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ABSTRACT

the overhaul of US
Naval vessels at a public shipyard is
fraught with risk. Far too often the work
authorization process is constrained by a
limted budget. This situation can result
in two common outcomes:

The execution of

1. The shipyard delivers a ship to the
custoner that has significant repair work
either deferred or inconplete; and

2. The deferred or inconplete work is
screened back to the ShipYard late in the
overhaul. forcing an upheaval in the |ogical
planning and execution of the availability.

R sk affects both the shipvard and
ship's force because the conpletion of the
overhaul could be affected bv late
authorized work resulting in the ship not
being able to meet her commitnents.

As Philadel phia Naval Shipyard (PNSY) is

an industrv leader in zone or Goup
Technol o?y execution methods. it is
particularlv disruptive to work flowto

return to geographic areas and perform work
in an area out of phase or even worse-in
an area where simlar work is alreadv
conpl ete.

In the past the tools that were nost
often enployed to build an effective work
package. yet still remain within the budget.
were personal  experience.  historical data
and trends. and the necessary deletions of
less critical work in favor of acconplishing
essential repairs.  The shipyard's success
at naking these determnations was held
hostage by purelv subjective opinions of the
particular group of advance planners that
attended the Work Definition Conference

(IV\DC) and executed nmost of the advanced
pl anni ng. without  consideration of
established overhaul  objectives.

Wth the innovation of Zone Technol ogy,
it was clear that a consistent and effective
risk assessment method must be devel oped to
deternine the probabilitv of  equipment
failure during the testing phase of the
overhaul and the inpact on cost and schedul e
to the overhaul. The USS KIDD (DD 963)
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schedul ed

availability in 1989 proved to be
the ideal

opportunitv to develop and execute
a formal risk assessment and nmmnagenent
program  The USS CONSTELLATI ON (C\/—64()J SLEP
avallability in 1990 afforded the opportunitv
to refine and expand the risk assessnent
met hodol ogv.

ACRONYMS AND DEFI NI TI ONS

AAW Anti Aircraft Warfare.

ALRE. Aircraft Launch and Recovery Equi pnent
(Catapults. Arresting Gear. etc.)

APL:  Allowance Parts List.

CASREP: Casualty Reporting System

CNO: Chief of Naval Operations.

CSWP: Current Ships Maintenance Program
ElC Code.

[ EM

Equipnent  Identification
I'nactive Equi pment Mintenance.
LOE: Light OFf Examination.

MCC. Mssion Criticality Code.

NAVAI R Naval
NAVSEA: Naval

NAVSES:
Station

Air Svstems Command.
Sea Systems Command

Naval Ship Systems Engineering

NIU: New Threat Upgrade.
PEC. Predicted End Cost.
POT& . Pre- Qverhaul
RSG  Readi ness
SARP:

S| AT Ship Installation Acceptance Test
(Performed on Weapons E evators).

SIMA: Shi ps
Activity.

Test and Inspection.

Support G oup.

Ship Ateration and Repair Package.

Intermediate  Maintenance



SPCC:  Ships Parts Control Center.
SLEP;  Service Life Extension Program
T&C. Test and Certification.

WDC: Work Definition Conference.

INTRODUCTION

The success of an overhaul of a US.
Navy ~ shin depends on clearlv defined
overhaul objectives and a work package that

supports these objectives. A work package
consists of those repairs that are initially
aut hori zed. new items requiring repaif
identified during the overhaul. and growh
which is an increase in the scope of repairs
on a piece of equipment or system already

being acconplished during the overhaul.
Being able to accurately predict the end
cost of an overhaul (i.e. projecting the

amount of growth and new work to expect
during the overhaul) is also a function of
how well the total work package neets the
overhaul  objectives.

For a work package to satisfy the final
obj ecti ves. these ~objectives = nmust he
strictly defined and a maintenance strategyv
cl earlé/ delineate% The maintenance manager
must determine the truly necessary repairs
and ensure those repairs are assigned to the
groups with the caﬂabilitgl and capacity to
acconplish them within budget and schedul e.
Other less critical items nust be identified
and deferred for future availabilities or
schedul ed for acconplishnent based upon
schedul e and shop | oading. This action
reduces the overall affect on cost and
schedul e by keeping introduction focus on the
nmost critical jobs and at the same tine
hel ps to ensure a stable work force.

Shipyard risk on inpacting cost and
schedul e of an overhaul is mninized by
executing authorized work,  ensuring
overhaul objectives are mat. and conpleting
an availability on schedule. It is
important that the proper repairs are
authorized and consideration be given to
reduce risk. Late identification of repairs
based on testing can be avoided and probl em
areas identified through early diagnosis of
cost and schedule drivers.

