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COAST GUARD ACQUISITIONS

Polar Icebreaker Program Needs to Address Risks
before Committing Resources

What GAO Found

The Coast Guard—a component of the Department of Homeland Security
(DHS)—did not have a sound business case in March 2018, when it established
the cost, schedule, and performance baselines for its heavy polar icebreaker
acquisition program, because of risks in four key areas:

Design. The Coast Guard set program baselines before conducting a
preliminary design review, which puts the program at risk of having an unstable
design, thereby increasing the program’s cost and schedule risks. While setting
baselines without a preliminary design review is consistent with DHS’s current
acquisition policy, it is inconsistent with acquisition best practices. Based on
GAO'’s prior recommendation, DHS is currently evaluating its policy to better
align technical reviews and acquisition decisions.

Technology. The Coast Guard intends to use proven technologies for the
program, but did not conduct a technology readiness assessment to determine
the maturity of key technologies prior to setting baselines. Coast Guard officials
indicated such an assessment was not necessary because the technologies the
program plans to employ have been proven on other icebreaker ships. However,
according to best practices, such technologies can still pose risks when applied
to a different program or operational environment, as in this case. Without such
an assessment, the program’s technical risk is underrepresented.

Cost. The lifecycle cost estimate that informed the program’s $9.8 billion cost
baseline substantially met GAO'’s best practices for being comprehensive, well-
documented, and accurate, but only partially met best practices for being
credible. The cost estimate did not quantify the range of possible costs over the
entire life of the program. As a result, the cost estimate was not fully reliable and
may underestimate the total funding needed for the program.

Schedule. The Coast Guard’s planned delivery dates were not informed by a
realistic assessment of shipbuilding activities, but rather driven by the potential
gap in icebreaking capabilities once the Coast Guard’s only operating heavy
polar icebreaker—the Polar Star—reaches the end of its service life (see figure).

Potential Heavy Polar Icebreaker Gap and Delivery Schedule for New Icebreakers
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Source: GAO analysis of U.S. Coast Guard documents. | GAO-18-600

GAO’s analysis of selected lead ships for other shipbuilding programs found the
icebreaker program’s estimated construction time of 3 years is optimistic. As a
result, the Coast Guard is at risk of not delivering the icebreakers when promised
and the potential gap in icebreaking capabilities could widen.

United States Government Accountability Office



https://www.gao.gov/products/GAO-18-600
https://www.gao.gov/products/GAO-18-600
mailto:makm@gao.gov

Contents

Letter 1
Background 4

The Coast Guard Did Not Assess Design Maturity or Technology
Risks Prior to Setting the Polar Icebreaker Program’s Baselines 16

The Coast Guard Based the Polar Icebreaker Program’s
Baselines on a Cost Estimate That Is Not Fully Reliable and an
Optimistic Schedule 28
Polar Icebreaker Program’s Anticipated Contract May Be Funded
by Both the Coast Guard and the Navy, but They Have Not

Fully Documented Responsibility for Addressing Cost Growth 40

Conclusions 49

Recommendations for Executive Action 50

Agency Comments 51

Appendix | Objectives, Scope, and Methodology 55

Appendix I Shipbuilding Phases 59
Appendix Ill Summary of Results of Heavy Polar Icebreaker Program’s Cost

Estimate Assessed against GAO’s Best Practices 61

Appendix IV Comments from the Department of Homeland Security 65

Appendix V GAO Contact and Staff Acknowledgments 68

Tables
Table 1: Cost Information in the Coast Guard’s Heavy Polar
Icebreaker Acquisition Program Baseline 13
Table 2: Schedule Information in the Coast Guard’s Heavy Polar
Icebreaker Acquisition Program Baseline 13
Table 3: Performance Information in the Coast Guard’s Heavy
Polar Icebreaker Acquisition Program Baseline 13

Page i GAO-18-600 Coast Guard Acquisitions



Table 4: Heavy Polar Icebreaker Program’s (HPIB) Planned
Technologies and GAO’s Assessment of Why They
Should Be Considered Critical Technologies 26
Table 5: Heavy Polar Icebreaker Proposed Detail Design and
Construction Contract Details for Fixed-Price Incentive

Contract Type as of May 2018 41
Table 6: Stages and Major Events of Shipbuilding 59
Table 7: Summary Assessment of Heavy Polar Icebreaker Cost

Estimate Compared to Best Practices 62

Figures

Figure 1: The Coast Guard’s Polar Icebreakers, the Polar Star and

the Healy 5
Figure 2: The Coast Guard’s Potential Heavy Polar Icebreaker

Capability Gap and Planned Delivery of New Heavy Polar

Icebreakers 6
Figure 3: Key Organizations That Support the Heavy Polar

Icebreaker Program and Their Responsibilities Prior to

Awarding the Design and Construction Contract 9
Figure 4: Department of Homeland Security Acquisition

Framework for Major Acquisition Programs 10
Figure 5: Acquisition Framework for Heavy Polar Icebreaker

Program 12
Figure 6: GAO’s Best Practice Approach Compared to Current

Heavy Polar Icebreaker Acquisition Approach 16
Figure 7: Key Design Risks for Notional Heavy Polar Icebreaker 20

Figure 8: Summary Results of the Heavy Polar Icebreaker Cost
Estimate Assessed against GAO’s Best Practices Criteria 29
Figure 9: Heavy Polar Icebreaker’s (HPIB) Lead Ship Planned
Construction Schedule Compared to Selected Navy and
Coast Guard Lead Ship Construction Schedules by Ship

Classification 35
Figure 10: Changes in Delivery Dates for Selected Navy and

Coast Guard Lead Ships (months) 38
Figure 11: Heavy Polar Icebreaker Program Funding, Fiscal Years

2013 -2018 45

Figure 12: Heavy Polar Icebreaker Program Budget Requests and
Funding for Coast Guard and Navy in Fiscal Years 2017
and 2018 47

Page ii GAO-18-600 Coast Guard Acquisitions



Abbreviations

ADE acquisition decision event

DHS Department of Homeland Security
DOD Department of Defense

HPIB heavy polar icebreaker

IPO integrated program office
NAVSEA Naval Sea Systems Command
NSF National Science Foundation

TRL technology readiness level

This is a work of the U.S. government and is not subject to copyright protection in the
United States. The published product may be reproduced and distributed in its entirety
without further permission from GAO. However, because this work may contain
copyrighted images or other material, permission from the copyright holder may be
necessary if you wish to reproduce this material separately.

Page iii GAO-18-600 Coast Guard Acquisitions




GA@ U.S. GOVERNMENT ACCOUNTABILITY OFFICE

441 G St. N.W.
Washington, DC 20548

September 4, 2018
Congressional Requesters

The Coast Guard, a component within the Department of Homeland
Security (DHS), is developing the first heavy icebreakers it has bought in
over 40 years." Overall, the Coast Guard and the Navy plan to invest up
to approximately $9.8 billion in lifecycle costs for the acquisition,
operations, and maintenance of three heavy polar icebreakers (HPIB).
These ships will enable the Coast Guard to maintain heavy polar
icebreaking capability and recapitalize its icebreaking fleet. Congressional
committees have expressed concern regarding the Coast Guard’s ability
to ensure year-round access to the Arctic and Antarctic with the current
fleet, which affects U.S. economic, maritime, and national security
interests in these regions. As the only operating HPIB nears the end of its
service life, the Coast Guard is planning for delivery of the lead ship by as
early as 2023 to avoid a gap in capability, with subsequent ship deliveries
anticipated in 2025 and 2026. In 2016, in response to a Congressional
report, the Navy and the Coast Guard established an integrated program
office (IPO) to leverage the Navy’s shipbuilding expertise for acquiring the
icebreakers for Coast Guard operations.? In March 2018, the Navy
released the solicitation for a contract to design and construct up to three
HPIBs. The Navy indicated that it anticipates awarding the contract in the
third quarter of fiscal year 2019 with $270 million in Navy funding that
Congress has appropriated for the program.?

Section 122 of the National Defense Authorization Act for Fiscal Year
2018 included a provision for us to assess issues related to the

For this acquisition, the Coast Guard has defined a heavy polar icebreaker as a vessel
that meets the threshold requirement of breaking a minimum of 6 feet of ice at a
continuous speed of 3 knots, among other things. While the Coast Guard’s buoy tenders
have limited ice breaking capability, only polar icebreakers are equipped to operate
independently in existing and expected polar environments.

2Direction for polar icebreaker recapitalization was provided in a report accompanying the
Department of Defense Appropriations Bill of 2017. See S. Rep. No. 114-263 (May 26,
2016). This relationship was officially memorialized in three memorandums in 2017.

3See Consolidated Appropriations Act 2018, Pub. L. No. 115-141, Div. C, Title Il (Mar. 23,
2018); Consolidated Appropriations Act 2017, Pub. L. No. 115-31, Div. C, Title Ill (May 5,
2017).
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procurement of the HPIB vessels.* We were asked to review any risks to
the HPIB program’s ability to carry out its planned acquisition. This report
examines (1) the extent to which the HPIB program has taken steps to
develop mature designs and technologies consistent with best practices,
(2) the extent to which the HPIB program has taken steps to set realistic
cost and schedule estimates, and (3) the status of the HPIB program’s
contracting efforts and funding considerations.

To assess the extent to which the HPIB program has taken steps to
develop mature designs and technologies consistent with GAO-identified
best practices, we reviewed program performance and design
requirements, including the program’s operational requirements
documents, specifications, and technical baseline. We also reviewed the
program’s alternatives analysis study, tailored systems engineering plan,
test and evaluation master plan, model testing results; cooperative
agreements with Canada related to the HPIB; excerpts from industry
studies; and the March 2018 detail design and construction request for
proposals and subsequent amendments. We also reviewed relevant
DHS, Coast Guard, and Department of Defense (DOD) acquisition
guidance and instructions.® From these documents, we determined the
program’s design and technology efforts and compared them to GAO’s
various best practices, including the knowledge-based approaches to
shipbuilding and major acquisitions in general, and approaches to
evaluating technology readiness.®

To assess the extent to which the HPIB program has taken steps to set
realistic cost and schedule estimates, we determined the extent to which

4See National Defense Authorization Act for Fiscal Year 2018, Pub. L. No. 115-91, §
122(d) (Dec. 12, 2017). GAO published its original response to this mandate in April 2018.
GAO, Coast Guard Acquisitions: Status of Coast Guard’s Heavy Polar Icebreaker
Acquisition, GAO-18-385R (Washington, D.C.: Apr. 13, 2018).

5See, e.g., DHS, Acquisition Management Directive 102-01, Rev. 03 (July 28, 2015); DHS,
DHS Acquisition Management Instruction 102-01-001, Rev. 01 (Mar. 9, 2016); Coast
Guard Commandant Instruction Manual 5000.10D, Major Systems Acquisition Manual
(May 29, 2015); DOD Instruction 5000.02 (Aug. 10, 2017).

8GAO, GAO Technology Readiness Assessment Guide: Best Practices for Evaluating the
Readiness of Technology for Use in Acquisition Programs and Projects, GAO-16-410G
(Washington, D.C.: Aug. 11, 2016); Best Practices: High Levels of Knowledge at Key
Points Differentiate Commercial Shipbuilding from Navy Shipbuilding, GAO-09-322
(Washington, D.C.: May 13, 2009); and Best Practices: Using a Knowledge-Based
Approach to Improve Weapon Acquisition, GAO-04-386SP (Washington, D.C.: Jan. 1,
2004).
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the estimates were consistent with best practices as identified in GAO’s
Cost Estimating and Assessment and Schedule Assessment guides.” To
assess the cost estimate, we reviewed the HPIB’s January 2018 lifecycle
cost estimate used to support the program’s initial cost baselines,
examined Coast Guard and Navy documentation supporting the estimate,
relevant program briefs to Coast Guard leadership, and HPIB program
documentation containing cost, schedule, and risk information, among
other steps. To assess the program’s schedule, we compared the HPIB
schedule documents, including the program’s initial schedule baselines,
delivery schedules from the HPIB’s request for proposals for the detail
design and construction contract, and integrated master schedule, to
selected GAO best practices for project schedules. These best practices
include establishing the duration of activities, conducting a schedule risk
analysis, and ensuring reasonable total buffer or margin. In addition, we
compared the HPIB program schedule to other shipbuilding programs’
schedules, among other steps.

