting with systems finished
and tested
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0 El ement D2, Erection and Fairing (Figure Il11-7), covers
erection of the ship-on the berth. US. and foreign

shi pyards peak at Levels 2 and 3, respectively.

Figure 111-7
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Level 2
Long hanging time -- 1 hour plus
Surplus stock on plate edges

Fairing by welded fairing aids, hamers, etc.

Level 3
Short hanging time -- 1/2 hour or less
Limted surplus stock, good dimensiona
Stud fairing, hydraulic fairing

Level 4
Large sel f-supporting bl ocks
No surplus left on edges

Non-wel ded fairing aids; purpose designed
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Element 04, On Board Services (Figure 111-8), covers
the supply of gas, water, electricity and air to the
workforce aboard ship. Both foreign and U.S. shipyards

peak at Level 3, but 25% of the foreign shipyards are

at Level 4.
Figure III-8
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Level 3

Extensive services on board

Main supplies in selected routes

Welding equipment grouped for easy removal

Routing designed to suit ship and work plan
Level 4

All routing pre-planned

Services in modular form to facilitate

expansion -- contraction

All cables and hoses clear of deck
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Elenent D-8, Hull Engineering (Figure I11-9), covers
installation of deck machinery, hatch covers, steering
engi nes, |adders, etc. Again, the US. shipyards peak

at Level 2, the foreign shipyards at Level 3.

Figure 111-9
wr D8—HULL
ENGINEERING

% OF SHIPYARDS

Level 2
Sone alignment of seats
Some pre-erection installation of deck units
Majority of installations after |aunch
Level 3
Hul I machinery fitted and chocked prior to
| aunch
Significant outfitting of units prior to
erection
Instal | ation work advanced to an early stage

of construction
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Element GI, Ship Design (Figure 111-10), precedes and is
differentiated from detailed drafting. U.S. shipyards

show up at all levels while all the foreign shipyards

are at Level 3 or 4.

Figure 111-10

wre G1—SHIP

DESIGN

% OF SHIPYARDS

Level 2

Small design department

Principally modifies purchased or clients’

designs to suit facilities and methods

Level 3

Markets its own designs

Computer programs used

Limited data bank available

No original research

Level 4

Extensive design function, many specialists
Highly computerized, interactive graphics

Many designs available, original research
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Element G6, Production Engineering (Figure III-11),
stresses the planning of construction of specific ships.
How best to assemble all the pieces? U.S. shipyards do
carry out a number of production engineering functions,
but many do not emphasize this particular facet. The
U.S. shipyards are predominantly at Level 2 while

foreign shipyards peak at Level 3.

Figure III-11
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Level 2

An individual or small department

Limted standards

Little invol vement of the production engineer-
ing departnent in detailed design beyond
initial block breakdown

Level 3

Production engineering departnent |inking
technical and production functions

Wl | established standards and methods
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Element H, Organization of Wrk (Figure I11-12),
applies to flexibility in supervising and assigning
work to craftsmen. US. shipyards peak at Level 2, the

foreign shipyards at Levels 3 and 4.

Figure |11-12
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Level 2

Trade structure with shop and ship split
Some sharing of “helping” tasks
Level 3
Area supervision
Hgh level of flexibility and inter-
changeability
Level 4
Workstation organization wth maxinmm
flexibility
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As previously indicated, it appears that higher technology |evels
could be achieved in several of the nine elenments just highlighted
with only ninor investment. O course, different conditions exist
in the different shipyards which would affect the investnent required.
In many cases, however, a management decision to achieve the higher
technol ogy, followed by advancing the schedul e dates on which design,
procurenment and other actions supporting production are to be com
pleted, would be all that is necessary. It is recogonzed that this is
not easy, particularly when series production prograns are the excep-
tion. Some means of reducing long lead times would also help to
make it possible to advance planning, design and procurement actions.

(2) There are Five Critical Areas \Were Mderate Capita
[MVESTMENT VWUl d Rai Se_{Nne Level 0f _Technol ogy

The five elenents discussed bel ow are more equi pment and
facilities oriented than the nine elenents discussed in the previous
section. This even applies to the General Environmental Protection
el ement where shelters and other means of protecting the work force
fromthe weather are a factor. For the other elenments, the required
equi pment, fixtures and changes in ayout can also be quite expensive.
Thus, these five elements have been roughly classified as requiring
moderate capital investment.
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El ement A6, Sub-Assenbly (Figure .111-13) covers parts
of main units, e.g., installing brackets and stiffeners

on floors, etc. US. shipyards peak at Level 2, foreign
shipyards at Level 3.

% OF SHIPYARDS

S0r
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Figure 111-13

A-6 SUB-ASSEMBLY

U.S. SHIPYARD AVERAGE

/FOREIGN SHIPYARD AVERAGE

Level 2

Work at defined workstations
Some fairing aids
Logical material flow

Mostly manual metal arc welding

Level 3

Fixed services and work positioners
Mechani zed sub-assenbly [ine

Extensive use of jigs

Automatic and sem -automatic welding
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Element A-8, Curved Unit Assembly (Figure I11-14),
covers single and double curved shell units, bilge
units, etc. U.S. shipyards peak at Level 2 while the
foreign shipyards peak at Level 3 with some at Level 4,

Figure I11-14
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9% OF SHIPYARDS

LEVEL
Level 2

Defined workstation, sinple jigs, supports
Fairing by wel ded attachments

Vel ding, manual metal arc except automatic
seam wel di ng

Level 3

Fixed workstations, telescopic jigs, nolds

Fairing by purpose designed equipnent, e.g.,
magnetic, hydraulic

Orienting panels, units to facilitate work

(ne side wel ding, high deposit electrodes,
sem -automatic equi pnent
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0o  FElenment A9, 3-D Unit Assembly (Figure Il1-15), covers
totally enclosed units. US. shipyards peak at Leve

2 while foreign shipyards are at Levels 3 and 4.

Figure 111-15
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Level 2

Substantial amount of assenbly carried out
in defined, covered workstations
Fairing by welded attachments
Vel ding mainly manual metal arc
Level 3
Mbst assembly done under cover
Pre-assenbl ed units used extensively
H gh deposit electrodes and/or sem -
automatic equi pnent
Level 4
Covered, purpose designed work stations

Extensive use of automatic down hand and
vertical welding machines, one side welding
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Element 03, Melding (Figure I11-16), covers welding

during the erection and outfitting of the ship on
the building berth and after launch. US. shipyards
peak at Level 2, foreign at Level 3.

Figure I11-16
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Level 2
Mainly manual metal arc, some automatic tract-
ors and sem -automatic sets
Some effort to inprove welder mobility .
Careful selection of electrodes by application
Level 3
Some manual netal arc with remte contro
Good electrical services, good mobility
Mre use of automatic welding tractors
Careful ly prepared joints, one side welding
Sem -automatic and stud wel ding sets used

|11-37



General Environnental Protection (Figure I11-17),
Element Fl, enphasizes the working conditions of fered
by the buildings, protection of the workforce from

the weather, and housekeeping. About 75%of U S. ship-
yards are Level 2, 70%of foreign at Levels 3 and 4.

Figure I11-17
100 — F1—GEN. ENVIRONMENTAL

o PROTECTION
g
<
>
S 0
5 .
5 e
R /

(4] l !

! 2 3 4
LEVEL

Level 2
Mainly ol d buildings with below average
wor ki ng conditions
Limted weather protection for workforce
Poor housekeeping in some areas
Level 3
Above average working conditions
Majority of outside workforce given some
protection from the weather
General |y good housekeepi ng
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(3) There Are Two Critical Areas Reﬁuiring Maj or Capital

A high technology Ievel assignment for the last two of
the 16 critical elements requires a building in which to as-
senble large blocks with heavy Iift capability and special faci-

lities,usually a basin, to pernit tandemor sinilar construc-

tion. ATl these requisites are very costly.
0 Element C4, Block Assembly (Figure II1I-18), U. S.
shipyards are predominantly at Level 2 while
nearly 50% of the foreign shipyards are at Level 4.
Figure III-18

C4—-BLOCK
ASSEMBLY

% OF SHIPYARDS

LEVEL

- Level 2

Limited block assembly in outside area

Conventional fairing

Primarily manual metal arc wel ding
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Level 3
Bl ock assenbly in covered halls
Hydraulic or mechanical fairing
Some sem -automatic, automatic welding
Level 4
Bl ock assembly hall integrated with berth
Bl ock breakdown to facilitate preoutfitting
Accurate unit and block dimensions
Purpose designed services, support and
fairing systens
Extensive automatic, sem-automatic welding
The final critical area is Ship Construction (Figure
I11-19), Elenent D-1. The U. S. shipyards peak at

Level 2 while the foreign shipyards are almost evenly
divided at Levels 2, 3 and 4.

Figure III-19
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Level 2
Two or three berths in use
Medi um capacity cranes
Single stage construction
Two to four ships per berth per year
Level 3
Bui I ding dock, berths or transfer system
Large capacity cranes
Sem -tandem tandem or nulti-stage
construction
Construction area partially covered
Level 4
Simlar to Level 3, but
- No inclined ways
Substantial or conplete environnmenta
protection
- H gh out put
There are many other elements on which foreign shipyard
technology is significantly higher than in the US. shipyards,
and five will be discussed in the next section. HOwever, as
previously stated, the 16 just discussed general |y appear to
be the most inportant in terms of reducing construction time
and man days. Overall, the foreign shipyards were assigned
equal or higher technology levels on 51 of the 70 elenments
surveyed
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3. TECHNOLOGY LEVELS ARE VERY LOW IN FI'VE ADDI TI ONAL AREAS

Another viewpoint is provided by sinply identifying elenments
where U S. technology is inherently low in an absolute as opposed
to a conparative sense. There are five elenments, not discussed in
the previous section, for which US. shipyard technology |evel

averages are 2.0 or below. These elenents are listed in Table I11-3
bel ow.

TABLE |11-3

. ADDI TI ONAL. ELEMENTS FCR VWHICH U.S. SHI PYARD
TECHNOLOGY LEVELS ARE LOW

El enent Title . Avg. Leve
A4 Stiffener Cutting

ALl Qutfit Steelwork 1.8

Bl Pi pework_ o 2.0

B2 Eng|neer|ng ( Machi ning) 1.9

F6 G her Amenities 1.2

The diagrams showing U.S. (and foreign) shipyard performnce
on each of these elenents are contained in Appendix H Wth few
exceptions, the technology levels noted for these elements in the
U'S. shipyards surveyed characterize shipyards of the 1950-1960 era
In fact, 61 of the 65 level assignnents nmade for these five elements
inthe 13 U S shipyards surveyed were assigned Level 1 or Level 2
This suggests the possibility of making substantial inprovenents
in these areas. It is noted that four of these elements involve

physical activities that consume significant amounts of manpower.
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4, _WHERE U.S. SH PYARDS LOK GOOD

U.S. shipyards have expended substantial sums of noney in
modernizing facilities and equipment and they have devel oped ex-
tensive managenment systems for scheduling, controlling and supporting
work. At least to some extent, these efforts are reflected in the
16 elements in which average U S. shipyard technology is higher.

In nine of these cases, US. technology exceeds that of the foreign
shipyards by a level difference of .3 or more as indicated in the

followng table:
TABLE |11-4

WHERE U.S. SH PYARDS LOOK GOOD

Level Difference .
El enent s U S. H gher Than Foreign

A3 Plate Qutting

BI1 Auxiliary Storage =
D13 Testing and Conm ssioning
& Steelwork Coding

G Parts Listing _
H3  Steelwork Prod. Scheduling
H8  Qutfit Prod. Scheduling
H  Qutfit Installation Control
HLO Ship Construction Control

lep PN IJOXSpldy il Nepldb]

(1) US. Shipyard Technology Is Significantly H gher Than
FOrerqn In_INree " Hands Onv_EI enents

Of the 9 elements |isted in Table I11-4, three involve
physical “hands on" activities.

0 Element A3, Plate Cutting (Figure I11-20)*
U.S. shipyards were assigned Level 3 and Level 4
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almost equally. Al the US shipyards’ plate
cutting equipment was tape driven and many had
3-axis burning capability.

Figure 111-20
A3—PLATE CUTTI NG

100 —

FOREIGN

% OF SHIPYARDS

1
LEVEL

Al US. shipyards were assigned technology Level.3

on Elenent BII, Auxiliary Storage (Figure Il1-21).

The criteria include the use of heavy duty pallets

when appropriate, defined storage l|ocations and

good handling arrangenments.
Figure I11-21

100 ¢—

B11-AUXI LI ARY
STORAGE
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More that 60% of the U.S. shipyards were assigned
Level 4 on Element D13, Testing and Commissioning
(Figure 1II-22) which requires a highly organized

e e del e aw S +
operaticn and extensive records of all types of test

w

and trials. The high levels assigned probably can be
related to the complexity of ships, particularly
naval ships, built in many U.S. shipyards and, also,

the relative stringency of our regulatory bodies.

Figure III-22

100 y—

D13—-TESTING &
COMMISSIONING

(2) The U.S Shipyards Excel in Several of the Planning and

wontrol el ements

0

Two of the elenents, Steelwork Coding System El enent
&, (Figure I11-23) and Parts Listing Procedures, Ele-

ment G, (Figure I11-24), are well in hand with 90%

and 70% of the U S. shipyards, respectively, assigned
technol ogy Level 4.
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0

This level requires standard, consistent codes and
in the latter case, a conputer hased system

Figure 111-23

A-STEELWORK
CODING
{1 SYSTEM

100

%50

LEVEL

Figure III-24
G5—PARTS

100 — LISTING
PROCEDURES

%0

The four elements pictured on Figures I11-25 26
27 and 28 involve scheduling and control of work.
In each case, as in the two cases above, the US

shipyards are predoninantly at Level 4.
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100

% OF SHIPYARDS

100

% 50

100

% 50

Figure 111-25

H3—- STEELWORK
us PRODUCTI ON
SCHEDULI NG
_ FOREIGN
2 3 4
LEVEL
Figure I11-26
H4 OUTFI T
PRODUCTI ON'
SCHEDULI NG
e \t
7
1 !
2 3 4
LEVEL

Figure III-27

H8—OUTFIT
PRODUCTION
CONTROL
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Figure III-28

100 —
H10—-SHIP

CONSTRUCTION
CONTROL

LEVEL

On the average, the U.S. shipyards were assigned high
technology levels on those elements involving the coordination
and control of shop and ship work. The very nature of the
task of meshing all of the actions, physical and otherwise,
essential to building a complex ship, ;oupled with Department
of Defense work management requirements, certainly has con-

tributed to this good showing.

o
.

ANALYSIS OF LEVEL DIFFERENCES

The data presented in condensed form in the preceding sections
of this chapter show that the average technology level of the U.S.
shipyards surveyed is lower than in the foreign shipyards. However,
there are many factors which nust be taken into consideration by a
shipyard in fornulating its plans for inprovenent.
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(1) Wy There Are Differences In The U.S. And Foreign Shipyard

lecnnol ogy Levels

The 70 elenments considered in this survey can be grouped
into broad areas such as:

0 Assenbl y

0 Design and engi neering

0 Planni ng and contro

0 Working conditions

0 Manuf act uri ng.

Probably the single most inportant requisite to making
mej or investments in the assembly areas, including block as-
senbly and ship construction, is to have orders supporting
econonies of scale. Level 4 technology in these areas calls
for purpose designed jigs, fixtures and equi pment, heavy lift
capability, etc. which are not readily adaptable to small runs
of different type ships, at least not efficiently. Thus, if
the market does not provide a basis for long range programi ng,
i ndi vidual shipyards nust determne whether the highest |evel
of technology, with its inflexibilities in some cases, is
econom cal for them

The same factors tend to apply in the design and engine-
ering area. Developing and marketing a nunber of designs will
not be cost effective if the market is severely limted.
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In the engineering area, the detailed design of structure and
systems traditionally has followed a different pattern than

the actual erection of units, blocks and the conplete ship.

For exanple, systems frequently are designed in their entirety .
and drawings are provided to the shops in whole or in large
segnents. It is an additional step to provide tailored draw ngs
free of extraneous detail to each workstation. However, with

a sufficient run of ships of a given design, the econom es
realized at the workstation level nore than offset the addi-
tional cost of engineering.

ne of the factors contributing to Level 4 assignments in
the planning and control area involves the workloading of work-
stations during the scheduling process. Mst of the U.S. ship-
yards have a thorough know edge of workload in the steelwork
areas, e.g., plate cutting and panel fabrication. However, in
many of the other production areas, workloading was not a
significant factor since excess capacity existed. Thus,
schedulers did not have to concern themselves with capacity
limtations, and this resulted in lower technology |evel
assi gnnents.

There were distinct differences in technology |evel assign-
ments for the working conditions (Environment and Amenities,
Category F) area. Wile these differences, for exanple in food
service facilities, can be elimnated by local shipyard managenment
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action, little concerted effort to do so was observed during
the surveys. It may not be a cost effective action. However,

the industry in general has problens with enployee turnover,
and working conditions are usually attributed to be one of
the causes. The differences between U S. and foreign shipyard

| evel assignments in this area may not be the result of differing
social customs but, rather, my reflect the findings of cost
anal yses.

The manufacturing area poses still other kinds of questions
There is the perennial “make or buy” question and to this is
added the question, “Should the shipyard buy pieces of equip-
nent or conplete nodules?” More and more, modules seemto be
assenbl ed in-house. Additionally, there is the question of
the cost of equipment needed for highly efficient manufacturing

operations; for exanple, NC tools in the sheetmetal shop to nman-
ufacture lockers. There appears to be many areas where a centra

capability serving several shipyards or industries would be
econoni cal

To summarize, there are a nunber of factors thal have con-
tributed to the differences in technology Ievels found in this
survey. It is probable that the lack of production runs of
given designs is the mejor factor. MNOreover, Wi thout large runs,
Level 4 may not be an econonical goal for a nunber of the ele-

ments. Overall, however, it does appear that there are a
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nunber of opportunities for increasing technology |evels,

many wthout a substantial investnent.

(2) The Gowh in Ship Size has Affected Technol ogy Levels
In a previous section of this chapter, it was shown that

the technology levels of large shipyards are higher than the

| evel s of medium and, particularly, smaller shipyards. This
finding applies to both U S and foreign shipyards. There is
reason to believe this difference can be related to the demand
for larger and larger ships. Very sinply, VLCCS and ULCCS coul d
not be constructed efficiently, if at all, in shipyards of the
1950s and early 1960s. Therefore, when the market devel oped,
new shipyards had to be built or old shipyards had to be dras-
tically altered. The US. shipyards were slowto enter this
market since the ships could not trade in US. ports because

of their size. During the process of building new shipyards,

or drastically altering ol der shipyards, the entire production
process was usually rationalized. The result was the high
technology levels attained by many foreign shipyards.

The U S. shipyards that have reacted to this market have
taken advantage of the situation to move up on the technol ogy
scale, at least in some areas. This has involved major expense
which can be recouped given a reasonabl e order book.

A few of the smaller shipyards, U S and foreign, have

moved towards higher technology purely for cost effectiveness
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reasons. Covered building berths and new assenbly halls have
been erected in some instances. The justification has been a
reasonably predictable market for ships of the size and type
usual |y constructed in the smaller shipyards. However, it can
be arqued that these latter changes were inspired nore by the
experiences and successes of the big ship shipyards than the
pressures on the market created by the orders for smaller ships,
particularly inthe US

(3) Opportunities

In the preceding sections, a nunber of possible actions
have been suggested which appear to offer opportunities for
i mproved performance in terns of reducing man hours and time
to build. These are set forth in the Sunmary Chapter which
fol | ows.
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IV,

BASI C DATA



A BASI C DATA

The fol lowing tables display all the basic shipbuilding technol-

ogy |evel determinations made during the survey of the 13 myjor U S
shipyards and 16 foreign shipyards:

Table |V-1;

Table |V-2;

Table |V-3:

LEVELS OF SH PBU LDING TECHNOLOGY IN U S. SHP-
YARDS

Shows the levels of shipbuilding technol ogy
used by the 13 mgjor U S. shipyards plus the
General Dynam cs sphere facility in Charleston
South Carolina. The al phabetical designation
of shipyards was done randomy to protect the
confidentiality of shipyard data.

bEXBgS OF TECHNOLOGY IN COVPARABLE FOREIGN SHI P-

Shows the levels of shipbuilding technol ogy

used by the 16 conparable foreign shipyards.
The al phabetical designation of shipyards is
required to protect the confidentiality of
shipyard data

LEVELS OF TECHNOLOGY IN TH RTEEN U.S. SH PYARDS
BY LEVEL

Shows the average |evel of technology used

inthe U S shipyards for each element and major
category, plus the nunber of shipyards at each

of the technology Ievels by element.
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Tabl e 1V-4;

Table V-5

Table |V-6

LEVELS OF TECHNOLOGY IN SI XTEEN FOREIGN SH P-
YARDS BY LEVEL

Shows the average |evel of technology

used in the 16 conparable foreign shipyards for
each elenment and major category, plus the
number of shipyards at each of the technol ogy
levels by elenent.

LEVELS OF TECHNOLOGY IN U S SH PYARDS BY LEVEL
| N PERCENT

Shows the level of technology in terms of

the percent of the 13 U S shipyards at each
| evel for each elenent.

LEVEL IN PERCENT

Shows the level of technology in terms of
the percent of the 16 foreign shipyards at each
level for each elenent.

%
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Table V-1
LEVELS OF SHIPBUILDING TECHNOLOGY IN U.S. SHIPYARDS

STEELWORK PRODUCTION

Al
A2
A3
Ad
AS
A6
AT
A8
A9
AlO
All

Plate Stockyard & Treatment
Stiffener Stockyard & Treatment
Plate Cutting
Stiffener Cutting
Plate & Stiffener Forming
Sub-Assembly
Flat Unit Assembly
Curved & Corr. Unit Assembly
3D Unit Assembly
Superstructure Unit Assembly
Outfit Steelwork

Average

OUTHIT PRODUCTION & STORES.

