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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 has largely 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 report also offers a
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 public shipyards that once also
maintained surface ships has largely 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

' Office of the Chief of Naval Operations, Report to Congress on 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

We used a number of approaches to answer the research questions. For
the projection of demand, we used the Navy’s 30-year shipbuilding 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 Item Number (SWLIN) level,
which allows a more detailed understanding of demand components.
SWLINSs allow us to see not only the amount 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 to retire the backlog of deferred mainte-
nance, we show how these scenarios result in different required main-
tenance levels over the near and long term.

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, we looked 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 on these ships and 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’s life,
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 at least at current levels. Historical
trends suggest that higher maintenance levels are likely. This projection
applies in both public and private sectors.

The type of workload and, hence, the labor skills expected to be

required are also not likely to change, with a similar distribution by

2 NAVSEA, Surface Maintenance Engineering Planning Program Class Depor 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,
while the private sector is 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 a large 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 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
to market 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 to make 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 incentives for industry to not
just deliver services but to make capital and personnel-development
investments to meet needs over the long term.

This is not to say that industry concerns are necessarily congru-
ent with Navy concerns. However, if the Navy would like industry to
act in 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 has inaugurated 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-
tive bidding. 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. It is not clear that any 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 management repeatedly voiced concern over the impact
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-
nance 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 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
analysis suggests that repair and maintenance providers may face chal-
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 work at public shipyards that is likely 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 with spe-

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. There is also a cost to sustaining an industrial base that is con-
stantly going through boom and bust cycles. To improve 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 difhcult 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-
ties and people to accommodate existing operational and maintenance
schedules could become a more cooperative endeavor. 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
option would require additional and significant investigation to deter-
mine viability; however, early insight into this option suggests that
such effort may be worth pursuing.
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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

' These were Puget Sound Naval Shipyard, Portsmouth Naval Shipyard, Norfolk Naval
Shipyard, Pearl Harbor Naval Shipyard, Charleston Naval Shipyard, Mare Island Naval
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Figure 1.1
Total Number of Active Ships in the U.S. Navy from 1993 to 2016
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determined that the existing capacity was in excess of need and thus
proceeded to close several public shipyards. Closures focused primarily
on those shipyards supporting nonnuclear platforms but included 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 repair and modernization providers in
the private sector 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-
sition and the maintenance requirements of the fleet are likely to occur.
These are detailed by the Navy’s Long-Range Shipbuilding Plan.? As
we discuss in Chapter Two, the demand for maintenance is expected to
increase. There will be an increased number of LCSs, which have dis-
tinctly different maintenance requirements from other platforms in the
fleet. There are now more-complex warships to maintain, such as the
Zumuwalt-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 can be executed. The private sector, however, requires some confi-
dence in a business-base workload and financial incentive to maintain
and develop new capacity to meet the future repair and 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 We discuss the consolidation of the industry in Chapter Three.

3 Office of the Chief of Naval Operations, Report to Congress on 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 (TFPs) 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 different assumptions on how 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: To estimate future resources for supply, we first con-
ducted a survey 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.

* Compare the supply and the demand of resources: Using supply
and demand data and findings, we were able to identify potential
misalignments. We also examined future workload demand and
the adequacy 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 on choices made by private, for-profit companies.

* 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,
there is a routine mismatch between plan and execution. Figure 1.2
is drawn from Navy budget exhibits on public-shipyard expenditures
and shows three amounts: the originally submitted President’s Budget
(PB) amount; the amount actually budgeted for execution, as reflected
in the next year’s budget submission; and the actual amount executed.
In each case, the final executed amount showed growth over what was
originally planned, by an average of nearly 15 percent and going as high
as 20 percent. This means that, in every year depicted, the Navy ulti-
mately added significantly to what it had originally planned to spend.

The example given here is for public shipyards, but similar trends
are present in private shipyards. The history suggests that, whatever is
projected, the reality is likely 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 or budgetary 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
have synergies with the proposed research.* The results of the research
were highly dependent on the availability of data and the cooperation of
industrial base companies. Although all private-sector companies were
available for discussions, few provided the data that were requested.

While ship repair and modernization are distinct activities, indus-
trial base assessments have grouped ship repair and production into a
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 See, 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

+$0.5B
PB 2016 4,652,796 | 4,306,326 4,254,051
+$0.3B
PB 2015 4,303,650 | 3,859,893 | 4,479,634
+$0.6B
PB 2014 4,408,748'| 4,031,365 4,126,121
+$0.7B
PB 2013 4,649,278 | 4,027,134 | 4,031,365
+$0.6B
PB 2012 4,358,562'| 3,877,481 3,842,485
+$0.6B
PB 2011 4,014,544°[ 3,750,158 | 3,972,906
+$0.6B
PB 2010 3,877,000 3,824,200 | 3,717,567
PB 2009 4,064,410 3,436,602 | 3,364,281
PB 2008 | 2,041,965 3,512,379 3,272,874
Increase 18% 19% 17% 17% 15% 7% 13%
(PB N/;é ;\‘PB N)

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 RR1957-1.2

uoIdNPOILU|

L



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

try.’ The labor halls and unions that advocate for the trades do not nec-
essarily track trades by sector, either. For example, the welders within
the union may work on a 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 not always easy to separate. Resources can and do
move from one part of the company to the other, as needed. In addi-
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

The remainder of this report is organized as follows: An overview 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.

Two appendixes support this study. Appendix A presents a look
at the shipbuilding and 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.

> 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
growth in surface ship maintenance requirements,? to public-shipyard
maintenance,’ to reasons for the persistent increase in Navy ship depot
maintenance requirements. These were all directed toward explaining
historically observed trends, trends that may be having and will con-
tinue to have an impact, but with a focus toward the past rather 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
first is, 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.

2 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 etal., 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 component is what actually must be accomplished 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 an annual report, Report to Con-
gress on the Annual Long-Range Plan of Construction of Naval Vessels.*
This report 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 future force structure reflects an increasingly large number of small
surface combatants over time. In general, however, the current plan
does not show significant changes in force structure, with new units
replacing old ones and numbers remaining in a narrow range over time.
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.

4 The report is prepared each FY 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.

> 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

1

2 2 2

3 3 3

2 2 2

1 1

1 1
2 1

9 10 10

10

1

2

13

12

10

1

2
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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

Large surface combatant 2 2 2 2 2 2 2 3

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

Amphibious warfare ship 1 1 1

Combat logistics force 1 1 1

Support vessel 2 2 2 1

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

3 3
4 4
2 1

2
9 10

1

2

10

10

SOURCE: OPNAY, 2016.
NOTE: Blank cells = nothing delivered that year.
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Figure 2.1
Future Naval Ship Force Structure

M Aircraft carrier M Ballistic missile M Fast-attack M Guided-missile
submarine submarine submarine
Large-deck Large-surface M Small-deck Small-surface
amphibious ship combatant amphibious ship combatant
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SOURCES: OPNAV, 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.

To ensure 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
plan then is based, with varying degrees of formality, on an assessment
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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-
ers and planning activities within NAVSEA and represent a systematic
effort to codify the actual work needed to ensure that ships are operable
in the short term and reach service life in the long term. TFPs include
periods of dry-docking, as well as a factor for aging and a factor for
modernization.¢ The resultant maintenance work in the TFP is sched-
uled into a plan with dedicated ship availabilities at phased intervals in
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 TFPs. The hori-
zontal axis shows the intervals of major availabilities in the phased ser-
vice life, 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-51 is 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

¢ 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 in a
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 that looks 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 TFP, 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
TFP 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 a requirement.
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 TFD, the
TFP is used as the CMP. For those without a TFP, less detailed CMPs
are developed. These are formulated at the delivery of ship classes and
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 far is notional and based on class 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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SOURCE: Office of the Chief of Naval Operations, Representative Intervals, Durations,
and Repair Man-Days for Depot Level Maintenance Availabilities of US Navy Ships,
OPNAVNOTE 4700, Washington, D.C., 2004-2016.