To determine the status of the HPIB program’s contracting efforts and
funding considerations, we reviewed the program’s acquisition plan,
March 2018 request for proposals and subsequent amendments,
certification of funds memorandum, budget justifications, program
lifecycle cost estimate, and the Coast Guard’s fiscal year 2019 Capital
Investment Plan. For all objectives, we interviewed knowledgeable DHS,
Coast Guard, and Navy officials. Appendix | presents a more detailed
description of the scope and methodology of our review.

We conducted this performance audit from August 2017 to September
2018 in accordance with generally accepted government auditing
standards. Those standards require that we plan and perform the audit to
obtain sufficient, appropriate evidence to provide a reasonable basis for
our findings and conclusions based on our audit objectives. We believe
that the evidence obtained provides a reasonable basis for our findings
and conclusions based on our audit objectives.

7GAO, GAO Schedule Assessment Guide: Best Practices for Project Schedules,
GAO-16-89G (Washington, D.C.: December 2015); and GAO Cost Estimating and
Assessment Guide: Best Practices for Developing and Managing Capital Program Costs,
GAO-09-3SP (Washington, D.C.: Mar. 2, 2009).
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Background

History of the Polar
Icebreakers and
Icebreaking Capability
Gap

The Coast Guard has been responsible for carrying out the nation’s polar
icebreaking missions since 1965—when it assumed primary responsibility
for the nation’s polar icebreaking fleet.® The Coast Guard’s
responsibilities are outlined in various statutes, policies, and interagency
agreements.®

A 2010 Coast Guard study identified gaps in the Coast Guard'’s ability to
support and conduct missions in the Arctic and Antarctic.'® As a result, in
June 2013, the Coast Guard established the need for up to three heavy
polar icebreakers and three medium icebreakers to adequately meet
these Coast Guard mission demands. More recently, in November 2017,
Coast Guard officials reiterated that they will be able to fulfill all mission
requirements—which include support to agencies with Arctic
responsibilities such as DOD, the National Science Foundation (NSF),
Department of State, National Oceanic and Atmospheric Administration,
and National Aeronautics and Space Administration—with a fleet of three
heavy and three medium polar icebreakers.!" Coast Guard officials told

8See GAO, Coast Guard: Observations on Arctic Requirements, Icebreakers, and
Coordination with Stakeholders, GAO-12-254T (Washington, D.C.: Dec. 1, 2011)
(describing the 1965 U.S. Navy-U.S. Treasury Memorandum of Agreement that was
executed to permit consolidation of the icebreaker fleet under one agency). See also The
Homeland Security Act of 2002, Pub. L. No. 107-296, § 888 (Nov. 25, 2002), codified at 6
U.S.C § 468; 14 U.S.C. § 2. One of the Coast Guard’s required primary functions is to
maintain icebreaking facilities for use on the high seas and on waters subject to U.S.
jurisdiction, as well as, pursuant to international agreements, to maintain icebreaking
facilities on waters other than the high seas and on waters not subject to U.S.
jurisdiction—specifically, the Antarctic region. See 14 U.S.C. § 2(4), (5).

See, e.g., 6 U.S.C § 468; 14 U.S.C. § 2; White House, Arctic Region Policy, National
Security Presidential Directive/NSPD-66 and Homeland Security Presidential
Directive/HSPD-25 (Jan. 9, 2009); and White House, Presidential Decision Directive/NSC-
26 (June 9, 1994).

9The Coast Guard’s eleven authorized missions are divided into non-homeland security
missions (marine safety; search and rescue; aids to navigation; living marine resources;
marine environmental protection; and ice operations) and homeland security missions
(ports, waterways, and coastal security; drug interdiction; migrant interdiction; defense
readiness; and other law enforcement). See 6 U.S.C. § 468.

"See GAO, Coast Guard: Arctic Strategy Is Underway, but Agency Could Better Assess
How Its Actions Mitigate Known Arctic Capability Gaps, GAO-16-453, Appendix II:
Selected Federal Stakeholders and Interagency Groups with Arctic Responsibilities
(Washington, D.C.: June 15, 2016). See also 14 U.S.C. § 141; 14 U.S.C. § 147.
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us they are not currently assessing acquisition of the medium polar
icebreakers because they are focusing on the HPIB acquisition and plan
to assess the costs and benefits of acquiring medium polar icebreakers at
a later time.

The Coast Guard currently has two active polar icebreakers in its fleet—
the Polar Star, a heavy icebreaker, and the Healy, a medium icebreaker.
An additional Coast Guard heavy icebreaker, the Polar Sea, has been
inactive since 2010 when it experienced a catastrophic engine failure.
Commissioned in 1976, the Polar Star is the world’s most powerful active
non-nuclear icebreaker. The less powerful Healy primarily supports Arctic
research. Although the Healy is capable of carrying out a wide range of
activities, it cannot operate independently in the ice conditions in the
Antarctic or ensure timely access to some Arctic areas in the winter. See
figure 1 for the Coast Guard'’s active icebreakers.

Figure 1: The Coast Guard’s Polar Icebreakers, the Polar Star and the Healy

U.S. Coast Guard Cutter Polar Star
Source: U.S. Coast Guard. | GAO-18-600

U.S. Coast Guard Cutter Healy

The Coast Guard has faced challenges in meeting the government’s
icebreaking needs in recent years. For example, in June 2016, we found
that when neither the Polar Sea nor the Polar Star was active in 2011 and
2012, the Coast Guard did not maintain assured, year-round access to
both the Arctic and Antarctic, as the Healy cannot reach ice-covered
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areas with more than 4 feet of ice.'? According to a January 2017 Coast
Guard assessment, the Coast Guard does not plan to recommission the
Polar Sea because it would not be cost-effective.

Polar Star Sustainment According to Coast Guard planning documents, the Polar Star’s service

Efforts life is estimated to end between fiscal years 2020 and 2023. This creates
a potential heavy polar icebreaker capability gap of about 3 years,
assuming the Polar Star’s service life ends in 2020 and the lead HPIB is
delivered by the end of fiscal year 2023 as planned. If the lead ship is
delivered later than planned in this scenario, the potential gap could be
more than 3 years. As a result, according to a 2017 polar icebreaking
bridging strategy, the Coast Guard is planning to recapitalize the Polar
Star’s key systems starting in 2020 to extend the service life of the ship
until the planned delivery of the second HPIB (see figure 2).

Figure 2: The Coast Guard’s Potential Heavy Polar Icebreaker Capability Gap and Planned Delivery of New Heavy Polar
Icebreakers

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

year
D.-:Hl’b Lead heavy icebreaker
> & Second heavy icebreaker

ﬂﬂ: Polar Star Ddﬂ‘.&b Third heavy icebreaker

Potential heavy icebreaker gap of at least 3 years without Polar Star

IHRRN N NI Planned limited service life extension D Planned delivery
Source: GAO analysis of U.S. Coast Guard documents. | GAO-18-600

In September 2017, we found that the Coast Guard’s $75 million cost
estimate for the Polar Star life extension project may be unrealistic, in part
because it was based on the assumption of continuing to use parts from
the decommissioned Polar Sea, as has been done in previous

2GA0-16-453.
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maintenance events.'® Because of the finite number of parts available
from the Polar Sea, the Coast Guard may have to acquire new parts for
the Polar Star that could increase the $75 million estimate. As a result, we
recommended that the Coast Guard complete a comprehensive cost
estimate and follow cost estimating best practices before committing to
the life extension project. The Coast Guard concurred with this
recommendation.

As of May 2018, Coast Guard officials told us they were still conducting
ship engineering inspections on the Polar Star to determine the details of
the work needed for the limited service life extension, which will then
inform the development of a cost estimate. In January 2018, the Coast
Guard completed its ship structures and machinery evaluation board
report. Coast Guard officials told us that this report will help to determine
the details of the work needed for the limited life extension. The January
2018 report estimated the remaining service life of the Polar Star as 5
years or less. In April 2018, the Coast Guard approved the Polar Star life
extension project to establish requirements and evaluate the feasibility of
alternatives that will achieve the requirements. Coast Guard officials
stated they completed a notional cost estimate in April 2018 and plan to
complete a detailed formal cost estimate by June 2020.

Coast Guard’s and Navy’s
Roles in the Heavy Polar
Icebreaker Program

The Coast Guard and the Navy established the IPO to collaborate and
develop a management approach to acquire three HPIBs. Through the
IPO, the Coast Guard planned to leverage the Navy’s shipbuilding
expertise and pursue an accelerated acquisition schedule. A Coast Guard
program manager heads the IPO, which includes embedded Navy
officials who provide acquisition, contracting, engineering, cost-
estimating, and executive support to the program. The IPO has
responsibility for managing and executing the HPIB’s acquisition
schedule, acquisition oversight reviews, budget and communications, and
interagency coordination. In addition, the IPO coordinates with several
key organizations within the Coast Guard and Navy that contribute to the
HPIB program, including:

« Coast Guard Capabilities Directorate: This directorate is
responsible for identifying and providing capabilities, competencies,
and capacity and developing standards to meet Coast Guard mission

BGAO, Coast Guard: Status of Polar Icebreaking Fleet Capability and Recapitalization
Plan, GAO-17-698R (Washington, D.C.: Sept. 25, 2017).
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requirements. The directorate sponsored the HPIB’s operational
requirements document, which provides the key performance
parameters the HPIB must meet—such as icebreaking, endurance,
and interoperability thresholds and objectives.

« Ship design team: The ship design team includes Coast Guard and
Navy technical experts that develop ship specifications based on the
HPIB operational requirements document. The ship design team is
under the supervision of a Coast Guard ship design manager, who
provides all technical oversight for development of the HPIB design,
including development of “indicative,” or concept, designs used to
inform the ship’s specifications and the program’s lifecycle cost
estimate. Generally, the purpose of an indicative design is to
determine requirements feasibility, support cost estimating, and
provide a starting point for trade studies.

« Naval Sea Systems Command (NAVSEA) Cost Engineering and
Industrial Analysis Group (NAVSEA 05C): The group developed
the HPIB lifecycle cost estimate, which informs the program’s cost
baselines and affordability constraints. NAVSEA 05C developed the
HPIB’s lifecycle cost estimate based on the ship design team’s
indicative design and the technical assumptions outlined in the
program cost estimating baseline document.

« NAVSEA Contracts Directorate (NAVSEA 02): This directorate
includes the Navy contracting officer who released the HPIB detail
design and construction contract’s solicitation in March 2018 and
plans to award the contract under Navy authorities. The contracting
officer performs contract management services and provides
guidance to the IPO to help ensure the HPIB’s contract adheres to
DOD and Navy contracting regulations and guidance.

Figure 3 shows key organizations that support the HPIB program and
their responsibilities prior to the award of the contract.
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|
Figure 3: Key Organizations That Support the Heavy Polar Icebreaker Program and
Their Responsibilities Prior to Awarding the Design and Construction Contract

Integrated Program Office

Operational
requirements

document Ship specifications Solicitation

Capabilities Ship design team NAVSEA 02
directorate

Budget requests

Coast Guard
and Navy

Indicative or concept
ship designs

Lifecycle cost estimate

Ship design team ML

mmmmm  Informs
NAVSEA = Naval Sea Systems Command
Source: GAO analysis of U.S. Coast Guard and Navy information. | GAO-18-600

Since establishing the IPO, the Coast Guard, DHS, and the Navy
formalized agreements on their approach for the HPIB acquisition in three
2017 memorandums of agreements and understanding. These
agreements define the Navy’s and Coast Guard’s roles in the HPIB
acquisition with respect to funding responsibilities, acquisition oversight
functions, and contracting and program management authorities, among
other things.
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Heavy Polar Icebreaker DHS, the Coast Guard, and the Navy have agreed to manage and

Program’s Acquisition oversee the HPIB program using DHS’s acquisition framework, as Coast

Framework Guard is a component within DHS. '™ DHS’s acquisition policy establishes
that a major acquisition program’s decision authority shall review the
program at a series of predetermined acquisition decision events (ADE)
to assess whether the major program is ready to proceed through the
acquisition life-cycle phases (see figure 4).