Bl
B2
B3

Pipework
Engineering
Blacksmiths

B4 Sheetmetal
B5 Woodworking

B6
B/
BS

Electrical
Rigging
Plant Maintenance

B9 Garage
B10 General Storage
B11 Auxiliary Storage

Average

OTHER PRE-ERECTION ACTIVITIES

Cl

Module Building

C2 Outfit Parts Marshalling

C3

Pre-erection Oultfitting

C4 Block Assembly
C5 Unit & Block Storage

Average

TV-2

A
2
2
4
l
3
2
3
2
2
2
!
2.

2

— s DN

NC}Ol\)(A)I\JI\JI\J

I;I—‘l—‘l\J'Q'_‘

o B /O

RO RO PO MO MO o PPN A~

N(A)l\_)-bl\)l\)l\)

N(A.)I\JI\JI\J'—‘

-

[N T O NG I NS ]

N O GO O PO RO RO

NI\JI\JI\JI\JI\)

PO RO GO RO GO oMM () D

ol

LW B~ PO PO

N O o B~ o o O

whmmwl\n

U.S. Shipyards

LW B~ LW W

RO RO RO QOGO N o [T]

W O L L L O

prmwl\a

©

[N G NG I NS )

N(A)(A)(ADI\JI\J(AJ

RO O O o PO PO

RO RO RO Mo — B Waoe



Table IV -1 Continued
LEVELS OF SH PBUILDING TECHNOLOGY IN U S SH PYARDS

STEELWORK PRODUCTT ON

A
A2
A3

Plate Stockyard & Treatnent

Stiffener Stockyard & Treatment

Plate Cutting

A Stiffener Cutting

A5

Plate & Stiffener Formng

A6 Sub- Assenbl y

AT

A8 Curved & Corr. Unit Assenbly

Flat Unit Assenbly

A9 3D Unit Assenbly
Al O Superstructure Unit Assenmbly 2
All Qutfit Steelwork

Average

QUTEI T PRODUCTI ON & STORES_

Bl
B2
B3
B4
B5
B6
B/
BS
BY
B10
B11

Pi pewor k

Engi neeri ng

Bl acksmi t hs
Sheet net al
Woodwor ki ng
Electrical

Riggi ng

Plant Mintenance
Garage

General Storage
Auxiliary Storage

Average

OTHER PRE- ERECTI ON_ACTI VI TI ES

ol

Mbdul e Bui | ding

C2 Qutfit Parts Marshaling

G

Pre-Erection Qutfitting

C4 Block Assenbly
C5 Unit & Block Storage

Average
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Table V-1 Continued

LEVELS OF SHI PBUILDI NG TECHNCLOGY IN U.S. SH PYARDS
US. Shipyards

SH P CONSTRUCTI ON AND

QUTFIT _TNSTALTATI ON A B C D E F
DL Ship Construction 2 2 2 4 4 2
D2 Erection and Fairing 2 2 2 3 3 2
D3 Vel ding 2 2 3 2 3 2
D4  On-Board Services 2 3 3 3 3 3
)5 Staging and Access 2 2 2 3 3 2
D6 Pipework 2 2 2 2 3 3
D7 Engine Room Machinery 2 3 2 3 3 3
D8  Hull Engineering 2 2 2 3 3 3
D9  Sheetmetal Work 33 3 4 4 3
D10 Wbodwor k

DIl Electrical 3 2 2 3 3 3
D12 Painting 4 3 2 3 3 3
D13 Testing and Commi ssi oning 43 3 4 43
D14 After Launch 33 3 3 3 3

Aver age 2.5 25 2.4 31 3.2 2.7

LAYOUT AND MATERIALS HANDLI NG

H  Layout and Material Flow 3 3 2 4 3 3
E2 Mterials Handling 2 3 2 3 3 3

Average 2.53.02.03.53.03.0

ENVI ROWWENT AND AMEN TI ES
Fl General Environnmental Protection 2 2 2 2 3 2

F2  Lighting and Heating 3 2 3 3 2 2
F3 Noise, Ventilation & Fune Extr. 3 2 3 2 3 2
F4 Canteen Facilities 2 2 2 3 1 1
F5 Vashrooms/ W C.’ s/ Lockers 2 2 2 2 2 2
F6 Other Anenities 1 1 1 1 3 1
Average 2.2 1.8 2.2 222317
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Table I'V-1 Continued
LEVELS o SHI PBUI LDING TECHNOLOGY N U S. SH PYARDS
U S Shipyards

SH P CONSTRUCTI ON AND
QUTFI T T NSTALLATI ON_

DL Ship Construction

D2 Erection and Fairing
D3 Welding

D4 On-Board Services

D5  Staging and Access

D6 Pipework

D7 Engine Room Machinery
D8  Hull Engineering

D9  Sheetnmetal Work

D10 Wodwor k

DIl Electrical

D12 Painting

D13 Testing and Cormissioning
D14 After Launch

LM W NN w N T
B~ oW W oW N
RO RO MO MO — — o ro — &
LR WML RN w X

NN S S N T N |

RO P B~ o

RO w B~ ow
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Average

LAYOUT AND MATERIALS HANDLI NG
E Layout and Material Flow
E2 Material s Handling

NN W
N W N
N NN

Average

ENVI RONVENT AND AMENI TI ES

FI  Ceneral Environnental Protection
F2 Lighting and Heating

F3 Noise, Ventilation & Fume Extr.
F4 Canteen Facilities

F5  Vashroons/WC.'s Lockers

F6  Cher Amenities
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Table V-1 Continued
LEVELS OF SH PBUILDING TECHNOLOGY N U-S. SHPYARDS
U.S. Shipyards

ERGHEEATE A5 TG

BRI 92

Ship Design
Steelwork Drawing Presentation
Qutfit Drawing Presentation
Steelwork Coding Systens
Parts Listing Procedures
Production Engineering
Design for Production
Di mensional & Quality Control
Lofting Met hods

Average

CRGANI ZATI ON AND OPERATING SYSTEMS

HL
H2

LT FEFHE

HL0
HL1
H12
HL3
HL4

Organi zation of \érk

Contract Scheduling

Steelwork Production Schedul ing
Qutfit Production Scheduling
Qutfit Installation Scheduling
Ship Construction Schedul ing
Steelwork Production Control
Qutfit Production Control
Qutfit Installation Control
Ship Construction Control

Stores Control

Perf. & Efficiency Calculations

Conput er Applications
Pur chasi ng
Average
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3 3 3 2 3
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Table 1V -1 Continued
LEVELS OF SH PBUILDING TECHNOLOGY IN U.S. SH PYARDS

U.S. Shipyards
DESI G\.__ DRAFTI PRODUCTI ON
ENGN

H L J K L
GL  Ship Design 2 3 2 4 1
@ Steelwork Drawing Presentation 1 4 3 3
&3 Qutfit Drawing Presentation 2 3 3 3
G4 Steelwork Coding System 4 4 4 4
%  Parts Listing Procedures 4 4 3 4
G  Production Engineering 2 3 2 3 3
G Design for Production 3 3 2 3
@ Dinensional & Quality Control 3 3 2 3 4
@ Lofting Methods 2 3 3 3-

Aver age 2.6 3.32.73.3 2.7
CRGANI ZATI ON AND COPERATI NG SYSTEMS
HE  Organization of Wrk 2 2 1 1 4
H2 Contract Scheduling 2 2 2 3 4
H3  Steelwork Production Scheduling 44 3 4 4
H4  Qutfit Production Scheduling 3 3 3 3 4
b Qutfit Installation Scheduling 3 3 3 3 4
H  Ship Construction Scheduling 3 3 3 4 4
M Steelwork Production Control 33 L4 A
H8  Qutfit Production Control 3 2 1 3 4
H  Qutfit Installation Control 32 13 A
HIO Ship Construction Control 33 1A 4
HI1 Stores Control 3 2 2 2
Hi2 Perf. & Efficiency Calculations 4 4 3 44
HI3 Computer Applications 2 2 2 3
HL4  Purchasing 3 3 2 3 1
Average 2.9 2.7 2033 3.4
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Table V-2

LEVELS OF TECHNOLOGY | N COVPARABLE FOREI GN SH PYARDS
Forei gn Shi pyards

STEELWORK PRODUCTION A B8 C D E | G H
A Plate Stockyard & Treatnent 3 3 3 2 3 7 3 3
P2 Stiffener Stockyard & Treatment 3 3 3 2 3 4 3 3
A3 Plate Qutting 3 4 2 3 2 4 4 3
A Stiffener CQutting 3 4 21 2 . 4 3 3
A5 Plate & Stiffener Forming j 3 3 2 2 4 3 3
A6 Sub- Assembly 2 4 3 2 2 4 3 3
A7 Flat Unit Assenbly 3 4 2 1 2 4 3 3
A8 Curved & Corr. Unit Assembly 2 3 3 1 2 4 3§ 3
A9 3D Unit Assenbly 3 4 2 2 3 4 3 3
AL0  Superstructure Unit Assembly 3 3 2 2 3 4 3 3
ML Qutfit Steelwork 2 4 2 2 2 3 3 2
Aver age 2.73.52.51.8243.93129
QUTFI T PRODUCTI ON& STORES—
BL  Pipework 2 2 3 2 1 4 3 2
B2 Engineering 2 2 2 3 2 3 3 2
B3  Blacksmths 3 2 4 2 1 4 4 3
B> Sheet netal 2 2 2 2 3 2 2
B5  Wbodwor ki ng (1) (2) (2) (2) (2) (2) (2) (3)
B6  Electrical 1 3 3 1 2 3 3 3
37 Rigging 1 3 3 3 2 4 3 2
B§8  Plant Mintenance 3 3 3 3 3 4 3
BY  Garage 3 3 3 2 3 4 3 2
BIO General Storage 2 3 2 2 2 4 3 2
Bl  Auxiliary Storage 2 3 3 1 2 4 3 2
Aver age 2.02.62821203.73022
OTHER PRE- ERECTI ON ACTI VI T1ES
0 Mdule Building 1 4 3 1 1 4 4 2
Q2 Qutfit Parts Marshalling 1 3 3 1 1 4 3 2
(3 Pre-erection Qutfitting 2 3 3 1 2 4 3 7
C4 Bl ock Assenbly 3 4 2 3 2 4 4 2
C5 Unit & Block Storage 3 4 2 1 2 4 4 2
Aver age 2.0 3.6 226 1.4 1.6 4.0 3.6 2.0

() Not included in Average
| V-9
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| V-2 Conti nued

LEVELS OF TECHNOLOGW coMPARABLE FOREI GN SHI PYARDS

STEELWORK PROQUCTI ON
A Plate Stockyard & Treatnent
A2

A3 Plate Cutting

M Stiffener Cutting ,

A5 Plate & Stiffener Forming
A6 Sub- Assembly

A7 Flat Unit Assenbly

A8  Curved & Corr. Unit Assenbly
A9 30 Unit Assembly

AL0 Superstructure Unit Assenbly
ALl Qutfit Steelwork

Average

QUTFI T_PRODUCTI ON & STORES
Bl Pipework

B2  Engineering

B3  Blacksmths

B4  Sheetnetal

B5  Wodwor ki ng

B6  Electrical

87  Rigging

B8 Plant Maintenance
BY Garage

BL0 General Storage
BI1 Auxiliary Storage

Average

OTHER PRE- ERECTI ON ACTI VI TI ES

¢ Mdule Building

C2 Qutfit Parts Marshalling

C3 Pre-erection Qutfitting

C4 Block Assembly

C5 Unit & Block Storage
Average

Stiffener Stockyard & Treatment

wwhwmhhmhhwwK_.

w AP W wks

PO WWWWRE NS bW

Forei gn Shipyards

K L M , P R
3 3 2 3 3 3
3 3 2 3 3 3
3 3 3 3 3 3
3 3 2 3 3 2
3 3 3 3 3 3
2 3 3 2 3 3
2 3 2 3 3 3
2 3 2 3 3 3
2 3 2 3 3 3
2 3 2 3 3 2
2 3 2 2 l 3

5 25 30 2 28 28 28
2 2 3 2 2 3
2 3 2 3 2 3
3 4 2 3 3 4
2 3 2 1 2 3

) (2) (2) (2) (2) (3) (3)
1 2 2 3 3 3
1 3 3 1 2 3
2 3 3 2 2 3
2 3 3 2 2 3
2 3 2 2 2 3
2 3 2 2 2 3

7192924212231
3 3 2 2 2 3
2 4 2 2 2 3
3 3 2 2 2 3
2 4 2 4 3 3
2 4 2 4 3 3

.6 2.4 3.6 2.0 2.8 2.4 3.0
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Table |V -2 Continued

LEVELS OF TECHNOLOGY | N COVPARABLE FOREI GN SH PYARDS

SH.P. CONSTRUCTI ON_AND Forei gn Shipyards
QUTFIT T NSTALLATI ON 0

E
DL Ship Construction 3 2
D2 FErection and Fairing
D3 Vel ding
D4  On-Board Services
D3
D6

Staging and Access
Pi pewor k
D7 Engine Room Machinery
D8  Hull Engineering
D9  Sheetnetal Wrk
D10 Wodwor k
DIl Electrical
D12 Painting
D13 Testing and Commi ssioning
D14 After Launch

B C
4 2
3 3 3
3 3 3
3 3 3
33 !
3 3 2
3 33
33 2
32 2
3

(3 (2

2
3
2
3
3

—

(3)

3
3
4

LW LW W W >
N O RO PO PO PSP

2
2
3 3
4 2
.93 2

Aver age .2 2.8

LAYQUT AND MATERIALS HANDLI NG
H  Layout and Material Flow

E2 Materials Handling
Average

W N
W
w
W
H
N
N
AW
)

ENVI RONVENT AND AVENI TI ES

FI General Environnental Protection
F2 Lighting and Heating

F3  Noise, Ventilation & Fume Extr.
F4  Canteen Facilities

F5  Uashrooms/ WC. " s/ Lockers

F6 Qther Anenities

rNO CO PO GO PO PO PO
RO O O O PO PO

Aver age

() Not included in average.
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Tabl e

V-2 Continued

LEVELS OF TECHNOLOGY | N COMPARABLE FOREIGN SH PYARDS

SH P CONSTRUCTI ON

<

DL Ship Construction

D2 Erection and Fairing

03 \elding

D4  On-Board Services

D6 Staging and Access

D6 Pipework

Di Engine Room Machi nery

D8  Hull Engineering

D9  Sheetnmetal Work

D10 Wodwor k (
DIl Electrical

D12 Painting

D13 Testing and Comm ssioning
D14 After Launch

N O LW B~ QW WO MW WM N W LW LW LW

oo

Average

LAYOUT AND MATERIALS HANDLI NG
B Layout and Material Flow 3
E2 Material s Handling 3

Average

ENVI RONVENT AND AMENI TIES
FI  CGeneral Environmental
F2  Lighting and Heating
F3  Noise, Ventilation & Fume Extr.
F4  Canteen Facilities

F5  \ashrooms/ WC. *s/Lockers

F6  Cther Anenities

Protection

N PO O LW W W ww

Average

V-12

IV-12

—_—
RO O PO PO PO PO PO WO W PO PO PO o

==

~—

2

Forei gn Shipyards

L M N P R S
& 2 3 3 3 4
4 3 3 3 3 4
33 3 3 3 4
43 3 3 4 4
42 3 3 3 4
32 2 3 3 3
33 2 3 3 4
303 2 3 3 4
3 2 2 3 3 3
) @ @ 3 O @
302 2 3 3 4
34 2 3 33
338 2 3 3 3
302 4 3 3 4
33 26 25 3.0 31 3.7
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Table [V-2 Continued

LEVELS OF TECHNOLOGY IN COMPARABLE FOREI GN SHI PYARDS

DESI G\I| DRAFTI % PRODUCT] ON
ENGN

Ship Design
Steelwork Drawing Presentation
Qutfit Drawing Presentation
Steelwork Coding Systens
Parts Listing Procedures
Production Engineering
Design for Production
Di mensional & Quality Control
Lofting Methods

Average

ORGANIZATION AND OPERATING SYSTEMS

HL
H2
H3
H
Hb
Ho
H

H8

HI

HL0
HL1
H12
HL3
H14

Organi zation of Work
Contract Scheduling
Steelwork Production Scheduling
Qutfit Production Scheduling
Qutfit Installation Scheduling
Ship Construction scheduling
Steelwork Production Control
Qutfit Production Control
Qutfit Installation Control
Ship Construction Control
Stores Control
Perf. & Efficiency Calculations
Conput er Appl i cations
Pur chasi ng

Average

|V-13
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Table [V-2 Continued
LEVELS OF TECHNOLOGY IN COVPARABLE FOREIGN SHI PYARDS

c 9ESI GN| DRAFTI !% PRODUCTT ON

BY8UIFYKRIB

Ship Design
Steelwork Drawing Presentation
Qutfit Drawing Presentation
Steelwork Coding Systens
Parts Listing Procedures
Production Engineering
Design for Production
Di mensional & Quality Control
Lofting Methods

Aver age

ORGANI ZATI ON AND OPERATING SYSTEMS

HL
H
H3
H
Hb

Ho
HT
H8
HI
HL0
Hll
H12
HL3
H14

Organi zation of Wrk
Contract Scheduling
Steelwork Production Scheduling
Qutfit Production Scheduling
Qutfit Installation Scheduling
Ship Construction Scheduling
Steelwork Production Control
Qutfit Production Control
Installation Control
Ship Construction Control
Stores Control
Perf. & Efficiency Calculations
Conputer Applications
Pur chasi ng

Average

|V-14
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Foreign Shipyards

sl N N N N N N N N N

B N S N S N N O S O S SO SO S

M N P
3 3 3
3 3 3
2 3 3
3 4 4
3 4 3
3 3 3
3 3 3
3 2 3
3 3 3
02931 3
3 3 3
3 2 2
3 3 4
3 3 2
3 3 3
3 2 3
3 4 3
3 4 2
3 3 3
3 2 3
3 3 2
3 2 3
I 3 3
3 3 3
03029 2

1

R S
4 4
3 4
3 4
3 4
3 4
4 4
I 4
4 4
3 4
3.3 4.
4 4
3 4
I 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
4 4
3 4
3 4
3 4
8 3.1 4.
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Table |V -3
LEVELS OF TECHNOLOGY IN TH RTEEN U.S. SH PYARDS BY LEVEL

STEELWORK PRODUCTI ON
A Plate Stockyard & Treatment

A2 Stiffener Stockyard & Treatnent

A3 Plate CQutting

A Stiffener Cutting

A5 Plate & Stiffener Formng

A6 Sub- Assenbly

A7 Flat Unit Assenbly

A8 Curved & Corr. Unit Assembly
A9 30 Unit Assenbly

A10 Superstructures Unit Assenbly

All Qutfit Steelwork
Average

QUTFI T PRODUCTI ON & STORES
Bl  Pipework

B2 Engineering

B3  Blacksmths

B4  Sheetneta

B5  Wodworking

B6 Electrica

Bl Rigging

B§ Plant Mintenance
B9 Garage

B1O General Storage
B11 Auxiliary Storage

Average

OTHER PRE- ERECTI ON ACTIMI TI ES

¢ Mdule Building

2 Qutfit Parts Marshaling

3 Pre-erection Qutfitting

C4 Bl ock Assenbly

C5 Unit and Block Storage
Average

|V-15

Ave

2.7
2.2
3.5
1.5
2.2
2.0
2.3
2.2
2.1
2.3
1.8
2.3

2.0
1.9
3.9
2.1

2.3
2.5
2.4
3.1
2.3
3.0
2.6

1.6
1.9
2.1
2.2
2.4
2.0

1
0
l
0
6
l
l
2
1
!
0
2
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Table I1V-3 Continued
LEVELS OF TECHNOLOGY IN TH RTEEN U S. SH PYARDS BY LEVEL

SH P CONSTRUCTI ON_AND Level
QUTFIT TNSTALLATI ON AVE 1 2 3 4
DI Ship Construction 2.2 3 6 2 2
D2 Erection and Fairing 2.3 0o 9 4 0
D3 Vil ding 2.3 0 9 4 0
D4 On-Board Services 2.5 ! 4 8 0
D5 Staging and Access 2.2 2 1 4 0
D6 Pipework 2.4 0 8 5 0
D7 Engine Room Machinery 2.5 L4 8 0
D8  Hull Engineering 2.2 2 6 5 0
D9  Sheetnetal Work 3.2 0 1 9 3
010 Wbodwor k
DL Electrical 2.4 ! 6 6 0
012 Painting 2.5 l 5 0 l
D13 Testing and Commissi oning 3.5 Lo 4 8
D14 After Launch 2.6 I3 9 0
Aver age 2.5
LAYQUT AND MATERIALS HANDLI NG
f Layout and Material Flow 2.5 U
E2 Material s Handling 2.5 0o 7 6 0
Aver age 2.5
ENVI RONVENT _AND AMENI TI ES
Fl  General Environmental Protection 2.2 0o 10 3 0
F2  Lighting and Heating 2.3 0o 9 4 0
F3  Noise, Ventilation & Fume Extr. 2.3 0 9 4 0
F4  Canteen Facilities 2.1 3 1 2 1
F5  Vashrooms/WC. s/ Lockers 2.2 o 1 2 0
F5 Qher Anenities 1.2 11 1 L0
Aver age 2.0

|V-16
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Table V-3 Continued
LEVELS OF TECHNOLOGY IN THI RTEEN U.S. SHI PYARDS BY LEVEL

N__DRAFTI NG__PRODUCTI ON

pa (€D

ERI NG LO-TTNG

BRYAIRIRIIQ g?