NOTE: DMP = depot modernization period.
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auxiliaries. It is 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.”

When necessary 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
for 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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SOURCES: NAVSEA, 2012b; and annual expenditure calculations from the Navy Center
for Cost Analysis's VAMOSC database, FYs 1992-2014.
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7 Phillip Balisle, Final Report: Fleet Review Panel of Surfice 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 for a 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 ships and, in fact, 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 condition and 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).1% 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."

7 Balisle, 2010.
10" See Department of the Navy, budget materials for fiscal year 2018, web page, undated.

1 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

M Total class maintenance plan M Total 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 a reversal of previous and persistent trends.

12 Bill Moran, Adm., Vice Chief of Naval Operations, testimony before the Senate 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) B Class maintenance plan (private)
Total budgeted man-days (public) I Class maintenance plan (public)
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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 executes its 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-
days of maintenance in the TFP or other planning information. This
omits carrier refueling complex overhauls (RCOHs), which are con-

ducted only at HII-NNS using, largely, shipbuilder labor as opposed to

13 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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a maintenance at a NSY or and 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.*4
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-

14 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: 4B Ship Maintenance); see Department of the Navy, FYs 2000-2018.
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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

TFPs specify not only a total number of expected man-days but also
the man-days expected within particular maintenance areas, as speci-
fied in SWLINSs. Figure 2.10 shows a future distribution of SWLINs
in private-shipyard availabilities projected by fleet composition in the
Long-Range Shipbuilding Plans and using the TFPs. 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. This is not to
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

We now shift from presenting plans or executed history to applying 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. It is important to assess the impact that this
practice might have if deferral trends are continued. Not all deferred
maintained will necessarily be recovered. Decks that are not preserved
are not preserved twice in subsequent availabilities. The corrosion and
damage may have become more extensive, but work not accomplished
in one availability is more likely to be spread across the life of the ship

15 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 it appears 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.!¢

To explore the possible impacts of deferrals, we looked at the his-
torical deferral figures for the DDG-51. We considered the DDG class

for several reasons. First, it is the most numerous ship class in the Navy,

16 “Byrke: $2 Billion Backlog 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 is a mismatch that indicates that less 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 that is expected
to be deferred from the scheduled days, based on historical trends

* delayed deferred days: amount of extra maintenance that would
be required if deferred maintenance is not performed on a regular

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. To paraphrase,
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.

17 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 than a
regular effort to recover lost 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
retire it. 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 as long 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 significant impacts on the required 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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Maintenance Demand Conclusions

If the 30-year shipbuilding plan is 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, this is not surpris-
ing. This indicates 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-1 and 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, it is 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 models indicate 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. At a
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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that public shipyards do not have sufficient capacity to effectively meet
the demand for nuclear 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 which may be the growth in require-
ments presented earlier in the chapter.

18 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 private sector is 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 a large 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-
sions and identifies 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 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 that currently 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
for new 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:

e PNSY, in Kittery, Maine

e NNSY, in Portsmouth, Virginia

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

While the last two NSYs are configured with a regional role and with
an integrated intermediate maintenance facility command structure,
all four 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.

These shipyards perform the most-complex maintenance that the
Navy requires, including most depot-level and some intermediate-level



The U.S. Navy Ship Maintenance Industrial Base 35

Figure 3.1
Public Shipyard and Support Locations
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life-cycle maintenance and modernization of SSBNs, SSGNs, SSN,
and CVNGs. 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 CVNG.
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.!

I 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-
ble of docking a nuclear aircraft carrier and 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.> This 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 manpower demand.

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 plant equipment 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 Everett activity 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 the fleet, 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]l 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 shipyards in the United States, spread across 26 states|,] that are
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.™

In lieu of a master list of MSRA- and ABR-certified shipyards,
the study team pursued other means to identify private shipyards. The
study team searched contract archives for ship repair contracts.” The
team then compared the archives with what is 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.

> 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
four shipyards that support Navy ships. These shipyards are located in
Honolulu, Hawaii; San Diego, California; Jacksonville, Florida; and
Newport News, Virginia. BAE is the only private shipyard in Hawaii.
Two shipyards are owned and operated by Pacific Ship Repair and 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

To assess 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-
nel employed, labor market forecasts, 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 public shipyard employs nearly four times as many people as
the sum of private-sector counterparts.” Table 3.1 shows the estimated
employment levels by region for 2016, in both the public and private
sectors. The estimates of the private sector do not include subcontrac-
tors or those shipyards with a focus on shipbuilding (i.e., HII-NNS).
While subcontractor data would provide a more holistic view of overall
capacity, the trade associations and providers did not possess this data,
noting that the market has generally responded to their needs, with no
major production shortfalls or schedule delays attributable to lack of
contractor support. As a result of the missing data, the estimates 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:2 Private Sector:P
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, except in a few areas, at a rate equal or slower as that of the broad
economy. While in the short term this might conceivably enhance the
skilled labor available for ship-specific trades, the longer-term impact is
likely to be different. Specifically, Navy ship maintenance is conducted
in a limited number of geographic areas, with most others not exposed
to the kinds of trades and skills employed in ship repair. With prospects
for industrial work in other areas uncertain, the number of entrants
into these 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 declines in 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

We met with representatives from each of the regional ship repair asso-
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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port would need to prevent layoffs. We also 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.

The San Diego Ship Repair Association did not provide a response
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, on average, the Navy alone is providing enough work to the
ports to sustain the shipyards. While, historically, the private sector has
been able to increase and decrease the workforce as a function of the
demand, there is a cost to this behavior, which has not been 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 in number 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
a nuclear 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
provider if disrupted, 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.

10 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 at a 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, at least in the near term.
In addition, 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

Gross estimates of providers and labor indicate a large 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 port is 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
to respond 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.

11 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 on private industry to make 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-
development investments to meet needs over the long 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.

To support 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, on average, over time or risk bankruptcy or other nega-
tive consequences. All look toward long-term company health, but they
are immediately 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 an issue 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 (contract award), 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. The late contract award 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 contractor bases was a lack of consideration for the industrial 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
go and 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 each availability, the provider is identifying as new the condi-
tions that may in fact be of long-standing. As a result of the competi-
tion, the suppliers will become more competitive and less collaborative,

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 under the current environment underscored the impact of the
challenges of the new contracting environment. This includes major
investments, such as new 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 fleet and
lower material condition of the individual 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 this report.

Labor Market and Infrastructure Challenges

There were also a number of concerns raised regarding the workforce.
The various ship repair associations and companies told us that workers
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not recalled within approximately 90 days would migrate to other areas
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, while it is relatively easy to find green labor, it is 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, for example, noted that they had lost some of their best employees
to the public shipyards, which are hiring significant numbers of people.
This implies that growth in non-Navy work can affect the port’s ability
to provide services to the Navy. In such 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
when needed. A related, noted concern is the difficulty in maintaining
early career professionals with potential to advance 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 to a dry
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 is limited, such as 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 to be), and surge levels in Jacksonville.? As the
fleet mix has changed and the coast-wide bids for maintenance have

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.
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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, such as the assignment of a unique large volume of work, such
as cruiser recapitalization, may significantly affect fleet sustainment in
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-
tiple competitors into what is now GD NASSCO, which has become
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, but interviews indicated 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

Bath Iron Works Bath Iron Works
established as acquired by
Bath Iron —3  Prudential
Foundry Insurance
in 1826 in 1986
Electric General GD GD GD NASSCO  GD
Boat Dynamics acquires purchased acquired acquired
Company ((c]»)] Bath Iron NASSCO Metro the Ship
founded formed works in 1988 Machine Repair and
in 1899 in 1952 in 1995 Corporation Coatings
in 2011 Division of
Earl
Industries
NASSCO, National Steel and Shipbuilding in 2012

Company founded in 1960(?)

