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Preface

Maintaining the fleet of surface combatants that the United States has
built is challenging. The United States spends approximately $5 bil-
lion annually on ship depot maintenance. In addition to being costly,
ensuring that the U.S. naval fleet operates at peak efficiency requires
meticulous planning and execution of deployment schedules, crew
training, and maintenance availabilities. The careful employment
scheduling of ship deployments, short-term or long-term maintenance
periods, and crew training ensures maximum readiness, efficiency, and
expected service life of the ship. Combatant commanders’ demand for
surface combatant presence is high, and as the fleet has decreased in
size, deployment lengths have increased to meet this demand.
Currently, the Navy is transitioning to a 36-month Optimized
Fleet Response Plan operational cycle. However, with the constrained
budget environment, the Navy is evaluating how best to manage
training, maintenance, and presence needs to meet the deployment
demands of these ships. The Director of Assessments (N81) within the
Office of the Chief of Naval Operations (OPNAV) has asked RAND to
examine the potential for extending the interval between depot main-
tenance periods, and for extending the length of time for the depot
maintenance when the ship does undergo repairs and modernizations.
This approach could achieve more deployed time for these ships, but it
would be disruptive unless carefully planned before implementation.
Many factors must be considered, from ensuring that crews receive the
training needed before deployments, to ensuring that ships’ service life
is achieved, to meeting deployment demands, to balancing the tempo
of operations for the crew. The Navy has also asked RAND to consider
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removal of the crew during the execution of maintenance to mitigate
costs in this employment approach.

This research provides the Navy with an analysis of factors that
must be considered in moving to a 72-month operational cycle that is
followed by an extended maintenance period.

The research was sponsored by OPNAV N8I and conducted
within the Acquisition and Technology Policy Center of the RAND
National Defense Research Institute, a federally funded research and
development center sponsored by the Office of the Secretary of Defense,
the Joint Staff, the Unified Combatant Commands, the Department
of the Navy, the Marine Corps, the defense agencies, and the defense
Intelligence Community.

For more information on the RAND Acquisition and Technol-
ogy Policy Center, see www.rand.org/nsrd/ndri/centers/atp or contact
the director (contact information is provided on the web page).


http://www.rand.org/nsrd/ndri/centers/atp
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Summary

Background and Purpose

As is the case with the other military services, the U.S. Navy expects
to face a period of declining budgets and, indeed, is already experi-
encing them. Therefore, the Navy is seeking ways to operate its ships
more cost-effectively. One approach might be to alter the deployment
schedules of its surface vessels to get the greatest benefit in terms of
operating efficiency and crew effectiveness. The Navy asked RAND’s
National Defense Research Institute to assess a 72-month deployment
operational schedule followed by an extended depot maintenance
period to determine what cost and efficiency benefits this approach
might yield. The expectation is that a 72-month cycle will increase
the time surface vessels are available to be deployed, allow for multiple
deployments between depot availabilities, contain fewer basic training
periods, and achieve some cost savings by removing the crews during
the depot maintenance period. RAND researchers responded to the
Navy’s request by analyzing such a cycle using one class of ships, the
DDG-51 Arleigh Burke class of destroyers.

Current Ship Cycles

The Navy has implemented three different ship cycles in recent years:
27, 32, and 36 months. Each cycle has the same major components:
sustainment/deployment, maintenance, and training. The final com-
ponent divides between basic and integrated or advanced training. The
only thing that changes across the cycles is the amount of time devoted

xi



xii Extending Depot Length and Intervals for DDG-51 Class Ships: The 72-Month Cycle

to each component. For example, in the 32-month cycle, 25 percent
of the cycle’s time is spent on deployment, and in the 36-month cycle,
that fraction declines to 22 percent.

The 72-Month Operational Cycle

Under a 72-month cycle, a ship would go through a series of train-
ing and maintenance periods, deployments with carrier strike groups
(CSGs), and unaccompanied deployments. At the end of its 72-month
cycle, the ship would enter an extended maintenance period. During
that extended maintenance period, most of the crew would leave the
ship and marry up with the next ship coming out of the extended
maintenance period. This cycle has the advantage of maintaining better
cohesion among crew members, because they stay together longer and
deploy together more often. It also offers a modest increase in train-
ing time and operational availability. The 36-month opreration cycle is
shown in Figure S.1, and the 72-month operational cycle is shown in
in Figure S.2.

Figure S.3 shows the differences in elements of the cycle that
occur among the different deployment lengths. The yellow and green
bars show two versions of the 72-month cycle, one with three deploy-
ments and one with four. The legend at the top of the figure shows the
operational availability (A ) percentages.

The 72-month operational cycles have a larger percentage of time
devoted to integrated and advanced training, 18.6 and 22.6 percent,
respectively, which is 3 and 7 percent more than with the 32- and
36-month cycles. They also show more deployment time, but by rela-
tively small percentages. A_ is also greater, but again by relatively small
percentages. The time spent in in sustainment (ready to deploy, but not
deployed) is greatest in the current 36-month cycle.



