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PREFACE

In May 1998, the USS Nimitz (CVN 68) entered Newport News Ship-
building to begin its midlife refueling/complex overhaul (RCOH).  In
the RCOH, the nuclear reactor was refueled, and significant portions
of the ship’s structure, systems, and subsystems were repaired or
upgraded with transformational technologies enabling the aircraft
carrier to adapt to future changes in warfare doctrine and national
defense policy.  The CVN 68 RCOH was the first for the Nimitz class
and only the fourth ever accomplished on a nuclear aircraft carrier
(the USS Enterprise, CVN 65, has undergone three RCOHs).  The Ship
Construction, Navy (SCN) funding for the planning and execution of
this complex project totaled approximately $2.2 billion.  The project
took five years of planning and three years of execution to complete.

As a result of numerous changes to the budget and work require-
ments and a four-month labor-union strike during the overhaul, the
scheduled completion of the project slipped by several months and
the cost grew over the contracted value.  Since there are nine more
ships in the class that will receive RCOHs in the future, the Program
Executive Officer (PEO) Aircraft Carriers requested that RAND ana-
lyze the planning and execution of the CVN 68 RCOH and identify
changes in processes and procedures that would lead to better cost
and schedule performance for the remaining Nimitz-class RCOHs.

The research had three main objectives:

• To identify and quantify the differences between the initial cost
and schedule expectations and the final results of the USS Nimitz
RCOH.
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• To understand the various factors that influenced the cost and
schedule differences.

• To identify possible changes to planning and execution proce-
dures that would improve the performance of future Nimitz-
class RCOHs.

This report describes the research results of these tasks.  Most of the
recommendations and process improvements have already been
implemented with positive results.

The research documented in this report was carried out within the
Acquisition and Technology Policy Center of RAND’s National
Defense Research Institute, a federally funded research and develop-
ment center sponsored by the Office of the Secretary of Defense, the
Joint Staff, the unified commands, and the defense agencies.
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SUMMARY

All Nimitz-class aircraft carriers are scheduled to undergo reactor
refueling and complex overhauls (RCOHs) at around 23 years of age.
The USS Nimitz (CVN 68), the first ship of its class, went through its
RCOH between 1998 and 2001 at Newport News Shipbuilding (NNS).
The total contract value for the execution of this project was approx-
imately $1.5 billion, some $250 million more than the original con-
tract value.  The project was scheduled to last 33 months, but it took
several months longer to complete.  How much of the cost could
properly be interpreted as growth over the budgeted amount?  What
were the sources of that growth?  In what ways did planning and exe-
cution management fall short of the ideal?  Answers to questions
such as these should help in managing future RCOHs, which will
have to meet more exacting budgetary limits.

BACKGROUND

A carrier RCOH may be the most challenging engineering and in-
dustrial task undertaken anywhere by any organization.  Not only
must the onboard reactor be refueled, a variety of maintenance and
repair actions must also be undertaken, all while the entire ship is
being modernized.  Modernization includes upgrading the ship’s
combat system and other warfighting capabilities and upgrading
such distributed systems as potable water, electrical power, aircraft
refueling, and air conditioning.

At the start of the CVN 68 RCOH, the Navy was aware of additional
challenges compounding the difficulty of the task that lay ahead:
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• The planning effort was complicated by volatility in the amount
budgeted for RCOH execution.  It was also hampered by the need
for the ship to continue operating, which constrained the degree
to which systems could be disassembled and inspected to assess
repair needs.

• Emergent defense needs might make it necessary to divert RCOH
funds.

• The RCOH management staff was small and would experience
turnover during the long course of RCOH planning and execu-
tion.  Also, the primary organization involved with carrier avail-
abilities, Planning and Engineering for Repairs and Alterations–
Carriers (PERA-CV), was dissolved through base realignment and
closure (BRAC) actions prior to the start of planning.

• The contractor was accustomed to more-predictable new-
construction projects.

• Various organizations with potentially different objectives had a
stake in the RCOH process and outcome.

Despite the difficulties, many aspects of the RCOH were successful.
The overhaul significantly improved the ship’s material condition.
The Navy and the contractor did an excellent job of managing the
funds and time available during the last year of the overhaul.  The
shipyard, ship’s force, and subcontractors accomplished more than a
million man-hours of unplanned work authorized by the govern-
ment only eight months before delivery.  The Navy and the contrac-
tor improved methods of sharing financial data and communicating
to support just-in-time decisionmaking.  In addition, both the Navy
and the contractor learned from the CVN 68 experience and made
substantial improvements in planning and execution for the CVN 69
and CVN 70 RCOHs.  These improvements on the CVN 69 RCOH
include the following:

• Reduction of the work-package development and advance-
planning phase from five years to four years by stabilizing bud-
gets, developing reusable planning products, and building an
experienced workforce to accomplish these tasks.

• Use of integrated product and process development, which
allowed significantly more type commander (TYCOM) involve-
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ment in the development of the work package and more contrac-
tor involvement in job-scope planning.

• Prestaging of critical equipment such as propellers and generator
rotors, which reduced cost and schedule uncertainties associated
with the open-and-inspect strategies used on CVN 68.

• Better job-scope development, which allowed entry into the CVN
69 execution contract with only 14 “Class F” estimates (in which
the cost of the job can be estimated only to within +/–40 percent
due to limited understanding of the job scope), as compared
with more than 90 on CVN 68.

• Tighter management of the emergent and supplemental-growth
pool, based on weekly metrics.

• Improved efficiency of the contractor workforce resulting from
improved cost-accounting procedures and weekly reviews of
expenditures with cost-account managers.

Specific examples of improvements new to the CVN 70 RCOH plan-
ning process include the following:

• A new emphasis on strategic planning, which strikes right at the
heart of workload forecasting, perhaps the biggest cost driver in
the shipbuilding industry.  By looking at long-range workforce,
facilities, and schedule requirements for aircraft carriers, surface
ships, and submarines, the Navy is making early modifications
to overhaul schedules, preventing unexpected business-base
changes, which drive up overhead costs.

• A new contracting strategy based on the development of discrete
annual planning packages that allow the contractor to complete
specific tasks during each of the advance-planning years.  This is
reducing the cost of ship checks and drawing development and
will provide a better understanding of the cost of work prior to
the start of an RCOH.

• A new modernization strategy, which installs approved ship
alterations (rather than engineering-change proposals, as in the
new-construction vernacular).  This strategy will improve con-
figuration control and logistics supportability and will reduce
life-cycle costs by creating more reusable planning products.



xvi Refueling and Complex Overhaul of the USS Nimitz (CVN 68)

• A new work-assignment strategy that maximizes the use of
customer-contracted teams whose familiarity with certain new
technologies will provide higher-quality work at a reduced cost.

The problem-oriented emphasis in this report stems from our objec-
tive, which was to find ways to improve planning and execution pro-
cesses.  It should not be interpreted to imply that more was wrong
with the RCOH than was right with it.

COST GROWTH

We restricted our investigation of cost growth to the NNS execution
contract (ignoring planning costs, government-furnished equipment
(GFE), etc.).  Even with this restriction, identifying the amount of cost
growth over budget is not as straightforward as it might seem, be-
cause there is no irrefutable view as to what should be counted in the
base and what in the increment.

At the outset of RCOH execution, the Navy and NNS agreed to a price
of $1.22 billion for a well-defined basic work package.  That total cov-
ered 16.2 million labor hours.  The expectation by the summer of
2000 was that the total labor input would ultimately reach 20.9 mil-
lion hours, a labor-hour growth of 29 percent.

The base negotiated settlement, however, did not include allowances
for emergent and supplemental (E&S) costs and for small-value
changes (SVCs).  These allowances could reasonably have been in-
cluded in the base, particularly considering that some difficult-to-
cost tasks were deliberately put in the E&S pool at the outset and that
NNS would incur no profit penalty by using up the allowances.  With
the allowances, the negotiated settlement covered 19.4 million labor
hours, suggesting a growth of 7.7 percent.  Furthermore, about one-
fifth of that could be attributed to inefficiencies associated with a
union-labor strike in mid-1999.  Since our purpose is to enlighten
future planning, it seems inappropriate to include strike-related
growth, as strikes at NNS are infrequent.  A labor-hour growth esti-
mate closer to 6 percent would thus be justified.

This modest 6 percent labor-hour growth translated into a substan-
tial cost growth, 17 percent, because the labor rate also grew slightly
and the overhead rate came in 10 percentage points above what had
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been expected.  The compounded effect was a total labor cost growth
of 12 percent; the remainder (of the 17 percent) was the result of an
almost one-third increase in material costs.  (The material cost in-
crease was due to the addition of work items to the package and to an
underestimate of subcontract costs, which are included in the mate-
rial budget.)

Labor hours and overhead rates increased for many reasons, but we
cannot confidently infer the specific causes, or contributions, to the
increased costs.  We can, however, identify multiple problems in
RCOH planning and execution management that could have con-
tributed not only to higher costs but also to schedule slippage.  These
difficulties were most apparent in the nonnuclear repair and mod-
ernization tasks.

PROBLEMS IN PLANNING AND EXECUTION

Planning for the nonnuclear aspects of the CVN 68 RCOH was char-
acterized by problems of several types.  First, not all parties with a
stake in the outcome had sufficient input.  The stakeholders included
the Aircraft Carrier Program Office (specifically, PMS 312); the
TYCOM (the commander of the aviation forces in the Pacific Fleet in
this case); the Naval Sea Systems Command (NAVSEA) Supervisor of
Shipbuilding, Conversion, and Repair (SUPSHIP) at the NNS site;
and NNS itself.

Because PERA-CV, the field agency of PEO Aircraft Carriers most
knowledgeable about carrier availabilities, had been dissolved, PMS
312 assumed responsibility from the outset for developing the non-
nuclear repair portion of the work package and retained substantial
authority during execution.  This was problematic because that of-
fice’s focus has not traditionally been on waterfront issues.  The
TYCOM is the ship’s “owner” and has the biggest stake in seeing that
it emerges from the RCOH able to accomplish its missions.  The
TYCOM was involved throughout the CVA 68 RCOH planning and
execution process, but most heavily in the early planning stages,
when TYCOM personnel provided information on the material
condition of the ship and on the types of repairs they believed would
be needed.  However, as planning progressed, the TYCOM’s role
diminished and, in that office’s opinion, it was given little authority
in the continuing development of the work package.
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SUPSHIP NN Code 1800, the organization where some of the PERA-
CV analysts were ultimately assigned, did not become involved in
planning until two years into the process.  It eventually did play a key
role in developing the work package that was included with the re-
quest for proposal (RFP) for RCOH execution.  NNS did not partici-
pate as much as it possibly could have during development of the
nonnuclear work package, despite having built all of the Navy’s
nuclear-powered aircraft carriers and having accomplished a num-
ber of carrier availabilities, including RCOHs for CVN 65.

NNS did provide initial estimates of the costs of the tasks contained
in the work package.  No Navy office, however, had adequate staff to
bring the Navy’s 50 years of experience in constructing and maintain-
ing large-deck carriers to bear in a timely manner to provide in-
dependent cost estimates that could serve as a check on NNS’s num-
bers.

The relationship between planning and budgeting was problematic.
While planning was under way, the top-line budget number for the
RCOH was moving up or down—mostly down—in response to both
perceived RCOH needs and unrelated demands for funds elsewhere
in the Department of Defense (DoD).  The planning process could
not react quickly enough to this budget volatility.  As a result, the de-
velopment of the work package was not directly tied to the available
budget.

It did not help that NNS responded to the RFP with a proposal having
a cost greater than that suggested by the initial estimates it had pro-
vided to the Navy.  Navy and NNS negotiators thus faced the chal-
lenge of shaping the work package to fit the available budget.  The
challenge was all the more difficult because Navy stakeholders had
not reached an internal consensus regarding the goals of the RCOH.
The early planning goal of a ship equivalent in capability to a new
one had been rejected as unrealistic but had not been replaced with
a new consensus.  Not coincidentally, no priorities had been estab-
lished for deciding which tasks to drop should costs turn out higher
(or the budget lower) than expected.  The result was uncoordinated
triage and ad hoc workarounds, such as the decision to pay for pre-
dictable tasks (e.g., the painting of tanks) with funds intended for
unpredictable work.  That decision virtually guaranteed that money
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for unpredictable work would be tight, approvals would be delayed,
and overruns would occur.

During execution, any change to tasks in the basic work package, any
SVCs, and any work to be paid out of E&S funds had to be the subject
of a field modification requisition (FMR) from SUPSHIP NN.  Bud-
getary problems aside, the complex nature of an RCOH results in
many requests for change in the basic work package’s task list as exe-
cution progresses.  However, because work on the CVN 68 RCOH
that could have been predicted had been placed in the E&S pool,
many more FMRs for additions to the approved task list were made
than would have been expected.  Another factor driving up the FMR
count was the lack of a clear understanding of the material condi-
tion of the ship.  The numerous FMRs overwhelmed personnel at
SUPSHIP NN, whose staff for managing the RCOH was no larger than
that for overseeing an availability an order of magnitude smaller.

As the RCOH neared completion, additional funding became avail-
able to compensate for strike costs and to support growth in E&S
work.  A large number of changes, previously shelved for lack of
funds, were approved.  This influx of work caused NNS problems in
managing its workforce, not only on the RCOH but also for other
projects in the shipyard.  Overtime was needed to maintain sched-
ules, and some inefficiency resulted.

Navy management of the RCOH was hampered by a lack of timely,
accurate, and useful data from NNS on the progress of the repairs
and the estimated costs at completion.  Progress-related data were
received at least three months late and were often displayed in a
manner that was confusing and unhelpful for Navy project man-
agers.  Furthermore, a change in the data-collection and manage-
ment system within NNS resulted in some needed data being
unavailable or inaccurate.

The complexities of RCOH management were exacerbated by the
fact that NNS’s labor force was not the only one working on the ship.
A large Navy crew was assigned to the carrier throughout the RCOH
and was responsible for carrying out part of the work package.  Co-
ordination between the two labor forces was complicated by their
use of different task identification systems and was the responsibility
of only two persons on the waterfront.  Coordination failures, as well
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as the inexperience of the ship’s force at some tasks, resulted in
rework by both NNS and the ship’s force.

AREAS FOR IMPROVEMENT

In addition to the improvements to planning and execution that have
already been made for the CVN 69 and 70 RCOHs, we suggest that
the following three sets of actions be taken.

Improve the Planning Process

Effective planning is critical to the success of an RCOH.  It is impor-
tant to involve knowledgeable people and organizations early.  These
organizations include, at least, SUPSHIP NN Code 1800 (especially
the personnel from the PERA-CV organization), the TYCOM, and
NNS.

NNS is the organization that will execute a major portion of the total
work package for future RCOHs, and it is the one that has practical
experience with large-carrier availabilities.  Thus, its expertise and
knowledge should be used not only in the development of the nu-
clear repair package, as is now the case, but also in identifying spe-
cific tasks that should be in the nonnuclear repair package.

The above organizations should work together to develop a list of
tasks for possible inclusion in the work package of each RCOH.  This
list should be general in nature and should cover all potential tasks.
Such a list could form the basis for determining what should be in-
cluded in the work package for each RCOH.  The list could be refined
with each successive RCOH.

Each task should have a priority established.  The highest priority
would be given to tasks that must be accomplished during the RCOH.
The lowest would indicate tasks that could be done if budget were
available but that could also be deferred without degrading the ship’s
safety or operating capability.  Costs should be developed for each
task to permit priority-driven revision of the task list should budgets
turn out to be lower than expected.

Finally, the planning for each task should include some understand-
ing of the task’s relationship with others on the list.  Performing one
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task may require that another task also be accomplished.  Or, if one
task, such as replacing a major component, is not included, another
task, such as repairing that component, may be required.

The participation of the organizations involved in planning should
not stop with the development of the work package.  Navy organiza-
tions, such as the TYCOM and SUPSHIP NN, should prioritize tasks
in the work package and advise on the actions to take during budget
negotiation and contracting if budgets turn out to be constrained or
if tasks must be removed from the package.

Improve Data and Estimating Capabilities

Useful data and effective forecasting capabilities are essential for
successfully planning and executing an RCOH.  During planning, to
formulate a work package, it is necessary to have historical availabil-
ity data on the Nimitz class and on the specific carrier scheduled for
RCOH.  A database of task labor and material costs agreed upon by
the Navy and NNS would also help in prioritization, as described
above.

During RCOH execution, timely, useful, and accurate data are
needed to evaluate the current cost and schedule status of the RCOH.
These data should have sufficient detail that all elements of a specific
task are easily identifiable from an overall integrated plan that covers
numerous tasks.  Forecasting methods are needed to project the cost
at, and the timing of, completion.  PMS 312 must also establish pro-
cesses and criteria for informed decisionmaking during RCOH exe-
cution, when inspections result in FMRs for increases in work and
costs.

In general, NNS should freely share with the Navy those data re-
quired for effective planning and execution.  For example, the Navy
should be able to see the basis for the man-hour estimates to ac-
complish a specific task.  The Navy must, of course, understand the
business-sensitive nature of the data.  It must protect against any
possible misuse, especially if any of the data are pertinent to projects
for which NNS must compete with other contractors, and some data
should remain private.
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In an open-book data environment, the Navy would have access to
the same data that are used to formulate the quarterly cost perfor-
mance reports (CPRs).  That would allow the Navy to monitor the
cost and schedule as events transpire and would permit timelier
decisionmaking.

Improve the Relationship Between the Navy and NNS

During the CVN 68 RCOH, the relationship between the Navy and
NNS was strained.  Many in the Navy expressed mistrust of NNS, be-
lieving the contractor at times withheld information that would have
been useful for RCOH planning and execution.  This problem must
be resolved for subsequent RCOHs.  The Navy and NNS must have
more confidence in each other and must work more closely together
during both planning and execution.  They must commit to a long-
term relationship with mutually agreed-upon objectives and effec-
tive communication strategies that lead to openness and trust.

The path to a better relationship is not one we can map out here.
The two organizations might consider assigning employees to each
other’s offices for periods of time.  This is a technique often used by
U.S. military services in their interactions with the militaries of other
nations.  However it is established, a solid, professional relationship
between the Navy and NNS is needed to successfully plan and exe-
cute the remaining RCOHs for the Nimitz-class ships.

SPECIFIC RECOMMENDATIONS

In light of our study findings, we recommend that the Navy take the
following specific actions:

• Develop flexible, effective contract-negotiating processes.  The
current process is too rigid, subject to manipulation, and likely to
result in lose-lose rather than win-win outcomes.

• Establish RCOH goals that are clear enough to form a baseline
repair package that is consistent with the budget and that is well
supported by (and communicated to) all carrier stakeholders.

• Collaborate with NNS to improve Navy-contractor communica-
tions, broadly considered.  In particular, establish metrics to en-
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able senior managers to make accurate, timely assessments of
RCOH progress.

• Reduce the rotation rates of Navy program-office and shipyard
managers to improve continuity and RCOH experience.

• Improve the efficiency of contract-change management, i.e., the
ability of the shipyard and the Navy to identify, fund, and con-
tract new work.  To achieve this goal, NNS may have to assume
more risk in the execution of RCOHs.
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Chapter One

INTRODUCTION

At some point, the nuclear reactors that power an aircraft carrier run
out of the fuel with which they were provided when the carrier was
built.  For the current Nimitz-class carriers, fuel depletion occurs
after about 23 years.  Because carriers can last more than 40 years be-
fore wear and escalating maintenance costs warrant their retirement,
they are refueled when they run out.  At the same time a ship is refu-
eled, it is given a complex overhaul in which broken or worn parts are
repaired or replaced and systems are modernized.  The focus of the
modernization is twofold:  First, the ship’s combat systems and war-
fighting capabilities are upgraded to the standard required for
deployment after the refueling/complex overhaul (RCOH).  Second,
its distribution systems (e.g., potable water, aircraft fueling, electric
distribution, and air conditioning) are significantly upgraded, and al-
lowance is made for future upgrades over the ship’s remaining oper-
ational service life.

On May 29, 1998, the USS Nimitz, designated CVN 68, the first ship of
its class, entered the shipyard at the U.S. Navy’s carrier construction
contractor, Newport News Shipbuilding (NNS),1 for its RCOH (see
Appendix A for a full chronology and work schedule).  Given the size
of an aircraft carrier and the number of systems and subsystems it
has, an RCOH is extremely complex, costly, and time-consuming.
When CVN 68 departed the shipyard in the middle of 2001, the total

______________ 
1Since the completion of the CVN 68 RCOH, Northrop Grumman has acquired
Newport News Shipbuilding.  The company is now known as Northrop Grumman
Newport News.  Throughout this report, we use the original name, Newport News
Shipbuilding.
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RCOH planning and execution expenditure amounted to over $2.2
billion.  The scope of the project was not a surprise, but the schedule
did slip by several months, the cost of the nonnuclear portion of the
execution contract grew by approximately 20 percent over the nego-
tiated contract price, some desired overhaul tasks were not autho-
rized, and some work was moved to the post-shakedown availabil-
ity/selected restricted availability (PSA/SRA), immediately following
the RCOH.

Construction has started on the tenth and final ship in the Nimitz
class.  Thus, according to current plans, nine more Nimitz-class ships
will undergo midlife RCOHs.  Each RCOH is planned to take almost
three years, so there will be a carrier undergoing an RCOH almost
continuously over the next 25 years.  The second ship of the class,
CVN 69, has already entered the shipyard, and planning for the CVN
70 RCOH is well under way.  The Navy thus has much to gain from
restraining cost growth and reducing schedule slippage in future
RCOHs.  These benefits go beyond budget compliance and oper-
ational schedule.  Cost and schedule growth can make it difficult or
impossible to fund or complete some tasks, leaving a ship at least
temporarily at lower capability than desired.

In this report, we analyze the planning for and execution of the CVN
68 RCOH.  We examine cost data to determine more precisely the ex-
tent and sources of cost growth, and we seek to identify changes in
policies, procedures, methods, and technologies that would help the
Navy manage the remaining RCOHs more effectively.

Our analysis concentrates on the nonnuclear portion of the RCOH;
as we will discuss, the nuclear portion of the CVN 68 RCOH appears
to have been accomplished within, or even below, the original con-
tract cost.

As we conducted the research, the estimates of final RCOH costs
were constantly changing and being updated to reflect testing re-
sults, changing technology, and authorized growth.  Our estimates of
cost growth are based on the most current data available from the
Navy and from NNS at the time this report was written, as well as on
many interviews with the parties involved.  The costs of the CVN 68
RCOH will not be finalized until the ship completes its PSA/SRA,
when many of the combat-system modernization actions will be ac-
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complished.  However, enough information is available to support
effective analysis of the key issues.

