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Preface

The U.S. Navy’s ship inventory and the shipbuilding and repair
industrial base that supports these ships have experienced significant
changes over the previous three decades. In the next 30 years, signifi-
cant changes to the fleet composition and the maintenance require-
ments of the fleet are likely to occur. For example, there will likely be
an increased number of littoral combat ships. These have distinctly
different maintenance requirements from other platforms in the fleet.

However, as the fleet has declined in the past, so has the number
of maintenance providers. In 1993, the Navy had eight public ship-
yards. Today there are four. These naval shipyards are almost exclu-
sively focused on supporting nuclear-powered aircraft carriers and sub-
marines. The work conducted at the public shipyards that once also
maintained surface ships haslargely transitioned to the private-sector
providers.

To ensure that the private-sector industrial base is available and
able to support the Navy’s future maintenance and modernization
requirements, the Navy must understand the future maintenance
needs and develop a strategic approach to ensure that the necessary
capabilities—including facilities, engineers, and trade labor—are
available. RAND Corporation researchers assisted the Commander of
the Naval Sea Systems Command (NAVSEA) to assess possible supply
and demand capabilities in the ship maintenance workload and note
long-term challenges facing mitigation efforts. This reportalso offersa
number of recommendations for NAVSEA and Department of Defense
leadership to consider to mitigate challenges and plan strategically for
the coming years.
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Summary

The U.S. Navy’s ship inventory and the shipbuilding and repair
industrial base that supports these ships have experienced significant
changes over the previous three decades. The number of ships in the
fleet declined, from a total 454 active ships in 1993 to a low of 271 in
2015. However, the Navy’s most recent Long-Range Shipbuilding Plan
suggests that changes to the fleet composition and the maintenance
requirements of the fleet are likely to occur in the next 30 years.! Spe-
cifically, there will be an increased number of littoral combat ships
(LCSs), which have distinctly different maintenance requirements
from other platforms in the fleet.

However, as the fleet has declined in the past, so has the number
of maintenance providers. In 1993, the U.S. Navy had nine public
shipyards. Today there are four. These naval shipyards are almost
exclusively focused on supporting nuclear-powered aircraft carriers and
submarines. The work conducted at the publicshipyards that oncealso
maintained surface ships haslargely transitioned to the private-sector
providers.

To ensure that the private-sector industrial base is available and
able to support the Navy’s future maintenance and modernization
requirements, the Navy must understand the future maintenance
needs and develop a strategic approach to ensure that the necessary
capabilities —including facilities, engineers, and trade labor —are
available. RAND Corporation researchers assisted the Commander

1 OfficeoftheChiefof Naval Operations, Reportto Congresson the Annual Long-Range Plan
for Construction of Naval Vessels for Fiscal Year 2017, Washington, D.C., July 2016.
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of the Naval Sea Systems Command (NAVSEA) to reach these goals
through three interrelated tasks: (1) estimate future workload demands,
(2) characterize the current repair and modernization industrial base
capacity, and (3) compare the supply and the demand of resources to
identify potential misalignments.

Method and Research Approach

Weused anumber of approaches to answer the research questions. For
theprojectionof demand, weused theNavy’s30-yearshipbuilding plan
and matched this to the class maintenance plans (CMPs) or the techni-
cal foundation papers (TFPs) for each of the ship classes. The CMP or
the TFP is held to be the planned level of maintenance required for the
lifetime of the force. Although CMPs provide only a schedule of main-
tenance availabilities, TFPs are more detailed and in fact break mainte-
nance demand to the Ship’s Work Line [tem Number (SWLIN) level,
which allows a more detailed understanding of demand components.
SWLINs allow us to seenot only theamount of work being done but
also additional detail on the type of work, allowing us to understand
future demand for shipyard capacity and labor.

Historically, there has been a propensity for the Navy to defer
maintenance, with a resulting impact on both the current workload
and the amount of work that needs to be executed across ship service
lives; therefore, we used historical trends to project various scenarios
of deferral to show the resulting impact. Using different assumptions
regarding how the Navy elects toretire the backlog of deferred mainte-
nance, we show how these scenarios result in different required main-
tenance levels over the near and longterm.

To estimate future resources for supply, we first conducted a
survey of the current capacity in public- and private-sector mainte-
nance providers, looking at both key facility inventories and labor. For
key facilities, welooked in detail at dry docks, matching availability to
the expected CMP or TFP docking requirements. Although we could
make some projections concerning expected future labor force from
the Bureau of Labor Statistics and other sources to estimate capacity
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in public shipyards, the availability of labor and infrastructure from
private-sector providers would depend primarily on choices made by
private, for-profit companies. To gain insight into their decisions, we
used interviews with industry management to better understand the
incentives and disincentives for making investment decisions.

Demand for Maintenance Skilled Labor and Facilities Will
Likely Increase

The Navy manages maintenance and modernization on all its ships
throughout each ship’s service life. The demand for maintenance ser-
vices generated depends on several factors. The first factor is, simply
enough, the force structure number and mix of platforms. The Navy
will maintain some number of aircraft carriers, submarines, surface
combatants, amphibious ships, and auxiliaries intended to satisfy pres-
ence and warfighting requirements. All are built with an expected ser-
vice life; all will require maintenance and modernization throughout
their service lives. The second component is what actually must be
accomplished onthese shipsand submarines, tailored to each platform
type, to reach service life. Documents such as the NAVSEA’s TFPs
and CMPs describe the work required at different stages of a ship’slife,
including dedicated maintenance periods requiring dry-docking and
major modernizations.?

If the 30-year shipbuilding plan is executed and the Navy makes
a consistent effort to comply with its CMPs, the long-range future
maintenance workload will remain atleastat current levels. Historical
trendssuggestthathigher maintenancelevelsarelikely. This projection
applies in both public and private sectors.

The type of workload and, hence, the labor skills expected to be
required are alsonotlikely tochange, witha similar distribution by

> NAVSEA, Surface Maintenance Engineering Planning Program Class Depot Maintenance
Technical Foundation Paper, Washington, D.C., various years and for different classes;
NAVSEA, Surface Maintenance Engineering Planning Program Technical Foundation Paper,
LCS1, Washington, D.C., April 6, 2015a; NAVSEA, Surface Maintenance Engineering Plan-
ning Program Technical Foundation Paper, LCS2, Washington, D.C., May 4, 2015b.
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SWLIN items appearing consistent in the decades to come. This indi-
cates that trade-labor demand by skill will continue to require similar
skills to current trades and also new skills to maintain fiber optics sys-
tems, photonics, control systems software, and power electronics.

Demands for facilities, in particular, dry docks, will be significant
and, at times, overstress available dry docks by port, but the dry-dock
demand might be met by allowing coast-wide bidding for dry-dock
availabilities. The dry-dock demand predicted currently for the LCS-1
and LCS-2 classes of ships (littoral combat ships), when analyzed by
homeport, does not appear executable within available facilities within
homeport.

Deferral of maintenance actions will complicate management
of maintenance demands. Deferrals occur for a variety of reasons, to
include funding shortfalls, scheduling demands, and capacity short-
falls, and it is unrealistic to simply insist that they not occur. However,
it is important to understand the impact. According to our historical
data, the Navy has shown a tendency to defer maintenance on the
two classes of surface ships examined. Analysis of the Future Years
Defense Plan shows, conversely, that the Navy is planning on spend-
ing more than what the technical requirements would have dictated.
Our models indicate that this is likely due to an attempt to recover lost
maintenance and that the impact on out-year requirements becomes
more severe the longer the maintenance is deferred.

Supply Analysis Shows That the Navy Primarily Influences
Public Capabilities, with Less Influence on Private Ones

The U.S. Navy ship maintenance industrial base consists of a number
of both public and private providers. The public sector is primarily
focused on providing maintenance services to nuclear-powered ships,
whilethe privatesectoris primarily focused on providing maintenance
services to nonnuclear ships. There are two exceptions: Huntington
Ingalls Industries-Newport News Shipbuilding performs refueling
and complex overhaul of the nuclear aircraft carriers and General
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Dynamics Electric Boat, which provides maintenance services to
nuclear submarines.

The Department of the Navy has alarge degree of control over the
capabilities thatare currently and will be provided by the public sector.
The Navy determines the mission and function of the public support
organizations. The Navy also establishes the composition and level of
workforce required to accomplish the organizations” missions and iden-
tifies and makes the investments required to ensure that the necessary
capabilities are provided. The Navy has less control over the capabilities
that will be provided by the private sector. The private sector responds
tomarket forces, which, in some cases, the Navy can influence.

Demand-Supply Mismatches Have Been Addressed in the
Past, but Challenges Remain

While the Navy directly controls what happens in public shipyards in
terms of workforce and infrastructure development, it relies on private
industry tomake plansand deliverservicesforsurfaceshipsandalarge
portion of the budget for aircraft carriers. The Navy cannot compel the
delivery of these services; it has to create incentives for industry to not
just deliver services but to make capital and personnel-development
investments to meet needs over thelong term.

This is not to say that industry concerns are necessarily congru-
ent with Navy concerns. However, if the Navy would like industry to
actin a particular way, it must find a way to convince industry that
the reward for doing business with the Navy is sufficient to offset the
concerns. The Navy hasinaugurated several regimes over the years for
managing its relationship with civilian providers. These have ranged
from multi-ship, multi-year arrangements that promote teaming and
long-term relationships between providers and the Navy to competi-
tion-based, firm fixed-price contracts intended to encourage competi-
tivebidding. These management and policy choices have been accom-
panied by changes in planning timelines, changes in the organizations
charged with oversight, and changes in the expected relationship
between competitors. Itisnotclear thatany of these have had sufficient
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time to actually be effective, and indeed one consistent observation is
that the regimes change frequently.

Industry managementrepeatedly voiced concern overtheimpact
of insufficient planning time for both short- and long-term decision-
making. Industry has claimed that it generates the best product for
the Navy when it receives sufficient time prior to availability start
to provide a tailored and detailed work-package proposal. However,
currently, the short timelines between request for proposal and need
to begin the availability (contract award), combined with the uncer-
tainty of the amount of future work, are particularly challenging. This
uncertainty about future work also diminishes the incentive to make
long-term capital investments, such as dry docks. Industry manage-
ment expressed concern regarding the quality of the work-specification
package that is being provided by the third-party industry team that
is producing it for the regional maintenance center. The late contract
award relative to the availability start date, in addition to a work-spec-
ification package that was likely to have changes to it upon execution,
represented significant schedule risk to the Navy.

A primary concern presented by some repair associations and their
contractor base was a lack of consideration of the industrial base and
sustainment issues in the ship homeporting assignment process. An
example is the assignment of an amphibious ready group that deploys
together into a homeport, representing a major fraction of the mainte-
nanceworkload intheharbor. This construct presentssharp workload-
profile changes from overload conditions to workload levels below the
minimum sustainable without large layoffs. Local contractors have had
such cycles and observed that workers let go and not brought back
within a few months never return and pursue other work paths. Our
analysissuggests thatrepairand maintenance providersmay facechal-
lenges in attracting sufficient numbers of qualified trade workers in
the future, underlining the importance of careful planning for future
demands.



Summary xv

Recommendations

Our recommendations to the Navy are the following;:

* Work to establish a more integrated picture of port-wide mainte-
nance demands.