Metro Machine founded in 1972

Earl Industries begins doing Navy
repair and conversions in 1985

SOURCE: GD NASSCO, presentation to the RAND Corporation, September 28, 2016.

RAND RR1957-4.2
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a relatively certain demand level, and the inefliciency 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
to accomplish 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

The intention of this chapter is not to say that industry 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,
make risk assessments, and potentially make what could 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
more reliable 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 is personnel capabilities in man-
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 not show large variations. Annual demand is
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, but there may be challenges in attracting 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 the
propulsion plants and components and moved by motor-driven shaft-
ing and, in some cases, reduction gears directly from the power units
(although integrated propulsion systems and electrical drive options

59
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may become more prevalent). While there may likely be changes in
industrial processes—use of robotics for preservation of confined
spaces, for example—there will still be persistent demand for the kinds
of skills currently needed to carry out maintenance.

The resulting mismatch does not come from unpredictable
demand. It rather comes from the challenges associated with increas-
ing and decreasing the workforce from year to year, in some cases to a
large degree, to meet the fluctuating demand. In addition, as discussed,
Bureau of Labor Statistics projections show slower than average growth
of machinists, fabricators, welders, and electrical workers.! Achieving
more than entry-level proficiency in these takes years, and demand is
sufficient that ship repair facilities may have difficulty finding appropri-
ately trained and experienced personnel. This difficulty is compounded
by the competition between public shipyards—that are empowered to
hire workers as long-term civil servants—and private shipyards that are
affected to a greater degree by fluctuations in demand.

These shortfalls are a matter of particular concern if we consider
that labor shortfalls have already begun to affect the completion of
public-shipyard availabilities for submarines, sometimes as long as dou-
bling the availabilities. This does not, in general, seem to be due to lack
of facilities or lack of funding. Rather, this appears to be a matter of
insufficient numbers of qualified personnel. The resulting delays then
trigger the deferral impacts discussed earlier. The situation does not
right itself quickly.

Other industries have the option of moving offshore or hiring
visa holders. Neither appears to be a practical option for this particular
industry, where offshore maintenance is specifically proscribed except
for voyage repair, and public shipyards are manned by civil servants
required to be U.S. citizens. Automation in ship repair may play a
greater role—and there are examples from private industry of func-
tions, such as hull cleaning being performed by robotics—but this may

1" Bureau of Labor Statistics, undated.
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require some specific investment decisions on the automation of some

skills.2

Facilities

There has been a significant ramp-up in resourcing the Navy’s ship-
yards with personnel increases over the past four years, and additional,
substantial increases are being planned in the near future. There are,
however, other factors at the NSYs that may come into play as produc-
tivity and capacity constraints. Per interviews with the staff of U.S.
Fleet Forces Command, the facilities at public shipyards require recapi-
talization, and the Commander of Naval Installations Command and
NAVSEA have begun examining public-shipyard infrastructure. In the
immediate term, public-shipyard infrastructure does not appear to be a
major impediment to accomplishing nuclear vessel maintenance. Facil-
ity-loading in the private sector has been variable, and there have been
cases where port-loading exceeded port capacity. However, the provi-
sion of private-sector facilities depends heavily on the incentives offered
to industry to provide these facilities. Generally, there do not appear to
be delays caused by private-sector shortfalls. However, there is evidence
that short-term—focused contracting mechanisms are not giving indus-
try strong incentives for long-term investment. Cranes; machine shop
capacity, particularly large capacity outside the machine shop; storage
facilities; and pier space are cases in point.

Dry docks present a particular facility investment case worth
examining more closely. CMPs call for dry-dock periods whereby
more-extensive and more-invasive work is performed, including main-
tenance to ships’ hull, tanks, structural work, more-extensive propul-
sion plant work and longer-duration modernization ship alterations.
Dry docks are specialized facilities, with the number of dry docks of
sufficient size and tonnages supported that are certified for US Navy
vessels in limited numbers and dispersed geographically. As such, both

2 P.]. Navarro, J. S. Muro, P. M. Alcover, and C. Fernindez-Isla, “Sensors Systems for the
Automation of Operations in the Ship Repair Industry,” Sensors, Vol. 13, No. 9, 2013.
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public dry docks and private-sector dry docks are key assets to the
Navy. Although it is possible for more than one ship to occupy a dry
dock, in general, a single Navy ship occupies a single dry dock at a time
for a given maintenance availability.

As part of any study on ship maintenance, an examination of
how well dry-dock demand matches with dry-dock supply is impor-
tant. Future dry-dock demand will change given that fleet size may
grow and some new ship classes, such as the LCS, require more-frequent
dry-docking. To calculate demand, we used CMP-directed dry-docking
periods across all ship classes on the East and West Coasts. Dry docks
are assigned as available and as directed in the schedules. For the exam-
ples below, we assume that the dry docks are filled according to coast-
wide bid as opposed to restricted to homeport.

Docking Model Approach

The study team made a number of assumptions to perform the docking
facility analysis. First, we used the NAVSEA matrix of approved docks
as of 2014,? and then augmented this with docks that are expected to
come online. To account for different locations, primary missions, and
other factors, we added a prioritization scheme. This was based on our
assessment of dock capability and resulted in four classifications:

e This dock is the best option and where we most prefer this ship
class to be docked.

* 'The ship class can be docked here, but it is not ideal.

* The ship class can be docked here, but should only be docked here
as a last resort.

* 'The ship class cannot be docked here.

Docks were also assigned to a homeport, fleet area, and a coast.
When the analysis was performed by coast, Pearl Harbor was assigned
to the West Coast. The one exception is the RCOH dock at HHI-
NNS. Because of the unique nature of the dock, the work occurring in
the dock, as well as the “heel-to-toe refueling plan” for the carrier fleet,

3 NAVSEA 04CX, 2014.



Demand-Supply Mismatches 63

the dock was separated from the rest. The CMP was used to map out
the docking demands on a monthly basis. Once a ship enters dock, it
remains there for the duration of the planned docking.

To match ships to docks, the docking plan (based on the CMP)
was cycled through the dock-priority scheme to fit the ships to the
appropriate docks. Ships that fit in the fewest docks, such as aircraft
carriers, were given first priority. If an availability was shorter than six
months, we forced the ship to dock within its fleet-concentration area.
If an availability was longer than six months, we allowed for coast-wide
bidding,.

The goal of this scheme is not to assign ships to a drydock with
absolute accuracy. The aim was to determine whether the characteris-
tic demand for dry docks matched the characteristic supply. One issue
that arises in a 30-year projection is the inability to predict exactly what
month ships enter the fleet (for simplicity, January 1 is used for ships
not yet in the fleet). Another simplifying assumption is that new ship
classes that enter the fleet will fit in the same dock as the classes they
are replacing. By the time the model is around 20 years out, phasing
problems arise because of the notional ship schedules. This indicates
that the model is best used to understand the near-term capacity issues.

Docking Model Findings

Figures 5.1 and 5.2 show that, if the maintenance plans of ships in ser-
vice or projected are executed, there are multiple years on both the East
and West Coasts, where, even with the optimization rules, the model
applies—demand exceeds capacity, and ships are displaced.

In both cases examined, there are instances of capacity being
insufficient for ship maintenance needs, even in years when overall
maintenance demand is lower. This results from suitable dry docks
being unavailable for the ships intended to be inducted in a given year.
Matching capacity and demand is as much a feat of scheduling as any
other consideration. Note that this optimized matching is possible only
if the Navy accepts, and utilizes, coast-wide maintenance availability
assignment when permitted—with all the crew displacement and chal-
lenges associated. Without access to dry docks outside fleet-concentra-
tion areas, dry-dock availability is a more significant issue.
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Figure 5.1
East Coast Dry-Dock Demand
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Older docks are creating a supply constraint. As ships get larger,
older docks are unable to dock these larger ships. With the inability
in many cases to replace old graving docks with new docks, coastal
space becomes a new constraint. This will cause the DDG-51, the
CG-47, the LCS-2, and other ship classes to overwhelm the supply
of docks. Smaller ships are unconstrained in dock space, but with the
above classes constituting a large number of the currently active fleet,
the model frequently kicks these classes to public shipyards, where the
dock problem is a significant issue on the East Coast. After exhausting
the few nonsubmarine docks, the model often places these classes in
submarine and carrier docks as a last resort. In reality, this is unlikely
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Figure 5.2
West Coast Dry-Dock Demand
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SOURCES: Author extrapolation based on CMPs (see Office of the Chief of Naval
Operations, 2014) and Office of the Chief of Naval Operations, 2016.
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to happen, but it does show a shortfall in the supply of adequately sized
docks in the private (and public) docks that are designed for this group.