Risk assessment is not a new concept.
Reliability and mintainability studies have
been acconplished to determne nean time
between failure of conponents in order to
predict when that conponent should be
over haul ed. Most assessnents take the
mai nt enance manager's perspective and use
risk analysis to assist in defining what
needs an overhaul and ensure funds are not
used to overhaul equipment unnecessarily.
This paper assumes the perspective of the
shipyard and provides a managenment tool that
addresses the shipyard's in
acconplishing late authorized work and
provides a course of action that ensures the
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work package is executable. studies in the
past used risk assessment to define the work.
while availability of funds determined what
actually was authorized. Funding constraints
result ‘in the shipyard assuming the risk of
conpleting the authorized work on schedul e.
demonstrating those repairs. acconplishing
system level testing and sea trials. It is
during the testing phase when the greatest
risk 1s revealed. generally resulting in late
authorized work which. “when using Zone
Technol ogy is acconplished cut of sequence
causing unnecessary delays and disruption as
wel | as increased costs.

OvERvI EW

Ri sk assessment was first used during the
USS KIDD overhaul and subsequently used on

the USS CONSTELLATION as a management tool to
define the work to be acconplished. An
overview of the USS Ki and USS

CONDI TION overhauls are described as
fol | ows:

USS KI DD Over haul

The New Threat Upgrade (NTU) Program was
initiated in the nmd-seventies to inprove the
performance of the Anti-Aircraft Warfare
chAW system on Navy cruisers. It was
esigned to inprove the ability O the
Terrier and Tartar ships to detect. "track and
engage antiship mssiles. The NTU provides
the ships with a modern AAW detection.
tracking and target engagement system (1).

USS KIDD was the fourth ship to undergo
the NTU overhaul . The work package was

devel oped using traditional ['anni ng
techniques including Pre-overhaul Test and
Inspections (POT & Iz' s. Current Ship's
Mai ntenance Program (CSMP) and experience

gained from the previous NTU availabilities.
Nearly 54,000 mandays were identified for

repairs. Funding constraints resulted in
23.206 mandays authorized at the Wirk
Definition Conference (WDC).  An additional
7,500 mandays were authorized after the

Ship's Force WOC
As a result of the funding constraints.
the ship's force work  package was
significantly larger than in previous NTU
availabilities. Mich of their work was
directed to a Shore Internediate Mintenance
Activity  (SIMY. The Ship's force was
provided a shipyard schedule which identified
when their items and the SIMA itens were
required to be conpleted in order to support
testing. Wen the ship arrived at the
shipyard. work that was initially screened to
ship's force and SIMA began to be re-screened
to the shipyard because ship's force did not
have the capabilitK or capacity to acconplish
all of their work. Recogni'zing potential
mel ens. a risk assessment of the work not
eing acconplished by the shipyard was
performed in order to develop contingency
plans for executing late authorized work and



to accurately predict the end-cost of the
availability. As previously stated, late
authorized work is disruptive, inpacts the

schedule and is costly due to doing work out
of sequence often resulting in rework. The
basis of the risk assessment was to ensure
that the Navy's overhaul conpletion criteria
were net (2).

USS CONSTELLATI ON Over haul

CV SLEP grew from an investigation in
the md-seventies initiated by Chief of
Naval Operations, (CNO Adniral Holloway, to
deternmine alternatives to new construction
for mintaining aircraft carrier force
levels into the twenty first century.

Admiral Holl oway's goal
the service life of fossil fueled carriers
by fifteen vears, thereby ensuring their
reliability for effective conbat Cperations
with only routine maintenance through the
extended service life. This goal was
thought feasible through execution of an
availability which stressed previously
deferred structural and auxiliarv system
repairs along with replacement of equipment
and systems for which logistics support is
no longer attainable.

USS CONSTELLATION is the fifth ShiP to

was to extend

undergo SLEP at the shipyard. The work
package was devel oped using traditional
planning techniques. A ore-authorized work
package based on hi stori cal wor k
authorization provided a baseline. Pre-
overhaul Test and Inspections (POT & |) were
conducted with extra enphasis placed on

known probl em areas and |essons |earned from
previous availabilities. This planning
effort resulted in identifying nearly
1,400,000 mandays of known repairs and was
based on overhaul. objectives devel oped for

previous SLEP availabilities.
The USS CONSTELLATION SLEP budget was
reduced 35% by the US. Congress. This

reduction resulted in only 664,000 mandays
authorized at the WXC as opposed to over ]
mllion mandays authorized at the WC for
the previous ships undergoing SLEP. The
assignment of work at the WDC did not
consider SLEP objectives and were based
strictly on funding constraints. The result
was a poorly defined overhaul for the ship
with excessive work being acconplished by
shiP's force. The nature of the work
difrered from previous SLEPs in that several
critical systems had responsibility split
between ship's force and the shipyard.

Ship's force work also differed
significantly from f)revi ous SLEPs. Ship's
force was responsible for acconplishing nore
critical work than previously, recuiring
greater coordination with the shipyard s
work, closer alignnent with the Shiﬁyard's
schedul e and greater involvement in the test
and certification pro?ram In order
ensure that an executable overhaul was

to
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authorized. a risk assessment was conducted
on the following areas as of concern:

1. Wrk not screened to the shipyard:

2. Wrk screened to the shipyard but
partially funded and:

3. Wrk that was screened to the
shipyard and fullv funded.

METBODOLOGY

[t was necessary to develop a method to
quantify risk. taking into consideration the
capability and capacity of the overhauling
agent and ensuring the custoners objectives
woul d be met. The risk assessment procedure
devel oped for USS KIDD as described bel ow and
was based on ranking the work using basic
risk categories.