* Identify workat publicshipyards thatislikely to be outsourced as
early as possible in the planning cycle.

* Identify expectations for private-sector providers and create incen-
tives for industry to support the plan.

* Explore public-private partnerships as a means to achieve cost and
schedule goals.

* Develop partnered programs for developing ship repairs withspe-
cific skill bases.

The shipyard maintenance industrial base faces challenges in
the future. There are limitations to how quickly the industrial base
can grow before additional constraints and productivity barriers are
reached. Thereis also a cost to sustaining anindustrial base that is con-
stantly going through boom and bust cycles. Toimprove decisionmak-
ing capabilities, it is important for the Navy to develop an integrated
picture of public-and private-sector workload, including commercial,
U.S. Coast Guard, Military Sealift Command, and any other work in
the port. Where the construction yards are relied on to assist with criti-
cal maintenance activities in times of need, the already-existing con-
struction workload at the private shipyards should be considered. To
achieve this end, it is critical to establish a good relationship with the
private sector. While competition is desired, the number of providers
in the space is limited, and without a significant commercial market,
competition, or lack thereof, will be determined by the U.S. Navy.
Although public-private partnerships can be difficult to implement
and can exist in many forms, there are significant potential benefits to
both the government and industry when implemented well, which the
Navy should consider. For example, identifying investments in facili-
tiesand people toaccommodate existing operational and maintenance
schedulescould becomeamorecooperativeendeavor. The Navy could
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secure capacity, and industry could obtain more stability. There are
many possible problems with public-private partnerships as well. This
optionwould require additional and significant investigation to deter-
mine viability; however, early insight into this option suggests that
such effort may be worth pursuing.



Acknowledgments

Wewould like to thank the civilian and military personnel of the Naval
Sea Systems Command for their generous support of this study, as well
as the four shipyards that supported our research-related visits: Nor-
folk Naval Shipyard, Puget Sound Naval Shipyard, Pearl Harbor Naval
Shipyard, and Portsmouth Naval Shipyard. We would also like to
thank Jacksonville Ship Repair Association; Puget Sound Ship Repair
Association; BAE Systems; Oceaneering, Marine Hydraulics Interna-
tional, Huntington Ingalls-Newport News Shipbuilding; Southwest
Regional Maintenance Center; Commander, Navy Regional Mainte-
nance Center; Virginia Ship Repair Association; and Jeff Brooks. We
also wish to thank Charles Goldman, Phil Pardue, and Brian Persons
for their very insightful and helpful reviews. From RAND, we thank
Danny Tremblay for his budget work and Sunny Bhatt and Christina
Dozier for their administrative support.

xvii






Abbreviations

ABR

CG

CMP
CMSD
CNRMC

CVN
DDG
DSRA
EDSRA

ESRA

FaC

FFG

FY

FYDP

GD NASSCO
HII-NNS

LCS
LHA

Agreement for Boat Repair
guided-missile cruiser

class maintenance plan

Continental Maritime of San Diego
Commander, Navy Regional Maintenance
Center

nuclear-powered aircraft carrier
guided-missile destroyer

Docking Selected Restricted Availability
Extended Docking Selected Restricted
Availability

Extended Selected Restricted Availability
Fragility and Criticality

frigate, guided missile

fiscal year

Future Years Defense Plan

General Dynamics NASSCO

Huntington Ingalls Industries-Newport
News Shipbuilding

littoralcombatship

landing helicopter assault (amphibious assault
ship)

XiX



xXx A Strategic Assessment of the Future of U.S. Navy Ship Maintenance

LHD

LPD

LSD
MCM
MHI
MSC
MSMO
MSRA
NAVSEA
NNSY
NSY
OPNAV
PB

PC
PHNS & IMF

PSNS & IMF

PNSY
RCOH
RMC
SRA
SSBN
SSN
SSGN
SWLIN
TFP
VAMOSC

landing helicopter dock (amphibious assault
ship)

amphibious transport dock (amphibious
landing ship)

dock landing ship (amphibious landing ship)
mine countermeasures ship

Marine Hydraulics International
Military Sealift Command

multi-ship multi-option (contract)
Master Ship Repair Agreement

Naval Sea Systems Command

Norfolk Naval Shipyard

naval shipyard

Office of the Chief of Naval Operations
President’s Budget

patrol ship

Pearl Harbor Naval Shipyard and
Intermediate Maintenance Facility

Puget Sound Naval Shipyard and
Intermediate Maintenance Facility
Portsmouth Naval Shipyard

refueling and complex overhaul

regional maintenance center

Selected Restricted Availability
nuclear-powered ballistic missilesubmarine
nuclear-powered fast-attack submarine
nuclear-powered cruise-missile submarine
Ship Work Line Item Number

technical foundation paper

Visibility and Management of Operations and
Support Costs



CHAPTER ONE

Introduction

The U.S. Navy’s ship inventory has experienced significant changes
over the previous three decades. The number of ships in the fleet
declined, from a total 454 active ships in 1993 to a low of 271 in
2015, shown in Figure 1.1. During this period, the composition of
the fleet also changed. The proportion of guided-missile destroy-
ers (DDGs) in the fleet increased while the proportion of cruisers
decreased. New classes of ships, such as the Freedom-class (LCS-1)
and Independence-class (LCS-2) littoral combat ships, the Virginia-
class (SSN-774) nuclear-powered fast-attack submarines, the San
Antonio-class (LPD17) amphibious landing ships, and the Ford-class
(CVN-78) nuclear powered-aircraft carriers were introduced. Other
classes of ships, such as the cruise missile submarines, were intro-
duced following conversion of the four oldest Ohio-class (SSBN-726)
nuclear-powered ballistic missile submarines. Other classes, such as
the Los Angeles-class (SSN-688) nuclear-powered fast-attack subma-
rine, began retiring. The maintenance and modernization industrial
base evolves to the numbers and types of platforms in the fleet at any
time. Therefore, industrial base is linked to some degree to the Navy’s
Long-Range Shipbuilding (and decommissioning) Plan.

The shipbuilding and industrial base to support these ships has
also changed. As the fleet has declined, so has the number of mainte-
nance providers. In 1993, the U.S. Navy had eight public shipyards.!
At the conclusion of the Cold War, the U.S. Department of Defense

1 These were Puget Sound Naval Shipyard, Portsmouth Naval Shipyard, Norfolk Naval
Shipyard, Pear] Harbor Naval Shipyard, Charleston Naval Shipyard, Mare Island Naval



2 A Strategic Assessment of the Future of U.S. Navy Ship Maintenance

Figure 1.1
Total Number of Active Ships in the U.S. Navy from 1993 to 2016
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SOURCE: Annual expenditure calculations from the Navy Center for Cost Analysis’s
Navy Visibility and Management of Operating and Support (VAMOSC) database, fiscal
years (FYs) 1993-2016.

RAND RR1951-1.1

determined that the existing capacity was in excess of need and thus
proceeded to close several public shipyards. Closures focused primarily
onthose shipyards supporting nonnuclear platforms butincluded one
shipyard that conducted nuclear submarine repair and overhaul. Today
there are four public shipyards: Norfolk Naval Shipyard (NNSY),
Portsmouth Naval Shipyard (PNSY), Pearl Harbor Naval Shipyard
and Intermediate Maintenance Facility (PHNS & IMF), and Puget
Sound Naval Shipyard and Intermediate Maintenance Facility (PSNS

Shipyard, Philadelphia Naval Shipyard, and Long Beach Naval Shipyard. See Shipbuilding
History, “Public Shipyards,” web page, undated.
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& IMF). These naval shipyards (NSYs) are almost exclusively focused
on supporting nuclear-powered aircraft carriers and submarines. The
work conducted at the public shipyards that once also maintained
surface ships has largely transitioned to the private-sector providers,
including shipbuilders. While there is no single authoritative histori-
cal record of the number of ship repairand modernization providersin
the privatesector throughout this period, observations of the history of
some of the current providers reveal extensive change in the provider
base and consolidation within the industry.>
In the next 30 years, other significant changes to the fleet compo-
sitionand the maintenance requirements of the fleet arelikely to occur.
These are detailed by the Navy’s Long-Range Shipbuilding Plan.? As
wediscussin Chapter Two, the demand for maintenanceis expected to
increase. There will be an increased number of LCSs, which have dis-
tinctly differentmaintenancerequirementsfromotherplatformsinthe
fleet. There are now more-complex warships to maintain, such as the
Zumwalt-class (DDG-1000) destroyers and the Virginia-class (SSN-
774) nuclear submarines, as well as near-term periods where a large
number of midlife availabilities for the Arleigh Burke—class (DDG-51)
destroyers will occur. Unlike in the past, new classes of attack subma-
rines and ballistic missile submarines will no longer require nuclear
refueling. Total force-level inventories have declined over time; how-
ever, there are current proposals that may drive fleet-inventory increases
The Navy can, to some degree, control the capacity of the public
shipyards by increasing the workforce to ensure that the necessary work-
load canbe executed. The private sector, however, requires some confi-
denceina business-base workload and financial incentive to maintain
and developnew capacity tomeet thefuturerepairand modernization
needs of the Navy. To ensure that the private-sector industrial base is
available and capable to support the Navy’s future maintenance and
modernization requirements, the Navy must assess the future main-
tenance needs and develop a more strategic approach to guaranteeing

2 Wediscuss the consolidation of the industry in Chapter Three.

3 Officeofthe Chiefof Naval Operations, Reportto Congresson the Annual Long-Range Plan
for Construction of Naval Vessels for Fiscal Year 2017, Washington, D.C., July 2016.
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that the necessary capabilities, including facilities, engineers, and trade
labor, are available.

Approach and Methodology

The RAND National Defense Research Institute worked closely with
the various Navy and private-sector organizations involved with the
materiel support of ships in service. These included the Naval Sea Sys-
tems Command (NAVSEA), various program executive offices, U.S.
Fleet Forces Command, NSYs, Navy maintenance and modernization
managers, private-sector maintenance providers, and local and national
ship repair associations.

To assist the Commander, NAVSEA, we pursued four primary
tasks:

+ Estimate future workload demands: For the projection of
demand, we used the Navy’s 30-year ship-building plan and
matched this to the class maintenance plans (CMPs) or the tech-
nical foundation papers (TEPs) for each of the ship classes. This
is held to be the planned level of maintenance required for the
lifetime of the force. Although CMPs provide only a schedule
of maintenance availabilities, TFPs are more detailed and break
maintenance demand to the Ship’s Work Line Item Number
(SWLIN) level, which allows a more detailed understanding
of demand components. SWLINs allow us to see not only the
amount of work being done but also additional detail about the
type of work, allowing us to understand future demand for ship-
yard capacity and labor.

- Historically, there has been a propensity for the Navy to defer
maintenance, with a resulting impact both on the current
workload and the amount of work that needs to be executed
across ship service lives. Therefore, we used historical trends
to project various scenarios of deferral to show the resulting
impact. Using differentassumptions onhow the Navy elects to
retire the backlog of deferred maintenance, we show how these
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scenarios result in different required maintenance levels over
the near and long term.