Dry-Dock Capacity: No Simple Solution

Interviews with industry indicate that the business case for investing in
dry-dock capacity is difficult, even with the projected capability short-
falls and capacity issues. Besides being expensive, floating dry docks
are not domestically produced, require a variety of environmental
clearances, and require some strong assurance that the provider is likely
to be the choice for future availabilities. If there is no such assurance,
there is little incentive for providers to invest in these projects. Many of
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the graving docks at the public shipyards are difficult to alter because
of shipyard arrangements, historical classification, or both.

Concurrent to the continued build-up of personnel at the NSYs,
the Navy would be advised to closely examine other constraints. This
is particularly important given that Congress is considering increased
force structure, including submarines and aircraft carriers. Any facility
investments would need to be well thought out years in advance, and
a pathway for such improvements using military construction funding
would likely take a decade or more to execute.

Summary

Demand is, to a degree, predictable, although decisions to defer main-
tenance may make future workload difficult to execute. And supply is,
to a degree, subject to the direct control of the government through
decisions concerning hiring and investment in public shipyards. The
private sector is subject to sets of incentives that can raise or diminish
hiring and investment.

There is a mismatch between the trajectory of the future labor
force and the needs of the future fleet. This is due to a number of
demographic and national economic factors, but the message is that
CMPs indicate a demand for certain kinds of specific skills, and the
national labor market does not appear ready to provide workers with
those skills over time.

There also appears to be a mismatch between key infrastruc-
ture supply—in particular, dry docks—and future demand. This will
require investment decisions for public-sector shipyards and properly
structured incentives for private providers.



CHAPTER SIX

Conclusions and Recommendations

The Navy largely manages demand separately along public- and private-
sector providers by platform, even though the supporting 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 sub-
marine tank preservation and nonnuclear carrier work in large mod-
ernization 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 commences gener-
ating more demand from the shipbuilders that currently augment the
ship repair providers and also in the midterm, when additional plat-
forms may be delivered.

If the 30-year shipbuilding plan is 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 Shipbuilding Plan for fleet inventory, will remain at least at
current levels, with historical trends suggesting that higher mainte-
nance levels are likely. This projection applies in both the public and
private sectors. 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 they not
occur. However, it is important to understand the impact. Our his-
torical data show that the Navy has shown a tendency to defer main-
tenance on the two classes of surface ships examined (DDGs and
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CGs). Our analysis of the FYDP shows, conversely, that the Navy
is planning to spend 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 gets more severe the longer the maintenance is deferred.
At 2 minimum, if maintenance is to be deferred, there should be a
conscious effort to retire the deferrals on a consistent basis.

The Navy warship maintenance industrial base is characterized
by a relatively small number of private-sector providers in each port,
two to five, depending on the port. Of the estimated 110,000 people
working in the private-sector shipbuilding and repair industry,! only a
fraction supports Navy warships. The public shipyards, which employ
nearly 35,500 people, are the dominant provider of Navy warship
maintenance. In the regions where there is a public shipyard that sup-
ports surface warship maintenance, the public shipyard employs nearly
four times as many people as the sum of its private-sector counter-
parts.? The estimates of the private sector do not include subcontrac-
tors or those shipyards with a focus on shipbuilding. This additional
information would provide a more complete view of the capacity of the
industrial base.

There is evidence to suggest that the current industrial base can
meet the expected demands of the Navy. The amount of work that the
Navy is planning to provide to the ports between 2017 and 2019 is
what the ship repair associations indicate would be required to keep the
providers in the port employed, in all ports, in most years. The public
shipyards are recovering capacity through the additional hiring of
labor, but it will take time for these new hires to become journeymen.

While there appears to be capacity today, there are risks that should
be managed to ensure that the capacity is available tomorrow. The pri-
vate sector has seen significant consolidations in the past 20 years. As
a result, there are currently only a handful of privately held compa-
nies that perform maintenance on the Navy’s surface warships. The

1 Maritime Administration, 2015.

2 This excludes the subcontractors that support the shipyards and excludes HII-NN and
Electric Boat, as well as shipyards that solely produce ships.
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Navy needs to continue to provide incentives for companies to stay in
the market. Two providers, GD NASSCO and BAE, currently execute
the majority of surface warship maintenance. For these larger provid-
ers, nearly all revenue is from Navy contracts. GD NASSCO contracts
have been dominated by the construction and repair of amphibious
ships, while BAE has focused on supporting destroyers, cruisers, and
amphibious ships. If one of these suppliers decided to exit the market,
the Navy would need time to find alternate providers. Although there
are a number of shipyards in the ship repair and construction industrial
base, only a few possess the special skills, facilities, and certifications
required by the Navy. In other words, the Navy could not place work
at a new commercial provider on short notice. The Navy must also
provide incentives to industry to make available resources that have not
traditionally been used by the Navy. The providers in the Northwest,
such as Vigor Industrial, have a diverse portfolio of work, of which the
U.S. 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 Industrial, the Navy needs to pro-
cure those services before the capacity at these shipyards is allocated to
others. Otherwise, the Navy may need to seek out of port solutions to
receive the necessary services, at least in the near term.

The type of workload and, hence, the labor skills expected to be
required are not likely to change significantly, with a similar distribu-
tion by SWLIN of work items appearing consistent in the decades to
come. This indicates that trade labor demand by skill will continue to
require similar skills to current trades and also new skills to maintain
fiber optics systems, photonics, control systems software, and power
electronics.

The more significant issue may be the availability of dry docks in
homeport. Our analysis of capacity indicated that, if ships are required
to remain in port for maintenance, there will be times when docks are
unavailable to support the current schedule. Coast-wide bidding can
help to alleviate some of the capacity shortfalls, but other approaches
will also need to be pursued. Demands for facilities, in particular dry
docks, will be significant and, at times, overstress available dry docks
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by port, but the dry dock demand may be accomplished by allowing
coast-wide bidding for dry-docks availabilities. The dry-dock demand
predicted for the LCS-1 and the LCS-2, when analyzed by homeport,
does not appear executable within available facilities within homeport.
Across the public and private shipyards, there are 54 Navy-certified
dry docks. Of those, only three can accommodate an aircraft carrier.
The mid-Atlantic and Northwest have the preponderance of capability
in number of dry docks and the number of classes of ship that can be
accommodated in the port, which are driven by the public shipyards.
This report has demonstrated how the Navy’s shipyard mainte-
nance industrial base faces challenges in the future. If the most recent
30-year trajectory is correct, demand for a skilled workforce and facili-
ties will grow, and the industrial base, both public and private, cannot
support this growth in its current state. Moreover, there are several lim-
itations to maintaining the ability of the Navy to procure the services
it needs. For example, broader changes in the labor and capital markets
may change how demand is met by the Navy—and the Navy often
has little influence over these factors. There are also limitations to how
quickly the industrial base can grow before additional constraints and
productivity barriers are reached. And there is a cost to sustaining an
industrial base that is constantly going through boom and bust cycles.
Despite such deep challenges, however, there are a number of ways
to address issues now to lessen future negative impact. We offer the fol-
lowing recommendations for Navy leadership to consider. Together,
these recommendations suggest ways for the Navy to move forward by
improving overall awareness of the industrial base, better identifying
supply constraints, and exploring the impact of changes in procedures.
Work to establish a more integrated picture of port-wide
maintenance demands. To improve decisionmaking, it is important
for the Navy to develop an integrated picture of public- and private-
sector workload that includes commercial, Coast Guard, MSC, and
any other maintenance work expected in the port. Where construction
yards are relied on to assist with maintenance activities, the construc-
tion workload at the private shipyards should also be considered. This
will help the Navy identify the availability of resources, prior to execu-
tion, which can help to minimize costs. This information can be used
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to make changes to schedules or to develop the incentives required to
secure capacity.