After providing some background on the issues and institutions in-
volved (Chapter Two), we review the processes by which the CVN 68
RCOH was budgeted, planned, and contracted (Chapter Three).  We
analyze the RCOH costs to determine their components and the rea-
sons for their growth (Chapter Four).  We then identify ways in which
management of RCOH planning and execution fell short of good
practices and might thus have contributed to higher costs and a
longer schedule than necessary (Chapter Five).  The report concludes
with suggestions for steps that might result in more-efficient RCOHs
in the future (Chapter Six).
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Chapter Two

BACKGROUND

In this chapter, we establish a context that should be helpful in un-
derstanding what follows.  We begin by describing the institutional
framework within which the parties involved in the CVN 68 RCOH
functioned.  We then review some of the challenges these parties
faced as planning got under way.

INSTITUTIONAL FRAMEWORK

Navy responsibility for managing an RCOH is divided among five
organizations: the Program Executive Officer (PEO) Aircraft Carriers;
the Naval Nuclear Propulsion Program (NNPP); the Supervisor of
Shipbuilding, Conversion, and Repair, Newport News (SUPSHIP NN)
under the Naval Sea Systems Command (NAVSEA); NNS; and the
ship’s force.  A sixth organization with an important stake is the type
commander (TYCOM), which owns the ship.1

Program Executive Officer

The PEO carries out all headquarters-level responsibilities for the ac-
quisition and life-cycle management of aircraft carriers.  For a Ship
Construction, Navy (SCN)-funded program such as an RCOH, the

______________ 
1Another organization concerned with aircraft carriers is N78 (Air Warfare Division),
the resource sponsor on the Chief of Naval Operations (CNO) staff.  This office
nominally determines carrier warfighting requirements and capabilities and has
responsibility for obtaining the funding necessary to support new construction,
refueling overhauls, and naval shipyard maintenance activities.  Thus, it both sets
requirements and provides resources.
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PEO reports to the Assistant Secretary of the Navy for Research, De-
velopment, and Acquisition.  The PEO also reports to the Chief of
Naval Operations (CNO) through the NAVSEA Commander for mat-
ters pertaining to in-service support.

Under the PEO, the Aircraft Carrier Program Office (PMS 312) exe-
cutes all PEO responsibilities pertaining to aircraft carriers, including
design, construction, and maintenance.  Management authority, in-
cluding budgeting, for RCOHs is delegated to the assistant program
manager for RCOHs (PMS 312D).  PMS 312D either performs inter-
nally or manages all aspects of the RCOH from initial budgeting and
work planning to execution and follow-up lessons learned, except
those responsibilities under the cognizance of the Naval Nuclear
Propulsion Program (NNPP).2

During the planning for the CVN 68 RCOH, the PEO structure was in
the midst of a major change.  Aircraft-carrier programs were origi-
nally part of PEO Carriers, Littorals, and Auxiliaries (PEO CLA).  The
major focus in that office during the early stages of the CVN 68 RCOH
planning was the Landing Platform Dock (LPD) 17 program and
challenges to the construction of CVN 77 in light of the future
aircraft-carrier-class (CVX) program.3  The reorganization of all
carrier responsibilities under a separate, new PEO resulted in some
disruption during the start of the CVN 68 RCOH planning process.

Naval Nuclear Propulsion Program

The NNPP exercises its responsibilities through three elements:  The
Director of the NNPP, within the Office of the CNO, and the Deputy
Commander of NAVSEA for Nuclear Propulsion (O8) are responsible
for the technical aspects of the propulsion plant.  NAVSEA O8 also
has overall program management responsibility, including identi-
fication of budget needs for the nuclear work in the RCOH.  The
Deputy Administrator for Naval Reactors, within the Department of
Energy, is responsible for reactor safety.

______________ 
2PMS 312D is, however, responsible for fiscal management of the entire program.
3See John Birkler et al., The U.S. Aircraft Carrier Industrial Base:  Force Structure, Cost,
Schedule, and Technology Issues for CVN 77, RAND, MR-948-NAVY/OSD, 1998.
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The NNPP has its own staff of engineering and management person-
nel who provide overall management of its portion of the program.
Other key NNPP facilities that serve RCOHs include

• Two government-owned, contractor-operated (GOCO) Depart-
ment of Energy laboratories (Knolls and Bettis Atomic Power)
dedicated to the NNPP, which contain much of the program’s
engineering capability.

• A GOCO procurement organization devoted to acquiring certain
NNPP materials needed to conduct the RCOH and a specialized
office within the Naval Supply Systems Command for acquiring
and supplying consumable materials needed for maintenance of
NNPP hardware.

• A planning capability designated the Carrier Reactor-Plant Plan-
ning Yard (RPPY), which performs much of the RCOH planning
for nuclear work, including development of the nuclear work
package, known as the carrier reactor-plant overhaul package
(CARPOP).  (This activity also supports planning of Incremental
Maintenance Plan (IMP) availabilities of nuclear-powered air-
craft carriers.)  The Carrier RPPY is operated by NNS and has ac-
crued many decades of nuclear planning experience for aircraft
carriers.

To implement its safety responsibilities, the NNPP maintains De-
partment of Energy field offices, designated the Naval Reactors Rep-
resentative’s Office (NRRO) at nuclear-capable shipyards.  At NNS,
this office monitors work aboard the RCOH ship and elsewhere in the
yard to ensure that it is conducted in a manner that assures the con-
tinued safe maintenance, repair, and subsequent operation of the
ship’s reactor plants.

The NNPP has access to all NAVSEA offices where work is done on
matters that interface between nuclear and nonnuclear responsibili-
ties.  It also has access to NNS on technical issues, indirectly by way
of PMS 312D and directly from its own technical staff.  For safety
matters, it has access to the yard by way of the NRRO.
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Naval Sea Systems Command

NAVSEA is responsible for contract administration and day-to-day
management of the RCOH’s execution phase.  The latter function is
provided by a field office, SUPSHIP NN.  This office holds the primary
responsibility for ensuring that the shipyard complies with the
contract and that problems are identified and resolved quickly.  The
primary agent for this work is SUPSHIP NN Code 152 (which is also
subordinate to PMS 312D).  Other SUPSHIP NN offices provide ser-
vices to the supervisor himself or to PMS 312D when tasked.  These
services include work planning, financial-report review, non-
nuclear engineering, design review, quality assurance, government-
furnished material procurement and management, and financial
management.

The Code 1800 group in SUPSHIP NN supervises the planning of the
RCOHs.  A number of the Code 1800 members were formerly in
Planning and Engineering for Repairs and Alterations–Carriers
(PERA-CV).  PERA-CV was a field activity of PEO Aircraft Carriers that
provided life-cycle support, contracting services, logistics assistance,
and management to support carrier overhaul planning and execu-
tion.  Among its support functions, it tracked the availabilities of all
aircraft carriers and maintained a database of tasks and man-days for
those availabilities.  PERA-CV was dissolved through base realign-
ment and closure (BRAC) actions, and the personnel either retired
or were dispersed to other organizations, such as Code 1800 at
SUPSHIP NN.  As we discuss later, the uncertainty surrounding
PERA-CV and its personnel caused problems during the early
planning stages of the CVN 68 RCOH.

Newport News Shipbuilding

NNS is the largest shipbuilder in the United States in terms of both
facilities and employment and is the only U.S. shipyard with the ca-
pability to build and refuel nuclear aircraft carriers.  In addition to
the CVN 68 RCOH, NNS has performed an RCOH on the USS Enter-
prise and has done a number of other carrier availabilities, including
complex overhauls (COHs) of both CVN 68 and CVN 69.

NNS is the planning yard for the nuclear portion of the RCOH.  For
the nonnuclear portion of the CVN 68 RCOH, NNS primarily pro-
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vided cost estimates based on their detailed planning of the execu-
tion of the tasks identified by the Navy organizations.  It negotiated
with the Navy for the cost and scope of the contracted work and exe-
cuted the entire nuclear work package and most of the nonnuclear
package.

Ship’s Force

There were approximately 2,500 enlisted sailors and 150 officers in
the ship’s crew during the CVN 68 RCOH.4  Since the ship cannot
support the full crew during an RCOH, the Navy must provide tem-
porary housing and other support functions.  NNS, under contract to
the Navy, provides a portion of these support functions.  Since CVN
68 is a West Coast ship, the Navy provided transportation for the
families of the crew (funded in the Military Personnel, Navy (MPN)
budget) and housing for the single members of the crew who live on-
board the ship when it is not being overhauled.

The crew performs various functions during the RCOH, including

• General watchstanding and oversight of the various compart-
ments and spaces on the ship.

• Safety aspects of work, including closing of valves and circuit
breakers (referred to as “tagouts”).

• Ship security.

• Operation of shipboard equipment.

• Immediate response to fire or flooding.

• Training to support crew certification at delivery.

• Maintaining ship cleanliness.

• Logistics support, including records updating.

• Ship administration.

______________ 
4The CVN 68 Class Ship Manpower Document (14 June 1999) lists a requirement for
170 officers and 3,323 enlisted personnel.  Typically, 85 to 90 percent of the
requirement is authorized, and a ship may have even a lower percentage actually
assigned to it.
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The crew also is responsible for the administration and execution of
the ship’s force work package, a set of tasks in the overall work pack-
age designated as the responsibility of the crew.  These tasks include
repair of ship systems and the refurbishment of hundreds of onboard
living spaces.

Type Commander

Commander, Naval Air Forces Pacific (COMNAVAIRPAC) is the
TYCOM for the USS Nimitz.  As such, COMNAVAIRPAC has adminis-
trative control over the ship, responsibility for the vast majority of
life-cycle maintenance done on the ship outside of the RCOH, and
responsibility for seeing that the ship deploys fully trained and pre-
pared for her operational commitments.  COMNAVAIRPAC partici-
pated in decisions on the repair and modernization portions of the
CVN 68 RCOH.

CHALLENGES

As RCOH planning got under way, PEO Aircraft Carriers and the
other organizations involved faced a number of challenges and un-
certainties that threatened timely and on-budget completion.  The
story of the RCOH is one of both success and shortfall, and the extent
to which it is one or the other reflects the Navy’s (and the contrac-
tor’s) success or failure at meeting these challenges.

Budgetary Uncertainties

The USS Nimitz was the first ship of its class to have an RCOH, and
only the second of any carrier class, following the USS Enterprise
(CVN 65).  CVN 65 is a one-ship class of a different design, particu-
larly with regard to the nuclear propulsion plant.  Hence, her main-
tenance experience was not entirely applicable to the Nimitz class.
What, then, would the Navy use as a basis for estimating cost and
schedule?  What types and magnitudes of work might be included in
these estimates?

There was reason for optimism that these questions could be
addressed within some confidence range across a large proportion of
the ship’s needs.  The USS Nimitz was the ninth large-deck aircraft
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carrier the Navy had built and operated since it built the USS Forre-
stal in 1955.  All large-deck carriers have many similar characteristics,
including nearly equal size and power, similar tanks and voids, simi-
lar electric power distribution and ventilation systems, similar crew
sizes and habitability systems, and approximately equal painting and
preservation needs.  These similarities should have guided develop-
ment of planning in these common areas.5  Substantial uncertainty
may have remained, however, regarding cost estimates on first-of-a-
kind elements such as the never-before-refueled Nimitz-class reactor
plants and combat system modernization.

While these uncertain estimates were being faced in bottom-up es-
timation of task requirements and costs, another set of uncertainties
was acting from the top down.  Large projects are typically con-
strained by a budget ceiling that only notionally reflects the work that
must be done and is subject to various external factors.  The work
scope would thus have to be set to a budget rather than the reverse
(as is typical in commercial projects).6  The difficulty of such a
method is that it is very hard to align the expectations of all the
stakeholders.  When the budget is constrained, some work must be
forgone.  How planners prioritize the work to be done and commu-
nicate those priorities is critical to the program’s success.  Moreover,
planners knew at the outset that the budget constraint was poten-
tially a moving target.  What might look feasible one year might not
be feasible the next.

Sources of Uncertainty with the Ship and in the Yard

Even given previous experiences with similar ships, it is impossible
to fully scope and define with high confidence all the work necessary
for the overhaul of a specific, active ship.  Some areas of CVN 68 were
not accessible while she was operating or could not be inspected un-
til she was dismantled.  Given this uncertainty and the attendant

______________ 
5Five conventional aircraft carriers received service-life extension programs (SLEPs) in
the 1980s.  As with most of the preceding overhauls, these carriers presented no
nuclear issues, but the objectives of the nonnuclear repair and modernization were
similar to those for the CVN 68 RCOH.
6Furthermore, the budget for the CVN 68 RCOH was initially estimated in 1992, six
years before the start of execution and at least one year before the planning actually
began.
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budget and schedule risk, PEO Aircraft Carriers was faced with the
challenge of planning for and efficiently managing emergent work
throughout the course of execution.

The planning effort started approximately five years prior to the start
of execution, with the RCOH nominally set to last 33 months.  This
five-year planning period is long enough that conditions in the ship-
yard might also change significantly.  There could be changes in the
yard’s total workload or in the mix and skill levels of workers as-
signed to various projects; there could be labor problems.  And these
could be precipitated by events external to the RCOH.  As it turned
out, NNS experienced a significant labor strike that affected the CVN
68 RCOH (see Appendix B).  In addition, NNS reorganized its carrier-
overhaul management twice after the start of the RCOH.

PEO Aircraft Carriers faced further challenges in flexibly managing its
relationship with the contractor.  For example, NNS works mostly on
single-unit, large-ticket items for the Navy that have large, slowly
changing, and predictable workforce demands and take long periods
of time to complete.  The shipyard’s internal processes, contracting
metrics, and labor-management practices are understandably opti-
mized for that type of work.  This business situation limits the yard’s
flexibility in responding to the faster pace and dynamic nature of car-
rier overhauls.

NNS is also the only shipyard currently capable of building aircraft
carriers and has built all of the Nimitz-class carriers as well as all
other carriers commissioned in the past 40 years.7  Norfolk Naval
Shipyard and Puget Sound Naval Shipyard can refuel nuclear ships
and have drydocks large enough to hold aircraft carriers.  However,
they currently do not have the facilities to refuel a Nimitz-class car-
rier, nor do they have the workforce to accomplish the majority of
the nonnuclear repair work.  Therefore, NNS is designated as the
yard responsible for all nuclear refuelings of aircraft carriers.8

______________ 
7The New York Naval Shipyard built the USS Independence (CV 62) and the USS
Constellation (CV 64), both commissioned more than 40 years ago.  The USS Kitty
Hawk (CV 63) was launched by the New York Shipbuilding Corporation in 1960.  These
were the last U.S. carriers built by yards other than NNS.
8NNS is also responsible for all CVN 65 availabilities.  Either Norfolk Naval Shipyard or
Puget Sound Naval Shipyard typically performs the depot-level maintenance for the
conventional carriers and the minor availabilities for the Nimitz-class carriers.
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PEO Aircraft Carriers has very little competitive leverage with NNS.  It
is not practical or possible to sustain multiple shipyards capable of
constructing and refueling nuclear aircraft carriers.  NNS is, there-
fore, the sole source for these Navy product lines.  Performance in-
centives are also limited by the contracting arrangement.  Given the
level of uncertainty for an RCOH, a fixed-price (lump-sum) contract
strategy would have been inappropriate.  A fixed-price contract
would place all the risk on the contractor, who would then be forced
to build that risk into the contract price, making the RCOH unafford-
able to the Navy.  Thus, the reasonable contract vehicle was a cost-
type contract, with incentives for reduced-cost performance (i.e.,
charging a lower number of hours to do the work).

Challenges Arising from the Number of Parties Involved

The RCOH involved a large number of stakeholders in addition to the
program office.  These included NNS, various elements of NAVSEA,
the NNPP, the TYCOM, and the ship’s force.9  Each of these organi-
zations had differing, sometimes competing, objectives, which had
to be balanced and managed.

Coordination of NNS and the ship’s force would involve particular
challenges.  The ship’s force would be responsible for executing cer-
tain work-package items assigned by the PEO as potentially suitable
for them.  However, neither the PEO nor NAVSEA would directly
control this labor.  It would be directed, instead, by the ship’s com-
mand.  Integrating the two workforces would not be an insignificant
task.  Furthermore, it was not clear the ship’s force could realistically
accomplish the work intended for it (that is, that it would be skilled
and qualified to do the work).  Finally, the crew has individual and
unit training requirements that place demands on its time and avail-
ability.

______________ 
9Other systems commands, such as the Space and Naval Warfare Command
(SPAWAR) and the Naval Air Systems Command (NAVAIR), as well as the requirements
managers for various systems on the carrier also were involved in various aspects of
the planning and execution of the RCOH.
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Internal Staffing Challenges

Another drawback would be the certainty that the PEO and other
Navy organizations would face a high staff turnover during the ap-
proximately seven-year planning and execution process.  The poli-
cies and procedures of the Navy would make it unlikely that the offi-
cers responsible for the program would be assigned for the life of it
(or even half of it).  Why might personnel turnover be a problem?
Turnover could be expected to lead to rework, redirection, rediscov-
ery, etc., all of which could result in lower efficiency.

As mentioned, PERA-CV, the field activity of PEO Aircraft Carriers
that tracked all depot-level availabilities for aircraft carriers and
maintained a database of historical repair tasks with their labor and
material costs, was dissolved through BRAC.  The personnel of PERA-
CV were the logical choice for participation in, and potentially even
leadership of, the RCOH planning effort.  The uncertainty concerning
where the PERA-CV personnel would be reassigned resulted in PMS
312D assuming the lead in the planning process.  Once a number of
the former PERA-CV personnel were attached to SUPSHIP NN, Code
1800, they became more actively involved in the planning for the
CVN 68 RCOH (and have taken the lead for the work-package devel-
opment for subsequent RCOHs).  However, this delay at the begin-
ning of the planning process caused difficulties that proved hard to
overcome.

An additional staffing-related challenge could have been anticipated
from the direction of NAVSEA.  In the mid-1990s, while the RCOH
planning was under way in earnest, support organizations in the
Navy were trimming down, resulting in a loss of capability and ex-
perience.  This situation was certainly true for NAVSEA.  One core
capability the Navy lost was its engineering organization’s ability to
analyze cost estimates from contractors.  Ideally, the Navy would be
able to independently estimate work.  However, the staffing and ef-
fort required to keep such a capability were reduced in the face of
budget constraints.10  But would NAVSEA at least be able to maintain

______________ 
10SUPSHIP has some capability to evaluate contractor cost estimates.  However, this
group is rather small and did not have enough time to effectively evaluate the cost
estimates for the CVN 68 RCOH.
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a cost-analysis division strong enough to review and check proposals
from the contractor?

Staffing changes were also occurring at NNS during the execution of
the CVN 68 RCOH.  One important change was that of the project di-
rector for the RCOH.  A senior NNS manager with broad experience
in the nuclear issues surrounding carrier construction and mainte-
nance assumed leadership when the CVN 68 RCOH program began
to falter.

Changing Maintenance and Administrative Contexts

The USS Nimitz and other nuclear carriers had been through peri-
odic maintenance actions in the shipyard (various types of “avail-
abilities”), as had all the conventional carriers still in the fleet.
However, when the USS Nimitz was commissioned (1975) and for
several years thereafter, the Aircraft Carrier Continuous Maintenance
Program governed these maintenance actions.  The class was then
shifted to the new Incremental Maintenance Program.  The USS
Nimitz’s first availability under the new program was the RCOH.
Successful transition to the new maintenance program required re-
moval of the maintenance backlog that had been building for a
number of years, but unfortunately, budget constraints resulted in
some of that backlog remaining, causing the USS Nimitz to be in
worse material condition than she should have been upon entering
the RCOH.

The CVN 68 RCOH also differed from previous large availabilities for
the class in that it was funded within the SCN budget rather than the
Operations and Maintenance, Navy (O&MN) budget (the last CVN 65
RCOH was also funded in SCN).  Different budgets involve different
administrative organizations and procedures.
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Chapter Three

BUDGETING, PLANNING, AND CONTRACTING
 FOR THE RCOH

In this chapter, we review the sequence of events that resulted in the
negotiated contractor work package and the subsequent string of
contract modifications (see also Appendix A).  It all began with a
budget total established by the Navy in 1992.  This was modified over
the remainder of the decade in annual Navy budgets.  The Navy,
meanwhile, planned the work to be undertaken in the RCOH.  NNS
submitted a proposal estimating the cost of that work, and negotia-
tions between the Navy and NNS resulted in a contract, to which
subsequent modifications were made as necessary.

BUDGETING

Funds for the CVN 68 RCOH were included in the SCN budget over
several years.  Each budget not only requests an appropriation for
the current year, but also plans appropriation requests several years
into the future, and these amounts change with the annual budget
revisions (see Table 3.1).  Thus, the budget for fiscal year (FY) 1995
included $38.3 million for FY1995 and estimated amounts needed in
future years as $290.1 million for FY96, $185.9M for FY97, and
$2,020.6 million for FY98.  The large amount for FY 1998 was for fully
funding RCOH execution.  Funds for fiscal years prior to 1998 were
for engineering and planning, work-package development, ship-
checks, drawing development, and cost estimating and advanced
procurement of long-lead-time equipment, especially the equipment
needed for refueling and repairing the nuclear reactor.  As suggested
by the table, these amounts were broken out of the total in the FY94
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Table 3.1

Budget History for the CVN 68 RCOH

Fiscal Year in Which Money Is to Be Appropriated
(millions of then-year dollars)

  

Budget
Year FY93 FY94 FY95 FY96 FY97 FY98 Total

FY92 6.8 2400.0 a

FY93 6.8 2400.0 a

FY94 6.8 31.1 2257.1 2295.0

FY95 6.8 31.1 38.3 290.1 185.9 2020.6 2572.8

FY96 6.8 31.1 38.1 222.0 316.5 1944.9 2559.4

FY97 6.8 31.1 38.1 213.9 237.0 1617.3 2144.2

FY98 6.8 31.1 38.1 213.9 231.7 1615.0 2136.6

FY99 6.8 31.1 38.1 213.9 230.3 1572.8 2093.0

FY00 6.8 31.1 38.1 213.9 230.3 1504.3 2024.5

FY01 6.8 31.1 38.1 213.9 230.3 1654.9 2175.1

SOURCE:  Budget Item Justification Sheets (P-40), Shipbuilding and Conversion, Navy.
aProgram cap established by the Navy in 1992 for budget development.

and FY95 budgets as the required funding became clearer.  The
budgeting process, along with other aspects of planning and execu-
tion, was outlined in the CVN 68-class RCOH Program Management
Plan (PMP).1  The plan provided, for example, that by the fourth year
prior to the start of the overhaul (FY94), the budget had to include
specific costs for items needed to modernize the ship, to ensure that
equipment was bought in time.  The PMP was silent, however, on
many aspects of RCOH budgeting.

If not as much is spent as is appropriated, a permanent downward
adjustment in the budget profile is made; this was the case with the
$0.2 million drop in the FY95 budget that was recorded in the follow-
ing budget year.  Cost growth during execution may require that
more money be added to prior appropriations, and that amount may

______________ 
1CVN 68 Class RCOH, Program Management Plan, Revision 3, Change 2, Program
Executive Officer Aircraft Carriers (PEO Aircraft Carriers), Department of the Navy,
June 1999.
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be retroactively charged against the budget for the year of full fund-
ing, as happened in FY 2001.