Figure 4: Department of Homeland Security Acquisition Framework for Major Acquisition Programs

Acquisition phases

Need Analyze / Select Obtain Produce / Deploy / Support
DHS officials identify the need for a Program manager reviews Program manager develops, tests, DHS pursues production and
new acquisition program. alternative approaches to meeting and evaluates the selected option; delivers the new capability to its
the need, and recommends a best programs may proceed through operators, and maintains the
option to the decision authority. ADE 2B, which focuses on an capability until it is retired; post-
individual project; and ADE 2C, deployment activities tend to account
which focuses on low-rate initial for up to 70 percent of an acquisition
production issues, if applicable. program’s life-cycle costs.
Acquisition decision N A H H oS
events (ADE) ADE ADE ADE ADE ADE
1 2A 2B 2C 3

Source: GAO analysis of Department of Homeland Security (DHS) data. | GAO-18-600

Note: Programs may develop capabilities through individual projects, segments, or increments, which
are approved at ADE 2B. Programs without individual projects, segments, or increments may conduct
a combined ADE 2A/2B since ADE 2B is the first milestone at which programs are required to submit
certain acquisition documents.

As we found in April 2018, the Coast Guard and the Navy will adhere to a
tailored DHS acquisition framework for the HPIB program that
supplements DHS ADE reviews with additional “gate” reviews adopted
from the Navy’s acquisition processes.'® The DHS Under Secretary for
Management retains final decision authority for the HPIB’s ADEs as the
acquisition decision authority.

“As a component within DHS, Coast Guard is required to follow DHS’s acquisition
policies, including those related to systems engineering. See Coast Guard Commandant
Instruction Manual 5000.10D, Major Systems Acquisition Manual (May 29, 2015). See
also DHS, Acquisition Management Directive 102-01, Rev. 03 (July 28, 2015); DHS, DHS
Acquisition Management Instruction 102-01-001, Rev. 01 (Mar. 9, 2016).

5GAO-18-385R.
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The HPIB program achieved a combined ADE 2A/2B in February 2018,
when DHS approved the program’s baselines and permitted the program
to enter into the Obtain Phase of the DHS acquisition framework. The
corresponding acquisition decision memorandum was signed in March
2018. The Coast Guard and the Navy plan to start detail design work for
the HPIB in June 2019, once the detail design and construction contract
is awarded. In Navy shipbuilding, detail design work can include outlining
the steel structure of the ship; determining the routing of systems, such as
electrical and piping, throughout the ship; and developing work
instructions for constructing elements of the ship, such as installation
drawings and material lists.

The program’s ADE 2C, or the low-rate initial production decision,
corresponds with the approval to start construction of the lead ship, which
is planned to begin no later than June 2021. Key steps typically taken in
the construction phase of a Navy ship include steel cutting and block
fabrication, assembly and outfitting of blocks, keel laying and block
erection, launch of the ship from dry dock, system testing and
commissioning, sea trials, and delivery and acceptance (see appendix Il
for more detailed information on each shipbuilding phase). ADE 3,
scheduled to be held no later than March 2026, authorizes the program to
start follow-on test and evaluation.

Figure 5 shows the HPIB’s acquisition framework, including ADE

milestones and major program decision points, and how they relate to the
shipbuilding phases.
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Figure 5: Acquisition Framework for Heavy Polar Icebreaker Program

A oy & A
2A/2B
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Define requirements and develop Develop basic, functional, Steel cutting, block fabrication, assembly and
ship specifications and production designs outfitting of blocks, keel laying, and block erection
Ship Detail design Preliminary Lead ship Second ship Final ship
specification and design construction construction construction
is approved construction review decision decision decision
contract
awarded
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‘ Heavy Polar Icebreaker program’s decision points
0 Program status as of August 2018

ADE = Acquisition decision event
Source: GAO analysis of Department of Homeland Security, Coast Guard, and Navy information. | GAO-18-600

Note: Acquisition decision events are milestone reviews in which the Coast Guard and the
Department of Homeland Security assess and verify an acquisition program’s successful satisfaction
of established exit criteria, affordability, and a readiness to move forward to the next acquisition
phase.

DHS acquisition policy establishes that the acquisition program baseline
is the fundamental agreement between programs, component, and
department-level officials establishing what will be delivered, how it will
perform, when it will be delivered, and what it will cost. Specifically, the
program baseline establishes a program’s schedule, costs, and key
performance parameters, and covers the entire scope of the program’s
lifecycle. The HPIB acquisition program baseline serves as an agreement
between the Coast Guard and DHS that the Coast Guard will execute the
acquisition within the bounds detailed in the document. The acquisition
program baseline establishes objective (target) and threshold (maximum
acceptable for cost, latest acceptable for schedule, and minimum
acceptable for performance) baselines. Tables 1, 2, and 3 show selected
cost, schedule, and performance baselines that DHS approved for the
HPIB program at ADE 2A/2B in March 2018.

Page 12 GAO-18-600 Coast Guard Acquisitions



|
Table 1: Cost Information in the Coast Guard’s Heavy Polar Icebreaker Acquisition Program Baseline

Cost Baseline (in millions)
Objective® Threshold®
Program lifecycle cost $8,545 $9,827

Source: Department of Homeland Security and Coast Guard information. | GAO-18-600
Note: All costs are in then-year dollars for three ships and a 30-year service life.
®The objective cost was set using the program’s lifecycle cost estimate.

®The threshold cost is 15 percent higher than the objective, per the Department of Homeland Security
policy.

|
Table 2: Schedule Information in the Coast Guard’s Heavy Polar Icebreaker Acquisition Program Baseline

Major Schedule Event Baseline (fiscal years)

Objective Threshold
Acquisition Decision Event 2C - Start lead ship First Quarter, 2021 Third Quarter, 2021
construction
Delivery of lead ship Fourth Quarter, 2023 Second Quarter, 2024
Full operational capability Second Quarter, 2028 Fourth Quarter, 2029

Source: Department of Homeland Security and Coast Guard information. | GAO-18-600

Note: The acquisition program baseline does not establish delivery dates for the follow-on ships, but
the program’s master schedule anticipates delivery in 2025 and 2026 with no distinction of objective
and threshold dates.

Table 3: Performance Information in the Coast Guard’s Heavy Polar Icebreaker Acquisition Program Baseline

Key Performance Performance Requirement Objective Threshold

Parameter

Icebreaking Be capable of independently breaking 8 feet at a continuous speed of 3 6 feet at a continuous
through ice with a thickness of: knots speed of 3 knots
Be capable of independently breaking 21 feet Same as objective

through ridged ice with a thickness of:

Endurance Have a fully mission capable cutter 90 days underway 80 days underway
endurance per deployment without
replenishment (subsistence and fuel) of:

Interoperability Have the capability to exchange information The Coast Guard; the Departments Same as objective
(voice and data) with: of Defense, Homeland Security,
and State; North Atlantic Treaty
Organization; the National Science
Foundation; and the National
Oceanic and Atmospheric
Administration

Source: Department of Homeland Security and Coast Guard information. | GAO-18-600
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After DHS approved the HPIB’s program baselines, the Navy released
the solicitation for the program’s detail design and construction contract in
March 2018. As revised, the solicitation requires offerors to submit their
technical proposals in August 2018 and their price proposals in October
2018. The Navy plans to competitively award the HPIB detail design and
construction contract to a single shipyard for all three ships in June 2019.
The contract award would include design (advance planning and
engineering) and long lead time materials, with separate options for detail
design and construction of each of the three ships. The HPIB contract
award and administration will follow DOD and Navy contracting
regulations and policies, including the Defense Federal Acquisition
Regulation Supplement. Although the Navy is planning to award the
contract, the source selection authority is from the Coast Guard, with both
Coast Guard and Navy personnel serving on the source selection
evaluation board.

Starting Programs with
Sound Business Cases

Our prior work has found that successful programs start out with solid,
executable business cases before setting program baselines and
committing resources.'® For Coast Guard programs, such a business
case would be expected at ADE 2A/2B. A sound business case requires
balance between the concept selected to satisfy operator needs and the
resources—technologies, design knowledge, funding, and time—needed
to transform the concept into a product—or in the HPIB’s case, a ship. At
the heart of a business case is a knowledge-based approach—we have
found that successful shipbuilding programs build on attaining critical
levels of knowledge at key points in the shipbuilding process before
significant investments are made. We have previously found that key
enablers of a good business case include firm, feasible requirements;
plans for a stable design; mature technologies; reliable cost estimates;
and realistic schedule targets.'” Without a sound business case,

8GAO, Weapon System Requirements: Detailed Systems Engineering Prior to Product
Development Positions Programs for Success, GAO-17-77 (Washington, D.C.: Nov. 17,
2016); GAO-09-322; and Defense Acquisitions: Realistic Business Cases Needed to

Execute Navy Shipbuilding Programs, GAO-07-943T (Washington, D.C.: July 24, 2007).

For the purposes of this review, we did not assess the extent to which the HPIB’s
requirements are firm and feasible. In April 2018, we found that prior to setting program
baselines for the HPIB, DHS and the Coast Guard revised the program’s operational
requirements document—a key acquisition document that provides the key performance
parameters the program must meet—to make the heavy polar icebreakers more
affordable, and the revisions included adjusting the range of operating temperatures;
reducing science and survey requirements; and adding space, weight, and power
reservations for Navy equipment. See GAO-18-385R.
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acquisition programs are at risk of breaching the cost, schedule, and
performance baselines set when the program was initiated—in other
words, experiencing cost growth, schedule delays, and reduced
capabilities.

In November 2016, we found that a particular challenge for Congress is
the fact that committees must often consider requests to authorize and
fund a new program well ahead of program initiation—the point at which
key business case information would be presented. Given the time lag
between budget requests and the decision to initiate a new acquisition
program, Congress could be making critical funding decisions with limited
information about the soundness of the program’s business case.®
Although the HPIB program has already proceeded through ADE 2A/2B
and established acquisition program baselines, information about the
soundness of the HPIB'’s business case will be helpful for decision
makers as the Coast Guard and the Navy request funding in preparation
for the detail design and construction contract award in June 2019 and
anticipated construction start by the end of June 2021—two points at
which significant resource commitments will need to be made.

8GA0-17-77.
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The Coast Guard Did
Not Assess Design
Maturity or
Technology Risks
Prior to Setting the
Polar Icebreaker
Program’s Baselines

The Coast Guard set the HPIB’s acquisition program baselines at ADE
2A/2B without conducting a preliminary design review to assess the
design maturity of the ship or a technology readiness assessment to
determine the maturity of key technologies. This approach meets DHS
acquisition policy requirements but is contrary to our best practices (see
figure 6).

|
Figure 6: GAO’s Best Practice Approach Compared to Current Heavy Polar

Icebreaker Acquisition Approach
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Heavy polar icebreaker program
Source: GAO analysis of U.S. Coast Guard and Navy information. | GAO-18-600

While the Coast Guard is committed to a stable design prior to the start of
lead ship construction, it established baselines without clear knowledge of
the ship design because it does not plan to assess design maturity until
after the planned June 2019 award of the detail design and construction
contract. In addition, without a technology readiness assessment, the
Coast Guard does not have full insight into whether the technologies are
mature, potentially underrepresenting technical risk and increasing design
risk. As a result, the Coast Guard will be committing resources to the
HPIB program without key elements of a sound business case, increasing
the risk that the program will exceed its planned costs and schedule.
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Polar Icebreaker Program
Took Steps to Identify
Design Risks but Did Not
Assess Design Maturity
Prior to Setting Baselines

Early Efforts to Identify Design
Risks

To help inform the HPIB’s key performance parameters, specifications,
and design considerations prior to setting the acquisition program
baselines, the Coast Guard conducted design studies and partnered with
Canada (with which the United States has an existing cooperative
agreement) to gain knowledge on the HPIB’s design risks. For example:

Starting in November 2016, the HPIB ship design team developed an
indicative (or concept) design, which has undergone several revisions
as more information became available, completing a fifth iteration in
September 2017. To inform the HPIB indicative design, the ship
design team told us they used design elements with validated
characteristics, such as the hull form, from existing Coast Guard
icebreakers, including the Polar Star, Polar Sea, Healy, and the
Mackinaw (a Great Lakes icebreaker). Collectively, these icebreakers
informed elements of the indicative design such as the size and
producibility of the ship. The indicative design represents an
icebreaker design that meets the threshold key performance
parameter of breaking 6 feet of ice at a continuous speed of 3 knots
rather than the objective parameter of 8 feet of ice at a continuous
speed of 3 knots. Coast Guard officials stated that based on
preliminary analysis, a design that meets the HPIB’s objective key
performance parameters would be an entirely separate design and
would be too costly to construct. Coast Guard officials told us that in
addition to price, the shipbuilders’ HPIB proposals will be evaluated
on design factors, including how much the potential design exceeds
the threshold icebreaking performance parameters.