As early as possible in the planning cycle, identify work at
public shipyards that is likely to be outsourced. The public ship-
yards are the largest suppliers of Navy warship maintenance. For air-
craft carriers, up to half of the work is outsourced to the private sector.
In recent years, because of the capacity constraints at the public ship-
yards, additional work has been subcontracted. However, the decisions
have been made to outsource the work after the work is inducted into
the shipyard and determined to be unexecutable, which is more costly
to the Navy than contracting directly with the private sector. Identify-
ing the work that is likely to be outsourced on a continuous basis can
ensure that the necessary capacity is available and can provide the pri-
vate sector with a steady stream of work.

Identify expectations for private-sector providers and create
incentives for industry to support the plan. Industry would like to
have a steady and dependable stream of work, with little fluctuation (up
or down). This is the most cost-effective way to operate. It minimizes
the costs of training, hiring, and firing, which are a function of the
frequency and level of fluctuation. Unfortunately, the work has been
characterized by peaks and valleys and other uncertainties. Although
the Navy previously provided some stability to industry through a five-
year contracting mechanism, the Navy is moving away from this con-
tracting vehicle. While industry has been able to respond to the Navy’s
demands, historically, industry has expressed significant dissatisfaction
with the new contracting environment. It is unclear whether the new
environment will provide the incentives required to make investments
in people and infrastructure. Communicating expected capacity and
capability to the private sector should help.

Explore public-private partnerships as a means to achieve
cost and schedule goals. While competition is desired, the number
of providers in the space is limited, and without a significant commer-
cial market, competition—or lack thereof—will be determined by the
Navy. Although public-private partnerships can be difficult to imple-
ment and can exist in many forms, there are significant potential ben-
efits to both the government and industry when implemented well.
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For example, identifying and making investments in the facilities and
people required to accommodate existing operational and maintenance
schedules would become a more cooperative endeavor. The Navy could
secure capacity, and industry could obtain more stability. There are
many potential challenges with public-private partnerships as well. For
example, the government could get locked in to a provider that does
not perform or that takes advantage of the relationship by increasing
prices. To fully consider the pros and cons of such an approach in
the warship maintenance repair community, additional and significant
investigation to determine viability is required, but the benefits could
be significant, and the Navy should evaluate this approach.

Develop partnered programs for developing ship repairs with
specific skill bases. Public and private shipyards compete in the same
labor market for the same kinds of skills, some of which are highly spe-
cific to ship repair. Moreover, these ship repair facilities are all located
in fleet-concentration areas. Exposure to ship repair—related skills are
generally not happening at a national level. Per industry interview
results, most of the people working in ship repair in Norfolk or Puget
Sound, for example, originate from that area. There is little the Navy
can do about national trends toward fewer workers available in ship
repair—related trades. The Navy can work with industry to develop a
career workforce in the areas where ship repair is well established and
where there is already at least some base of labor. This will require
apprenticeship programs by both public and private maintenance pro-
viders, aggressive recruitment at community colleges and among other
potential labor sources, and establishment of career paths that allow for
the development of a an experienced workforce. The general theme also
applies—that future maintenance demands will be better serviced by
partnered planning than by competition among a few companies serv-
ing a single consumer—applies for the development and management
of a career workforce.



APPENDIX A

Shipbuilding and Maintenance Capabilities in the
United States, by Region and Shipyard

In this appendix, we present a more detailed look at the capabilities
available throughout the United States. We divide the capabilities
according to six regions: Northwest, Southwest, Pacific, Northeast and
Midwest, mid-Atlantic, and Southeast. We also present relevant details
of individual shipyards.

Capabilities in the Northwest

The Northwest region is home to the largest public shipyard, which
employs approximately 12,340 people, and supports the widest range
of activities—including continuous support to forward-deployed
assets. PSNS & IMF, shown in Figure A.1, maintains aircraft carri-
ers in Bremerton, Washington; San Diego, California; and Yokosuka,
Japan. Puget Sound can maintain all current and planned aircraft car-
riers, Virginia-class submarines, Seawolf-class submarines (currently
the sole provider), and surface ships. PSNS & IMF is currently the only
public shipyard to perform nuclear defueling tasks prior to decommis-
sioning ships. It also supports SSBNs, whose homeport is in Bangor,
Washington, and ships based in Yokosuka.

Unique among the public shipyards, PSNS & IMF supports
several off-site locations, including Bremerton, Bangor, and Everett,
Washington; San Diego, California; and Yokosuka, Japan. The work-

load at these sites spans a wide range of platforms and capabilities.
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Figure A.1
PSNS & IMF

SOURCE: Provided by PSNS & IMF.

RAND RR1951-A.1

Bangor is the intermediate-level facility for support of Ohio-class
nuclear ballistic missile submarines. Puget Sound workers at Everett
perform continuous maintenance for the USS Nimitz (CVN-68) and
surface ships stationed with the carrier (with other depotlevel work
being done at the shipyard). Puget Sound workers use the depot-level
facilities in San Diego to perform pier-side maintenance on nuclear
ships stationed there. The shipyard usually supplies 600 to 800 work-
ers for six-month planned incremental availabilities for aircraft carriers
in San Diego, with nonnuclear work subcontracted to local shipyards.
Each year, PSNS & IMF supports the nuclear portion of the annual
four-month forward-deployed naval forces ship repair associations per-
formed on the CVN in Yokosuka. The work is similar to the work per-
formed in San Diego. There are currently 47 ships homeported at San
Diego (including one Coast Guard cutter), two ships in Coronado, five
in Bremerton, 11 at Bangor, and eight in Everett (including two Coast
Guard cutter).

In 2016, Puget Sound executed nearly 2.3 million man-days and
employed nearly 12,340 civilians.! The shipyard has seven dry docks.
Only one of the docks can accommodate an aircraft carrier. Five of the

1 NAVSEA, 2014-2016.



Shipbuilding and Maintenance Capabilities in the United States 75

docks can accommodate all submarines in the fleet. Four can accom-
modate all the amphibious ships.

In the Northwest, there is also a robust maritime industry outside
the Navy. There are ferries, cruise ships, fishing vessels, tankers, oilers,
and others that receive maintenance services in the region. The Coast
Guard, MSC, and the Army also pursue maritime vessel construction
and or repair services in the region. While not all of these vessels com-
pete for resources with the Navy, some do; there is a maritime ecosys-
tem of people and suppliers that is not easily untangled.

There are three privately held shipyards that provide maintenance
services to Navy warships. GD NASSCO, Bremerton, was established
in 2014 to support the company’s CVN MSMO contract.? The site
possesses production and planning facilities, as well as piers. The facili-
ties are located near PSNS & IMF and support production, fabrica-
tion, and construction of ship equipment for repair and maintenance
of CVNs. The company also has trailers located within the public
shipyard to provide integrated support to the shipyard. The Navy is
the company’s primary customer. The shipyard does not have any dry
docks. In 2014, the company employed 200 people at this location.?