Work-package clarification and ex-post adjustments are not the only
causes of the variation in the budget total shown in Table 3.1.  Exter-
nal factors also play a role.  For example, between FY95 and FY97, the
total budget decreased from $2.6 billion to $2.1 billion.  This reflected
not only a reduction in the projected cost of the nuclear work pack-
age but also reallocation of some dollars to the Defense Business Op-
erating Fund, military operations in Bosnia, and inflationary adjust-
ments for other programs.  These reallocations were not, of course,
part of the process of determining what needed to be done or how
much it might cost, but they were part of the process of determining
what could be done.  As a result of the decrease in the total available
budget, the work content of the RCOH was reduced from the original
plan, and responsibility for some elements was transferred from NNS
to the ship’s force.  Continued changes in subsequent years reduced
the total budget to a low of approximately $2.02 billion in FY00.  Cost
growth and overruns during execution increased the total amount to
approximately $2.18 billion in the FY01 budget. This cost increase
included the following:

• A $63.1 million ship cost adjustment (SCA).

• $87.5 million in above-threshold reprogramming (ATR) to cover
the costs associated with the strike at NNS and with the transfer
of work from the ship’s force back to NNS.

An additional $97 million increment (not shown in Table 3.1) was
provided through a special transfer authority (STA) to cover manda-
tory emergent work and the extension of the schedule.

PLANNING

Consistent with the centralized management philosophy expressed
in the PMP, planning tasks centered on PMS 312D, assisted by vari-
ous offices.  Planning was a complex process because it merged three
different objectives that competed for available funding:

• Refueling, repairing, and upgrading the reactor plants and re-
lated systems (as set out in the nuclear work package).
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• Installing new, more-modern capabilities such as sensors, com-
munications systems, and weapons systems (the modernization
package).

• Performing necessary repairs or replacements of other existing
equipment and systems to restore their function (the repair
package).

According to the PMP, early estimates of the work to be done were
generated from the draft nuclear and modernization packages, cou-
pled with approximations of the repair package.  These estimates
were to form the basis for the early budget estimates.  Preparation of
the contract work package was not to begin until completion of a
baseline availability work package (AWP) four years before the start
of RCOH execution.  This was to be followed by “preliminary,”
“proposed,” and “authorized” AWPs at the 36-, 12-, and 8-month
preexecution points, respectively.  The authorized AWP became the
focus of contract negotiations that ultimately led to the negotiated
contractor work package (the work that NNS was to do) and the
ship’s force work package (the work the ship’s force was to do).

Planning was complicated by several factors.  First, the budget for the
execution of the RCOH was taking “hits” to fund other Navy com-
mitments, and the resulting volatility in this budget caused uncer-
tainty in the planning process.  Second, while planning proceeded,
the ship had to continue operating, which constrained the degree to
which systems could be disassembled and inspected to assess repair
needs.  Third, the Navy wanted to delay design decisions as long as
possible so that the latest warfighting capabilities could be incorpo-
rated.

Nuclear Work

NNS and NAVSEA O8 developed the CARPOP that specified all of the
nuclear work to be accomplished during the RCOH.  The CARPOP
was assembled from requirements in the Commissioned Surface
Ship General Reactor Plant Overhaul and Repair Specification2 and
other standardized maintenance requirements imbedded in the

______________ 
2NAVSEA 0989 043 000.
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technical documentation governing the operation and maintenance
of the reactor plant and related systems.  Specifying the work pack-
age required some testing.  Such testing for potential nuclear (as well
as nonnuclear) work was coordinated by SUPSHIP NN Code 1800 in
accordance with the Carrier-Availability Planning System (CAPS).
The resulting CAPS plan was executed by the ship’s force and other
elements.

Nonnuclear Modernization

The modernization ship-design management plan (MMP) governed
the development of the (nonnuclear) modernization package.3  De-
velopment and execution of this package paralleled a long-standing
NAVSEA process for introducing new developments into existing
ships.  In that process, ship design managers (SDMs) generally hold
responsibility for

• Developing the installation package for new systems and equip-
ment.

• Gaining approval and funding from the appropriate parties.

• Ensuring that installation is coordinated with other construction
activity.

The SDM for the CVN 68 RCOH, assisted by SEA O5D, the aircraft-
carrier engineering team, was responsible for all aspects of planning
the modernization package.

The MMP recognized that there would usually be many more new
items that could be installed in a ship than the budget could cover.
Therefore, the plan laid out a structured process for screening the
candidates and developing the final modernization package.  The
process is illustrated in Figure 3.1.

Norfolk Naval Shipyard, in keeping with their charter as the hull
planning yard for Nimitz-class ships, provided lead design services to
support the modernization package, and other communities of

______________ 
3Appendix F to the Program Management Plan, “CVN 68-Class Aircraft Carriers,
Refueling Complex Overhaul (RCOH) Modernization Ship Design Management Plan,”
undated.



22 Refueling and Complex Overhaul of the USS Nimitz (CVN 68)

Phase I

Tradeoffs

Phase 2

Engineering 
and Integration

Phase 3

Detailed plans

Execute

PMS 312D oversight, program and control board reviews, approvals

Add to baseline, preliminary, proposed, or authorized AWP

Execute

Determine the need for  
new capability and the  
ability of the ship to  
support it

Analyze tradeoffs and 
prioritize survivors

Begin engineering  
model development

Analyze risks and  
define fallbacks

Technical reviews

Develop engineering 
change proposals and 
cost justifications

Integrate modernization 
with other work in the 
package

Prioritize survivors

Analyze risks and 
define fallbacks

Technical reviews

Develop detailed 
installation drawings

Ship checks

Continue integration 
with other work in  
the package

Prioritize survivors

Analyze risks and 
define fallbacks

Technical reviews

Assist  
execution

Define the current ship
configuration 

SDM responsibilities:

RAND MR1632-3.1

Figure 3.1—Modernization Work-Package Development Process

technical experts also supported the package’s development.  In this
regard, the development process was somewhat similar to the
broadly supported process used by NAVSEA O8 to develop the nu-
clear work package.  However, the modernization package was de-
veloped without the configuration control, supply support, design
support, and more stringent specifications managed by the single-
activity nuclear agency.

Nonnuclear Repair

The nonnuclear repair package was the most difficult to define be-
fore execution because it was where the most unknowns lurked.
Many organizations were involved in repair-package development,
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including PMS 312D, the TYCOM, SUPSHIP NN, NNS, and the ship’s
force.  The PMP was unclear as to the specific roles of all these orga-
nizations.  We were advised that at the beginning of the planning
process, the TYCOM was expected to produce the baseline repair
work package, but its responsibility was reduced over time.  NNS re-
sponsibility did not include development of the tasks within the work
package.  Rather, it performed ship checks (mostly for configuration
management) and developed summary documents for the repair
processes and the labor and material costs for the tasks contained in
the work package.

Notably absent from repair-package development was central con-
trol by a single planning yard or group comparable to the RPPY for
nuclear work and the lead design yard for the modernization pack-
age.  Also absent from the PMP was any clear association among
budget development, work-package development, and government
cost estimation.  To the extent that these activities were coordinated,
the interaction was ad hoc, undertaken on the initiative of the parties
involved.

CONTRACTING

The initial award of the CVN 68 RCOH contract to NNS was signed on
April 22, 1994.  The initial contract was for $2.85 million and included
eight contract line-item numbers (CLIN 0001 through CLIN 0008) for
the start of advance planning and support for the RCOH.  As addi-
tional advance-planning funds were authorized in successive fiscal
years, the basic contract was modified a number of times to include
additional tasks and funds.  By the end of the planning stage, NNS
had been awarded almost $400 million for planning and support of
the RCOH.

In August 1997, as the planning phase of the RCOH was ending, a
formal request for proposal (RFP) for the execution phase was issued.
The subsequent proposal submitted by NNS in December of that
year called for approximately $250 million more than the amount
programmed in the FY98 budget.  The excess came as something of a
surprise to the Navy, given the information received earlier in the
planning process from NNS regarding likely costs of tasks under
consideration.  Intense negotiations between NAVSEA and NNS
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brought the final execution contract to within the available budget.4

The execution of the RCOH was added as CLIN 0009 in April 1998.

The details of the execution contract line item (CLIN 0009) are shown
in Table 3.2 and summarized graphically in Figures 3.2 and 3.3.  The
man-hours for the execution of the RCOH were segregated into four
categories:  nonnuclear-related work, nuclear-related work, small-
value changes (SVCs), and the emergent and supplemental (E&S)
pool.5

The execution contract was a cost-plus-incentive-fee (CPIF) con-
tract.  Thus, it set target costs for the execution of the RCOH, and if
NNS had met those targets, it would have earned a fee of 13 percent.
If NNS had come in below the target cost, its share of the savings
could have resulted in a fee as high as 17 percent.  If the costs turned
out to exceed the target, NNS would have been paid for the costs it
incurred, but the fee could then be decreased to as little as 9 percent.

Table 3.2

CVN 68 RCOH Execution Contract Man-Hours

Man-Hours Specified in Contract

Item Nonnuclear Nuclear

Total Basic
Work

Package

Small-
Value

Changes
Emergent &

Supplemental Total

Production 7,464,942 3,607,346 11,072,288 265,179 1,949,279 13,286,746

Supervision 1,112,276 537,495  1,649,771   39,512 290,443 1,979,726

Engineering 1,589,441 1,847,479  3,436,920   82,314 605,070 4,124,303

Total 10,166,659 5,992,320 16,158,979 387,005 2,844,792 19,390,776

______________ 
4The primary mechanism for reducing the amount of the contract was the Navy
inducing NNS to simply lower its estimates without recourse to additional planning,
changed strategies, or process changes to increase productivity.
5The execution contract breaks the SVC and E&S pools into nuclear- and nonnuclear-
related parts, which are not shown here.
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Figure 3.2—Total NNS Contract Cost, by Major Elements
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  NOTE: See Table 3.3 for numbers.

Figure 3.3—Total NNS Contract Man-Hours, by Category of Work
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SVCs were for work beyond tasks explicitly included in the base work
package whose cost was estimated to be less than $15,000.  To avoid
excess delay and paperwork for these minor tasks, SVCs were paid at
a fixed rate of $8,400 (based on the historical average cost for similar
minor tasks).  The original execution contract contained funds for
2,500 SVCs.  By the end of the RCOH, there were more than 3,200
such changes.

The E&S pool was designed to cover larger “unknowns” encountered
during the RCOH.  Emergent work was defined as work recognized as
necessary when parts of the ship were dismantled to allow inspection
of normally hidden systems and when systems were tested in the
yard.  Supplemental work was defined as work resulting from revi-
sions of the scope of the work package.  The combined E&S/SVC pool
was 17 percent of the value of the total work package.

CONTRACT MODIFICATIONS

Most modifications to the contract work package occurred during
the execution of the RCOH.  Any major midlife availability of a ship,
especially an availability that is accomplished for the first time, in-
volves a large degree of uncertainty and many unknowns about the
material condition of the ship.  Therefore, a number of the tasks in
the basic work package involved the opening and inspection of por-
tions of the ship (e.g., tanks and voids) to determine whether repairs
were necessary and the extent of such repairs.  Any tasks not explic-
itly covered in the authorized work package were subject to change
control.

Changes to the nuclear work package were managed by NAVSEA O8,
which was regularly informed of progress and problems by the on-
site Naval Reactors Representative’s Office and others.  Changes to
the modernization and repair work packages were subject to the
requirements of the PMP.

Changes were classified into one of several possible levels of impor-
tance.  Those affecting ship characteristics or delivery dates required
approval by the CNO.  Those having other “significant” or “adverse”
effects required PMS 312 approval.  SUPSHIP NN might approve
lesser changes.  Most changes were in the least-important category.
What constituted a lesser change varied over the course of the RCOH.
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For a while, PMS 312D had delegated to SUPSHIP NN authority to
approve changes of up to $250,000, but that authority was subse-
quently withdrawn.

To handle lesser changes, SUPSHIP NN used processes developed for
Operations and Maintenance, Navy (O&MN)-funded repair availabil-
ities.  Requests for changes typically originated at the shipyard.  NNS,
upon finding a problem not covered by the work package, first de-
cided whether to seek specific reimbursement for the extra work.  If
so, it prepared an inspection report (IR) for SUPSHIP NN, describing
the nature of the problem.  IRs were reviewed, usually on the scene,
by SUPSHIP NN production controllers and assistant project officers
(APOs).  At the start of the RCOH, there were four APOs: nuclear,
propulsion, hull/deck machinery/outfitting, and combat systems.
For the last 18 months of the RCOH, this group was reduced to one
APO for propulsion systems and one APO for everything else, each
assisted by 5 to 10 production controllers.  The group determined
whether the issue was already covered by the work package (in which
case, no further contract action was needed).  If not, the APOs and
SUPSHIP NN Engineering determined whether the item should be
fixed and, if so, who should do the work (e.g., NNS or the ship’s
force); they also determined the implications regarding the contract.
The criteria used for deciding included the reviewers’ judgment of
how critical the work was and how much it would cost.

If the SUPSHIP NN APOs and production controllers agreed that the
IR issue needed to be addressed, they initiated a field modification
requisition (FMR).  This was the means by which any addition to the
work package was made following issuance of the RFP.6  Approxi-
mately 6,300 FMRs were issued over the course of the CVN 68 RCOH.
Each FMR led to a negotiation between the yard and SUPSHIP NN
Contracts as to the price of the task and ultimately either to a con-
tract change specification (adding cost and potential time to the
RCOH contract) or to funding by way of a level-of-effort (LOE) set-
aside through the SVC or E&S pool.

______________ 
6Not all FMRs were originated by NNS.  For example, if the TYCOM desired additional
repair actions that were not listed in the authorized work package, the cost of those
repairs was considered outside the basic contract and was added to the contract cost
via an FMR.
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Table 3.3

CVN 68 RCOH Contract P-Modifications

Cumulative Amount Obligated Through
Modification of Contract

(millions of then-year dollars)

P-Mod Date
CLIN 0001–

0008 CLIN 0009 Total

Award

P00001

P00002

P00003

P00004

P00005

P00006

P00007

P00008

P00009

P00010

P00011

P00012

P00013

P00014

P00015

P00016

P00017

P00018

P00019

P00020

P00021

P00022

P00023

P00024

P00025

P00026

P00027

P00028

P00029

04/24/1994

10/13/1994

01/27/1995

02/28/1995

12/27/1995

03/06/1996

05/07/1996

06/27/1996

01/30/1997

01/31/1997

01/17/1997

03/31/1997

04/30/1997

05/30/1997

12/02/1997

03/20/1998

04/30/1998

10/09/1998

10/09/1998

01/22/1999

04/30/1999

06/04/1999

02/02/2000

02/15/2000

06/07/2000

10/12/2000

10/24/2000

02/23/2001

03/16/2001

04/11/2001

2.850

2.850

2.850

34.850

54.350

54.350

173.350

173.350

177.547

177.840

177.840

177.840

177.840

353.812

364.867

399.867

399.867

399.867

385.466

385.466

385.466

385.466

385.466

385.466

385.466

385.466

385.466

385.466

385.466

385.466

1,222.411

1,219.473

1,236.811

1,234.411

1,234.411

1,234.411

1,236.964

1,298.644

1,356.144

1,371.144

1,371.144

1,411.144

1,464.644

1,464.644

2.850

2.850

2.850

34.850

54.350

54.350

173.350

173.350

177.547

177.840

177.840

177.840

177.840

353.812

364.867

399.867

1,622.278

1,619.340

1,622.277

1,619.878

1,619.878

1,619.878

1,622.431

1,684.111

1,741.611

1,756.611

1,756.611

1,796.611

1,850.111

1,850.111
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The basic contract was modified a number of times to include addi-
tional tasking and changes in the original plans and schedules,
whether initiated by the TYCOM, NNS and SUPSHIP NN, or by PMS
312 itself.  Some of these contract modifications (e.g., those arising
from FMRs) involved adding funds to the basic contract; other modi-
fications did not change the funding but changed the distribution of
the funds within CLINs or the scheduled completion date of the
RCOH, or they modified tasks without an increase in funding re-
quirements.  There were two basic types of contract modifications,
P-mods and A-mods.

The procuring contract officer (PCO) at NAVSEA headquarters (SEA
O2) had to approve the P-mods.  Each of these modifications was
numbered, starting with P00001.  For example, the execution of the
RCOH (CLIN 0009) was added as a contract modification through
P00016.  The various contract modifications and their impacts on
funding requirements are shown in Table 3.3.

The administrative contract officer (ACO) at SUPSHIP NN approved
the A-mods locally.  As shown in Table 3.4, the majority of the

Table 3.4

CVN 68 RCOH Contract A-Modifications

A-Mod Date Description FMR

Amount
(millions of
then-year
dollars)

Various

09/30/1999

08/02/2000

08/08/2000

08/08/2000

09/26/2000

10/10/2000

10/10/2000

12/05/2000

01/03/2001

02/27/2001

03/27/2001

Huntington Hall

Onboard repair parts

Crew unburdening

Crew unburdening

Crew unburdening

Onboard repair parts

Crew unburdening

Crew unburdening

Contractor support services

Onboard repair parts

Crew unburdening

Crew unburdening

5,843

5,721

5,722

5,721

5,721

6,969

4,327.03

6,748

6,748.01

Various

A00245

A00303

A00308

A00309

A00317

A00322

A00323

A00330

A00341

A00365

A00367

Total

4.173

5.000

0.750

0.010

0.010

1.863

4.028

2.809

0.100

0.175

0.600

1.300

20.818
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A-mods were for support-related functions such as the operation of
Huntington Hall, which provided berthing and mess support for the
CVN 68 crew, and for the transfer to NNS of work originally directed
to the ship’s force.
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Chapter Four

COST GROWTH

Analyzing the costs of the CVN 68 RCOH is enormously complicated,
because these costs are allocated across several different accounts.
Although the majority of RCOH planning and execution costs are
contained in the SCN budget, other elements are reflected in the
Other Procurement, Navy budget (the nuclear cores) and in the mili-
tary personnel portion of the Navy budget (the pay and allowances of
the ship’s crew and the costs of the personnel at SUPSHIP NN and
PMS 312 who manage the RCOH project).  Further, the various
sources of RCOH cost information break down costs in different
ways, so that comparing the data is difficult.  Finally, because the
costs were continually evolving during the course of our research,
timing of the data became an issue.

In this chapter, we examine the cost of the RCOH at various levels of
detail, trying to identify the areas in which increases occurred.  After
providing some definitions, we quantify overall growth, then break it
down into various components:  direct labor vs. overhead, materials,
etc.; nuclear vs. nonnuclear; straight time vs. overtime.  We conclude
by examining the trend in FMRs for insights regarding the quality of
planning and the management of unplanned work.1

______________ 
1The analysis in this chapter draws on several reports prepared by NNS in compliance
with the RCOH contract data requirements list (CDRL).  The format, content, and
periodicity of these reports are specified by the Navy, with limitations imposed by
internal shipyard processes.  These reports include the contract price report, projected
final price report, contract funds status report, and monthly cost reports.
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DEFINITION OF RCOH COSTS

To illustrate the complexity of the RCOH money trail, Figure 4.1
shows the overall RCOH costs and how all the elements interrelate.
The full RCOH cost encompasses everything, including the cost of
the nuclear fuel, the cost of the ship’s crew, and the administration
cost.  At this point, the total, “true” cost is not known.  Many indirect
costs, such as the Navy’s management costs, are not identifiable or
are not tracked by any organization.2

Excluding such items gives the RCOH program cost.  This cost should
align with the SCN budget value, which was $2.2 billion in FY01.  If
we exclude the planning costs and advanced material purchases, we
obtain the costs for the execution of the RCOH while the ship is
physically located at the shipyard; these costs had reached about

Total RCOH cost

–  Nuclear fuel
–  Ship’s force labor
–  Gov. / Navy labor

RCOH program

RCOH execution

–  GFE
–  Ordnance
–  Ship’s force 
     material

NNS execution contract/CPR

FMR

?

$0.2 billion

$1.5 billion

– Eng./Mgmt.
– Labor
– Material
– Facilities
– Fee

$1.8 billion
$2.2 billion

 – Change

–  Planning
–  Adv.  mat.

RAND MR1632-4.1

Figure 4.1—Components of RCOH Cost

______________ 
2Through the implementation of a new management control and tracking system,
PEO Aircraft Carriers can now directly measure the time and cost of managing each
project within its purview.
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$1.85 billion as of spring 2001.  The majority of these costs are in the
execution contract for NNS, which came to about $1.46 billion.
Throughout the remainder of this chapter, we focus on the NNS exe-
cution contract, because it is the largest definable portion of the total
cost for which we have sufficient details.

Some cost analysts make a distinction between cost growth and cost
overrun.  Government-responsible cost growth is an increase in cost
due to work that was added, missing, or unknown at the time the ex-
ecution estimate in the negotiated settlement was finalized.  Cost
overruns are mainly increases that result from changes in wage rates,
general inflation, and productivity.  These distinctions are largely
ways to assign responsibility:  Growth is usually seen as the respon-
sibility of the government, whereas overrun is attributed to the con-
tractor.3

While these distinctions might be theoretically interesting, they are
of little use for accounting purposes.  It is very difficult to assign a
particular cost increase exclusively to growth or overrun.  For exam-
ple, consider work that cannot be known at the time of the initial es-
timate and, when discovered, has to be accommodated in a revised
budget.  This revision would represent the direct cost of the change
and would be called “growth.”  However, the additional work might
create indirect impacts.  Productivity of other work might be af-
fected, as the work sequence might be disrupted or delayed due
to the new work.  Ultimately, such work disruption would result in
lower labor productivity.  Assigning this productivity loss to “over-
run” misses the root cause of the cost increase, i.e., missing or
unidentified work.  In addition, increased work on some tasks is
often deliberately evaluated as overrun or growth, depending on
whether it reduces the administrative burden of negotiations and
contract changes.  This evaluation and categorization may have
nothing to do with the real reasons for the additional work.

We generally use the term “cost growth” in this report.  However,
both terms refer to any increase over the original contract value.

______________ 
3Work classified as growth adjusts the target cost of the contract upwards, allowing the
contractor to earn a higher fee.  Overruns do not adjust the target cost.  In a CPIF
contract with a share line, an overrun will cause the fee percentage to decrease.
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OVERALL GROWTH

The total contract value at the time of signature was roughly $1.22
billion, which included a target fee of 13 percent.  As discussed in
Chapter Three, the contract specified three broad-level cost pools:
base, E&S, and SVC.  The bar labeled “Negotiated settlement” in Fig-
ure 4.2 shows the relative proportions of these three cost pools (see
also Table 4.1).