The approach used for conducting the USS

KIDD) risk assessment was reviewed for use on
USS CONSTELLATION.  The difference in size,
conplexity. and duration of the two
avallabilities required

. expandi n% t he
assessment techni que. Consi deration had

he given to internediate nilestones. an
expanded test and certification program and
to Ship's force work. The fact that no

to

formal ~ objectives  existed for USS
CONSTELLATI also ~ factor in
determining the procedure utilized.

USS ASSESSMENT PROCEDURES

The work package review and risk analysis

for USS KIDD considered the work assigned to
Ship's Force. SIMA Headiness Support G oup
RSG). Naval Ship Systens Engineering Station
NAVSES): as well. as deferred itens. The
work was reviewed with Particular attention
to those equipnents and systems of which
potential failure ofa particular piece of
equiprment could result in new work being
assigned to the Shipyard late in the
availability. Testing and schedule risks
were also assessed. This assessment was
acconpl i shed by the project manager who had
the greatest experience and know edge of USS
KIDD's planning and work package.

The assessnent criteria for
included the following:

each item

1. Listing of repair items that were the

responsibility of ship's force:

2. Ship'S force generated deficiency
report that identified known work:

3. Light Of Examination/Test Critical
(Yes or No)

4. Ship Mssion Critical (Yes or No)-

(based on known overhaul objectives):

5 Risk of Failing during testing (Low
Medi um or H gh



6. Test

R sk (Low Medium or
H gh)

| npact
and:

7. Schedule Inpact Risk (Low, Medium or
Hi gh).

The three risk categories (Failure. Test

and Schedul e) were

assigned the following values by the project

manger while considering the overhaul
obj ectives:
1. .50 for new work that is considered
Hgh Rsk.
2. .40 for new work that is considered
Medium Risk, and
3. .10 for new work that is considered
Low Risk.

A curmul ative risk was cal cul ated by
summing the Hgh, Mdium or Low risk values
for each itemresulting in a weight factor
less than 1.0. The weight factor multiplied
by the estinated cost neasured in nandays
resulted in the weighted mandays or
growth reserve anticipated.

The sum of the weighted mandavs or
growth reserve. when added to the current
sales estimate provided the Predicted End
cost (PEC)  for the overhaul. The PEC was
monitored and tracked throughout the
over haul .

The risk assessment provided data that
al l oned shipyard mangers to submit two
fixed price offers for USS KIDD. The first
fixed price offer  used traditional
procedures for predicting the end cost of
each item being repaired based on physical
progress of that Item The second but
higher fixed price offer, took into
consideration the risk assessment as well as
the data used for the first fixed price.
This was calculated by adding the weighted
mandays fromthe risk assessnent to the
predicted end cost of all the work being
acconpl ished during the overhaul. The
hi gher fixed price offer was based on the
shipyard assumng the risk for all-new work
and/for growth and assuning that no
catastrophic failures outside the normal
scope of overhaul work would occur.

The lower offer. wi thout the risk
assessment being considered, was accepted.
The shipyard continued to monitor the high
risk items and track the costs for
additional work anticipated to be authorized
in acconplishing the high risk itens.
Contingencv plans were nmade by review ng
material availability. ordering the nost
critical long lead time itenms and ensuring
docunment ati on was avail abl e for
acconplishing repairs on those items
catagorized as high risk.  The contingencv
planning was done to |essen the inpact when
and if the high risk itens were authorized
for shipyard acconplishnment.
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USS CONSTELLATI ON RI SK _ASSENENT
PROCEDURES

The process used for risk assessment On
USS KIDD was hased on a relatively small work
package. The size and conplexity of USS
CONSTELLATION' S over haul required
establishnent of a detailed step by step
procedure.

used to conduct the risk
analysis for the USS CONSTELLATION included
shipyard personnel. primrily from the SLEP
Project Ofice. Conbat Systems and the Hull
propul sion and Auxiliarv Test Branch. U.S.
Navy from the Type Commander Staff experts
were used where specific fleet experience was
required and specialists were called in for
conbat systens. aircraft launch and recovery
and main ‘propulsion. The outside resources
served two functions, providing an
independent  analysis that reviewed and
validated shipyard data and augmented organic
resources with fleet experience.

Resour ces

The risk assessnment was based on two
factors as described by Bertrum Snmith. Jr.

(3):
1. Probability of equipment Failure
2. Consequences of equipment Failure

Probability of failure takes into
consi deration a maintenance burden factor, or
how often something fails.  This portion of
the analysis was purely objective because the
source of information was a report from the
Naval Sea Logistics Center titled "Logistics
Hgh Failure Equipnent" (4). This “report
lists the top 300 equi pnent by Equi pnent
Identification Code (EIC) for each ship. A

nurerical value was assigned based on where
that piece of equipment was in the top 300
listing. It should be noted that the report
covered only Naval Sea Systens Command
(NAVSEA) cogni zant  equi pnent. Naval Air
systens conmand (NAVAIR) cognizant equi prent
was  assigned scores by  know edgeabl e
personnel assigned to the risk assessment

team who had been thoroughly briefed on the
concepts involved.

failure were based on
mssion inpact and availability inpact. The
sources of data included nission criticality
studies for other classes of ships and the
matrix and logic tree shown in Figure (1).
This portion of the analysis was also
objective and tailored the results to be
consistent with the Navy's Casualty Reporting
(CASREP) system

Consequences of

The risk inpact on the availability was
determned using the following criteria:

1. Inpact on the Shipyard
a. Test/Certification
b. Schedule Events (7)



Is ship system
capability affected or
otentially affected
it system/equipment
is inoperative?