Figure S.1
36-Month Operation Cycle for Surface Combatants
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Figure S.2
Proposed 72-Month Operational Cycle for Surface Combatants
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Figure S.3
Fleet-Wide Time Spent in States for Differing Employment Cycles
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Crew Savings and Maintenance Costs

The primary motivation for this study was to explore the possibility
of getting more deployments out of the DDG-51 fleet and to illumi-
nate issues and challenges that the Navy must grapple with should it
decide to proceed with this new operational cycle. A secondary moti-
vation is to save costs. The potential cost savings would be the result
of a reduction in the number of DDG-51 crews. As ships enter main-
tenance, they would be decrewed, and as long as there are ships in
maintenance under the extended cycle, there will be more crews than
ships. If the Navy were to divest itself of these surplus crews and reduce
end strength to reflect this divestment, there would be a potential for
cost savings. It is important to note that any reduction in crews will
manifest in cost savings to the Navy and U.S. government only if end
strength is reduced. Should the crews be divested but placed elsewhere
in the Navy, no cost savings would be realized.

Savings from crew reductions is not the only component of cost
that we considered. Maintenance demands also change under the new
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operational cycle, and we used our model output to capture the effects
on cost. There are two aspects of maintenance costs to consider: the
cost of additional continuous maintenance availability (CMAV) man-
days under the extended cycle (because more continuous maintenance
is needed with extended time between depot maintenance) and the
change in cost of Chief of Naval Operations (CNO) maintenance
availabilities over time as the fleet transitions to a 72-month opera-
tional cycle. We developed a model of the fleet today and, in the model,
moved each ship to a 72-month operational cycle based on its current
age and place in the 32-month cycle. We made several assumptions
that we discussed with the sponsor that are key in modeling the main-
tenance and crewing in the transition of ships to the new cycle.

We highlight in Table S.1 the change in maintenance costs that
would occur in the 72-month cycle. Ships begin to transition to the
new cycle in FY 2016, and thus we begin to see the cost of additional
CMAV man-days appear at this point, and grow year by year until
FY 2022, when the last ship in the fleet transitions to the extended cycle.
From FY 2022 on, the exact amount of additional CMAV man-days
varies with the number of ships in depot availabilities. The change in
CNO availability costs shows savings from FY 2018 through FY 2022,
as ships in the new 72-month operational cycle bypass the depot avail-
abilities they would have entered were they still in the 32-month cycle.
Beginning in FY 2022, ships in the fleet begin to enter their first avail-
ability in the new cycle, and additional maintenance costs are incurred
by FY 2023. The new maintenance package sizes are very large in size
and duration, so the additional costs relative to the 32-month cycle are
substantial.

We highlight in Table S.2 the combined effect of the change
in maintenance costs and the potential crew savings that could be
achieved in the 72-month cycle. The cumulative effect of these two
maintenance components leads to a slight increase in costs during the
first couple of years after ships begin to transition to the extended cycle,
followed by four years of cost savings that result from ships bypassing
the depot maintenance availabilities the fleet would normally undergo
in the 32-month cycle, and finally an overall increase in cost because of



Table S.1
Changes in Maintenance Cost Under a 72-Month Operational Cycle, by Fiscal Year

FY 2016 FY 2017 FY 2018 FY 2019 FY 2020 FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026

Cost of >2.1 >5.5 >11.1 >16.7 >24.2 >30.6 >36.8 >40.0 >41.4 >43.1 >40.1
additional

CMAVs in new

cycle ($ millions)

Change in CNO 0 0 <11.4 <321 <57.0 <86.7 <18.7 >130.6 >106.8 >67.5 >164.6
availability cost
($ millions)

Total change in >2.1 >5.5 <0.3 <15.4 <32.8 <56.1 >18.1 >170.6 >148.2 >110.6  >204.7
maintenance
costs ($ millions)

NOTE: Costs are in constant FY 2014 dollars.
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Table S.2
Combined Maintenance Cost and Crew Reduction Savings Under a 72-Month Operational Cycle, by Fiscal Year

FY 2016 FY 2017 FY 2018 FY 2019 FY 2020 FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026

Total change in >2.1 >5.5 <0.3 <15.4 <32.8 <56.1 >18.1 >170.6 >148.2 >110.6 >204.7
maintenance
costs ($ millions)

Max annual total 0 0 0 0 0 0 <45-66 <45-66 <45-66 <45-66 <45-66
crew savings
($ millions)

NOTES: Costs are in constant FY 2014 dollars. A range of costs are shown for crew savings and total (crew and availability) cost
changes. This range represents potential annual crew savings to the Navy on the low end ($45 million per year) and savings to
the government as a whole on the high end ($66 million per year). The difference accounts for benefits and entitlements that the
government provides. The total change in costs reflects the combination of change in maintenance and crew savings.
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the additional CM AV man-days and the increase and size and duration
of maintenance availabilities in the 72-month cycle.