* Characterize the repair and modernization industrial base
capacity: Toestimate future resources for supply, we first con-
ducted asurvey of the current capacity in public-and private-
sector maintenance providers, looking at both key facility inven-
tories and labor. This task was conducted using historical trend
data, current data from maintenance providers, program offices
and planning activities, and interviews. To gain insight into pri-
vate-sector decisions, we used interviews with industry manage-
ment to better understand the incentives and disincentives for
making investment decisions. These interviews included the ship
repair associations and regional maintenance centers (RMCs)
in Hampton Roads, Puget Sound, Jacksonville, and San Diego,
as well as representatives from Huntington Ingalls Industries-
Newport News Shipbuilding (HII-NNS), Continental Maritime
of San Diego (CMSD), BAE, General Dynamics, Vigor Indus-
trial, Pacific Ship Repair, and Marine Hydraulics International
(MHI). These interview results are reported in Chapters Four
and Five.

+ Comparethesupplyandthedemandofresources: Using supply
and demand dataand findings, we were able to identify potential
misalignments. Wealso examined future workload demand and
theadequacy of current capacity to meet this demand. For key
facilities, we looked in detail at dry docks, matching availability
to the expected docking requirements in CMPs and TFPs. While
we could make some projections concerning expected future
labor force from the Bureau of Labor Statistics and other sources
to estimate capacity in public shipyards, the availability of labor
and infrastructure from private-sector providers would depend
primarily onchoices made by private, for-profitcompanies.

* Provide findings and recommendations.
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Study Limitations

Demand analyzed in this study is based partly on plans that the
Navy has developed and partly on projections based on history. First,
thereisaroutine mismatch between planand execution. Figure1.2
isdrawn from Navy budget exhibits on public-shipyard expenditures
and shows threeamounts: the originally submitted President’sBudget
(PB)amount; theamount actually budgeted for execution, as reflected
in the next year’s budget submission; and the actual amount executed.
Ineach case, the final executed amount showed growth over what was
originally planned, by anaverageofnearly 15percentand goingashigh
as 20 percent. This means that, in every year depicted, the Navy ulti-
mately added significantly to whatithad originally planned tospend.

The example given hereis for public shipyards, butsimilar trends
are presentin private shipyards. The history suggests that, whateveris
projected, thereality islikely to be higher. There are a variety of fac-
tors that drive this observed trend; these include the underestimation
of risk factors, productivity issues in the execution of activities and
among workforce, and operational orbudgetary factors that may drive
less optimal scheduling of the maintenance.

The analysis was informed by past RAND research on materiel
readiness and industrial base resources, as well as ongoing analyses that
havesynergies with the proposed research.*The results of the research
werehighly dependentontheavailability of dataand thecooperationof
industrial base companies. Although all private-sector companies were
available for discussions, few provided the data that were requested.

Whileshiprepairand modernizationaredistinctactivities, indus-
trial base assessments have grouped ship repair and productionintoa
single entity. This prevents us from using such materials as the Maritime
Administration Report on the U.S. Shipbuilding and Repair Industrial
Base to identify trends and capabilities only in the ship repair indus-

4 Gee, e.g., Jessie Riposo, Michael E. McMahon, James G. Kallimani, and Daniel Trem-
blay, Current and Future Challenges to Resourcing U.S. Navy Public Shipyards, Santa Monica,
Calif.: RAND Corporation, RR-1552-NAVY, 2017.



Figure 1.2

Mismatch Between Budget and Programming

FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015 FY 2016

PB 2016

PB 2015

PB 2014

PB 2013

+$0.7B
4,649,278
+$0.6B

PB 2012 4,358,562

+$0.6B

PB 2011 4,014,544 | 3,750,158

+$0.6B
PB 2010 3,877,000B,824,200 3,717,567

PB 2009 4,064,410 3,436,602 8,364,281

PB 2008 2,041,965 3,512,379 3,272,874

Increase 18% 19% 17%
(PB N+2 —PB N)
/PBN

+$0.5B
4,6524796 4,306,326 4,254,051

+$0.3B
4,303,650 8,859,893 4,4179,634

+$0.6B
4,408/748 4,031,345 4,126,121

4,027,134 | 4,031,365

3,842,485

15% 7% 13%

SOURCE: Author analysis of Department of the Navy, President’s budget estimates, Operations and Maintenance,

multiple years, FYs 2006—2016.

NOTE: The first number in each row represents the programmed amount two years before the PB was to be
executed; the second number is the amount submitted as the expected execution one year before the PB was to be
executed; the third number is the amount budgeted for execution in the actual year of the PB.

RAND RR1951-1.2
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try 5Thelabor halls and unions thatadvocate for the trades do not nec-
essarily track trades by sector, either. For example, the welders within
theunion may work ona variety of tasks outside U.S. Navy ship repair.
There are companies that execute both ship construction and
repair services. For these companies, the resources associated with
repair activities are notalways easy to separate. Resources canand do
move from one part of the company to the other,asneeded. Inad di-
tion, the production workload can affect the ability of the company to
provide repair services, when production is the primary line of busi-
ness. While we focus on the repair industrial base, it is not possible to
isolate the providers for either nuclear or nonnuclear, surface ship or
submarine, completely from the ship construction providers.

Organization of This Report

Theremainder of thisreportisorganized asfollows: Anoverview of the
demand for maintenance is provided in Chapter Two. The challenges
associated with predicting future requirements and the potential alter-
natives are discussed. Chapter Three presents an overview of the indus-
trial base that supports the U.S. Navy. Chapter Four discusses key
findings concerning private industry’s incentives and challenges in sup-
porting ship maintenance. Mismatches between supply and demand
are discussed in Chapter Five. Chapter Six discusses some potential
alternatives for mitigating the challenges identified in Chapter Four.

Twoappendixes support this study. Appendix A presents a look
attheshipbuildingand maintenance capabilities available throughout
the United States, as well as relevant details of individual shipyards.
Appendix B describes the way we converted Visibility and Manage-
ment of Operations and Support Costs (VAMOSC) data for use in
this study.

5 See Maritime Administration, “Shipyard Reports,” web page, undated.



CHAPTER TWO

The Future Demand for U.S. Navy Ship Repair

RAND has done a number of studies in the past four years on ship
maintenance, ranging from consideration of ship operational cycles,to
growthin surface ship maintenance requirements,?to public-shipyard
maintenance,*to reasons for the persistent increase in Navy ship depot
maintenance requirements. These wereall directed toward explaining
historically observed trends, trends that may be having and will con-
tinuetohaveanimpact, butwithafocustoward the pastrather than
the future. This study specifically looks toward the future.

The Elements of Demand

The Navy manages maintenance and modernization on all its ships
throughout each ship’s service life. The demand for maintenance ser-
vices depends on several factors, which we will examine in detail. The
tirstis, simply enough, the force structure. The Navy will maintain
some number of aircraft carriers, submarines, surface combatants,

1 Roland J. Yardley, John F. Schank, James G. Kallimani, Raj Raman, and Clifford A.
Grammich, A Methodology for Estimating the Effect of Aircraft Carrier Operational Cycles on
the Maintenance Industrial Base, Santa Monica, Calif.: RAND Corporation, TR-480-NAVY,
2007.

I Robert W. Button, Bradley Martin, Jerry M. Sollinger, and Abraham Tidwell, Assessment
of Surface Ship Maintenance Requirements, Santa Monica, Calif.: RAND Corporation, RR-
1155-NAVY, 2015.

3 Riposo et al., 2017.
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amphibious ships, and auxiliaries intended to satisfy presence and war-
fighting requirements. All are built with an expected service life; all
will require maintenance and modernization throughout their service
lives. The second componentis whatactually mustbeaccomplished on
these ships and submarines to reach service life. These are captured in
documents developed by NAVSEA, including TFPs and CMPs. These
two types of documents describe the work required at different stages
of a ship’s life, including periods requiring dry-docking and major
modernizations. These plans are tailored to the individual platforms
to support unique platforms and installed systems maintenance and
certification requirements.

The 30-Year Shipbuilding Plan Defines Future Force Structure

To help communicate future shipbuilding needs with the industrial
base and Congress, the Navy produces anannual report, Report to Con-
gress on the Annual Long-Range Plan of Construction of Naval Vessels.*
Thisreport describes the force structure necessary to “fulfill the Navy’s
essential combat missions at an acceptable level of risk.”>Also pre-
sented is a 30-year construction plan that identifies the numbers and
types of ships that the Navy intends to buy each year to achieve force
structure goals. In addition to platform build plans, the report depicts
the planned ship and submarine decommissionings. Table 2.1 shows
the expected annual build rate for different ship classes.

The build plan and platform decommissionings result in a force
structure depicted in Figure 2.1. Based on the most-recent Navy plans,
the futureforce structurereflectsanincreasingly largenumber of small
surface combatants over time. In general, however, the current plan
does not show significant changes in force structure, with new units
replacingold onesand numbersremaininginanarrow rangeovertime.
This does not take into account the Navy’s current assessment that it,
in fact, requires a larger force structure to meet its projected missions.

*  Thereportis prepared eachFY by the Office of the Chief of Naval Operations (OPNAV),
Deputy Chief of Naval Operations (Integration of Capabilities and Resources). See Office of
the Chief of Naval Operations, 2016, for an example.

5 Office of the Chief of Naval Operations, 2016, p. 3.



Table 2.1

Annual New Construction Plan

Ship Class

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Aircraft carrier

Large surface combatant
Small surface combatant
Attack submarine

Ballistic missile submarine
Amphibious warfare ship
Combat logistics force
Support vessel

Total new construction plan

2 2
3 3
2 2
1 1
1

2
9 10

10

10

11

13

12

10
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Table 2.1—Continued

Ship Class 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Aircraft carrier 1 1 1

Large surface combatant 2 2 2 2 2 2 2 3 3 3 2 2
Small surface combatant 1 1 1 2 2 2 3 4 4 4 3
Attack submarine 1 1 1 1 1 2 2 2 2 1 2 2
Ballistic missile submarine 1 1 1 1 1

Amphibious warfare ship 1 1 1 2 1
Combat logistics force 1 1 1 1 2
Support vessel 2 2 2 1

Total new construction plan 8 9 9 6 6 7 6 9 9 10 10 10

SOURCE: OPNAYV, 2016.
NOTE: Blank cells = nothing delivered that year.
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Figure 2.1
Future Naval Ship Force Structure
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SOURCES: OPNAYV, 2016; NAVSEA, Surface Maintenance Engineering Planning
Program Class Depot Maintenance Technical Foundation Paper, Washington, D.C.,
various years and for different classes.

RAND RR1951-2.1

Such an expansion, in the near term, would require both additional
new ships and the retention of older ones, involving work to extend
the service lives of some platforms. Both would add to maintenance
demand beyond the current plan. It should be noted that substantial
work is generated in decommissioning of ships, especially for nuclear-
powered vessels.