0 200 400 600 800 1,000 1,200 1,400 1,600

Negotiated
settlement

EAC

Spending (millions of dollars)

Base E&S SVC Strike Unallocated

Growth
~$250M 

RAND MR1632-4.2

Figure 4.2—Breakdown of Cost into Broad Pools, for Negotiated Settlement
and Estimate at Completion

As of July 2001, the time of the most recent quarterly cost perfor-
mance report (CPR) considered in this study, the final estimate at
completion (EAC) was nearly $1.47 billion (this corresponds to the
$1.5 billion “NNS Execution Contract” box in Figure 4.1).  The cost
breakout for the EAC in Figure 4.2 and Table 4.1 includes two more
cost pools:  strike and unallocated.  The final settlement for the work
stoppage was $42.6 million.  The unallocated cost represents those
costs that were anticipated to be spent but, as of the date of our
analysis, had not yet been assigned to a specific cost element.  Based
on the difference between the negotiated settlement and the EAC,
the net increase to the RCOH was about $250 million.
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Table 4.1

Breakdown of Cost into Broad Pools, for Negotiated Settlement and
Estimate at Completion (millions of dollars)

Negotiated
Settlement

Estimate at
completion

1,028

173.3

21

Base

Emergent & supplemental

Small-value changes

Strike

Unallocated

1,150

208.7

29.5

42.6

38.4

SOURCES OF COST GROWTH

To develop a better understanding of where the additional $250 mil-
lion was spent, we examined the breakout between the most recent
quarterly CPR and the negotiated settlement.4  Before looking at the
relative growth in each area, we must make one adjustment to the
EAC values.  The $42.6 million strike settlement costs are included in
the EAC values, but these costs were due to a truly unusual event—
outside the control of the Navy and of those at NNS directly respon-
sible for the RCOH—so they have no place in drawing implications
for future RCOHs and should be excluded from any analysis.  Table
4.2 shows the adjusted EAC values and the relative growth for each
element.  The latter are graphed in Figure 4.3.  Note that profit is a
decrement that slightly offsets the increases in the various cost cate-
gories.5

______________ 
4The EAC profit represents NNS’s estimate for the final profit level.  The actual profit
level will be determined at the closeout of the contract.
5Also note that much of the increase labeled “Overhead” is the result of the increase in
the direct-labor-hour base to which the overhead rate is applied.  Had the overhead
rate not increased at all, overhead would still have grown by 8 percent, or roughly $40
million.  Had direct labor cost not grown at all, overhead would have increased by the
percentage increase in the overhead rate, or 7 percent.
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Table 4.2

Changes in the Costs of Labor, Materials, Overhead, Etc.,
with Strike Costs Omitted

Cost Element Cost Increment

Labor-hours 6%

Effective hourly labor ratea 2%

Direct labor cost 8%

Overhead rate 10 pts

Total labor cost 12%

Material cost 36%

Total cost 17%

Profit factor –3 pts

Profit –9%

COFC & GFE chargesb 12%

Unallocated –

Total 17%

a This is an effective rate that includes overtime premium and is an average of labor,  
 supervision, and production engineering.

b The cost of facilities capital (COFC) is a government mechanism for partial  
 reimbursement of the shipyard’s capital costs (interest expenses, etc.) for upgrading  
 shipyard facilities.  The government-furnished equipment (GFE) exclusion is an  
 allocation of funds that the shipyard can use for repairing incidental damage to  
 government material during the overhaul.  Because of fluctuations and uncertainties  
 in these accounts, they are not included in the calculations of shipyard profit or loss  
 for the contract.

Direct labor cost is the product of labor hours and rate.  The over-
head rate is then taken on that direct labor cost and added to it to
give the total labor cost.  Labor cost plus material cost yields total
cost, which, when multiplied by the profit factor, gives the profit.
The grand total is the sum of the total cost, profit, COFC and GFE
charges, and any as-yet unallocated amount.  The overall growth af-
ter adjustment was 17 percent relative to the negotiated settlement.
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Figure 4.3—Breakdown of Cost Growth

Increase in Labor Hours and Costs

There were relatively modest increases in the labor hours and labor
rates for the CVN 68 RCOH.  In fact, the labor-rate increase (which
includes the effect of more overtime than expected) was less than
would have been anticipated as the result of general inflation (see
Figure 4.4).6

Objective measures of labor productivity are difficult to establish.
While it is relatively easy to measure the actual time or cost to per-
form an activity, it is very difficult to establish a normative baseline.
As a proxy for productivity, we use the ratio of the cumulative bud-
geted work hours performed to the cumulative actual work hours
performed.  This ratio is a version of a cost performance index (CPI)
used in earned-value management analysis.  By using this ratio as a

______________ 
6The national trend in Figure 4.4 is from Bureau of Labor Statistics data on hourly
rates for production workers in transportation.
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Figure 4.4—Growth of the Labor Rate in the CVN 68 RCOH

measure of productivity, we assume that the budgeted values are
reasonable values and represent the “true” norm for that work.

Figure 4.5 plots the CPI for each CPR we received.  Values after the
strike (starting with the 7/99 cost report) reflect a reduction of 339
million work hours performed, the value from the strike settlement.
We made no further adjustments.7

With the exception of the two periods directly following the strike,
the CPI was below 1.0.  The value leveled off at about 0.94, which ap-
peared to be the steady-state value (both before and after the strike).
The strike settlement essentially reset the CPI value to near 1.0, but it
still dropped to 0.94 afterwards.

Having a CPI lower than 1.0 implies that work was not done as effi-
ciently as planned.  Of course, there could be many explanations for

______________ 
7Note that NNS did make other adjustments in determining its CPI numbers.
Specifically, it adjusted for undistributed budget, management reserve, and pipeline
work.  We have not made these adjustments.
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Figure 4.5—Cost Performance Index (work hours)

this.  Lower worker productivity could be one explanation, and we
were told that the workforce was less motivated following the strike.
However even before the strike, the CPI was low.  Another explana-
tion could be that the amount budgeted for the work done was too
low.  In other words, the productivity expectation in the baseline es-
timate was too optimistic.  A further explanation of the low CPI might
be that the change process delayed work (while the change issue was
being resolved), resulting in additional work hours.  Of course, any
combination of these explanations could also be valid.  It is also pos-
sible that the estimated CPI could have been too high, if some of the
work included in the budget estimate was not actually performed.
The only way to resolve this issue would be to compare the actual
hours for similar tasks on subsequent RCOHs.  The bottom line is
that 1.2 million more hours were used to complete the CVN 68 RCOH
than were estimated for the budgeted work.

It is difficult to pinpoint the full impact of the reduced productivity.
The additional man-hours resulted in a cost growth for work that was
accomplished.  But when the total cost of the project is constrained
and the cost for some of the work increases, some work may be de-
ferred to later availabilities.  That is, as mentioned above, it is possi-
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ble that not all the work in the original work package was performed
during the RCOH.

Increase in Overhead Costs

Overhead increased 10 percentage points and was a substantial con-
tributor to the overall growth.  Though the increase in overhead rate
occurred during the strike—from April to August 1999 (see Figure
4.6)—it is unclear whether the strike was the principal cause of the
increase or whether other factors may have been equally responsible.
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Figure 4.6—NNS Overhead Rate

During the strike, the direct-labor cost decreased substantially,
whereas the overhead costs, particularly the fixed costs, did not de-
crease as much.  In essence, the overhead costs had to be spread over
fewer direct costs, resulting in a higher rate during the strike.  The
overhead rate remained high even immediately after the strike, due
to several factors.  First, the workers did not return to work immedi-
ately—again causing a lower direct cost.  In addition, training costs
were unusually high immediately after the strike, as workers lost
their certifications while they were inactive.  Finally, many workers



Cost Growth 41

took vacation during and after the strike, causing a temporary in-
crease in fringe costs.

The overhead rate eventually began to fall toward its steady-state
value, but it never got all the way back to its prestrike value.  The
additional overhead costs incurred during and immediately after the
strike remained part of the estimate of the cumulative rate at com-
pletion.  They cannot be averaged away to zero, but their effect is re-
duced.  However, NNS in its CPR points to other reasons for the fail-
ure of the overhead rates to return to their prestrike values:

• Payroll fringe increased as a result of the strike settlement.

• The business base was lower than planned.

• The new overhead allocation scheme introduced in 2000 caused
an increase in the net overhead rate.

• The allowable overhead costs were revised upward.

Increase in Material Costs

The largest percentage increase—a staggering 36 percent—occurred
in the material cost.  It is important to note that the term “material”
is somewhat misleading.  It covers the traditional “hard” goods (steel,
wiring, and the like) as well as any work that was subcontracted8 and
items considered “direct procurement.”  A large part of the material
cost growth in the CVN 68 RCOH was due to replacing the electrical
generator turbines, overhauling diesels, and the late-funded replace-
ment of ventilation-fan motors and catapult trough covers.  Also, the
percentage increase in material cost was calculated on a smaller base
than the percentage increase in the total labor cost; in dollars, the
material cost increase was somewhat smaller.

______________ 
8Portions of the funds added to the contract in the last year of execution were
specifically designated by the Navy for subcontract work to minimize the impact of
late growth work on the NNS workforce and on other projects in the shipyard.
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NUCLEAR VERSUS NONNUCLEAR COST GROWTH

It is instructive to examine the cost growth differences between the
nuclear and nonnuclear work.  Although the CPR does not break
down the cost by these work types, the monthly cost reports do pro-
vide costs (not prices) in these categories.  We use a monthly cost re-
port from June 17, 2001, for our analysis.  The dates on the CPR for
the foregoing analysis and the cost report do not match, so we can-
not expect the data to be consistent.  However, we are more in-
terested in the relative trends than in the absolute change, so this
discrepancy is not of great importance.

Table 4.3 and Figure 4.7 show the cost breakout for the nuclear and
nonnuclear work.  For each work type, the bottom row of the table
shows the ratio between the cost as given in the cost report and that
given in the negotiated settlement.  The costs are further divided into
material, labor, and overhead.  The figure shows the cost report
numbers as a percentage change from the negotiated settlement.
The cost growth for the nuclear work is much more modest than that
for the nonnuclear work—with the exception of overhead, it is near
or below zero.  In fact, for material, there is a significant underrun.
Overall, the nuclear work shows an overrrun of only 7 percent.  The
nonnuclear work categories all show positive growth, material being
the largest at 51 percent.  The net cost growth for the nonnuclear
work is 27 percent.

Table 4.3

Ratio of Nuclear and Nonnuclear Work Costs in the June 2001 Cost Report
to Those in the Negotiated Settlement

Nuclear Nonnuclear

Labor hours

Material

Labor cost

Overhead

Total

0.98

0.74

1.03

1.18

1.07

1.10

1.51

1.11

1.26

1.27

NOTE:  Not all the cost elements contributing to the totals are listed.
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Figure 4.7—Cost Growth:  Percentage Change, June 2001 Cost
Report vs. Negotiated Settlement

OVERTIME USE

Use of overtime is interesting because overtime hours are more
expensive than straight-time hours.9 Schedule slippage and late-
identified/funded new work necessitate the use of greater amounts
of overtime in order to meet contractual delivery dates.  Data on
overtime come from NNS’s Earned-Value Management System
(EVMS), which the contractor uses to track and forecast labor hours
and cost for the RCOH as a whole, for major company departments
and divisions, and for other breakdowns.  Table 4.4 shows the data
for the most recent EVMS report to which we had access (dated June
27, 2001).

______________ 
9The use of overtime, however, might be less expensive than hiring additional
workers, which involves significant indirect costs (e.g., training, fringe, etc.).
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Table 4.4

Growth in Straight Time and Overtime

Time (millions of man-hours)

Negotiated 
settlement

EVMS 
(6/27/01) Difference

Change 
(percent)

Straight time 17.079 17.450 0.372 2.2

Overtime 2.312 2.858 0.546 23.6

Total 19.391 20.309 0.918 4.7

An allowance was made for overtime in the negotiated settlement.
After that time, straight-time hours grew modestly, but overtime
grew significantly.  Analysis of the CPR data showed that the effective
wage rate increased by approximately 2 percent (see Table 4.2).
Some of that growth may be due to the increase in overtime, but
we cannot be certain because the information from the EVMS and
the CPR data represent different times.  Also, the EVMS data are not
adjusted for strike-related costs.

Overtime can be required for a number of reasons.  In the case of the
CVN 68 RCOH, the strike caused a slip in the planned completion
date, and some overtime hours may reflect an attempt to make up
some of the slippage.  Also, as we will discuss next, a large number of
approved changes resulted in the need to accomplish a great deal of
work in a short period of time.  Again, the increased work may have
necessitated overtime to meet planned milestones and schedules.

FIELD MODIFICATION REQUISITIONS

The amount and types of change on any program usually provide a
good indication of the quality and thoroughness of the planning
(definition) phase.  Better planning usually results in fewer and less-
costly changes.  Where planning is incomplete or inadequate, there
tend to be many changes, and costs balloon.  In such situations, pro-
gram costs can spiral out of control, as management cannot cope
with the paperwork and there are no realistic targets to work toward.



Cost Growth 45

However, the amount of change also depends on the nature of the
project.  An RCOH is a prime example of a program with a high
propensity for change.10  A significant portion of the work on an
RCOH is not definable prior to the start of work.  For example, the
condition of some structural components cannot be assessed until
the areas are examined, and this can usually be done only during the
overhaul because of limitations imposed by the ship’s preoverhaul
schedule and taskings.11

As discussed in Chapter Three, FMRs are submitted by SUPSHIP NN
to make formal changes to the base work package, usually based on
shipyard discovery of actual conditions that differ from the original
scope of work (documented by an IR submitted by NNS).  Where a
request was granted, funding was provided from either the E&S or
the SVC contingency pool.  The negotiated settlement provided an
E&S pool of $173.3 million.  As of the most recent FMR report to
which we had access, the net cost increases for both pools totaled
$43.9 million (see Table 4.1 for details).  These increases were funded
through the SCA and STA mentioned in Chapter Three.

Figure 4.8 shows FMR spending plotted by quarter (minus $5.6 mil-
lion from undated FMRs).  The striking feature of this plot is that it
shows two peaks.  In a well-planned, adequately funded overhaul,
one would expect changes to grow right after award, peak, and then
gradually decline over execution.  For the CVN 68 RCOH, there was
indeed a very early peak, right at the contract award point.  These
early changes were a result of work being identified after the scope
freeze date but prior to contract settlement; they thus had to be
funded from the E&S pool.  After a very early peak, the changes
dropped to a low level as a result of the strike between April and
August 1999.  The FMR spending was then maintained at a low level
due to budget pressures.  As a result, necessary work was delayed.
Once funding became available late in execution, these changes were
released—hence the late spike in the profile.

______________ 
10Programs with unproven technology are another example.
11This is not to say that the total amount of such work cannot be predicted within
some acceptable margin of error; rather, the specific locations of the work cannot be
identified in advance.
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Figure 4.8—Expenditures Generated by FMRs,
by Quarter

It should be noted that the late spike resulted in some workforce in-
efficiencies at NNS.  The late loading of new work made more over-
time necessary; NNS reported to us that workers even had to be
“borrowed” from other programs to meet the deadline.  As a result,
progress on the construction of CVN 76 (the USS Ronald Reagan)
may be negatively affected.

We can further split the FMR spending profile into nuclear and non-
nuclear work.  Figure 4.9 shows the trends for the two components.
The nuclear changes follow a generally traditional trend, with the ex-
ception that there is no early peak.  They tail off toward the end of
execution, and in fact, there are a few negative late changes as a
result of cost reduction or control efforts.  No hold was ever placed
on the changes for the nuclear work (unlike the nonnuclear work).
Nuclear work was a priority for the Navy and NNS throughout the
execution.
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Figure 4.9— Nuclear and Nonnuclear Expenditures Generated by FMRs,
by Quarter

What kind of tasks do the FMRs represent?  We can group the FMRs
by ship work line-item number (SWLIN)12 to get some insight into
this issue.  Table 4.5 shows the SWLINs responsible for generating
the highest combined FMR dollar values.  These 10 SWLINs account
for more than one-third of total FMR spending.  Much of the cost is
for mundane overhaul activities, such as painting, lagging, and insu-
lation.  In the CVN 68 RCOH, these activities were all covered by LOE
work categories.13  For the negotiated settlement, most of the LOE

______________ 
12SWLINs are a cost breakdown structure for a ship class; they are used to itemize
planning and execution costs from systems down to individual components.
13Shipyard work is divided into work categories, either specific tasks or LOE jobs.
During contract negotiations, the shipyard agrees to accomplish specific, well-
identified jobs for a set price.  Other types of work (such as touch-up painting,
cleaning, and lagging installation or repair) are difficult to specifically price on a per-
job basis, so the shipyard and the Navy agree to price this work on a “pay as you go”
(LOE) basis.  There is considerable experience within Navy ship repair concerning the
category into which certain jobs typically fall.
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Table 4.5

Top Ten SWLINs Reimbursed in Response to FMRs

SWLIN Area Description
Price (millions  

of dollars)

63116 Outfit and furnishings Painting 21.73

50812 Auxiliary systems Insulation and lagging 14.47

Various Various Mostly additional prepriced  
changes

8.40

84111 Integration Tests and inspection 7.93

32112 Electric plant Ship service feed (60 Hz) 7.01

50811 Auxiliary systems Insulation and lagging 6.84

84114 Integration Tests and inspection 5.99

63112 Outfit and furnishings Painting 5.78

65192 Outfit and furnishings Commissary spaces 4.09

31150 Electric plant Ship service power generation 3.97

Total 86.21

work was expected to be funded from the E&S pool.14  However,
some basis for estimation was available in COHs for other carriers.
Thus, it was unwise to have these costs considered part of the E&S
pool.  The other common activity listed in Table 4.5 is testing and in-
spection.  The size of the increase suggests an inadequate test plan,
inadequate inspections during planning, or a change of most test-
deficiency correction to these SWLINs.

Finally, we examine the number of changes (without regard to price)
by ship component.  Table 4.6 shows the accepted or approved FMRs
by major component.  Propulsion and auxiliaries account for almost
half of the total.

It is important to recognize that the FMRs do not account for all
changes representing cost growth.  They cover only those changes
that fall within the negotiated scope of work, i.e., changes under-
stood to fall within the E&S and SVC pools.  They do not include in-
creases or additions to the base contract.  Therefore, items whose

______________ 
14An additional problem for LOE work is that it is all recorded with a CPI of 1.0.
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Table 4.6

FMRs, by Ship Component

Ship Component

Number of 
FMRs

Propulsion 1,449

Auxiliaries 1,366

Nuclear 906

ALREa 617

Hull 617

Electrical 591

Refueling 350

Combat systems 293

Facilities 38

Unspecified 24

ADP support 9

Total 6,260

aAircraft launch and recovery equipment.

cost increased beyond the amount negotiated in the base contract,
due to either shipyard inefficiency, poor estimates, or conditions of
the overhaul that made the shipyard less efficient (e.g., late autho-
rization of related work), do not show up in the FMR pool.  These
changes show up as increases in the base contract value. The growth
to the base is $122 million, about half the total growth.  Data were not
available to analyze this increase at a lower level.
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Chapter Five

ASSESSING THE PLANNING AND EXECUTION
PROCESSES

Knowing the final cost of the RCOH is important, but it is more im-
portant to understand why cost increases occurred and how the
overall planning and execution processes can be improved.  In this
chapter, we try to evaluate how well the planning, contracting, and
execution processes worked in the CVN 68 RCOH and how they
might be improved.  We use several criteria that have proved useful
in analyzing the management practices in other DoD programs.1

These criteria cover the basic functions and characteristics of the
various organizations involved in the decisionmaking processes of
program management:

1. Clear and effective lines of authority have been established.  Are the
roles and responsibilities clear to all and observed and effective in
the course of work?

2. Communication is encouraged.  Is communication among all
those in the project free and effective both vertically and horizon-
tally?

3. Cost, schedule, and change-control methods are used.  Is an effec-
tive cost, schedule, and change-control methodology established,

______________ 
1The criteria are taken from Robert Johnson and John Birkler, Three Programs and Ten
Criteria:  Evaluating and Improving Acquisition Program Management and Oversight
Processes Within the Department of Defense, RAND, MR-758-OSD, 1996.  That report
addressed three aircraft acquisition programs.  The criteria have been adapted to the
RCOH environment.
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used by all concerned, and effective for managing the program
without undue interference?

4. A risk-management process is used.  Is an effective process in place
for testing and managing risks?

5. Requirements and work-package definition are clear and sound.  Is
the work to be done defined clearly and can it be executed within
the resources available?

6. Cost estimates are well defined and justified.  Is cost estimating
well grounded in past data?  Are estimates accurate?  And is the
cost information effective at justifying the expenditure of funds as
planned?

7. Incentives are apparent and appropriate.  Are there effective in-
centives for encouraging good performance at all levels?

8. Funding is adequate and stable, and control and support are en-
sured.  Is sufficient funding available for the planned work?  And is
there support up the funding chain for obtaining adjustments if
needed?

9. The management team is selected for credibility and stability and is
of adequate size.  Is the management team adequately experi-
enced and trained in the tasks expected of it?  Is it stable over the
duration of the program?  And are there enough personnel to get
the work done?

For each criterion, we defined three levels of achievement:  “Good”
means that the program practices were sound and there was little or
no need for improvement.  “Needs improvement” means that the
basic structure of the program was acceptable, but the practices had
room for improvement.  “Needs Senior Management Attention/
Action” means that there were serious deficiencies in program struc-
ture and practices, and senior management should make some basic
changes for future RCOHs.

We elaborated on the definition of each achievement level in a man-
ner specific to each criterion.  As an example, Table 5.1 (p. 54) shows
the attributes and characteristics required for each achievement level
for the lines-of-authority criterion.
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We used this structured program-management assessment frame-
work in interviews with the major organizations involved in the
RCOH planning and execution processes.  We interviewed individu-
als at the PEO level, in PMS 312 and its various organizations, at both
Naval Aviation, Pacific Fleet (AIRPAC) and Naval Aviation, Atlantic
Fleet (AIRLANT), in the various codes at SUPSHIP NN, and on the
ship.  We also interviewed various individuals at NNS who were in-
volved with the RCOH.  The intent was to be informative about the
CVN 68 RCOH processes, not to be critical of any person or organi-
zation.  We asked about the criteria within each organization and
between various organizations, including interactions between the
Navy and NNS.

In this chapter, we distill what we heard during these interviews.
Each criterion is broad enough that in discussions with persons from
different organizations, we encountered different interpretations and
emphases.  There is also some inherent overlap among the criteria,
especially in the interrelationships that contribute to cause and ef-
fect.  At times, we heard conflicting judgments or assessments about
process performance, potential problems, and possible solutions.
We have tried to sort through everything we were told in the inter-
views so that we might paint a clear and unbiased picture of process
performance.

Although we concentrate on the problems and shortfalls in the
planning and execution of the CVN 68 RCOH, this does not imply
that nothing was done correctly.  The planning and execution pro-
cesses had many very good aspects, especially considering the com-
plexity of the project and the fact that it was the first RCOH for the
Nimitz class.  Also, some of the problems were corrected or improved
upon over the course of the RCOH.  The various Navy organizations
and NNS recognized difficulties and took corrective actions, espe-
cially for the planning of the CVN 69 and 70 RCOHs.