From FY 2023 through FY 2026, the increase in costs will be
anywhere from $65.6 million to $159.7 million in a given fiscal year.
However, this analysis was conducted to satisfy our primary motiva-
tion for a longer employment cycle and does not affect the results from
changes to operational availability described earlier in this summary,
nor does it affect any of the issues, challenges, and additional risks
that the Navy would inherit should it choose to extend the operational
cycle of the DDG-51 fleet. Our model does not project overall cost sav-
ings in the long run for the combined effect of savings as a result crew
reductions and increases in maintenance costs. These costs should be
weighed by marginal increases in the operational availability or deploy-
ments in the new cycle.

Results

Our analysis shows that the Navy can increase operational deployed
time by shifting to a 72-month cycle. But, as mentioned above, the
increase is not substantial. A 72-month cycle with three deployments
increases deployed time by about 7 percent. A reduction in crew costs of
$45 million to $66 million per year can occur, but not until FY 2022.
However, these savings result from having fewer destroyer crews:
Because of decrewing during maintenance, fewer crews are needed.
This means that, to achieve the savings, the Navy must be willing to
reduce its end strength. If it simply reassigns the crews to other person-
nel billets, no savings occur. Furthermore, under the 72-month cycle,
maintenance costs climb. In part, this occurs because private provid-
ers provide more of the maintenance. Additionally, part of the crew
would be needed to support the ship while it is in the extended main-
tenance period. Cost increases also occur because, under the extended
cycle, additional CMAV man-days are required. In addition, mainte-
nance costs change as the fleet transitions from the 32-month cycle to
a 72-month operational cycle.
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The Navy has been attempting to cope with a number of mainte-
nance issues that have accrued over the years. One way it has attempted
to deal with these is by varying deployment cycles. While some evi-
dence suggests that improvement has occurred, the latest cycle change
has not been implemented long enough to gauge its success. Nor is it
clear that a 72-month cycle will resolve these issues.

Recommendations

Analysis of our results leads us to make the following recommenda-
tions, divided into two categories:

Maintenance Planning and Execution

1. Before going to a longer interval between depot maintenance,
the Navy should correct impediments to availability execution.

2. Determine maintenance requirements. Senior Navy Engineer-
ing Duty authorities indicated that the Navy has not fully
identified nor documented the conditions of surface combat-
ants, particularly the condition of tanks. Tank maintenance is a
major driver of maintenance and funding needs for depot work.

3. Develop a maintenance plan for the longer cycle. Navy main-
tenance authorities need to develop a plan that addresses the
timing and sequence of maintenance in a longer operational
cycle.

4. Increase continuous maintenance man-days; focus on life-cycle
critical maintenance. With a longer interval between dedicated
depot availability, increased continuous maintenance is needed
to address both emergent maintenance demands and life-cycle
critical maintenance.

5.  Resource maintenance demands. A review of maintenance exe-
cution compared with the maintenance requirements contained
in the DDG-51 technical foundation paper (TFP) (NAVSEA21,
2012¢) indicates that ship’s depot maintenance is funded below
the requirement. The Navy should determine whether the TFP
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requirement is actually the requirement and either fund it
accordingly, adjust the requirement, or determine whether the
risk (of not achieving expected service life) is acceptable to fund
maintenance below the requirement.

6. Improve current maintenance planning and execution. Senior
Navy maintenance experts indicated that current maintenance
planning and execution are not as efficient and effective as they
should be.

7. Evaluate the effect of maintenance demands on private provid-
ers. Little data are available that address the private supply of
labor or the effect that a different maintenance cycle would have
on the private providers of maintenance.

Training and Operations

1. If the Navy opts for a 72-month cycle, require ships to enter the
cycle after CNO docking, and in a high state of material readi-
ness. Senior maintenance authorities all voiced that ships must
be in the highest state of material readiness to enter a cycle that
requires a longer interval between depot maintenance periods.
Moreover, a docking should precede this longer interval. DDG-
51s are required to be docked at an eight-year interval. Exceed-
ing that interval would raise the risk of catastrophic and costly
failure of system components that must be maintained only in
a docking availability.

2. Complete evaluations (dry-docking, tank conditions) of ship
material readiness. Surface Maintenance Engineering Planning
Program personnel indicated that an evaluation of just tank
conditions would not be completed until the end of FY 2016,
and the repair/maintenance of the tanks would be completed in
FY 2022.

3. Award CNO availabilities in a fashion that allows for sufficient
time for planning the work; the surface type commander must
commit funding at the time of the award.

4. Fine-tune training to fit additional deployment needs. A new
operational use of ships with an independent second and fourth



Summary xxi

deployment in a 72-month cycle will increase training certifica-
tion requirements for these additional deployments. The tailor-
ing of training to meet the mission requirements of these addi-
tional deployments is needed.

Closely manage operating tempo. The Navy is exceeding tempo
thresholds today with the current single eight-month deploy-
ment in the Optimized Fleet Response Plan (OFRP) cycle.
Increased deployments in a 72-month operational cycle increases
tempo, which requires close management of tempo thresholds
and goals.