Toensure the highest operating capabilities, ships require both a
preplanned defined amount of maintenance during their service lives
and necessary but variable condition-based maintenance. The life-cycle
planthenisbased, with varying degrees of formality, onanassessment
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of technical requirements, which takes into account the ship’s design,
its operating environment, key systems, and its mission. For some ship
classes, a complete TFP has been generated to capture maintenance
needed at every juncture in a ship’s life. These TFPs are developed
by the life-cycle platform managers with the technical warrant hold-
ersand planning activities within NAVSEA and represent a systematic
efforttocodify theactual workneeded toensure thatshipsare operable
intheshorttermandreachservicelifein thelongterm. TFPsinclude
periods of dry-docking, as well as a factor for aging and a factor for
modernization.t The resultant maintenance work in the TFP is sched-
uled intoa planwith dedicated ship availabilities at phased intervalsin
the service life, some involving dry-docking the ship for hull, tank, and
other work with longer durations and other availabilities without a dry-
docking. As an example, Figure 2.2 shows the maintenance required
by the Arleigh Burke-class (DDG-51) Flight I and II TEPs. The hori-
zontal axis shows the intervals of major availabilities in the phased ser-
vicelife, and the vertical axis shows the notional man-days in the plan
for each interval.

As can be seen in Figure 2.2, the total work for an individual
DDG-51is phased to different points in the ship’s life, with a large
proportion of the work occurring in the midlife maintenance period.
Within each availability, a TFP may specify the type of work required
and the time required within each. This is noted by the SWLIN.
Figure 2.3 shows an example from the DDG-51 TFP of man-days
divided by the SWLIN in particular availabilities. The figure shows
that in SRA 3-1 and 3-2, SWLIN codes 1X (hull structure) through
8X (services), a certain number of days would be planned through the
long-range maintenance system (LRMS) and then adjusted for aging
and modernization alterations to arrive at a number of man-days for
each SWLIN.

Although TFPs are authoritative in that they describe the main-
tenance basis, they are not the sole determinants of what work will

6 NAVSEA, Technical Foundation Paper for DDG 51 Class, Washington, D.C., 2012b;
NAVSEA, Surface Maintenance Engineering Planning Program LPD 17 Class Technical Foun-
dation Paper, Washington, D.C., May 23,2012a.
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Figure 2.2
DDG-51 Work Distribution in the TFP
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SOURCE: NAVSEA, 2012b.

NOTES: The parentheses indicate months into the ship’s service life. CNO = Chief of
Naval Operations; SRA = Selected Restricted Availability; DSRA = Docking Selected
Restricted Availability; ESRA = Extended Selected Restricted Availability; EDSRA =
Extended Docking Selected Restricted Availability.

RAND RR1951-2.2

be completed in an availability. The actual condition of the ship may
drive greater or lesser degrees of maintenance to be performed ina
given availability, as may available funding. However, it is reasonable
to treat TFPs as reliable planning guides for scheduling and the com-
plete maintenance requirement thatlooks toward future maintenance
workloads for planning purposes, with the caveat that the projected
work may be somewhat higher. For purposes of analysis, we assumed
that work required, but not done when scheduled by the TEP, will
eventually require completion and remains in the overall maintenance
demand. We will examine the possible impacts of deferral on mainte-
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Figure 2.3
SWLIN Distribution in Representative DDG-51 Availabilities

SRA 3-1 100 200 300 400 500 600 700 800 | Totals

LRMS
notional 646 | 1,073 | 371 | 2,698 | 2,162 | 2,032 | 301 | 2,908 | 12,191
TEP total 791 | 1,528 | 405 | 2,945 | 2,382 | 2,227 | 327 | 3,141 13,745

SRA 3-2 100 200 300 400 500 600 700 800 | Totals

LRMS
notional 1,807 | 1,073 | 364 | 2,888 | 2,249 | 2,032 | 1,424 | 4,323 | 16,160
TFP total 2,144 | 1,528 | 397 | 3,151 | 2,465 | 2,225 | 1,541 | 4,669 |18,118

SOURCE: NAVSEA, 2012b.

NOTES: These numbers represent only two availabilities out of several in the
DDG-51’s service life. Numbers are rounded for display purposes and might not add
to displayed totals. The TFP total includes LRMS, aging, and alterations. The SWLIN
series refer to the following: 100 series = hull structure; 200 series = propulsion; 300
series = electrical plant; 400 series = command surveillance; 500 series = auxiliary
systems; 600 series = outfitting and furnishing; 700 series = armaments; 800 series =
assembly and support.

RAND RR1951-2.3

nance demand later in this chapter, but we begin with the assumption
that maintenance — deferred and otherwise — remains arequirement.
While not every ship has a TFP, all operate within a CMP that
allows for forecasting the required maintenance and required resources
for each ship across a number of years. For ship classes with a TEP, the
TFPisused asthe CMP. For those withouta TFP, less detailed CMPs
aredeveloped. These are formulated at the delivery of ship classesand
are updated periodically as more is understood about ship mainte-
nance requirements. Figure 2.4 is an example of CMP workload, in
this case for the Virginia-class (SSN-774) submarine. This particular
workload is noteworthy because the plan itself changed significantly —
nearly doubling in overall requirement from the time of the lead ship’s
delivery. Although the plan has continued to evolve, with only minor
changes since the large increases in 2008 and 2009, this jump would
create great uncertainty in workload planning for the shipyards that
provide life-cycle maintenance and the sponsors that provide main-
tenance resources. The maintenance costs were poorly understood or
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possibly understated during the acquisition process, with a large impact
on future resource management.

Figure 2.4 shows that the original plan (2004-2008) called for
eight smaller maintenance periods, for a total of roughly 450,000 man-
days across the life of each SSN-774. Following the rebaselining in
2009, four larger maintenance periods were planned, totaling more
800,000 man-days of maintenance over the life of a single SSN-774.

Deferral Trends

Every trend discussed so farisnotional and based onclass plans. In
reality, the Navy frequently elects to defer maintenance — that is, not
perform it at the scheduled time, usually with the intention of per-
forming it later. This is generally not done for submarine maintenance
related to diving safety or to components in nuclear power plants and

Figure 2.4
Virginia-Class (SSN-774) Maintenance Plan
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OPNAVNOTE 4700, Washington, D.C., 2004—-2016.

NOTE: DMP = depot modernization period.
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auxiliaries. Itis routinely done for a variety of reasons in surface com-
batants and amphibious ships. Indeed, historical programming guid-
ance has routinely resourced only 80 percent of the annual mainte-
nance requirement for surface ships.”

Whennecessary work, modernization, or availability is deferred,
other availability schedules are affected. This may lead to larger out-
year requirements. Figures 2.5 and 2.6 show, historically, the gap
between maintenance required in TFPs for DDG-51 and the CMP
tor Ticonderoga-class (CG-47) guided-missile cruisers. In the case
of DDG-51, from 2003 to 2010, the prescribed maintenance falls
behind the maintenance actually performed, as reflected in the Navy

Figure 2.5
DDG-51 Performed Versus TFP-Directed Maintenance
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7 Phillip Balisle, Final Report: Fleet Review Panel of Surface Ship Readiness, U.S. Fleet Forces
Command and U.S. Pacific Fleet, February 26, 2010.
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Figure 2.6
CG-47 Performed Versus CMP-Directed Maintenance
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SOURCES: Office of the Chief of Naval Operations, 2014; annual expenditure
calculations from the Navy Center for Cost Analysis’s VAMOSC database, FYs 1987—
2014.

NOTE: The CG-47 expenditure in man-days is labeled estimated because VAMOSC data
are in dollars and a conversion factor was used to calculate maintenance man-days.
RAND RR1951-2.6

VAMOSC data, with FY 2018 dollars converted to man-days.®Since
2011, this relationship has reversed, and work actually performed has
been essentially equivalent to, or somewhat higher than, what the
TFP would direct.

In the case of the CG-47, from 2003 to 2009, the gap between
what the CMP directed and what was actually accomplished is dra-
matic: In some cases, less than a quarter of what was scheduled to
be accomplished was actually performed. This was reversed in 2011,
for at least two years, with the performed maintenance exceeding the

8 See Appendix B fora description of how VAMOSC data were converted for use in this
study.
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annually directed maintenance. There are several possible explanations
for this. One is that the future of the class was not determined until
recently, with a presumption of and, to a degree, preference for decom-
missioning the ships as they approached expected service life. One
possible explanation for the change in maintenance executed was the
Navy’s reaction to a 2010 report, a Fleet Review Panel effort that criti-
cized the surface-ship Navy for poor material condition and mainte-
nance deferral.?Cruisers, in particular, were shown to have poor levels
of material readiness, evidenced by poor inspection performance and
difficulty meeting operational commitments. In any case, Congress
has consistently resisted decommissioning these shipsand, infact, has
directed that the ships be kept in commission and modernized. The
addition of this substantial volume of maintenance to reset the CG-47
material conditionand modernize the ships reflects a decision to retain
the hulls for a longer service life; this substantial maintenance will
overlay the planned fleet maintenance. The execution of this work will
likely be a national effort that will involve the shipbuilding base, given
the scope of the effort.

Maintenance Funding Across the Future Years Defense Plan

Given previous occasions where less maintenance was performed than
required, an examination of a five-year period in the current Future
Years Defense Plan (FYDP) yields the somewhat surprising finding
that programmed and budgeted maintenance actually exceeds what
the CMP or the TFP would have dictated (Figure 2.7)."°The profile
is apparent in both public and private shipyards (Figure 2.8) and is in
some cases significant. What remains to be seen is whether the indus-
trial capacity exists to accomplish this funding profile. Certainly, there
needs to be flexibility for the Navy to assign this work outside home-
ports, when possible, and use the full range of naval shipyards, private
repair providers, and shipbuilder resources.

9 Balisle, 2010.
D Gee Department of the Navy, budget materials for fiscal year 2018, web page, undated.

I Performing work outside homeports would require changes in personnel management
policy and practice.
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Figure 2.7
Difference Between CMP and Actual Budgeted Man-Days
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SOURCES: Office of the Chief of Naval Operations, 2014; Department of the Navy,
2017.
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This mismatch may reflect the previously noted historical gap
between programmed and executed funding. However, the gap goes
beyond what is in the budget versus what is in the program objective
memorandum to depicting a difference between the technical require-
ment and the level of maintenance effort that fleets and NAVSEA
expect to carry out. This could possibly reflect a commitment by the
Navy to recover maintenance as a result of earlier deferrals; the Navy
has officially committed to investment in material wholeness.”? That
action would be areversal of previous and persistent trends.

2 BillMoran, Adm., Vice Chief of Naval Operations, testimony before theSenate Armed
Services Committee, February 8, 2017.
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Figure 2.8
Difference Between CMPs and Programmed Levels in Private- and Public-
Shipyard Availabilities

M Total budgeted man-days (private) M Class maintenance plan (private)
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SOURCES: Office of the Chief of Naval Operations, 2014; Department of the Navy,
2017.
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Resulting Demand Trends If the Plans Are Executed Without
Deviation

If the Navy executesits 30-year shipbuilding plan, including the stated
ship decommissioning plan and completed maintenance as specified
in CMPs, there will be periods of high and low demand, with a varia-
tion of approximately a million man-days of maintenance every year."
Figure 2.9 shows the expected annual changes for future workload,
based on fleet inventory by type of platform and the prescribed man-
daysof maintenance in the TFP or other planning information. This
omits carrier refueling complex overhauls (RCOHs), which are con-
ducted only at HII-NNSusing, largely, shipbuilderlaboras opposed to

B Office of the Chief of Naval Operations, 2016.
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Figure 2.9
Planned Maintenance Workloads
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SOURCES: Office of the Chief of Naval Operations, 2014; Office of the Chief of Naval
Operations, 2016.
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amaintenanceata NSY orand private-sector repair facility. According
to 1B4B depot maintenance account funding data, all maintenance
conducted on surface ships and half of the nonnuclear maintenance
conducted on aircraft carriers are conducted in private shipyards.'
Figure 2.9 shows private-shipyard maintenance as relatively stable
across time overall (but with large variations at the port level, to be
discussed later), with the larger perturbations of overall being due to
variations in public-sector workload. The impact of these variations
is significant in both sectors because the total variation in the public-

¥ The Navy resources maintenance and repair via a ship depot maintenance account —
budget code 1B4B (Budget Activity: 1 Operating Forces, Activity Group: B Ship Operations,
Detail by sub-activity:4BShip Maintenance);see DepartmentoftheNavy, FYs2000-2018.