In February 2017, the Coast Guard contracted with five shipbuilders,
who teamed with icebreaker design firms, to conduct a series of
iterative design studies.'® These studies examined major design cost

"®The Coast Guard awarded the design study contracts to Bollinger Shipyards Lockport,
L.L.C. in Lockport, LA; Fincantieri Marine Group, L.L.C. in Washington, DC; General
Dynamics NASSCO in San Diego, CA; Huntington Ingalls, Inc. in Pascagoula, MS; and VT
Halter Marine, Inc. in Pascagoula, MS.
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drivers and technology risks for the HPIB program. Coast Guard
officials stated the results of these studies helped inform and refine
the ship’s specifications and provided them with a better
understanding of the technology risks and schedule challenges. As of
February 2018, each contract was valued at about $5.6 million. Under
these contracts, each shipbuilder completed five detailed industry
study iterations. For example, the shipbuilders analyzed various hull
forms, propulsion systems, cold weather operations, space
arrangements, and icebreaking enhancements.

e In April 2017, the Coast Guard completed an alternatives analysis
study—an independent study required prior to ADE 2A that identifies
the most efficient method of addressing an identified capability gap.
The study examined various options, including whether existing
foreign icebreakers could meet the Coast Guard’s HPIB performance
requirements. The Coast Guard analyzed 18 domestic and foreign
icebreaker designs against the HPIB’s key performance parameters
and other requirements, such as seakeeping and habitability. The
icebreaker designs included a variety of icebreakers in terms of
propulsion power and size, such as nuclear-powered Russian
icebreakers and polar research and supply vessels from Australia,
Finland, and Germany.

The alternatives analysis found that only a Russian nuclear-powered
icebreaker and a design for a Canadian diesel-electric-powered
icebreaker, which has yet to be constructed, passed initial screening
for design maturity and performance requirements. Given a previous
independent study analyzing the cost-effectiveness of nuclear-
powered icebreakers, the Coast Guard deemed a nuclear-powered
icebreaker design as infeasible. The alternatives analysis also noted
that the Canadian design met icebreaking requirements. However,
Coast Guard officials told us the Canadian design did not meet
requirements such as habitability and military-oriented multi-mission
tasks, but the design could potentially be modified to meet those
needs. In addition, IPO officials stated the Canadian design was
designed for science missions rather than military missions. The
Canadian design was considered among some of the shipbuilders as
a starting point in examining HPIB design risks.

o From May to August 2017, the Coast Guard tested two scale models
of icebreakers at the Canadian National Research Council’s ice tank
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facility in Newfoundland.?° Coast Guard officials told us the testing
helped to mitigate potential design risks with the hull form and
propulsors—a mechanical device that generates thrust to provide
propulsion for the ship. The Coast Guard tested the resistance,
powering, and maneuvering of the model icebreakers’ hull form and
propulsion to inform their indicative design and discovered that the
ship’s maneuverability was a challenge during model testing.
However, through model testing, the Coast Guard was able to validate
general characteristics of its indicative design, including power needs
and the hull form. In addition to model testing, Canadian Coast Guard
officials told us that the U.S. Coast Guard has engaged with them in
formal and informal exchanges regarding icebreaker acquisitions
more generally.?!

As a result of its indicative design, industry studies, and model testing
efforts, the Coast Guard identified the integrated power plant, propulsors,
and hull form as key design considerations for the HPIB. Because these
design elements work together to ensure the HPIB can meet its
icebreaking requirements, we determined that these are the HPIB’s main
design risks (see figure 7).

20|In February 2017, the Coast Guard signed a Technical Annex with the Canadian
government, which allowed the Coast Guard to use the National Research Council of
Canada'’s resources to perform testing and evaluation of polar icebreaker designs. The
Technical Annex was established pursuant to the terms and conditions of the Agreement
between the Government of the United States of America and the Government of Canada
for Cooperation in Science and Technology for Critical Infrastructure Protection and
Border Security dated June 1, 2004.

21A 2009 memorandum of understanding between the Canadian Coast Guard and U.S.
Coast Guard established a framework for mutual support in ship design and construction.
The parties added an icebreaker-specific annex in 2013. A Canadian Coast Guard official
stated that the two services have met formally twice annually for the last 8 years and
informally on a near bi-weekly basis.
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Figure 7: Key Design Risks for Notional Heavy Polar Icebreaker
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Source: GAO notional depiction based upon analysis of U.S. Coast Guard and Navy information. | GAO-18-600

Note: This ship design is notional and does not represent a design solution from the Coast Guard or
industry.
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Acquisition Baselines Set
without Sufficient Knowledge of
Design but Design Stability
Planned Prior to Construction

Although the Coast Guard undertook early efforts to identify design risks,
it did not conduct a preliminary design review for the HPIB program prior
to setting program acquisition baselines at ADE 2A/2B. These baselines
inform DHS’s and Coast Guard’s decisions to commit resources. Our best
practices for knowledge-based acquisitions state that before program
baselines are set, programs should hold key systems engineering events,
such as a preliminary design review, to help ensure that requirements are
defined and feasible and that the proposed design can be met within cost,
schedule, and other system constraints.?? Similarly, in November 2016,
we found that establishing a preliminary design through early detailed
systems engineering results in better program outcomes than doing so
after program start.® During the HPIB’s preliminary design review, the
Coast Guard plans to verify that the contractor’s design meets the
requirement of the ship specifications and is producible, and the schedule
is achievable, among other activities.

The Coast Guard has yet to conduct a preliminary design review for the
HPIB program because DHS’s current acquisition policy does not require
programs to do so until after ADE 2A/2B. The Coast Guard plans to hold
the preliminary design review by December 2019, after the award of the
detail design and construction contract. Holding a preliminary design
review after ADE 2A/2B is consistent with DHS policy. However, in April
2017, we found that DHS’s sequencing of the preliminary design review is
not consistent with our acquisition best practices, which state that
programs should pursue a knowledge-based acquisition approach that
ensures program needs are matched with available resources—such as
technical and engineering knowledge, time, and funding—prior to setting
baselines.?* In that report, we found that by initiating programs without a
well-developed understanding of system needs through key engineering
reviews such as the preliminary design review, DHS increases the
likelihood that programs will change their user-defined key performance
parameters, costs, or schedules after establishing their baselines. As a
result, we recommended that DHS update its acquisition policy to require
key technical reviews, including the preliminary design review, to be
conducted prior to approving programs’ baselines. DHS concurred with

2GA0-04-386SP.
BGAO-17-77.

2GAO, Homeland Security Acquisitions: Earlier Requirements Definition and Clear
Documentation of Key Decisions Could Facilitate Ongoing Progress, GAO-17-346SP
(Washington, D.C.: Apr. 6, 2017).
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this recommendation and stated that it planned to initiate a study to
assess how to better align its processes for technical reviews and
acquisition decisions. Upon completion of the study, DHS plans to update
its acquisition policies, as appropriate.

Instead of establishing the HPIB program’s acquisition program baselines
after assessing the shipbuilder’s preliminary design, the Coast Guard
established cost baselines based on a cost estimate that used the ship
design team’s indicative design. Coast Guard officials told us that the
selected shipbuilder will develop its own HPIB design as part of the detail
design and construction contract, independent of the indicative design.
The ship design team noted that the indicative design informed the ship’s
specifications but is not meant to be an optimized design, does not
represent a design solution, and will not be provided to the shipbuilders.
Coast Guard officials stated that the shipbuilders that respond to the
request for proposals will propose their own designs based on their
production capabilities, which will drive where they will place components,
such as bulkheads, within the design. As a result, the shipbuilder’s design
will be different from the indicative design.

By setting the HPIB'’s acquisition program baselines prior to gaining
knowledge on the shipbuilder’s design, the Coast Guard has established
cost, schedule, and performance baselines without a stable or mature
design. Although completing the preliminary design review after setting
program baselines is consistent with DHS policy, this puts the Coast
Guard at risk of breaching its established baselines and having to revise
them later in the acquisition process, after a contract has been signed
and significant resources have already been committed to the program.
At that point, the program will be well underway and it will be too late for
decision makers to make appropriate tradeoff decisions between
requirements and resources without causing disruptions to the program.

Consistent with DHS acquisition policy, DHS and the Coast Guard must
monitor the HPIB program against the acquisition program baselines set
at ADE 2A/2B; however, DHS acquisition policy does not require an
official update to the baseline unless the program breaches its baselines
or until the next major milestone, whichever occurs first. For the HPIB, the
next milestone is ADE 2C, which is currently planned for no later than
June 2021. ADE 2C corresponds to the approval of low-rate initial
production and in the case of the HPIB, the start of construction for the
lead ship. Evaluating the HPIB'’s baselines at ADE 2C—immediately
before the shipbuilder is authorized to start construction—is too late
because the funding required for the construction phase likely would have
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already been requested and provided. On the other hand, evaluating the
acquisition program baselines after the preliminary design review but
before ADE 2C would help to ensure that the knowledge gained during
the preliminary design review is used to inform the program baselines and
business case for investing in the HPIBs before significant resource
commitments are made.

Although the Coast Guard set the acquisition program baselines prior to
gaining knowledge on the feasibility of the selected shipbuilder’s design, it
has expressed a commitment to having a stable design prior to the start
of lead ship construction. In Navy shipbuilding, detail design typically
encompasses three design phases:

« Basic design. Includes fixing the ship steel structure; routing all major
distributive systems, including electricity, water, and other utilities; and
ensuring the ship will meet the performance specifications.

« Functional design. Includes providing further iteration of the basic
design, providing information on the exact position of piping and other
outfitting in each block, and completing a 3D product model.

« Production design. Generating work instructions that show detailed
system information and including guidance for subcontractors and
suppliers, installation drawings, schedules, material lists, and lists of
prefabricated materials and parts.

Shipbuilding best practices we identified in 2009 found that design
stability is achieved upon completion of the basic and functional
designs.?® At this point of design stability, the shipbuilder has a clear
understanding of the ship structure as well as how every system is set up
and routed throughout the ship. Consistent with our best practices, prior
to the start of construction on the lead ship, the Coast Guard will require
the shipbuilder to complete basic and functional designs, develop a 3D
model output, and provide at least 6 months of production information to
support the start of construction. IPO officials have stated that they are
committed to ensuring that the HPIB'’s design is stable before
construction of the lead ship begins, given the challenges prior Navy
shipbuilding programs have experienced when construction proceeded
before designs were completed.

BGA0-09-322.
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Coast Guard Intends to
Use Proven Technologies
for the Polar Icebreaker
Program but Has Not
Assessed Their Maturity

The Coast Guard intends on using what it refers to as proven
technologies for the HPIB but has not conducted a technology readiness
assessment to determine maturity of key technologies that drive
performance of the ship prior to ADE 2A/2B, which is inconsistent with our
best practices. A technology readiness assessment is a systematic,
evidence-based process that evaluates the maturity of critical
technologies—hardware and software technologies critical to the
fulfillment of the key objectives of an acquisition program. This
assessment does not eliminate technology risk but, when done well, can
illuminate concerns and serve as a basis for realistic discussions on how
to mitigate potential risks. According to our best practices, a technology
readiness assessment should be conducted prior to program initiation.28
DHS systems engineering guidance also recommends conducting a
technology readiness assessment before ADE 2A to help ensure that the
program’s technologies are sufficiently mature by the start of the program.