In what follows, then, it must be remembered that the end result was
successful.  The RCOH has provided the USS Nimitz with a sound
foundation for the next 23 or more years of her operational life.  It is
possible, however, that the same result might have been achieved in
less time or for less money.  It is also possible that in the same time
and for the same money, even more might have been achieved.
Identifying process improvements that might have allowed such en-
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hanced outcomes will be especially important for subsequent
RCOHs, which are budgeted at lower levels.  We hope that the in-
sights and suggestions in this chapter will allow even greater im-
provements in the RCOH process.

CRITERION 1:  LINES OF AUTHORITY

Table 5.1

Achievement Levels for the Lines-of-Authority Criterion

Achievement Level

Criterion Good Needs Improvement

Needs Senior 
Management 

Attention/Action

Clear and effective  
lines of authority  
have been
established.
 • Navy team
 • NNS team

• Organizational structure
 is clearly defined.
• Written charters show
 PEO-PM, TYCOM,
 SUPSHIP NN, ship’s
 force, and contractor
 roles and relationships.
• Structured program-
 planning and execution
 plan is in place and is
 followed.
• The organization is
 effective in executing  
 the program.

• Organization is in
 place.
• Some ambiguity  
 exists in chain of 
 command and  
 responsibilities.

• Lines of
 responsibility
 and/or authority
 are unclear.
• Chain of  
 command is  
 confusing.

The lines-of-authority criterion addresses the overall organizational
structure for the planning and execution phases of the RCOH (Table
5.1).  It focuses on the decisionmaking chain of command, includ-
ing responsibilities, relationships, and coordination, between and
among the various organizations.  It considers whether or not the
organizational processes, not the specific people within the organi-
zation, are effective in the planning and execution of the RCOH.

We found that for the CVN 68 RCOH, the lines of authority, especially
for decisionmaking responsibilities, were at times unclear or confus-
ing; in addition, they changed at different points during the planning
and execution processes.  The roles of some organizations were not
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clearly delineated, leading to confusion, and coordination during
decisionmaking was often lacking.  For example, during contract
negotiations, last-minute work-package modifications were made in
order to “fit” the cost of the work package to the available budget.
These modifications typically did not consider impacts such as the
need to repair systems that, because of the budget limitation, would
not be replaced as originally planned.

On the basis of experience with the CVN 68 RCOH, we concluded
that certain aspects of RCOH roles and responsibilities and lines of
authority need improvement.  Fortunately, a number of improve-
ments have been made during the planning of the CVN 69 RCOH.

Background

An RCOH is an extremely difficult and complex project, perhaps the
largest such single-system maintenance project anywhere in the U.S.
military or perhaps even in U.S. industry.  Further, it is executed on
the world’s most complex weapon system by several organizations
that have overlapping roles.  Because of this complexity, it is ex-
tremely important that the proper organizations be clearly assigned
the necessary roles and responsibilities to make the planning, con-
tracting, and execution phases successful.  Organizations knowl-
edgeable about the material condition of the ship, the maintenance
history of the ship, and the structural and equipment repairs to be
expected must work together to develop a work package that will
meet the end objectives of the RCOH.  These organizations must
have historical data and analytical tools available to assist in estimat-
ing workloads and costs, and they must have alternative plans if
available budgets are not large enough to accomplish all the planned
work.  Many of these same organizations must be key members of
the contracting process to ensure that the work package is properly
adjusted when changes are made due to budget constraints.

If the planning and contracting phases are conducted properly by the
right organizations, the execution phase will face fewer problems.  A
25-year-old aircraft carrier is so complex that all the existing condi-
tions cannot be known until systems are opened and work on the
ship begins.  But if the right organizations have the required respon-
sibilities and management and decisionmaking data and tools, they
can respond quickly and effectively to problems as they arise.  The
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organizations can decide wisely what is to be added, what is to be
deleted, what is to be fixed, and what is to be deferred.

During the RCOH project, the Navy attempted to conduct both the
planning and execution phases with essentially the same organiza-
tions, as shown in the RCOH PMP.2  Lead authority was assigned to
PEO Aircraft Carriers and delegated authority was passed through
PMS 312 to PMS 312D.3  PMS 312 was responsible for matching the
work package to the available budget, for identifying reductions
needed to meet budget limits, and for managing the change process
during the execution phase. The PMP defined in considerable detail
the specific tasks assigned to PMS 312D and the other involved or-
ganizations but failed in two key areas:

• It did not define the action authority of most of the organizations
subordinate to PMS 312D.

• It did not define the coordination required among affected orga-
nizations when one of them took action to resolve problems.

Planning

The roles and responsibilities of the organizations involved in plan-
ning the nuclear work package were fairly well defined from the start,
resulting in a cohesive and extensive planning effort.  For the non-
nuclear work, problems with the organizational roles and responsi-
bilities started during the planning phase.  Initially, because of the
dissolution of PERA-CV, PMS 312 assumed responsibility for the
development of the nonnuclear work package.

It is not clear, given PMS 312’s lack of practical knowledge concern-
ing ship maintenance, especially for an undertaking as complex as an
RCOH, that this was a good choice.  Certainly, PMS 312 needed cog-
nizance of the work package development process, but the actual

______________ 
2CVN 68 Class RCOH, Program Management Plan, Revision 3, Change 2, June 1999.
The PMP “provides the overarching plan for accomplishment of CVN 68-Class RCOHs
. . . [except for] reactor plant alterations, logistics systems, repairs and material unless
specifically noted” (p. 1-3).  This document indicated that PMS 312D was to approve
nearly all, if not all, changes to work not in the original AWP as defined at the final
work-definition conference.
3Program Management Plan, p. 3-5.
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decisions on what repairs should be included and what could be de-
ferred needed to be made in coordination with organizations more
familiar with the ship’s maintenance history and its operational
requirements.

The actual development of the repair portion of the work package
began with condition inspections performed by the shipyard and
ship’s crew before and during the ship’s last deployment.  However,
most NNS inspections associated with the nonnuclear repair appear
to have been primarily for configuration management rather than for
workload estimation.

In reality, NNS staff did not play a role in the development of the
specific tasks in the nonnuclear portion of the work package.  Dis-
cussions with them suggested that they believe this low level of par-
ticipation is appropriate, given their understanding of the assigned
roles and responsibilities.  They see their primary role, and the focus
of their planning effort, as the development of the nuclear work
package plus providing work-process definitions and initial labor
and material cost estimates for the tasks specified by the Navy in the
nonnuclear work package.  Thus, NNS, a key organization familiar
with the ship and with RCOHs, did not fully participate in the (non-
nuclear) planning process in the same way that Naval shipyards do
for shorter availabilities.  Likewise, Norfolk Naval Shipyard, which
has cognizance of all nonnuclear maintenance for the Nimitz-class
ships, appears to have played an insufficient role in the planning of
the repair portion of the work package.  There was no consensus
among the key organizations we interviewed regarding what roles
NNS and the Norfolk Naval Shipyard Nimitz-class hull planning yard
should play or how they should be used in nonnuclear work plan-
ning.  This is evidence of the lack of clearly communicated/specified
roles and involvement of key organizations during planning.

As the initial planning proceeded, SUPSHIP NN Code 1800 became
involved in the work-package planning.  Specifically, personnel from
the dissolved PERA-CV, the organization that had maintained histor-
ical data and expertise on aircraft-carrier maintenance actions, were
transferred to Code 1800, providing the expertise needed for plan-
ning the RCOH (in the CVN 69 and 70 RCOH planning, Code 1800
was involved from the beginning of the process).
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TYCOM personnel also informed us that they were initially involved
in the planning, but that their role greatly diminished as planning
progressed.

Therefore, during the CVN 68 planning process, PMS 312 assumed a
greater role and more responsibility than it should have; NNS and
the Norfolk Naval Shipyard appear to have been given too little or
unclear authority or responsibility; Code 1800 (i.e., the ex-PERA-CV
analysts) became involved too late in the process; and the TYCOM
was probably moved out of the planning process too soon.

Regardless of the problems, the planning process resulted in a work
package that was included with the RFP in September 1997.  The nu-
clear portion of the work package was thorough and explicit, with
fairly accurate cost estimates.  The nonnuclear portion, although far
from perfect, also appears to have adequately specified the majority
of the tasks to be performed.  Unfortunately, there was a good deal of
uncertainty about the costs of the nonnuclear work package and few,
if any, well-defined options that could be used if the costs exceeded
available budgets.

Negotiating the Contract

NNS submitted its proposal in December 1997, and contract nego-
tiations began shortly thereafter.  As mentioned in Chapter Three,
this cost proposal was significantly higher than the Navy’s initial cost
estimate, and it exceeded the budget available for RCOH execution.

The primary organizations involved in the contract negotiations were
PMS 312, the contracts directorate of the Naval Sea Systems Com-
mand (SEA O2), the nuclear-propulsion directorate (SEA O8), and
NNS.  If there had been little contention in the work-package scope,
job prioritization, and the associated costs, and if the budget had
been sufficient to cover the estimated costs, the negotiation process
would have been more effective.  Because this was not the case, how-
ever, the Navy negotiators should have had readily available knowl-
edge and advice from other organizations on how to adjust the work
package.  The organizations to provide this knowledge and informa-
tion should have included at least the TYCOM, Norfolk Naval Ship-
yard, and SUPSHIP NN Code 1800. Unfortunately, these three orga-
nizations were not consulted or asked to provide tradeoffs or options
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or to assess the implications of altering the work package during
contract negotiations.

After a few months of intense negotiations, the contract for the exe-
cution of the CVN 68 RCOH was signed in April 1998.  The resulting
execution work package had a number of problems (discussed in
more detail under Criterion 5, work-package development, below),
suggesting that the successful execution of the RCOH with the
money available would be difficult.  One problem, reflecting the
lack of participation of the TYCOM, Norfolk Naval Shipyard, and
SUPSHIP NN Code 1800, was the failure to adjust other portions of
the work package or to include other necessary actions when specific
tasks were deleted or changed.  For example, planned major up-
grades of the collection, holding, and transfer (CHT) system were
deleted during contract negotiations in order to stay within the avail-
able budget, but the change was not coordinated to ensure that the
remaining work on the CHT system would result in a functioning
system.

Execution

SUPSHIP NN Code 152 plays a leading role during the execution
phase of an RCOH.  It must monitor the cost and schedule progress
of the “known” work in the work package, and it must take the lead
in deciding on and approving (or disapproving) actions that arise
from the IRs submitted by NNS documenting the previously “un-
known” work.  These IRs lead to FMRs that allow money to be
allocated from the E&S pool.  However, in the CVN 68 RCOH, the au-
thority, roles, and responsibilities for the approval of changes to the
work package were unclear; moreover, they were changed at times
during the execution phase, and the TYCOM was not sufficiently
involved.

PMS 312 initially delegated change approval authority to SUPSHIP
NN and then withdrew it.  At different times, at least four offices as-
sumed and used the authority to make changes to the work pack-
age—SUPSHIP NN Code 152, SUPSHIP NN Code 400 (after consul-
tation with Code 152), PMS 312D, and NAVSEA O2 (during contract
negotiations).  Considering the very fluid nature of an RCOH execu-
tion, it is necessary to make changes to the original work package in
real time to meet emerging budget limits, add new essential work,
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accommodate other problems, or meet key events during the over-
haul.  Each of these offices should probably have some measure of
authority to act, but without clearly delineated authority with suit-
able limits and clearly delineated Navy responsibility for coordina-
tion, confusion results, along with delay and added work to adjust
the other elements of the work package.

Adding to the difficulty of coordination during the execution phase,
PMS 312D, where all authority resides, is located in Washington, DC,
whereas the daily problems that must be resolved originate and are
resolved at the shipyard.  Centralized program-office management
may be adequate for new-acquisition programs because most new
acquisitions are both predictable and involve hundreds or thousands
of scattered suppliers.  Also, NNS plays a much greater decisionmak-
ing role during new construction, as the end product—the new
ship—and its requirements are much more clearly defined.  It is not
clear that centralized program-office management of a very fluid and
uncertain RCOH “acquisition” is the best approach.  (See Appendix C
for commercial analogs to RCOHs and how they differ from new
commercial construction.)

For the execution phase, the work package is split into the contractor
and ship’s force work packages.4  The TYCOM’s function relates
primarily to the ship’s force work package.  It appears to have limited
authority, responsibility, or obligation to pass judgment on the many
changes made to the contractor work package with regard to their
suitability for the intended use of the ship when it is restored to op-
eration.  For the CVN 68 RCOH, this may have been a consequence of
the SCN funding scheme that placed funding authority with PEO Air-
craft Carriers.

CRITERION 2:  COMMUNICATION

Criterion 2 addresses communications both within the Navy and
NNS and between the Navy and NNS (Table 5.2).  The criterion cov-
ers communication processes and protocols, as well as the timely
flow of accurate and relevant data and information.  Timely and ef-

______________ 
4A third set of work tasks are performed by customer-contracted teams, which are
issued subcontracts by the Navy for work during the RCOH.
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Table 5.2

Achievement Levels for the Communication Criterion

Achievement Level

Criterion Good Needs Improvement

Needs Senior 
Management 

Attention/Action

Communication is 
encouraged.
 • Navy team
 • NNS team
 • Navy/NNS

• Communication is 
 completely open and 
 timely.
• Unique and innovative
 procedures are being
 followed.
• Relevant information is
 freely given.
• Communication, both
 verbal and written, is
 continuous.

• Limited to what
 Navy policy 
 dictates.
• Follows minimum
 contractual  
 requirements.
• Communications 
 lag events.
• Some information  
 is withheld.

• Communication
 is limited or 
 nonexistent.
• Relations are
 strained.
• Communication
 is only in writing.
• Key information
 is withheld.

fective communications and data flows are essential for success of a
project as complex as an RCOH.

We judge that communication within Navy CVN 68 RCOH organiza-
tions needs improvement.  We were unable to gather enough infor-
mation to judge whether communications within NNS were ade-
quate, but communications between the Navy and NNS appeared to
need senior management attention.  There were numerous instances
of inadequate communications, especially in terms of data exchange,
during the CVN 68 RCOH.  Some difficulties arose from confusion in
the chain of command, and some arose from other factors.

Most of our interviewees reported that the communication processes
at the management level were good, at least within the Navy.  For ex-
ample, phone messages were usually returned, and required reports
were usually submitted on time.  However, the content and suffi-
ciency of communications to those charged with RCOH oversight
were often not adequate to effectively manage the RCOH, from the
Navy’s perspective.  This was primarily caused by the lack of timely
data flowing between NNS and the Navy.5  For example, many of the

______________ 
5NNS provides the data specified by the government’s CDRL, but these data are not
necessarily what is needed to communicate an accurate picture of an RCOH.  It is



62 Refueling and Complex Overhaul of the USS Nimitz (CVN 68)

on-site representatives viewed the briefings prepared for higher
authorities as typically missing important information needed to
accurately gauge the status of the execution phase and to identify
urgent and important problems.

Several other problems were mentioned concerning communica-
tions within the Navy, including the following:

• Because the TYCOM had been almost entirely removed from the
funding and decision loop, there was poor communication of
TYCOM needs regarding the final product.  The TYCOM had very
little involvement in deciding what work to add or subtract or
how the changes would affect the final operation of the ship, de-
spite the fact that it is the ultimate recipient.  Although the need
to stay within budget constraints is the responsibility of PMS 312,
which therefore has final authority for changes, the TYCOM
should provide prioritization of potential changes to PMS 312 to
help in decisionmaking.

• Ineffective progress reporting made it difficult for the Navy to
track progress in any timely way during the execution phase or to
adjust the workload as needed to meet schedule and budget
needs.  Several different progress reports were required and were
submitted.  But they were not useful (nor were they used) for
tracking near-term progress, because they were so far behind the
current date.  Also, many (such as the earned-value reports) were
in the wrong format to relate to the remaining work package.

• SUPSHIP NN Code 1800 did not have easy, electronic access to
the NNS IRs, so the lessons learned cannot be readily applied to
its planning work on subsequent Nimitz-class RCOHs.

• Differing reporting systems often confused instead of informed.
The ship’s force and NAVSEA used different work identification
systems—the ship’s force used job control numbers (JCNs),
while NAVSEA and NNS used SWLINs in the work package.
Thus, the ship’s force could not track the shipyard’s progress in
terms that correlated to their work control scheme.  Difficulty
checking needed tasks against NNS progress resulted in a risk

_____________________________________________________________ 
necessary to update and correct the data requirements placed on NNS to match the
Navy’s needs.
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that the ship’s force work would not get done and no one
(SUPSHIP NN, NNS, or senior ship’s force managers) would
know about it.

There was a critical problem in the communications and data flows
between the Navy and NNS.  Many individuals in the Navy expressed
frustration and mistrust with NNS regarding communications and
information flow.  These individuals felt that the Navy did not have
timely, accurate, and relevant financial, production, and schedule
data with which to assess shipyard performance and determine the
need to develop alternative work-package, funding, or execution
strategies.

NNS managers expressed similar frustration and lack of trust.  They
were concerned that providing too much data of certain types would
make them vulnerable in future contract negotiations with the Navy
and would provide too much detailed data that could be mis-
construed without the understanding of its context and history.  NNS
was also concerned that providing open-book access to overhaul
data would subject it to attempts by the Navy to completely change
internal shipyard processes without engaging in bilateral negotia-
tion.

The concerns of both the Navy and NNS are real and must be faced
in the future by senior management on both sides if there is to be an
opportunity for improvement.  Timely exchange of vital information
cannot be allowed to degenerate to largely ad hoc methods.

In the final year of the CVN 68 RCOH, both NNS and Navy represen-
tatives recognized that existing CDRLs were inadequate to provide
the cost and schedule clarity needed to deliver the ship.  Therefore,
SUPSHIP NN developed an enhanced communications tool for out-
standing contract changes, and NNS informally shared additional
data with the Navy (as often as weekly) to fill the gaps.

CRITERION 3:  COST, SCHEDULE, AND CHANGE CONTROL

Criterion 3 addresses the processes, methods, and analytical tools
used to monitor and control the costs, schedule, and changes of the
RCOH program (Table 5.3).  These methods are needed to under-
stand the current status of the RCOH, predict future values, and
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Table 5.3

Achievement Levels for the Cost, Schedule, and Change-Control Criterion

Achievement Level

Criterion Good Needs Improvement

Needs Senior 
Management 

Attention/Action

Cost, schedule,  
and change- 
control methods 
are used.
 • Navy team
 • Navy/NNS

• Active program is in  
 place.
• Used by PM and  
 contractor as a manage- 
 ment tool.
• Used by higher levels of 
 the organization.
• Contractor and Navy  
 team agree on status 
 and prognosis.

• Program is  
 limited to meeting  
 contractual  
 requirements.
• Limited use of  
 tools by manage- 
 ment, at all levels.
• Agreement on  
 some key areas.

• Program is  
 limited to meet- 
 ing contractual 
 requirements.
• No use of tools 
 by management.
• No agreement 
 on key areas.

identify both potential problems that may arise and solutions to
those problems.  Success for this criterion is dependent on common
understanding and agreement between the Navy and NNS, the avail-
ability and use of appropriate monitoring and decisionmaking tools,
and the existence of timely and accurate data.  The data problems
mentioned under the communication criterion also have a substan-
tial impact on this criterion.

Based on our interviews, we believe that cost, schedule, and change
control need improvement.  This assessment is based on an evalua-
tion of the Navy’s cost, schedule, and change-control methods; we
were unable to gather enough information to judge whether NNS
performance in this area is adequate.  While the Navy had some cost,
schedule, and change-control processes in place, they appear to have
been ineffective in understanding and monitoring the progress of an
RCOH.  The lack of effectiveness stemmed from internal deficiencies
in the processes, as explained below, and inadequate communica-
tions of necessary information as discussed under Criterion 2.  The
Navy had to rely on NNS for cost and schedule status and projec-
tions.  More important, NNS and the Navy appear to have used
different systems to manage cost and schedule.  The Navy change-
control process was indirectly tied to that of NNS but was geared
more to correction of discrepancies than to control of change.
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Many problems degraded the Navy’s ability to control costs and
schedules.  For example:

• Contract performance data were usually so far behind the cur-
rent date that they were not useful for tracking actual progress
and identifying emerging problems.  The key report for this pur-
pose was the monthly CPR that was to be submitted by NNS no
later than “thirty-five days following the reporting cut-off date.”6

Often, data in CPRs were as much as 90 days behind the cutoff.
CPRs were filed and forgotten at headquarters, and only a few key
data points were extracted for guidance by SUPSHIP NN Code
152.  Navy representatives said that these late reports were of
little or no value because the RCOH was so fluid.

• NNS changed its material control system, making it impossible
to track material costs on the CVN 68 RCOH for several months.

• NNS appears to have controlled the schedule by man-loading
heavy-needs tasks instead of by monitoring job progress.  While
it was effective at addressing urgent problems, this approach did
not assure good progress across the spectrum of work.

• Cost and schedule control was compromised because of the lack
of a sound independent Navy cost-estimating and negotiating
approach, lack of timely reports on expenditures during execu-
tion, and lack of effective coordination between the ship’s force
and contractor work packages.

• The manning of the SUPSHIP NN contracts personnel who ana-
lyzed and negotiated RCOH contract changes was largely static.
As a result, this staff could be overwhelmed by periods of intense
change activity.  At several times during the CVN 68 RCOH, there
were backlogs of changes estimated at over $30 million that had
not been negotiated.  These unknown settlement costs tied up
millions of dollars needed by the Navy and NNS to manage
emergent issues.  Six months after the USS Nimitz left the ship-
yard, more than $20 million in contract changes remained un-
adjudicated.

______________ 
6Program Management Plan, p. 3-15.



66 Refueling and Complex Overhaul of the USS Nimitz (CVN 68)

• Because of the often inflexible change process, manning de-
ficiencies at SUPSHIP NN, and material procurement risks,
SUPSHIP NN and PMS 312 often had to authorize NNS to begin
work on new jobs without a known final price.  Once work had
started, there was less pressure on limited NNS and SUPSHIP NN
contract personnel to negotiate a price for the work, and other,
more-pressing concerns were given higher priority.  NNS and the
Navy regularly settled such unnegotiated changes, either indi-
vidually or as a group, for the actual NNS cost to complete the
work.  This settlement process was equivalent to allowing NNS to
perform changes to the contract on an LOE basis.  There is anec-
dotal evidence to suggest that this may be the most efficient way
to accomplish the work, but the Navy and NNS have never ex-
plicitly analyzed or agreed upon this strategy.