NO

Identif
effecteor} Igss

Does the
loss affect a
ission area?,

NO

losses in system
occurred, would mission
capability be lost?

YES

Does this
loss normally
have adverse effect on
personnelplatform
safety?

YES

Is there
redundancy or an
altarnative available that
relieves this
hazard?

NO

Does the
loss cause any
degradation in a prime
mission area?

YES

NO

Does the
loss cause any
degradationin a
secondary
mission area?

YES

Is there

redundancy
oran

alternative
available?

YES

Does the
redundancy or
alternative completely
relisve the
degradation effect?

degree of
degradation does
the loss cause?

Secondary Only One Prime More Than One Prime
Full Ready — Mission Area Loss — Mission Area Loss — Mission Area Loss —
Assign Code Assign Code Assign Code Assign Code
1 2 3 4
Figure 1

Mission Criticality Decision Logic Tree

VIA3-5



a. Inmpact on Ship's Force
a. Capability
b. Wrkl oad

Schedul e inpact included inpact on mjor
events such as undocking, Light Of Exans
(LEY , Ship Installation Acceptability
Tests (STATg, Aircraft Launch and Recovery
Equi pment (AIRE) certification. crew nove
aboard. corrpl ete availability, etc. | npact
on ship's force also considered work
screened to various intermediate maintenance
ativities.

The US NMNavy's contract to a Shipyard
for a ship under overhaul known as the
Proposed Ship Alteration and Repair Package
(SARP) (Prepared by the Shipyard in June
1989 for WDC Use) was divided into four
categories as listed below and used in the
anal ysi s:

1. Cateqory I: Wrk not authorized to
the shipyard:

2. Category |Il: Work authorized to the
shipyard but only partially funded:

3 Qate ory [Il: Wrk authorized the

Snipyard and fully funded:

4, Cateqory |V: Mbdernization items or
Ship Alterations.

Category | included all work authorized
to the ship's force. SIMA and not
authorized/ deferred. Category Il and Il
were determined by taking the mathematical
average for simlar work from previous SLEP

availabilities. If the  CONSTELLATION
estimate was 79% or less than the average.
it was placed in Category Il: if it was 80%

or greater in Category 111, This process
was followed for each line itemin the
in each of the four categories.

The work sheet utilized is shown in
Figure 2. The basic information was
extracted from the USS  CONSTELLATI ON
conputerized SARP data base.

RANKING THE RESULTS

Values from1 to 5 (1 being least likely
to inpact the overhaul schedule if repairs
were identified late. 5 being nost likely to
impact the overhaul schedule) were assigned
to each of the paraneters discussed later in
this paper with the exception of Mssion
Criticality which had a maximum score of 4.

Addi ng the scores for each paraneter,
and d| viding by 29 (the maxi num possible
score) resulted in a cal cul ated weighting
factor which did not exceed 1.0. Hstorical
data was used to deternmine cost estimates
where actual estimates did not exist.
Estimates were nultiﬁlied by the weighting
factor to obtain weighted costs.

PRCBABILITY OF FATLURE

The Naval Sea Logistics Center publishes
a report that sequentially ranks all reported
equi pnent and displays the pieces of
equi prent that fail or break down and
requires overhaul nost frequently. Ei ght
mai ntenance generated factors are quantified
and ranked to deternine a conposite rank of
each piece of equi Fmant These eight factors
are wei %hted equal |y for the standard report.
For each listed niece of equipment. as many
as eleven Allowance Parts List (APL
Nunber s/ Equi pment | dentification Codes (El
are ranked. displaying nonenclature and
percentage of repair actions to total tinmes
the piece of equipnment requires overhaul.
APLS/EICS are indexed on the final page of
the report. Report option 03: EICAI
reported Data Option and 04: APL-ALL reported
data for the USS CONSTELLATION for the
Reporting Period June 1984 through February
1989 were received from the Naval Sea
Lo?| stics Center. The EIC #qmon 03) was
selected and used for ease of referencing to
the systemwork breakdown structure.

Wighting Factor Scores were assigned in
accordance with Table | where the highest
ranking neans that niece of equipnment is nore
likely to fail.

Report Ranking Score
1-50 5
51-100 4
101- 150 3
151-200 2
201- ONWARD 1
TABLE |

CONSEQUENCES OF FAI LURE

The Consequence(s) of Failure were
divided into two areas:
inpact on ship's mission and inpact on the
overhaul  conpletion.