The Coast Guard intends on using what it has deemed “state-of-the-
market” or “proven” technologies for the HPIB. DHS’s technical
assessment of the HPIB noted that the February 2017 design studies
resulted in industry producing designs that used commercially available,
state-of-the-market, and proven technologies. From the studies and
industry engagement, Coast Guard officials determined that the
technologies required for the HPIB, such as the integrated power plant
and azimuthing propulsors—thrusters that rotate up to 360 degrees and
provide propulsion to the ship—are available commercially and do not
need to be developed. Coast Guard officials further stated that the
integrated power plant is the standard power plant used on domestic and
foreign icebreakers. Coast Guard officials told us that similarly, market
survey data on azimuthing propulsors shows that ice-qualified azimuthing
propulsors in the power range have been used on foreign icebreakers.
The Coast Guard has also communicated to industry through the request
for proposals that the HPIB should have only proven technology and
plans to have the shipbuilders provide information on the maturity of the
technologies when they submit their proposals. As a result, Coast Guard
officials stated the HPIB program does not have any critical technologies,
as defined by DHS systems engineering guidance, and does not need to
conduct a technology readiness assessment.

26GA0-16-410G.
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However, according to DHS systems engineering guidance, a technology
element is considered critical if the system being acquired depends on
this technology to meet operational requirements, and if the technology or
its application is new, novel, or in an area that poses major technological
risk during detailed design or demonstration. The guidance further states
that technologies can become critical if they need to be modified from
prior successful use or expected to operate in an environment beyond
their original demonstrated capability. Similarly, according to our best
practices for assessing technology readiness, critical technologies are not
just technologies that are new or novel. Technologies used on prior
systems can also become critical if they are being used in a different
form, fit, or function.?”

Our technology readiness assessment guide notes that program officials
sometimes disregard critical technologies when they have longstanding
history, knowledge, or familiarity with them. The best practices guide cites
examples of organizations not considering a technology critical if it has
been determined to be mature, has already been fielded, or does not
currently pose a risk to the program. Additionally, our guide notes that
contractors may be overly optimistic about the maturity of critical
technologies, especially prior to contract awards. According to our best
practices guide, presuming a previously used technology as mature is
problematic when the technologies are being reapplied to a different
program or operational environment.?®

As a result, based on our analysis of available Coast Guard information,
we believe the HPIB’s planned integrated power plant and azimuthing
propulsors should be considered critical technologies given their criticality
in meeting key performance parameters, their use in a different
environment from prior ships, and the extent to which they pose major
cost risks (see table 4).

27GA0-16-410G.
BGAO-16-410G.
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Table 4: Heavy Polar Icebreaker Program’s (HPIB) Planned Technologies and GAO’s Assessment of Why They Should Be
Considered Critical Technologies

Integrated power plant

Azimuthing propulsors

Description of
technology

An integrated power plant simultaneously provides
electricity for propulsion and electricity for habitability
and crew, such as for lights. A power plant consists
of a source that could be diesel, electric, or nuclear
that produces a certain amount of power. The HPIB
plans to use diesel-electric engines.

Propulsors generate thrust to move a ship across
water. Traditionally, ships move through water using
a propeller connected to a shaft. Azimuthing
propulsors uses pods that could contain a propeller
capable of rotating up to 360 degrees. The HPIB
specification requires the contractor to design a
vessel that has three main propulsors, at least two of
which must be azimuthing.

How technology is
critical to meeting
performance
requirements

Coast Guard officials stated that the size and
quantity of the diesel engines directly relate to the
amount of electricity the ship can generate and the
horsepower the ship can achieve. Coast Guard
officials explained that the propulsion system is the
highest risk component for icebreakers because this
determines whether the ship can achieve its
icebreaking key performance parameters.

Contributes significant shaft horsepower required to
propel the ship, which determines whether the ship
can achieve its icebreaking key performance
parameters. Azimuthing propulsion systems offer
enhanced maneuverability, which is highly beneficial
during ice operations.

How technologies are
being reapplied to a
different operational
environment from prior
uses of the technologies

Installed on the Healy, a medium icebreaker with
lower key performance parameters to break 4.5 feet
of ice continuously at 3 knots. Unlike the planned
HPIB, the Healy was not designed to operate
independently in the ice conditions of the Antarctic or
ensure timely access to some Arctic areas in the
winter.

Installed on the Mackinaw, a light icebreaker used in
the Great Lakes. Coast Guard officials told us the
Great Lakes’ fresh water ice is different than Arctic
and Antarctic polar ice.

Extent to which the
technologies pose major
cost risks

In briefings to Coast Guard leadership, the IPO
identified the propulsion system as one of the
primary cost drivers. In addition, as a part of the
industry study responses, some shipbuilders
identified the propulsion system as a key technical
risk that affects the design of the HPIB. DHS’s
technical assessment also noted that only one U.S
manufacturer of medium diesel engines has met the
Naval Vessel Rules’ testing certification
requirements.

The industry studies have indicated that the
propulsors will need to be modified in terms of size,
placement, and power, though Coast Guard officials
added that through these studies they have refined
propulsion configuration specifications to lower
technical risks associated with meeting icebreaking
and maneuverability requirements. Further, the
Coast Guard and DHS found that there are no U.S.
suppliers of azimuthing propulsors in the power
range and suitable for the HPIB operational
environment. DHS’s technical assessment also
noted that few U.S. shipyards have experience
installing azimuthing propulsors. However, Coast
Guard officials also discussed that technical
representatives from the propulsor manufacturer
typically are on-site to support the shipyard during
installation and testing.

Source: GAO analysis of DHS, Coast Guard, and Navy information. | GAO-18-600

Without conducting a technology readiness assessment, the Coast Guard
does not have insight into how mature these critical technologies are.
According to our best practices, evaluating critical technologies requires

Page 26

GAO-18-600 Coast Guard Acquisitions



disciplined and repeatable steps and criteria to perform the assessment
and make credible judgments about their maturity. The evaluation of each
critical technology must be based on evidence such as data and test
results. In addition, the team that assesses the technologies must be
objective and ideally independent.?® Instead, the Coast Guard has relied
on industry to provide information on the maturity of the HPIB’s
technologies and uses terms such as “state-of-the-market” or “proven,”
which do not translate into meaningful measures for systematically
communicating the technology readiness, especially when discussing
new applications of existing technologies.

Additionally, even if the Coast Guard determines the maturity levels of the
HPIB’s technologies through an objective and independent technology
readiness assessment, the program’s planned level of maturity for the
ship’s technologies falls short of our best practices. According to the
HPIB’s systems engineering tailoring plan and request for proposals, the
program intends on implementing only proven technologies that have
been demonstrated in a relevant environment, commensurate with a
technology readiness level (TRL) of 6.3 However, our best practices do
not consider a technology to be mature until it has been demonstrated in
an operational environment, commensurate with a TRL 7.3! Specifically,
our best practices for shipbuilding recommend that programs should
require critical technologies to be matured into actual prototypes and
successfully demonstrated in an operational or a realistic environment
(TRL 7) before a contract is awarded for the detail design of a new ship.3?
DHS’s systems engineering guidance also states that critical technologies
below TRL 7 should be identified as technical risks.

By not conducting a technology readiness assessment and identifying,
assessing, and maturing its critical technologies prior to setting the
HPIB’s program baselines and prior to awarding the detail design
contract, the Coast Guard is underrepresenting the program’s technical

29GA0-16-410G.

30The TRLs are a compendium of characteristics describing increasing levels of technical
maturity based on demonstrations of capabilities. The performance of a technology is
compared to definitions of maturity numbered 1-9 based on demonstrations of increasing
levels of fidelity and complexity. TRL 1 describes paper studies of a basic concept while
TRL 9 describes a technology that has proven itself in actual usage on the product.

1GAO-16-410G.
32GA0-09-322.
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The Coast Guard
Based the Polar
lcebreaker Program’s
Baselines on a Cost
Estimate That Is Not
Fully Reliable and an
Optimistic Schedule

risks and understating its cost, schedule, and performance risks.
Technology risks that manifest later could require the shipbuilder to
redesign parts of the ship, which increases the risk of rework and
schedule delays during the construction phase.

The cost estimate and schedule that informed DHS’s decision to
authorize the HPIB program do not reflect the full scope of the program’s
risks. We found that while the Navy substantially adhered to a number of
best practices when it developed the HPIB’s cost estimate, the estimate is
not fully reliable, primarily because it does not reflect the full range of
possible costs over the HPIB’s 30-year lifecycle. We also found the HPIB
schedule was not informed by a realistic assessment of the work
necessary to construct the ship. Rather, the schedule was driven by the
potential gap in icebreaking capabilities once the Coast Guard’s only
operating HPIB reaches the end of its service life. Reliable cost estimates
and schedules are key elements of an executable business case, and are
needed at the outset of programs—when competitive pressures to obtain
funding for the program are high—to provide decision makers with insight
into how risks affect a program’s ability to deliver within its cost and
schedule goals.

Polar Icebreaker
Program’s Cost Estimate
Substantially Met Best
Practices but Is Not Fully
Reliable Because It Does
Not Include Full Range of
Possible Costs

We found that the lifecycle cost estimate used to inform the HPIB
program’s baselines substantially adheres to most cost estimating best
practices; however, the estimate is not fully reliable. The cost estimate
only partially met best practices for being credible primarily because it did
not quantify the range of possible costs over the entire life of the program.
We assessed the program’s lifecycle cost estimate, which was performed
by NAVSEA 05C, against our best practices for cost estimating.®® For our
reporting purposes, we collapsed 18 of our applicable best practices into
the four general characteristics of a reliable cost estimate:
comprehensive, well-documented, accurate, and credible. Figure 8
provides a summary of our assessment of the HPIB’s lifecycle cost
estimate.3

33GA0-09-3SP.

34In addition to the practices in the Accurate category in Figure 8, a best practice for
accurate cost estimates is to document, explain, and review variances between planned
and actual costs. We did not evaluate the HPIB cost estimate against this practice due to
the early stage of the acquisition.
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Figure 8: Summary Results of the Heavy Polar Icebreaker Cost Estimate Assessed against GAO’s Best Practices Criteria

Characteristics of a reliable cost estimate, overall assessment .
GAO overall assessment ratings

rating, and underlying best practices

Minimally Partially Substantially
Not met met met met Met
Comprehensive: substantially met
* Includes all life cycle costs.
« Defines the program, reflects the current schedule, technically reasonable.
» Work breakdown structure is traceable and includes appropriate details.
* Documents all cost-influencing ground rules and assumptions.

Well-documented: substantially met

- Captures source data used, reliability of data, and data normalization. I
* Details calculations performed and the estimating methodology used.

« Included detailed instruction on how to replicate the estimate.

« Describes technical baseline consistent with program.

« Includes evidence of review and acceptance by management.

Accurate: substantially met

« Should lack bias; be neither overly conservative or optimistic.
« Adjusted properly for inflation.

* Few, if any, minor mistakes in calculations.

* Regularly updated to reflect significant changes.
» Based on a historical record of comparable programs.

Credible: partially met

« Includes sensitivity analysis with a range of costs based on varying inputs.
« Risk and uncertainty analysis quantifies risks and impacts.

« Cross-check for major elements.

* Independent cost estimate to compare different estimating methods.

Not met Minimally Partially Substantially Met
met met met

Source: GAO analysis of U.S. Coast Guard and Navy information. | GAO-18-600

Comprehensive. We found the HPIB cost estimate substantially met the
best practices for being comprehensive. For example, the estimate
includes government and contractor costs over the full lifecycle of all
three ships and contains sufficient levels of detail in the program’s work
breakdown structure—a hierarchical breakdown of the program into
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specific efforts, including system engineering and ship construction. The
estimate also documents detailed ground rules and assumptions, such as
the learning curve used to capture expected labor efficiencies for follow-
on ships. However, we found that the costs for disposal of the three ships
were not at a level of detail to ensure that all costs were considered and
not all assumptions, particularly regarding operating and support costs,
were varied to reflect the impact on cost should these assumptions
change.

