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SUMMARY

This report describes the work done in Phase I of LMI Task
72-8, Methodology for Evaluating Naval Shipyards. The overall
objective of the study task was to develop a methodology for
evaluating the relative utility of Naval shipyards in terms of
cost and effectiveness. Phase I was a review of existing models
and data, and selection of a model. Phase II was to be full-
scale development and testing of the selected model. The con~-

clusion of Phase I is that no model can be found which will

- satisfy the requirement. For this reason it is recommended

that Phase II of the study be cancelled.

Four possible models were investigated. The first two, a
scheduling-cost model and a linear programing quel'were
rejected because an essential element, a measure of shipyard
productivity, is not available. LMI does not believe the
construction of a measure of productivity for detailed models
is practicable for several reasons: 1) the nature of overhaul
and repair work, that is, it is large and complex, and few jobs
recur regularly and when they do work content varies widely,

2) the many constraints on shipyard operation, and 3) the dif-

ferences among the shipyards themselves.

The third and fourth models, total cost comparison and
fixed cost analysis, assume invariant productivity. The total
cost model was found to discriminate inadequately between costs
of new construction in private and Naval shipyards. The diffi-
culty in finding comparable work packages in overhaul and repair
work, the primary mission of Naval shipyards, suggests that

that model would be even less useful.

v




The fixed cost analysis assumes that there are fixed costs

of operating a shipyard that would be avoided by closing a yard.
However, LMI can find little to support that assumption. There
is no clear evidence that fixed costs are large enough to sub-
stantially offset the costs of closing a yard. This conclusion
was supported by a review of the actual costs incurred in the

closing of the New York Naval Shipyard.

vi
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I. INTRODUCTION

A. THE STUDY

This study, "Methodology for Evaluating Naval Shipyards,"
was requested by the Chief of Naval Opsrations.l It is aimed
at the development of a model, or set of models, to be used
to evaluate the relative utility of Naval shipyards, and to
display the effect of changing numbers and capacities of

shipyards.

The study was to be conducted in two phases. Phase I
includes the identification of categories of models, the
assessment of the existing data base together with recommenda-
tions for improvement and, finally, selection of the most
promising model. Phase II consists of the development and
testing of the model selected in Phase I. This report describes

the work done in Phase I.
B, BACKGROUND

There are ten Naval shipyards, located as shown in Figurc
1, five on the Atlantic Coast, four on the Pacific Coast, and
one in Hawaii. In addition there are 26 major private ship-
yards and a number of gmallér private shipyards which do

contract work for the Navy.

1LMI Task 72-8, Sce Appendix A for a copy of the Task

Order.
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The mission of the Naval shipyards is to service the fleet.
The Naval shipyard's primary role is overhaul and repair of most
of the Navy's combatant ships. The private shipyards handle
almost all new construction work and perform overhaul and repair
of some of the Navy's noncombatant ships. Also, private ship-

yards do overhaul and repair of some nuclear combatant ships.

Over the past three years the active fleet (both combatant
and noncombatant)} has been reduced from 935 to about 650 ships.
As the size of the fleet has declined, the overhaul and repair
workload also has declined. There is pressure from private
industry for a proportionately largér share of this smaller work-
load to be placed in private shipyards. On the other hand, the
retiring of many old noncombatant ships has reduced the kind of
repair work which the Navy traditionally has placed with private
yards.

Naval shipyard organizational structures and accounting

procedures are similar from yard to yard.l'2

The Naval ship-
yards operate under the Navy Industrial Fund. Repair and over-
haul work is paid for by flect elements, while other work is
reimbursed by the Systems Commands or other customers. Other
work- includes ship alterations and non-shipwork (industrial
jobs performed for other Naval shipyards or other government

activities).

1Standard Naval Shipyard Organization Manual, NAVSHIPSINST
5450.14C, Department of the Navy, Naval Ship Systems Command,
washington, D. C., 1 June 1971,

2Navy Industrial Pund flandbook for Naval Shipyards,
NAVEXOS P-1242.
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The decrease in repair and overhaul work brought on by the
reduction in fleet size and the continuing emphasis on placing
new construction with private yards, has caused the Naval ship-
yard work force to decline. Employment in the Navy yards is
about 7.3,000,l down from 94,060 at the end of 1967. Figure 2
shows the actual employment 1961-1971, and the work force pre-
dicted to be required in the shipyards th;ough 1980.2 The
predicted continuing decline in the work force requirement was

one of the factors that triggered the search for a model.
C. METHOD

The procedure adopted for this study was to (1) perform a
literature search, (z) examine previous work in the subject area,
(3) investigate Naval shipyard reports for data useful in the
analysis, (4) visit members of the Naval Ship Systems Command to
acquire background on the methods and procedures used for ship-
yard management, including ship scheduling, and (5) obtain cor-
responding scheduling and operating information from fleet

commands and shipyards,

After examining the problem on this basis, we turhed our
attention to investigating types of models which might be useful
in describing shipyard cost and performance, and to defining

characteristics of the data required to support those models,

1As of 30 November 1971.

2Thc predicticn is obtained through usc of the long Range

Planning System (LRPS), a Naval Ship Systems Command computerized
planning model. The fluctuations in the prediciion are inherent
in the model, in that it scarches for a feasil'lc schedule rather
than a smooth one, Tho LRPS prediction is the Navy's best esti-
mate of its shipyavd labor nceds; however, there is no provision
for uncertainty in the estimate, LRPS is discussed in more
detail on page 12.
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II. ANALYSIS

A. INTRODUCTION

The objective of this task was to obtain a model which would
make it possible to evaluate the utility of Naval shipyards. The
model was to show the effect of changing the numbers and capaci-

ties of the shipyards.

An ideal model would incorporate all of the factors affect~

ing shipyard cost and performance, considering such variables as:
® The number and kinds of ships in the fleet.

° Operational requirements of the fleet and re-

sulting schedules for shipyard availabilities.l

® The characteristics of shipyard facilities and

work forces.

[ The management goals or performance targets

for operating the yards.

o The distribution of work between Naval and

private shipyards.

[ The constraints of fleet policies, such as home-

porting.

The essential expression of differences among the yards would

be in terms of a measure of efficiency. The efficiency of a

1An aviilability is an assignment of a ship to a repair
activity for accomplishment of specific items of work.

i
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yard is a function of productivity of the work force, workload
scheduling, shipyard characteristics, and management practice;
they are essential elements of a model for Naval shipyard

analysis.

1, Productivitz1

Measurés of labor productivity for new ship construc-
tion may be developed on the assumption that end product quality
and workmanship on newly completed ships are the same. Then the
productivity measure is some measure of the labor, resources,
and material required to produce a completed ship--a ship that
did not exist before. However, even in new construction, past
efforts to develop productivity measures have obtained uncertain
results except for identical ships. Appendix C is a comparison
of two typical studies which addressed the problem of measure-
ment of shipbuilding productivity on a national level. The

results were conflicting.