M ssion Related |npacts

The Navy Ship Parts Control Center
(SPCQ) in Mechanicsburg. PA
Provides a list of Mssion Criticality Codes
(Mcs) . a nuneric code assigned to a system
equipnent. or conponent in a specific
application to denote its inportance to the
mssion assignnent of the nilitary unit in
which it is installed. MCs consist of a
nureric code of 1 through 4 to designate the
inportance of the system  equipnent or
component with 4 indicating the nost
significant and 1. the least. MXCs 1 through
4 correlate directly to Casualty Reporting
(CASREP) codes severity (MCC 4 equivalent to
C4 severity). Since operational alternatives
and redundanci es can reduce CASRFP severity,

VIA3-6



CONSTELLATION (CV-64) RISK ANALYSIS ARD MANAGEMENT
CATEGORY 31 SHIPYARD FULLY-FUNDED ITENS

DATE: 08/20/89

WORK

BY SWLIN BY WORK PROCEDURE

LEVEL

PROB MISSICN

PAGE:

OVERHAUL INPACT
--S/Y{--- <~-S/F---

WEIGHTED

WGHT MANDAY HANDAY

SWLIR PROC SCRN DESCRIPTIOR INPACT FAIL INPACT TST SCH CAP LB FACT ESTINATE ESTIHIA‘I’E:__-
22111 002.01 sY 3 BURKERSs c S 3 3 3 1 3 0.621 283 182
22111 002.02 SY 3 A. HARUFACTURE & TEST c S 1 a 2 S 1 0.386 46 27
22111 003.0%1 sY 3 CASING REPAIRS: c S 3 3 2 ) 1 0.655 2082 1364
22111 0O04.0% sy 3 DRUN INTERHALS: B S a 4 4 k< 5 0.828 307 254
22112 005.01 sY 3 BOILER INDICATORS: Cc 1 1 S 3 1 1 0.414 173 72
22111 006.01% sY 3 BOILER TESTS: B ) 1 S 4 1 1 0.386 373 219
22111 007.01 sY 3 SUPERHEATERS: A392 S 3 4 S S 3 0.862 2436 2100
22312 008.01 sY 3 S0OT BLOWERS: B S 3 3 4 3 3 0.653 244 160
22111 009.0% sY 3 BOILER FOUNDATIONS & S c S b3 3 3 S 1 0.621 4435 2786
22111 01:.01 sY 3 PRESSURE PARTS: B 5 3 S 4 3 S 0.862 328 283
22111 012.0% sY 3 BOILER S.0.1I. - (HAVSS A391 S 1 1 S S 2 0.621 3380 242
22111 0©013.01 sY 3 REFRACTORY: B 5 3 3 4 3 3 0.724 801 S80
22111 014.01 sY 3 SAFETY VALVES: A391 S 3 S S 3 3 0.759 300 228
22111 016.01 SY 3 BOILER ISOLATION VALVE B S <} S 4 1 3 0.724 331 240
22111 017.01 sY 3 WATERSIDE MAINTENANCE: c S 1 1 2 1 3 0.448 369 165
22111 018.01 sY 3 BOILER DESUPHTR ASSENB c S 3 4 3 1 3 0.653 654 428
22111 019.01 sY 3 SIDEWALL & REARWALL RE c S 3 3 3 3 3 0.690 84 58
Figure 2
Impact Assessment Worksheet
this correlation is also applicable to MXC Structural repair inpact on shin
assi gnment s. when identical  systens. certification and schedule events was
equi pnent or conponents are installed in a eval uated at the sane tine. To use the
single nmlitary unit and support different Frevi ous exanpl e. machinery . space
nmssions, the highest MXC was applied. The ongi tudinals would not have anySignificant

MC was assigned from the matrix in TABLE
[,

Because an explicit MXC study does not
exist for the USS CONSTELLATION, the Mssion
Oriticality Decision Logic Tree shown in
Figure 1 was utilized to define the MCC when

appropriate. Additionally. the "Aircraft
Carrier Mterial Condition and Readiness
Study  Report”  (5) was utilized in
conjunction with “"Summary of Propulsion
Auxiliary Mchinery in Operation" extracted
from the %)erating Quide for Propul sion
Machinery (6) to nmore clearly define the

impact on the shin's ability to performits
primary nmssion. The Summary of Propulsion
Auxiliary Machinery in Operation is included
as Figure 3.

Structural repairs were evaluated by
locating the work site on the shin's plans

and assessing the inpact on mission
?erfqrnance. For exanmple, machinery space
ongitudinals were believed to have a

igh
level of redundancy. be unlikely to fail
suddenly and woul d therefore have a | ow MCC.
Conversely. serious catapul t trough
deterioration could result in track cover.
cylinder or water-brake misalignnent and
could therefore have a significantly higher
KC.
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impact on T & C or on the schedul e, whereas
a deteriorated |adder in an escape trunk
would likely result in a restrictive
discrepancv.  Mich of the heavy

structural work was assessed as beyond the
capability of shin's force and as a
significant workload burden for shin's force
despite the low MCC. T & C and schedul e
i npact s.

Overhaul conpl etion Related/|nmpacts

This category was divided into four
segnents.

The following table is an analysis of
the inpact on a Test or Certification if the
item were to fail.