24 A Strategic Assessment of the Future of U.S. Navy Ship Maintenance

sector NSYs, for example, is spread across only four shipyards, while
the variation is spread across more providers in the private sector but
primarily only in four homeports.’s

Labor Force Demands in the Private Sector

TEPs specify not only a totalnumber of expected man-days butalso
the man-days expected within particular maintenance areas, as speci-
fied in SWLINs. Figure 2.10shows a future distribution of SWLINs
in private-shipyard availabilities projected by fleet composition in the
Long-Range Shipbuilding Plans and using the TEPs. The distribution
does not vary significantly across time. The types of work needed, by
SWLIN, in 2016 are very similar to the types of work required decades
later, as predicted by the TFPs and maintenance plans. Thisisnotto
say that the assignment or execution of the work will not change; it
does suggest that persistent factors, such as corrosion, complex inter-
faces, and distributed systems, will remain the same and that the labor
trades required today will likely be required far into the future.

Results When Scheduled Maintenance Is Deferred

Wenow shiftfrom presenting plans orexecuted history toapplying his-
torical trends to future projection. The maintenance demands that we
expect if the 30-year shipbuilding plan is executed as planned are pre-
dictable and, while cyclical, appear to be manageable. However, as we
have seen, for at least some ship classes, there is a widespread practice
of deferring maintenance. Itis important to assess the impact that this
practice might have if deferral trends are continued. Not all deferred
maintained will necessarily berecovered. Decks thatare not preserved
arenot preserved twice in subsequent availabilities. The corrosion and
damage may have become more extensive, but work notaccomplished
in one availability is more likely to be spread across the life of the ship

B This does not include the decommissioning and disposal expenses associated with
CVN-68 decommissioning. Seven of these will occur in the 30-year shipbuilding plan time
frame. These occur at five-year intervals, although there may be variations in execution. In
the case of CVN-65, the work was done by the builder’s yard, and itappears that the major
impact on the maintenance industrial base will be an additional impediment on using build-
er’s yards for ship maintenance.
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Figure 2.10
Private-Sector Equipment Distribution
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rather than simply added to the next. However, it generally is true that
the same work accomplished later will be expensive, if only because of
unaddressed problems leading to unknown growth. The Navy itself
applies a 6 percent annual “fester factor” to deferred work.1¢
Toexplore the possible impacts of deferrals, we looked at the his-
torical deferral figures for the DDG-51. We considered the DDG class
forseveral reasons. First, itis themostnumerous ship classin the Navy,

b “Burke: $2 Billion Backlo g in Surface Ship Maintenance Hard to Dig Out Of,”
InsideDefense.com, March 22, 2013.
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with a wide temporal spread between the oldest and the newest ships.
Second, it has an approved TFP, which specifies the amount of main-
tenance that should have occurred on an annual basis.'” As we have
seen, there isa mismatch thatindicates thatless was actually done than
called for in the TFP. The differences between what the TFP called
for and the maintenance actually performed we defined as deferred.
We then used these historically observed rates to make projections
about how deferral might affect the entire Navy if the deferral rates
are similar.
Figures 2.11 through 2.13 contain the same basic items. These are

* scheduled days: amount of maintenance that should be performed
based on CMPs

* historical deferred days: amount of deferred maintenance from
before 2018 that needs to be performed

* projected deferred days: amount of maintenance thatis expected
tobedeferred fromthe scheduled days, based onhistorical trends

* delayed deferred days: amount of extra maintenance that would
berequired if deferred maintenance is not performed onaregular
schedule.

In each of these cases, we applied an annual 6 percent growth rate on
the unaccomplished maintenance.

Figure 2.11 shows the annual additions to required ship main-
tenance under the following deferral conditions: the current known
deferral is carried forward; the Navy defers some additional mainte-
nance each year, as it has historically done; and each year the Navy
tries to retire some deferments from the previous year. Toparaphrase,
the Navy does not necessarily accomplish the maintenance called for
in the TFPs and the CMPs but persistently attempts to retire the main-
tenance backlog. When done, there is an annual 15-20 percent dif-
ference between what the TFP or the CMP would have directed and
the amount of maintenance actually required with deferral taken into
account.

7 NAVSEA, 2012b.
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Figure 2.11
Added Maintenance with Regular Recovery of Deferred Maintenance
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However, the pattern of deferral might suggest that, rather thana
regular effort torecoverlost days, the Navy recovers maintenance over
time. Figure 2.12 depicts the results when the Navy allows deferred
maintenance to grow for an additional five years before attempting to
retireit. Since this would amount, essentially, to funding maintenance
to no more than previously required levels through the FYDP, this is
not implausible under various fiscal circumstances. Here, the differ-
ence between scheduled and required maintenance is 20-40 percent
annually, suggesting a large long-term cost for this behavior.

The case of the CG-47 suggests that even longer-term deferrals
may occur, which we need to examine. Figure 2.13 shows the impact
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Figure 2.12
Added Maintenance with Five-Year Deferral of Maintenance Backlogs
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if the deferral is aslong as ten years before the backlog is addressed. In
this case, the out-year impact is dramatic, with the deferred mainte-
nance at times reaching half the scheduled amount. It is worth noting
that the impact actually resembles the mismatch between the previ-
ously programmed and executed budged amounts discussed earlier in
the chapter.

Taken together, these three cases demonstrate that deferral of
maintenance because of funding or schedule, or any reason other than
clear identification that material condition justifies the foregoing of
some maintenance, results in significantimpacts on therequired levels
in the out-years.
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Figure 2.13
Added Maintenance with Ten-Year Deferral of Maintenance Backlogs.
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Operations, 2014) and the Navy RMC’s Navy Maintenance Database.
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Maintenance Demand Conclusions
If the 30-year shipbuilding planis executed as planned and if the Navy
makes a consistent effort to comply with its CMPs, long-range, future
maintenance workload, based on the current Long-Range Shipbuild-
ing Plan for fleet inventory, will remain at least at current levels, with
historical trends suggesting that higher maintenance levels are likely.
This projection applies in both the public and the private sectors.
The type of workload (and, hence, the labor skills expected to be
required) is also not likely to change, with the distribution by SWLIN
appearing consistent in the decades to come. Given that the operating
requirements of ships and submarines will not change significantly and
the nature of naval ship design and construction, thisis notsurpris-
ing. Thisindicates that trade-labor demand by skill will continue to
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require similar skills to current trades and also new skills to maintain
fiber optics systems, photonics, control system software, and power
electronics. Demands for facilities —in particular, dry docks —will be
significant and, at times, overstress available dry docks by port, but
the dry-dock demand may be accomplished by allowing coast-wide
bidding for dry-dock availabilities. Our analysis indicates that the dry
dock demand predicted currently for the LCS-1and LCS-2, when ana-
lyzed by homeport, is not executable within available facilities.

Deferral of maintenance actions will complicate the management
of maintenance demands. Deferrals occur for a variety of reasons —
including funding shortfalls, scheduling demands, and capacity
shortfalls —and it is unrealistic to simply insist that deferrals not
occur. However, itis important to understand the impact. Our his-
torical data show that the Navy has a tendency to defer maintenance
on the two classes of surface ships examined (DDG-51 and CG-47).
Our analysis of the FYDP shows, conversely, that the Navy is plan-
ning to spend more than what the technical requirements would have
dictated. Our modelsindicate that this is likely due to an attempt to
recover lost maintenance and that the impact on out-year require-
ments gets more severe the longer the maintenance is deferred. Ata
minimum, if maintenance is to be deferred, there should be a con-
scious effort to retire the deferrals on a consistent basis.

The Navy largely manages demand separately along public-
and private-sector providers by platform, even though the support-
ing funded account, the 1B4B depot maintenance account, is a single
account. This approach may need to shift to better use private-sector
capacity and expertise to support the NSYs regionally in some areas,
such as submarine tank preservation and nonnuclear carrier work in
large modernization alterations — for example, to permit the NSYs to
focus on core workload that might not be supported externally. This
may be an essential focus area if planned fleet-force structure com-
mences generating more demand from the shipbuilders that currently
augment the ship repair providers, as well as in the midterm, when
additional platforms might be delivered.

In the next chapter, we describe the available capability and
capacity for meeting these maintenance demands. There is evidence
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thatpublicshipyards donothave sufficient capacity to effectively meet
the demand fornuclear submarine availabilities. Indeed, the Navy has
elected to not induct at least one submarine into availability, leaving
it unable to operate as a submarine, because of insufficient capacity
in public shipyards to accomplish the maintenance.'® While there is
certainly some logic to deferring induction when there simply is not
capacity for accomplishing the maintenance, this amounts to a multi-
year deferral — the consequence of whichmay be the growthinrequire-
ments presented earlier in the chapter.

B Megan Eckstein, “Ingalls Shipbuilding Launches First Ship Since Destroyer Program
Restart,” U.S. Naval Institute News, March 30,2015.






CHAPTER THREE

The U.S. Navy Ship Maintenance Industrial Base

The U.S. Navy ship maintenance industrial base consists of a number
of both public and private providers. The public sector is primarily
focused on providing maintenance services to nuclear-powered ships,
while the privatesectoris primarily focused on providing maintenance
services to nonnuclear ships — the exceptions are HII-NNS, which
performs RCOH of nuclear aircraft carriers, as well as maintenance
services on nuclear submarines, and General Dynamics Electric Boat,
which provides maintenance services to nuclear submarines.

The Department of the Navy has alarge degree of control over
the capabilities that are currently and will be provided by the public
sector. The Navy determines the mission and function of the NSYs
and support organizations. The Navy also establishes the composition
and level of workforce required to accomplish the organizations’ mis-
sionsand identifies and makes the investments required to ensure that
the necessary capabilities are provided. The Navy hasless control over
the capabilities that will be provided by the private sector. The private
sector responds to market forces, which, in some cases, the Navy can
influence.

This chapter discusses the capabilities currently offered by the ship
repair industrial base and identifies trends in the industrial base that
may shape how the Navy can affect the industrial base of the future.
Readers interested in the capabilities available in regions throughout
the United States or in individual shipyards should refer to our fuller
descriptions in Appendix A.

33
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Defining the Maintenance Industrial Base

The Navy ship maintenance industrial base consists of the compa-
nies, organizations, people, materials, processes, and facilities required
to ensure that Navy ships reach their expected service lives and can
perform their required missions. Here, we focus on identifying and
describing the shipyards thatcurrently support Navy warships. While
other providers and suppliers are of equal importance to the United
States” ability to maintain naval ships, the capacity of the industrial
base is most limited by the number of heavily facilitated shipyards.
Industry representatives emphasized the significant barriers to entry
fornew companies, such as obtaining necessary licensing and environ-
mental clearances.