Use the model in this report to support analysis. The program
developed can support fleet-wide analysis. The model and anal-
ysis that we have developed for the examination of the DDG-51
employment model can also be used for cruisers and amphibi-
ous ship. Moreover, the model we developed has the capability
to provide a fleet-wide examination of maintenance and opera-
tional deployments, and how best to manage the various factors
that are affected.
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CHAPTER ONE
Introduction

Background, Purpose, and Audience

Surface combatants are the backbone of the U.S. Navy. These vessels
enable the Navy to accomplish a variety of missions, whether support-
ing U.S. military operations around the world, protecting the world’s
commercial sea-lanes, engaging friendly nations, or providing humani-
tarian assistance. Ensuring that these vessels can accomplish their mis-
sions requires ships to operate on a carefully scheduled cycle that allo-
cates time for training, maintenance, and modernization to achieve
optimum readiness and desired forward presence.

Despite the Navy’s crucial role in national security, it, too, has
been subject to the budget cuts that have touched nearly every facet
of the federal government. The tight budget that the Navy faces has
prompted a review of the surface combatant employment cycle to ensure
that these capital assets are being used efficiently and that their opera-
tional availability is being maximized in a cost-effective manner. Fiscal
constraints on future Navy operations will likely lead to questions con-
cerning the best employment model of surface combatants. An option
to be considered is having fewer but longer depot maintenance periods.
This approach would allow for a larger aggregated sustainment period
where the ship is preserved and is capable of being deployed, support
multiple deployments between depot maintenance, and allow for fewer
basic training periods over the life of the ship. With this approach, the
ship’s crew (except for those required for safety, security, and mainte-
nance oversight) would be removed during the extended depot period,
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and the entire ship would be turned over to the depot facility, similar
to the aviation depot model.

The Navy asked RAND to examine the potential benefits of a
72-month operational cycle that increases the interval between depot
maintenance and extends the duration of the depot availability. The
ideal 72-month operational cycle would make more efficient use of
ships by increasing the time surface vessels are deployed, allowing for
multiple deployments between depot availabilities, and containing
fewer basic training periods; secondarily, the ideal 72-month opera-
tional cycle would achieve some cost savings by the removal of crews
during depot maintenance availability. The cost savings come from
personnel reductions, because fewer crews would be needed. However,
to achieve these savings, the Navy would have to cut its end strength. If
the crews simply shift to somewhere else in the Navy, no savings occur.

The analysis in this report will interest a number of audiences. The
stakeholders who would benefit from increased presence include the
geographic combatant commanders; Commander, U.S. Fleet Forces
Command (COMUSFLTFORCOM); Commander, U.S. Pacific Fleet
(COMPACEFLT); and the warfare enterprises with support from the
lead technical authority, Commander, Naval Sea Systems Command
(NAVSEA), which establishes the technical requirements. Regional
maintenance centers (RMCs), ship maintenance activities, and detach-
ments located in various major fleet concentration areas will also be
interested, as will Commander, Naval Surface Forces, Pacific and
Atlantic; the Navy’s Afloat Training Groups; and private shipyards.

Approach

We examined a 72-month operational period followed by an extended
depot availability for the DDG-51 Arleigh Burke class of destroyers.!
We determined the expected loading (man-days) of the depot main-

' We began our research using a notional 18-month depot availability after the 72-month
operational cycle. However, with the use of the DDG-51’s technical foundation paper (TFP;
NAVSEA21, 2012c), we calculated availabilities of varying length in the 72-month opera-
tional cycle, as discussed in Chapter Three.
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tenance period to achieve planned expected service life (ESL), as well
as the length, workload, and periodicity of a continuous maintenance
availability (CMAV) program necessary to support a 72-month inter-
val between depot availabilities (train and maintain once, deploy four
times).2

To conduct a comprehensive study that considered what the
challenges employing a 72-month operational cycle would entail in
terms of maintenance, manpower, training, tempo of operations, and
costs, we developed a study plan, conducted a literature review, deter-
mined the potential reduction in sea duty billets, calculated savings
and costs, and identified costs, options, and the effects of removing the
crew during depot maintenance. We consulted with multiple offices in
the Navy that are responsible for surface ship training, manning, and
operations, as well as industry experts who advised us on the private-
sector role in maintenance availabilities. We also studied other sources
of information, such as Visibility and Management of Operating and
Support Costs, Center for Naval Analysis reports, the DDG-51 techni-
cal foundation paper (TFP; NAVSEA21, 2012¢), and current Office of
the Chief of Naval Operations (OPNAV) guidelines. We also built a
fleet maintenance-scheduling model. This model makes it possible to
transition and track all the ships in the class as they move out of the
shorter cycles and into the 72-month cycle. It also tracks the time that
a ship either is deployed or can be deployed (sustainment). And it pres-
ents the cost implications of moving to the 72-month cycle, specifically
noting whether any cost savings might accrue. We describe this model
in Chapter Six, detailing its design and underlying assumptions.

2 Continuous maintenance is a process that involves the near continuous flow of work can-
didates to the most appropriate maintenance level and maintenance activity for accomplish-
ment. A vital part of continuous maintenance is the scheduling and accomplishment of work
outside of Chief of Naval Operations (CNO) availabilities. This allows the ship to be consis-
tently maintained at acceptable readiness levels. Work performed during a CMAV includes
inspections, condition-based upkeep, and minor repairs. The work takes approximately three
weeks to complete and is scheduled once every three months.