Measures of the productivity of ship overhaul and
repair, the primary mission of Naval shipyards, are more dif-
ficult to develop than for new construction. No valid output
comparisons among yards can be made. Incoming ships are not in
equally deteriorated condition, and ships leaving a shipyard are
not in equally good condition. An earlier study searched for
material condition measures for ships and concluded that no
measure of ship condition is avai]able.2 If there were such a

measure, it might be used as a mecasure of shipyard overhaul and

1I-‘or purposes of this study, productivity is defined as
the amount of work accomplished per man-hour of labor expended.

2LMI Task 69-~16, "Study of the Navy Ship Maintenance
Program," Vols. I and II, March 1971,




repair productivity by determining the degree of improvement in

a ship's material condition during an overhaul.

£y .
Lg It can be argued that productivity would be measurable

if we had a large number of similar availabilities on similar

ships or ship types, thereby making it possible:to evaluate the
effect of variables not under yard control. However, the number
of ships of each ship type is small, availabilities occur in-
frequently and the work packages are dissimilar. Repair work
packages are too varied in composition and the occurrence of
similar packages is too infreguent to have resulted in the estab-

o lishment of standards of comparison.

2. Scheduling

Efficient use of shipyard manpower depends in part on

i levéling'of workload in order to avoid "peaks" and "valleys."

Manpower in Naval shipyards is under Civil Service. Shipyard

work forces cannot be readily adjusted to short-term variations

in workload.

“ » Since yards exist to service the fleet, the scheduling
. of ships for yard availabilities is based primarily on fleet

: operational requirements. Availabilities are dictated largely
by operational commitments of fleet commanders. Some workload
leveling has been done through scheduling conferences with the
fleet commanders; however, with the declining number of ships,
there is less opportunity to reschedule availabilities to make
more efficient use of the shipyards. Each shipyard tries to
level its workload through internal rescheduling within the
lengths of availabilitices, and by obtaining outside, less rigidly

scheduled work to fill the valleys.

o
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Of course, no one can predict the necessity for emer-
gency repairs, nbr can one foresee the occurrence of isolated
catastrophes, such as those which struck the FORRESTAL and the
ENTERPRISE. Yet, such events substantially disrupt a ship-
yard's workload schedule immediately, and the effect of the

disruption may linger for years.

. While work leveling of a shipyard is important to its
efficiency, there are many external constraints that make it
difficult for a yard to level its workload. For instance, new
construction of ships now is being assigned almost exclusively
to private yards, whereas, in the past, a relatively low level
of new construction in a Naval shipyard provided some much
needed flexibility in scheduling the work force. Also, the
shipyards are more constrained by policy than in the past in
seeking out non-shipwork. Both new construction and non-

shipwork have served as "flywheels" in smoothing shipyard work-

4load.

Even with the best smoothing some peaks and valleys
in workload requirements will exist. In order to select an
efficient manpower level to meet the workload requirements, it
is necessary to know the relative value of peak and valley man-
hours. 1In a specific overhaul, which is not descrikable in
terms of average workloads, it is not possible to determine
whether man-hours were expended on a repair requirement or
were expended only because the manpower was there, This in-
ability to analyze the value of a man-hour extends into over-
time work. For this reason, historical data cannot be used to
establish the relative value of peak and valley man-hours.
Again, a productivity measurc would allow such values to be
established, and realistic comparison could be made of sched-

ules containing peaks and walleys.




3. Shipyard Characteristics

Comparison of similar operations among the shipyards

e B ~— I . 3

is made even more difficult because of differences in shipyards.

The organization (design, layout, staffing, etc.) of a shipyard

e

is as dependent upon its output mix as is any manufacturing
operation. This fact is reflected in yard facilities: width,

length, and depth of drydocks; crane types and capacities; pier

space; shops and shop equipment; and material handling equipment.

Shipyard differences are also reflected in the kind

1
: and number of personnel required. New construction yards need
; ) highly organized groups of specialists, skilled at assembly of ‘

large segtions and at translatihg drawings into hardware. Repair :
yards need groups of highly skilled generalists capable of !
handling many facets of a repair job without much in the way :

of layouts, drawings, and process specifications.

Furthermore, the Naval shipyards have become special-

ized as a matter of deliberate design. In Figure 1 (page 2),

the functional specialization of each of the yards is shown.

) Some yards have nuclear propulsion system overhaul capability

- and some do not. Nuclear work requires different brazing, weld-
» ing, machining, material handling and, perhaps most significant,
é quality assurance techniques than does ordinary ship repair.

g Similar comments apply to the skills involved in repair of

i electronics for anti-war warfare and antisubmarine warfare

3 weapons systems. These specialization differences increase the
. difficulty of comparison of overhaul and repair opcrations and

g their costs.

4. Manaqement Practice

il Another factor in the Naval shipyards is their manage-

ment practices., An industrial organization should have freedom
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to allocate its resources to enhance its efficiency. However,
a number of limitations exist for Naval shipyards, including:

e Civil Service manpower restrictions

(hiring and’firing procedures).

[} Navy Department imposed manpower
ceilings/floors. ‘ ﬁ
1
. Modernization budget limitations R

(new capital investment). 3

[} NAVSHIPSYSCOM management attention 3
to application of resources (over-
head ratios, maintenance cost ratios,

training cost ratios, and overtime

amounts) .
[ Inposed shipwork requirements. )
° Imposed support requirements (tenant f

activities).

It is not necessary for purposes of this report to
consider those factors in greater detail, but a model should

recognize their importance.
B. MODEL ANALYSIS

Based upon a preliminary review, four types of models were
identified that had some promise of meeting the study objective.
The four types may be described as:

® Simulation
[} Linear Programing
[ Total Co.t Comparison i

[} Fixed Cost Comparison
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1, - Simulation

The simulation model considered was a combination of a
shipyard workload algorithm and a costing algorithm. The model
assumed that operational and overhaul policy constraints were
inviolate and that shipyard costs would be optimized within

those limitations.

The best workload scheduling algorithm for a simula-
tion model would be one that optimizes allocation of resources.
Such models exist.l They cannot be used in examination of the
shipyard utility problem because they require freedom to shift
overhaul start dates and to increase the length of overhauls,
i.e., length of shipyard availabilities. In that situation it
was decided to attempt to use the Long Range Planning System
(LRPS) as a workload scheduling algorithm even though it was

recognized that it does not optimize resource allocation.