Public Shipyards

The Navy owns and operates four public shipyards. The four NSYs
conduct maintenance primarily on nuclear-powered ships, including
aircraft carriers, fast-attack submarines, guided missile submarines,
and ballistic missile submarines. The four public shipyards are located
in different locations around the country:

* PNSY, in Kittery, Maine

* NNSY, in Portsmouth, Virginia

* PSNS & IMF. in Bremerton, Washington
+ PHNS, outside Honolulu, Hawaii.

While the last two NSYs are configured with a regional role and with
an integrated intermediate maintenance facility command structure,
allfour NSYs conduct a substantial volume of maintenance away from
the main shipyard to support the execution of work at vessels” home-
ports, for emergent work; to augment other NSY workforces, and to
conduct maintenance on forward-positioned naval forces overseas.
Figure 3.1 shows the locations of the four shipyards, as well as the
many locations that each shipyard supports around the world.
Theseshipyards perform the most-complex maintenance that the
Navy requires, including most depot-level and some intermediate-level
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Figure 3.1
Public Shipyard and Support Locations
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life-cycle maintenance and modernization of SSBNs, SSGNs, SSNs,
and CVNs. The shipyards also perform refueling of SSNs and SSBNs;
life-cycle sustainment, refueling, and conversion of moored training
ships (MTSs), which currently are all former SSBNS, although the next
MTSs to be converted will be retired SSNs; and inactivation, reactor
compartment disposal, recycling (IRR) of SSNs, SSBNs,and CVNs.
The shipyards are also home to regional repair centers, which provide
planning yard functions, intermediate-level maintenance on equip-
ment, maintenance of key national security infrastructure, and systems
maintenance and modernization for special projects.!

1 Key infrastructure vital to national security is embedded and maintained at the four
Navy public shipyards. These facilities include the only government-owned dry docks capa-
bleof dockinganuclear aircraftcarrierand certified for docking nuclear carriers and sub-
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The NSY mission has evolved and expanded in the past decade.
The shipyards are now responsible for managing and executing with
broad regional maintenance responsibilities.2This means that the
shipyards are now responsible for not only the work occurring within
their gates but also any maintenance work occurring within the same
region at other privately owned shipyards. They provide management
and oversight of work that is contracted out to the private sector.>This
burden generates increased manpowerdemand.

In addition to the public shipyards, the Navy also performs voyage
repairs at sites around the world. These include Bahrain; Groton, Con-
necticut; Guam; Jacksonville, Florida; and Yokosuka and Sasebo,
Japan. Currently, the four public depots provide a significant amount
of specialized skills and manpower to these sites. Work performed at
these sites is limited by current government regulations and site-spe-
cific infrastructure.

marines. Additionally, the NSYs have deep-water berths, piers, and wharfs for Navy ships
and submarines and large gantry and portal cranes certified for nuclear maintenance. The
four shipyards also contain unique machine-shop plantequipment and facilities required for
maintenance of the Navy’s capital vessels.

2 Two of the shipyards — PSNS & IMF and PHNS & IMF — have integrated the regional
maintenance activities. At Puget Sound, the intermediate maintenance facility at Naval Sub-
marine Base Bangor and intermediate maintenance activity at Naval Station Everett were
integrated fully into the naval shipyard in 2002. The Bangor facility performed maintenance
and modernization on Ohio-class SSBNs, and the Everettactivity performed I-level main-
tenance on homeported surface ships at Naval Station Everett. The Puget Sound and Pearl
Harbor shipyards now include a larger, fully integrated regional fleet maintenance and mod-
ernization execution and oversight role, in addition to oversight and contracting of private-
sector work within shipyard-led availabilities.

3 The Navy’s public shipyards are designated as lead maintenance activities for the fleet

maintenance availabilities that they plan and perform. As such, the shipyards are responsible
to thefleet, via the type commander and NAVSEA, for final certification of work comple-
tion for all maintenance performed. This includes private-sector work performed in these
availabilities, which requires the Navy shipyards to integrate all work into an executable and
safe overall plan and to maintain oversight of work process controls. Additionally, the two
shipyards that have integrated regional intermediate maintenance facilities into the shipyard
(Puget Sound and Pear] Harbor) have a contracting role in overseeing work performed by
the private sector under multi-ship, multi-option (MSMO) contracts, and other contracting
vehicles.
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Private Shipyards

In 2015, the Maritime Administration reported: “Currently there are
124 shipyardsin the United States, spread across 26 states|,| thatare
classified as active shipbuilders. In addition, there are more than 200
shipyards engaged in ship repairs or capable of building ships but
not actively engaged in shipbuilding.”*The industry employs nearly
110,000 people.

Of those shipyards, only a few meet the standards to support the
Navy. The Navy is currently going through the process to update the
list of providers that have an Agreement for Boat Repair (ABR) or a
Master Ship Repair Agreement (MSRA). The MSRA is given to ship-
yards that the Navy has identified as having “technical and facilities
characteristics which a ship/boat repair contractor must possess and
maintain to ensure that the repair effort on a naval vessel is accom-
plished satisfactorily.”>The ABR is given to companies that “demon-
strate managerial capabilities to schedule and to control boat/craft
repairs. ... Specifically, an ABR holder must have the management,
production, organization and facilities to accomplish the scope of work
defined by MSRA.”¢

Inlieu of a master list of MSRA-and ABR-certified shipyards,
the study team pursued other means toidentify private shipyards. The
study team searched contract archives for ship repair contracts.” The
team then compared the archives with whatis advertised on company
websites (some identify their certifications). The Navy Data Environ-
ment, which records data on the completion of availabilities, was used
to cross-check the list of providers identified in contracts. Finally,

4 Maritime Administration, The Economic Importance of the U.S. Shipbuilding and Repair-
ing Industry, Washington, D.C., November 2015.

5 Commander, Navy Regional Maintenance Center (CNRMC), Master Agreement for
Repair and Alteration of Vessels; Master Ship Repair Agreement (MSRA) and Agreement for
Boat Repair (ABR), CNRMC Instruction 4280.1, Norfolk, Va.: Department of the Navy,
July 2, 2015, p. 3.

6 CNRMC, 2015, p. 4.

7 Searchable archives are available at www.defense.gov (pulled on October 15,2016).
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the study team compared the list of providers with lists developed by
others, such as the Government Accountability Office.?

The study team identified nearly two dozen private shipyards
across the United States, shown in Figure 3.2. General Dynamics owns
and operates four shipyards that support Navy ships. These shipyards
are located in Bremerton, Washington; San Diego, California; Nor-
folk, Virginia; and Jacksonville, Florida. BAE also owns and operates
fourshipyards thatsupport Navy ships. These shipyardsarelocated in
Honolulu, Hawaii; San Diego, California; Jacksonville, Florida; and
Newport News, Virginia. BAE is the only private shipyard in Hawaii.
Twoshipyardsare owned and operated by Pacific Ship Repairand Fab-
rication; one is in Bremerton, Washington, and the other is in San
Diego, California. In the Pacific Northwest, there is also the Vigor

Figure 3.2
Shipyards Supporting U.S. Navy Warships
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8 U.S. Government Accountability Office, Military Readiness: Progress and Challenges
in Implementing the Navy s Optimized Fleet Response Plan, Washington, D.C., GAO-16-
466R, May 2016.
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shipyard in Seattle, within Vigor Industrial. San Diego also has Conti-
nental Maritime, a subsidiary of Huntington Ingalls Industries.

Industrial Base Assessment

Labor

Toassess the industrial base, the study team employed a variety of
methods. The study team met with industry representatives from nearly
every company shown in Figure 3.2. During these meetings, informa-
tion about the workforce, facilities, and capacity of the shipyards was
collected. Additional information on capacity and resource require-
ments was provided by the CNRMC. Open-source documentation on
the capabilities of the industrial base — including estimates of person-
nelemployed, labor marketforecasts, and financial data — were used to
supplement information received by industry and the Navy. The fol-
lowing paragraphs summarize the data and information we were able
to collect and our interpretation of that information and data.

The public shipyards, which employ nearly 35,500 people, are the
dominant provider of U.S. Navy warship maintenance. In the regions
where there is a public shipyard that supports surface ship mainte-
nance, the publicshipyard employsnearly four times as many peopleas
the sum of private-sector counterparts.’ Table 3.1 shows the estimated
employmentlevels by region for 2016, in both the publicand private
sectors. The estimates of the private sector do not include subcontrac-
tors or those shipyards withafocus onshipbuilding (i.e., HII-NNS).
Whilesubcontractor datawould provideamoreholistic view of overall
capacity, the trade associations and providers did not possess this data,
noting that the market has generally responded to their needs, withno
major production shortfalls or schedule delays attributable to lack of
contractorsupport. Asaresultof themissing data, theestimates should
be taken as an absolute minimum.

9 This excludes the subcontractors who support the shipyards and excludes HII-NN and
Electric Boat, as well as shipyards that solely produce ships.
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Table 3.1
Civilian End Strength and Estimated Employment Levels at Public and
Private Shipyards, by Region, in 2016

Public Sector:? Private Sector:?
Region Civilian End Strength Estimated Employment
Northwest 12,340 2,930
Southwest 0 5,400
Pacific 5,079 750
Northeast 5,510 0
Mid-Atlantic 10,642 2,675
Southeast and Gulf Coast 0 1,250
Total 33,571 13,005

SOURCE: Maritime Administration, 2015.
@ This includes only public shipyards and excludes RMCs.

b This excludes HII-NN, General Dynamics—Electric Boat Bath Iron Works, Austal,
Avondale, Hll—-Ingalls, and Bay Shipbuilding.

Ship maintenance and repair, as reflected in the demand analysis,
remains and will remain heavily oriented toward the repair and main-
tenance of equipment and machinery that, while technically complex,
still requires skills more associated with an industrial rather than a
knowledge-based economy. Such trends as robotics or autonomous sys-
tems may affect some of the way the labor is provided, but the physi-
cal realities of where ships and submarines operate, and how they are
maintained, will not change. Providers of naval maintenance have
experienced shortages in the provision of maintenance services. For
example, labor shortfalls have already begun to affect the completion
of public shipyard availabilities for submarines, sometimes as long as
doubling the availabilities. This does not, in general, seem to be due to
lack of facilities or lack of funding. Our interviewees reported that lack
of qualified personnel was the most important reason rather than lack
of facilities or funding. The resulting delays then trigger the deferral
impacts discussed earlier. The public shipyards draw their employees
from the same pool as the private providers; our interviews with private
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provider management indicated considerable challenges providing for
some types of labor skills required — in particular, specialized welders
and experienced project managers.