Well-Documented. We also found the cost estimate substantially met the
best practices for being well-documented. Specifically, the cost estimate’s
documentation mostly captured the source data used as well as the
primary methods, calculations, results, rationales, and assumptions used
to generate each cost element. However, the documentation alone did
not provide enough information for someone unfamiliar with the cost
estimate to replicate what was done and arrive at the same results. For
example, NAVSEA officials discussed and showed us how historical data
from the analogous ships were used to create the estimate, but these
specific sources were not found in the cost estimate documentation.

Accurate. We found the estimate substantially met best practices for
being accurate. In particular, the estimate was properly adjusted for
inflation, and we did not find any mathematical errors in the estimate
calculations we inspected. Officials stated that labor and material cost
data from recent, analogous programs were used in the estimate. While
the documentation does not discuss the reliability, age, or relevance of
the cost data, NAVSEA officials provided us with additional information
regarding those data characteristics. Additionally, officials provided
documentation that demonstrated that they had updated the cost estimate
several times in the last 2 years.

Credible. We found the HPIB cost estimate partially met the best
practices associated with being credible. A credible cost estimate should
analyze the sensitivity of the program’s expected cost to changes among
key cost-driving assumptions and risks. It should also quantify the cost
impact of risks related to assumptions changing and variability in the
underlying data used to create the cost estimate. Credible cost estimates
should also be cross-checked internally and reconciled with an
independent cost estimate that is performed by an outside group. These
two best practices ensure that the estimate has been checked for any
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potential bias.3 Our review of the HPIB cost estimate determined it
partially met the best practices for being credible due to the following:

Exclusions of major costs from sensitivity analysis and risk and
uncertainty analysis. The cost estimators conducted sensitivity
analysis as well as risk and uncertainty analysis on only a small
portion of the total lifecycle costs.*¢ For both the sensitivity analysis
and risk and uncertainty analysis, we found that NAVSEA only
modeled cost variation in the detail design and construction portion of
the program and excluded from its analyses any risk impacts related
to the remainder of the acquisition, operating and support, and
disposal phases, which altogether comprise about 75 percent of the
lifecycle cost. The cost estimate documents that the limited number of
active icebreakers and available data prevented NAVSEA from
identifying accurate risk bounds for the operating and support and
disposal phases. Further, NAVSEA officials told us because they used
historical data, including average maintenance costs from the Healy,
they felt that their estimate was reasonable. However, similar to how
NAVSEA consulted with the ship design team to establish high and
low-end costs using analogous ships, NAVSEA could have used cost
ranges in the historical data to develop risk bounds for the remaining
costs in the acquisition, operations and support, and disposal phases.
Without performing a sensitivity analysis on the entire life cycle cost of
the three ships, it is not possible for NAVSEA to identify key elements
affecting the overall cost estimate. Further, without performing a risk
and uncertainty analysis on the entire life cycle cost of the three ships,
it is not possible for NAVSEA to determine a level of confidence
associated with the overall cost estimate. By not quantifying important
risks, NAVSEA may have underestimated the range of possible costs
for about three-quarters of the entire program.

Lack of applied correlation in the risk and uncertainty analysis. In
its independent assessment of the HPIB cost estimate, the DHS Cost
Analysis Division similarly found that the results of the risk and
uncertainty analysis may understate the range of possible cost
outcomes for the HPIB. The DHS assessment noted that NAVSEA did

35GA0-09-3SP.

3’GSensitivity analysis identifies which assumptions are key drivers of the overall program
cost and tests the sensitivity of the cost estimate to changes in these assumptions. Risk
and uncertainty quantifies imperfectly understood risks and identifies a range of possible

program costs by conducting a simulation of cost scenarios based on minimum, most
likely, and maximum cost ranges for each risk.
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not use applied correlation—which links costs for related items so that
they rise and fall together during the analysis—in its cost model.*’
According to a joint agency handbook on cost risk and uncertainty,
applied correlation helps to ensure that cost estimates do not
understate the possible variation in total program costs.3® Omitting
applied correlation when assessing a cost estimate for risk can cause
an understated range of possible program costs and create a false
sense of confidence in the cost estimate. For example, absent applied
correlation, the DHS assessment noted that the Navy calculated with
a 99-percent level of confidence that the program will not exceed its
threshold (maximum acceptable) acquisition cost. Navy officials
explained that they will incorporate applied correlation in future
updates to the cost estimate when better data are available. However,
by applying correlation factors from the joint agency handbook to the
same data that NAVSEA used, DHS’s Cost Analysis Division
determined that NAVSEA overstated the likelihood of the program not
exceeding its threshold acquisition cost.

o Cost estimate not fully reconciled with a comparable
independent cost estimate. \While the Naval Center for Cost
Analysis performed an independent cost estimate of the HPIB
program, the office used a different methodology from NAVSEA's, and
its estimate was based on an earlier version of the indicative ship
design and associated technical baseline. NAVSEA officials told us
that before the Coast Guard’s ship design team updated the indicative
ship design and technical baseline, NAVSEA met twice with Naval
Center for Cost Analysis to reconcile their results. However, NAVSEA
officials told us that due to the speed at which the program was
progressing, no reconciliation occurred after the ship design team
finalized the indicative ship design. While we did not find any specific
ground rules and assumptions that differed between the two
estimates, some ship characteristics had changed, such as the weight
estimates for propulsion and auxiliary systems, among others. The
use of two different technical baselines creates differences in the two
estimates and makes them less comparable to one another.

$Twith applied correlation, the analyst builds into the model relationships among elements
that are not automatic. For example, if there is risk that the price for propulsion
components manufactured abroad may be higher than expected, it may be likely that the
price of other foreign-made ship components is higher. Because this link is not inherent in
the model, the cost estimator must apply it.

3’8Navy, Air Force, Army, Marine Corps, Missile Defense Agency, NASA, Joint Agency
Cost Schedule Risk and Uncertainty Handbook (Mar. 12, 2014).
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For additional details on our assessment of the HPIB’s cost estimate
against our 18 cost estimating best practices, see appendix Ill.

By excluding the majority of the HPIB program'’s lifecycle costs from the
sensitivity analysis as well as the risk and uncertainty analysis, and
reconciling the estimate with an independent cost estimate based on a
different iteration of the ship design, the cost estimate does not provide a
fully credible range of costs the program may incur. Moreover, the
exclusion of applied correlation further provides a false sense of
confidence that the program will not exceed its threshold cost. As a result,
the estimate provides an overly optimistic assessment of the program’s
vulnerability to cost growth should risks be realized or current
assumptions change. This, in turn, may underestimate the lifecycle cost
of the program and calls into question the cost baselines DHS approved
and used to inform the HPIB’s budget request. Without a reliable cost
estimate to inform the business case for the HPIB prior to award of the
contract option for lead ship construction, Congress is at risk of
committing to a course of action without a complete understanding of the
program’s longer-term potential for cost growth.

Polar Icebreaker
Program’s Optimistic
Schedule Is Driven by
Capability Gap and Does
Not Reflect Robust
Analysis

The Coast Guard set an optimistic schedule baseline for the HPIB based
on operational need, but its approach does not reflect a robust analysis of
what is realistic and feasible. According to DHS and Coast Guard
acquisition guidance, the goal of ADE 2A/2B is, among other things, to
ensure that the program’s schedule baseline is executable at an
acceptable cost.*® Rather than building a schedule based on
knowledge—including determining realistic schedule targets, analyzing
how much time to include in the schedule to buffer against potential
delays, and comprehensively assessing schedule risks—the Coast Guard
used the estimated end date of the Polar Star's service life as the primary
driver to set the lead ship’s objective (or target) delivery date of
September 2023 and threshold (latest acceptable) delivery date of March
2024.

39DHS, DHS Acquisition Management Instruction 102-01-001, Rev. 01 (Mar. 9, 2016); and
Coast Guard Commandant Instruction Manual 5000.10D, Major Systems Acquisition
Manual (May 29, 2015).
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Analysis Conducted to
Determine Lead Ship
Construction Schedule Not
Robust

The Coast Guard and the Navy did not conduct a robust analysis to
determine how realistic the 2.5- to 3-year construction cycle time is for the
lead HPIB before setting the schedule baseline. Our best practices for
developing project schedules state that, rather than meeting a particular
completion date, estimating how long an activity takes should be based
on the effort required to complete the activity and the resources
available.*° Doing so ensures that activity durations and completion dates
are realistic and supported by logic.

The Coast Guard and the Navy validated the reasonableness of the 2.5-
to 3-year construction time by comparing this duration to historical Navy
ship construction data. Program officials told us that they used 211 Navy
ships in their analysis and determined that the HPIB’s construction
schedule was within historical norms given its weight. However, program
officials told us they included both lead and follow-on ships in their
analysis. As we have found in our prior Navy shipbuilding work, schedule
delays tend to be amplified for lead ships in a class.*' Therefore, we
believe the program’s analysis for the lead ship was overly optimistic.

The Coast Guard also sought industry feedback to determine whether 2.5
to 3 years to build the lead HPIB was feasible. Design study information
provided to the Coast Guard by several shipbuilders estimated that they
would need between 2.5 to 3.5 years to build the lead ship. We
determined that the Coast Guard used the more optimistic estimate of 2.5
years for the objective delivery date and 3 years for the threshold delivery
date. Three years was also the time frame reflected in the request for
proposals for the detail design and construction contract. The request for
proposals lists December 2023 as the target delivery date for the lead
ship, which is approximately 3 years from the objective construction start
date.

Further, we compared the HPIB’s planned construction schedule to the
construction schedules of delivered lead ships for major Coast Guard and
Navy shipbuilding programs active in the last 10 years as well as the
Healy. We found that the HPIB’s lead ship construction cycle time of 2.5
to 3 years is optimistic, as only three of the ten ships in our analysis were
constructed in 3 years or less. For the purposes of our analysis, we
included information on each ship’s weight and classification, both of

40GAO-16-89G.
“1GA0-09-322.
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which can affect complexity and, therefore, construction times (see figure

9).42

Figure 9: Heavy Polar Icebreaker’s (HPIB) Lead Ship Planned Construction Schedule Compared to Selected Navy and Coast

Guard Lead Ship Construction Schedules by Ship Classification
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I I long tons

T-ESD 1
Expeditionary Transfer Dock,
Montford Point Class

NSC
National Security Cutter
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T-AKE 1
Dry Cargo and Ammunition Ship,
Lewis and Clark Class
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_..ML,
33

DDG 51
Navy Destroyer, Arleigh-Burke Class
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LCS 1
Littoral Combat Ship, Freedom Class
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T-EPF 1

Expeditionary Fast Transport Dock,
Spearhead Class
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LCS 2
Littoral Combat Ship,
Independence Class

26,295
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LPD 17
Amphibious Transport Dock,
San Antonio Class
44,971
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LHA 6
Amphibious Assault Ship,
America Class

I:I Coast Guard cutters
I:I Navy fleet support ships

Navy surface combatant ships

Navy amphibious warfare ships
- Planned construction time (in years)
- Construction time (in years)

Source: GAO analysis of U.S. Coast Guard and Navy information. | GAO-18-600

42Using ship weight as a control factor for analysis of ship construction schedules is
similar to the Coast Guard’s method for validating the reasonableness of the HPIB
schedule by comparing it to Navy ships of different weights. This approach is also similar
to the Navy and Coast Guard’s method for estimating HPIB ship elements costs using,
among other things, weight-based labor hour estimates.
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Note: Despite weighing more than the HPIB, two ships in our analysis were constructed in less than 3
years. The expeditionary transfer dock was based on a largely commercial oil tanker design, and the
dry cargo and ammunition ship was built to mostly commercial standards. The expeditionary fast
transport dock, which weighs less than the HPIB but was built in 3 years, was based on a commercial
design. We excluded the Coast Guard Fast Response Cutter and Navy submarines and aircraft
carriers from our analysis because we determined that their size and complexity did not make them
reasonable comparisons to the HPIB.