Change control was nominally exercised by SUPSHIP NN and PMS
312, although other groups took actions that eventually resulted in
contract changes (e.g., SPAWAR managed design changes).  Many es-
sential technical changes to planned work were identified each day
during the RCOH process.  More than 50 such changes were identi-
fied each day when the contractor began to dig into the work pack-
age.  All told, more than 6,000 changes (i.e., FMRs) were identified
and processed.  In the face of so many proposed changes, the Navy
needed specific criteria and priorities, as well as relevant, timely data,
to make effective decisions.  Unfortunately, preestablished deci-
sionmaking criteria and priorities did not appear to exist during the
CVN 68 RCOH, forcing the Navy and NNS to develop ad hoc criteria.
Furthermore, centralized program-office decisionmaking in this en-
vironment led to delays and undoubtedly higher costs.  PMS 312
clearly recognized this problem and at the beginning of the RCOH,
SUPSHIP NN was delegated authority to approve changes up to
$250,000.  When cost growth began to mushroom, the authority was
withdrawn to PMS 312.

Many of our interviewees commented that the NNS IR system in-
volved too much paperwork and was of little value to the Navy.  This
was not surprising, since initiation of contract changes or requests
for government guidance are only two of the many purposes served
by IRs.  The process consumed significant amounts of labor and af-
fected NNS productivity adversely because of delays while awaiting
government approval to proceed with the work.  The system did not
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serve as a control on NNS because nearly all items were legitimate
problems that eventually had to be fixed.  The primary effect of the IR
system on the contract was exercised through the system’s tracking
of how much time IRs spend with the SUPSHIP NN—data that could
subsequently be used for NNS delay claims.

CRITERION 4:  RISK MANAGEMENT

Table 5.4

Achievement Levels for the Risk-Management Criterion

Achievement Level

Criterion Good Needs Improvement

Needs Senior 
Management 

Attention/Action

Risk-management 
process is used.

• Active program is in  
 place.
• Used by PM and  
 contractor as a manage- 
 ment tool.
• Used by higher levels of  
 the organization.
• A structured approach 
 is taken.

• Some or limited
 structure to the  
 process.

• No structure to 
 the process.
• No risk- 
 management  
 process is in 
 place.

The risk-management criterion addresses the availability and use of
a program and processes for identifying, evaluating, and developing
plans for mitigating various types of risk that can arise during plan-
ning and execution (Table 5.4).  Important aspects that the program
and processes must consider include cost, schedule, and perfor-
mance risks.

There was no evidence of a risk-management program of any kind in
place for the CVN 68 RCOH except in the development of the mod-
ernization work package.  Therefore, risk management is judged to
need improvement for Navy work.  We were unable to gather enough
information to judge whether NNS performance in this area is ade-
quate.

PMS 312 has addressed this issue for the CVN 69 RCOH and has de-
veloped a risk-management plan.  We have not reviewed this plan in
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detail, but we note that it apparently distributes risk management to
the responsible technical parties (with reports to headquarters) as is
prescribed by the modernization management plan and for nuclear
work by NAVSEA O8.

Some other parties have begun addressing risk, independent of PMS
312D.  Repairing of tanks and voids is, for example, a particularly ex-
pensive item during major overhauls.  Therefore, AIRLANT has de-
veloped a life-cycle tank maintenance plan for CVN 69 so the total
amount of tank work is known and can be parceled out among the
appropriate availabilities, including the RCOH.  The plan already
has value.  NNS advised that for CVN 69 it could do no more than
about 220 of the approximately 800 tanks during the RCOH, whereas
AIRLANT had intended that more be done.  With the plan in hand,
AIRLANT can now address the incomplete work and schedule it for
accomplishment during future availabilities.

CRITERION 5:  WORK-PACKAGE DEVELOPMENT

Criterion 5 addresses the development of the work package for the
RCOH (Table 5.5).  The total RCOH work package contains three
fundamentally different kinds of work:  (1) refueling and repair of the
ship’s reactor plants; (2) the addition of new, more-modern capabili-
ties such as new sensors or communications systems; and (3) the re-
pair or replacement of existing systems and equipment to restore or
improve upon the original function of the ship.  This total work
package is further broken into separate work packages for the orga-
nizations that will accomplish specific tasks—NNS, the ship’s force,
or other.7  The work packages also evolve:  The authorized work
package that results from the planning process and is contained in
the RFP differs from the execution work package that results from the
contracting process.

A sound, complete, and well-thought-out work package, which is
translated into ship’s force and contractor work packages, is essential

______________ 
7In addition to NNS and the ship’s force, private subcontractors or other Navy orga-
nizations such as the public shipyards or intermediate repair facilities may perform
work.  Separate “contracts” (and, therefore, work packages) may be negotiated with
these other organizations, or NNS and the ship’s force may subcontract with private
firms to perform certain tasks in their individual work packages.
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Table 5.5

Achievement Levels for the Work-Package Development Criterion

Achievement Level

Criterion Good Needs Improvement

Needs Senior 
Management 

Attention/Action

Requirements and 
work package 
definition are clear 
and sound.
 • Navy
 • NNS

• Ship condition is well 
 defined.
• Requirements are well 
 defined.
• Criteria are established 
 for altering the work  
 package to reflect  
 mandatory work.
• Changes in the work 
 package are well  
 controlled.
• Work package develop- 
 ment and implementation 
 are carefully tracked to  
 closure.

• Some aspects of 
 the ship’s condi- 
 tion are poorly 
 defined.
• Requirements  
 and criteria are  
 loosely defined  
 and frequently  
 changed.
• User requirements/ 
 work package are 
 frequently  
 changed.
• Parties participate 
 unequally.

• Many aspects  
 of the ship’s 
 condition are 
 uncertain.
• Requirements 
 and criteria are 
 ambiguous,  
 open for  
 interpretation  
 between organ- 
 izations.
• Requirements/ 
 work package 
 are changed 
 continuously.
• One  
 organization  
 dominates.

for an effective availability of any kind, and particularly for a very
large, complex aircraft-carrier RCOH.  As discussed under previous
criteria, the organizations with the greatest expertise in aircraft-
carrier availabilities and with knowledge of the condition of the ship
were not involved early enough or completely enough in the devel-
opment of the CVN 68 RCOH work package.  Also, historical data on
carrier availabilities were not adequately used to estimate the work-
load for this RCOH.  Partly for these reasons, the work package pro-
duced by the planning process overlooked or underestimated critical
work.  More important, the relationships between tasks and alterna-
tives (if tasks were deleted) were not available to support the con-
tracting process.  When changes were made to “fit” the work package
to the available budget, the resulting execution work package
had problems that led to difficulties in execution and cost control.
For these reasons, we judge that work-package development needs
senior management attention.
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Several issues affected the development of the work package:

1. The goal for the RCOH was unclear and was changed over the
course of the planning cycle.  This led to confusion about what
tasks should or should not be included.

2. Some necessary work was not included in the authorized AWP or
in the subsequent contractor and ship’s force work packages.  For
example, total ship testing (nonnuclear) was not given adequate
attention in the authorized AWP.

3. The ship’s force work package was not adequately planned and
integrated with the contractor work package and with ship
training requirements.

4. The work package appeared not to consider subcontracting of
major tasks as a means of reducing cost.

Unclear Goal or End Objective

The goal for the reactor-plant work—to complete refueling and re-
pairs and provide energy for another 23 years of ship operation—re-
mained constant, but the goals for other work drifted and were never
clear.  Some interviewees believed that the original goal was to make
the USS Nimitz similar to a new-construction ship.  When the work
needed was considered, this goal turned out to be impossibly expen-
sive, as experience with earlier ship-life-extension-program complex
overhauls of nonnuclear carriers should have shown.  Later, the goal
was seen as “pass the Board of Inspection and Survey (INSURV) trials
with ease,” but this is not meaningful, as all ship’s maintenance is
done with the goal of passing INSURV with ease.  “Recapitalize” is
the current goal expressed in the PMP, but that word has different
meanings to different organizations.8  A clear, understandable goal
for the RCOH, other than to refuel the ship, would help everyone.
One such goal would be to get agreement from all stakeholders on
what should be included in the authorized work package, given the
budget constraints, and to strive to complete that work within the
budget available.

______________ 
8Program Management Plan, p. 1-2.
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The lack of clear goals for work-package development led to two
types of errors in the CVN 68 RCOH.  First, the ship’s force had be-
come accustomed to many problems during recent operations at sea
and was focused on current operations.  It may not have recognized
a problem as something needing correction if the ship is to operate
for another 23 years.  As an example, plating and structural corrosion
in an arresting-gear room in CVN 69 was so severe that the ocean was
visible through holes.  Yet this problem was not reported by the crew
and was thus not included in the CVN 69 work package. Therefore, it
is not necessarily wise to rely on the ship’s force for significant input
to the repair work package unless the crew has training on what to
look for and how to report it.  Second, poor decisions were made by
personnel involved in contract negotiations who similarly lacked
both familiarity with goals and specific system knowledge.  For ex-
ample, CHT system upgrades were planned, but when they were
deleted to meet the budget, no compensatory action was specified
for other work-package elements.  More attention, training, experi-
ence, and perhaps codification of inspections in the work-package
development process are needed.

Goals must encompass what the Navy desires in the final product at
delivery.  If the product is to be a war-ready ship, all equipment in-
stallation and repair must be included in the work package, and crew
training sufficient to support unrestricted ship operations on deliv-
ery must be allowed for.  This latter goal may have implications with
regard to the ship’s force work package, as discussed below.  It also
has implications for the combined PSA/SRA that follows the RCOH.

A function of the PSA/SRA for CVN 68 was to install the combat sys-
tem.9  This was put off until after the RCOH for two reasons:  to give
the ship the benefit of the newest equipment on reentering the fleet,
and to allow the funding for the repair and modernization of the ship
to be further spread out.  Similar concepts were employed in plan-
ning for the CVN 65 RCOH in 1990–1994.  Whether such practices
should continue depends on the Navy’s goals for the RCOH.  The
CVN 68 approach may serve budget needs, but it leaves the ship unfit
as a fighting platform at the conclusion of the RCOH and therefore

______________ 
9Guarantee and warranty work is accomplished during the PSA.  For the CVN 69
RCOH, the combat system will be installed during the RCOH and not the SRA.
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lessens the total portion of the ship’s life that she is available for her
mission.  The INSURV inspection at the completion of the RCOH
would be troubled at best and would certainly not be passed “with
ease.”

Failure to Include All Necessary Work in the Authorized AWP
and Contractor and Ship’s Force Work Packages

Contrary to the PMP, the CVN 68 authorized AWP did not necessarily
represent all of the known essential work.10  Many interviewees
noted that the condition of CVN 68 was not well reflected in the work
package and that better inspections and reports were needed to de-
termine the material condition of the ship and develop a complete
work package.11  Examples include the following:

• Repair of elevator stanchions.  Many people knew this work was
necessary, but it was inexplicably left out of the work package,
leading to over $1 million in cost growth.

• Catapult repair.  A condition survey of catapults was needed to
determine the necessary repairs, and a detailed survey required
catapult disassembly.  This was not done, nor was consideration
given to the history of catapult repairs on other carriers.  There-
fore, the plans for catapult repair were inadequate and it was left
to an open-and-inspect process to determine what work was
needed, leading to inevitable cost growth later in the RCOH.

• Propulsion-plant repair.  Many propulsion tests and preoverhaul
inspections require plant cooldown.  This was not done, so the
work package in some propulsion-plant areas was poorly de-
fined.

• Ventilation-system repair.  A thorough inspection and reference
to experience in other aircraft carriers would have shown that the

______________ 
10Program Management Plan, p. 3-22.
11AIRLANT reported that assessments of CVN 69’s condition to support development
of the ship’s RCOH AWP were believed to be complete and effective.  Others noted
that significant deficiencies in the CVN 69 AWP were found during prearrival
inspections (see the corrosion example mentioned above).
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work package should have included replacement of much of the
ventilation ducting and fans.

• Painting, lagging, and tiling.  These items were considered too
hard to price accurately, so they were taken out of the basic work
package and left to the LOE pool to fund.  The costs of this work
could have been estimated from prior aircraft-carrier experience.

• Turbine-generator repair.  This was known to be essential well
before the start of the RCOH but was not included in the work
package.  This item alone led to cost growth of over $20 million.

One notable oversight in the work package was the lack of a suitable
overall test plan.  Testing is the principal execution issue facing the
program toward the end of an RCOH.  Overall, the NAVSEA process
and support for installation and testing of new equipment was re-
ported to be immature and inadequate.  NNS’s approach to testing is
to extrapolate from its new-construction test program, since that is
the bulk of its experience.  This approach works poorly because of
the many differences between new and in-service ships.  Also, some
portions of the test plan that were developed by NAVSEA were not
well laid out and supported.  For example, new microprocessor tech-
nology replaced much of the old analog system in the new steam-
plant control system; in light of that change, the documentation and
test plan were insufficient.

Whatever the deficiencies in the authorized AWP, some of its items
failed to appear in the contractor or ship’s force work packages de-
rived from it and had to be restored or supplemented when the
shortcomings emerged during the RCOH.  In negotiating the contract
for the authorized AWP execution, many differences arose between
the authorized AWP and the contractor’s work package that were not
coordinated with the appropriate technical experts.  Some of the
differences were not noted until the RCOH execution phase was well
along.  NNS is supposed to issue “clarifications and exceptions” to
the authorized AWP when presenting the contractor package, but it
neglected to mention many of them.  And the Navy did not always
spot these omissions.  An example was provided in which the autho-
rized AWP called for the repair of seven valves of a specific type,
whereas the contractor work package called for repairing only six.
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The Navy appeared not to crosscheck the NNS clarifications and ex-
ceptions with the final authorized AWP.12

Development and execution of the ship’s force work package was
also problematic.  The original package was developed about two
years before the start of the overhaul by selecting from the current
ship’s maintenance plan (CSMP) those tasks (JCNs) suitable for in-
termediate maintenance activity or ship’s force accomplishment.
The remaining tasks were placed in the work package for NNS ac-
complishment under a different numbering system.  More ship’s
force work was added after negotiation of the NNS contract to pick
up items that were not in the NNS package.  As the overhaul pro-
gressed, still more work was added to help contain the overall cost of
the RCOH.  The quantity of work grew beyond ship’s force capabili-
ties, and the overload was subsequently resolved by a budget addi-
tion and reassignment of work to subcontractors or NNS.  The budget
addition appears as growth, although for most of the work, the need
could have been identified well before the start of the overhaul.

Modernization parts of the work package also suffered from inade-
quate planning.  A good example was installation of the integrated
communications and advanced network (ICAN).  Engineering of the
system led to junction boxes being placed in spaces designated for
other purposes.  No consideration was given to the added ventilation
requirements for cooling the equipment, which led to further un-
budgeted growth.

Inadequately Planned and Integrated Ship’s Force Work
Package

Some people we talked to suggested that a large ship’s force work
package provides a significant benefit to the Navy, while others sug-
gested that there is little or no benefit and the package interferes with
essential training.  The ship’s force work package, as it evolved for
CVN 68, required the ship’s force to perform valve refurbishment;
deck tiling; living-space refurbishment; repainting of spaces, tanks,
and voids; and other housekeeping work.  The ship’s force also

______________ 
12For CVN 69, more checks of consistency of the contractor’s package are being made
by SUPSHIP Code 1823, and the office staff was increased to do this.



Assessing the Planning and Execution Processes 75

viewed monitoring NNS work execution as one of its primary contri-
butions.

The USS Nimitz had a crew of approximately 2,700 officers and
sailors throughout the RCOH.13  On average, only about 20 percent of
a sailor’s work day (or less, depending on the ship department) is
available for executing the ship’s force work package, including
oversight of subcontractors.  Ship’s force direct and subcontractor
work originally was not coordinated well with NNS, and this led to
interference and rework.  In December 1999, AIRPAC assigned one
carrier-availability support team (CAST) worker to help with coordi-
nation, and it assigned a second in June 2000, when the need for
more help became evident.

Because the ship’s force does not get its pay and benefits from the
RCOH funds, it is viewed by some as a pool of “free” labor available
to do simple maintenance tasks for no more than the cost of materi-
als, resulting in a much lower price than would be charged by NNS or
a subcontractor.  One person expressed the view that because main-
tenance is a normal part of a sailor’s job, using the crew for mainte-
nance during RCOH is not a breach of faith.  Others noted that sailors
are not trained to do most of the work in the ship’s force work pack-
age (e.g., bunkroom restoration and removing excess wires from wire
ways) and are therefore inefficient.  Many highlighted the fact that
much of the work the ship’s force did had to be redone by sub-
contractors or by NNS.

However, the primary concern among senior ship personnel is the
impact of the ship’s force work package on crew training.  The pri-
mary duty of the ship’s force is to operate the warship on assigned
missions and perform the maintenance assigned by the CSMP.
These tasks require a sustained training regimen, but in the RCOH,
the ship is torn up and the ship’s force work package takes most of
the time ordinarily assigned to training.  In addition, only about 20
percent of the individuals who were in the crew when the ship left
NNS had arrived with the ship.  The rest were new or transferred
sailors who needed additional training to qualify on the ship’s sys-
tems.  This imposed a large training burden that was nearly impos-

______________ 
13The crew was housed off-hull for most of the availability but reported aboard daily
for its assigned tasks.
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sible to meet within the circumstances of the RCOH.  If an RCOH
goal had been to have the ship ready to start the deployment workup
on delivery, an even larger training burden would have resulted.
Also, the difficulty of training in the overhaul environment may con-
tribute to significant errors.  An expensive steam-plant component
was improperly operated during the CVN 68 RCOH test program and
it failed—a failure attributed in part to inadequate training.  Opinion
is divided on whether the ship’s force work package should be elimi-
nated and the ship decrewed to the point where only essential
watchstanding and oversight functions are manned or whether the
current practice should continue.  The decrewing concept itself is
problematic; it is not clear that the Navy personnel system can man-
age such a strategy.14

Even if we assume that the ship’s force was appropriately assigned an
important share of the work on the CVN 68 RCOH, the work package
was not meaningfully integrated with the contractor’s work package
once it was extracted from the authorized AWP.  The manager of the
ship’s force work package sent general work plans to NNS to review
and provided a list of potential conflicts, but complete integration
was not achieved, leading to delays and added costs.  We were given
many examples of avoidable conflicts.  As with the deficiencies due
to lack of training, problems in areas such as habitability improve-
ments and tiling led to rework.  Flaws in integration were the result of
having separate planning and execution groups for the contractor
and ship’s force work packages.  Integration was partially achieved
late in the RCOH with the addition of more help in SUPSHIP NN and
is being improved further in the CVN 69 RCOH.

Failure to Consider Subcontracting of Major Tasks
to Reduce Cost

SUPSHIP NN and PMS 312 subcontracted some of the ship’s force
work-package responsibilities where subcontractors could do the
work better and at an affordable cost.  However, NNS was assigned

______________ 
14Some CVN 68 officers suggested in interviews that the crew should be removed from
the ship during the RCOH, but the commanding officer felt strongly that the crew
should stay with the ship.  It has been reported that the CVN 69 crew is fully engaged
in the RCOH and is accomplishing a significant amount of necessary work.
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all “critical path” work, i.e., work that had to be done according to
the schedule to ensure that the project finished on schedule, while
other work was split between the ship’s force and Navy subcontrac-
tors to meet time, manpower, and money limits.  NNS also did a
large amount of work that does not appear to have required particu-
lar skills, such as tank inspection and restoration.  Significantly more
work could be subcontracted if it were permitted by NNS labor
agreements and if NNS and the Navy could establish better commu-
nications and plans regarding desired core capabilities of the ship-
yard.  It is clear that NNS has the in-house capability to manage sub-
contractors; Navy personnel reported that NNS performed well at
integrating subcontractors for shorter carrier availabilities on the
West Coast.

CRITERION 6:  COST ESTIMATES

Table 5.6

Achievement Levels for the Cost-Estimates Criterion

Achievement Level

Criterion Good Needs Improvement

Needs Senior 
Management 

Attention/Action

Cost estimates are 
well defined and  
justified.
 • Navy
 • NNS

• All parties actively parti- 
 cipate. All identified  
 work and resources are  
 estimated.
• Previous experience and 
 records are used to  
 develop estimates.
• Knowledge, data, and  
 experience of public 
 yards are utilized.
• A disciplined process  
 is in place for revising  
 estimates in a compre- 
 hensive and timely
 manner.

• Some uncertainty  
 in work and  
 resources.
• Limited historical 
 data are available.
• Public yard  
 experience with 
 ship and main- 
 tenance records  
 use is limited.
• Revised estimates,
 and causes of 
 variances are de- 
 layed but still  
 useful.

• Major uncer- 
 tainty in required  
 work and 
 resources.
• Historical data 
 are unavailable 
 or not used.
• Limited or no  
 use of public  
 yard experience.
• Revised esti- 
 mates are not  
 timely, and  
 variances are 
 not documented.

Accurate and well-founded cost estimates are necessary to prepare
and justify budget requests and to understand the fiscal impacts of
adding or deleting tasks from the work package (Table 5.6).  The
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Navy had little or no ability to estimate the cost of planned work in
the CVN 68 RCOH, and there was little or no tie between the planned
work and the budget for that work until the RCOH was ready to be-
gin.  For these reasons, Navy cost estimation is judged to need im-
provement.

Even though the PMP requires that “activities performing planning
tasks submit cost estimates to PMS 312 for the tasks involved,” there
is no capability within the Navy for this to be done accurately and
completely for other than nuclear and modernization work.  There-
fore, it is left to the contractor.  In the CVN 68 RCOH, detailed cost
estimating for the authorized AWP nonnuclear repair package was
carried out almost entirely by NNS because the Navy does not have
enough experienced cost estimators or a good cost database to de-
velop its own estimates for such a large job.15  NNS thus provided
cost estimates for a series of evolutionary work packages from the
Navy during the planning phase and for the authorized AWP, which
were used to negotiate the contractor’s work package.  SUPSHIP NN
provided an evaluation, called a technical analysis and report (TAR),
of no more than 1 percent of the NNS estimates and used the results
to extrapolate a baseline Navy estimate for negotiation purposes.
Thus, NNS had almost total control over the Navy’s initial cost esti-
mates.

The Navy rationalized this approach on the grounds that the CVN 68
RCOH was a first-of-its-kind project with no history, and some NNS
conditions were unknown, e.g., parts availability, time availability,
money availability, and the possibility of deferral of work.  SUPSHIP
NN noted that to its knowledge, no one examined the Navy’s 50-year
history of large-deck aircraft-carrier maintenance for what it could
teach about the cost of basic repair and restoration on systems
common to all carriers, such as tanks, painting, and lagging.  We
have reviewed readily available data of this type, and we ob-
serve that all such ships share similar systems and problems in many
areas.

______________ 
15SUPSHIP Code 1800 and Code 400 are doing more independent cost estimating for
the CVN 69 RCOH.
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CRITERION 7:  INCENTIVES

We examined incentives within the institutional environment and
the processes used that might have affected the attitude of Navy and
NNS management personnel and the actions of all personnel and or-
ganizations involved in the RCOH (Table 5.7).  Overall, we detected
no lack of personal incentives among those interviewed regarding
the desire to successfully complete the USS Nimitz RCOH and sub-
sequent RCOHs.  All organizations, including the PEO, NNS, SUP-
SHIP NN, and the ship itself, wanted to deliver a quality ship on time
and within budget.  For these reasons, the establishment of incen-
tives is judged as good.