Bureau of Labor Statistics projections (Table 3.2) indicate that the
national demand for ship repair-related trades is expected to increase

Table 3.2
Bureau of Labor Statistics Outlook on Ship Repair Trades, 2014-2024

Expected Growth Compared to Expected Growth

Annual in the Overall Economy (6.5%)
Growth
Rate in Slower Than Faster Than
Trades Demand Average Average Average
Marine engineers and naval 9% X
architects
Sheet metal workers 7% X
Welders, cutters, solderers, 4% X
and brazers
Metal and plastic machine —-13% X
workers
Assemblers and fabricators 0 X
Plumbers, pipefitters, and 12% X
steamfitters
Painting and coating 0 X
specialists
Industrial machinery 16% X
mechanics
Machinist and tool and die 6% X
makers
Heating, ventilation, 14% X
air conditioning, and
refrigeration technicians
Electrical and electronics 4% X
installers and repairers
Carpenters 6% X
Boilermakers 9% X

SOURCE: Bureau of Labor Statistics, “Employment Projections,” web page, undated.
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Table 3.3
Man-Days Required per Year in the Port to Maintain the Private-Sector
Capabilities-Estimated by Ship Repair Associations

FY17 to FY19

Desired Minimum Maximum Man-Days
Region Man-Days Man-Days Man-Days Expected
Northwest 340K-380K 201K 502K 255K-365K
Southwest NP NP NP 1.3M-1.6M
Hawaii NP NP NP 72K-200K
Mid-Atlantic 1.5M-1.6 M 1.25M 2.0M 1.1M-1.5M
Southeast and 250K 201K 301K 200K—-270K

Gulf Coast

SOURCE: The ship repair associations provided the data to RAND.
NOTE: NP = not provided.

but, exceptinafew areas, atarateequal orslowerasthatof thebroad
economy. While in the short term this might conceivably enhance the
skilled laboravailable forship-specifictrades, thelonger-termimpactis
likely to bedifferent.Specifically, Navy ship maintenanceis conducted
inalimited number of geographic areas, with most others not exposed
tothekinds of tradesand skillsemployed in ship repair. With prospects
forindustrial work in other areas uncertain, the number of entrants
intothese fields across the national economy may be suppressed. Navy
ship repair and maintenance may be one of the few places where
demand is growing, even as the national supply declinesin response to
market forces. These patterns raise questions about whether ship repair
and maintenance providers will be able to attract sufficient numbers of
qualified trades workers in the future.

Workload

Wemet withrepresentatives from each of the regional ship repairasso-
ciations, which included the San Diego Ship Repair Association, the
Virginia Ship Repair Association, the Puget Sound Ship Repair Asso-
ciation, and the Jacksonville Ship Repair Association. From each ship
repair association, we requested an estimate of the level of work the
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portwould need to preventlayoffs. Wealso asked for an estimate of
a desired level of work and a maximum capacity. We then compared
these estimates with the Navy’s predicted demand for capacity. The
results of these requests are shown in Table 3.3.

TheSanDiego Ship Repair Associationdid notprovidearesponse
to the request for information, noting that capacity is a function of
demand. No data were received from the Ship Repair Association of
Hawaii. The others provided estimates based on historical data—on
average, how much work have they executed, what was the maximum
they executed, and so on. The estimates included total work needed
for the port, irrespective of the customer, which could be commercial,
the Military Sealift Command (MSC), the Coast Guard, the Navy, or
anyone else seeking repairs.

The work the Navy expects to provide to the port is above the
minimum threshold identified by the ship repair associations, in most
years. The Navy’s maximum expected workload is between 20 percent
and nearly 200 percent of the ports” identified minimums. The range
of workload that can be supported by the ports is larger. This indi-
cates that, onaverage, the Navy alone is providing enough work to the
portstosustain theshipyards. While, historically, the privatesector has
been able to increase and decrease the workforce as a function of the
demand, thereisa cost to this behavior, which has notbeen quantified.

Facilities

Across the public and private shipyards, there are 54 Navy-certified
dry docks. Table 3.4 shows the number of docks, by region, that can
accommodate each ship class. Of those, only three can accommodate
an aircraft carrier. The mid-Atlantic and Northwest have the prepon-
derance of capability innumber of dry docks and the number of classes
of ship that can be accommodated in the port. However, the number
of docks that would actually be used to accommodate the nonnuclear
surface ships, shown above, is an overestimation of capacity, because
anuclear boat or ship will always take priority. The dry-dock capacity
issues will be explored further in Chapter Five.



Table 3.4
Number of Docks That Can Accommodate Each Ship Class, by Region, as of 2016
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SOURCE: NAVSEA 04CX, Survey of Drydocks, briefing, Washington, D.C., July 14, 2014.
NOTE: LHA = amphibious assault ship; LHD = amphibious assault ship; LSD = amphibious landing ship; MCM = mine
countermeasures ship; PC = patrol ship.
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Potential Vulnerabilities

The Office of the Undersecretary of Defense for Maintenance Indus-
trial Base Policy uses a methodology, called the Fragility and Critical-
ity (FaC) assessment methodology, for assessing the likelihood that a
specific capability will be disrupted. The method suggests assessments
of the financial viability of the providers, the capability to replace the
providerifdisrupted, and other requirements for entry into the market.
Table 3.5 presents the vulnerability measures. Where the study team
was able to collect information, through open-source data or interviews
with industry representatives, the measure was assessed.!®

Table 3.5
FaC Assessment Methodology Example

Question

How much total sales for the facility are from Navy contracts?

How many firms currently participate in this firm’s market for this capability?
What is the dependence on foreign sources for this capability?

To what degree is the market for this capability commercial?

To what degree are specialized skills needed and available to integrate,
manufacture, or maintain this capability?

To what degree is defense-specific knowledge required to reproduce this capability,
an alternative, or the next-generation design?

Are specialized equipment or facilities needed to integrate, manufacture, or
maintain this capability?

What is the impact on the Department of Defense in time to restore this capability if
itis lost?

To what degree are cost, time, and performance-effective alternatives available to
meet Department of Defense needs?

SOURCE: Office of the Deputy Assistant Secretary of Defense for Manufacturing and
Industrial Base Policy, 2016.

0 Office of the Deputy Assistant Secretary of Defense for Manufacturing and Industrial
Base Policy, Annual Industrial Capabilities Report to Congress for 2015, Washington, D.C.,
September 2016.
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For the largest of the private-sector providers supporting surface
ships, BAE and GD NASSCO, nearly all sales are from Navy con-
tracts. GD NASSCO contracts have been dominated by construction
and repair of amphibious ships, while BAE has focused on supporting
destroyers, cruisers, and amphibious ships. Given the legal requirement
to conduct maintenance activities that are less than six months dura-
tion in the ships” homeports, the number of private-sector firms com-
peting in the market is somewhat limited to the providers in the port,
which can have as few as two and at most five. Although there is com-
mercial demand for maritime services from ferries, the fishing industry,
cruise ships, tankers, and others, the providers that support the Navy
require some special skills, facilities, and certifications. In other words,
the Navy typically would not place work ata new commercial provider
on short notice. The Navy would first apply an evaluation process to
certify the provider and the facilities as an MSR or an ABR.

The providers in the Northwest, such as Vigor Industrial, have
a diverse portfolio of work, of which the Navy is currently a relatively
small part. In recent years, Vigor has been expanding to meet the
demands of the commercial sector. If the Navy expects an increase in
demand for warship maintenance — which will require the services of
Vigor — the Navy needs to procure those services before the capacity is
allocated to others. Otherwise, the Navy may need to seek out-of-port
solutions to receive the necessary services, atleast in the near term.
Inaddition, if there is not adequate dry-dock capacity and a vendor
wants to procure or build additional dry docks, the licensing and other
requirements can take years.

Summary

Grossestimates of providersand laborindicatealarge and robust mari-
time industrial base in the United States. However, the number of pro-
viders servicing U.S. Navy warships is relatively small, particularly if
viewed by number of providers in each port. Of the estimated 110,000
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people working in the private-sector shipbuilding and repair industry,"
fewer than half support Navy warships. The amount of work the Navy
expects to provide to each portis in line with port need in almost all
years from 2017 to 2019. The current providers appear to have a bench
of labor they can draw on when demands increase. There is some evi-
dence to suggest that some providers can increase the workforce by
nearly 25 percent from one year to the next to support increases in
demand. Conversely, the providers can and have implemented layoffs
torespond to decreases in demands. Although the shipyards have his-
torically been able to accommodate fluctuations in work, industry has
significant concerns about the ability to do this in the future because
the industrial base has shrunk and the fluctuations have grown more
pronounced. These and other concerns are discussed in Chapter Four.
Finally, the number of large dry docks is limited. Chapter Five evalu-
ates dry dock capacity.

I Maritime Administration, 2015.






CHAPTER FOUR

Industry Incentives Within the Maintenance
Industrial Base

The Navy directly controls what happens in public shipyards in terms
of workforce and infrastructure development. However, the Navy
relies onprivate industry tomake plans and deliver services for surface
ships and a large portion of the budget for aircraft carriers. The Navy
cannot compel the delivery of these services; it has to create incen-
tives for industry to deliver them and to make capital and personnel-
developmentinvestments tomeetneeds over thelong term. The market
itself is unique in important ways; economic analysis alone can give
only partial insight into the way this market works. Another way to
approach the issue is to simply ask the actors what motivates them and
what they view as challenges.

Tosupport this understanding, the study team met with the ship
repair associations and RMCs in Hampton Roads, Puget Sound, Jack-
sonville, and San Diego. With the help of the ship repair associations
and RMCs, the study team also met with representatives from HII-
NNS, CMSD, BAE, GD NASSCO, Vigor Industrial, Pacific Ship
Repair, and MHI. From these meetings, several themes emerged that
bear complete examination. Our interviews with industry represen-
tatives did not necessarily result in a uniform perspective on actions
by the government. However, a few consistent themes were repeated
throughout the many interviews with businesses and organizations.
Representatives did not wish to be identified by name and organiza-
tion, so the following inputs are intentionally not specific.

49
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First, the Navy’s planning horizons for availability execution
regularly put providers in a position where thorough planning is dif-
ficult, resulting in missed maintenance or expensive additions to work
packages; these horizons also make it difficult to plan for longer-term
capital investments. Second, the Navy has tried different contract-
ing regimes to encourage competition or other outcomes. The most
recent, an attempt at firm fixed-price contracts, shows considerable
evidence of being counterproductive in terms of encouraging long-
term planning. Finally, there are challenges associated with securing
the right infrastructure — dry docks in particular —as well as skilled
personnel when needed. The Navy only has limited control over these
factors, however,and must find a way to bear greater influence by stra-
tegic partnering.

Planning Horizons

Private repair shipyards are for-profit organizations; as such, they must
produce profits, onaverage, over time orrisk bankruptcy or other nega-
tiveconsequences. Alllooktowardlong-termcompany health, butthey
areimmediately motivated by a need to secure contracts, receive pay-
ments, and plan the work they receive.

The Navy’s continued inability to provide sufficient planning time
for either short- or long-term objectives was anissue repeatedly voiced
by industry management. Industry views Navy planning for mainte-
nance as tactical. The short timelines between the request for proposals
and the need to begin the availability (contractaward), combined with
the uncertainty over the amount of future work, is particularly chal-
lenging. The maintenance providers expressed concern regarding the
quality of the work-specification package produced by a third-party
industry team for the RMC. Thelate contractaward date, relative to
the availability start date, in addition to a work-specification package
that was likely to have changes to it upon execution, represents signifi-
cant schedule risk to the Navy.