The LRPS seeks a feasible scheduling of ships into
shipyards over a ten-year period. In doing so, the model con-
siders the following constraints: workload requirements for
each ship, operating-repair cycles, homeport policies, ship-
yard specialization capabilities, drydocking facilities, man-
power and skill bounds, and fleet-assignhed ship repair priorities.
Since schedules are fixed, the model may encounter conditions
where shipyard capacities are overloaded. Relaxation of sche-
dule constraints is required, and through manual intervention
sﬁecific overhauls arce shifted until a feasible schedule is

achieved. . R

1Optimizat:ion scheduling models examined during this study
were, 1) Control Data Corporation, "PPS IV Project Planning
System," and 2) those contained in: Thompson, G. L., "Current
Approaches to Solving Workload Scheduling, Prediction, Distribu-
tion, and Smoothing Problems,” Carnegie Institute of Technology,
April 1965.
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- standard.

It was planned to apply the LRPS to each of several
alternatxve yard combinations, and through application of a
cost algorithm, cost out the results.
in the costing algorithm are given in Table 1.

run would be for -the current yard complex and would be the

so that the value of each such yard could be determined from a

Subsequent runs would be with selected yards deleted,

Costs to be included

13

The first LRPS

comparison of the corresponding costs with the standard.

Table 1

Cost Data Reguired for Séhedulinq Model

Cost/Saving

Data keguired

Rotes

Transfer Capability
NSY Facilities
Moving Costs
Replacerent Costs
RSY Personnel
Transfer

Travel Expense
Moving Expense
Loss/Replacerent
Scverance Pay
Early Retirement
Recruiting
Training

Efficiency
On-the-Job Training
Lowcred Skill
Morale

Rescheduling
Peuk/Valley Shift

Tronsit Costs Diffcirence

Steaning
Lost Availability

Nomeport Scparation Diffey-
once

Cynw Travel
kelocation

Morale

Shipyard Freplonning

Reguires determinaticn of facilities
required, post closing. (Drydeck,
crane, piexr space, other)

Requires determinction of total ron-
power requi of percenti
that will transter and be necded
or of replacement and termination
percentages,

Productivity loss,

Cost of "peak” and “valley" man-hour

Reguives listing of ships and home-
port to availahility yord dine
taneesn,

Regquires Mating of ships and homee
port to availabidity yord Gin-
tances.

comparative yeehlistrent yales,

Dependent upon scheduling and yard
specialization designation.

bependent uwpon scheduling and
eslirustvy of personncl action
perceniages.

Few data availadle,

Dependent upon schedulina and micro=
leveling done in yurd plus cost
ostimaten,

Dependent upon pcheduling, and stap
hoseport preference deignation,

Dependent upon seheliling and ship
homeport preterence desianatijon,

Fow data avatlable.
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The closing of a shipyard implies that a number of
decisions must be made, including the date of closing, a hew
homeport-shipyard preference list and selection of yards to
which to transfer specialized skills. The result is that the
generation of alternative shipyard workload schedules is not
a deterministic process, but one with very iarge numbers of
alternatives, each having a differing variation in the peaks
and valleys of workload attributed to the shipyards. It is
because it is not deterministic that LRPS fails. Its short-
comings became evident following a detailed examination of the
standard run (without the cost algouvithm applied). The pro-
jected manpower requirements showed wide fluctuations for the
immediate fiscal year and wider and wider fluctuations for
succeeding years. Normally, such fluctuations are removed manu-
ally by analysts and operating personnel based on updated
information as the overhaul period is approached. However, it
is not practical to simulate such situations far enough into
the future to cover the period when the impact of the hypothet-
ical closing of a yard can be determined. While LRPS appears
to be a good tool for long-range planning, it is not suitable

for intra-shipyard analysis of schedules.

Assuming that the difficulty in simulating the long-
term future situation could be overcome, other obstacles remain.
FPirst, in orxder to assign costs to the variation in workload, a
manpower level must be chosen. The productivity of a peak man-
hour compared with a valley man-hour must be known in order to
set the manpower level. Productivity data do not exist that would
enable the manpowcr level to be set to minimize costs, Second,
even though workload might be smoothed in cach yard, the absence
of productivity data effectively makes it imporsible to determine
productivity among the yards. Third, estimates of the other
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cost factors, listed in Table 1, do not appear to be available

to the precision required. ’ >

In view of the foregoing, it is concluded that no
objective evaluation could emerge from a simulation of the ship-

yard complex.

2. Linear Programing

Linear programing is simulation using mathematical
equations to represent physical events, and usually assumes con-
tinuous flow. It requires that the relationship between cost
and output pe known. An illustration of the technique can be
found in a report by the Institute for Defense Analyses (IDA) in
1969.l That linear programing model optimized the allocation of

Naval ship construction contracts to private shipyards.

The objective function, cost, was based on factor
analysis of the labor and equipment resources of each of the
pr.vate yards. The primary difference in labor cost among yards
was assumed to be the difference in regional wage rates. The
problem of labor productivity was not directly addressed; it
was stated that "differences in labor productivity, if any,
could not be measured."2 Labor productivity was assumed to be
dependent upon the facilities of a yard. Labor productivity,
using alternative facilities, was estimated and applied'to hull

construction, electrical outfitting, and other outfitting in the

lneazcr, W. P., et al., "An Tconomic Analysis of the U. S.
Shipbuilding Industry for the 1970s," Vols. I and II, Report
R-159, Institute for Decfense Analyses, Arlington, Virginia,
July 1969.

2Ibi.d_., Vol. I, p. 21.
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proportion historically found for each of several broad cate-
gories of ships. Adjustments were made for other factors such

as learning.

Fcr repair and overhaul none of these procedures is
relevant: productivity of different facilities in repair work
is unknown because of lack of productivity measures. Learning
applies only to repetitive processes, but repair and overhaul

jobs are varied and repeat only infrequently.

Consequently, no reliable distinction among yards can
be made on the issue of overhaul or_ repair productivity. Since
such distinction is crucial to an LP model, such modeling also

strikes out as a candidate for evaluation of shipyard utility.

3. Total Cost Comparison

As it bzcame clear that the two above nodels--simula-
tion and linear programing--regquire a measure of productivity,
the study focus was shifted to 2 model which assumes that pro-
ductivity is invariant. A comparison of total ship repair or
overhaul costs between the individual Naval shipyards might pro-
vide a ranking of shipyards colely on the basis of total costs

for comparable work.

a. Comparison _c¢f Private and Noval Shipvards

An example of a total cost medel is contained in
a study by Arthur Anderson & Companytl Although the Arthur
Andersen study was dirccted to cowmparing private and Naval ship-

yards, and while this investigation is dirccted te comparing

I"chnrt on Survey and Analysis of Differences Botween U, S,
Navy Shipbuilding Costs at Naval and Private Shipyards, Shipbuaild-
ing Cost Study," A thur Anderusen & Company, Chicano, Illinoisn,
30 November 1962,
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among Naval shipyards, an examination of the study was under-

taken for the purpose of gaining insight into a total cost model.