Shi pyard Schedul e | npact

The shipyard utilizes Zone Technol ogy
and Event Management (7) as the process to
focus management attention on segments of an
overhaul above key operation level that are
large enough to be significant. small enough
to be managed and of the substance to
Provi de frequent clear progress markers
without  obscuring the  issues. The
schedul ing systemis based on a hierarchical



ALTERNATIVES FOR MISSION ACOOMPLISHMENT IMPACT IF ALTERNATIVES FAIL

Redundant Alternatives Neither

syst ens/ [excluding redundancies

equi pment s/ redundanci es) nor other

conponent s avail able alternatives

aval | able avail able

3 4 4 Total loss of mobility
(propulsion or life
support).

2 3 4 Severe degradation of
mobi lity. total |oss
of a primry nission.

1 2 3 Severe degradation of
a primry mssion

1 1 2 Total loss or severe
degradation of a secondary
m ssi on.

1 1 M nor mission inpact.

MISSION CRITICALITY OODES

TABLE II
SPEED Full e Full
SHAFT REVOLUTIONS | AHR | 15K 20K | 25K | 30K | Power | Overload X:; ::
0 74 | 100 | 126 | 133 | 170 | 140 | "o
(est)
# On SHIP IDENTIFICATION
4 Main Turbines in Use 0 4 4 4 4 4 4 4
4-M, 4-T Main Condensate Pump 0 4.7 4-T 4-T 4-M, 4-T}4-M, 4-T|4-T 4.T
4-T Main Circulating Pump 0 0 0 0 0 0 0 0
4 Main Air Ejectors 0 4 4 4 4 4 4 4
4-M, 4-T Lube Oil Service Pump 0 4.T** 4.T** |4.T** 4-T** 4.T** 4-T** 4.T
4-M Emer Lube Oil Service Pump 0 0 0 0 0 0 0 0
4 Attached Lub Oil Pump (] 4 4 4 4 4 4 4
4 Lube Oil Cooler 0 4 4 4 4 4 4 4
4 Gland Exhaust Fan 0 4 4 4 4 4 4 4
8 Boilers in Use 2 4% 4% 8 8 8 4* 8
12-T Main Feed Pump 2T 4.T 4.T 8-T 8-T 8-T 4.7 8-T
4-M, 8-T Main Feed Booster Pump 2-M 4-T 4-T 4-M, 4-T | 4-M, 4-T|2-M, 2-T | 2-M, 2-T | 4-M, 4-T
4-M Emer Feed Booster and Reserve ASRQ | ASRQ |ASRQ |ASRQ |ASRQ (JASRQ |ASRQ
Transfer Pump

4 Deaerating Feed Tank 1 4 4 4 4 4 4 4
24-T Forced Draft Blower 2-T 4T 8-T 16-T 24-T 24-T 12-T 8-T
12.T Fuel Oil Service Pump 0 4.T 4-T 8-T 8-T 8-T 4-7 8.T
4-M Port Use FO Service Pump 2-M 0 0 0 0 0 0 0
8 Control Air Compressor 2 4 4 8 8 8 4 8
8 Turbo Generators In Use 2 6 6 6 8 8 8 8
8-M Auxiliary Condensate Pump 2-M 6-M 6-M 6-M 8-M 8-M 8-M 8-M
8-M Auxiliary Circulating Pump 2-M 6-M 6-M 6-M 8-M 8-M 8-M 8-M
8 Auxiliary Air Ejectors 2 6 6 6 8 8 8 8

It should be noted that all ratings are based on Equal Shaft Revolution, and these ratings will vary if shaft speeds are split,
these values will also change in accordance with Catapults in use.

M = MOTOR DRIVEN T = TURBINE DRIVEN ASRQ = AS REQUIRED ** - IDLING

* = 4 BOILER OPERATION, 2 IN EACH OF 2 MACHINERY SPACES, CROSS-CONNECTED PLANT

Figure 3
Summary of Propulsion Auxiliary Machinery in Operation
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“ATEGORY TEFINTTION SCORE

Maj or | npact Hi gh probability of 5
falling a major
certification requirenent
(LCE, SIAT, ALRE etc.1

Significant |npact Moderate probability of equipment/ 4
system failing a ngjor certification.
but one or more schedul e "work arounds" exist.

Moderate |npact Low probability of failing a major 3
certification/noderate probability of
failing a mnor test or certification:
schedule "float" exists.

Some | npact Low probabilitP/ exists of failing a mnor 2
test or certification. Corrective action
can be acconplished in a short time without
schedul e  inpact.

Low | npact/ No discernable probability of inpact 1
No | mpact on any test or certification

SHIPYARD TEST & CERTIFICATION IMPACT

TABLE 11
arrangement of events and a weekly nonitoring C-Event or Schedule Event:
of those events.  The following” definitions normal |y used to maintain nonentum on a
are provided: project by focusing managenent attention
on conpletion of near term events.
A-Event or Key Event: )
the highest level of events. A key event The analysis is of the inpact to the
date cannot slip without seriously overhaul schedule if a piece of equipment or
inpacting the overall schedule. system were to fail during an overhaul is

shown in Table IV.
B-Event or Mlestone Event:
normal |y within the controlling oaths
leading to key events.

“ATEGORY DEFINITION SCORE

Maj or | npact H gh probability of 5
inpacting an "A" level event.