Ship Design

Steelwork Drawing Presentation
Qutfit Drawing Presentation
Steelwork Coding Systens

Parts Listing Procedures
Production Engineering

Design for Production
Di mensional & Quality
Lofting Methods

Control

Average

ORGANI ZATI ON AND CPERATING SYSTEMS—

HL
H2
H3
H4
Hb
Ho
Hi
H8
H
HL0
HL1
H12

HL3
H14

Organi zation of Werk
Contract Schedul ing

Steelwork Production Scheduling
Qutfit Production Scheduling
Qutfit Installation Scheduling
Ship Construction Scheduling
Steelwork Production Control
Qutfit Production Control
Qutfit Installation Control
Ship Construction Control

Stores Control

Perf. & Efficiency Calculations

Conput er Applicati
Pur chasi ng

ons

Average

|V-17

Ave

2.6
2.7
2.8
3.9
3.6
2.5
2.7
3.2
2.8
3.0

1.9
2.5
3.7
2.9
2.9
3.3
3.4
3.2
3.2
3.4
3.1
3.5
2.5
3.0
3.0
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Table 1V-4 Continued
LEVELS OF TECHNOLOGY IN SI XTEEN FOREIGN SH PYARDS BY LEVEL

Level
STEELWORK PRODUCTI ON Ave 1 2 3
Al Plate Stockyard & Treat nent 3.0 o 2 12
A2 Stiffener Stockyard & Treatnent 3.0 0 2 12
A3 Plate Cutting 3.2 0 2 9
A Stiffener Cutting 2.9 4T
A5 Plate & Stiffener Forning 3.0 0 2 12
A6 Sub-Assembly 2.9 0 5 8
A7 Flat Unit Assembly 2.9 4T
A8 Curved & Corr. Unit Assenbly 2.8 L4 9
A9 3D Unit Assenbly 2.9 0 4 9
ALO Superstructure Unit Assenbly 2.9 0 5 8
All Qutfit Steelwork 2.5 I8 5
Aver age 2.9

QUTFI T PRODUCTION AND STCRES
Bl  Pipework 2.4 1 8 6
B2 Engineering 2.4 o 9 7
B3  Blacksmths 3.1 1 3 5
94  Sheetnetal Work 2.1 2 10 4
B5  Wodworking 0 1 5
B6  Electrical 2.4 3 3 10
B7  Rigging 2.5 33 9
B§  Mintenance 2.9 0 4 10
B9 Garage 2.8 0 5 10
Blo General Storage 2.4 0 10 5
BLL Auxiliary Storage 2.4 I8 6

Aver age 2.5

OTHER PRE-ERECTION ACTIVITIES
¢l Mdule Building 2.7 3 4 4
C2 CQutfit Parts Marshaling 2.5 3 5 %
C3 Pre-erection Qutfitting 2.6 L6 7
C4 Block Assenbly 3.1 0 5 4
C5 Unit and Block Storage 3.0 I 5 3

Average 2.8
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Table V-4 Continued

LEVELS OF TECHNOLOGY N SI XTEEN FOREI GN SH PYARDS BY LEVEL
Level

SH P CONSTRUCTI ON AND
QUTEIT TNSTALLATI ON

DL Ship Construction
Erection and Fairing
Vel di ng

n-Board Services
Staging and Access

Pi pewor k

Engi ne Room Machi nery
D8  Hull Engineering

D9 Sheetnmetal Work

DI0  Wodwor k

D11 Electrical

D12 Painting

D13 Testing and Comm ssioning
D14 After Launch

Average

LAYOUT AND MATERIALS HANDLI NG
B Layout and Material Flow
E2 Materials Handling
Aver age

Environnment AND AMEN TI ES
FI  General Environnental Protection
F2  Lighting and Heating
F3  Noise, Ventilation & Fume Extr.
F4  Canteen Facilities
F5 Washroonms/ WC. " s/ Lockers
F6  Cther Amenities
Average

1V-18

|V-19

Ave.
3.0
3.1
2.9
3.1
2.8
2.6
2.9
2.8
2.5

2.8
2.9
2.8
3.1
2.9

3.1
2.8
3.0

2.9
2.8
2.8
3.0
2.9
2.8
2.9

1
0
0
0
0
!

0
0
0
0
0
0
0
0
0
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Table V-4 Continued

LEVELS OF TECHNCOLOGY IN SI XTEEN FOREIGN SHI PYARDS BY LEVEL

DESI GN| DRAFTI Iﬁ PRODUCTI ON

Ship Design

Steelwork Drawing Presentation
&3 Qutfit Drawing Presentation

Steelwork Coding Syst
Parts Listing Procedu

end
res

Production Engineering

Design for Production
Di mensional & Quality
Lofting Methods

Control

Average

ORGANI ZATI ON AND COPERATI NG SYSTEMS

H
H2
H3
H
Ho
Ho
HT
HB
HI
HL0
HL1
H1L2

HL3
HL4

Organi zation of Wrk
Contract Scheduling
Steelwork Production

Schedul i ng

Qutfit Production Scheduling
Qutfit Installation Scheduling
Ship Construction Scheduling

Steel work Production

Control

Qutfit Production Control
Qutfit Installation Control
Ship Construction Control

Stores Control

Perf. & Efficiency Calculations

Conput er Applications
Pur chasi ng

Average

1V-20

|V-20

Ave.
3.3
3.1
2.9
3.5
3.1
3.2
3.2
3.1
3.2
3.2

2.9
2.9
3.2
2.9
3.2
3.1
3.2
2.9
3.0
3.0
3.0
2.9
3.1
3.2
3.0
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Level
2
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3

11

10

10
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10
11
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Table IV -5
LEVELS OF TECHNOLOGY IN U.S. SH PYARDS BY LEVEL |N PERCENT
% Distribution

Level

STEELWORK PRODUCTI ON

A
A2
A3
A
A5
A6
AT
A8
A9
A0
All

Plate Stockyard & Treatment

Stiffener Stockyard & Treatment
Plate Cutting

Stiffener Cutting

Plate & Stiffener Forming
Sub- Assentl y

Flat Unit Assenbly

Curved & Corr. Unit Assenbly
3D Unit Assembly
Superstructure Unit Assenbly
Qutfit Steelwork

QUTEI T PRODUCTI ON & STORES

Bl
B2
B3
B4
B5
B6
B/
BS
B9

Pi pewor k

Engi neering

Bl acksmi t hs

Sheet net al

Woodwor ki ng

El ectrical

Riggi ng

Plant Mintenance
Garage

B1O General Storage
BIl Auxiliary Storage

OTHER PRE- ERECTI ON ACTI VI TI ES

Cl
@
G
™

Modul e Builidng

Qutfit Parts Marshalling
pre-erection Qutfitting

Bl ock Assembly

C5 Unit & Block Storage

IV-21

O oo O

46

oo O©o

15

23

15

O 0O O OO O O

54
23
23
31

2
31
62

0
54
62
85
38
62
7
69

85

85
62

62

7
62
54
23
54

0

31
62
46
15
54

3
69
31
54

0
31

8
46
31
15
3

0

15
23

15
31
3
46
38
100

15
15
31
38
46
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Table V-5 Continued
LEVELS OF TECHNOLOGY IN U.S. SH PYARDS BY LEVEL |N PERCENT
% Distribution

SH P_CONSTRUCTI ON_AND Level
OUTETT_TNSTALLCATI ON 1 2 3 4
DL Ship Construction 23 46 15 15
D2 Erection and Fairing 0 69 3l 0
D3 Vel ding 0 69 3 0
D4  On-Board Services § 3l 62 0
D6 Staging and Access 15 5 3 0
D6 Pipework 0 62 38 0
D7 Engine Room Machinery § 3 62 0
D8  Hull Engineering 15 46 38 0
D9 Sheetmetal Work 0 8 69 23
DI0  Wodwor k

D11 Electrical 8 46 46

D12 Painting 8§ 38 46

D13 Testing and commi ssioning 8 0 3l 62
D14 After Launch § 23 69 0
LAYQUT AND MATERI ALS HANDLI NG

E  Layout and Material Flow 0 5 38 8
E2  Materials Handling 0 54 46 0
ENVI RONVENT AND AMENI TI ES

F CGeneral Environnental Protection o 7 23 0
F2  Lighting and Heating 0 69 3 0
F3  Noise, Ventilation & Fume Extr. 0 69 3l 0
F4  Canteen Facilities 23 54 15 8
S Viashrooms/WC. “s/Lockers 0 8 15 0
F6  Oher Anenities 85 8 8 0

| v-22



Table V-5 Continued

LEVELS OF TECHNOLOGY IN U S. SH PYARDS BY LEVEL | N PERCENT
% Distribution

DESIGN, DRAFTING, PRODUCTION Level
ENG NEERTNG AND COFTTNG 1 2 3 3
GL  Ship Design 1 I A 23

5
@ Steelwork Drawing Presentation § 3 46 D0
G Qutfit Drawing Presentation o 2 69 8
G4 Steelwork Coding Systems 0 0 § 92
Parts Listing Procedures 0 § 22 69
Production Engineering o 54 38 8
Design for Production o 38 8
Di nensional & Quality Control o 15 5 13l
0

Lofting Methods 23 7 0

8 8AKK

ORGANI ZATI ON AND OPERATI NG SYSTEMS

H  Organization of Wérk 23 62 15 0
H  Contract Scheduling 0 62 23 16
H3  Steelwork production scheduling 0 § 15 17
Hi Qutfit Production Scheduling 0 § 92 0
H  Qutfit Installation Scheduling 0 § 9% 0
H  Ship Construction Schedul ing 0 8 ¥ 38
HT  Steelwork Production Control 8 § 23 62
H  Qutfit Production Control § 15 3 46
H  Qutfit Installation Control § 15 23 54
HLO Snip Construction Control 8 8§ 22 62
H1 Stores Control 0 3l 31 38
H12 Perf. & Efficiency Calculations 8 0 23 69
HL3  Conputer Applications 0 54 46 0
HL4  Purchasing 0 23 5% 23

|V-23



Table V-6
LEVELS OF TECHNOLOGY IN FOREIGN SH PYARDS BY LEVEL IN PERCENT

STEELWORK PRODUCTI ON

Al
A2
A3
M
A5
A6
AT
A8
A9
AL0
All

Plate Stockyard & Treatnent

Stiffener Stockyard & Treatment

Plate Cutting

Stiffener CQutting

Plate & Stiffener Formng
Sub- Assentl y

Flat Unit Assenbly

Curved & Corr. Unit Assenbly
3DUnit Assenbly
Superstructure Unit Assenbly
Qutfit Steelwork

QUTFI T PRODUCTI ON & STORES

Bl
B2
B3
B4
B5
B6
B/
B8
BY

Pi pewor k

Engi neering

Bl acksm t hs

Sheet net al

Woodwor ki ng

El ectrical

Riggi ng

Plant Maintenance
Garage

BIO General Storage

Bl1

Auxiliary Storage

OTHER PRE- ERECTI ON ACTI VI TI ES

ol

Mbdul e Bui | ding

G2 Qutfit Parts Marshalling

G
v
05

Pre-erection Qutfitting
Mock Assenbly
Unit & Block Storage

|V-24

% Distribution
Level

OO O O OO OO OO OO O o

6
12

19
19

oy O O O

19
19

2
12
12
12
25
12
31
25
25
25
31
50

50
56
19
62
69
19
19
25
31
62
50

25
31
38
31
31

3 4
15 12
B 12
6 3l
44 25
15 12
50 19
44 25
6 12
5% 19
5 19
31 12
38 6
44 O
31 44
25 0
31 O
62 O
56 6
62 12
62 6
31 6
38 6
25 31
31 19
44 12
25 44
19 44



Table V-6 Continued
LEVELS OF TECHNOLOGY |N FOREI GN SHI PYARDS BY LEVEL |N PERCENT

% Distribution
SHI P CONSTRUCTI ON AND Level

QUTFIT TNSTALTATI ON L 2 3 &
DL Ship Construction o 3 ¥ 3
D2 Erection and Fairing 0 19 5 25
D3 \elding 0 19 69 12
D4 On-Board Services 0 19 59 2%
D5 Staging and Access 6 3 44 19
D6 Pipework 0 38 62 0
D7 Engine Room Machinery 0 19 69 12
D8  Hull Engineering 0 3 56 12
D9  Sheetnetal Werk 0 5 50 0
D10  Wodwor k 0 38 62 0
DIl Electrical 0 38 50 12
D12  Painting 0 38 3 3
D13 Testing and Conmmi ssioning 0 19 ¢l 0
D14 After Launch 0 19 5 25
LAYOUT AND MATERI ALS HANDLI NG

H  Layout and Material Flow 0 12 69 19
E2 Materials Handling 6 12 75 6
ENVI RONVENT _AND AMENI TI ES

Fl  General Environment Protection 0 3 50 19
F2 Lighting and Heating 0 31 56 12
F3  Noise, Ventilation & Fume Extr. 0 3 62 6
F4  Canteen Facilities 0 25 50 25
F5  \ashrooms/WC. ‘s/Lockers 0 4 25 1l
F6  Qther Amenities 0 38 4 19
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Table V-6 Continued
LEVELS OF TECHNOLOGY IN FOREIGN SHI PYARDS BY LEVEL | N PERCENT
% Distribution

Level
ERTEER N6 AND LG 1L 2 3 4
GL  Ship Design 0 o 69 3l
& steelwork Drawing Presentation 6 6 62 25
&3 Qutfit Drawing Presentation 6 19 50 25
&4 Steelwork Coding Systems 6 12 3 50
& Parts Listing Procedures 6 6 62 25
G  Production Engineering 0 19 4 38
G/ Design for Production 0 6 69 25
& Dinensional & Quality Control 0 12 62 25
@ Lofting Methods 0 6 69 25

CRGANI ZATI ON_AND QPERATING SYSTEMS

H  Organization of Wrk 6 26 38 3l
H  Contract Scheduling 0 38 38 25
H3  Steelwork Production Scheduling 0 12 5 38
H4 Qutfit Production Scheduling 6 25 44 25
Ho Qutfit Installation Scheduling 0 0 75 25
H6  Ship Construction 0 25 4 38
H7  Steelwork Production Control 0 0 75 25
H3  Qutfit Production Control 0 38 38 25
H  Qutfit Installation Control 0 19 62 19
HI0O  Ship Construction Control 0 19 62 19
HI1 Stores Control 0 31 33 31
H12 Perf. & Efficiency Calculations 0 25 56 19
HL3 Computer Applications 0 12 69 19
HL4  Purchasing 0 6 69 25
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V. SUWMARY

The prinary objective of this survey is to provide shipyard
managenent and the governnent conprehensive information on which to

base and evaluate plans for inproving shipbuilding technol ogy.

L US SHPYARDS EMPLOY LOAER LEVELS OF TECHNOLOGY THAN FOREIGN
SHPYARDS

U S. shipyards, on an average, are using a |ower |evel of
technol ogy than foreign shipyards in six of the eight major cate-
gories studied.

In Category B, Qutfit Production and Stores, US. shipyards
are slightly superior to the foreign shipyards. It is believed
this is due to the amount of repair work and naval construction
work done in many of the U S. shipyards.

In Category H Organization and Qperating Systems, U S. ship-
yards are superior in eight out of the 14 elements. This superiority
is again related to the requirements for naval construction and
doing work for the government in general

The survey shows that of the 70 elements examined, foreign
shipyards, based on overal|l averages, enploy a higher level of
technology in 51 cases. When shipyard size is considered, the
|arger the shipyard the higher the technology. This is true for
both U S. and foreign shipyards.
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The smaller of the major US. shipyards tend to be nore on a
par with their foreign counterparts. This may be due, in part, to
the requirements inherent in sophisticated U S naval construction
while their foreign counterparts are more comercially oriented,
bui I ding Iess conplex ships. However, neither group is highly advanced.
In fact, nost of the smaller shipyards have not adopted high technol -
ogy in many of the full range of elenents

The postmarked differences in technology levels are found in
the medium sized shipyards that account for nearly half of the mgjor
U.S. shipyards. This may be due in large part to the wide range
of ship types that US. shipbuilders nust build to stay alive
Also, the US. market, being primarily donmestic, has not required
construction of sufficient numbers of simlar ships to encourage
shipyard specialization and investment in high output technology.

2. LON TECHNOLOGY WAS FOUND IN CRITICAL AREAS IN U S SH PYARDS

Low technol ogy was found in 16 critical areas which are either
| abor intensive or [abor sensitive. These areas fall into five
general categories:

0  steel assenbly

0  pre-erection outfitting

0 ship erection

0  production engineering

0  organization of work
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3. CRITICAL AREAS OF LOW TECHNOLOGY ARE PRIMARILY MANAGENENT AND
SYSTEM ORI ENTED

A review of the 16 critical elements indicated that inprovenment
in nine areas would not require nore than mnor capital investment,
but would depend primarily upon management initiative. The elenents
in this category are:

CL  Mdule Building

C2 Qutfit Parts Marsha II
C3 Pre-erection Qutfittin
D2 Erection and Fa|r|ng
D4 On-hoard Services

D8 Hul | Engineering

@  Ship Design

®  Production Engineering
H  Organization of Wrk

The last element, H-organization of Wrk, is one which manage-
ment and |abor nust solve together.

A second group of five elements would require a nodest
capital investment in order to inprove technology in addition, of
course, to a managenent decision to move in that direction.

A6 Sub-assenbly

A8 Curved Unit "Assenbly

A9 3 D Unit Assembly

D3 VWl din , .

Il General Environmental Protection

To inprove technology in the last two of the critical ele-

ments, C4-Block Assenbly and DI-Ship Construction a major investment

woul d be required by most shipyards.
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4, TECHNOLOGY LEVELS ARE VERY LOW IN FIVE ADDITIONAL AREAS

There are five elements, not previously discussed, for which
U.S. shipyard technology Ievel averages are 2.0 or below. These

elements are:
Stiffener Cutting
All Qutfit Steelwork
Bl Pi pewor k o
B2 Eng| neering (Machining)
F6 O her Amenities

Sixty one of the sixty five level assignments made for these
five elements in the 13 U S shipyards surveyed were assigned Level
1 or Level 2. This suggests the possibility of making substantial
| nprovenents in these areas.

5. US SHPYARDS ARE FOUND TO BE QUTSTANDING IN SOVE AREAS

O the 70 elements neasured, U S shipyards were found, on the
average, to be enploying nore advanced technology than their foreign
counterparts in 16 instances.

In nine of these instances which are considered particularly
significant, the average US. shipyard is nore advanced by three
tenths of a technology level than the average of the foregin ship-
yards. The specific elements are:

A3 Plate Cutting
BI1 Auxiliary Storage = .
D13 Testing ‘and Conmm ssioning
St eel wor k ,Oodug)q Syst ens
G Parts Listing Procedures
H3  Steelwork Production Scheduling
H3  Qutfit Production Control
HO  Qutfit Installation Control
HLO  Ship Construction Control
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6. U.S SHPYARD MANAGEMENT S AGGRESSIVELY | NMPLEMENTI NG H GHER
TECHNCLOS ES

A ground rule for this survey was to observe what was being
done at the tine, not plans and expectations. Many shipyards are
however, inplenenting technol ogy inprovements over a wide range of
activities. These include interactive graphics in conjunction with
conputer aided design, nodule building, preoutfitting, construction
of larger units and blocks, painting, welding, etc. These inprove-

ments will certainly raise technology levels in the future.

7. THE SURVEY PROCEDURE PROVIDED A VALID COMPARI SON BETVEEN U. S,
AND FOREI GN SH PYARDS

[Tl

The concept of conparing shipbuilding technology on an inter-
national basis raised some very appropriate questions as to feasi-
bility. The biggest question was whether different surveyors using
the same standards could develop truly conparable results. Another
substantial question was whether or not the standards for conparison
of shipbuilding practices would be truly applicable to shipyards in
different countries.

(1) The Technol ogy Standards are Realistic and can be Con-
sistently Applied by Different Trained Surveyors

The results obtained by cross-grading survey notes between
U'S. surveyors and, then, fromthe review of these notes and
grades with the British engineers that surveyed the foreign

shipyards, showed a very close agreement with the origina
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technology levels set by the U S. surveyors. Fromthis exper-
ience, it is the opinion of the MEL and APA surveyors that the
following conclusions are valid:

0 That shipyard-w se people can learn and apply the
systemin a short tine

0 That different surveyors get the same answer in
checking results

0 That the,note-taking system was adequate to enable
the foreign shipyard surveyors to verify levels
set by the U.S. ‘shipyard surveyors
(2) The 1978 Survey Results Could be Related to Future Surveys

The survey procedures and standards are such that a future

survey, say five years fromnow, could readily be made and com
pared to the 1978 survey. If there are new advancenents in

technol ogy that come into use between surveys they can be de-
scribed in a nore advanced |evel, say Level 5. Follow on

surveys, therefore, could nmeasure future technol ogical trends.

(3) The Survey Technique Does Not Cover Al the Factors
Wirch Affecl Producfivity

0  The survey process does not perform an
econom ¢ feasibility study on the cost
benefits of using nore advanced technol ogy.
Rather, one of the major purposes of the
survey is to give shipyard managers a com

parative overview of their shipbuilding opera-
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tions which will identify areas where further
anal ysi s and review may be warranted

o  The survey does give a good overview of the
qual ity of the “tools” management and | abor
have available to themto build ships. The
survey does not reveal how well these “tools”
are used. Many shipyards are highly productive
through effective management and a notivated
wor kforce even though high technology is not
used.

0 It is believed, however, that everything else
being equal, the results of this survey wll
give the shipbuilding industry and the govern-
ment a better understanding of a major factor
affecting shipbuilding productivity.