4 Extending Depot Length and Intervals for DDG-51 Class Ships: The 72-Month Cycle

This final report addresses the issues listed below:

* the maintenance requirements that would need to be addressed
in the longer cycle

* the alterations in crewing policies needed to make this cycle
succeed

* changes to training schedules to accommodate a 72-month cycle

* deployment schedules that ensure the surface combatants can
accompany the carrier strike group (CSG) and independent
deployments and not exceed personnel tempo (PERSTEMPO)
and operating tempo (OPTEMPO) thresholds

* the potential cost savings that could result from the adoption of
this employment cycle.

We conducted qualitative interviews with senior leaders and
subject-matter experts who are knowledgeable of maintenance, train-
ing, manpower, and ship scheduling and operations. The interviews
consisted of open-ended discussions with regard to the challenges and
opportunities in moving ships to a 72-month operational period fol-
lowed by an extended depot period, during which the crew is removed
from the vessel (and joins a vessel just emerging from depot mainte-
nance). A list of those we interviewed appears in Appendix A, along
with a list of the pertinent Navy references we drew on.

Assumptions

To perform this analysis, we made several assumptions about mainte-
nance, crewing, training, and employment of DDG-51 Arleigh Burke—
class ships that were informed by subject-matter experts, Navy refer-
ences, and discussions with our sponsor. We also used the study team’s
experience and judgment in making these assumptions. Table 1.1 out-
lines the key assumptions that we made to frame the analysis and the
justification for each.

We assume that ships would enter the 72-month cycle after a
CNO docking period, since ships must be in excellent material condi-
tion upon entering the extended cycle. The docking period would pro-
vide the needed maintenance. The reliance on CMAVs with increased
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Key Research Assumptions and Justification in the Analytic Approach to
Evaluating a 72-Month Operational Period for DDG-51 Arleigh Burke—Class

Destroyers

Key Assumption

Justification

Maintenance

DDG-51 TFP provides authoritative depot maintenance
requirements.

DDG-51 TFP, February 2012

Ships enter a 72-month operational period after a
CNO docking availability.

SURFMEPP and RMC
interview

Increased reliance on CMAVs; CMAV maintenance
man-days doubled to equate roughly to FDNF
CMAV man-days; CMAVs focus on life-cycle critical
maintenance.

Commander, Naval Surface
Force Pacific, maintenance
officer; RMC; SURFMEPP
interviews

Private maintenance providers can support new depot
maintenance and CMAV approach.

Study team assertion

CNO availabilities greater than 6 months in duration
must be bid coast-wide.

TFP, and discussion with
SURFLANT scheduler

Ship will move to maintenance facility for duration of
depot availability.

Discussion with project
monitor.

Every extended depot maintenance period will be a
docking in the new cycle.

RMC, NAVSEA21, SURFMEPP
interview

Deferred maintenance will contain a “fester factor.”

SURFMEPP

The work normally done by the crew during a depot
will be performed by the depot maintenance provider.
The number of depot maintenance man-days will

be increased by the amount of man-days of effort
normally assigned to the ship’s force (ship will be
decrewed during the depot period).

Project description,
research, and study team
assumption

Level of effort expended in extended depot
maintenance (after the 72-month cycle) is based on the
average number of man-days of all docking avails in
the DDG-51 TFP.

Study team assumption

Depot maintenance man-days will be reduced by LCC
work done during CMAVs in operational period.

Study team assertion

Fester factor = 6% per annum

VADM Burke: “$2 Billion
Backlog in Surface Ship
Maintenance Hard to Dig
Out Of"@
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Table 1.1—Continued

Key Assumption

Justification

Crewing

During the depot availability at the end of the
72-month operational period, crew will be removed,
except for those needed for the safety and security
of the ship and for maintenance management of the
availability. Notional number of crew members =
~50 personnel.

Project description
requirement

Crews will not change homeports. Crews on ships
going into maintenance will man a ship coming out of
maintenance in our modeling. There will be a 1-month
gap in changing ships for the oncoming crew.

Discussion with project
monitor at Interim Project
Review meeting

Training

Unit-level training must be done every 36 months.

COMUSFLTFORCOM N1;
personnel rotation

Ships conduct integrated training with the CSG before
the 1st and 3rd deployments and advanced training
before the 2nd and 4th deployments.

Training requirements

in the Surface Force
Readiness Manual and OFRP
instruction

Employment

1st and 3rd deployment will be 7-month duration with
a CSG to maintain alignment; 2nd and 4th deployment
are independent deployments of ~ 4.5 months in
duration.

Project description, CFFC N1
assertion of Navy’s desire
for 7-month deployment
length, and alignment with
CSG.

Nondeployed steaming days = 24 days a quarter.

PERSTEMPO/OPTEMPO limits—the deployment length
for the 2nd and 4th deployments will be adjusted to
keep the ship within OPTEMPO and PERSTEMPO limits.