Significant |npact Hi gh probability of inpacting a 4
"B" level event, significant probability
of inpacting an "A" level event.

Moderate |npact H gh probability of inpacting 3
a "C' level event. significant
probability of inpacting a "B" level event.

sone | mpact Impact confined to joborder level only 2
Low | npact/ I'mpact confined to key operation level only 1
No I npact

SHIPYARD SCHEDULE IMPACT

TABLEI V
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Ship's Force Capability lnpact Itens

An analysis that neasures whether

the
ship's force has the requisite skills to
acconplish the assigned task is shown in

After a full set of data was entered for
any given line item a Wight Factor (W) was

calculated by summng the scores for
probability of failure, nission inpact, test
and certification inpact, schedule inpact,

ship's force capability and ship's force

Table V. workl oad burden.  This sum was divided by the
IMPACT ON SHP S FORCE- CAPABILITY
CATEGORY DEFINITION SCORE SOORE
Mj or | npact - Beyond Ship's Force capability 5
due to skills or equipment required
Mbderate |npact Ship's Force can do gortions of 3
job- "Assist Ships Force" (ASF)
dollars required
Low InPact/ Ships force can do without help 1
No | npact

IMPACT ON SHIP'S FORCE — CAPABILITY

Ship's Force Wrkload Burden |npact |tens

A neasure in dollars in term of ship's
force level of effort if the item were
identified late in the availability. These

TABLE V

maxi num possi bl e value of (29), yielding a W
less than 1.0.

CALCULATI ON OF WE| GHTI NG MANDAYS

repair items would also inpact the shipyard
unless ship's force were to redirect their Cost estimates (measured in mandays to
assests based on historical ship's force work acconplish the work) were obtained from
packages.
SHIP'S FORCE WORKLOAD BURDEN
CATEGORY IEFINITION SOORE
Significant Burden Requires a major re-direction of Shi P's 5
Force assets. 'May have an inpact on the
Sh[p}/ard unl ess = contractual —alternatives
exist. (An exanple would be providing .
firewatches which is acconplished by.sh|F's
force. |f sh|R's force were not available
to do firewatch services. this effort would
require contractor support).
Mbderate Burden Some elements of Ships Force work will be 3

deferred unti

| after conpletion.

(Painting/Tiling)

Low None Very mnor j

ob, no discernable inpact

SHIP'S FORCE WORKLOAD BURDEN

CALCULATI ON OF WEI GHTI NG FACTOR

The study was acconplished in phases by
category. Points were
assigned for each repair item at the SARP
lineitemlevel. Data entry was performed at
a variety of personal computers which allowed
incremental data input.

TABLE, VI

either the for Uss

CONSTELLATI ON,

Proposed SARP

hi storical i nformation
contained in the current SARP for USS KITTY
HAWK (Cv63) SLEP or the COWPLETION SARP for
USS | NDEPENDANCE (CV-62) SLEP for sinilar
work.  The "Weighted Mandays" were cal cul ated
by multiplying the estimted costs by the
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maxi mum Possi bl e value of (29). Yielding a W
less than 1.0.

CALCULATI N GF  VAEI GHTING  MANDAYS

Cost estimates (measured in mandays to
acconplish the work) were obtained from
either the Proposed SARP for USS
CONSTELLATI ON. hi stori cal informtion
contained in the current SARP for USS KITTY
HAWK (Cv63) SLEP or the conpletion SARP for
USS | NDEPENDANCE (CV-62) SLEP for similar
work. The 'Wighted Mandays" were cal cul ated
by multiplying the estimted costs by the
Weighted Factor”. The results were entered
in the colum titled Wighted Manday
Estimate'. \eéighted mandays for Cate%;org |
Hoh Risk items were calculated by
su%tracting the authorized mandays from the

estimate to full fund the item and
mul ti plying this)(/alue by the Weighted
Factor".

ESTABLI SH NG RI SK LEVELS

Hgh risk was defined for both mssion
i npact and overhaul inpact. For mssion
inpact, high risk was defined as any line
itemin the SARP havin_(I; a Mssion |npact
score greater than 3. This mans the risk

"threshol d" was set below those items which
result in nission degrading casualties.
-Hé’h risk for overhaul inpact was
defined as any line item having an 8yergau|
inpact score greater than 14. I'ndividua
parameter “threshol ds" were set as:
1. Test & Certification is greater
greater than 4

2. Schedule is greater than 4:
3. Shin Force Capability is greater

than3; and
4, Shin Force Wrkload Burden is
greater than 3.
Scores greater than 14 defined itens
which have "Hgh Risk" and therefore need
additional consideration for authorization.

At this point it should be noted that a
"hysteresis-like" phenomenon exists between
the processes of reducing risk by "adding"
work to and increasing risk by "subtracting"
work from the work package described in the
SARP This phenonenon may be displayed
graphically as shown in Figure 4.

For this study, the difference in |evel
of risk between "H gh" and "Acceptable"
was determned by the set of conditions
defined above, and those for "Acceptable
Risk" which are as follows:

1. Test & Certification less than 2:
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2. Schedule less than 1
3 Shin's force Capability less

-- than 1:

4. Shin's force workload burden Iess
than 1.

This indicates that weighting factor

scores less than 5 define line items which
have "Acceptable Risk." and are therefore
candi dates for deletion from the work
package to permit the funds associated with
themto be utilized in the authorization of
high risk line itens.