Vigor Industrial offers shipbuilding, ship repair, and industrial
services to a wide range of customers at six locations in the northwest.
The shipyard has built ferries and catamarans, small and large barges,
as well as fishing boats, tugs, cargo vessels and offshore supply ves-
sels. The company has also provided maintenance services to a similar
array of vessels, including cruise ships. More recently, the company has
started to perform maintenance on Navy destroyers and has installed
add-on modules to two of the Navy’s Mobile Landing Platforms, but
the majority of the revenue of the company is from non-Navy custom-
ers.* Vigor supports the Navy and Coast Guard in both Portland and

2 General Dynamics NASSCO, “Master Ship Repair from the Pacific to the Atlantic,” fact
sheet, 2016.

3 Ed Friedrich, “New Contractor Plans to Hire Locals for Carrier Work,” Kitsap Sun,
October 2, 2014.

4 RAND interview with Vigor executives, November 3, 2016, Vigor Corporate Offices,
Puget Sound, Wash.
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Seattle. The company has a NAVSEA-approved dry dock in Portland
and two Navy-approved dry docks in Seattle. One of the dry docks
is large enough to accommodate an LPD-17; all of the dry docks can
accommodate the other amphibious ships. We estimate that the ship-
yard employs approximately 2,600 workers between the Seattle and
Portland locations.’ This is nearly 600 more people than were employed
in 2014.¢ Such growth is an indication of an increasing amount of
work.

Pacific Ship Repair and Fabrication has facilities in Everett and
Bremerton, Washington. This company also provides an array of ser-
vices to the Navy, MSC, the Coast Guard, the Army, and commer-
cial companies. It provides ship repair, fabrication, precision cutting,
marine closures, and powder coatings.”

Each of these companies relies on subcontractors to provide ser-
vices that are not cost-effective for the shipyards to maintain in house.
Discussions with industry representatives indicated that these subcon-
tractors support all of the shipyards as work ebbs and flows across each
yard. The shipyard does not have any dry docks. We estimate that the
company employs approximately 130 people.®

Capabilities in the Southwest

San Diego is a major fleet concentration area with 46 surface ships,
three aircraft carriers, and five submarines homeported there. There is
no public shipyard in San Diego, but PSNS & IMF supports work in
the area, as discussed.

There are four private shipyards that support Navy warships
located in San Diego.

5 Linda Baker, “The Love Boat,” Oregon Business, November 11, 2015.
6 Marine Log, “Vigor Set to Welcome Giant Floating Dry Dock,” August 22, 2014b.
7 Pacific Ship Repair and Fabrication, “Overview,” web page, undated.

8  Buzzfile, “Pacific Ship Repair & Fabrication, Inc.,” web page, undated-c; Buzzfile, “Pacific
Ship Repair & Fabrication, Inc.,” web page, undated-c.
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GD NASSCO is the “largest full service shipyard on the west
coast.”® GD NASSCO has been the prime contractor for continu-
ous maintenance activities for several amphibious classes of ships: the
America class (LHA-6), Wasp class (LHD-1), Whidbey Island class
(LSD-41), and San Antonio class (LPD-17). GD NASSCO has also
supported the Oliver Hazard Perry—class (FFG-7) guided-missile frig-
ates and the LCS classes of ships. The shipyard has also produced
a number of ships for the Navy, MSC, and the commercial sector.
For the Navy and MSC, the shipyard has produced Mobile Land-
ing Platforms, Lewis and Clark—class (T-AKE) dry cargo ship, sealift
ships, supply-class ships, hospital ships, prepositioning ships, tenders,
oilers, and more. For the private sector, the shipyard has produced
tankers, cargo ships, ferries, and other vessels. The shipyard has two
certified dry docks. One of the docks can only accommodate smaller
ships, such as Cyclone-class (PC-1) patrol ships and Avenger-class
(MCM-1) mine countermeasures ships. The other dock can accom-
modate all nonnuclear ships. Published reports indicate that GD
NASSCO employs nearly 3,500 people at this location, but layoffs
may occur.!! Since 2013, the employment level has fluctuated, from
3,200 to 2,800, up to 4,000, and now around 3,500. This suggests
that the shipyard has been able to adjust the workforce levels to meet
the demands—increasing the workforce by as many as 1,200 people
in one year or less.

Continental Maritime is a subsidiary of Huntington Ingalls
Industries and repairs ships for the Navy and MSC: “CMSD does
repair on all classes of surface vessels including but not limited to

CVN, CG, and DDG, as well as all types of amphibious ships includ-

9 General Dynamics NASSCO, 2016.

10 Chiris Jennewein, “NASSCO Warns Employees 700 Layoffs May Be Coming in January,”
Times of San Diego, October 25, 2016.

11 Brad Graves, “Potential 700 Layoffs at General Dynamics NASSCO,” San Diego Business
Journal, October 25, 2016.

12 Gary Robbins, “San Diego Shipyards Enjoy Boom Times,” San Diego Union-Tribune,
December 6, 2015b.
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ing LHD, LHA, LSD, LPD, and auxiliary ships.”? The shipyard does
not have any Navy-certified docks and employs between 200 and 400
people.4

BAE leases its facilities from the Port of San Diego. The company
is currently executing five MSMO contracts for the Navy for cruisers,
destroyers, amphibious landing ships (LPDs), and mine countermea-
sures ships. The company has also supported aircraft carriers, large-
deck amphibious ships, and frigates. The company also supports cruise
ships, tankers, and barges. The company operates two dry docks. One
of the docks can accommodate all of the amphibious ships; the other
can accommodate a cruiser, a destroyer, and an amphibious landing
ship (LSD) or anything smaller. The company employs around 1,600
people at this location.”” The employment level has fluctuated recently,
from 1,450' in 2013 to 1,400 in 2014, 2,000 in 2015, and 1,600
in 2016.'8 This indicates that the shipyard has been able to adjust the
workforce levels to meet the demands—increasing the workforce by as
many as 600 people in one year or less.

Pacific Ship Repair advertises the same services in all locations.
These services include ship repair, fabrication, precision cutting, marine
closures, and powder coatings. It does not possess a dry dock.”

13 Continental Maritime of San Diego, homepage, undated.

14 Gary Robbins, “San Diego Shipyards to Get $1.3 Billion to Repair Warships,” San Diego
Union-Tribune, March 17, 2016.

15 California Coastal Commission, Addendum to Item Wi3b, Coastal Commission Permit
Application #6-15-0555 (BAE Systems San Diego Ship Repair), for the Commission Meeting of
May 11, 2016, San Diego, Calif., May 6, 2016.

16 Gary Robbins, “Employment Soars at San Diego Shipyards,” San Diego Union-Tribune,
December 24, 2013.

17 Gary Robbins, “San Diego Shipyards Enjoy Boom Times,” San Diego Union-Tribune,
March 26, 2015a.

18 Dara provided by Southwest Ship Repair Association.
19 Buzzfile, “Metro Machine Corp.,” web page, undated-a.
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Capabilities in the Pacific

There are currently two shipyards in Hawaii that provide the majority
of maintenance services to the Navy: PHNS & IMF and BAE. These
shipyards support the 29 ships that are homeported in Hawaii. BAE’s
shipyard in Pearl Harbor is colocated with PHNS & IMF and the
Navy. BAE currently holds MSMO contracts for cruisers, destroyers,
and frigates, which are homeported in Hawaii. In 2013, BAE employed
roughly 750 people.?® The facilities include three piers and one graving
dry dock.

PHNS & IMF, shown in Figure A.2, holds a strategic position in
the Pacific and provides emergency repairs and other services to fleet
assets stationed or deployed in the Pacific. The shipyard primarily sup-
ports Los Angeles—class (SSN-688) and Virginia-class (SSN-774) sub-
marines but also does work on Arleigh Burke—class (DDG-51) destroy-

Figure A.2
PHNS & IMF

SOURCE: Provided by PHNS & IMF.

RAND RR1951-A.2

20 William Cole, “350 at Pearl May Face Layoft,” Honolulu Star-Advertiser, February 22,
2013.
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ers and Ticonderoga-class (CG-47) cruisers. It also has the capability
to perform work on any surface ship, the Ohio-class (SSBN-726) fleet,
and the Seawolf-class (SSN-21) submarines. The shipyard has four dry
docks; one could accommodate a nuclear aircraft carrier, if required
(CVN-75 and older), but it is not capable of supporting carriers on
a regular maintenance schedule without upgrades and infrastructure
investments. Two docks can service destroyers, amphibious ships, and
nuclear submarines. In 2016, PHNS & IMF executed nearly 750,000
man-days of work and employed more than 5,000 civilian employees.?!