FY 2015 Navy budget and
Overseas Contingency
Operations request

Study team assertion

NOTES: SURFMEPP = Surface Maintenance Engineering Planning Program; FDNF =
Forward Deployed Naval Force; SURFLANT = Surface Force Atlantic; NAVSEA21 =
Naval Sea Systems Command, Deputy Commander, Surface Warfare.

@ »Burke: $2 Billion Backlog in Surface Ship Maintenance Hard to Dig Out Of,”

InsideDefense.com, March 22, 2013.



Introduction 7

focus on lifecycle critical maintenance performed during these periods
will be required to enable a longer period between dedicated mainte-
nance availabilities. We also take as a given that private yard mainte-
nance providers can support the new depot maintenance approach, as
well as increased CMAV support. CNO availabilities that are greater
than six months in duration, by law, must be bid coast-wide, and the
ship will move to the maintenance facility for the duration of the main-
tenance period. Every maintenance period in the new cycle will be
a docking period, so no dry-docking availabilities will be bypassed.
Deferred maintenance will cost more to fix in the future than the pres-
ent, and we call this a “fester factor.” For our calculations, we use a
6 percent per annum fester factor.’ By the same token, maintenance
done early will be done at a discount; however, a degradation factor for
moving maintenance forward increases the maintenance costs, because
more maintenance is now required. After planned maintenance, deg-
radation occurs to the system reliability, availability, or benefit between
neighboring planned maintenance cycles.

The work done by the crew during a maintenance period, called
the ship’s force work list (SEWL), will be transferred to the maintenance
provider for completion, because the crew is taken off the ship during
the maintenance availability. We assume the level of effort expended
in extended maintenance periods to be equal to the average number of
man-days that is performed in all docking periods, as described in the
DDG-51 TFP. Finally, the total number of depot maintenance man-
days will be reduced by the life-cycle critical maintenance done during
CMAVs performed in the operational period.

Our crewing assumptions are that, during the depot availabil-
ity at the end of the 72-month operational period, the crew will be
removed, except for those who are required to maintain the safety and
security of ship. The number of crew members needed to maintain
the safety and security of the ship is approximately 50 people. We also

3 While a “fester factor” in ship maintenance is widely acknowledged to exist, its precise
value is debatable. We have used comments from VADM William Burke from March 21,
2013: “If you let it go, it’s festering. It festers at about 6 percent. That which costs you $100
today, in a year it’s going to cost you $106. We've got some empirical data on this” (“Burke:
$2 Billion Backlog in Surface Ship Maintenance Hard to Dig Out Of,” 2013).
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assume that the crew will not change homeport. The entire crew will
rotate to a ship coming out of maintenance. There will be a one-month
gap to allow time for the crew to rotate from the ship going into main-
tenance to manning the ship coming out of maintenance.

For crew training, we assume that unitlevel training (ULT)
must be done every 36 months. Ships will conduct integrated training
with the CSG before the first and third deployments. Crews will per-
form advanced training, tailored to their deployment needs, before the
second and fourth deployments.

For the ship’s employment, the first and third deployments will be
seven months in duration and be performed with the CSG. The second
and fourth deployments in a 72-month cycle are independent deploy-
ments. The number of nondeployed steaming days per quarter used for
OPTEMPO calculations is 24.4 To maintain the ship and crew within
OPTEMPO and PERSTEMPO limits, we adjusted the time deployed
for the second and fourth independent deployments accordingly.

Organization of This Report

Chapter Two examines the background and evolution of the employ-
ment scheduling of surface ships. Chapter Three discusses past and
present maintenance challenges and addresses a potential approach
to meet maintenance demands for surface combatants maintenance
in a 72-month cycle. Chapter Four covers manpower assigned to
Arleigh Burke—class destroyers and associated costs, as well as train-
ing entitlements that must be met to prepare these ships and crews for
deployed operations. Chapter Five explores the effect of a 72-month
cycle on OPTEMPO versus Navy guidelines and thresholds. Chap-
ter Six describes the model that was used in examining the effect of
a 72-month cycle on the Arleigh Burke—class destroyer fleet. Chap-
ter Seven presents our findings, conclusions, and recommendations.
Appendix A provides a listing of personnel whom we interviewed, and
Appendix B provides background on surface combatant maintenance.

4'The FY 2015 Department of the Navy budget allocates 20 days per quarter for nondeployed
ships, which is supplemented with an Overseas Contingency Operations request for an addi-
tional four days per quarter (Department of the Navy, 2014).



CHAPTER TWO

DDG-51 Fleet and Employment Scheduling

This chapter describes four ship employment cycles: 27, 32, 36, and 72
months. For each cycle, we discusses the time allocated to deployment,
maintenance, and training. We also provide the rationale for why the
Navy might want to go to a 72-month cycle.

The Challenge

Altering the schedule of surface combatants is complex, and key ship
employment factors must be taken into account. Time must be allo-
cated for training, maintenance, and modernization, and these must be
balanced against operational needs. Sacrificing crew training, mainte-
nance, and modernization for increased deployments imposes oppor-
tunity costs in terms of the crew’s effectiveness, the material condition
of the vessels, and the ability of both the crew and the ship to perform
to expected standards.