8. A& APPLEDORE HAS REVI EVED THE SURVEY NOTES AND IS OF THE

SHPBUT LD NG PRACITCES RELAITVE 10 THOSE OF TFE _LEAD NG OVERSEAS
oMl PYARDS

A&P Appl edore (London) Ltd. spent a period of several weeks
review ng and conparing the survey notes on U.S shipyards with
its survey results on foreign shipyards.

As a result of this review APA has devel oped the fol | owing obser-
vations on each of the eight shipbuilding categories.
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(1) Steel Work Production, Category A
Wth the exception of the plate cutting area, the levels

of technology found in the U S vyards were considerably
| ower than in the foreign yards. whilst a difference
was expected due to the opportunity most of the foreign
yards have had to undertake series production and also
due to the high priority they have placed on design for
production/production engineering aspects, the magnitude
of the difference was greater than expected.

U S. yards have clearly taken advantage of advances in
plate cutting technology. However, they have seriously

neglected the stiffener cutting side.

Wi lst the variety and nature of the product innost U S
yards does not justify the widespread application of a

very high degree of mechanisation and automation, there is

a definite need to upgrade the technology in sub-assemly

and assenbly. In particular this inplies:

The adoptjon of the workstation concept of
or gani zati on.

The introduction of purpose designed handling
and mani pul ation equi pment.

The extensive use of more sophisticated skids
and jigs.

The introduction of new hydraulic and
mechani cal fairing systens.
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An increase in the proportion of sem automatic
and automatic wel ding.

(2) Qutfit Production Stores, Category B

It was surprising that in pipework, engineering, steel
metal work and electrical there were few U.S. facilities
with a level of technology above Level 2. This generally
reflects a lack of well organized, large batch production
shops with up-to-date machinery and handling equipnent,
producing standard items. In some yards this is explained
by the use of bought in items or subcontract but in many
cases it would appear to be the result of a [ow |evel of
investment over a number of years. These inportant
outfit production functions would greatly benefit from
i nvestment in new equipment and methods in all but the
few yards with a very low |evel of output.

(3) Qher Pre-Erection Activities, Category C

Very significant differences were found between the U S
and foreign yards in all the five elements in the group.
Two principal objectives in carrying out the first four

of the elenments, namely, module building, outfit parts
marshal [ing, pre-erection outfitting and block assemly,
are first, to reduce the overall work content in the ship,
and second, to reduce the work content on the berth or
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bui I ding dock. Both of these are achieved by adopting
techniques which enable work to be effectively carried

out earlier in the shipbuilding cycle in, as far as possible,
wor kshop condi tions.

During the sixties and early seventies there was clearly
a great deal of pressure on many of the foreign yards
selected for this survey to adopt the techniques in

this group to inprove efficiency, reduce cycle tines

and increase overall output. Nowadays the enphasis is on
| ow cost productivity inprovenents. The techniques are
sound in alnost any shipbuilding situation and can

general ly be upgraded without massive capital investnent.

(4) Ship Construction and Installation, Category
There were no great surprises in this group. Tne larg-

est differences are found in ship construction, erection
and fairing, welding, on-board services, staging and
access, hull engineering and after launch. Unfortunately
in most of these areas not only are radical changes in
methods and attitudes required to upgrade technol ogy but.
also significant capital investnent is needed.

(5) Layout and Materials Handling, Category E
The U S. yards show a nunber of exanples of poor design

of layout and material flow patterns, and inappropriate
and outdated materials handling nmethods. Significant
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i nprovenments in materials handling and flow can be

achi eved without huge capital investnent,

(6) Environment and Amenities, Category F

(7

The low averages in elements 1, 2 and 3 of this group
generally reflect the large nunber of old buildings in
mny U S yards which offer below average working con-
ditions

In the case of elements 4, 5 and 6, in many European and
Japanese shipyards high standard facilities are often
either demanded by the workforce or are provided by the
conpany for other reasons.

Design, Drafting, Production Engineering and Lofting,

(ategory G
In ship design the difference is largely explained by
the fact that some U S yards use outside naval archi-
tects and consultants rather than having in-house faci-
lities as found in all the foreign yards surveyed. This
does not necessarily inpair the efficiency of the design
function although this may be one of the reasons why the
design for production and production engineering ratings
inthe US vyards were |ower than their foreign counter-
parts.  Design for production needs to be applied not
only at the initial design stage but right through design
devel opment and detailing. This can only be achieved when
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all the relevant shipyard departments believe in the
benefits of production orientated design and apply it
with conviction and persistence

(9 . I .
Work station organization is not conmon in the US yards.
The point which was of greatest concern in this part O
the work related to the difference between cost and bud-
getary control and production control. The problem
basically is as follows. Most yards appear to have
soundly based recording and control systens, some of
which will use fairly advanced conputer systems and | ook
very inpressive. These systens do not, however, of
thenmsel ves, inprove production scheduling which would
result in inproved machine |oading packages. U.S. ship-
yards need conpetent teanms of industrial engineers and
work analysts dedicated to the detailed planning of
work at shop floor |evel

TH- SURVEY FINDINGS SUGEFST THAT OPPCRTUNITIES FOR | VPROVED
SH PRUI DI NG PFREORMANCE STI11 EXIST FVEN IN TODAY'S DFPRESSFD
SH PBUI LDI NG MARKET

(1) The systemused in this survey provides a conprehensive
overview of each shipyard giving the shipyard managers an

addi tional tool to supplement their own efforts to effect
| nprovenents.
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(2) The survey results do disclose certain areas where
a cooperative effort by government and industry
coul d benefit both parties.

(3) There are indications that progress is being nmade
in the preoutfitting area, but there is roomfor
additional effort.

(4) There are some nodul es being built but, again,
there is room for additional work. Several possible
avenues may be available. These include
ordering nore conplete units from suppliers, and
specifying interface connections on modul es conplete
with foundations even hefore the exact configuration of
specific items of equipment is known.

(5) The structure of this survey technique does not
parall el typical estimting systems. This, the
framework for cross-check is provided.

(6) In some instances, particularly in the production
of outfit items, the equipment needed for higher
technology levels is expensive and might well be
underutilized. There may be cost effective
opportunities in establishing central capability
serving the industry or indevel oping sub-contract
sources in other industries.

(7) A nunber of the high technology foreign shipyards
have invested heavily in specialized facilities
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not suitable for a wde product mx wth few

simlar ships. Wth the current depressed state

of world shipbuilding, an opportunity to leapfrog these
highly specialized foreign shipyards with nore versatile
U S. shipyards may be present.

There should be opportunities to develop Level 5
technology using the present Level 4 standards

as a stepping off point. A survey of other

industries with such elements as pre-erection

outfitting and module building in mnd could be

usef ul

(9) The evidence that the foreign shipyards considered

to be highly efficient have paid considered attention
to working conditions suggests the possibility of
opportunities in this area to enhance worker norale
and reduce turnover.
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APPENDI X A

DESCRIPTION OF THE 72
SH PBUI LDING ELEMENTS



Al

M

A STEELWORK PRODUCTI ON

PLATE STOCKYARD AND TREATMENT

Description: The storage, handlin?, treatment and control
Of prafe fromreceipt to delivery fo the cutting area.

Points Evaluated: Method of storage, Handling, Treatnent,
VBnning, Contror.

STI FFENERS
Description: The storage, handling, treatment and control
of sh%feners fromreceipt to delivery to the cutting area.

Points Evaluated: Method of storage, Handling, Treatment,
Manning, Control.

PLATE CUTTI NG

Description: Cutting by all means IarPe rectangul ar and
4p‘t_non-rec angul ar plates - large and small internals -
floors - longitudinals - webs - etc.

Points Evaluated: Marking, Handling, Cutting, Accuracy.

STIFFENER CUTTING

Description: CQutting by all means rolled shapes, e.g.,
angres, eans, channels, | beans.

Points Evaluated: Marking, Handling, Cutting, Accuracy.

PLATE AND STIFFENER FORM NG
Description: The process used to effect single or double
curvarure.

Points Evaluated: Formng process, Technical Info Transfer,
HandTing, Accuracy.
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A6,

A

A9

SUB- ASSEMBLY

Description: Assenbly of parts of a main unit. [t wll
Include pu tlnq face plates on webs, installing brackets and
stiffeners on Tloors, longitudinal and foundations, etc.

Points Evaluated: \Workstation definition, Mt Handling,
VBt Marking, Jigs, Welding, Fairing, Storage, Mterial

1 ow.

FLAT UNI TASSEMBLY

Description: This includes the welding together of flat
Pa es to rormflat sections of shell, deck, bulkhead,
ank top, etc. It included attachment of stiffeners,
floors, webs and |ongitudinal.

Points Evaluated: \rkstation definition, Mterial

n
Hanaring, Material Positioning, \elding, Fairing, Mjor
Unit Build Up, Storage.

CURVED AND CORRUGATED UNIT ASSEMBLY

DescriPtion: This is simlar in nature to flat assenblies:
Uarng Si nPIe and double curved shell units, bilge,

corrugated bul'kheads.

Points Evaluated: Wrkstation Definition, Mterial
Handring, Jrgs & Supports, !+elding, Fairing, Storage.

3D UNIT ASS&YBLY

Description: This refers to units that are three
rmensional and totally enclosed. It wll include ®
doubl e bottom units, bow and stern units, tank units, etc.
Points Evaluated: \Wrkstation Definition, Mterial

Handling, Jigs i? Supports, welding, Storage,
Capaci ty.
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A1O SUPERSTRUCTURE UNIT ASSEMBLY

Al

Description:  This includes flat Panels for decks and
sides as well as three dinensional self-supporting units.

Points Evaluated: \Wrkstation Definition, Materia

FenaTing, Jrgs and Supports, Welding, Fairing, Storage,
Capacity.

QUTFI T STEEL

Description: This includes the fabrication of masts,
lnPFOS S hatches, foundations, bulwarks, |adders,

tanks, pipe supports, etc.

Points Evaluated: \érkstation Definition, Mat Handling,
PFI Verking, Jigs, Velding, Fairing, Storage, Material
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BL .

B .

B3 .

24,

B

B QUTFI T PRODUCTI ON AND STORACGE

PI PEWORK
Description Fabrication 1nanufacture) of pipe and

i tt i bending, flanging, primng, etc.) prior
to 'hstal latTon.

Points Evaluated: Storage, Velding, Bending & Fabricating.

ENG NEERI NG ( MACHI NE SHOP)

Description: Manufacture of items needed to install main,
auxitTrary and hull machi nerly possi bl e manufacture selected
items (€.g., turn shaft, | sea chests).

Points Evaluated: Machine Tool Arrangement, Wrk Piece
Fandring & Storage.

BLACKSM THS ( FORGE)
Description: Production of all shipyard supplied forged
I Tems required for installation.

Points Evaluated: Source of forgings, Shop Capability.

SHEETMETAL  WORK

Description: Manufacture of furniture, galley egm pnent,
Ucts, wire mesh screens, etc. Limted to about 1/

stock.

Points Evaluated: ,Machine Tool s/Arrangenent, Material
Fandring & Storage.

WOODWCRKI NG
Description:  Manufacture of wood products including
furniture, trim lamnates, supports and bl ocks.

Points Evaluated: Tooling and Arrangement, Mterial
Storage and Handf i ng.
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B.

67.

BS.

ELECTRI CAL

Description: The preparation of cable, straps, and other

| TEns %or installation and manufacture of components such
as panels, switchboards and consoles. Testing of purchased
conponent s.

Points Evaluated: Extent of work done by shipyard and
subcontractors.

R GA NG

Description: ~ Fabrication of rigging for installation on
SAIPS and tTabrication and maintenance of crane cables,
slings and simlar equipment used by yard worknen.
Points Evaluated: Extent of Shipyard Wrk, Equipment.

MAI NTENANCE (MEASURE OF THE MAI NTENANCE SYSTEM

Description: ~ The systemand material support nethods
for marntaining plant equipment and tools used in

production, including cranes.

Points Evaluated: Maintenance Philosophy, Mintenance
Veteriar.

GARAGE

Description:  Service and maintenance of transportation
equi pment.

Points Evaluated: Extent of work done by shipyard and/or
subcontractors.

B1O. GENERAL STORAGE

Description: Storage facilities and practices for small
ITens such as fasteners, welding rod, gasket material.
Points Evaluated: Storage Density, Order Picking,
Veteriar  Fandring.
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Bll. AUXILIARY STORAGE
Description: Stora%e facilities and Practlces for Iarlg
feavy equipment such as punps, generators and |arge valves.

Points Evaluated: Storage Density, Order Picking and
Cocating, Matertal Handling.
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cl.

C4.

C OTHER PRE-ERECTION ACTIVITIES

MODULE BUI LDI NG

Description: Th|s refers to assenblies of auxiliary
equ| pnent, pipe and valves in self-supporting nodul es
ready to be placed aboard ship. This could include

pi pe assenblles such as reducing stations, heat exchangers
and punps, etc.

Points Evaluated: Extent of Mbdule Building, When Mdul e
Installed, festing.

OUTFIT PARTS MARSHALLI NG
Descrigztion The collection into one kit or area all

e materral, technical information and tools needed to
construct a module or discrete piece of work.

Points Evaluated: Wen Marshalling Takes Place, Scope
of Marshaling.

PRE- ERECTI ON_QUTFI TTI NG

Description: This is concerned with the degree of out-
| |ncr1 one on steel work prior to erection on the ways

or building dock.
Points Evaluated: Percent of Pre-Erection Qutfitting
of fotal Quifit, Scope of Pre-Erection Qutfitting in

% (approx. )

BLOCKASSEMBLY

Description: This refers to the construction of natural
sections or blocks of the shle/that my wei gh up to 1000
Eons |'s general |y done for VLCC ships in Japan and

ur ope.

Points Evaluated: Degree of Block Assembly, Welding
Practices, Farrrng, Dinensional Control.
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UNIT AND BLOCK STORAGE

Description: Title self-explanatory. Reason for
Fequiring s orac{;e my be because block construction
sequence may not necessarily coincide with ship
construction sequence.

Points Evaluated: Location of Storage Area, Designation
0f Storage Areas, Handling.
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0.

D SH P CONSTRUCTI ON' AND | NSTALLATI ON

SH P CONSTRUCTI ON

Description: This is concerned with the basic ship
construction process, use of sliding ways, docks --
portion of work done in shops vs. herths and speed of
construction.

Points Evaluated: Buildi ng_ Positions, Qutput per B.P./
year, rane Capacity, Building Process, No. of Building
Positions Used.

ERECTI ON AND FAIRING

Description: This pertains to erection and fairing on
WayS or 1n building tools.

Points Evaluated: Unit Size, Hanging Time, Dimensional
control, Alrgnnent Methods, Fairing.

VELDI NG

Description: Pertains to welding on ways, in docks or
outfriting pier.

Points Evaluated: Velding Process, Vlder Mbility,
Jornt Preparafron.

ON BOARD SERVI CES

Description: This pertains to services such as
erectricity, water, conpressed air, other gases--on
board ship on ways, in building dock and outfitting pier.

Points Evaluated: Extent of Services, Services
Confrguration, Housekeeping.
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D5.

D6.

D7.

D8.

DO.

STAGING AND ACCESS

Description: Staging and access on ways, building dock
and outfitting pier.

Points Evaluated: Staging Methods, Access, Housekeeping.

PIPEWORK (INSTALLATION)

Description: The installation of pipe, valves and other
pipework aboard ship.

Points Evaluated: Source of Information, Timing and
Place of Installation.

ENGINE ROOM MACHINERY (INSTALLATION)

Description: The installation of main and auxiliary
machinery 1n units, blocks or the ship after erection.

Points Evaluated: Timing and place of installation.

HULL ENGINEERING (INSTALLATION)

Description: Installation of deck machinery (e.g.,
steering gear, winches, windlasses) in units, blocks,
or the ship after erection.

Points Evaluated: Timing and place of Installation,
Trages.

SHEET METALWORK (INSTALLATION)

Description: Installation of sheet metal products (e.g.,
ducts, galley equip., vents) in units, blocks or the
ship after erection.

Points Evaluated: Source of Information, Timing and
place of Installation, Trades.




D10. WOODWORK ( INSTALLATION)

D1l.

D12.

DescrPtion::  Installation of woodproducts (e. % panels
furniture, blocks, shores) in units, blocks or the ship
after erection.

Points Evaluated: Source of Information, Timing and
place or work.

ELECTRICAL (INSTALLATION)

Description: Installation of electrical and electronics
equipment, and cable in units, blocks and on the ship
after erection.

Points Evaluated: Equipment Installation, Cable
Installation, Testing.

PAINTING
Description:  Priming and painting ShiP structure and
outfit Including plates and stiffeners from stockyard.

Points Evaluated: Method of Painting, Preparation,
Timing.

D13. TESTING AND COMMMISSIONING

Description: Final test of mechanical and electrical
Sys tern.

Points Evaluated: Organization, Records.

D14. AFTER LAUNCH

Description:  Status of outfitting at launch.
Points Evaluated: Ouitfitting Status.
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El.

E2.

ELAYOUT AND MATERIALS HANDLING

LAYOUT AND MATERIAL FLO!|

Description; The adequacy of the plant layout and material
ow to support efficient production.

Points Evauated: Site Constraints, Materia Flow.

MATERIALSHANDLING

Description: This is an overview of the entire shipyard
materlﬁ handling system which has to a large extent,
been covered in most of the other elements.

Points Evaluated: Equipment, Storage Area, Coordination.
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F1.

F2.

F3.

F4 .

F5.

F ENVIRONMENT AND AMENITIES

GENERAL ENVIRONMENTAL PROTECTION

Description:  Concerns environmental protection provided
men and material in terms of weather, temperature,
housekeeping.

Points Evaluated: Housekeeping, Meather Protection,
General Working Conditions, Material Storage.

LIGHTING AND HEATING
Description;: Adequacy of lighting and heating.
Points Evaluated: Lighting, Temperature.

NOISE, VENTILATION, FUME EXTRACTION

Description: Adequacy of noise control, ventilation
and fume extraction.

Points Evaluated: Noise, Ventilation and Fume Extraction.

CANTEEN FACILITIES
Description: Adequacy of food service and vending
faciiities.

Points Evaluated: Level of Ser vi ce.

WASHROOMS/W.C.'SJLOCKERS
Description:  Adequacy of washrooms, W.C.'s and
Cockers.

Points Evaluated: Lockers, W.C.'s, Showers, Changing
Facllities.
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F6.

OTHER AMENITIES
Descrption: Adequacy of recreational and cultural
facilities.

Points Evaluated: Recreational (mainly sports) Facilities,
Cultural Facilities, Sponsorship.
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Gl.

G2.

G3.

G4.

G DESIGN, DRAFTING, PRODUCTION ENGINEERING AND LOFTING

SHIP DESIGN

Description: Ship design to support contract actions and
to provide a basis for production_ drawings. Typically
inciudes: general arran ement Ilnes shell plates,

midship section, system drawings, and specifications.
Points Evaluated: Shipyard role, Methods, Data, Research.

STEELWORK DRAWING PRESENTATION

Description:  Production drawings necessary for Classifica-
fion £C|ety

approval, steel procurement and for enabling
shipyard workers to build the ship.

Points Evaluated: Production Orientation, Drawing
Methods.

OUTFIT DRAWING PRESENTATION

Description: Production drawings necessary for fabricating
Iocéi manufacture items), locating and installing pipe,

wire, ducts, hull fitting, machlnery, joiner work,

insuiation, etc.

Points Evaluated: Production Orientation.

STEELWORK CODING SY STEM

Descn%tlon A system (symbols) for numbering plates
and stiffeners so they can be identified throughout the
production process.

Points Evaluated: Type of symbols, Standardization,
Coverage.




G5.

G6.

Gr.

G8.

(9.

PARTS LISTING PROCEDURE

Description; The procedure used for listing parts for
steelwork and outfit as an aid to purchase and production.

Points Evaluated: Extent, Method.

PRODUCTION ENGINEERING

Description: Production Engineering includes plant

ayout, _equment design, methods, standard practices
_andt debs|gnb ?{ production. Deals with how the ship
is to be built.

Points Evaluated: Organization, Scope, Products.

DESIGN FOR PRODUCTION

Description: Ensuring that ship designs and drawings
support efficient manufacturing, erection and installation
processes and take advantage of the capabilities of ship-
yard equipment.

Points Evaluated: Relationships, Production Orientation.

DIMENSIONAL AND QUALITY CONTROL

Description: Ensuring the control of dimensions and
quality so that specifications will be met and efficiency .
of production will be enhanced.

Points Evaluated: Organization, Scope.

LOFTING NETHODS

Descri%tion: Trandating information on drawings to a
orm useful to production in performing steel work and
outfitting.

Points Evaluated: Methods, Coding Sheets, Responsibility.




H1.

H2.

H3.

H4.

H ORGANIZATION AND OPERATING SYSTEMS

ORGANIZATION OF WORK

Description: The amount of flexibility allowed management
In the assignment of work to the separate trades.

Points Evaluated: Trade restraints, area supervision
work station organization.

CONTRACT SCHEDULING

Description;: The master schedule which sets the planning
boundries and constraints for the construction projects
includes schedules for preproduction, drawing office and
classification society activities plus key date and
erection schedules.

Points Evaluated: Degree of Refinement, Resource Planning.

STEELMORK PRODUCTION SCHEDULING

Description:  Schedules for the preparation, cutting,
fabrication and assembly of plates and stiffeners into
sub-assemblies, units and blocks.

Points Evaluated: Degree of refinement, schedule
coordination with demand schedule.

OUTFIT PRODUCTION\ SCHEDULING

Descrigf)tion: Schedules for the production (manufacturing)
of outrit 1tems.