Arthur Andersen made detailed cost comparisons between
Naval and private shipyard; for construction, conversion, alter-
ation, and repair work. The study group analyzed the work accom-
plished in Naval and private shipyards for each ship type and
computed the adjusted contract cost or price for the various
categories of work. Considerable effort was spent in trying to
establish the physical comparability of work prior to comparison

of costs.

The study concluded that new construction costs to DoD
at private shipyards were 16% less than at Naval shipyards, con-
version costs were 1.2% less, repair costs were 3.4% less, and

that there were no significant differences in alteration costs.l

By far the largest dollar comparisons were performed
on new construction. Overhauls of combatant ships were not con-
sidered (only a few combatant ships, primarily nuclear-powered,
are overhauled in private shipyards), thus eliminating the major
overhaul expenditure item from comparison. Similarly, altera-
tions of combatant ships were not considered. In 211, an ex-
tremely large part of the normal type of work performed by a
Naval shipyard was eliminated from comparison. A summary of the

comparisons, by shipwork category, is shown in Table 2.

lNAVSHIPSYSCOM has recently contracted for a study which
will attempt to redetermine the cost differences. The study
report is due May 10, 1972. The Shipbuilders Council of America
has contracted with Ernst and Ernst, an accounting firm, for a
similar study to compare cost differences between private and
Naval shipyards.
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Table 2

Arthur Andersen & Co. Study
Comparisons of Private vs., Navy Shipyards

Total
Shipwork ;320;;9% . Scope of Study
Category Millions | % of |Millions % of | % of
of Total of % of Program| Study
Dollars 1{10,329) (Dollars |Category|(10,329) |(1,964)
Construction 7,698 74.5 1,630 21,1 15.7 83.1
Conversion 1,643 15.9 317 19.1 3.1 16.1
Regular
overhaul 690 | 6.7 1] 1.9 | o0a
Alterations 208 | 2.0 & 13 0.0 0.2
Total $10,329 100.0 | $1,964 - 19.0 1C0.0
5/§rivate and Naval Shipyards
Q/Eombatants and Non-Combatants
S/hon—Comhatants Only

IMI applied tests of statistical significance, using
individual ship data from original work sheets,l to the
comparisons made in the study. The results are summarized in
Table 3. ‘ !

1Supplied by NAVSHIPSYSCOM.
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Table 3

Tests of Statistical Significance of
Comparisons of Private vs. Naval Shipvards

Distribution of Cases by
Shipwork Total Statistical Significance
Categor Cases | Confidence . Sample Size
Levels (%) Different Same Too Small
Construction 4 2 1 1 2
10 1 1 2
15 2 0 2
Conversionh/ 1 2 *0 0 1
10 0 0 1
15 0 0 1
Regqular 1.0 2 3 7 0
Overhaul 10 4 6 0
15 5 5 ]
Blterations | 28 2 2 15 1
10 T4 13 11
15 5 12 11
E’As in Table 1.
E/No statistical test possible because data werg not available on
spread of costs.

While the Arthur Andersen study concluded that sub~
stantial construction cost differences existed betwsen Naval
and private shipyards, only in one out of four comparisons could
this conclusion be substantiated statistically at a 10% confi-
dence level., 1In two cases the sample size was too small to be
conclusive. Only one comparison (case) of ship conversion was
presented, and the available data were insuificient for statis~

tical testing.
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In the area of more interest to this investigation,
only four out of ten regular overhaul cases provided statis-
tically significant cost differences. The Arthur Andersen

conclusion with respect to ship alteration costs (no difference)

was confirmed by statistical test.

While statistically significant differences were
found in one case of new construction and several cases of
parts of overhauls of noncombatants, the statement that private
shipyards are less costly than Naval shipyards cannot be made
with assurance. NAVSHIPSYSCOM (then Bureau of Ships) found in
a review of the Arthur Andersen study that "the consultant ex~
perienced great difficulty in developing samples of comparable

work and, in the ship repair area, was unable to do so at all."

The Arthur Andersen study represented a very substantial
effort and surveyed the costs of all work performed on Navy ships
in Naval and private shipyards. Nevertheless, their conclusions
were necessarily constrained to an extremely small portion of
overhaul and repair work because of inability to find encugh
comparable work packages. The experience of that study illus-
trates the obstacles in attempting to use the total cost approach,
even in the area of new construction.

b. Comparison of Overhaul Costs Among Naval

Shipyards

The obstacles faced by Arthur Andersen in their
study led LMI to examine more deeply the possibility of defining
comparable repair work packages within the Navy shipyard com~

plex that could be used in a total cost model.

It is commonly assumed, outside the ship-operating

and ship-maintenance community, that the cost of an overhaul is
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not highly variable. It is a poor assumption. The average

cost of repair of the 23 destroyers overhauled in FY 1970 was
$1.5M,l including Appropriation Purchases Account (APA) material.
The range was from $0.9M to $3.2M, with a large coefficient of
variation of 37%.2 This variation indicates the magnitude of

the uncertainty which prevents valid comparisons of one yard
with another. While a number of factors contribute to this vari-
ation, the relative contribution of each factor to the total

variation cannot be determined.

One factor is the amount of industrial work done
on Navy ships between overhauls. Pacific destroyers receive
large amounts of repair at the Naval Ship Repair Facilities in
WESTPAC. No such facilities are available to Atlantic destroyers.
This may result -in generally better destrover condition upon
entering overhaul in the Pacific shipyards, and may explain why
the average cost of a Pacific destroyer overhaul is lower than

an Atlantic overhaul.

Another factor is the widely different amounts of
steaming among ships during the period between overhauls, For
example, during the period FY 1966 through FY 1969, the fuel con-
sumed by a destroyer, averaged over the period between overhauls,
varied among 109 destroyers from 3,800 to 11,700 gallons per day.
Such differences in intensity of use intuitively indicate that
ships enter overhaul in widely varying condition. Variations
also result from differences in environment, quality of the crew
(both operators and maintainers), qnd the emphasis placed upon

shipboard maintenance.

1The cost of the overhauls, including alterations, was
$1.8M, average.

2Coefficient of variation is the ratio of one standard devi-
ation to the average.

et e e
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The problem of identifying comparable repair
work packages to the precision required to discriminate among the
Naval shipyards appears insurmountable; the inherent variation in
repair work is too great to ignore the differences. Therefore, a
total cost model is considered not applicable to the question of

shipyard utility.

4, Fixed Cost Comparison

The last model LMI investigated also assumes invarijant

productivity. It is based on a Navy study conducted in 1964.l

As a part of the study, euch Naval shipyard was
directed to estimate what its total overhead and direct labor
expense would have been if its workload during FY 1963 had been
50%, 75%, 125%, and 150% of actual workload. A linear extra-
polation of those points to a zero workload level indicated an
average annual fixed overhead expense of $14.4 million per yard.
The shipyards were ranked on the basis of fixed cost savings
that could be realized from their closure. The New York Naval
Shipyard was closed in 1965 and the closing of the Portsmouth
Naval Shipyard was projected for 1974.

a. Historical Trends in Overhead Costs

In industrial cost accounting, depreciation,
property taxes, insurance, and interest on borrowed capital
are the only costs which are fixed in the sense that they do
not vary at all with changes in the volume of plant activity.
There are other costs, called semi-~fixed or semi-variable,
which have some morc or less fixed components over shor: periods

of time. Some examples of semi~fixed costs include senior

l“study of Naval Requirements for Shipyard Capacity,”
Shipyard Policy Board, 1964. (Confidential)
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management salaries, payroll processing and building maintenance.