Our one concern is with the contract incentives offered to NNS.  Al-
though they included share lines and other mechanisms that could
have substantially increased NNS’s fee, they appeared to have little
impact during the CVN 68 RCOH.  Part of the problem was that con-
tract negotiations left NNS in a position where it was difficult to
achieve cost reductions.  Part of the problem may have been that
even the lowest fee possible, 9 percent, provides a healthy return to
NNS.  Regardless of the circumstances of the CVN 68 RCOH, both the
Navy and NNS should continue to strive to find contract incentives
that would result in a win-win situation for both parties.

Table 5.7

Achievement Levels for the Incentives Criterion

Achievement Level

Criterion Good Needs Improvement

Needs Senior
Management

Attention/Action

Incentives are 
apparent and 
appropriate.

• Navy
• NNS

• Visible incentives can be
recognized.

• Limited or no disincen-
tives affect program
execution.

• Incentives are 
weak or limited.

• Some disincen-
tives are present, 
and they influence
program execution.

• No visible 
incentives.

• Disincentives 
are obvious and 
are detrimental
to the program.
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CRITERION 8:  FUNDING

Funding adequacy and stability in Navy work is judged to need im-
provement (Table 5.8).  The funding source for RCOHs was changed
from O&MN to SCN (and management was refocused on headquar-
ters) for the last USS Enterprise RCOH in response to difficulties
arising from the way O&MN funds were budgeted.  We have not re-
viewed the details of this decision; we observe only that the SCN ap-
proach appears to incorporate some unintended consequences.16

The nearly universal opinion among all those we asked was that the
budget for the CVN 68 RCOH was inadequate and known to be so at
the outset.  We did not have access to details on precisely how the
budgets for CVN 68 were developed, but as we understand it, early in
the Program Objective Memorandum (POM) process, the total bud-
gets were developed from the cost of earlier aircraft-carrier over-
hauls, adjusted to reflect known nuclear work plus desired modern-
ization improvements.  Budgets developed in this way were, in the
aggregate, not far from the budgets actually required.  For example,
the February 1995 President’s budget showed $2.6 billion for the
RCOH.  Of that, $300 million was deleted when the cost of the nu-
clear work package was found to be lower than had been estimated

Table 5.8

Achievement Levels for the Funding Criterion

Achievement Level

Criterion Good Needs Improvement

Needs Senior 
Management 

Attention/Action

Funding is  
adequate and  
stable, and control 
and support (from 
OSD, Congress,  
the Service) are 
ensured.

• Funding is stable (and 
 adequate).
• PM/PEO inputs are 
 accepted.

• Funding is  
 adequate.
• Defense of  
 resources requires 
 continuous PM/
 PEO actions.

• Funding is 
 inadequate.
• Funding changes  
 frequently.

______________ 
16Among these consequences has been the reduction of the TYCOM’s customary role
in overhaul decisionmaking.  This might be corrected administratively within the SCN
structure.
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earlier.  The adjusted FY95 President’s budget was thus $2.3 billion—
within 3 percent of the actual amount spent to the end of the RCOH.
This is certainly good budgeting, at least at the macro level.

Later budget pressures complicated the picture.  Budgeted amounts
were driven as low as $2.0 billion at the beginning of the execution
phase of the RCOH.  When compared to the actual amount spent at
the end, the overall growth from that level was about 15 percent.
Evaluation of the details suggests that the budgeting and planning
decisions made to accommodate a lower top line were not necessar-
ily well informed.  We have, for example, been advised that the bud-
geted allowance for the inspection and repair of tanks and voids was
placed in an E&S pool.  Later in the overhaul, when essential tank
and void work emerged, the pool had been depleted.

Lack of timely and sufficient funding inevitably leads to poor de-
cisions and adversely impacts progress and efficiency.  A better-
informed budget-development process is needed to prepare and
defend future CVN RCOH budgets.

CRITERION 9:  MANAGEMENT

The stability and size of the Navy management team are judged to
need improvement (Table 5.9).  This applies not only to top-level
management but also to the staff with responsibility for planning and
managing contractor work.  Staff development is also a problem in
some quarters.  We were unable to gather enough information to
judge whether NNS performance in this area is adequate, although
we note that NNS made management changes during the CVN 68
RCOH execution.

Since the beginning of the CVN 68 planning period in 1993, there
have been two headquarters program managers, four deputy pro-
gram managers, and four assistant program managers working on
the RCOH.  On average, the individuals in these jobs have changed
every 2.5 years.  The program manager is a Naval officer who is un-
likely to serve more than two to four years before moving on to a new
job or to retirement.  These typical short tours of duty relative to the
seven-or-more-year duration of an RCOH further reduce the experi-
ence level and prevent experience from building and being applied
as the execution unfolds.  We recognize that the practice of frequent
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Table 5.9

Achievement Levels for the Management Criterion

Achievement Level

Criterion Good Needs Improvement

Needs Senior 
Management 

Attention/Action

Management team 
is selected for  
credibility and  
stability and is 
adequate in size.
 • Navy 
 • NNS 

• Program manager is well 
 accepted up/down the 
 chain of command.
• Program manager  
 selection follows an  
 approved process.
• A set plan for program 
 manager and key person- 
 nel rotation is in place.
• Defense Acquisition
   Workforce Improvement
   Act (DAWIA) is followed.
• Adequate personnel are 
 assigned.

• Program manager 
 has limited program- 
 management back- 
 ground or limited  
 shipyard experience.
• There is no set plan  
 for rotation based on  
 milestone decisions.
• Program manager is
 questioned frequently 
 on his/her actions.
• Infrequent  
 management team 
 changes take place.
• Mismatch between  
 numbers of person- 
 nel/skills assigned 
 and the workload.

• Program  
 manager changes
 frequently.
• No basis  
 established for 
 program manager 
 selection.
• Program  
 manager’s views 
 are not accepted.
• Frequent  
 management  
 team changes.
• Insufficient  
 personnel are  
 assigned.

rotation of Naval officers would be difficult to change, but as time
goes on, the pool of officers with RCOH experience will continue to
grow.

Within the SUPSHIP NN office, there is some continuity in the civil-
ian workers in the Planning Department, but they were not used for
the planning of the CVN 68 RCOH until late 1996, after much of the
original planning was done. We understand that the SUPSHIP NN
planning group was much more involved in CVN 69 RCOH planning.

SUPSHIP NN Code 152 has heavy responsibility during the execution
phase, but we believe that it was not staffed adequately for the PMS
312 field-representative function or even to administer the CVN 68
RCOH work package in the normal manner akin to the approach
used on repair of other Navy vessels.  For example, Code 152’s staff
was the same size for the 3 million man-day CVN 68 RCOH as it
would be for a normal “large” availability, which is less than one-
tenth the size.  The existing staff could handle only problems of the
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day and had little or no time or tools to follow progress or anticipate
problems.

SUPSHIP NN Code 152 is recommending reorganization of SUPSHIP
NN into project codes specific to each carrier as each enters the
RCOH planning stage.  Each ship code would include cost/budget,
planning, and execution personnel drawn from existing SUPSHIP
NN codes or hired in for specific expertise that would be fully fo-
cused on the successful planning and completion of the RCOH.  An
individual who would be expected to continue in the job through the
entire process would head each code, and rotations into and out of
the code would be managed to ensure that experience level is com-
mensurate with the tasks.  This approach is targeted on many of the
deficiencies identified in this report, but it would require sustained
support from PMS 312 to be effective.

In sum, there are many areas where staff development would lead to
more-effective and better-managed RCOHs.

SUMMARY

Table 5.10 provides a summary of the assessments for the various
criteria.

Table 5.10

Summary of Program Assessments

Achievement Level

Criterion Good
Needs

Improvement

Needs Senior
Management

Attention/Action
Clear lines of authority are established.  X
Communication is encouraged.   X
Effective cost, schedule, and change
control methods are used.  X
Risk-management program/process is used.  X
Requirements/work package is well defined.   X
Execution cost estimate is well established
and agreed upon.  X
Incentives are apparent and appropriate. X
Funding is stable and adequate.  X
Management team is selected for credibility
and stability.  X
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Chapter Six

CONCLUSIONS AND RECOMMENDATIONS

The USS Nimitz left NNS on June 25, 2001, for three days of sea trials.
She then returned to the Norfolk Naval Base to prepare for transit
to her home port of San Diego, California, where a four-month
PSA/SRA started in mid-January 2002.  The Puget Sound Naval Ship-
yard managed this availability.  The PSA portion was funded from the
SCN budget with NNS as the prime contractor.  The PSA completed
work not finished during the RCOH at NNS and covered any warranty
items that needed attention.  The SRA portion was funded from the
Other Procurement, Navy (OPN) and the O&MN budgets.  During the
SRA, SPAWAR installed and upgraded its suite of command, control,
communications, computers, and intelligence (C4I) equipment, and
NAVSEA completed the installation of the ship’s combat system.
After the PSA/SRA, the USS Nimitz began the training cycle for her
next deployment.

By many measures, the CVN 68 RCOH was successful.  Significant
structural and functional system repairs were accomplished, the
crew habitability and living environment were improved, and opera-
tional systems were modernized.  The new fiber-optic-cable plant
supports integrated networks which will enable transformation to fu-
ture ForceNet technologies.  The USS Nimitz will return to the fleet
well prepared to meet its operational requirements for the next 20+
years.

COST AND SCHEDULE GROWTH

Despite the overall success of the RCOH, CVN 68 left NNS several
months later than originally planned, and the NNS portion of the
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total RCOH cost grew by 20 percent.  Most of the schedule slippage
and a portion of the increase in cost were due to a four-month labor-
force strike in the middle of 1999.  Costs also grew due to a significant
increase in the NNS overhead rate (an average of almost 10 percent-
age points over the originally budgeted figure) and a growth of more
than one-third in the material budget.  The preceding cost-growth
and schedule-slippage numbers might be underestimates, however,
if work originally intended for completion within the RCOH had to
be postponed.  We know that the scope of the NNS work was in-
creased due to the transfer of work originally programmed for ac-
complishment by the ship’s force and large quantities of work added
late in the RCOH.  However, we are uncertain whether the total work
initially specified in the contract work package was accomplished or
whether some work was deferred because of cost growth to later CVN
68 availabilities.

We are also uncertain about all the causes of the growth in the over-
head rate.  Certainly, the strike had some short-term impact, but the
rate stayed 10 percentage points above the budgeted rate for the du-
ration of the project.  Increased employee benefits resulting from the
strike settlement accounted for some of the growth, and the business
base over which expenses are spread changed, resulting in a higher
overhead rate.  Still, the RCOH finances are so complex that it is un-
clear how large a role the strike and the business-base changes
played or how much other factors may have contributed to the
higher overhead rates.

Part of the growth in material expenses was due to greater-than-
planned subcontracting efforts (which NNS records in the material
budget).  At the Navy’s request, NNS hired local firms to complete a
number of habitability-related tasks, such as tiling and painting.
Many of these tasks were originally in the ship’s force work package
but were shifted to NNS during the execution of the RCOH.1  Again, it
is hard to pinpoint where and why the material budget grew by over
$70 million.  A major changeover to a new budgeting and accounting
system during the course of the RCOH made it almost impossible to
track material costs for a period of time.

______________ 
1Seven different A-mods added almost $10 million for “crew unburdening.”
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PROBLEMS IN THE PLANNING AND EXECUTION
PROCESSES

Planning for the CVN 68 RCOH began approximately five years be-
fore the ship was scheduled to enter NNS to start the RCOH.  Initially,
PMS 312 assumed responsibility for developing the nonnuclear re-
pair portion of the work package.  TYCOM personnel were involved
during the initial stages of planning, providing information on the
material condition of the ship and on the types of repairs they be-
lieved were needed.  However, as the planning process progressed,
the role of the TYCOM staff diminished and, in their opinion, they
were given little authority in the development of the work package.

After approximately two years, SUPSHIP NN Code 1800, the organi-
zation whose personnel are most familiar with carrier availabilities
(i.e., the ex-PERA-CV analysts), became involved in the planning
process.  It played a key role in the development of the work package
that was included with the RFP for the execution of the RCOH.  NNS,
the shipyard that has built all of the U.S. Navy’s nuclear-powered air-
craft carriers and that has accomplished a number of carrier avail-
abilities, including the CVN 65 RCOH, played only a minor role in
developing the nonnuclear work package.  NNS did provide initial
estimates of the costs of the tasks in the work package.

At the same time that planning was under way, the budgeting pro-
cess was identifying the funding needed for the RCOH.  Unfortunate-
ly, the planning and budgeting processes were disconnected, re-
sulting in the development of a work package whose costs were not
directly tied to available budget.  As often happens with large pro-
grams, reductions were made in the RCOH budgets over time to pay
other bills (e.g., the cost of operations in Bosnia) or to “fair-share”
overall reductions in the SCN budget.

In addition to the reduction in the RCOH budget, the cost of the
contractor proposal NNS submitted was greater than the initial esti-
mates provided to the Navy.  Contract negotiators, therefore, faced
the difficult task of shaping the work package to fit the available bud-
get.  Because the Navy contract negotiators had not previously de-
veloped suitable options for reducing the work content to meet lower
budgets and higher-than-expected costs, decisions were made that
adversely affected the ability to successfully complete the RCOH.



88 Refueling and Complex Overhaul of the USS Nimitz (CVN 68)

Known tasks were delegated to the E&S pool, which was reduced to
match the available budget, and tasks originally designated as repair
actions were changed to open and inspect in the hope that no repairs
would be necessary.

As the RCOH got under way, a large number of changes had to be
made to the basic work package, resulting in a significant reduction
in the money available for growth.  Many of these changes were the
result of tasks identified between the issuance of the RFP and the
negotiation of the execution contract.  Because this initial round of
approved changes significantly depleted the change (E&S) budget,
money became tight and the approval of subsequent significant
changes was frequently delayed.

The nature of the open-and-inspect tasks in the work package, the
complex nature of the RCOH, and a lack of clear understanding of
the ship’s material condition resulted in thousands of IRs and
FMRs—many more than would normally be expected for a carrier
availability, even one with the increased scope of an RCOH.  These
reports overwhelmed the limited number of RCOH staff personnel at
SUPSHIP NN and made management of the RCOH difficult.  Navy
management of the RCOH was also hampered by the lack of timely,
accurate, and useful data on the progress of the repairs and the esti-
mated costs at completion.  The NNS labor strike in the middle of the
RCOH created further problems that resulted in cost growth and
schedule slippage.

As the RCOH neared completion, Navy leadership recognized that
the ship would not be delivered mission-ready without a significant
infusion of additional funds.  The Navy made additional funds avail-
able, and a large amount of work that had previously been shelved
for lack of funds was approved.  This influx of work caused problems
in managing the NNS workforce, not only on the RCOH but also for
other projects in the shipyard.  Overtime was needed to maintain
schedules and some inefficiency resulted, although NNS was much
more efficient than it had been when vital changes were delayed be-
cause of lack of funds.

The end result was an RCOH cost approximately 20 percent greater
than the negotiated contract and a slip in the delivery schedule of
several months.  Part of the cost increase was due to growth in the
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work package, probably resulting from insufficient planning, deci-
sions made during contract negotiations, and the lack of clear under-
standing of the material condition of the ship; and part was due to
the strike, an increase in overhead rates at NNS, and NNS workforce
inefficiencies.

AREAS FOR IMPROVEMENT

Most aspects of the CVN 68 RCOH planning and execution processes
went very well, especially considering the complexity of the project
and the fact that this was the first Nimitz-class RCOH.  But there cer-
tainly was room for improvement, which could help keep the RCOHs
for the rest of the class within cost and schedule constraints.

The Navy organizations learned many lessons during the CVN 68
RCOH and made a number of improvements during the planning of
the CVN 69 and 70 RCOHs and the execution of the CVN 69 RCOH.
For example, the Navy and the contractor improved methods of
sharing financial data and communicating to support just-in-time
decisionmaking.  Other improvements for the CVN 69 RCOH include
the following:

• Reduction of the work-package development and advance-
planning phase from five years to four years by stabilizing bud-
gets, developing reusable planning products, and building an
experienced workforce to accomplish these tasks.

• Use of integrated product and process development, which al-
lowed significantly more TYCOM involvement in the develop-
ment of the work package and more contractor involvement in
job-scope planning.

• Prestaging of critical equipment such as propellers and generator
rotors, which reduced cost and schedule uncertainties associated
with the open-and-inspect strategies used on CVN 68.

• Better job-scope development, which allowed entry into the CVN
69 execution contract with only 14 “Class F” estimates (in which
the cost of the job can be estimated only to within +/– 40 percent
due to limited understanding of the job scope), as compared
with more than 90 on CVN 68.
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• Tighter management of the E&S growth pool, based on weekly
metrics.

• Improved efficiency of the contractor workforce resulting from
improved cost-accounting procedures and weekly reviews of ex-
penditures with cost-account managers.

Specific examples of improvements new to the CVN 70 RCOH plan-
ning process include the following:

• A new emphasis on strategic planning, which strikes right at the
heart of workload forecasting, perhaps the biggest cost driver in
the shipbuilding industry.  By looking at long-range workforce,
facilities, and schedule requirements for aircraft carriers, surface
ships, and submarines, the Navy is making early modifications
to overhaul schedules, preventing unexpected business-base
changes which drive up overhead costs.

• A new contracting strategy based on the development of discrete
annual planning packages, which allow the contractor to com-
plete specific tasks during each of the advance-planning years.
This is reducing the cost of ship checks and drawing develop-
ment and will provide a better understanding of the cost of work
prior to the start of an RCOH.

• A new modernization strategy, which installs approved ship al-
terations (rather than engineering-change proposals, as in the
new-construction vernacular).  This strategy will improve con-
figuration control and logistics supportability and will reduce
life-cycle costs by creating more reusable planning products.

• A new work-assignment strategy that maximizes the use of
customer-contracted teams whose familiarity with certain new
technologies will provide higher-quality work at a reduced cost.

In addition to the above, we recommend the following three areas for
improvement during the RCOH planning and execution processes.

The Planning Process

Effective planning is critical to the success of an RCOH.  Also, effec-
tive planning for the first and second RCOHs can serve as a sound
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basis for the planning of subsequent RCOHs.  It is important that the
organizations knowledgeable about the current condition of the
ship, its past maintenance history, and carrier overhauls and main-
tenance in general be directly involved from the initial stages of the
RCOH planning process.  These organizations include SUPSHIP NN
Code 1800, the TYCOM, and NNS.  Although Code 1800 became in-
volved late in the CVN 68 planning process, it was fully integrated
in the planning for the CVN 69 RCOH and is the lead organization
for the planning of the CVN 70 and 71 RCOHs.  It appears that
the Commander, Naval Air Forces Pacific (COMNAVAIRPAC), the
TYCOM for CVN 68, could have played a more prominent role in the
planning of her RCOH.  The Commander, Naval Air Forces Atlantic
(COMNAVAIRLANT), the TYCOM for CVN 69, was very active in the
planning of that ship’s RCOH.

Although NNS was responsible for planning the nuclear part of the
CVN 68 work package, its experience was not well utilized in the
planning of the nonnuclear-repair package.  We were informed that
NNS’s primary role in the nonnuclear portion consisted of providing
the Navy with estimates of the costs for performing various work-
package tasks.  Since NNS is the organization that will execute a ma-
jor portion of the total work package and since it has practical expe-
rience with large-carrier availabilities, its expertise and knowledge
should be used in the development of nonnuclear repair packages.

The above organizations should work together to develop a list of
tasks for possible inclusion in the work package of each RCOH.  This
list should be general in nature and should cover all potential tasks.
Each carrier will have a previous maintenance history and a current
maintenance condition, so not all potential tasks will be required for
every carrier.  Certain nonnuclear repair tasks required for CVN 68
may not be required for CVN 69, and vice versa.  But a list of all pos-
sible repair tasks would form the basis for determining what should
be included in the work package for each RCOH.

Each task should have a priority established from a set of priority
rankings.  These priority groupings would range from the highest
priority, indicating tasks that must be accomplished during the
RCOH, to the lowest priority, indicating tasks that could be done
during the RCOH if budget were available but that could be deferred
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to a later maintenance availability without degradation of the safety
or operating capability of the ship.

For each task, preferred performing organizations (NNS, ship’s force,
or customer-contracted teams) should be identified, along with an
estimate of the associated costs (plus, possibly, the costs associated
with having alternative organizations perform the task).  The higher-
priority tasks, in combination with their cost estimates, would de-
termine the minimum budget necessary for a safe and operationally
capable ship.  The priority list and estimated costs could be used
when budgets are constrained to establish the tasks to be included in
the work package.

Finally, planning for each task should include some understanding of
its relationship with other tasks in the list.  Performing one task may
require that another task also be accomplished.  Or, if one task, such
as replacing a major component, is not included, then another task,
such as repairing that component, may be required.

The task list could be updated and refined with each successive
RCOH.  In this manner, knowledge and information gained during
the execution of an RCOH could flow into the planning of subse-
quent RCOHs.

The participation of the organizations involved in the planning pro-
cess should not stop with the development of the work package that
forms the basis for the RFP.  The Navy organizations should also be
involved in the contracting process to provide inputs on the actions
to take when budgets are constrained or when certain tasks are re-
moved from the work package.  The planning organizations, in con-
junction with PMS 312 and the Navy contracting organizations,
should work with NNS to produce the best possible work package for
each carrier, given the budget that is available.

Data and Estimating Capabilities

Useful data and effective forecasting capabilities are essential for the
successful planning and execution of an RCOH.  During planning,
historical availability and maintenance data on the Nimitz class and
the specific carrier approaching its RCOH are needed to form a work
package of tasks to be accomplished during the RCOH.  Also, RCOH
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planning would benefit from a database of agreed-upon costs for the
various tasks.  These data would help in formulating the funding re-
quired for the RCOH, justifying budget requests, and determining
which tasks should be included in the RCOH work package if the
available budget is less than the required funding.

During RCOH execution, timely, useful, and accurate data are
needed if the current cost and schedule status of the RCOH are to be
inferred.  Forecasting methods are needed to project the estimated
cost and schedule at completion.  Finally, PMS 312 must establish
processes and criteria for informed decisionmaking during RCOH
execution when inspections result in FMRs for increases in the work,
and costs, of the NNS portion of the RCOH work package.

Historical availability data for the Nimitz class are available and are
maintained by SUPSHIP NN Code 1800.  This database was used for
the planning of the CVN 69 RCOH.  However, the Navy lacks suffi-
cient cost data and estimating capability to support the RCOH bud-
get and contracting processes.  Currently, it relies on NNS to provide
cost estimates for the tasks contained in the work package produced
by the planning process.  SUPSHIP NN does have a limited cost-
estimating capability, but it did not have enough time to effectively
check the cost estimates provided by NNS for the CVN 68 RCOH.  It
has no way to develop its own cost estimates or to effectively check
those provided by NNS unless the staff is augmented or sufficient
time is available to prepare its estimates.