Points Evaluated: Degree of refinement, coordination
with demand schedule.
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HS.

H6 .

HT.

HS .

HI.

OUTHIT INSTALLATION SCHEDULING

Description:  Schedules Iorqvidin the desired time periods
and sequences for installation of outfit items, both yard
manufactured and purchased.

Points Evaluated: Degree of refinement, coordination
with demand schedule.

SHIP CONSTRUCTION SCHEDULING

Description: Schedules for the assembI% of units, blocks
and o{)ﬁer steelwork on the ways or building dock.

Points Evaluated: Degree of refinement, coordination
with demand schedule.

STEELWORK PRODUCTION CONTROL

Description: This control function concerns the ordering,
sequencing and execution of work. It includes material
control and provision of services.

Points Evaluated: Work Control, Material Control.

OUTHT PRODUCTION CONTROL

Description: This control function concerns the ordering,
sequencing and execution of work. It includes material
control and provision of services.

Points Evaluated: Work control, Material Control.

OUTFIT INSTALLATION CONTROL

Description: This control function concerns the ordering,
sequencing and execution of work. It includes material
control and provision of services.

Points Evaluated: Work Control, Material Control.
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H10. SHIP CONSTRUCTION CONTROL

Description:  This control function concerns the ordering,
sequencing and execution of work. It Includes mater i
control and provision of services.

Points Evaluated: Work Control, Material Control.

H1l. STORESCONTROL

Description;  The management of material receipt, movement,
ocation, stock control and issue -- central storage
facilities only.

Points Evaluated: Methods, Records, Integration.

H12. PERFORMANCE AND EFFICIENCY CALCULATIONS
Description: Systems for measuring performance (accomp-

Ishment) and efficiency in terms of progress and cost to
date and work station operation.

points Evaluated: Measures Used.

H13. COMPUTER APPLICATIOIIS

Description: The extent to which computer capabilities
are utlilz& over a range of shipyard operations.

Points Evaluated: Uses.

H14. PURCHASING

Description:  Purchase of material from outside sources.

Points Evaluated: Organization, Pre-delivery Inspection,
Progressing and Expediting.
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APPENDIX B

SAVMPLE LEVEL CRITER A
FOR SH PBU LDING
TECHNOLOGY -



A

Bl

Plate Stockyard and Treat nent

Plates stored in racks or on the ground and
handl ed by nobile cranes. Infornal nateria
control. “Men on the ground in the body of the
stockyard. Either no steel treatment facilities
or only manual shotblasting and primng.

Hotizaotal storage of material generally neatly
stacked. Overhead cranage using slings or vacuum
lift. Men on the ground in the body of the stock-

yard. Informal recording system for |ocation of
material. Non-integrated treatment |ine.

Vell laid out and drained sto%ky%rd. PEepIanned
| ocations for plates.  Magnet handling by over-

head cranes. men in the body of the stock-
ar% Integrated, automated treatment line with
Klg qual ity priner applicatiOn.

Fully automated stockyard, conmputer controlled
cranes for jnput and withdrawal. Automated
treatment |ine.

Pi_pewor k

Mai nly hot bending and fabrication facikbtie%
with very low |evel of Vech ni zati on, tube
handling” equi pment. Al tube stored on the

round. ~ Standard AC mma. for fillet welding
?I anges. Gas brazing.

Manual |y operated individual. nach%n%ry i th no
3ﬁe0|allzed handl i ng equi pment . USF s_orgdbln
S |p¥ard manuf act ured tube R@st' erviced oy
mobi e or overhead crane. nual TIG sets.
ACDC m m a. butt welding

Automatic individual machinery, positional jigs
and speC|aI|zedFFaHdI|qg equi pnrent. Establ 1 shed
pr oduct |ines. I g densli ty t e stor age arrange-
ments with specjalized handling devices. Mnual

TI G sets. em -automati c equl pment for ferrous

and non-ferrous. Pipe rotator with fixed auto
head.
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BL (Cont’d)

NC pipe production lines incorporating con-
veyors and tube swriy Cassettes all controlled
by punch tape or card. Fully automatic pro:
?rannad orbital TIG welder. Pipe rotator wth

i xed automatic wel ding head. Sem-automatic

equi pment for ferrous and non-ferrous.

C3 Pre-Erection Qutfitting

No pre-outfitting of steelwork done prior to
erection of unit

partial pre-outfitting of adjacent steelwork
units and such work as painting of marked
areas, pipe supports, cable trays, etc.

Substantial pre-outfitting of units and bl ocks
prior to erection including punp roons)
engine room control room etc.

Cpnﬁlete pre-outfitting of units and bl ocks
W t tsystems finished and tested before
erection

D5 St agi ng and Access

Principally a lug and bracket system enployin
moodenpsca¥foldi§b pl anks.  Gangways usg@ PXr :

access to the upper deck.”

Principally patent staging and permanent scaffold-
ing arrangenments augnented by |ug and bracket

system imted useof wire suspended platforns
and hydraulic arm vehicl es.

Good range of access equi pment including patented
staglng, hydraulic scissor |ift platforms, wre
suspended platforms and hydraulic arm vehicles.
Deck access by lift.

Extensi ve range of access equi pment. Preplanned
stfag| ng arrangenments I nvol ving prestaging of units
before~erection. Purpose-built jig for propeller,
rudder and rudder stock installation including all
scaffolding requirenents. Lifts and escalators
used to provide access to various levels of the
ship during construction and fitting out.

B-2
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E2

F1

Mat erial s Handl i ng Level

Smal | parts manhandl ed. Extensive use of

cranes for handling between production stages. 1
Handling activities generally uncoordinated.

II'l-defined storage areas.

Sone use of pallets and fork lift vehicles for

handl i ng and storage of small parts. Less

reliance on cranagefor handl i nlg bet ween pro- 2
duction stages. Units generally handled by crane

and stored within reach of cranes, Sonme defi-

nition of storage areas. MNon self-elevating

transporters.

Extensive palletized system for steel and outfit
materials, conponents and sub-assenblies.

Self-elevating, self-propelled transporters used

with stools and trestles for novenent of |arge 3
steel and outfit conmponents and assenbli es.

Vel | defined storage areas throughout shipyard.

Coordi nated handling activities.

As 3. Enphasis on conveyors and specia

purpose handling and mani pul ati ng equi pnent 4
In all areas.

General Environnental Protection

Bui | di ngs generally untidy and in a run-dorn
state, offering poor working conditions. Little

or no attention given to protection from weather 1
to labor force working outside.

Mainly old buildings with bel ow average morkin?,
conditions. Limted attention given To protection

from weat her for |abor force working outside. 2
Poor housekeeping in sone areas.

Above average working environnent with well

mai nt ai ned buil di ngs. Good housekeeping in

nost areas. Attention given to protection from 3
weat her for nobst of the outside working force.

Good working environment in all buildings.

Consi derabl e attention paid to environnental 4
protection or all shigbﬁildin% functiﬂns carried

out under cover. (Good housekeeping throughout

the shipyard.



G/

H2

Desi gn for Production Level

Little or no involvenent of production

department at the design stage. Few or ,no

natural blocks. Many obvious features in 1
ship design which clearly demonstrate that

design is not production orientated.

Little or no involvenent of production

departnment in detailed design of structure

and outfit. Unit breakdown decided b% yard 2
manager and designer alone. Natural bl ocks

general ly confined to mdship portion. Sone

production orientated design features.

Good coordination between production, plannin
and technical departments.  Continuous' invol ve-
ment by production in detailed design con-

siderafions. Account taken of ease of access 3
for equipment and staging during erection of
ship. Increasing design for production in

outfit installation.

Structural arrangenents and bl ock breakdowns

devel oped to give rapid and econom c erection

fairing and welding. Full advantage taken of 4
characteristics of all manufacturing facilities

to give best overall production efficiency.

Excel | ent coordination between production

pl anning and technical departments.

Contract Schedul i ng

Cardinal or key date programonly. Key dates
established on the basis of lead or lag tines 1
only - no detailed quantification of resources.

Tinme based network analysis or devel opnent of 5
key date program into bar chart form allow ng

sinmpl e handling of resources.

Resource anal yzed networks or simlar. 3

Integrated conmputer system enabling variations
in strategy to be assessed. 4
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APPENDI X C

EXAMPLES OF CORRECTED SURVEY NOTES

Note:
ThisAppendi x is a true copy of
the surH botes as they were conpleted
y the surveyor _and, then, coryected
the shipyards.” The shi pyards ' nota
tlons have been encircled and darkened
to increase their legibility.



A-1 Plate Stockyard and Shipya

Treatment Date_

DESCRIP: The storage, handling, treatment and cnt r ol  of Nots
pl at e from receipt to delivery to the cutting area.  |Index
CONS IDEATIONS: STEEL OTHER
od of storage: Fersrrenarri .

on the ground X — i

Verti _ A

Horizontal —X =

Neatly stacked X - S

Pre-planned locations > X —_

Handling: \Z/
Mobile cranes ¢ 7irzci) S D= w—

Overnhead cranes

Slings/vacuum 1ift
Magnet x
Conveyers £ Selccror Grp X
Other (grappers, hooks) X
Treatment:
None at this state »
Shot blasting X
Priming ( ) AT Loz, Z’?
Integrated (automated S Al
(Leveler, preheat, blasting, priming, delivery)
Manning:
Men in stockyard = ‘ A
Highly automatesd A= N
Control:
Informal selection
Informal location control
Pre-nlanned locations X hd
Computerizad Cv

K4 -J . 0'0. .’. .'.
‘,/} ;’f/—’—’/-—f-g' e sSeZ 7 et = i S KL
(R) 427 drgam gad wzaoa I7 e et af'{ rE it

(7)) 4% weve Soi H2F ﬁy/ﬂ'w/'y s e 1P Ao
T Thy SHers becweve 2 27E sy 7€
T eee pprod2 Lo 77 /.J?/og /:.vuu‘7 af"—-

/g/a i /«‘“IJI_ T ST S

2R/ (
S L e SOrars st TS5 w2 Ko
Frces S -’/& .
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Al.- Plate Stockyard and Ship:
Treatment Date

Working Area (SQ. FT.) /,7/:/= B

L P -1 .
Total /aaa’ 2o (TiFzS Fred - olzfer - Thspar _,,4,,,,,‘,‘_: Nota

Index
Open Roo'r only Bldg. Age 2 s
€nvironment ogisualagorezcs) LTty
%—ﬁng ﬁ
szlatmn
'Het‘h ng - AC / /ﬁ#
Housekeeping — e x/ %_)7; ”
fa-v;.lt - Malt. flow |/ / = [

Employment (at time of survey)
Total . vomet - 20K
Superyvjsors

Equipment Visual Impression
NG. | Poor | Fair |Good | Age

Xl/o‘-‘w

| Crane.
8lasting
Painting

=f=f¢g}ﬁ-’¢ Lz

V4

[ 2% ) .
Steel Processing Ratey” A L e s Dper -

Stock Level s: - Steel Other
(weeks supply)  pax Frre
Ave. Lo Ty
Mat erial Handl ed

N,
| “~ |~

~
&

| I

;

Steel, common Lz
Steel, special Lo
Aluminum L
Other -
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B-1 _ Pipework Shipyard-
Date

DESCRIP:  Fabrication (manufacture) of pipe and fittings
(e.q., bending, Flanging, priming, etc.) prior

to Installation.

CONSIDERATIONS:
Storage:
G_r?)%nd Some
Simple racks ) ) i Mo<T
High density with specialized handling devices_ Sgmz
Welding: .
,Man%al meta arc AC - AC/DC Lok
IManual inert gas 2.8 7o
Pipe rotator with fixed auto head —_—
Semi - automatic equipment —_—
Fully automatic programed equipment —Ne
Bending & Fabricating: o N
Hot bending, little” mechanization —LEels
Mlanually operated machinery -
Automatic _machinery, positional jigs,
specialized handling equipment gi

N.C. machinery in production line setup

C-4
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~"B-1 _ Pipework Shipyard

Date
Working Area (SQ. FT.) @ €D ¥
, . + sz SwoP + Pos INnsuusTo
T 60,00 Total 24 bw+ 1,000 (o BLoe- &S + 71200 In (o voce SkoP + [2ovo Pioe INSUATER
Open Roo? only Bldg. = v~ Age 30-b0 Index
. PIPESHOD 08 CopPER|Sme
. Visual Impression
Environment Sor | Fair | Good _
[ignhting 7 =TE faig— &e0D
Ventilation )0is€ | Goon/Gmo &o0e (Hec*)/:
Heating - AC / / 10 G—wv/° G—wx/b '
Housekeeping v Gooo Grodo
Layout - Matl. flow / / v @ Gwo/&wp G—wv/f:-ooD
Employment (at time of survey) :
Total 17 "
Supervisors 5 :
Equipment T Visual impression
No. | Poor | Fair |Good | Age —_—
Cranes (st | | /135 = T
Tools ‘ -
Shop Equipment
ey ‘T SRE R [ v | 10 CumiNGd
m TresadING
19" Sang Saw 1 v i D
Titr WeELDERS 1 v 7

@ Ry ing ls 4 P'?’F LU,Lza-.»ow:’, ’),oovs,,:, 0 Wwes s Useo
— cur Pre. Pive o A System |y oA I X073,

D) A seeseare Sror Pr Ace Copree 4 Berss Wore, I Has
Ce uris To Foem lecée Pire feon Sweer.

@ ZoneD DL Piee Hangees, Pioe AssemeLies, Eavicazarey,

e Cons, CTT
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C-3 Pre-Erection Qutfitting

Shipyard,,

Date

DESCRIP: This is concerned with the degree of outfitting
doneon steel wor k prior to erection on the
ways or building dock.

CONSIDERATIONS:

Percent of Pre-Erection Outfitting of Total Ouitfit:

_Ship Type

Tanker
Cargo ship
e 7

DWT

e 2 S

Scope of Pre-Erection Outfitting i n % (approx.)

Flatc|curved 30 | Super-| Block
Units| Units Unit | struct.
Int. Paint P
Ex. Paint >
Scaffolding
“Supports
Pipe Support
Cable ways /0%
Piping v
Aux. Machinery
Grating Sow e
Ladders
Vent ducks =< X
Joiner work > -
Access = X
Al rportS
ot e X -

C7

Note
Index

L

N Sty e T,

1D S O7 & sr SOOI 1¥0r
YEXy /1PP/e cfSc mirere .

a/ﬂf;.'gv’ s1 A o s e «

S it e
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o dc/&r‘war’»& ;z,’;,,a’g/a“f, OB | S o
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o
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D-5 Staging and Access Shipyard.
Date

DESCRIP: a?m g and access on ways, building dock and
outfitting pier.

CONSIDERATIONS

Staging Methods:
Lug & bracket &Wood planks

VF\)/ilarteethjs s(taa%wég ﬁ a forms

drau i c am veh|cles

ydraulic scissor lift platfoms
Bu Iannedsta?ebefore erection

rpose - built jigs for

propeller

rudder

rudde stack

Other: K. o Tootin
Jd

Acgess )

angway's

St aqutow ers
Elevators
Escallators

Housekeen (‘?
On scaff ding
Access

Poor Fair

¢

G9

L

% etc.

y

I R KK

Note
Index
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C-5 Materials Handling Shipyar

Date__
DESCRIP. This is an overview of the entire shipyard
—  material handling system which have to-a
large extent, been covered in most of the
other elements.

CONSIDERATIONS .
Equipment: % Approx.
Manhandled ‘4 , I ‘ . l
~ -/| V]| S L v 7 |
Cranes ’ A ,
rfork 1ift & pallets A V| vl v — |
- -t / ! . V]
”‘3“55555;‘-%&%3“‘“9 AV ‘ g |
Self¥ elevating, self | .| V v |
propel. transporters [ - >
Conveyors 1 /17
Special purpose handl. &
manipulating equipment ! ;
Straddle crane v/ v
3 2
b
] 7] -
B || || 33
s 2|3 = o3 o3
- a2 Sl awlalmen
e T = s 2| | ¢«
S Q¢ |2 = S U Q=
sl 1Bl=| S| 2|alwd
< — =S| z|<| & T g
= Q et = = Q=
=221 8] 3] 25
Storage Area: _
111 defined (space available) _—
Some definition of storage areas —

Well defined storage throughout yard
Coordination:

No Coorglli3 r_lla_ttion of Wor_kI a\lljs_lmaterial handling equipment
capability or availability

Some coordination A

Well thcught out

G11
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E-2 General Environmental Protection Ship
Date

DESCRIP:  Concerns environment protection provided Note
men and material in terms of wesather, Index
temperature, housekeeping.

CONSIDERATIONS:

Housekeeping:
Pooregpengral ly

Poor 1n some areas 14/ ,
Good in most areas 1
Good throughout

Weather Protection: . %
Very little for outside force L
Some for outside force
Mbst outside fores protected
Considerable attention or all work

under cover

/s

Genera Working Conditions:
Poor
Fair

Good |,

M'Exterial St{,)ragf:: :

nvimnmentvirtual Iy ignored. s

Some material protected o ’_7,@
Most material protected (cover or inside)

Notes: (1) Not e buildings designed for purpose includin
@ speciall mater?alshar?dling. PHIP J

22 Note general age of bui 1 di ngs.
Emphasize "housekeeping.

AL o . WMMZW@:/ 2 2
W%??-/;7i;%@y%%%‘ fuzé,w @%_7_ o /;\

2T Cdlelerridd amaro g 2 S
WWJ/M Wfﬁ% o
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G-7 Design for Production Shipyard.

Date____

DESCRIP:  Ensuring that ship designs and drawi r:qu_ Sl;{:)port
efficient manufacturing, erection and instal-
lation Ipr_ocess;ers and take advantage of the
capabilities of shipyard equipment.

CONSIDERATIONS:

Relationships:

Production departmnt not involved in destgA

Production department not involed in detail
design of structure and outfit _

Production department continuously involved

Ghod coordination between production, technical
and planning departments _

Excellent coordination between production
technical and planning departments

Manifestations: _ _
Design clearly not production oriented
Some orientafionfor production
Few or no natural blocks o
Natural blocks confined to midships _
Unit breakdown not influenced by production

department _

Access and staging considered
Manufacturing capabilities considered
Erection, welding and fairing considered
Outfit installation designed for production ‘

j“‘f_ WV" &‘-«044.47(

K[ KL

Not e
Index

/s
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H-2  Contract Schedul | ng Shipyard_

{ote

DESCRIP: Themaster schedul e which setsthe planning bound-  |y7 424

ries and constraints for the construction pro-
ject; includes schedules for preproduction,
drawing office and classification society
activities plus key date and erection schedules.

CONSIDERATIONS

Degree of Refinement: _
ey date program only by Production Dept.
Time bassd network analysis or development o
of key date bar charts e
Resource analyzed networks _ —_
ComPuter system facilitating evaluation
of alternatives

Resource planning:
None based on schedule
Simple handling based on bar chart
Substantially based on network analysis —_— .
Resource alternative derived by computer —}Lﬁi— &
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APPENDI X D

UNITED STATES SHIPYARD
HI STORIES AND DESCRI PTI ONS



BATH | RON WORKS CORP. BATH _MAI NE

The yard started building ships in 1889 and devel oped

in capability through World War | and II, chiefly as a
bui | der of Navy Destroyers. —In 1967, it was acquired as

a subsidiary. of the predecessor of the Congol eum Corporation.
It is currently constructtig and undertaking najor overhauls

of Naval ships, Wwhile sinultaneously contracting to construct

maj or commercial cargo ships and small tankers.

SH PYARD CHARACTERI STI CS

Site: The main yard is situated along the-bank of the Kennebec
RveR a fewniles fromthe Atlantic Qcean. |t 1S about 40 mles
fromthe city of Portland. The Hardings steel facility cuts and

fabricates steel and is located 5 mles inland fromthe main yard.

Acreage: 92
Access: It is accessible to major highways and has rail facili-

ties in both the main yard and Hardings Plant. There is no sup-
porting industry in the vicinity and materials and equipnent are
purchased from other Segments of the country. It is 40 mles to

the Portland Airport.

Expansi on Possi ble: Limted




Bath Iron Wrks

Facilities:
Docks : | -Floating 413" x 85 (7600 T lift)
Bert hs: 1-548" x 92
1-545 * x 8%
1-519° x 83
Piers : 2900

Maxi num Ship Size 700" x 130" (20,000 T Lt. Ship W.)

|s Site Fully Cccupi ed by Supporting Facilities: Yes

YARD ACTIVITY
Type Work in Recent Years: Navy Destroyers and Frigates, Ro/Ro

shi ps, container ships, snall tankers and major Navy overhaul

and conversion.

Traditional Cientele Providing Base Load: Mstly Naval with.

some intermttent commercial (subsidized and private).

Recent Ship Conpletions 1973-1977:  (over 1000 gross tons)

1973 2 Container ships
1974 2 Tankers

1975 3 Tankers

1976 3 Ro/Ro ships

1977 1 Ro/Ro ship & 1 FFG

Labor Force: 4/78

Total Plant - 4408 Ship Repair - 949 (Navy)
Naval Const. - 1490 Non- shi p - 137
Comm Const. - 1217 - 613
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Bath Iron Wrks

Wrk in Progress: (as of 31 Decenber 1977)

2 - Container ships
11 - GQuided Mssile Frigates

Type of Work Expecting in Future:

Conmer ci al and Destroyers

Type of Work Yard Bel i eved Best Suited:

Commer ci al 30, 000T .
Destroyers (New Construction and Overhaul).
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GENERAL DYNAM CS CORPORATI ON- QUI NCY SHI PBUI LDI NG DI VI SI ON
Quincy, Mass.