All of these are overhead account costs.

In brder to verify the fixed cost rationale used
in the 1964 study, ILMI investigated the historical relationship
between overhead costs and yard workload in all Naval shipyards
over a nine-year span. Overhead was considered in two classes,
corresponding to the accounting bre ikdown used in the Naval ship-
yards. The first class was the overhead of the productive work
centers, which corresponds to manufacturing overhead in indus-
trial practice. The second clgss includes the expenses of the
general cost centers, which are aéplied to both process shops
and productive work centers. That class corresponds to general

and administrative expense in industrial practice.

The relationship between overhead and direct
labor over the period FY 1963 to FY 1970 for all Naval shipyards
combined is given in Figure 3.1 The periods 1963 to 1965 and
1968 to 1970 were periods of declining workload, whereas 1965

to 1968 was a period of expanding workload.

The periods of declining workload do not show a
consistent change in overhead costs. The periods of declining
workload are believed to reflect a variety of effects such as
increases in overhead work, pay increases for graded personnel,
and the yard managers' reluctance to reduce the work force.

The net effect is that overhead reduction lags direct workload
reduction. In an expanding workload period it might be expected
that overhead would lag growth in workload. Yet, Figure 3 indi-
cates that in an expanding workload period (FY 1965 to FY 1968)

1The relationship for individual yards is given in
Appendix B.
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overhead increase is nearly proportional to the increase in
direct workload. This may be attributed to causes such as
accomplishment of deferred maintenance and increased training

required by projected further increases in work force.

Nevertheless, it should be expected that over-
head costs will not increase proportionately with the increase
in direct workload. When overhead costs do increase propor-
tionately, the conclusion may be reached that overhead is being

managed to achieve some target overhead rate.

Total cost management and control is the essence
of the managerial function. Yet habit, tradition, or
the dictates of a man-made accounting system make it
convenient, or compulsory, to classify costs as
cither direct or overhead. This practice only clouds
the real issue. It confuses and frustrates. It be-
wilders rather than clarifies. It divides management
resources and often focuses a dispropcrtionate amount
of attention on one segment--to the detriment of the
total. A relatively low overhead rate is often
acclaimed as evidence of management excellence--with-
out any consideration for total cost performance.

To strive for a predetermined overhead rate or ratio
is not only unrealistic, it is also confounding,
capricious, and costly. It is a defeatist approach
which is often taken to avoid trouble or frustration.

It appears to LMI that the shipyards are managed
to achieve some accepted overhead rate. The conclusion was con=-
firmed informally with persons familiar with shipyard management
practices. A major reason for such management 1s that shipyard

managers do not have productivity or other standards by which

1Phillips, E. W., "Cverhead--Burden or Benefactor," The
Internal Auditor, March-April, 1968, p. 55.




26

to evaluate performance. As a consequence, management attention
is directed to what appears to be manageable--the overhead rate.1
1f so, estimates of fixed cost, based upon overhead analysis,

are invalid.

b. Historical Trends Before and After Closing
a_Shipyard

The closing of New York Naval Shipyard (NYNSY)
offered a chance to examine actual costs and savings realized

through a reduction in the number of shipyards.

Figure 4 shows overhead cost against direct werk-
load for the East Coast Naval shipyards, both with and without
NYNSY, for the period FY 1963 to FY 1969. The data have been
adjusted for inflation.2 If fixed cost savings were realized as
a result of closing NYNSY, the two curves of Figure 4 would be
displaced by the amount of the savings. However, the graph
shows that over the range of man-hours when the combined direct
workload of the yards, less NYNSY, equaled the level of the
yards with NYNSY (between 52 and 60 million man-hours), the
overhead cost difference was between a $5.0M saving and a

$3.0M loss.

The individual yard cost comparisens (in Appen=-
dix B) werc also examined for this expansion period. Linear
extrapolation through the 1965 and 1968 points for cach yard

alsn results in wide variation of the intercept on the overhead

1Long Beach Naval Shipyard appears to be an exception.
See Appendix B, Figure B-6.

2The base year for adjusting inflation was 1965, Dircct
labor cost data were not available for NYNSY. Therefore,
direct man~hours were used in the abscissa of Figure 4 in
lieu of direct labor dollars as used in Figure 3.
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cost axis, ranging from a negative $4.4 to a positive $1IM.
Such variation, especially the above to below zero intercepts,
demonstrates how uncertain fixed cost estimates are, and
strongly suggests that linear extrapolation beyond the range
of the actual data is misleading.

c. Comparison of 1964 Shipyard Policy Board
Study with Actual Costs

A further evaluation of the fixed cost approach
may be obtained by comparison of the 1964 Shipboaxd Policy
Board estimates of annual savings and closing costs with actuals

as subsequently estimated by NAVSHIPSYSCOM.

(1) Annual Savings

The 1964 study estimated the maximum and
minimum savings to be obtained through closure of NYNSY in the

following manners:

Annual Savings (Maximum) (Miiimum)
Due to transfer of new construction $ 9.8M $ ~--
to private yards
Due to savings in overhead 6.1M 11.5M
Rehabilitation and modcrnization ) 0.7M 0.7M
of eguipment
Military support 0.6M -
Military personnel 0. 0.9M
$18.1M $13.1M

The largest single savina, $9.6M, was bascd
on transforring new construction workload from NYNSY to private
yards. However, since the saving wias based upon the assumption
that private yards are less costly, it could have been obtained

by transferring the work to private yards cven if NYNSY bad stayed




open. Therefore, the saving should hot have been credited to

the closure of NYNSY.

The r .ximum and minimum cost estimates
were obtained in two separate analyses. For that reason the
savings in overhead figures appear to be interchanged, but ’
were stated as shown. The $6.1M estimate of savings, through
transfer of work to the Philadelphia and Boston Naval Shipyards,
was based upon a forecast of improvement in the overhead to
direct labor ratio from 49% to 44% at Philadelphia. The data
for Philadelphia (Figure B-3, Appendix B) show no such result
in the actual overhead with increased direct workload. &2
similar, although not as clear~-cut, result is obtained for
Boston NSY (see Appendix B, Figure B-2). The $11.5 estimate
was obtained from the shipyard data by linear extrapclation
of total overhead and direct labor expenses to the zero work-

load level, as described earlier on page 23.