The Navy has modified the employment schedule for surface
vessels in recent years. Ships transitioned from a 27-month cycle to a
32-month cycle in 2006 and are currently transitioning to a 36-month
cycle. Expanding the employment cycle still further to 72 months in
an effort to increase operational deployments requires careful consider-
ation and scheduling of crew training and maintenance and modern-
ization needs.!

I'The 27-, 32-, and 36-month cycles that are referenced include depot maintenance periods as
well as operational periods. However, the 72-month cycle that we will discuss in this report
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The current Navy approach to the Optimized Fleet Response
Plan (OFRP) is to first perform maintenance and unit-level and inte-
grated training, and then deploy for eight months in the 36-month
cycle (Gortney, 2014). With one deployment per cycle, a longer cycle
reduces the number of deployments over a ship’s service life but extends
the length of each deployment. Figure 2.1 compares the number of
deployments that can be made over the ESL of ships in different cycle
lengths. The ESL of DDG-51 Arleigh Burke—class destroyers Flight I
and II is 35 years, and Flight ITA has an ESL of 40 years. Figure 2.1
illustrates that, with one deployment per cycle, a Flight IIA destroyer
will deploy up to 18 times over its ESL in the 27-month cycle, while
under a 36-month cycle it will deploy approximately 13 times. The
point is that there are trade-offs to extending the length of operational
cycles (such as OFRP) while maintaining a single deployment per
cycle. A key trade-off, as indicated in Figure 2.1, is fewer deployments
in the longer cycle over the ESL of the ship.

Figure 2.1
Notional Number of Deployments (one deployment per cycle) for DDG-51-
Class Ships, by Cycle Length and Ship Type

—— Total deployments Flight I/ll (35-year ESL)
—— Total deployments Flight IIA (40-year ESL)

Notional number of deployments
=)

O=NWARUIONOOLO

| | |
27-month cycle 32-month cycle 36-month cycle (OFRP)

RAND RR1235-2.1

is only an operational cycle. A depot maintenance period of varying length will follow the
72-month operational cycle.
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In longer cycles, the deployment length (for single deployment
per cycle) must increase to match the total deployed time over a ship’s
ESL. For example, as illustrated in Figure 2.2, an eight-month OFRP
deployment in a 36-month cycle provides the same amount of deployed
time as a six-month deployment in 27-month cycle. The arrow indi-
cates the comparison of months deployed in 27-month cycle with a
six-month deployment, compared with an eight-month deployment
in a 36-month OFRP cycle. With longer employment cycles and the
demand for surface combatant presence remaining steady, ships must
remain deployed longer to equal the time for which they are deployed
under shorter cycles with shorter deployments.

Using single eight-month deployments in the 36-month OFRP
cycle yields 106.7 months of total deployed time over the ESL of the
ship.

Our discussions with fleet authorities indicate that the Navy is
trying to reduce deployment lengths to seven months. As Figure 2.2
illustrates, shorter deployment lengths reduce the total number of
months deployed for a ship as the cycle length increases.

Figure 2.2
DDG-51 Flight IIA Total Months Deployed over Service Life, Single
Deployment, in 27-, 32-, 36-Month Cycles

[ 6-month deployment [] 7-month deployment [ 8-month deployment
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SOURCE: Research team calculations.
RAND RR1235-2.2
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Using seven-month deployments in a 32-month cycle over the
life of a ship is roughly equivalent to using eight-month deployments
in a 36-month cycle. Using six-month deployments in a 27-month
cycle achieves the same deployed time over the ship’s ESL as using
eight-month deployments in a 36-month cycle, and using eight-month
deployments in a 27-month cycle yields the most total deployed months
of all the options shown in the figure. Going forward, the question to
be addressed is, “Can the Navy achieve more operational deployments
with a new approach, and what are the costs, challenges, and risks?”

DDG-51 Arleigh Burke—-Class Destroyers

The DDG-51 Arleigh Burke—class destroyer is a multimission ship.
Currently the class has 62 ships, with more under construction. Below,
we briefly describe the ship’s capabilities and characteristics.

The DDG-51 Arleigh Burke—class guided missile destroyers pro-
vide a wide range of warfighting capabilities in multithreat air, sur-
face, and subsurface environments. These ships respond to Low Inten-
sity Conflict/Coastal and Littoral Offshore Warfare (LIC/CALOW)
scenarios as well as open-ocean conflict independently or as units of
CSGs, expeditionary strike groups, and missile defense action groups.
Named after famed World War II officer and former Chief of Naval
Operations Arleigh Burke, DDG-51-class ships provide outstanding
combat capability and survivability characteristics while considering
procurement and life-cycle support costs (NAVSEA, 2015).