This yard was purchased from Bethl ehem Steel in 1964. |t
is a highly diversified yard and has constructed both comerci al
and Naval (conventional and nuclear powered) ships over nany

years. It is not a repair yard.

SHI PYARD CHARACTERI STI CS

Site: The yard is located in the outskirts. of Boston on the Fore
River in Weymouth, Mssachusetts. Access to Boston Harbor and
the Atlantic Ccean is through a highway bridge that inposes beam
restrictions. Associated with the main yard is a new spherical
LNG container facility near Charleston, South Carolina. Its

capacities are in excess of present shipyard requirenents.

Acreage: 187 (172 in use)

Access: It is accessible to major highways -and has rail facilities
serving the yard. It is about 20 mles to Logan International Air-
port.

Expansi on Possi bl e: No
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Facilities:

Docks : 2-867 x132’
2-874" x132’
1-950" x 150’
Berths : None
Piers : 4600
Maxi num Ship Si ze: 936" x143'" (no limt on ship weight)

s Site Fully Occupi ed by Supporting Facilities: Yes

YARD ACTIVITY

Type Wrk in Recent Years: LNG ships, large barge carrying ships
(SEABEES) and Naval Auxiliary ships.

Traditional Cientele Providing Base Load: Commercial and sub-

si di zed ships; however, is interested in entering Navy field again

Recent Ship Conpletions 1973-1977 (over 1000 gross tons)

1973 1 Barge carrying shi Seabee
s L g ying p ( )
1975 0

1976 0 _

1977 2 LNG shi ps

Labor Force: (as of June 1978)

Total Plant - 5791 Ship Repair - --
Naval Const. 64 st af - 199
Comm Const.- 3429 - 2099
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Work in Progress : (as of 31 Decenber 1977)

8 LNG ships (125,000 cu. m)

Type of Wirk Expecting in Future:

LNG Shi ps
DDG 47 (Navy)

Type of Work Yard Believes Best Suited:

LNG Ships and Conpl ex Naval
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CGENERAL DYNAM CS CORPORATION
Charleston, S.C. Facility
(LNG Sphere Manufacturing Facility)

The Charleston Facility was designed and constructed for
the fabrication of specialized tanks (800T Al um num Spheres)
for installation in the Liquid Natural Gas (LNG tankers built
at the General Dynanics, Qincy Shipbuilding Division. In late
1974, due to the inability of the sub-contractor to supply the
spheres in support of the ongoing LNG tanker building program
General Dynamics took over and conpleted the Charleston facility.
Fabrication of the first sphere commenced in July 1975. Sub-
sequently, on December 7, 1976, two years and one day after take
over of the Charleston Site, the first conpleted sphere arrived
via barge at the Quincy, Mass. yard. The sphere manufacturing
facility is very nodern and is, at present, the only one of its
kind in the world. The spheres can be usedfor floating or |and

based storage as Well as for transport of LNG

FACI LI TY CHARACTERI STI CS

Site: The facility is located northeast of Charleston, S.C. on
the Cooper River, 22 miles fromthe Atlantic Ccean. The site is

approxi mately 900 niles distant by sea from the Qui ncy Shi pyard.

Acreage: 87
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Access : It is accessible to major highways and is served by

rail facilities. It has direct access to the Atlantic Ccean,
via the Cooper River. It is close to the Charleston Minici pal
Ai rport.

Expansi on Possible: There is a considerabl e anount of open

ground plus 3.2 acres of swanp.

Facilities: Piers: Barge Slip: 110" x 220’
Plate Yard:" 100 * x 700’, 1-20T crane
Crane Support Structure _
(Sphere Assenbly) 570° Length ))((%zg \I-/itthh

Fabrication Shop:
Low Bay 100 * x 300’
_ ‘Hgh Bay 100 ‘ x 800’
Trans-1lift Unlts%Oonp eted Sphere Transporter)
3 ea. 335T Cap.)

s Site Fully QOccupi ed by Support Facilities: No

FACI LITY ACTIVITY

Type Work in Recent Years: Solely devoted to the fabrication

and delivery of alum num LNG spheres. The first sphere was
delivered in Decenber 1976. The facility is capable of the
si mul t aneous construction of six spheres (approximately eight-
een weeks per sphere) with delivery rate of one sphere every

two and one-hal f weeks.

Traditional Cientele Providing Base Load: Serves the Quincy

Shi pbui I ding Division, General Dynam cs Corp.
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Wrk in Progress: Al um num LNG Tanks.

Type of Work Expecting in Future: Continued sphere production

in support of the construction of LNG tank ships. Excess capacity
coul d support outside LNG construction. Possible additional

sphere production in support of floating liquification and stor-
age facilities.

Type of Work Yard Believes Best Suited: As above
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SEATRAIN SHI PBUI LDI NG CORP.  BROOKLYN, N. Y.

In 1969, Seatxain Shipbuilding Corporation, a subsidiary
of Seatrain Lines, Inc., leased the principal facilities of
the former Brooklyn Navy Yard. |t was established to build
225,000 DWI' Tankers on an assenbly line basis, wth special
enphasis on large steel nodules. It has very nodern steel

handl i ng, fabrication and assenbly facilities.
SH PYARD CHARACTERI STI CS

Site: The yard is located in netropolitan New York and is part
of the former Brooklyn Navy Yard situated on the East River in

New York. It has direct access to the Atlantic Ccean.
Acreage: 80

Access :© It is accessible to major highways and is served by rai
facilities. It is close to Kennedy International and La Guardia
Airports. There is some supporting industry in the New York-

New Jersey Metropolitan area

Expansi on Possi ble: Yes

Facilities:
Docks : 2-1093" X 150" (60,000 T vv.g
1- 758 X 113° (40,000 TW.
Bert hs: None
Piers: 4600
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Maxi mum Ship Si ze: 1094" x 143

|sSite Fully occupi ed by Supporting Facilities: No

Type Work in Recent Years: Large tankers (225,000 DWr), large

barges and major ship rebuilding.

Traditional Clientele Providing Base Load; Commercial work only,

bot h subsi di zed and private.

Recent Ship Conpletions 1973-1978 (over 1000 gross tons)

1973 1 Tanker (225,000 DWAr
1974 1 Tanker (225,000
To7er € Earges 11% jg% % * | lcebreaker Barge
*
1976* 6 Barges , G587 D)
1977 1 Tanker (225,000 DWI
1 Barge 6,570 DW
1978 1 Tanker (225,000 DW ’
1 Barge 483 x76’ X 36")
Il Barge 3,458 DWI)
Labor Force: as of April 1978
Total Plant -~ 2096 Ship Repair - -
Naval Const. - staff -
Coom. Const. - 1334 - 762

Wrk in Progress

2 Tug-Barge Container Units Ro/Ro (6,450 DW ea.)
1 Ro/Ro Bar

e
1 Chem cal %arrier Conversion (34,000 DA

Tvpe of Work Expecting in Future:

Q| Barges
E%?Fagr Séarges Repai rsgof Shi ps & Barges
Cont ai ner Bar ges/ Shi ps Navy/ M Ad/ MSC ~ Shi ps
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Type of Work Yard Believes Best Suited:

Same as above.
\Where heavy steel construction is required.
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SUN SHI PBU LDI NG AND DRY DOCK CO
Foot of Mrton Avenue
Chester, pA 19013

Sun Ship, an independent subsidiary of Sun Conpany, has
been in operation over 60 years and has constructed over 600

vessel's in that period. Essentially a commercial yard, the
shi pyard does actively pursue and has experience in Naval work.
Sun constructs a w de range of general cargo, bulk cargo, and
specialty vessels. In addition, Sun has conplete facilities
for ship repair, ship conversion, and industrial products
i ncludi ng a heavy machi ne shop.

Sun Ship offers a full scope of engineering services
i ncluding the design of new vessels, ship conversion and pro-

duct devel opment for industrial, aerospace and hydrospace
applications.

SH PYARD CHARACTERI STI CS

Sitee The yard, 15 mles south of Center Philadel phia al ong
the Delaware River, has direct access to the Atlantic Ccean

and to the Chesapeake Bay via the Chesapeake-Del aware Canal .

The channel off the yard is maintained to 45 feet at mean | ow
wat er .

Acreage: 180
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Access: Sun has access to major highways, is 6 mles. from
the Philadel phia International Arport, and has direct access

to both the Conrail and Reading Railways.

Expansi on Possi bl e: Yes.

Facilities:

New Construction Capacity
4 end | aunching ways:
#0f way  Dinensions Max. Ship Size Cranes Serving Wy

#1 & #2 Length 670’ LOA - 635 Bri dge
Presently Wdth 80 Beam 85’ -20T
| nactive Wi ght - 8000T 2- 15T
#6 &#8 Length740 0 LOA - 745 Gntry
Wdth 139’ Beam 132’ - 50T@65 @65

Bui I ding Platform

One 700 ft. square building slab capable of building ships
to 400,000 DW.  Slab has two sections for sinultaneous construc-
tion of two halves of one large ship or two smaller vessels. It

Is serviced by five (5) gantry cranes (2-250T capacity, 3-75T cap-

aci cy)

Note:  Maximum size of 400,000 dwt vessel: | oA 1,100 Ft.
. . Beam 190 Ft.

Maxi mum size of 2 smaller vessels: LOA 650 Ft.

These vessels are 30,000 dw each. Beam 90 Ft.
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Pier Capacity:
Ships’ Berths

Water Depth .

No. Length | nboar d- Qut boar d Cranes Serving Berths
1 600 Ft. 17 Ft. - 21 Ft. _

600 Ft. 22 Ft. - 26 Ft. 2 Gantries 21T @55 Ft.
2 500 Ft. 21 Ft. - 22 Ft. 2 Gantries 21T @55 Ft.
3 960 Ft. 34 Ft. - 25 Ft. 2 Gantries 21T @55 Ft.
5 550 Ft. 24 Ft. - 24 Ft. 1 Gntry 21T @  55ft
6 1100 Ft. 30 Ft. - 30 Ft. 5 Gantries

(Qutfitting Pier) 3 - 757)

Fl oating Dry Dock:
#4 floating dry dock is a two-section dry dock capabl e of

accornmodating vessels with widths of Up to 197 ft. and with its
700,000 ton lifting capacity, is capable of handling vessels up
to 400,000 deadwei ght tons.

Wien used independently, each 350 ft. section is capable of
lifting 35,000 tons. When used together, the two sections may.
be spaced up to 20 ft. apart, giving #4 dry dock a 900 ft. LOA

The dry dock is serviced by two 23.5-ton, and two 10-ton

gantry cranes.

Suppl ement al _Heavy Lift Equi pnent:

A wheel ed, 212 ton capacity transporter capable of moving
| arge sub-assenblies fromthe fabrication shops to the new con-
struction sites.

The Sun 800 is a barge-mounted derrick with an 800-ton lift-
ing capacity that may be nmoved to the outfitting pier, floating
dry dock, or ship piers whenever additional heavy Iift capacity

I's required.
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Fabri cating Shop:

120T capacity per eight hours and served in high bay by
5 bridge cranes (2 -75T, 2 - 30T, 1 - 20T) and in the |ow bay
by 4 bridge cranes (1 - 20T, 1 - 15T, 2 - 10 T).

Support Shops:

In addition to the above, separate shops and facilities
are maintained in the yard for specialty operations in con-
junction with ship construction, repair and industrial Pro-
duction as follows:

Boi | er Shop El ectric Shop
Pi pe Sho Car penter Shop
Copper S oP Bur ner Shop
Sheet Metal Shop Bl acksm th Shop

Additional Sun Ship Facilities and Capabilities:

In addition to the shipways and outfitting piers, Sun Ship

has facilities to incorporate a wde variety of fabrication and

machi ning operations. Included in these operations are:
1) Plate preparation equipment which will cut netal up
co 10" thicknesses. _
2) Rolling equipment which will roll 1 /2" plate to a
m ni num of 38" O D. .
3) 2,000 Ton hydraulic press which accepts plates up to

4
5

Two car bottom stress relieving furnaces up to

18" x 18" x 80" with a maxinmum tenperature of |,400°F

Vertical segmented stress relieving furnace 26" in

d%a?EBSB gn h a height of 60" and maxinum tenperature

of |,300°F.

(6) Vertical boring mlls which have up to 22' dianeter
swing and 55 ton capacity.

(7) Horizontal boring mlls which can bore to 48 depth.

(
(2)
(3 4" thickness.
(4)
(%)
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283 Bressure testing facilities Up to 60,000 PSI.
9) Bal ancing machines sensitive to 1 oz. /inch which
can simil ate speeds up to 10, RPM

(10) Torque testing facilities up to 29 mllion in. /lb.
with 25 dianmeter shaft maxi num

Maxi mum Ship Size: 1100 x 195 in two hal ves)

Is Site Fully Occupied by Supporting Facilities: No

YARD ACTIVITY

Type Wrk in Recent Years: Cargo ships, Ro/Ro vessels, medium
S zed tankers, container ships and LNG carriers, also ship
repair and industrial manufacturing.

Traditional dientele Providing Base Loads: Commercial clients
primariTy, SOme Naval WOrK

Recent Ship Conpletion 1973-1977:
1973 3 cargo ships

1974 1 cargo ship

1975 3 cargo ships, 1 tanker (124, 000 DW)
1976 2 tankers

1977 1 cargo ship

Labor Force: *Total Plant less staff equals yard crafts (as of
Septenber 1978) .

Total Plant - 3,500 to 5,000 Ship Repair
Navy Const. - * Non- shi
Comm Const.-  * St af f 350: to 500

Wrk in ?rogress: (as of 31 December: 1977)

2 LNG (130, 000 cu. gb&
2 Tankers (118, 000 )

Type of Work Expecting in Future:
3 Ro/ Ro Contai ner Ships
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Type of Work Yard Believes Best Suited:

Any type of vessel over 500 feet long requiring sophisticated,
conpl ex engineering design
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BETHLEHEM SPARROAS PO NT_SHI PYARD, SPARROAS PO NT, MARYLAND

This yard is the last of the several shipbuilding yards
formerly operated by Bethlehem Steel. The remaining yards
concentrate in repair, barge and special vehicle construction
The yard was originally established in 1831and becane part
of the Bethl enemorganization in 1916. It is primarily a ship-
bui | di ng yard.

SH PYARD CHARACTERI STI CS

Site:  The yard is situated at the head of Chesapeake Bay, about
200 niles fromthe Atlantic Ccean. It is adjacent to a Bethlehem
Steel Plant and near the city of Baltimore. It has a frontage

of about 3500° on the Bay and about 2400" deep.

Acreage: 200 (142 used, the bal ance bel ow water)

Access: It is accessible to major highway systems with direct
connection to 3 major railroads. It is 15 miles from Internationa

Airport and is in an industrial conplex.

Expansi on Possi bl e: Feasible

Facilities:
Docks:  1-1200° x 200" (50,000 T. Lt ship W)

Bert hs 2-769" X 110" (15,000 T)
2-625" x 90 (11,000 T) now used as platens

Piers: 3870’
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Maxi mum Ship Size: 1200 x192" (50,000 T. W.)

Is Site Fully Cccupied by Supporting Facilities: Yes

YARD ACTIVITY

Type Work in Recent Years: Mostly commrercial

205,000 DWI, Contarner ships, floating Navy dock.
undertake repair work.

tankers up to
It does not

Traditional Cientele Providing Base Load: Tanker and cargo
ShTp OWNers, both private and substdrzed construction.

Recent Ship Conpletions: 1973-1977 (over 1000 gross tons )

1973 1 Container, 3 Tankers
1974 1 Container, 2 Tankers
1975 1 VLCC Tanker

1976 2 VLCC Tankers

1977 1 VLCC Tanker

1978 1 VLCC Tanker, .1 ULCC Bow

Labor Force: 4478

Total Plant - 3246 Ship Repair
Naval Const. - 214 Non- Shi p 163
Conm Const. - 1755 Staff - 1114

Wrk in Progress: (as of 31 Decenber 1977)

% - Cont ai ner Shi ps
- VLCC

2 - ULCC Bow Sections (NNSB&D)

Type of Work Expecting in Future:

Ccean Goi ng Barges

Typee of Work Yard Believes Best Suited:

Tankers, bulk carriers, container ships, WNaval
auxiliaries, structural work, pipe work and
anything which would utilize available facilities
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NEWPORT NEWS SHI PBUI LDI NG AND DRYDOCK CO
Newpor WS, va.

This conmpany, founded in 1886, is presently con-
sidered the |argest shipbuilding conplex in the world.
In 1968, it became a subsidiary of TENNECO INC. It is
highly diversified and is the only yard capable of building
and servicing the full range of nuclear-powered ships-
carriers, cruisers, submarines. |t constructs both

comrerci al and Navy ships, and al so undertakes considerabl e
repair work, both naval and merchant.

SHI PYARD CHARACTERI STI CS
Site: It is located at the mouth of the James River and
has direct access to the Chesapeake Bay and thence the
Atlantic Qcean. It has recently conpleted in 1977 a large
new North Yard with the capability of building vessels
over 400,000 DWM. The yard extends two mles al ong
the river. The yard has a |arge foundry, forge, nmachine
shops, etc. and is at present the nmost self-sufficient
yard in the US

Acreage: 475 (302 used)

Access: It is accessible to major highways and has com
plete rail facilities to the yard. It is reasonably
close to both the Norfol k and the Newport News Airports.
There is increasing devel opnent of supporting industries
but much of the required materials and equipnent are

shi pped from outside the area.

Expansi on _Possi bl e:
Yes - 150 acres underway - can do nore if needed.
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Facilities:
Docks:  1-960" x 128" (G aving)
1-1100" x 140" (G aving)

1-1600° x 250" (Gaving, 900 T
crane, in new yard)

1-650° x 92' (Gaving-repair drydock)
1-862" x 118 (G aving-repair drydock)
1-458" x 72" (Gaving-repair drydock)
Berths: 1-447 x 90’
1- 649" x 90’
1-637" x 61
2-882" x 128’
Piers: 12, 400’

Maxi mum Si ze Shi p: 1600" X 240 (700,000 DWI)

Is Site Fully Cccupied by Supporting Facilities:

YARD ACTIVITY

Type of Work in Recent Years: Highly diversified with
nucl ear aircraft carriers and subnmarines, cruisers,

| arge tankers, LNG carriers and conmercial cargo ships.
It has a large major ship repair business and al so under-
t akes considerable non-ship work, primrily goods and
services for the nuclear power generating industry.

Traditional Cientele Providing Base Load: Navy and
commercial operators, as well as industrial.
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Expansi on Possi bl e:

Yes - 150 acres underway can do nore, if needed.

Facilities:

Docks:  1-960' x 128 (G aving)
1-1100" x 140’ EGrav! ng) .
1-1600" x 250" (Graving, 900 T crane, in

_ new yard)

1-650° x 92' (Gaving-repair drydock)
1-862' x 118' (Gaving-repair drydock)
1-458' x 72' (Gaving-repair drydock)

Berths: 1-447° x 90’
1-649° x 90’
1-637" x 61
2-882" x128°

Piers: 12,400

Maxi mum Size Ship: 1600 x240° (700,000 DWI)

Is Site Fully Occupied by Supporting Facilities: No

Type of Work in Recent Years: Hghly diversified with nuclear

aircraft carriers and submarines, cruisers, guided mssile
cruisers, large tankers, LNG carriers and conmercial cargo ships.
lthasal arge maj or ship repair business and al so undertakes
consi derabl e non-ship work, primarily goods and services for

nucl ear power generating industry.

Traditional Cientele Providing Base Load: Navy and commercial

operators, aswellas industrial.
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Recent Ship Conpletions: 1973-1977 (over 1000 gross tons)

1973

1974 1 Guided Mssile Frigate . .

1975 1 Nuclear Submarine, 1 CGuided Mssile Frigate,
1 Aircraft Carrier. , ,

1976 2 Submarines, 1 Guided Mssile Frigate

1977 1 Aircraft Carrier
1 Quided Mssile Frigate

2 Nucl ear Subnarines

Labor Force: 4/78
Total Plant - 24995 Repair Work - Navy 769

| Conin * 1072
Naval Const. - 12579 Non- shi p - 595
Comm Const. - 5310 - 4670

Wrk in Progress: (as of 31 December 1977)

3 LNG Carriers (125,000 cu. m)
3 Tankers (390,000 DWn)

1 Aircraft Carrier

2 Quided Mssile Frigate
11 Nucl ear Subnarines

Type of Work Expecting in Future:

_ Aircraft carriers, cruisers, submarines, comrercial shiP
I ndustrial products.
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I NGALLS SHI PBUI LDING DI VISION, LITTON SYSTENMS
Pascagoul a, M SSISSI pp

This shipyard, acquired by Litton Industries in 1961,
originally started in 1938 as Ingalls Shipbuilding Co. The
ol der of the two yards is referred to as the East Bank Yard,
and the new facility conpleted in 1970 is known as the West
Bank Yard. It is a diversified yard, building both conmrercia
and Naval ships. At one time, the East Bank was used for the
construction of nuclear submarines, and at present it is per-

formng major nuclear subnarine overhauls.
SH PYARD CHARACTERI STI CS- ( EAST BANK)

Site: This is the original shipbuilding facility located in
Pascagoul a, M ssissippi, near the Gulf of Mexico. It is “located
about 40 mles from Mbile, A abama, a large port, and about 120

mles fromNew Orleans, also a nmajor port.
Acreaze: 178 (151 used)

Access: It is served by major highways and has suitable rai
facilities. The closest major airport is in Mbile about 40
mles distance. There is no supporting industry in the vicinity

and it procures its materials and equi pnent throughout the country.
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Expansion Possible; Not applicable, based upon reduced
activity in yard

Facilities:
Docks 1-460° x73 x 35 (Gaving)
i 1di : 1-690' X 85 _ _
Bullding Véys: 4-650° x 90" Inactive, but still in good
1- 550’ ><80’} condition. Cranes have been
moved to West Bank but can
Piers: 3100 be returned if needed.