The saving due to rehabilitation and mod-
ernization appears to be partly independent of NYKSY closurc.
If the work at NYNSY had been transferrcd to another Naval
shipyard, it seems logical to assume that the facilities at
the latter yard would have been worked harder, thus requiring
morxe rchabilitation or maintenance and, perhaps, mnodernization,
Moreover, the $0.7M annual saving shown represcnted less than
2% of the $46.2M short-range investment in facilities for Naval
Shipyards in FY 1966.1 The estimated $§.7M loscs sianificance
when compared to the variation in facilitics investment over

the next two years {(a $28M ranye).

]'"SLaLu:: of shipyards," Hearings by the Sceapower Subcom-

mittee, House of Representatives, st Cohgress, p. 10683, 1970,
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The military support item represents non-
industrial functions to be transferred to other activities,
with an expected savinrg due to reduced fixed overhead. The
reason for its omission in Column II cannot ke determined but
there is no known basis for an assumption that those costs

would disappear.

Whether the military personnel item repre-
sents a true saving depends upon whether the number of officers
in the Navy was correspondingly reduced. ILMI accepts the study

assumption that it was a true saving.

Following the arguments given above, the

Policy Board Study would have predicted the minimum savings as:
Annual Savings
Due to savings to overhead $6.1M

Rehabilitation and modernization -0~
of eguipment

Military support -0~
Military personncl 0.9M
$7.0M

LMI's analysis of the history of the East
Coast yards indicates the saving in overhead was no more than
$5.0M under the conditions prevailing after the closure of
NYNSY. Therefore, total saving may not have ecxceeded £5,.9M per
year ($5.0M overhead saving plus $0.94 military persehnel
saving). In fact, a loss of $2.1IM per year ($3.08 loss (page 26)

minus $0.9M military personnel saving) could have occurred.

NAVSHIPSYSCOM performed an internal study

to attempt to identify the actual savings realized through
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closing the NYNSY.1 The savings identified by that study were
based on averages of costs incurred during FY 1963 and FY 1964,
a period of declining workload. The principal items were $14.1M
for salaries, $6.1M for maintenance, and $1.3M for power plant
operation. No offsets are included for corresponding increases
in other yards; therefofe, a comprehensive evaluation of the
actual savings was not accomplished. The range among estimates
and actuals ($2.1M loss to $18.1M saving) suggests the uncer-

tainty of fixed cost estimates.

(2) Closing Costs

Closing costs estimated by the 1964 Shipyard

Policy Board were as follows:

I 1T
Costs (Maximum) (Minimum}
Moving costs of employees transferred $ 6.1M $ 4.3M
Shipment of residual inventories 4.2M 1.2M
Cost to preserve facilities 3.2M 2.4M
» Subtotal $13.5M $ 7.9M
Tenants and satellite support $ 0.3M $ 0.2M
Buildup of special capabilities 3.2M 3.2M
Added cost of completing current work 5.8M 2.3M
Added cost of incomplete work transferrecd 1.8M 0.9M
Total $24.6M $14.5M

NAVSHIPSYSCOM also attempted to identify
actual closing costs.2 They collected costs of the first three

items listed above plus others not considered in the 1964 study.

lMemorandum for File 0731:AVP:mh, Serial 151, 5 March 1970.

21pia.
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NAVSHIPSYSCOM ascribed actual closing costs of $20.6M to the
three items, in contrast to the subtotals shown above ($13.5M

to $7.9M). The last four items listed above were not examined
in the NAVSHIP study but may well have incurred a similar growth.
It appears to LMI that the true costs of closing NYNSY may have
been as much as $37M.1 >At a saving of $5.9M per year and a 10%
discount rate this implies a period of 10 years before break-

even.

d. Summary of Fixed Costs

Fixed costs are difficult to uantify. 1In any
event, they appear to be small. For example, the potential
saving obtained by the closing of a shipyard is less than 1%
of the annual operating budget of the Naval shipyards. There-
fore, the fixed cost model is not a candidate for evaluating

Naval shipyards.

5. Summary of Model Investigation

Four candidate models were investigated for their

applicability in analysis of shipyard utility.

° Simulation

[ Linear Programing

° Total Cost Comparison
° Fixed Cost Comparison

1The average of the maximum and minimum subtotal is $10.7M
80 that cost growth was about 92% (20.6 vs. 10.7). The average
of the maximum and minimum grand total is $19.5M. A 92% cost
growth would bo about $37M.
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Both the simulation and the linear preograming models
are not applicable because they require a measure of shipyard
productivity or efficiency. Such a measure does not exist.
Those studies specifically addressing productivity~-even though
the results were in conflict-~described only new construction
of noncombatant ships and are not applicable to overhaul and

repair work.

The total cost compariscn, a model that has been
used to compare Naval shipyards with private shipyards, does
not demonstrate cost differences with adequate statistical
certainty. Wide variations in the condition of ships entering
overhaul, and a lack of ability to measure differences in ship
condition, preclude the identification of comparable overhaul
and repair packages. For these reasons the total cost model

is inappropriate for comparison of Naval shipyards.

The fixed cost model is even less representative
of the real world than the other three. There is so much un-
certainty in the definition and measurement of fixed cost in
the Naval shipyard complex that its use in evaluating the

utility of Naval shipyards is not appropriate.

LMI cannot identify a model at this time to evaluate

the utility of Naval shipyards.

c. REVIEW OF ASSUMPTIONS

Since the search for models which characterize shipyard
operations was fruitless, the assumptions made in undertaking

the study were re~examined. The re-examination established
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that two initial assumptions are not true. Those are:

[ Cost minimization of shipyard operations

alone can be an objective.
. Shipyard productivity is measurable.

1. Cost Minimization as an Objective

An assumption implied by the task order is that cost
minimization of shipyard operations alone can be an objective.
The primary mission of the Naval shipyards has always been to
provide the required level of service to the fleet. The ship-
yvard complex must function under a number of constraints, such
as homeport policies, overhaul cycles, shipwork priorities,
level of repair approved, and governmcntal management policy.
Thése constraints are real, and in varying degrees, work in
opposition to the goal of cutting ccsts. Yet, given the con-
straints, shipyard management must, and does, attempt to mini-
mize cost. Lacking a measure of performance, such as profit,
however, there is no real indication of how well they are doing,
even in comparison with other Naval shipyairds. They all may

be excellent or they all may be bhad.

Given the constraints that exist because the Naval
shipyard complex is an element of the DoD rather than a private
venture, the shipyard complecx should not be looked upon in
isolation. Rather, it should be cvaluated on its primary
mission, just as a carrier strike force should be cvaluated
on its capability in a combat role. Cost minimization in the
shipyard complex must be scuyght with a breader geal in minde--

its impact upon flcet military capability.
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Cost reduction in the shipyards, achieved independently
of total fleet cost considerations, may adversely affect the Navy
as a whole. The annual operating cost of the fleet is about
$4 billion per year, four times the annual budget of the ship-
yards. If an increase of 1% in shipyard efficiency is achieved,
say, by reducing capacity, but causes fleet efficiency to de-
cline 1% then there would be a net loss of $30M per year. If
cost minimization is undertaken it must be done on a level which

will produce real savings.