RANKI NG THE RESULTS

Several reports were generated in order
to analyse the data that was collected and

rank the results. The calculated Weighted
!c\/aﬂdays" were ranked in three ways as
ol | ows:

A By magnitude of weighted mandays.

B. By nission inpact. and

C. By overhaul conpletion inpact

This allowed the data to be reviewed and

an analysis to determine what was an
acceptable risk.

USS KIDD Ri sk Results

4.875 high risk weighted mandays were

identified  These items ,
included stern tube seals. lube oil flushes.
main lube oil punps, fire punps, salt water

service punps, etc. A total of 4,475 mandays
were ultimtely authorized as additional work
for the shipyard on USS KIDD late in the
over haul .

USS CONSTELLATION Risk Results

There were 8,859 line itemin the USS
CONSTELLATION' S SARP. ~ After the rating and
ranking process and the application of ™Hi ﬁh
Risk" “criterion previously discussed. the
nunber of line itenms which required close
study. Possible re-assigning to the shipyard
and/or additional fundi n? was reduced to
1.172.  These items were from both Categorv
| as defined in the USS CONSTELLATION risk
assessment Procedure (594 line items not
screened to shipyard) and Categorv Il (578
line items not fully funded). This meant
that parties to the WDC, including the
shipyard. NAVSEA. and shin's force “could
concentrate their efforts on 13.2 Percent of

the total line item. rather than the entire
package. for deternining changes. The
reports because an integral part of the
decision making process with frequent
references made throughout the WIC

The availability of mandays associated



High
Risk

"Dead-Band"

Adding Items
Reduces Risk

Acceptable
Risk

Number of Items in Approved Work Package -

with Category Ill  (those repairs
an overhaul inmpact is less than 5 nitigates.
but does not elininate, the risk associated
with the 1,172 line items in Categories | and

. Additional trade-offs were required.

The risk assessnent was undated to
reflect decisions from the VDC The 1,172
Hgh Risk items were reviewed and reduced to
a 337 line item list for  further
consideration (313 Category | and 24 Categor%/
[1).  This candidate list represents 113.29
mandays of growth reserve from Category | and
28.433  mandays of growth reserve from
caegoy | | WHi ch, based «the experiences
on USS KIDD. can be anticipated. The
anticipated growh reserve for both USS KI DD
and USS CONSTELLATION represents 21 percent
of the work authorized awwc category
1l Acceptable Disk Candidates. of which

their are 128, represents 3,543 mandays of
work that could be deferred.

Specific actions taken on USS
CONSTELLATI ON. The Hgh R sk candidates
list was reviewed to identify additional
operational tests or detailed inspections to
be conduct ed prior to the USS

bei ng
acconplished by the shipyard line itenms with

Figure §
Risk Level Hysteresis Effect
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CONSTELLATIONS ~ arrival . Those itenms not
rescreened to the shipyard required specific
| ay-up procedures and detailed |nactive
Equi pment  Maintenance  (ITEM  instructions
to detailed inspections to be conducted
to the USS CONSTELLATION S arrival.
items not reassigned to the
required specific Tay-up procedures and
detailed Inactive Equipment  Muintenance
(I1EM instructions to ensure no degredation
occured as a result of the industrial
environment and length of the availability.
Lavup and IEM for these itens were Ship's
Force reponsibility.

rior
hose
shipyard

Second. those items  for whi ch
operational testing was not feasible

were reviewed jointly between NAVSEA and the

shipyard  for  reconsideration and to
elimnate potential problems in execution of
the work.

Finally, the Category | and Category Il
Hgh Risk mandays (141.725 mandavs) were
used in calculating the Predicted End Cost
of the availability.



OONCLUSIONS

The USS COONSTELLATION overhauling is
fifty percent conplete. To date over 20.00
mandays of high risk itens _have been
reassigned to the shipyard. The ranking
rocedure for risk assessnent continues to
e used thr,ougihout the USS CONSTELLATI ON
overhaul. for all new work requests. Wrk is
accepted or rejected by the Shi p]yard based on
the risk assessment criteria. This includes
requests for Design investigations and
Planners  estimates. Those items  not
considered to be "Hgh Risk" wll be
returned to the customer thus conserving
Design and Planner resources. The ranking
procedure is also used by the customer to
prioritize the authorization of new work.

The risk assessment will be acconplished
on all future assigned availabilities in
order to assess the executability of the
overhaul . to define which equipments should
be overhaul ed and to determine the
predicted end cost. The results wll be
monitored and work authorization measured
against the risk assessment results.

The techniques used on USS CONSTELLATI ON
provide a disciPlined aPProach for the
shiPyard towards work package devel opment
and defining what repairs should be
acconplished. It allows a reassessment of
work package priorities and provides a |evel
of confidence in neeting overhaul objectives.
An analysis of this type also exposes the
shipyard to a qreater depth of know edge and
to the potential problems of the work package
prior to the start of the availability.
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