The Coast Guard also did not conduct any analysis to identify a
reasonable amount of margin to include in the program schedule baseline
to account for any delays. Estimating and documenting schedule margin
based on an analysis of schedule risks helps to ensure that a program’s
baseline schedule is achievable despite delays that may unexpectedly
arise. Program officials told us that the only margin included in the HPIB
schedule is the 6 months between the objective and threshold dates—the
maximum time between objective and threshold dates before DHS policy
requires additional rationale and justification.** According to the request
for proposals, the winning shipbuilder will examine schedule risks while
preparing an integrated schedule. In addition, Coast Guard officials told
us that the current schedule will remain largely notional until the winning
shipbuilder provides detailed updates to the schedule.

Delays in project schedules, whether they are in the program’s control or
not, should be expected. For example, in prior shipbuilding programs we
have reviewed, we have found that delays have resulted from a number
of issues, including redesign work to address issues discovered during
pre-delivery testing, key system integration problems, and design quality
issues.** Delays outside of the program’s control such as funding
instability, late material delivery, and bid protests have previously affected

43DHS requires that major acquisition programs with more than 3 years separating ADE 1
and the determination of full operational capability provide a rationale and justification for
threshold dates that exceed the objective dates by more than 6 months. See DHS, DHS
Acquisition Management Instruction 102-01-001, Rev. 01 (Mar. 9, 2016); and Coast Guard
Commandant Instruction Manual 5000.10D, Major Systems Acquisition Manual (May 29,
2015).

4“GAO, Defense Acquisitions: Assessments of Selected Weapon Programs,
GAO-17-333SP (Washington, D.C.: Mar. 30, 2017); and Defense Acquisitions:
Assessments of Selected Weapon Programs, GAO-15-342SP (Washington, D.C.: Mar.
12, 2015).
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a program'’s ability to meet schedule.*® Program officials told us these and
other schedule risks are not accounted for in the HPIB schedule.

Further, our analysis of 12 selected shipbuilding acquisition programs
active in the last 10 years shows that the Navy and the Coast Guard have
delayed delivery of all but one lead ship from their original planned
delivery dates by more than 6 months, with delays occurring both before
and after the start of construction.*® The delays in lead ship deliveries
ranged from 9 months to 75 months. For the purposes of our analysis, we
included the lead ships of major Coast Guard and Navy shipbuilding
programs that have been active from 2008 to 2018. We excluded the
Navy submarines and aircraft carriers from our analysis because we
determined that their size and complexity did not make them reasonable
comparisons to the HPIB (see figure 10).

“®GAO, Homeland Security Acquisitions: Leveraging Programs’ Results Could Further
DHS'’s Progress to Improve Portfolio Management, GAO-18-339SP (Washington, D.C.:
May 17, 2018); GAO-17-333SP; and Homeland Security Acquisitions: DHS Could Better
Manage lIts Portfolio to Address Funding Gaps and Improve Communications with
Congress, GAO-14-332 (Washington, D.C.: Apr. 17, 2014).

48Unlike our analysis of lead ship construction times, which includes 10 shipbuilding
programs, our analysis of schedule delays also includes 2 shipbuilding programs that
have not yet delivered the lead ship (DDG 1000 and Offshore Patrol Cutter). We included
these 2 programs in the analysis because delays can occur before the lead ship is
delivered. We also included the Fast Response Cutter program in this analysis because
we determined it was comparable enough to the HPIB for the purposes of analyzing
schedule delays; and we excluded the Healy because it was not built in the last 10 years,
and we did not have its original planned delivery date. As a result, our analysis of
schedule delays includes 12 shipbuilding programs.
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|
Figure 10: Changes in Delivery Dates for Selected Navy and Coast Guard Lead Ships (months)
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LCS 2 Littoral Combat Ship, Independence Class T-ESD 1 Expeditionary Transfer Dock, Montford Point Class

Source: GAO analysis of Department of Homeland Security, U.S. Coast Guard, and Navy information. | GAO-18-600

®The DDG 1000 and OPC programs have not completed construction of their lead ships, but their
current planned delivery dates are later than their original delivery dates.

®The T-ESD 1 is a Navy fleet support ship designed to facilitate at-sea vehicle and cargo transfer. The
Navy redesigned the ship (known previously as the Mobile Landing Platform) to a largely commercial
design that offered fewer capabilities and reduced the program’s estimated schedule. The T-ESD 1
was delivered ahead of its original, planned delivery date.

By supporting the lead ship construction time with overly optimistic
analysis and by not conducting analysis to estimate a reasonable amount
of margin, the Coast Guard’s HPIB schedule does not fully account for
likely or unforeseen delays, which would help ensure that the planned
delivery date for the lead ship is feasible.
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Schedule Risks after
Construction Start Not
Identified

The Coast Guard has set the HPIB’s schedule baselines, including when
all three ships are planned to achieve full operational capability, but has
not yet identified risks for the program’s schedule that could occur after
the start of lead ship construction, such as risks related to the
construction schedule or concurrency between ship testing and
construction of subsequent ships. According to the HPIB risk
management plan, the program should formally track risks, which
includes developing risk mitigation plans and reporting risks to DHS. Prior
to setting its baselines, the Coast Guard formally tracked some schedule
risks that affect the program’s ability to start construction on time, such as
an aggressive schedule for releasing the request for proposals for the
detail design and construction contract. IPO officials told us they retired
that risk because the Navy released the request for proposals in March
2018. However, our analysis of the HPIB construction schedule and 6-
month margin for delays found the program’s schedule was optimistic,
thereby warranting additional risk tracking and management.

The DHS Office of Systems Engineering also identified and
recommended the Coast Guard track and take steps to mitigate HPIB’s
schedule risks, including those related to concurrency. In its technical
assessment, this office noted that the program plans to deliver the first
two ships prior to completing initial operational testing and evaluation for
the lead ship. The assessment further noted that construction on the third
ship is planned to be nearly three-quarters finished prior to completing
initial operational testing and evaluation. DHS’s Office of Systems
Engineering found that this concurrency creates cost, schedule, and
technical risk resulting from rework that may be necessary to address
deficiencies found during initial testing. By not comprehensively and
formally tracking risks to the HPIB schedule that occur after the start of
lead ship construction, the program may not sufficiently identify and take
timely risk management actions to address this key phase in the
acquisition.

By not conducting a robust analysis to inform whether the HPIB’s
schedule baselines are feasible, the Coast Guard is not providing
Congress with realistic dates of when the ships may be delivered before
requesting funding for the construction of the lead ship. While the Coast
Guard is planning a service life extension of the Polar Star starting in
2020, as noted above, the HPIB'’s optimistic schedule may put the Polar
Star at risk of needing to operate longer than planned. The HPIB
schedule’s optimism also puts the Coast Guard at risk of not fully
implementing a knowledge-based acquisition approach to meet its
aggressive schedule goals. Our prior work on shipbuilding programs has
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Polar Icebreaker
Program’s Anticipated
Contract May Be
Funded by Both the
Coast Guard and the
Navy, but They Have
Not Fully
Documented
Responsibility for
Addressing Cost
Growth

shown that establishing optimistic program schedules based on
insufficient knowledge can create pressure for programs to make
sacrifices elsewhere.*’ For example, we found that the Navy moved
forward with construction with incomplete designs and when key
equipment was not available when needed. Additionally, some Navy
programs pushed technology development into the design phase or
pushed design into the construction phase. These concurrencies often
result in costly rework to accommodate changes to the design, further
delays, or lower than promised levels of capability.

According to the IPO, the HPIB’s anticipated detail design and
construction contract may be funded by both Coast Guard and Navy
appropriations, but how certain types of cost growth will be addressed
between the Coast Guard and the Navy has not been fully documented.
The HPIB’s acquisition strategy anticipates award of a contract that will
have options, includes efforts aimed at mitigating cost risks, and
acknowledges the use of foreign suppliers to provide components and
design services as allowable under statute and regulation. Since 2013,
the program has received $360 million in funding, which includes both
Coast Guard and Navy appropriations. Moving forward, it is unclear how
much Coast Guard and Navy funding will be used to fund the contract.
The Coast Guard and the Navy have an agreement in place for funding
issues, but the agreement does not fully address how they plan to
address cost growth on the program.

Acquisition Strategy
Anticipates Use of
Contract Options, Ways to
Mitigate Cost Risks, and
Foreign Suppliers

As part of the HPIB’s acquisition strategy, the Navy structured the detail
design and construction of each of the ships as contract options in the
March 2018 request for proposals. Specifically, the request for proposals
structured the detail design and construction work into four distinct
contract line items, all under a fixed-price incentive (firm-target) contract
type. Generally, this contract type allows the government and shipbuilder

4TGAO, Columbia Class Submarine: Immature Technologies Present Risks to Achieving
Cost, Schedule, and Performance Goals, GAO-18-158 (Washington, D.C.: Dec. 21, 2017);
Navy Shipbuilding: Past Performance Provides Valuable Lessons for Future Investments,
GAO-18-238SP (Washington, D.C.: June 6, 2018); Ford-Class Aircraft Carrier: Follow-On
Ships Need More Frequent and Accurate Cost Estimates to Avoid Pitfalls of Lead Ship,
GAO-17-575 (Washington, D.C.: June 13, 2017); and GAO-07-943T.
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to share cost savings and risk through a specified profit adjustment
formula, also known as a share ratio; ties the shipbuilder’s ability to earn
a profit to performance by decreasing the shipbuilder’s profit after costs
reach the agreed upon target cost; and, subject to other contract terms,
fixes the government’s maximum obligation to pay at a ceiling price.*?
Table 5 provides information on the HPIB’s request for proposals as of
May 2018.

|
Table 5: Heavy Polar Icebreaker Proposed Detail Design and Construction Contract Details for Fixed-Price Incentive Contract
Type as of May 2018

Scope of work Share ratio (government/contractor Target cost Ceiling price as a
responsibility for any cost percentage of target cost
overruns and underruns related to
the target cost)

Initial Award - Advanced planning, 60/40 for cost overruns $216 million 125 percent or $270 million
design, engineering, long lead time 50,50 for cost underruns
materials

(contract line item number 1)

Option 1 — Detail design and 60/40 for cost overruns To be proposed by 125 percent
construction of ship 1 50/50 for cost underruns offeror

(contract line item number 2)

Option 2 — Detail design and 50/50 for both cost overruns and To be proposed by 120 percent
construction of ship 2 underruns offeror

(contract line item number 3)

Option 3 — Detail design and 50/50 for both cost overruns and To be proposed by 120 percent
construction of ship 3 underruns offeror

(contract line item number 4)

Source: GAO analysis of Navy information. | GAO-18-600

According to the request for proposals, in addition to potentially earning
profit by controlling costs, the shipbuilder may also earn up to $34 million
in incentives for achieving other programs goals, such as quality early

483ee Federal Acquisition Regulation (FAR) § 16.403-1. A fixed-price incentive (firm-
target) contract specifies a target cost, a target profit, a price ceiling, and a profit
adjustment formula (share ratio). These elements are all negotiated at the outset. The
price ceiling is the maximum that may be paid to the contractor, except for any adjustment
under other contract clauses. When the contractor completes performance, the parties
negotiate the final cost, and the final price is established by applying the formula. When
the final cost is less than the target cost, application of the formula results in a final profit
greater than the target profit; conversely, when the final cost is more than target cost,
application of the formula results in a final profit less than the target profit, or even a net
loss. If the final negotiated cost exceeds the price ceiling, the contractor absorbs the
difference.
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delivery, reducing operations and sustainment costs, and production
readiness. IPO officials stated that they based the incentives on prior
Navy shipbuilding contract examples. However, in March 2017, we found
that the Navy had not assessed the effectiveness of added incentives for
the reviewed fixed-price incentive contracts in terms of improved contract
outcomes across the applicable shipbuilding portfolio.*® As a result, we
recommended that DOD direct the Navy to conduct a portfolio-wide
assessment of the Navy’s use of additional incentives on fixed-price
incentive contracts across its shipbuilding programs. DOD concurred with
this recommendation, but the Navy has not yet taken steps to implement
it.