2. Shipyard Productivity

As discussed previously no consistent measure of pro-
ductivity is available even for new construction, Productivity
comparison among Naval shipyards is cven more difficult since a
Naval shipyard's primary workload is repair and overhaul work,

which is much harder to measure,

While it might be expected that a job such as "repair
a main feedwatcr pump" involves the same amount of work in each
Naval shipyard, one nced only consider the possible differences
that may be encountered in exccution of the job to sce the dif-
ficulty. One shipyard may elect to disassemble and repair the
pump in its location in the ship, another may find that an access
opcning for some other cquipment has been cut and that it is
better to remove the pump from its foundation and meove it to the
shop. The cost of repair of the pump in the sccond case--vhere
the repair was done in the shop--may be much lower but the access
opcning costs and the rigaer and crane operating costs should
also be considered. Repair-in-place may be essentiale-at
correspondingly high cost--because of limited access to a com-
partment. This is not to suggest that job costs cannot be compared,

but that the comparison is intricate and the methods and related




activities must be considered in every case. Such intricate
considerations are most often subjective and, because the
internal arrangements vary even among ships of the same class,
a true comparison of job costs would require very detailed work

analysis.

If there were encugh ships and similar installations
of equipments, it would be practicable to engineer standards
for each method of repair and to compare the costs of accom-
plishment. While some repair and overhaul work is quite straight-
forward, such as cleaning and painting of anchor chain, most work
does not lend itself to engineered ;tandards. LMI believes that
the cost of developing such standards, considering the small
numbers of similar ships and the infrequency of identical repair,
cannot be justified by cost savings. While engineered job
standards, if they covered a cubstantial part of the work, would
provide some measurc of productivity of Naval shipyards, it

appears that they are out of reach.

Another approach to evaluating shipyard productivity
would be to determine cach shipyard's contribution to the con-
dition, or readiness, of the fleet. Essential to this approach
is a means of measuring ship condition that can assign a nurher
on a continuous scale to each ship. There appcars to be no
practicable way to o that, either through physical mecasurement
or through subjective assignments of numbers, or some com-

bination of the two.

An alternative to dircct measurement of ship condition,
would be to set standards of ship condition when the ship leaves
overhaul. Cemparison of numbers of overhauls of the same ship

type could be used teo covaluate shipyard productivity, assuming
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identical deterioration since the previous overhaul. The ship
condition standards may be either formally documented or the
subjective opinion of experienced ship maintenance and operating
personnel., The form of evaluation in this case would be a
go/no-go statement. Formal standarés could be developed as
part of new ship acquisition programs at acceptable costs where
a number of identical ships are procured. The standards would

be used to fix ship condition at one point in time.

Refined estimates of shipyard productivity also could
be obtained through assembly of data from several overhaul
cycles of similar ships. The data would include such items as
overhaul resource investment, time between overhaul, fuel con-
sumed between overhaul, maintcnance applied between overhauls
and other quantifiable intervening variables. Those data would
be used to better define the ship condition entering overhaul.
With estimates of the change in ship condition produced during
overhaul the accompanying resource investment could be analyzed
with more confidence. This method would be less costly, but
also less exact, than if job standards or a continuous scale
productivity measure werc available. Therefore, it could only
be used as a check on other methods for improving shipyard

productivity, not for making facility decisions,

Even if it is not desired to c¢stimate ship condition
or measurce shipyard productivity, it is essential that the
quality control of ships lcaving overhiaul be objective. By
assigning that responsibility to a.flect organization, quulity
control will rest with those most affected Ly ship condition
and budget. The flecet organization must be staffed with

appropriate expaertise and continuity of personnel,

The abo.o discussion on engincered job standards and

ship condition measurcment is not meant to imply that shipyard
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productivity cannot be upgraded in their absence. Shipyard
performance can be upgraded through the application of industrial
engineering to improve material flow, through more detailed pre-
job site surveys, through improved material and work force
scheduling to reduce lost time, through changes in personnel
classification‘gﬁd training to reduce trade emphasis and to
emphasize accomplishment of complete jobs, and through intensive
and continuing review of management practices, both at the
NAVSHIPSYSCOM and shipyard level, to identify more meaningful

indices of performance and to cmphasize active involvement at

the local level in improving shipyard performance.

D. SHIPYARD RCOLNOMICS

The task implies that two questions need to be answered.
[} How many shipyards are required?
] How should the workload be distributed among them?

It is natural to assume that the closing of any industrial
operation would save moncy. In the shipyard case the closing
costs are so large and the apparent annual savings so small and
so difficult to identify as to make that assumption guestionable,
especially in vicew of the increasing uncertainty in reguirements
in the distant future. 7That mecans cconepic indiffercnce as to

the number of yards in existence.

Furthermore, it appears that workload tevel has little effcct
on the efficiency of a yurd, For cxample, were it not that the
pier and drydock space way not be adegquate, al) of the work on
the Bast Coant might be perforned in one yard with little chanae
in the cost of overhanls., Reeoausne of these considerstions, it
should be the operating convenience of the fleet and strategic
considerations that deternine not only how pany bot which ship-

yards should be operated.
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I1I. CONCLUSION AND RECOMMENDATION

The fundamental conclusion of this study is that no
useful shipyard cost model éan be constructed at the present
time. 1In other words, there is no acceptable methodology
for evaluating shipyard utility on the basis of economic

analysis.

RECOMMENDATION: Phase II of this study not be
done, i.e., do not undertake the construction of
economic models for the purpose of comparing

shipyards.
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ASSISTANT SECRETARY OF DEFENSE :
Washington, D. C. !
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oo o

Installations and Logistics DATE: 13 August 1971

[; TASK ORDER SD~271-164
; (TASK 72-8)

1. Pursuant to Articles I and III of the Department of
Defense Contract SD-271 with the Logistics Management Institute,
the Institute is requested to undertake the following task: Ry

A, TITIE: Methodology for Evaluating
Naval Shipyards

B. BACKGROUND: A methodology for review of the effec-
tiveness and cost of Naval Shipyards is required. This methodology
would be used continuously to evaluate the relative utility of
shipyards to the Navy. The methodology should enable a top-level
decision-maker to assess the utility of each shipyard relative to
its counterparts, and to see the effect of changing numbers and
capacities of shipyards.