We are not suggesting that the Navy develop its own cost-estimating
database and methods.  Rather, we believe that the Navy and NNS
should work together to develop an agreed-upon database of costs
for the wide range of tasks that may form the work package for a
specific RCOH.  In general, there should be an open-book data envi-
ronment between the Navy and NNS.  Since NNS is the sole organi-
zation that has the facilities and expertise to accomplish a Nimitz-
class RCOH, there should be no threat of misuse of the common data
in a competitive environment.  The data available in the open-book
data environment should be at the level required for effective plan-
ning and execution.  For example, the shared database should in-
clude man-hour estimates to accomplish a specific task, but need
not necessarily include the rates that would apply at the time of
the RCOH execution.  Furthermore, the Navy must understand the
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business-sensitive nature of the data and protect against any pos-
sible misuse, especially if any of the data could also be appropriate
for other projects that have a competitive aspect.

In general, NNS must be contracted to share data, information, and
knowledge not only when the Navy specifically requests them, but
also when such sharing is important for broader understanding and
better decisionmaking.  Along these same lines, the data flowing to
the Navy during the RCOH execution must be timely, accurate, and
useful for decisionmaking.  Currently, progress-related data are re-
ceived several months after the period to which they apply and are
often displayed in a manner that is confusing and unhelpful for Navy
project management.  During the CVN 68 RCOH, a change in the ba-
sic data-collection and management-information system within NNS
resulted in some needed data being unavailable or inaccurate.

In an open-book data environment, the Navy would have access to
the same data that are used to formulate the quarterly CPRs.  That
would allow the Navy to monitor the cost and schedule status on a
near-real-time basis and would permit more-timely decisionmaking.

Establishing an open-book data environment would require major
changes by both the Navy and NNS.  But these changes could lead to
a more-effective relationship that would benefit both organizations.

The Relationship Between the Navy and NNS

The relationship between the Navy and NNS is strained.  Many in the
Navy express a degree of mistrust of NNS, perceiving that it at times
withheld data and information that would have been useful for
RCOH planning and execution.  NNS has equally valid concerns that
freer information flows would jeopardize future negotiations with
the Navy.  These problems must be resolved for subsequent RCOHs.2

The Navy and NNS must feel more confident in each other and must
work more closely together during both the planning and execution
phases.  They must commit to a long-term relationship with

______________ 
2Mistrust and miscommunications do not appear to exist between the Naval shipyards
and the carrier TYCOMs.
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mutually agreed-upon objectives and effective communication
strategies that lead to openness and trust.

The two areas for improvement outlined above would require a
closer relationship between the two organizations.  If the level of
mistrust cannot be overcome, the Navy and NNS will not be able to
effectively interact during the planning process or agree on an envi-
ronment where they share data and forecasting expertise.

We are unsure of how to improve the relationship between the Navy
and NNS.  Interaction during planning and sharing data and exper-
tise would certainly help.  Possibly, the two organizations could con-
sider assigning employees to each other’s organizations for periods
of time.  This is a technique often used by U.S. military services in
their interactions with the militaries of other nations.  However it is
accomplished, a solid partnership between the Navy and NNS is
needed to successfully plan and execute the remaining Nimitz-class
RCOHs.
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Appendix A

CHRONOLOGY AND WORK SCHEDULE

October 1996 SUPSHIP NN Code 1800 involved in planning
process

September 1, 1997 USS Nimitz starts her last pre-RCOH
deployment

September 1997 RFP for CVN 68 RCOH

December 1997 NNS submits proposal for RCOH execution

March 1, 1998 USS Nimitz returns from her last deployment

April 1998 RCOH execution contract with NNS signed

May 29, 1998 USS Nimitz arrives at NNS for start of RCOH

April 5, 1999 Strike begins at NNS

August 2, 1999 Strike ends

October 2000 Navy commits an additional $100 million to
CVN 68 RCOH

March 30, 2001 Original scheduled completion of RCOH

June 28, 2001 NNS delivers USS Nimitz back to Navy

January 15, 2002 Start of PSA/SRA

May 13, 2002 Completion of PSA/SRA
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Appendix B

THE 1999 STRIKE AGAINST NEWPORT NEWS
SHIPBUILDING

At 12:01 a.m. on April 5, 1999, the members of Local 8888 of the
United Steelworkers of America walked out of NNS.  The union rep-
resented approximately 9,000 of the more than 17,000 workers at
NNS, and the majority of the union members participated in the
strike.  The strike, the first since 1979, when the steelworkers were
fighting for recognition, was not unexpected.  For several months,
negotiations between the union and NNS suggested that there were
major differences between the union’s contract demands and the
company’s offers.

The 1995 contract between the union and the company froze the
wage rates at the levels of the 1993 contract but did provide three an-
nual bonuses amounting to about 12 percent of base pay.  In the new
contract, the union was asking for a sizable pay increase in addition
to improved benefits and an increase in pensions for retiring work-
ers.  It also wanted contract language that would provide job protec-
tion against the use of outside contractors and the restoration of the
20 percent of vacation time and the two holidays that were lost in the
1995 contract.  The company offered a smaller pay increase and a
smaller increase in pension benefits and asked the employees to
continue to pay a 50 percent share of the increased cost of health-
care insurance premiums.

The wide differences between the union’s demands and the compa-
ny’s offer suggested that the strike would last for some time.  As it
unfolded, NNS took several steps to meet the commitments of proj-
ects under way at the shipyard.  Approximately 3,000 blue-collar
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workers, some of whom were nonunion members and some of
whom were union members who decided to cross the picket lines,
were available for work.  These blue-collar workers were augmented
with about 1,000 subcontractors and approximately 1,000 supervi-
sory and management personnel who returned to craft jobs.  About
50 percent of the latter were graduates of the NNS apprentice school
who had worked their way from the waterfront to their current su-
pervisory positions, and many of the other management personnel
also had experience in various trades and crafts.  These 5,000 workers
were asked to work 56-hour weeks (12-hour days Monday through
Thursday and eight hours on Friday) to help maintain as high a level
of productivity as possible at the yard under the circumstances.

These efforts resulted in productivity levels approximately 60 percent
of those prior to the strike and permitted NNS to accomplish some
maintenance of U.S. Navy and commercial ships, including the PSA
of the USS Harry S Truman, on schedule.  However, work on the CVN
68 RCOH and the construction of CVN 76 were significantly im-
pacted.

After almost no interactions for three months, followed by one
month of heated negotiations, the union and the company reached
an agreement aided by the intervention of the Federal Mediation and
Conciliation Service.  The new contract was for 58 months and in-
cluded four pay increases totaling an average of $3.10 per hour plus a
sizable increase in pension benefits.  On July 31, 1999, the union
members approved the new contract by a margin of 62 percent to 38
percent.  On August 3, the striking members started reporting back to
the shipyard to resume work.  The workers returned incrementally
according to an agreement between the company and the union that
made sense in light of the actions necessary to integrate various
workers back into the labor force (e.g., the welders had to undergo
recertification).

Subsequently, NNS submitted to the Navy a request for equitable
adjustment (REA) for costs incurred by the strike.  The first part of the
REA asked for an extension of the delivery schedule of CVN 68 from
March 5, 2001, to May 24, 2001.  The 80-day extension was necessi-
tated by delays in performing propulsion-plant work that was on the
critical path of the RCOH.  Although NNS estimated that the strike
had resulted in a seven-month delay in the propulsion work, it in-
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tended to use overtime and enhanced planning to reduce the time
needed to the 80 days requested.  The Navy approved the 80-day
schedule delay (contract modification P00026).

The second part of the REA requested $45.5 million to cover the ad-
ditional costs that resulted from the strike.  These costs included the
higher labor rates of the management and supervisory personnel and
the overtime premiums used to complete work during the strike
($11.0 million), the overhead associated with the increased hours
and rates ($33.1 million), and additional costs incurred due to the
strike (e.g., additional drydock days caused by schedule slippage
and service material).  The Navy approved an adjustment of $42.6
million.
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Appendix C

COMMERCIAL ANALOGS TO THE RCOH PROCESS

In this report, we emphasize the differences between new construc-
tion and overhaul.  Such differences are not restricted to aircraft car-
riers.  The private industrial sector must also overhaul large capital
assets.  The goals and challenges of such overhauls are in many ways
similar to those involved in carrier RCOHs.  In this appendix, we ex-
amine the shutdown, outage, and overhaul practices in the process
and power industries.

BACKGROUND

The chemical, refining, and power-generation industries all employ
multimillion-dollar facilities and assets to conduct their business.
These facilities, while designed to last 25 to 30 years, require constant
maintenance and upkeep.  Furthermore, many plant owners seek to
extend the lives of their assets beyond this initial design life to im-
prove their margins by minimizing capital expenditures.  Every few
years, therefore, these facilities must be shut down for major over-
haul and improvement work, known as a “turnaround” in the pro-
cess industries.  The objective of these turnarounds is to revitalize,
maintain, and improve the facilities.  Often, turnaround activities are
performed under enormous time pressures, since downtime means
no revenue.

The scope of work for a turnaround can vary considerably and de-
pends on the age and type of facility.  Activities performed during a
turnaround include cleaning and fixing equipment, replacing pipe
and wiring, upgrading equipment and instrumentation, replacing
obsolete equipment, retraying columns, repacking/replacing cata-
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lysts, moving equipment, replacing valves, and repairing corrosion
damage.

Turnaround projects are high-risk activities and are among the most
difficult in the process industries to execute on time, on budget, and
with good operability.

DIFFERENCES BETWEEN NEW CAPITAL CONSTRUCTION
AND TURNAROUNDS

Probably the most distinctive aspect of turnaround work is the fact
that its scope remains somewhat uncertain until the actual execution
activities begin.  No matter the level of inspection, testing, and as-
sessment completed beforehand, the status of certain vessels, piping,
equipment, etc., cannot be determined until the item is actually
opened and inspected, which can be done only when the plant is
shut down.  This lack of complete definition forces the owner to take
a greater risk with respect to scope growth and to contend with the
highly onerous management of change problems.  For the construc-
tion of new facilities, the scope can be well established in advance.

The quality of the scope package for a turnaround depends heavily
on the extent and completeness of good operation records and in-
formation.  Without a good operating history and analysis, work will
remain vague and uncertain.  For new capital construction, the qual-
ity of the scope package is more dependent on the thoroughness of
engineering and the consistency of priorities and strategic objectives.

Several aspects of execution differentiate turnarounds from new
capital construction:

• Turnaround projects run at much faster pace than new con-
struction.  This pace is driven by the owner’s need to get the
plant or facility back online.  As a result, a turnaround team must
be able to make decisions and answer technical questions
quickly.  Failure to do so risks delaying work, reducing productiv-
ity, and increasing costs.

• Workforce loading is far more constrained in turnarounds than
in new construction.  “Throwing” labor at a turnaround delay
may not mitigate a schedule impact.
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• The work during a turnaround takes place within and near op-
erational systems.  One impact of this work environment is a
simple constraint on open space to work.  In addition, the prox-
imity to live systems imposes stringent safety requirements and
procedures.

• Turnaround work must be coordinated with other experts and
stakeholders, which usually is not necessary in new construction.
Management of new capital construction projects is a relatively
straightforward process.  Each stage (and gate) can be well con-
trolled and planned.  The engineering organization is clearly in
charge.  For a turnaround, the process is much more dynamic.
Issues must be revisited, and different areas may be at dissimilar
stages of progress.  There are also many more active stakeholders
during a turnaround: operations, maintenance, engineering,
construction, safety, etc.  Despite having differing roles and
tasks, each of these organizations is dependent on the others to
complete its work.  For example, when configuration discrepan-
cies arise, multiple organizations might be needed to resolve the
issue.  A well-integrated, empowered, and cohesive team is far
more critical for a successful turnaround than for a successful
new construction project.

• Contractors who are familiar with new construction are often
unprepared for the additional burden of turnarounds and the re-
sultant hit on labor efficiency.  For example, the contractor does
not determine the schedule, as he does for new construction
projects; rather, the owner does.  Often, the owner gives the con-
tractor windows of time during which work can be accom-
plished.  Also, some contractor activities differ from those asso-
ciated with new construction.  Such differences are particularly
evident during the preturnaround period, when tagging, clean-
ing, and draining must be done.  However, they also apply during
startup and commissioning.

Similarities Between a Carrier Overhaul and a Turnaround

Clearly, there are many similarities between an aircraft-carrier RCOH
and a plant turnaround.  Table C.1 shows qualitative comparisons
between RCOHs and turnarounds, by major attributes.
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Table C.1

Comparison of Commercial Plant Turnarounds and RCOHs

Attribute Turnaround RCOH

Uncertain work
scope

Full scope is often unclear until the
unit/plant is shut down, cleared, and
opened.  Quality of scope is heavily
dependent on recordkeeping,
maintenance logs, and operating
experience.

Conditions of many tanks, voids,
and other inaccessible areas are
uncertain.  The condition of the ship
evolves while it is deployed.

Faster
pace/greater time
pressure

Owner pressure to get facility
running and generating revenue.
Need for timely decisionmaking
when issues arise, to avoid delays.

Because TYCOM needs to have
operational carriers in the fleet to
meet deployment needs, meeting
finish dates is important for an
RCOH.  Shipyard facilities are
restricted to one overhaul at a time.
Need for timely decisionmaking
when issues arise, to avoid delays.

Working within
operating
environment

Additional policies and procedures
result in lower productivity.

Ship with active systems and crew
working onboard during RCOH
increases difficulty.

Multiple
stakeholders

Engineering, operations,
maintenance, safety, construction,
etc.

TYCOM, ship’s force, PMS312,
SUPSHIP NN, NNS, SEA08, etc.

Multiple
workforces

Contractor and owner maintenance
groups each have labor
responsibilities—and potential for
interference.  A high degree of
coordination and scheduling is
necessary.

NNS, subcontractors, and ship’s
force each have their own work
scope.  Close coordination and
planning are required to minimize
interference.

Less contractor
experience with
work

Contractor is more familiar with
new-construction methods.  Work is
done in limited or confined areas.

NNS policy, organizational
structure, workforce, and
procedures are geared toward new
construction.  Work access is
limited compared with new
construction.

Differences Between an RCOH and a Turnaround

While there are similarities between an aircraft-carrier RCOH and a
plant turnaround, there are also some important differences:1

______________ 
1Another important difference is in maintenance record-keeping.  Commercial firms
work at keeping complete, comprehensive, and accurate maintenance records.  While
the Navy has extensive record-keeping processes, the records are not necessarily well
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• Cost.  Process plant turnarounds are typically orders of magni-
tude smaller than an RCOH (in the millions of dollars, not bil-
lions).  In fact, very few new capital investments approach the
size of an RCOH.

• Personnel.  The Navy has a much higher frequency of routine
personnel turnover.  This makes preserving institutional knowl-
edge and continuity on programs very difficult.  In the commer-
cial world, the turnover is much less frequent and is managed.

• Organization.  While commercial institutions and the Navy have
multiple stakeholders to coordinate, the Navy has many more
organizations involved in an RCOH than there are stakeholders
in a commercial turnaround.

• Funding.  Funding of a commercial turnaround tends to be sta-
ble once approved.  For an RCOH, funding is continually in flux.
In the USS Nimitz RCOH, shortfalls in funding contributed to
cost growth.

TURNAROUND WORK PROCESS

Because of the significant differences between new capital construc-
tion and turnarounds, most owner organizations undertake the two
activities very differently.  First, successful firms have recognized the
importance of good record-keeping and historical information in
helping to define work scope for turnarounds.  This information cov-
ers a wide spectrum:  maintenance records, operations records, in-
spection records, and reliability assessments.

Second, firms have implemented separate work processes for the two
activities.  In the following, we highlight some important features of
turnaround work processes.

_____________________________________________________________ 
maintained, complete, and standardized.  Furthermore, maintenance records for a
ship are not centralized.  All these factors make it difficult to determine the material
condition of a ship.  However, an evaluation of the record-keeping process is beyond
the scope of this study.  Further research in this area is warranted.
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Scope and Change Control

Because of the uncertainty in the work scope, industries executing
turnaround projects expect to have a significant amount of un-
planned work (called “discovery work”).  There are two distinct
phases to scope and change control:  before and after the scope is
frozen.  The scope freeze date is the point where the scope of work
for the turnaround is fixed.  Typically, there are two such dates on
any turnaround.  The date for freezing modernization work occurs
much sooner (about 18 months prior to the turnaround), since it is
an engineering-intense activity.  The other maintenance and over-
haul work is frozen about three to six months before the start of the
turnaround.

When discovery work is found, specific criteria are used to determine
whether to include the work within the turnaround scope.  Prior to
the scope freeze date(s), the criteria are more general and focus on
meeting business needs.  Such criteria include

• Meets strategic objectives.

• Meets regulatory requirements.

• Demonstrates a return on investment or net present value above
threshold.

After the scope freeze date(s), the criteria become much more re-
strictive.  They focus primarily on work that must be done, i.e., work
that is important for startup and for safety.

To a lesser extent, additions for reliability reasons may be considered
afterwards, although these items are typically rejected.  The scope
additions for reliability reasons are evaluated on criteria such as

• Necessary to make it to the next maintenance event.

• Delaying causes the next maintenance event to become too
large.

Responsibility for scope and change control is distributed through
the program organization and is allocated based on cost and sched-
ule thresholds.  The smaller the impact, the lower the ability to
manage the change resides in the project organization.  At the lower
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levels, the contractor has responsibility for managing scope and
change, subject to monitoring by the owner.

Cost and Schedule Control

The fast pace of the turnaround dictates timely and robust cost and
schedule control.  Reports/updates are typically done on a weekly
basis, with some firms controlling on a daily basis.  The reports are at
a high level (total hours, total materials, total cost), focusing on
progress made.  For larger turnarounds, the reporting might be sub-
divided into key areas.  The emphasis is on project status, not on
detailed cost reporting.

Work Definition and Inspection

All the stakeholders are responsible for identifying work scope for a
turnaround.  Typically, the turnaround manager sends a notification
of the impending turnaround to engineering, operations, mainte-
nance, and inspections departments.  Each of these departments
submits its desired scope.  A committee or team then selects work for
the turnaround based on the criteria described above.

Some firms use a more sophisticated approach to identifying turn-
around (and general maintenance and overhaul) scope.  Rather than
soliciting scope in a discrete event, the process happens on a contin-
ual basis.  That is, work is being continually identified for inclusion in
maintenance and overhaul activities.  Work items are assigned to a
specific maintenance event (not necessarily a turnaround).  Thus, a
plant or facility may have a dynamic list of work encompassing sev-
eral maintenance events.  When it is time to plan the work for the
turnaround, most of the work scope should already exist.

Inspections are done on an ongoing basis at most facilities.  How-
ever, each piece of significant equipment involved in turnaround
work is field-verified beforehand.  The objective of this verification
activity is to find discrepancies between the facility drawings and
what exists in the field.  Examples of aspects covered by such inspec-
tions are item manufacturer, model, location, configuration, and
state.
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Detailed Scheduling

Scheduling work for turnarounds goes to a much lower level of detail
than might be the case for new capital construction.  The goal is to
make the work as efficient as possible by eliminating redundant work
or combining work packages.  For example, one might need to use a
temporary scaffold to work on a particular item.  If two items with
similar scaffold requirements are collocated, it is more efficient to
put the scaffold up once and do the work on both systems together
than it is to put up the scaffold twice.  Similarly, work in areas with
specific safety or permit issues is often combined to reduce adminis-
trative burden.

METRICS OF THE WORK PROCESS

In the same way that turnaround outcomes can be measured (e.g., by
cost growth and schedule slippage), the work process for a
turnaround can also be measured and assessed.  Within the com-
mercial industry, owners use assessment tools of the work process to
improve their turnaround planning and performance.  Such assess-
ment tools have been developed and are commercially available.
Figure C.1 shows a high-level example of one such assessment tool
developed by AP-Networks.2  The assessment of turnarounds focuses
on 21 strategic areas—moving from fundamental issues at the
bottom row of the pyramid to very program-specific, detailed, or
unique issues at the top row.  Each element of the pyramid indicates
the gap between the current state of readiness of a particular
turnaround and what is considered “best practice.”  In addition, the
tool also accounts for the time-sensitive nature of the best-practice
level, since the level of definition one year prior to the turnaround
start should be distinctly different from that one month prior to start.

______________ 
2The Turnaround Readiness Pyramid is the intellectual property of Asset Performance
Networks, LLC  (AP-Networks), which reserves all ownership and copyrights.  It is
included in this report with the permission of AP-Networks.  AP-Networks, head-
quartered in Gaithersburg, Maryland, is a knowledge-management and best-practices
firm focusing on improving project and turnaround performance in the processing
industry.
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Effectively evaluate
Readiness for your
turnaround at any
point during the 
turnaround process.

Identify gaps between your
turnaround's degree of
Readiness and world-class
performance measures.

Successfully gauge team alignment
around critical turnaround issues.

Systemically predict successes and failures 
with a consistent turnaround evaluation method.

Promote transparent Dialogue and communications
between turnaround team members and stake-holders.

A color version of the pyramid would color-code the rectangles in green, yellow, or red to provide a
comprehensive overview of a team's preparedness and effectively measure readiness and alignment 
across various functional and geographic boundaries.

Figure C.1—An Illustrative Assessment Tool:  AP-Network’s Readiness
Assessment Pyramid for Turnarounds

SUMMARY

Although an aircraft carrier RCOH has some unique aspects, there
are many similarities between an RCOH and a process plant
turnaround.  Commercial industry has established a set of best prac-
tices and measurement tools that help to achieve better performance
in these projects.  The U.S. Navy would do well to adapt some of
these ideas and methods to help improve its execution of aircraft-
carrier RCOHs.
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The midlife refueling/complex overhaul (RCOH) of a nuclear aircraft 

carrier may be the most challenging engineering and industrial task under-

taken anywhere. In addition to refueling the onboard reactor, a variety of

maintenance and repair actions must also be undertaken, all while the entire

ship is being modernized.The midlife RCOH of the USS Nimitz (CVN 68),

completed in 2001, took five years of planning and three years of execution.

This was the first RCOH for the Nimitz class and only the fourth ever

accomplished on a nuclear aircraft carrier. Numerous budget and work-

requirements changes and a four-month labor-union strike during the 

overhaul caused the scheduled completion of the project to slip by several

months and resulted in significant cost growth.This book analyzes the

planning and execution of the CVN 68 RCOH to identify changes in processes

and procedures that could lead to better cost and schedule performance

for the nine remaining Nimitz-class RCOHs. Many improvements in plan-

ning and execution have already been implemented for the CVN 69 and 

70 RCOHs; the authors suggest that the following three sets of additional

actions be taken: (1) improve the planning process; (2) improve data 

and estimating capabilities; and (3) improve the relationship between the

Navy and its carrier construction contractor, Newport News Shipbuilding,

the only U.S. shipyard with the capability to build and refuel nuclear 

aircraft carriers.