Its location, though strategic, gives these shipyards a limited labor
pool to draw from. Costs of labor and material are also higher, posing
other challenges.

Capabilities in the Northeast and Midwest

PNSY, shown in Figure A.3, provides depot services for Los Angeles—
class (SSN-688) and Virginia-class (SSN-774) submarines. The ship-
yard has unique capabilities and the technical expertise required for
the repair and maintenance of nuclear submarines and frequently sends
skilled personnel to assist with work at other sites. The shipyard also
provides off-site support for many nonsubmarine tasks. It is within 160
miles of Groton, Connecticut, homeport to 18 submarines (currently
seven in the Virginia class and 11 in the Los Angeles class).

In 2016, PNSY executed nearly 830,000 man-days of work and
employed nearly 5,500 civilians.??

General Dynamics Electric Boat is located in Groton, Connecti-
cut. The company focuses on designing and building nuclear subma-
rines, but it has also provided support to naval surface ships and com-
mercial nuclear programs.? It has three graving docks and one floating
dry dock that are used to construct submarines. Electric Boat also does
maintenance, modernization, and life-cycle support of Navy subma-

21 NAVSEA, 2014-2016.
22 Data provided by PNSY.

23 General Dynamics Electric Boat, “Our Submarines,” web page, undated-b.
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Figure A.3
PNSY

SOURCE: Provided by PNSY.

RAND RR1951-A.3

rines. The company also has repair facilities in Kings Bay, Georgia,
and Bangor, Washington, to support the Ohio-class submarines sta-
tioned there. There are 14,000 employees at Electric Boat across three
locations: the shipyard in Groton, Connecticut; the automated hull-
fabrication and outfitting facility in Quonset Point, Road Island; and
an engineering building in New London, Connecticut.?

Bay Shipbuilding is owned by Fincantieri, an Italian shipbuilding
company. The U.S. subsidiary of Fincantieri is known as Fincantieri
Marine Group. Marine Group owns three shipyards in Wisconsin, one
of them being Bay Shipbuilding. Bay Shipbuilding, however, does not
do any government work, but one of the other shipyards, Marinette
Marine, builds the LCS-1.

Marinette Marine is located on the Menominee River in Mari-
nette, Wisconsin. The facility is 550,000 square feet, with space for
“manufacturing, warehouse and receiving,” along with the capacity

24 General Dynamics Electric Boat, “Electric Boat History,” web page, undated-a.
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to build six littoral combat ships simultaneously. Marinette Marine
has computer-controlled manufacturing equipment and heavy-lifting
capabilities.” In addition to the LCS, Marinette Marine has built
Avenger-class mine countermeasure vessels and patrol craft.2¢ In 2015,
when the Navy ordered another LCS to be built by Marinette Marine,
it increased its workforce by 200, to a total of 2,000.27

Capabilities in the Mid-Atlantic

NNSY, shown in Figure A.4, is the largest public shipyard on the East
Coast. It is the only public depot on the East Coast capable of dry-
docking a Nimitz-class (CVN-68) or Ford-class (CVN-78) nuclear-
powered aircraft carrier.

NNSY currently has the skills and facilities required to support
all ship classes. It performs work on aircraft carriers, Virginia- and Los
Angeles—class submarines, large-deck amphibious ships, and surface
combatants. It also supports Ohio-class SSBNs at Kings Bay, Georgia,
which currently seven boats, and runs a foundry and propeller center
and a materials test lab.

NNSY is next to one of the major fleet concentration areas on
the East Coast, including the roughly 60 ships homeported in Nor-
folk, Virginia. It is in the same geographic area as HII-NNS, Gen-
eral Dynamics Electric Boat, GD NASSCO, BAE, MH]I, and the Mid
Atlantic Regional Maintenance Center.?® Norfolk Ship Repair does
significant work on aircraft carriers, frigates, and amphibious ships for
the public shipyard. All of these organizations compete for labor but
also provide a pool of ready workers from which each can draw.

25 Fincantieri Marinette Marine, “Profile,” web page, undated-a.
26 Fincantieri Marinette Marine, “U.S. Navy Vessels,” web page, undated-b.

27 Rick Barrett, “Navy Orders Another Combat Ship from Marinette Marine,” Journal Sen-
tinel, April 2, 2015.

28 1n 2008, NNSY and MARMAC merged to form the NNSY & IMF.
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Figure A.4
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In 2016, NNSY executed 1.5 million man-days of work and
employed more than 10,642 civilian employees for the fiscal year.?

There are five private shipyards that have a NAVSEA-certified dry
dock and support Navy warships. There are numerous smaller ship-
yards and a robust maritime industry supporting a variety of other
maritime vessels.

The Navy is BAE Norfolk Ship Repair’s primary customer. It also
does some commercial work on cruise ships, tankers, ferries, and cargo
ships. Currently, BAE Norfolk is executing five-year MSMO contracts
for cruisers, destroyers, and amphibious assault ships. It possesses two
NAVSEA-approved dry docks. The employment levels at BAE have
declined from approximately 2,500 in 2013 to nearly 900 in 2016.3!

29 Data provided by NNSY.

30 Bill Bartel, “Ship-Repair Industry Is Threatened with Major Cutbacks,” Virginian-Pilot,
September 8, 2013.

31 Robert McCabe, “BAE Systems Lays Off 170 Workers in Norfolk,” Virginian-Pilot,
March 30, 2016a.
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MHI is one of the smaller ship repair and conversion contractors
in Norfolk, with approximately 400 employees.3? Its services include
structural repair, steel plate fabrication, paint and coatings, pipe repair,
valve repair, electrical services, and machine work. Historically, MHI
has done repair work on destroyers and LPDs in addition to work for
MSC, the Maritime Administration, and some commercial ships. BAE
Norfolk attempted to acquire MHI in 2012, but the buy fell through
for unannounced reasons.?

Newport News Shipbuilding is a subsidiary of Huntington
Ingalls Industries and is “the nation’s sole designer, builder and refu-
eler of nuclear-powered aircraft carriers and one of only two shipyards
capable of designing and building nuclear-powered submarines.”*
Although NNS-HII is primarily a ship builder, the company performs
the RCOH for the Nimitz-class (CVN-68) carriers and provides touch
labor to the public shipyards. It possesses seven dry docks, but only
one can accommodate aircraft carriers. The company employs nearly
22,000 people,® making it the largest employer in the shipbuilding
and repair industry.

GD NASSCO-Norfolk is the consolidation of two shipyards:
Metro Machine Corporation and Earl Industries. Metro Machine was
acquired in 2011, and the Ship Repair Division of Earl Industries was
acquired the following year.” Both companies, Metro Machine and
Earl Industries, had branch locations in Jacksonville, Florida, which

now make up GD NASSCO-Mayport. GD NASSCO-Norfolk ser-

32 BAE Systems, “BAE Systems Announces Agreement to Acquire Marine Hydraulics Incer-
national,” press release, November 15, 2012.

33 MHI Ship Repair and Services, homepage, undated.
34 Newport News Shipbuilding, “Fact Sheet,” Newport News, Va., undated-b.

3 Newport News Shipbuilding, “About Newport News Shipbuilding,” web page, undated-a;
Robert McCabe, “75 Laid-Off Workers Called Back at Newport News Shipyard, but More
Layoffs Are Possible This Year, Virginian-Pilot, April 5, 2016b.