Maxi mum size Shi p: 650" X 90' (18,000 T. W.)

: L] o | : lities
The steel fabricating shop and platens are being disnmantl ed. Ther e
Is a 5 year plan to phase out the renmaining shops.

SHI PYARD CHARACTERI STI CS- (VMEST BANK)

Ste: This yard is directly across the Singing River from the
East Bank Yard and adjacent to Pascagoula. 'hiS yard was developed

for nodul ar shipbuilding concepts, with special enphasis on
mul tiple Naval ship construction. It is almst square in shape,

being built on filled land. It faces water on three sides.

Acreage: 611 (use 400)

Access:  (See East Bank)
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Expansi on Possi bl e: Yes

Facilities :

Docks 1-640' x 177" (38,000 T. lift) launch pontoon

- h ship size of 800" x 173" - five
Berths: a;gcprggﬁc|n 525’ long x 6000 T nodul es,

| mat ed eqU|vaIent of six conventional
inclined ways.

Piers: 4400

Maxi mum Size Ship; 800" x173

ls Site Full y (}‘rupi ed hy Suppnrti ng Facilities:

Yes

YARD ACTIVITY (EAST AND WEST BANK)

Type Work in Recent Years: Mstly Naval, however,

previously
heavily involved in conmercial construction. Constructs destroy-

ers, anphibious attack ships, Navy auxiliaries, merchant cargo

ships, rankers and (formerly) nuclear submarines.

Iraditional Cientele Providing Base [oad: Navy and conmercia

operators.

Recent Ship Conpletion; (over 1000 gross tons)

1973 6 Cargo shi ps

1974 ?o ship

1975 royer

1976 4 EEstroyers 1 LHA
1977 6 Destroyers, 1 LHA
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Labor Force: 4/78

Total Plant - 21618 Ship Repair -
Navy Constr.- 16619 Non- Shi p
Comm Const. - 0 St af f

Wrk in Progress: (as of Dec. 31, 1977)

19 Destroyers .
4 Destroyers (foreign)
3 LHA's
Type of Work Expecting in Future:
Navy
Type of Work Yard Believes Best Suited:
Navy
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AVONDAI F SHI PYARDS, | NC NEW CRIEANS, 1 QUL S| ANA

This yard was established in 1938 and devel oped during
World War 1. In 1959, the capital stock was purchased by
Bayou Shipyards, @ subsidiary of Ogden Corporation. In addi -
tion to building ships, the yard's various diViSions repair
ships; fabricate steel; manufacture propellers and ship’'s
equi pment; build offshore drilling structures, tugs, supply
boats and barges; make ferrous and non-ferrous castings; and
war ehouse steel for sale. Avondale enploys about 8000 personne

and does about $450 million of business in 1978 doll ars.

SH PYARD CHARACTERI STI CS

Site; It is situated on the banks of the M ssissippi River
al nost opposite New Orleans, about 100 mles up river fromthe

Qulf of Mexico. It is a long, narrow yard, about 5000 feet

long, built on the river levee. The confirmation of the yard
has led to the devel opment of the novement of |arge sections of
ships, permitting flexibility in the size of vessels and nunbers

of vessels that can be concurrently constructed. Launching is

by side launching or the lateral movenent of the ship into a
floating drydock.

Acreage: 218
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Access: It is accessible to major highways and has raiil
facilities to the yard. There is deep water at the docks
for loading and unloading by barge and ship. There is
some supporting industry in the vicinity. However, nost
of the materials and equi pnment are purchased from ot her
segnents of the country. It is about 15 miles to the New

O'leans International Airport.

Expansi on Possible: Wth the present facility, the |abor

force can be increased to 7200 for the full utilization of

the Facility. Wth the addition of a gantry crane spanning
the two construction positions of the upper yard, ships up

to 210 feet in beam and about 350,000 DA can be built. The
floating dock used for |aunching can be |engthened by wel d-
ing additional 90-foot-long sections utilizing cofferdams
around the joints. Qher fabrication areas and facilities

can be increased to suit.

Facilities:

Docks 1-900° x 260" (81,000 T. lift - floating dock
used in launching, and available for repair
and conversion 40 weeks of the year)

1-224’ x 80" (used for repair)

Berths: 1-600° x80’ (2 ships simultaneously - side |aunched)
1-1050" x 174 (3 ships simltaneously - side |aunched
1-1200° x 126" (5 ships sinultaneously - side launche

Piers: Approximtely 3600’
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Maxi mum Ship Size: 1050° x 174 - 260,000 DWT

|s Site Fully Qccupied by Support Facilities: Yes

YARD ACTIVITY

Tvpe Work in Recent Years: Hghly diversified; break bulk
cargo ships, contarnersnrps, RO RO vessels, LASH vessels, LNG

shi ps, tankers up to &64 000 DW, Destroyers, Coast Quar d
Cutters, drill rigs, dredges, barges, repair, cOfrer sTod” Gnd

i ndustrial .

Private, subsidized,
and mlitary.

Recent Ship Conpletions 1973-1977: (over 1000 gross tons)

1973 6 LASH ships, 4 Destroyers, 3 Drill Rr s
1974 5 LASH shi ps 3 Destroyers, 3 Drill 1 I\/'%or Conv.
1975 LASH shi p, DrifT Rgs, 3 Ccean Bar es jor Conv

1976 1Dill R gs 2 Maj or Conversions
1977 2 Major Cargo Ship Conversions, 1 Tanker

Labor Force: (as of 1 July 1978)

Total Plant - 5971 Ship Repair - 1578
Naval Const. - 270 Non-ship - ---
Conm Const. - 3673 - 450

Wrk in Progress: (as of July 19, 1978)

Nav Olers AC 9)
NGyS F &5, 000 cu. m)
LASH Vesse

Tankers (164, 000 DWI)
Supply Vessel s

Qceangoi ng Barge

Drill Platforns

H DBANWOT
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LEVI NGSTON _SH PBUI LDI NG QGO
Orange, Texas

This yard was founded in 1933. @l fport Shipbuilding,
in Port Arthur, Texas, Was purchesed in 1970 to suppl enent
Li vingston’s construction and repair facilities. In 1975,
It became a wholly owned subsidiary of Ashland G| Inc.
Since the inception of offshore oil drilling, most of the

conpany’s work has been related to this industry.

SH PYARD CHARACTERI STI CS

Site: It is situated on the Sabine River approxinately
30 mles inland fromthe Gulf of Mexico. It is about 25 .
mles to Beaunont and 120 miles to Houston. The main

construction yard, Which is being expanded and roder nized,
is located on a island, connected by a bridge to the office,

and some of the older facilities.

Acreage: 99 (80 used)

Access: It is adjacent to Mejor highways and is served by
rail. It is served by the Houston International A Tport

and Beaumont Airport (30 niles). There is sone industry

within the vicinity of the yard.

Expansi on Possible: Yard has approximately 20 acres of un-

devel oped land area and nore that 3000 feet of undevel oped
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wat erfront.

Facilities:
Docks : 1-350 * x 84’ (Floating 6000 LT
capacity)
1-388 ¢ x 126 (Floating 11,000 LT
capacity)
1-220" x 712 (Floating 3,200 LT
capacity)

Berths: 1-1150° x 100
Piers: 2400’
Marine Railway: 1.225° x 45 (1000 LT capacity)

Maxi num Ship Si ze:
700" x 100° (10,000 T Lt. ship)

S Ly Cccupied by . Lities No

YARD ACTIVITY

Type Wrk in Recent Years: Drill rigs, drilling ships,

supply tanker barges.

Iraditional Cientele Providing load: Private, serving petro-

chem cal industry and off-shore drilling industry.

Recent ship Conpletions 19731977:  (over 1000 gross tons)

19733 Sem - submersible Rigs, 1 1PiI-B?rét a}égpge’Balr gﬁrg
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1974 1 Pipe-Bury Barge, 1 Drillship
1975 1 Jack-up R g, T Efn}lsubner3|ble Rig,
|
1976 1 Jack u Rig 1 Sen1 submersible Rig
1977 2 Jack %x Drillship
1978 1 Tan ker 1 Drillship, 3 Inland Drilling

Barges

Labor Force: (as of 31 July 1978)

Total Plant - 2154  Ship Repair - 345
Navy Const. - Non- shi p - 88
Comm Const. - 2179 - 442

Wrk in Progress: (as of 31 July 1978)

1 Jack-up Rig

1 Drill Ship

3 Inland Drill Barges
1 10,000 DWI' Tanker

Type of Work Expecting in Future: |nmediate prospects
inclTude frve DWW DUTK carriers, two jack-ups, two

of fshore launch barges. Expect a mix of conventional
shi ps/ of f shore vessels.

Type of Wrk Yard Believes Best Suited: Al types of
conmerci al vessel
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NATI ONAL STEEL AND SHI PBU LDING CO_ ([NASSCQO)
San Diego, California

This yard was started in 1945, building fishing
vessels and in 1957 entered the large ship nmarket. In
1962, it was taken over jointly by Mrrison-Knudsen
Company, Inc. and Kaiser Industries Corporation. The
yard is the largest shipbuilding complex on the West
Coast and is also one of the major shipbuilders in the US.

SH PYARD CHARACTERI STI CS
Site: It is located in San Diego, California and has
direct access to the Pacific Ccean.

Acreage: 145

Access: It is accessible to mgjor highways and has rail
facilities into the yard. It is about five miles to the
San Diego airport. There is only limted supporting

i ndustry, hence nost of the material and equipment is
shipped into the yard by rail, truck or water.

Expansi on Possible: No

Facilities:
Docks 1 : .
1-397° X 52’ Fl oat i ng)
1- 687" x90’ Graving-1eased from

-1000°X 179 Z}Gravi ng)
ort District)

Berths: 2-905° x 115’
1-675’ x 96’
Piers : 7075

Maxi mum Size Ship: 980" X 170" (33,000 T. wt.)

D-35



S 1y ¢ Led by : ities: Mo
Sub-contracting is used for joiner, decking and insulation
wor k.

YARD ACTIVITY

Type Work in Recent Years: Hghly diversified yard;

builds large naval auxiliaries, cargo ships, bulk carriers
and tankers (up to 188,000 DW)..

Traditional Cientele Providing Base load: Navy and
cormercial ship owners.

Recent Ship Conpletions 1973 - 1977 (over 600 gross tons

1973 1 Tanker (38,000 DWI), 1 Bulk/G 1| (80,000 DWI)

1974 1 Tanker (89,000 DWN, 1 Bulk/G 1| (80,000 DWI)
2 Tankers (38,000

1975 2 Tankers (89, 000 DWI) ,2 Tankers (38, 000DW)
1976 5 Tankers (89, 000 DWI) 1 Tanker (38, 000 DWI)
1977 4 Tankers (89, 000 DWI) ,1 Tanker (38, 000DW)
1978 1 Tanker (89 ,000)DWI) , 1 Tanker (188,500 DWI)

Labor Force: (as of 1 April 1978)

Total Plant - 5957  Ship Repair-Navy 415, Comm 25
Naval Const.- 2286  Non-ship - 194
Conm Const - 1282  Staff - 1755

Wrk in Progress: (as of 3 August 1978)

3188,500 DWI' Tankers
2 Navy Destroyer Tenders

[ | L _

1 Navy Tender - included in budget and probable
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award expected.. Bidding 4-5 containerships to A P.L.

Type of Wirk Yard Believes Best Suited:

Yard has followed the mx of Navy non-conbatants
and various comercial ships as best fitting their
facilities.
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TODD SHI PYARDS CORP. - LOS ANGELES DI VI SI ON
San Pedro, Calrtornra

Todd is engaged in ship and barge construction, ship con-
version and ship repair at seven facilities spread among the
three coasts of the United States. Only two of these yards
construct as well as repair ships, nanely Los Angeles and Seattle
Divisions. The Los Angeles Division was formerly the Los Angeles

Shi pbui I ding and Drydock Conpany and was purchased by Todd in 1947,

SHI PYARD CHARACTERI STI CS

Site: The yard is located on San Pedro Bay with easy access to
the Pacific OCcean. It is part of the Los Angeles Metropolitan

Area. It has water on two sides and is rectangular in shape
Acreage: 90 (66.12 |and, balance water)

Access: It has ready access to major highways and is about
10 niles to Los Angeles Airport. It has rail facilities serving
the yard. The area has some supporting industry services. How

ever, nuch of the material and equi pment cones from nore renote
ar eas.

Expansi on Possible: Yes, as required, inland.
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Facilities:

Docks: 1-563' x 85° (10,500 T Ilftg Fl oat i ng
1-665' x 85 (17,000 T lift) Floating
Berths: 1-527' x 95 (20,000 T W.g
1-647" x 87" (8,000 T W.

Piers: 4400

Maxi num Ship Size: 600" X 93" (20,000 TW.)

s Site Fully Occupied by Supporting Facilities: No, room

exists for facilities as needed, except piers and ways.

YARD ACTIVITY

Type Work in Recent Years: Commercial and Navy shipbuil ding

and repairs; cargo ships, small tankers, l|arge ship conversions
guided mssile frigates and destroyer escorts. Mstly Naval

work at present.

Traditional Cientele Providing Base Load: Conmercial oOwners

and Navy.

Recent Ship Conpletions 1973-1977:  (over 100 gross tons)

1973 O

1974 1 Tanker (25,000 DWI)
1975 3 Tankers (25,000 Dwt
1976 2 Tankers (35,000 DA
1977 2 Tankers (35,000 DWI
1977 1 Ammoni a/

PG Carri er Fgrebod

(32,000 480" X 90" X 52)
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Labor Force: (as of August 1, 1978)

Total Plant - 2800 Ship Repair - 768
Navy Const. - 1434 Non- shi p - 10
Comm Const. - O Staff, Gther - 369

Vacation, Si ck-
| eave, Absences-
219

Wrk in Progress:

9 Quided Mssile Frigates (FFG, 2 N Over haul s
(LSD and AD) | (FFO W

Type of Work Eepecting in Future:

Sane as recent ship conpletions.
Type of Work Yard Believes Best Suited:

Sane as recent ship conpletions.
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TIODD SHI PYARDS CORP - SFATTIFE DIVISION - SFATTIE  \AASHI NGTON

The original yard was founded in 1898 and in 1916 was
acquired by Wlliam H Todd Conpany, the predecessor of Todd
Shipyards. It is one of two Todd yards undertaking both con-
struction and repair of comercial and naval ships. (See Todd

Shi pyards Corp. - Los Angel es Division for additional infor-
mation).

SH PYARD CHARACTERI STI CS

Site. This yard is located in the northwest corner of Harbor
Island in Elliot Bay, about 10 minutes from downtown Seattle.

It is a conpact facility, Square in s-nape with two sides facing
wat er .

Acreage: 47
Access: It is readily accessible to mgjor highways and is served

by rail facilities. The yard is about 15 mles fromthe Seattle
International Airport. There is sone supporting industry in the
vicinity, but most of the material and equi pment comes from ot her
parts of the country.

Expansion_Possible: Roughly five acres of |eased Property avail -

able on long-term basis.
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Facilities:

Docks: 1-650' x 85 (18,000 T Iift) Floating
1-420° x 63 (5,700 T lift) Floating
1-550" x 92" (16,000 T lift) Floating
Berths: 2-450° X 65’ é4,500 T St.g
1-550" X 130’ (5,500 T W.
Piers: 4850

Maximum Ship Size:

550" X 96’ (5,500 T Lt. W.)

|s Site Fully Occupied by Supporting Facilities: Yes

YARD ACTIVITY

Type Work in Recent Years: Construction of destroyer escorts
and frigates, rerrres, barges and tugs. Repair of  naval and

comercial ships and industrial work for aerospace and hydro-
electric industries.

Traditional Cientele Providing Base Load: Commercial operators,
Navy and shore-based Industry.

Recent Ship Conpletions: 1973-1977 (over 1000 G oss Tons)

1973 2 440° Ferries - Washington State

1974 6 TUg/SuEpIy Vessels (British Regisry 1250 G. Tons)
1975 2 500 Phosphate Barges

1976 4 Deck Cargo Barges (250')

Labor Force:

Total Plant - 2,400 Ship Repair - 500 Nav ,
Naval Const. - 1,200 P g 300 Cbn%er0|al
Comm Const. 0 Non-ship - 100

Staff - 300
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Work in Progress:

Euided mssile frigates (including 3 for Australia)
.F.”s Base Line Overhauls

LSD Maj or Over haul .

M scel [ aneous Vessel Repairs

8
2
1

Type of Wrk Expecting in Future:

FFG Construction
F.F. Overhaul s

- Wl | Beli i ted:

FFG Construction
F.F. Baseline Overhaul s
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%eattie, was%|ngton

This 87 year old conpany was formerly the Puget Sound
Bridge and Dredging Co. |t was acquired by Lockheed in 1959
and changed to its present name in 1965 |t has built a wide

variety of naval and commercial ships and is also engaged in
repair work.

SH PYARD CHARACTERI STICS (Plant #l)

Site: This yard is located in Seattle on the southern perineter
of Puget Sound’s Elliott Bay. The yard is divided into two plants;

the ol der one being Plant #1 and the newer across the West Wter-

Way. Plant #1 is linmited in Size which pronpted the construction
of Plant #2.

Acreage: 16.6 owned and 6.6 |eased.

Access: It is located in the city and is served by major high-
ways and rail. It is about 20 mles fromthe Seattle International

Airport. There is some supporting industry in the vicinity, but

much of the equipment and material is shipped fromoutside the
state.

Expansi on Possible: Not in Plant #1.
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Facilities:

Docks: None
Berths: 1-650" X 95
. 1-666" x 93’
Piers: 1700 °
Maxi mum Si ze Shi p: 650° X 90" (11,500 T Lt. W.)

Is Site Fully QCccupied by Supporting Facilities: Yes

SH PYARD CHARACTERI STICS (Pl ant #2)
Site:  (see Plant #1)
Acreage: 30.5 owned and 25.5 |eased.

Access: (see Plant #1)

Expansi on Possi bl e: Yes

Facilities:
Docks : 1-472" x 46 (Floating
1-530" x 80" (Floating
1-600° x 96' (Floating
Berths : 1-700 * x 100" (10,000 T W. )
Piers : 2700’
Maxi num Si ze Shi p: 700" x 100" (10,000 T W. )

Is Site Fully Occupied by Supporting Facilities: No

YARD ACTIVITY (PLANTS #1 and #2)

Type of Wirk in Recent Years: Naval and commrercial construction

and repair; destroyers, large Navy auxiliaries, Ro/Ro ships, bulk

carrier, large ferries and icebreakers.
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Traditional dientele Providing Base Load:

owners, Coast Guard and states.

Navy, private

Recent Ship Conpletion: (over 1000 gross ton)

1973 1 bulk carrier

1974 1 large Alaskan Ferry
1975 0O

1976 1 |cebreaker

1977 1 |cebreaker

Labor Force:

Total Plant - 2858
Navy Const. - 2191
Conm Const . 0

Wrk in Progress: (as of 31 Decenber 1977)

3 Submarine Tenders

Tvpe of Work Expecting in Future:
Navy

Tvpe of Work Yard Believes Best Suited:
Navy

D- 46
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APPENDI X' E

DESCRI PTI ONS OF COVPARABLE
FOREI GN' SHI PYARDS

Not e

Shipyard nanes onmitted to
preserve confidentiality of
sh|Pyard technolo%y | evel data

contained in the body of the
report.



SHI PYARD A
Activities
Best suited to vessels with high steelwork ¢ONtent. e.g.

tankers, bulk carriers.

Maxi num Ship Size

Concrete pad 244 x 51.8 m (300,000 dut in two parts)

Principal Facilities

- 268 X 40 m (for up to 150,000 dwt)
Eﬂ% ESLLP%te Pad - 244 x 51.8 mserved by 225 ton goliath Crané

Vel | equipped steel shops and extensive outfit quays
Site area is 95 acres

Vor kf orce Tot al 3,900

Recent Work
- 32,300 dwt bulk carrier
1973 - 1971 % 264,000 dwt tanker
1 25,187 dwt tanker
2 75,390 dw bulk carrier
1 258,000 dw tanker
2 24,000 dwt cargo

present \Wrk

1- 258.000 dwt tanker
1- Energency Support Vessel

Comment s
Yard reconstructed |ate 1950's €arly 1960's. ~Further rede-

vel opment 1969 - 1972 incl uded Panel Iine and building pad
with goliath crane.
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SHI PYARD B

Activities

Construction of cargo vessels, oil tankers, bulk carriers,
products tankers and ship repair.

Maxi mum Ship Size
1,000, 000 dwt

Principal Facilities

1 - building dock - “556 x 93 m .
1 2 - 840 ton goliaths with 140 m span straddl e dock and adjacent

bl ock assenmbly area _ o
4 - 60 ton cantilever (travelling) cranes are positioned round

t he dock
4 - building berths

Site area is 250 acres

Wr kforce Total - 6,000

Recent Wbrk

1973 - 1977 - 3 - 269,000 dwt tankers
6 - 119,000 dwt bulk carriers
6 3 - 315,000 dwt tankers
1 - 333,000 dwt tanker

Present Wirk

37,500 dwt LPG

66, 000 dwt products
Car/passenger ferry (7,850 @)
117,850 bulk carriers

DA S RV N o
]

Comment s
Al work is concentrated in one building dock. The arH has
ngw as a

recently conpleted a ten year devel opnent plan and
very extensive nodern facilities.
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SH PYARD C
Activities

gulk carriers,

sopnisticated cargo vessels, nava and nava

sizes of vessels including tankers,
Al ty?es and [ atxi Par§ vessel
vessel s.