A primary concern presented by some repair associations and
their contractorbases wasalack of consideration for theindustrial base
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and sustainment issues in the ship homeporting-assignment process.
An example is the assignment of an amphibious expeditionary group
that deploys together into a homeport, representing a major fraction of
the maintenance workload in the harbor. This construct presents sharp
workload-profile changes, from overload conditions to workload levels
below the minimum sustainable without large layoffs. Local contrac-
tors have had such cycles and offered their observations that workers let
goand not brought back within a few months never return and instead
pursue other works paths.

Contracting Mechanisms

Industry representatives expressed significant concern over the new
contracting environment. Most ship maintenance availabilities will be
competed and awarded under a firm fixed-price contract. Although the
MSMO contracting vehicle helped industry to deal with these issues
in the past,! they are no longer being awarded for surface ships. Under
MSMO, a single provider was awarded a five-year contract for the
availabilities of a certain class of ship. The provider then subcontracted
to others in the port. The long planning horizon and steady stream of
work allowed for continuous communication between the Navy and
industry with respect to the condition of the ships and what might be
needed to maintain them. In addition, the providers were able to col-
laborate to ensure a level loading of the port.

Industry representatives noted that the cooperation that was
prominent under MSMO is not possible in the new contracting envi-
ronment. If a different provider is selected for each availability, the
shared knowledge of the ship’s condition might not be transmitted,
and with eachavailability, the providerisidentifying as new the condi-
tionsthatmayinfactbe oflong-standing. Asaresult of the competi-
tion, the supplierswill become morecompetitiveand lesscollaborative,

1" MSMO contracts were awarded to a single provider for a number of availabilities over a
five-year period, which helped the shipyard plan resources and make investments in people
and facilities.
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which may leave some providers without work. The Navy is a single
point of business for many of these shipyards. The labor pool is finite
in the fleet concentration areas. If one yard wins, another loses and
may be forced to leave the business. The Navy relies on the shipyard
teaming arrangements to ensure that the capacity at each port meets
demands. That reduction in capacity hurts the Navy in the long term,
especially if the fleet size increases. The Navy will also be contracting
directly with small businesses, which used to be subcontractors to the
prime contractor holding the MSMO. The research discovered that the
larger companies had been approached by small businesses to help with
this contracting. The small business needed help with the management
of the Navy contract, because they did not have the infrastructure or
management in place to handle government contracting.

The uncertainty in future workload also precludes some from
making investments in facilities and people, which introduces risk for
the Navy. Specific examples of investments that were approved under
the old MSMO contracting environment but that would not have been
approved underthe currentenvironmentunderscored theimpactof the
challenges of the new contracting environment. This includes major
investments, suchasnew dry docks, facility expansions, and other nec-
essary improvements that the Navy relies on the private sector to make.
Interviewees noted that the incentive to modernize older facilities is
just not there and, hence, is not being done.

In short, the new contracting environment introduces more
uncertainty into the workload and less stable planning horizons. The
new contracting methodology may do more harm than good, and the
Navy will see the negative effects in reduced readiness for the fleetand
lower material condition of theindividual vessels. The contractors who
previously worked together to ensure a stable industrial base may be
driven out of doing work for the Navy, further exacerbating the capac-
ity issues described elsewhere in thisreport.

Labor Market and Infrastructure Challenges

There were alsoanumber of concerns raised regarding the workforce.
The various ship repair associations and companies told us that workers
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notrecalled withinapproximately 90days would migratetootherareas
or other industries and seldom return. This increases the importance
of the local industrial base and limits providers to finding labor within
the port. One company noted that, after a recent layoff, it was only able
to rehire only about 20 percent of the employees it wanted.

Moreover, whileitisrelatively easy to find green labor, itis harder
to find experienced labor. Project supervisors and management are
especially difficult to obtain, as much of their experience comes from
working within the company and at the specific facilities. When there
is growth in the port, experienced labor tends to come from other local
companies. Some of the smaller private-sector providers in the North-
west, forexample, noted that they had lost some of their bestemployees
tothe publicshipyards, whicharehiring significantnumbers of people.
This implies that growth in non-Navy work can affect the port’s ability
to provide services to the Navy. Insuch areas as Bremerton and Seattle,
Washington, where there is a significant commercial demand for ser-
vices, the Navy must be active to ensure that capabilities are present
whenneeded. A related, noted concern is the difficulty in maintaining
early career professionals with potential toadvance in the corporation.
Given the uncertain nature of the work and volatility of the industry,
many younger “millennial” workers end up leaving the company in
search of more-stable opportunities.

Dry-dock availability was also noted as a significant concern in
some areas. Some shipyards need to team up to have access toadry
dock. In some cases, the dry dock needs to host more than one ship.
Under the new contracting strategy, this sort of teaming might not
be possible. The introduction of more numbers of the LCS-class ships
into ports where the dry-dock capacity islimited, suchas Naval Station
Mayport, may be very challenging to execute. Figure 4.1, for example,
shows the man-day minimum, optimal (where the ship repair associa-
tion wants the work level tobe), and surge levels in Jacksonville.2As the
fleet mix has changed and the coast-wide bids for maintenancehave

2 The three levels were defined by the Jacksonville Ship Repair Association and not inde-
pendently analyzed by RAND and are meant to illustrate that each port has different levels
of capacity in which the Navy needs its work level to fall within.
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Figure 4.1
Estimate of Current Range of Mayport Ship Repair Capacity in Man-Days
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SOURCE: NAVSEA, “WF-300 Workload Allocation and Resource Report (WARR),”
spreadsheet, 2014—-2016, not available to the general public.
RAND RR1951-4.1

become more commonplace, the man-day level has dropped well below
the minimum on several occasions.

The Navy’s major fleet concentration ports in the contiguous
United States — Norfolk, San Diego, Puget Sound, and Jacksonville —
have current capacity profiles that roughly support a range of executable
maintenance man-days. Surge capacity can be from resources organic
to individual companies or via inflow from either corporate resources or
agreements with other companies. Several characteristics of these pro-
files are important: First, there is a minimum loading whereby compa-
nies will, eventually, release trades, engineering, and project resources.
Second, the range of margin for surge from desired sustainable levels
is on the order of 25 percent, although this varies. Consequently, large
changes, suchas theassignment of a unique large volume of work, such
ascruiser recapitalization, may significantly affect fleet sustainmentin
the homeport. Similarly, out-of-homeport assignment of an availabil-
ity during periods of normal or low workload may have a significant,
perhaps long-term, impact on the local industrial base for ship repair.
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Market Structure

Finally, industry expressed concern that government does not under-
stand the competitive environment that ship repair has become, failing
to understand that consolidations have, in fact, decreased the number
of competitors, depending on the homeport. Figure 4.2 shows an
example of consolidations. This example is the consolidation of mul-
tiplecompetitors into whatis now GD NASSCO, which hasbecome
one of the two largest providers in San Diego and Norfolk.
Although GD was detailed in Figure 4.2, the same sort of dia-
gram could be produced for BAE, HII-NNS, and a number of other
industry providers. There were multiple reasons for these consolida-
tions, butinterviewsindicated that the reasons center on the expense of
facilities, the difficulty that small competitors encounter in not having

Figure 4.2
Consolidation of Ship Repair Providers into GD NASSCO
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SOURCE: GD NASSCO, presentation to the RAND Corporation, September 28, 2016.
RAND RR1951-4.2
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arelatively certain demand level, and the inefficiency of several com-
petitors providing identical capabilities. The consequence of this con-
solidation is that the market becomes less a matter of competition than
of planning between one user and a few major providers. The consoli-
dated companies do not fear competition and indeed can respond to
it by underbidding competitors possessing fewer resources and flex-
ibility. In fact, the big providers, in general, specialize in particular
ship types and work to balance capacity between the providers. When
competition is introduced, the main impacts appear to be later award
of contracts, artificially suppressed costs, and a loss of some of the ben-
efit that can go with a long-term planning relationship. The market
structure does not really provide an environment conducive to com-
petition between a large number of providers that can offer choices to
the consumer. The study team further observed, after visits to the four
maintenance regions, that, while large national-level companies now
represent the majority of the ship repair workforce, these companies
do not generally transfer personnel from one homeport to another to
meet demand. That is, a subsidiary of a large company located in one
homeport that loses a contract to a subsidiary of the same company in
another homeport does not transfer a significant amount of workforce
toaccomplish the work. Industry professionals noted that costs associ-
ated with transferring the workforce are significant because of travel,
per diem pay, and other reassignment-related expenses. This observa-
tion should be considered by the Navy in deciding out-of-homeport
availability work assignments.

Summary

Theintentionof this chapterisnottosay thatindustry is providing a
disinterested view of the market that the Navy is obliged to honor. The
representatives we interviewed provided a view of a bargaining situa-
tion in which they are some of the actors. However, it is also impor-
tant to understand that these representatives provided a view of the
decisions they were likely to make, given a market structure and set of
incentives:
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* The industry has grown consistently more consolidated, and
desire for competition runs against the evolution of the indus-
try into a smaller number of providers. The providers are easily
capable of competing against one another, and the actual result
of competition is that a small number of providers continue to
dominate most markets.

¢ There are advantages to encouraging a long-term relationship
between established providers and the Navy. Knowing the likely
long-term demand and requirements allows industry to plan,
makerisk assessments, and potentially make whatcould be risky
investments in long-term infrastructure and personnel develop-
ment.

* The personnel skill issue will be challenging and will require a
strategic approach by government and industry for workforce
development. General economy demand for most repair trades
will grow slowly, and there may, as a result, be smaller numbers
of qualified personnel seeking to enter the workforce nationally.
The majority of workers in ship repair are likely to come from
the regions where Navy ship repair is already established. How-
ever, this workforce is already losing experienced personnel to age
and retirement, and the pace of replacing these people is subject
to the time required to build experience. Experienced personnel
are, in fact, being drawn from the same labor pool, resulting in
cases where the lack of qualified personnel is causing maintenance
delays. Recognizing the unique features of ship repair and the
workforce to support it, and taking steps to promote greater sta-
bility in contract assignment, will be critical to addressing this
issue. A strategic approach that does not promote competition
among those employers that need skilled workers may be more a
morereliable way of securing capability than trying to encourage
competition among these employers.






CHAPTER FIVE

Demand-Supply Mismatches

Supply and demand can be compared using two different metrics. The
first is labor. Much of the focus when performing supply and demand
analysis for shipyards is on shipyard personnel. Demand is that of
man-days of maintenance, and supply s personnel capabilities inman-
days. The second comparison of supply and demand is of facilities. The
supply of facilities can be as much a constraint on maintenance as labor
is. Both will be discussed in this chapter.

If plans are executed as written, the resulting private and public
demand across time does notshow large variations. Annual demand s
predictable well into the future, as is the demand for particular kinds
of labor and facilities. However, there are several shortfalls that could
occur as a result of broader changes in the labor and capital markets.

Labor Market Shortfalls

Long-range workload analysis suggests that the current range of
required trade skills will persist, with more emphasis on electrical
likely, butthere may bechallengesinattracting sufficient trade workers
in some categories, as discussed in Chapter Three. Navy ships will not
change significantly in several important respects that affect sustain-
ment. They will remain large, complicated vessels powered by marine
propulsion systems with electrical generation becoming central to 