36 General Dynamics, “General Dynamics Completes Acquisition of Metro Machine
Corp.,” press release, October 31, 2011.

37 General Dynamics, “General Dynamics to Acquire Earl Industries’ Ship Repair Division,
press release, June 29, 2012.
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vices include engineering and technical support; shipboard hull and
tank preservation; structural and pipe-fitting services; mechanical ser-
vices; coatings; and advanced preservation solutions, such as nonskid
coatings and ultra—high-pressure water. GD NASSCO-Norfolk pri-
marily does repair work on amphibious ships, including the LPD-17.38
It has one NAVSEA-approved dry dock that can accommodate nearly
all nonnuclear ships. It employed nearly 800 people in 2015 but indi-
cated the possibility of layoffs if work does not pick up.?®

Colonna’s Shipyard is a family-run company with a wide cus-
tomer base servicing Navy and Coast Guard ships, state ferries, and
commercial tugboats and barges.#® Colonna’s does welding, ship fit-
ting, steel fabrication, and machining and provides pier-side or voyage
repairs. It has one dry dock that can service patrol ships, mine counter-
measure ships, frigates, and the LPD-4. The company employs nearly
575 people,* 25 more than it did in 2015.42

Capabilities in the Southeast and Midwest

The capabilities in the Southeast and Midwest are not nearly as central-
ized as the other fleet concentration areas. There are shipyards that sup-
port the Navy located in Mayport and Jacksonville, Florida, Mobile,
Alabama, Westwego, Louisiana, and Pascagoula, Mississippi.
Mayport, Florida, is the homeport for an amphibious ready group,
three destroyers, and two cruisers. Current plans call for all of the lit-
toral combat ships to also be homeported in Mayport. There are two

38 General Dynamics NASSCO-Norfolk, “Services,” web page, undated.

39 Allison Mechanic, “Layoffs Coming to General Dynamics NASSCO,” WTKR, Novem-
ber 7, 2015; Robert McCabe, “Layoffs Planned at Another Norfolk Shipyard as Navy Work
Slows,” Virginian-Pilot, November 7, 2015b.

40 Robert McCabe, “Other Shipyards Are Laying Workers Off; Colonna’s Is Hiring,”
Virginian-Pilor, October 10, 2015a.

4 Marine Log, “Colonna’s Shipyard to Add Larger Dry Dock,” December 18, 2015.
42 McCabe, 2015a.
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privately owned shipyards, BAE and GD NASCCO, which currently
provide maintenance services to the Navy in Mayport.

BAE has a shipyard in Jacksonville, Florida, that primarily does
commercial work but with an adjacent location inside the Naval Sta-
tion Mayport that does repair and modernization work for the Navy.
The Mayport facility is currently executing a single five-year MSMO
contract for cruisers and destroyers.*> Employment levels for BAE at
this location have ranged from 650 to 800 between 2013 and 2016. It
has two NAVSEA-certified dry docks; one can accommodate cruisers
and destroyers, and the other can support smaller ships.

GD NASSCO Mayport operates a small facility in Jacksonville,
with fewer than 100 employees.* The GD NASSCO facilities in May-
port were designed to support Navy ships. In 2014, GD NASSCO-
Mayport won a contract for PC-14 (patrol ship) maintenance,® and
in 2015, it won a contract for LPD021 maintenance.*¢ As of April 26,
2016, GD NASSCO and BAE Jacksonville will be working on LCS-1
sustainment. According to an article in Defense News, “BAE Systems
Southeast Shipyards Mayport LLC, Jacksonville, Florida (N00024-
16-D-4319) and General Dynamics NASSCO, Mayport, Florida
(N00024-16-D-4320) are each being awarded firm-fixed-price, indef-
inite-delivery/indefinite-quantity, multiple award contracts (MAC) to
support sustainment execution efforts for Littoral Combat Ships (LCS)
1 variant class ship.”

Located in Chatleston, South Carolina, Deytens Shipyards is the
former Charleston Naval Shipyard. It was bought by Deytens in 1996,
following the closure of the shipyard after a base realignment and clo-
sure. Deytens primarily does commercial repair work but has three

43 BAE Systems, “Jacksonville Ship Repair,” web page, undated.
44 Buzzfile, undated-a.
S Marine Log, “NASSCO Mayport Wins $19.8 million PC-14 Contract,” June 19, 2014a

46 Military-Industrial Complex, “Metro Machine dba General Dynamics NASSCO May-
port Contract Details: Defense Contract Under the Navy Awarded to Metro Machine dba
General Dynamics NASSCO Mayport on 10/9/2015,” web page, undated.

47 U.S. Department of Defense, “Contracts: Army,” Release No: CR-166-16, August 29,
2016.
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graving docks approved by NAVSEA. Deytens specializes in ultra—
high-pressure water-blasting and houses “33 marine and industrial
companies.”® The company does not currently provide services to the
Navy but does have certified dry docks. It employs approximately 450
people.®

Located in Mobile, Alabama, Austal is the prime builder for the
Independence-variant LCS. Austal also has maintenance and service
contracts for the LCS to provide post-shakedown availability, indus-
trial post-delivery availability, and post-delivery availability services.
Austal provides corrective and preventative maintenance, including
electrical, structural, mechanical, and ficout.>® Additionally, Austal
provides engineering services and program management support. In
2015, it was reported that Austal USA had more than 4,000 employ-
ees, which was the highest employment number the company had ever
had.>

Ingalls is a part of Huntington Ingalls Industries and is located in
Pascagoula, Mississippi. Ingalls builds DDG-51, LHA-6, and LPD-17
ships. It owns 800 acres of land along the Pascagoula River. Ingalls
currently employs 11,500 people and has built many Navy and Coast
Guard ships. Specifically, Ingalls built 35 DDG-51 ships and is cur-
rently the builder of record for the LHA-6 and sole builder of the LPD-
17.52 It won a contract in December 2016 for life-cycle engineering and
support services on the LPD-17 for the first year, which is common
for the ships that it builds. Under this contract, services include “post-
delivery planning and engineering, systems integration and engineer-
ing support, research engineering, material support, fleet moderniza-
tion program planning, supply chain management, maintenance, and

48 Deytens Shipyards, “Company Profile,” web page, undated.

49 AES Marine Consultants LLC, “Safety Alert: South Carolina Shipyard Company Fined
Over $100K,” LinkedIn, June 12, 2015.

50 Austral USA, “Support,” web page, undated.

51 Alison Spann, “Austal Reaches Highest Employment Numbers Yet,” WKRG.com, Octo-
ber 25, 2015.

52 Huntington Ingalls Industries, “LPD Amphibious Transport Docks,” web page, undated.
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training for certain San Antonio-class shipboard systems.” In Sep-
tember 2016, Ingalls was also awarded an ESRA for an Arleigh Burke—
class destroyer, USS Ramage (DDG-61).54

53 Huntington Ingalls Industries, “Ingalls Shipbuilding Awarded $51 million Life-Cycle
Engineering Contract on U.S. Navy’s LPD 17 Program,” press release, December 16, 2016b.

54 Huntington Ingalls Industries, “Photo Release—Huntington Ingalls Industries Selected
to Perform Overhaul Work on USS Ramage (DDG 61),” press release, September 14, 2016a.



APPENDIX B

Cleaning VAMOSC Data

The model used to partially assess the deferred maintenance in Chap-
ter Four takes all work reported for the Arleigh Burke—class destroyer
through FY 2014. The data were pulled from VAMOSC by ship. We
used the portion that reported maintenance dollars spent in current
year (2014). Because VAMOSC data are reported in dollars and TFP
and CMP requirements are reported in man-days, we converted dollars
to man-days using the estimate of $500 per man-day.

In later models converting man-days into cost, we used 2015
reported port rates for the homeport the ship was currently assigned
to. This assumption, of course, came with the caveat that current ships
would remain assigned to current homeports and all maintenance
would be done at the homeport.
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The U.S. Navy's ship inventory and the shipbuilding and repair industrial base
that supports these ships have experienced significant changes. In the next 30 years,
additional significant changes to the fleet composition and the maintenance
requirements of the fleet are likely. This report assesses possible supply and demand
capabilities in the ship maintenance workload for the Navy and notes long-term
challenges facing mitigation efforts.
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