C. SCOPE OF WORK: LIMI will undertake the development
of a model, or a set of models to satisfy the above stated require-
ment. The work will be performed in two Phases:

o Phase 1--This phase will include:

1) Identification of the various broad categories
of models that may be applicable to the objoctive, and re-
lated supporting data basecs,

2) Assessment of the adequacy of the existing data
basc and datermination of feasible actions to improve the
data base in terms of accuracy, precision and completeness,
and

3) Sclection of the type of model that offcrs the
most promise of mecting the objective, considering all re-
straints that bcar on the issuc.

The product of Phase 1 shall be a report documentina LMI
findings with respect to the daun base and deseribing in
gencral terms the Lype model, if any, most suited for
further development,
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Phase 2-~During this‘phase the model tentatively
jdentified in Phase 1 will be developed and tested.

The product of Phase 2 will be a report fully describing
the model, defining and describing all input and output .
parameters and explaining the sensitivity of the method-
ology to each parameter or set of parameters.

2. SCHEDULE: A final report on Phase 1 will be submitted

by 31 December 1971. A Phase 2 estimate cannot be established
until completion of Phase 1.

APPROVED: /s/ Hugh Witt /s/ Glenn V. Gibson

ACCEPTED: /s/ William F. Finan

DATE 16 August 1971
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APPENDIX B

OVERHEAD COSTS VERSUS DIRECT LABOR
COSTS FOR THE NAVAL SHIPYARDS

In the course of the study we examined the historical
trends in overhead costs as a function of direct costs (page
22). In this app2ndix are presented the historical trends
in overhead cost as a function of direct costs for each of the
nine Naval shipyards. Mare Islénd'and Hunters Point Naval
Shipyards were considered together. For comparative purposes,
the trends in workload (direct man-hours expended) with time

are also given on each figure.

The data shown are not directly comparable, but are ade-
quate for our purposes. There are several reasons why they
are not directly comparable. Some material costs are included
in overhead, and there has been significantly less inflation
in material costs over this period than there has been in
labor costs. 1In additicn, we have not analyzed the extent to
which personnel upgrading may have had a greater cifect on one

or the other of these costs,

It may be seen that the extrapolation of the overhead
trend linc back through zero (on the abseissa) produces widely
varying estimates of the fixed costs of the yards (at the
intercept of the ordinate). 1In several cases the variation is
due to causns such as the addition of special capability--for
example. nuclear plant overhanl--and those cases must be

interpreted with cantion,
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APPENDIX C-

. COMPAkISON OF STUDIES EVALUATING
. . PRODUCTIVITY OF U, S, AND FOREIGN SHIPYARDS

Two studies~were found in the literature which considered
shipyard productivity. One study was made by IDA in 1966;l
another by the Webb Institute in 1969.2 Both cémpared the pro-
ductivity of private shipyards.in the U. S. and selected

foreign countries in the construction of commercial ships.
a. The IDA Study

This study used as its input-output measure “man;
hours per delivered steel-weight ton." Steel-weight tonnage
was converted from dead-weight tonnage by one equation applied
both to cargo and passenger ships, and another equation for
tankers. These conversion equations allowed for differences in
the usage of steel between these two types of ships. The steel-
weight figures were then weighted for differences in construc-
tion complexity for each of the three ship types: tankers,
cargo ships, and passenger-cargo ships, The weighted figures
were then divided into a two-year moving average of the product
of employment and man-hours per year psr employee. The IDA
study concluded that the “productivity" for the U, S, was roughly
one~half that of Swaden and Japan.

b. The Webb Institute Study

This study considored the use of stcel-weight tone as
a moasure of output hut discarded it on the basis thot such a

measure did not allow for the diffcrences in complexity, and

Hﬂilliama, H., et_al., "An Economic Analysis of U, S. Naval
Shipbuilding Costs," Institute for Dofense Analyses. Report Re-
120, Arlington, Virginia, Dacembar 1966.

2"Improving the Prospects for U. 8. Shipbuilding," Conter
for Maritime Studies, Woebb Institute of Naval Architecture,
Glen Cove, New York, 1969,

c-1
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The ratio of U. S. to Japanese productivity was calculated from -

:C-fz_ o )

that reliable data on man-hours for individual ships was not :
normally available. Webb turned instead to “"value added by the

manufacturer per man-hour" as their measure of productivity.

the following ratios and estimates: a ship cost ratio of 2 to 1,
labor costs as 43% (U. 8.) and 28% (Japanese) of total ship
costs, and-a wage rate ratio of 3.9 to 1. These inputs were

combined in the following equation to derive the relative pro-

(8) - () (2)

or x = approximately 1.3. The conclusion was that U. S. produc-~

ductivity:

tivity was about 130% of Japanese productivity.

Since these two study results differ, we cxamined data on
nman~hours per dcad~wei§ht ton contained in the Webb Institute
report. The data were converted to man-~hours per steel-
weight ton using the formulae contained in the IDA study. The
results are summarized bzclow:

Man-hours per
steel-weight ton

U, 8. Japan
1966 IDA 164 70
1969 Webb Institute (converted) 46 68

The Webb Institute data, as converted, indicates U. 8, pro-
ductivity about 3.5 times greater than the IDA results, while
Japanese productivity is approximatcly the same in both studies,
These results show the lack of gonerual agreemcent on what cone

stitutes a "good" productivity mzasure for ship building, even
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c-3
for comparisons at the national level. As the fineness of the
comparison is increased, that is, among shipyards of onec nation,
the comparison becomes more difficult because of problerms in

finding sufficient comparable data.
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STAGTRACT The study task vas to develop a methodology for evaluating the relative
utility of Naval shipyards in terms of cost and effectiveness. Phase I was a veview
of existing models and data, and selection of & medel. Phase II was to be full-scals
development and testing of the sclected model, The conclusion of Phase I is that no
model can be found which will satisfy the requirement. For this reason it is recom=
fmended that Phase IL of the study be cancelled,

Four possible models werc investigatad, The first two, a scheduling-cost

fmodel and a linear programming model were rcjccted because an essential element, &

veasons: 1) the nature of overhaul end repair work, that is, it is large and complex,
and few jobs recur regularly and when they do work content varies widely, 2) the many
jconstraints on shipyard operation, and 3) the differences among the shipyards them=

selves, The third and fourth models, total cost comparison and [irxed cost analvsis,
Jassume invariant productivity. The total cost.model was found to discriminate ine
adequately between costs of new construction in private and Naval shipyards, The dife
ficulty in finding comparable work packapes in overhaul and repair work, the primary
migsion of Naval shipyards, suggests that that model would be even less useful,

The fixed cost analysis assumes that there are fixed costs of operating a
shipyard that would bo avoided by closing a yard, However, IMI can find little to sup-

imeasure of shipyard productivity, is not available, LMI does not believe the construc—
tion of a measure of productivity for detailed models i= practicable for several %

port-that assumption., There Ls no elear cvidence that fixed costs are large enough te
offset the costs of closing a yard. This conclusion was supported by a review of the
gonte of closing of the New York Navel Shipyard,
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