‘The Arleigh Burke class is currently composed of three flights of
ships: Flight I (DDG-51 through DDG-71), II (DDG-72 through
DDG-78), and IIA (DDG-79 and above). Flight IIAs are slightly
longer than the Flight I and II, and they can embark helicopters. The
armament of the flights is as follows (NAVSEA, no date-a):

Flights I and IT (DDG-51-78)
Standard Missile (SM-2MR)

Vertical Launch ASROC (VLA) Missiles
Tomahawk
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Six MK-46 Torpedoes (from two triple tube mounts)
Close In Weapon System (CIWS)

5" MK 45 Gun

Evolved Sea Sparrow Missile (ESSM)

Flight ITA (DDG-79+)

Two LAMPS MK III MH-60 B/R Helicopters with Penguin/
Hellfire Missiles

MK 46/MK 50 Torpedoes

Ship Employment Schedules

The employment cycle of a ship is a month-by-month schedule of
major types of conditions or employment under which a ship operates.
Broadly speaking, the major employment categories that a ship nor-
mally passes through are sustainment, deployment, maintenance, and
training (either basic or integrated or advanced). Sustainment generally
means that a ship is ready to deploy, but has not been tasked to do so.
Over the past several years, surface combatants have changed the length
of their employment cycles. For example, the Surface Force Readiness
Manual (COMNAVSURFPACINST/COMNAVSURFLANTINST
3502.3, 2012a) outlines the Fleet Response Training Plan 27-month
cycle. This cycle is used in the Navy’s readiness manual and indicates
that maintenance is part of the continuum of training, and not neces-
sarily a stopping and starting point. Figure 2.3 illustrates the elements
of this cycle, with the sustainment/deployment period running from
months 12-22 and training from months 1-11.

Ships normally follow this cycle of maintenance, shakedown (a
period of time for material assessment, watch team training, and cer-
tification following maintenance), basic training, integrated training
(combining unit warfare skills into a single CSG in a multiwarfare
environment) or advanced training (mission-specific training for ships
not assigned to a strike group), and deployment and sustainment.

In 2006, the Navy moved to a 32-month cycle, illustrated in
Figure 2.2. This cycle follows the similar cycle of maintenance and
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Figure 2.3
27-Month Cycle for Surface Combatants

Month  [12[13 [14 [15]16 [17]18] 19] 20] 21]22] ...

DDG Sustain-

27-month ment Deployment

1]2]3]a]s]e]7]8]9]t0]m

Basic phase Integrated/
training advanced training

Maintenance

RAND RR1235-2.3

training (basic and integrated/advanced) followed by a deployment.
However, some of the details differ. The Navy no longer schedules a
shakedown period, and it has added a pre—overseas movement period
(POM) during which crew can take leave and prepare for overseas
movement. The 32-month cycle includes a longer sustainment period
than the 27-month cycle. Figure 2.4 shows a five-month sustainment
time, with sustainment periods both before and after a deployment.

The maintenance periods in the 32-month cycle are described in
the TFP for DDG-51-class ships (NAVSEA21, 2012c¢). These avail-
abilities will serve as the basis for required and prescribed maintenance
of a ship through its ESL as we explore a 72-month operational cycle.
These availabilities are as follows:

* Selected Restricted Availability (SRA): An SRA is a maintenance
period during which selected modernizations are also executed.
SRAs are nominally 12—13 weeks in duration, depending on the

Figure 2.4
32-Month Cycle for Surface Combatants

Month 6|7 ]8] 9011 ]12]13]1a]15]16
DDG FRP Basic phase Integrated
32-month training training

17 |18 ] 19] 20]21]22 [23]24 |25 ] 26]27 [28 [ 2030 [31]32

Deployment Sustainment

RAND RR1235-2.4
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length of the operational schedule (NAVSEA21, 2012c, p. 22).
While 12—-13 weeks is the nominal time, our discussions with
Navy fleet schedulers indicate that SRA maintenance availabili-
ties are currently scheduled for 16 weeks in duration, and more
than 50 percent of ships exceed this time allotted.

* Docking Selected Restricted Availability (DSRA): A DSRA is an
SRA that requires dry-docking to perform certain maintenance
and modernization tasks. They are 14-18 weeks in duration,
depending on the length of the operational schedule (NAVSEA21,
2012, p. 49).

* Depot Modernization Period (DMP): A DMP is an important
availability focused on upgrading high-priority warfare systems.
DMPs typically occur about halfway through a ship’s ESL and
can last for over a year (NAVSEA21, 2012, p. 60).

e CMAV: According to the DDG-51’s TFP, CMAVS “are intended
for accomplishment of inspections (assessments), upkeep (condi-
tion-based), and minor repairs (including emergent).” CMAVs
have an approximate duration of three weeks and are scheduled
once per quarter within a fiscal year (NAVSEA21, 2012c, p. 7).

Current 36-Month Employment Cycle

The Navy adopted a 36-month cycle in 2013, known as OFRP. This
plan, which is illustrated in Figure 2.5, is meant to create a more agile
and flexible fleet that can surge on short notice while still meeting
global force management (GFM) commitments and preserving the sus-
tainability of forces in the long run (OPNAVINST 3000.15A, 2014).
OFRP also enhances fleet readiness by aligning the surface com-
batants emp