Medi um Si ze
150, 000 dwt

Principal Facilities

TVO Of gpreF ﬁuild&ng Pertgs serv?q by medium ca actiﬁ p{an-
age. eel shops devel oped genera .t hi. ISt ildin
for h gh output of series ships. SopHi 521 BaPE™ i €18
manual I'y based operating systens.

Site area is 50 acres

Wrkforce Total - 2,600

Recent Work

H gh rate of Production of various types of vessels, Dellvering
qa?o twel ve vessels per year.

Current wor k

Sinple and conpl ex comercial and naval vessels.

Comment s

Yards in this nmodel woul d include:

| HI Tokyo

M t sui Tomano.
Hitachi -  l|hnoshima
NKK Shim zu

yards are Lypheal Ly edimesicaed 7afa 3 5, RPon g PANR! 1Y
fifteen years.

E-3



SH PYARD D

Activities

Fl exi bl e shipyard constructing medium to |arge comercia
tankers and gas carriers, and also cargo |iners.

Maxi mum Ship Size

360 X 60m (350,000 dwt)

principal Facilities

1 - Building dock 360 x 60 m served by goliath cranes of 660
and 500 tonnes and jib cranes up to 250 tonnes.

1 - Berth 228 x 39.3 m'served by 120 tonne jib crane and others

1 - Berth 172 x 31 mserved by 120 tonne jib crane and others

There are 1,300 mof fitting-out quay.
Area of yard is 90 acres
WrkForce Total - 5,900

Recent Work
1973 -1977

cargo liners .
refrigerated cargo liners

met hane carriers (40,000, 75,000,
120,000 and 125,000 m3)

- LPG (66,000 m”)

-6
4
4
5

92,000 dwt tankers
5 240,000 dwt tankers

328,000 dwt tankers
2 - 20,000 dwt RORO s

Present Wirk

3- 72,000 m” LPG
1 - 20,000 dwt RORO

1- 47,600 dwt container
2 - 21,400 dwt RORO s

Comment s

The yard was redeveloped in the late 1960's early 1970's and
has specialized in sophisticated vessels, particularly gas
carriers, but has also built other types of vessels including
ULCC s
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SHI PYARD E
Activities

BuiIdFr of specialist conmercial, naval auxiliary and naval
vessel s

Maxi num Ship Size
211 x 31.9 m (40,000 dwt)

Principal Facilities

Five berths

1 - 160 X 21.3 m(not usually used)
1 - 21 X 29.3 m

1 - 21X 31.9 m

2 - 122 x 15.3 m

Extensive outfit quay facilities

Site area is 35 acres

Wrkforce Total - 2,500

Recent Wor k
1973 - 1977 - 3

25,550 dwt products tankers
submarines (' 0" class)

fleet tanker

- drill ship

[l YOV

Present Work

1- fleet tanker (7,200 dw)
1- drill ship
1- subnarine

Conment s

Yard inprovenents have been gradual |y undertaken over the
past twenty years.
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SHI PYARD F

Activities

Large vessels with a high steelwork content such as VLCC s
and bul k carriers.

Maxi mum Ship Size
600, 000 tons dwt

Principal Facilities

- Conput er control | ed

é?%%? ﬂgﬁﬁf?%gsg§¥53n§Y g?kb%ﬁ@ St orited st eel production

l'i nes. Soghisticated conputer based technical and operating
y

syst ens. pically a capital intensive operation wth high
out put and productivity.

Site area 200 acres

Wor kforce Total - 2,000
Recent Wrk

VLCC and ULCC delivered at a rate of approxinmately six a year

Current Work

Tending to build a smaller and nore sophisticated vessel in
accordance with market denmands.

Comment s

Yards in this nmodel would include:

| HI - Chita
Hi ttachi - Ariake
Sumntoma - pana
Mt subi shi - oyagl

H gh technology greenfield yards conpleted in the 1970s.
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SH PYARD G

Activities

Principally designed for efficient production of VLCC s

Maxi num Ship Size
415 x 90 m (700,000 dw)

Principal Facilities

2 - docks 300 mx 45 m (220,000 dwt) served by 1 75 ton and
4 50 ton cranes

1- dock 415 x 90 mserved by 1,040 ton goliath (155 m span)
goliath spans both dock and storage | ock erection area
2 - outfitting basins 500 x90 m and 300 x 45 m

Site area is 210 acres

VWorkforce Total - 5,700

Recent Work
1972 - 1977 -

6 - 225,000 dw tankers

4 - 310,000 dwt tankers

6 - 335,000 dwt tankers

3 - 320,000 dw tankers

1 69,000 dwt products tanker
1 39,000 dwt bulk carrier

Present Wirk
3 - 69,000 dwt Products tanker

1 - 39,000 dwt bulk carrier .
6 - 26,000 dwt multi-purpose (container)

Comment s

Geenfield yard in 1958. Continuously updated since then
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SHI PYARD H

Activities

Commercial and naval work undertaken. Best suited tod]arge
bulk carriers, tankers and sinmlar ships of .low to MEDIUM
speci al i zation, although wide range of EXperience exists.

Maxi num Ship Size

352 x 52.8 m(berth 1 and 2 conbined) approximtely
300,000 tonnes dw

Principal Facilities

Four berths:
No 1. - 292.0 x 42.0 m

No.2 - 280.0 x 42. Om Not at the same tine
No.3 - 262.1 x 38.1 m !
No.4 - 262.1 x 38.1 m Not at the same tinme

Site area IS 40 acres

Wr kf orce Tot al - 3,600

Recent Work

1973 - 1977 - 2 - 256,600 dwm tankers
1- 15,460 dwt cargo
1- 261,00 dwt tanker.

Present Wirk

1 - Anti-sub cruiser

Comment s

Steel and outfit shops extensively redeveloped in the early
180 ton berth crane added md 1970's.
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SH PYARD J

Activities

Construction of |arge conmercial ships
Maxi mum Ship Size

470 x 68 m

Principal Facilities

One Dbuil ding platfon1470 X 68 m e b a 750 k oliath
crane 130 mspan, SPanning both the H" 'g g ”?at orm

the adjacent reassenbl | at f om g

IS alsé served by a 2403402 gol i ath. A“ in-line con I nuation
of the building platfomis a 415 x 68 mfitting out dock.
0 mainly used for fitting out)
a

There is also a 320 x 45 m dock (

and a bU|Id|ng berth (rarely used at present).
Area of yard is 170 acres

Wrkforce Total - 6,500

Recent Wrk

1973 - 1977 -

dwt tankers
%- %%8 88 dwt tankers
1- 220,000 dgfu Lanker
3- 75,000

1 - 122, 000 de tanker

2. 19,600 dwt nulti purpose

present Work

2 61,500 dwt LNG

1 - 47,600 dwt contai ner
1 - 540,000 dwt tanker

1 - 25 480 dwt tanker

2 36, 540 dwt LPG

1 3,000 dwt RORO

Conment s

Maj or redevel opnent in 1968 in which new dock and buildin
p|atform Wer e m§¢ Al'so panel line introduced and bloc
asse ar ea. inice the devel opment, capacity has been
pr|nar|Yy directed towards |arge tanker production.
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SHI PYARD K

Activities

Best suited to series production of large cargo ships,

sophisticated bulk carriers, and other nedium speciali-
zation ships.

Maxi num Ship Size
275 x 35 m (80,000 dw)

Principal Facilities

3 bherths:

275 x 35 m
214 x 26 m
229 x 30 m

Total area is 65 acres

Workforce Total - 3,900

Recent Wirk

1973 - 1977 - 17 - 26,100 dwt bulk carriers
6 - 22,650 dw general cargo
4 - 23,800 dwt cargo
1 - suction hopper dredger

Present Wirk

4 - 16,500 dwt bulk carrier
9 - 4,000 dwt bul k carrier

Comment s

Redevel opnent in the 1970's have included new 80 ton berth
cranes, new steel shop equi pment and sone rationalization of
outfit shops.

E-10



SHI PYARD L
Activities

This yard is best suited to the series production of
commercial vessels of |ow to medi um specialization

Maxi mum Ship Size
330 x 44 m (230,000 dw)

Principal Facilities

Two adj acent buil ding docks 334 x 46 nleﬁtend 35 m
into a two bay ‘Bl ock Shop’. nits welghing up to

300 tons are erected in these areas to form‘rings’
of ships, which are progressively pushed out into
t he open dock until the ship is conpleted.

Site area is 250 acres

Wor kforce Total - 3,500

Recent Work

1974 - 1977 - 13 - 155,000 dwt tankers
10 - 141,000 dwt tankers
1 - 227,000 dwt tankers
1 - 105,000 dwt OBO

Present Work

5 - 154,000 dwt tankers
4- 44,300 dwt bulk carriers
4- 14,800 dwt reefers

Comment s

A greenfield yard built in the md 1960's, operating
with two parallel building docks into which ships

are extruded after.beiancqﬂstruct d under cover. It
is a capital intensive, highly productive shipyard.
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SH PYARD M

Activities

Commrer ci al and naval shipbuilding and repair and in-
volvenent with specialist offshore craft and structures

Maxi mum Ship Size
31 x 5 m (235,000 dwt)

Principal Facilities

bui | di ng berths:

3
1 ?raving dock (repair work only? 351 x 59 m
6 floating docks (repair work only) up to 320 x 52 m

Shipyard area 120 acres

Recent Work
1973 - 1977 -

2 - 145,000 dwt bulk carriers
%- 138,700 dwt bulk carrier
- pipe laying ships
%r%ne s%ipg P _ .
3 - 27,000 grt container ships
1- 35,000 grt container ships
18,500 grt container ships
4 - 3,200 grt RORO s
South American Destroyers

Present Wirk

1- derrick pbfe Iayin? ship

1 - 250,000 dwt capacity floating dock
%- crane ship (2,500 tonnes lift)
1 -
1 -

1,300 dwt cargo ships
3,200 dwt cargo ships
of fshore workshop

Conmment s

i ' i Some devel opnent
GF ¢y PP e BB M Ab? 88 V9" duso's g
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SHI PYARD N
Activities
Commerci al and naval shipbuilding of medium to

| arge size

Maxi num Ship Size

300 x 42 m (140,000 tommes dut)

Principal Facilities

Four berths :
190 x 24.8 m
300 x 33.0 m
300 x 42.0 m
275 x 35.6 m

Site area is 100 acres

Workforce Total - 5,400

Recent Wrk

The yard has built a variety of vessels of commer ci al
type, and also a medium size range destroyer.

1973- 1976 - 1 - LPG (19,764 dwt
GEneﬁaI Cargo gﬁ7,575 dwt )
1- Bulk carrier (34,400 dw)
1- Ferry (9,000 GRT)
1- Productsvé20,400 dwt)
1- 31,750 dwt products tanker
1 - 33,500 dwt products tanker

present \ork

2 - medium Size destroyers
1 - 31,750 dwt products tanker
1- 55,000 dwt products tanker

Conment s

The yard is just finishing major redevel opnent which
was started in 1972. \Wen conplete, the yard wl|
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have covered construction facilities on two berths

where ships will be construch_ed fromthe stern and
extruded onto the berths. Ships wll be substantially

conpl eted prior to |aunching.
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SH PYARD P

Activities

Construction of tankers, bulk carriers and other [ow
t o medi um speci al i zati on vessels.

Maxi num Ship Size
264 x 44 m (120, 000 dw)

Principal Facilities

1 - dock 264 x 44 m . :
Sem tandem construction of 60,000 ton dw ships

Site area is 45 acres

VWrkforce Total - 1,600

Recent Work

1973 - 1977 - 2 - fore ends for 112,000 dwt tankers
Sdur|n yard redevel opnent)

2 - 112,000 dwt tankers

2 - 28,450 dwt bulk carriers

Conment s

New shipyard built around existing dock 1973 - 1976.

Desi gned for high productivity of tankers and bul k
carriers.
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SH PYARD R

Activities

Large vessel s such as tankers and bulk carriers, sophisticated cargo
vessels, LNG LPG and sone naval vessels.

Maxi nmum Ship Size
30,000 tonnes dwt

Principal Facilities

Ei t her buiIdiU% docks with goliath cranes or herths wth high capacity
jib cranes. devel oped “mechani sed steel production facilities.

Sophi sticated conputer based technical and operating systems. Hgh
output and productivity.

Site are 100 acres

Wrkforce Total - 6,000

Recent Work

Over the last ten years this type of yard has delivered five to ten ships
a year, generally of the tanker, bulk carrier and sophisticated cargo type.

Present Wrk

Concentrating on sophisticated cargo vessels such as container ships,
LNG and LPG carriers and some naval work. Also offshore vessels
and structures.

Coment s

Yards in this nodel would include:

| HI - Kure
Kawasaki -  Kobe
Mtsubishi -  Kobe
Mtsubishi -  Nagasaki

These are typically large shipyards in heavily industrialised areas which
have been extensively redevel oped within existing site constraints. Conmpany

activities usualhy include ship repair, engine building and heavy engineering
on the same or adjacent site.
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SH PYARD S

Activities

Desi gned for high throughput Of tankers and other [arge high
steelwork content ships.

Maxi mum Ship Size

One buildina dock 470 mx 75 m. Two goliath cranes with [ift
capacities %f 1,600 tons and 800 tons span the dock

Site area is 200 acres.

Wrkforce Total - 6,100

Recent Work

B} . 255, 000 dwt tankers
1973 1977 %% 357,000 dwt tankers

present work

2 - 66,000 dwt LNG

3 - 10,000 dwt container/RORO

3 - 16,000 dwt bul k cement carriers
Subrari nes

Comment s

Bui | ders of tankers, LNG LPG bulk carriers, DO apnd OBO and
submarines. Major Inprovenents have been continually nmade
over the last twenty years.

E-17



APPENDI X F

COMPARABLE FOREIGN

SHIPYARD SELECTION
SHEETS.



ELECT ARABLE YARD!

Criterla Bat h Yard N Yard E Yard C Yard M

Wrk Experience

Past 10 years A B D A BD B,CD ABCD AB,C
Current B,D B,D B,CD A B CD A B D
Maxi num Ship Lengt h 700 1000 680 850 1020
Enpl oyment 3300 5400 2500 2600 5500
Size (Acres) 92 100 35 50 120
New or Redevel oped L M L ! L

Di scussi on

There are five foreign yards roughly conparable to Bath Iron Wrks. One yard which enpha-
sizes steel throughput and which "has ess conplex ship capability was dropped.



‘ SELECTION OF COMPARABLE YARDS

Criteria G.D. Quincy Yard B Yard R Yard J Yard S

Work Experience

Past 10 years B,C, A,B,D A,B,D A,B A,B,D
Current B A,B 8,D A,B A,B,D
Maximum Ship Length 936 1800 1000 1500 1320
T
Employment 6300 6000 6000 6500 6100
Size (Acres) 172 250 100 170 200
New or Redeveloped M M M M M
Discussion

There are six foreign yards roughly comparable to G.D. Quincy. The selection of four was
substantially based on construction of similar ships and on the general level of sophis-
tication



SELECTI ON OF COMPARABLE YARDS

Citeria Seatrain Yard P Yard L Yard G Yard R

Wrk Experience

Past 10 years A A A A A BD
Current A A A B A B B,D
Maxi mum Ship Length 1094 860 1080 1360 1000
Enpl oynent 2100 1600 3500 5700 6000
Size (Acres) 80 45 250 210 100
New or Redevel oped M M N N M
Di scussi on

There are seven foreign Yards roughly conparable to Seatrain, The four selected for com
parison have high steel throughput and generally specialize in tankers and bul kers.



p-d

SELECTI ON_OF COVPARABLE YARDS

Criteria Sun Yard A Yard R Yard G Yard D

Wrk Experience

Past 10 years A B A B ABD A A B
Current A B A B B,D AB A B
Maxi mum Ship Length 1100 1100 1000 1360 1170
Enpl oynent 3000 3900 6000 5700 5900
Size (Acres) 160 95 100 210 90
New or Redevel oped M M M N M

Di scussi on

There are eight foreign yards roughly conparable to Sun. The sanﬁle was reduced by elim
inating yards enphasizing series production of |ess conplicated ships and a relatively
smal | yard producing specialized ships.



SELECTI ON OF COMPARABLE YARDS

Criteria Beth. Sp. Yard H Yard P Yard R Yard G

Wrk Experience

Past 10 years A AD A A B, D A
Current A B,C D A B, D A B
Maxi num Ship Length 1200 1150 860 1000 1360
Enpl oynent 3200 3600 1600 6000 5700
Size (Acres) 142 40 45 100 210
New or Redevel oped M M M M N

Di scussion

There are seven foreign yards roughly conparable to Bethlehem Sparrows Point. Two of the
yards were elimnated-on-the basis that they Penerally construct-more sophisticated ships
and one on the basis that it has a substantially higher steel throughput.



CTI ON OF COVPARABLE YARDS

Criteria Newport N Yard B Yard F Yard S Yard J

Work Experience

Past 10 years ABD ABD A ABD A B
Qurrent ABD A B A B ABD AB
Maxi mum Ship Length 1600 1600 1500 1320 1500
Enpl oynent 22,000 6000 3000 6100 6500
Size (Acres) 250 250 200 200 170
New or Redevel oped N M M N M M

Di scussion

There are five foreign Kards roughl'y conparable to Newport News, particularly the new
comercial facility. = The smallest yard was elimnated to obtain the required four.



Qriteria

Work Experience
Past 10 years
Qurrent

Maxi mum Ship Length
Enpl oyment

Size (Acres).

New or Redevel oped

Di scussi on

SELECTI ON OF COVPARABLE YARDS

Litton/Ingalls Yard B
B,D A B D
D A B
800 1800
18, 500 6000
400 250

N M

Yard F

1500

3000

200

Yard J

A B
A B

1500

6500

170

Yard S

A BD
A BD

1320

6100

200

There are five foreign yards roughly conparable to the new Litton/Ingalls yard. One was
elimnated on the basis of having |ower technology than the other four.



Citeria

Work Experience
Past 10 years
Qurrent

Maxi num Ship Length

Enpl oyment

Size (Acres)

New or Redevel oped

Di scussi on

Avondal e

A B D
ABC

1050

4300

218

SELECTI ON_COF COVPARABLE YARDS

Yard A

AB
A B

1100

3900

95

Yard R

A BD
B,D

1000

6000

100

Yard D

A B
A B

1170

5900

90

Yard L

1080

3500

250

There are five foreign yards roughlglconparable to Avondale. One was elininated on the
a

basis that it was smallér than Avon

e and had |ower technology than the other four.



ELECTION OF COMPARABLE YARDS

Criteria Levingston Yard E Yard A Yard M Yard C

Work Experience

Past 10 years A,B 8,C,D A,B A,B,C A,B,C

Current A,B 8,C,D A,B A,B,D A,B,C
Maximum Ship Length 700 680 1100 1020' 850
Employment 1700 2500 3900 5500 2600
Size (Acres) 80 35 95 120 50
New or Redeve oped L L M L L
Discussion

The four foreign yards selected for comparison with Levingston have been principally chosen
because of their experience on similar types of work. While these yards have medium level
technology, the best of their type are included.



SELECTI ON OF COVPARABLE YARDS

Criteria Nat| Steel Yard G Yard || Yard L Yard R

Wrk Experience

Past 10 years ABC A AD A ABD
Current A,C A B D A B DB
Maxi num Ship Length 980 1360 1150 1080 1000
Enpl oynent 5500 5700 3600 3500 6000
Size (Acres) 145 210 40 250 100
New or Redevel oped M N M N M

Di scussi on

There are five forei gln yards roughly conparable to National Steel. The one elimnated has
| ess specialized steel production facilities and is less suited to series production.



Li-4

SELECTI ON OF COMVPARABLE YARDS

Criteria Todd, L. A Yard N Yard C Yard D Yard M

Wrk Experience

Past 10 years AD A BD A B CD AB A B C
Current D B,D A B CD A B A B, D
Maxi mum Ship Length 600 1000 850 1170 1020
Enpl oynent 2000 5400 2600 5900 5500
Size (Acres) 60 100 50 90 120
New or Redevel oped L M L M L
Di scussi on

There are five foreign yards roughly conparable to odd, Los Angeles. One yard was
elimnated to provide a better international balance among the remaining four.



¢l

SELECTION OF COMPARABLE YARDS

Criteria Todd, Seattle Yard K Yard C Yard E Yard M

Work Experience

Past 10 years A,8,D A,B A,8,C,D B8,C,D A,B,C
Current D A,B A,8,C,D 8,C,D A,B,D
Maximum Sh- p Length 0 800 850 680 1020
Employment 1800 3900 2600 2500 5500
Size (Acres 35 | 65 50 35 120
New or Redeveloped L L L L L
Discussion

There are five foreign yards roughly comparable to Todd, Seattle. One yard p ializing
in high steel throughput was eliminated.



Criteria

Wrk Experience
Past 10 years
Current

Maxi mum Ship Length
Enpl oyment

Size (Acres)

New or Redevel oped

Di scussi on

Lockheed

A B C

700

2500

100

SELECTION OF COVPARABLE YARDS

Yard M

A B C
ABD

1020

5500

120

Yard K

A B
A B

800

3900

65

Yard C

A B CD
A B CD

850

2600

50

Yard N

1000

5400

100

Four foreign yards are roughly conparable to Lockheed and have been selected for the

conparison.



APPENDIX G

COVPARI SON OF AVERAGE
TECHNOLOGY OF LEVELS BY ELEMENT
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C OTHER PRE- ERECTI ON ACTI VI TI ES
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AVERAGE LEVEL
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AVERAGE LEVEL
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AVERAGE LEVEL
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APPENDIX H

COVPARI SON OF ACTUAL

TECHNOLOGY LEVELS BY ELEMENTS
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