As part of the HPIB acquisition strategy, the IPO is striving to control
costs on the detail design and construction contract through the following:

« Afixed-price incentive (firm-target) contract type. Because the
shipbuilder’s profit is linked to performance, fixed-price incentive
contracts provide an incentive for the shipbuilder to control cost. Most
of the Navy’s proposed share ratios and ceiling prices for the detail
design and construction work are consistent with DOD’s November
2010 Better Buying Power memo, which states a 50/50 share ratio
and 120 percent ceiling price should be the norm, or starting point, for
fixed-price incentive contracts.

« Full and open competition. The Navy plans to competitively award
the HPIB’s detail design and construction contract. From market
research and industry engagement, the IPO determined that there
were multiple viable competitors. In March 2017, we found that
competition helped to strengthen the Navy’s negotiating position with
shipbuilders when setting contract terms, such as the share line and
ceiling price for fixed-price incentive type contracts.%°

o Providing offerors the government’s estimated ship costs. The
request for proposals does not set affordability caps but does include
information on the government’s estimated cost for the ships,
including $746 million for the lead ship’s advance planning,
engineering, detail design, and construction, and an average ship
price of $615 million across all three ships. Navy contracting officials

49GA0, Navy Shipbuilding: Need to Document Rationale for the Use of Fixed-Price
Incentive Contracts and Study Effectiveness of Added Incentives, GAO-17-211
(Washington, D.C.: Mar. 1, 2017).

0GAO-17-211.
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explained that offers will not be disqualified from the source selection
solely for being higher than the estimated costs. Instead, the
estimated costs provide the offerors with cost bounds to help
appropriately scope the capabilities. For example, IPO officials stated
that they are striving to appropriately size the integrated power plant
so that it is generating sufficient power to meet key performance
parameters but not so much power that it drives up the cost.

e Inquiries on block buys and economic order of quantity
purchases. The Navy gave offerors an opportunity to provide the
estimated savings that the government could achieve if it were to take
a “block buy” approach in purchasing the ships or purchasing supplies
in economic order quantities. The Navy did not include a definition of
“pblock buy” in the HPIB request for proposals synopsis. Based on our
prior work, block buy contracting generally refers to special legislative
authority that agencies seek on an acquisition-by-acquisition basis to
purchase more than one year’s worth of requirements.®' The request
for proposals synopsis stated a preference for submission of the
estimated savings within 60 days of the release of the request for
proposals, or by May 2018. As of June 2018, the Navy had not
received any formal responses from industry on potential savings from
block buys or economic order quantities. For the HPIB request for
proposals, the Navy stated that any information on block buys or
economic order of quantities would be optional and would not be used
as part of the evaluation of proposals submitted by offerors.

Our prior work on block buy contracting approaches for the Littoral
Combat Ship and F-35 Joint Strike Fighter programs found that the
terms and conditions of the contracts affect the extent to which the
government achieves savings under a block buy approach.%? For
example, the Littoral Combat Ship’s block buy contracts indicated that
a failure to fully fund the purchase of a ship in a given year would
make the contract subject to renegotiation. DOD has pointed to this as
a risk that the contractors would demand higher prices if DOD
deviated from the agreed to block buy plan.

51Block buy contracting does not have permanent statutory criteria and, therefore, can be
used in different ways.

52GAO, Littoral Combat Ship and Frigate: Delaying Planned Frigate Acquisition Would
Enable Better-Informed Decisions, GAO-17-323 (Washington, D.C.: Apr. 18, 2017); and F-
35 Joint Strike Fighter: Continued Oversight Needed as Program Plans to Begin
Development of New Capabilities, GAO-16-390 (Washington, D.C.: Apr. 14, 2016).
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In its HPIB acquisition strategy, the IPO has also considered the use of
foreign suppliers as allowable under the law. According to the February
2018 HPIB acquisition plan, the HPIB must be constructed in a U.S.
shipyard given statutory restrictions, including restrictions on construction
of Coast Guard vessels and major components in foreign shipyards
unless authorized by the President.5® However, foreign suppliers will be
permitted to provide components and design services to the extent
applicable statutes and regulations allow.%* According to Coast Guard
officials, foreign design firms have extensive expertise and knowledge to
produce the design for HPIBs. As a result, the U.S. shipbuilders planning
to submit proposals on the HPIB solicitation may partner with these
foreign design firms when submitting proposals. Similarly, Coast Guard
officials stated that the azimuthing propulsors that have the necessary
power and ice classification for the HPIB are manufactured by foreign
companies. Therefore, the selected shipbuilder may subcontract with
these companies to acquire the propulsors.

In addition, Navy contracting officials stated that the program did not need
to obtain a waiver from the Buy American Act—which generally requires
federal agencies to purchase domestic end products when supplies are
acquired for use in the United States, and use domestic construction
materials on contracts performed in the United States—for certain
components. The Act includes exceptions, such as when the domestic
end products or construction materials are unavailable in sufficient and
reasonably available commercial quantities and of a satisfactory quality.5®

Program Has Received
Both Coast Guard and
Navy Funds, but Unclear
How Program Will Be
Funded Moving Forward

From 2013 through 2018, the program has received $360 million in
funding—3$60 million in the Coast Guard’s Acquisition, Construction, and
Improvement appropriations (hereafter referred to as Coast Guard
funding) and $300 million in Navy’s Shipbuilding and Conversion, Navy
advance procurement appropriations (hereafter referred to as Navy
appropriations). In addition, according to Coast Guard officials, in fiscal

53See 14 U.S.C. §665; 10 U.S.C. §7309; Pub. L. No. 115-141, Div. C, Title lil; Pub. L. No.
115-31, Div. C, Title IIl.

54See, e.g., Pub. L. No. 115-141. Div. C, Title lll; Pub. L. No. 115-31, Div. C, Title Ill.

55gee generally 41 U.S.C. §§ 8301-8305. See also FAR §§25.103 (implementing
exceptions for the acquisition of foreign end products), 25.202 (implementing exceptions
for the acquisition of foreign construction materials).
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year 2017, Coast Guard reprogrammed $30 million in fiscal year 2016
appropriations for the HPIB from another program (see figure 11).

. ___________________________________________________________________________|
Figure 11: Heavy Polar Icebreaker Program Funding, Fiscal Years 2013 — 2018
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According to IPO and Navy contracting officials, the Navy plans to use
$270 million of the $300 million in Navy appropriations to award the detail
design and construction contract in fiscal year 2019, which would fund the
advanced engineering, long lead time materials, and detail design work.
Navy officials stated the remaining $30 million in Navy appropriations will
be held in reserves for potential scope changes. Of the $60 million in
Coast Guard funding, the IPO has used $41 million for program office
costs and the February 2017 design study contracts, and plans to use the
remaining $19 million for program office costs. Coast Guard officials
stated that they used the $30 million in reprogrammed 2016
appropriations to fund the design studies, model testing, and Navy
warfare center support.
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As the program prepares to award a contract worth billions of dollars if all
the options are exercised, Congress, the Coast Guard, and the Navy face
key funding considerations. These include the extent to which the
program will be funded using Coast Guard and Navy appropriations in the
future and whether each of the ships will be fully or incrementally
funded.%® Navy contracting officials stated that by structuring the
contract’s construction work as options, the contract has flexibility to
accommodate any type of additional funding the program may receive.

The National Defense Authorization Act for Fiscal Year 2018 authorized
procurement of one Coast Guard heavy polar icebreaker vessel.®” The
Navy did not request any funding in fiscal year 2019 for the HPIB, while
Coast Guard requested $30 million. Subsequently, after discretionary
budget caps were relaxed by Congress, the Administration’s fiscal year
2019 budget addendum requested an additional $720 million in fiscal year
2019 Coast Guard appropriations for the program.5® Although the Navy
did not request fiscal year 2019 funding for the lead ship, and Navy
officials told us they have no plans to budget for the HPIB program
moving forward, Congress may still choose to appropriate funds for the
HPIB to the Navy. For example, in fiscal years 2017 and 2018, the Navy
did not request funding but received $150 million in appropriations each
year for the HPIB (see figure 12).

S6Full funding refers to the provision of budgetary resources to cover the total estimated
cost of a program or project at the time it is undertaken regardless of when the funds will
actually be obligated. Incremental funding refers to the provision or recording of budgetary
resources for a program or project based on obligations estimated to be incurred within a
fiscal year when such budgetary resources are provided for only part of the estimated cost
of the acquisition. See GAO, A Glossary of Terms Used in the Federal Budget Process,
GAO-05-734SP (Washington, D.C., September 2005). FAR §32.703-1 provides that if a
contract is fully funded, funds are obligated to cover the price or target price of a fixed-
price contract.

5’See Pub. L. No. 115-91, § 122(a), (b).
%8See Bipartisan Budget Act of 2018, Pub. L. No. 115-123, § 30101(a) (Feb. 9, 2018).
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|
Figure 12: Heavy Polar Icebreaker Program Budget Requests and Funding for Coast
Guard and Navy in Fiscal Years 2017 and 2018

Dollars (in millions)
160

140 |1476 150 150

120
100
80
60

40

20 25
19
1 .
0

Coast Guard Navy Coast Guard Navy
Fiscal year 2017 Fiscal year 2018
I:I Funding requested
- Funding provided

Source: GAO analysis of U.S. Coast Guard and Navy data. | GAO-18-600

Additionally, the Coast Guard has been expressly authorized to use
incremental funding for the HPIB.%® This authorization is reflected in the
Coast Guard’s January 2018 affordability certification memo, submitted to
DHS leadership. These memos are required to certify that a program’s
funding levels are adequate and identify tradeoffs needed to address any
funding gaps. However, as noted above, with the addition of the
Administration’s fiscal year 2019 budget request addendum, the Coast
Guard requested $750 million in full funding for the lead ship. The Navy
has informed us that it plans to award the advance planning, design,
engineering, long lead time material contract line item with its $270 million
in appropriations. Navy officials also told us they are in the process of
determining whether it needs to be authorized by Congress to use an
incremental funding approach to fund the detail design and construction
options if full funding is not received by the Navy.

%9See Coast Guard Authorization Act of 2015, Pub. L. No. 114-120, § 207 (Feb. 8. 2016).
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According to the Office of Management and Budget's A-11 budget
circular, full funding helps to ensure that all costs and benefits of an
acquisition are fully taken into account at the time decisions are made to
provide resources.® The circular goes on to say that when full funding is
not followed, without certainty if or when future funding will be available,
the result is sometimes poor planning, higher acquisition costs,
cancellation of major investments, or the loss of sunk costs. The circular,
however, also notes that Congress may change the agency’s request for
full funding to incremental funding to accommodate more projects in a
year than would be allowed with full funding.

Plans to Address Cost
Growth Not Fully
Documented

Regardless of the funding strategy and which service funds the contract,
the Coast Guard and the Navy do not have a clear agreement on how
certain types of cost growth within the program will be addressed. The
budgeting and financial management appendix of the July 2017
agreement between the Coast Guard and Navy for the HPIB notes that
any cost overruns will be funded by the originating source of the
appropriation and be the responsibility of the organization that receives
the funding. However, the Coast Guard and the Navy have interpreted
“cost overruns” differently in the context of the agreement.

Coast Guard and Navy officials are in agreement that given the fixed-
price incentive contract type, the government’s share of cost overruns
between the target cost and ceiling price (based on the share ratio) will be
the responsibility of the organization that provided the funding for the
contract line item. Navy officials also noted that because the contract type
is fixed-price incentive, any cost overruns above the ceiling price are
generally the responsibility of the contractor, not the government.

800ffice of Management and Budget Circular No. A-11, Preparation, Submission, and
Execution of the Budget (July 2017). According to Office of Management and Budget
Circular A-11, the principle of full funding is met as long as appropriations provide budget
authority sufficient to complete the capital project or useful segment or investment. Full
funding in the budget year with regular appropriations alone is preferred because it leads
to tradeoffs within the budget year with spending for other capital assets and with
spending for purposes other than capital assets. In contrast, full funding for a capital
project (investment) over several years with regular appropriations for the first year and
advance appropriations for subsequent years may bias tradeoffs in the budget year in
favor of the proposed asset because with advance appropriations the full cost of the asset
is not included in the budget year. Advance appropriations, because they are scored in the
year they become available for obligation, may constrain the budget authority and outlays
available for regular appropriations of that year.
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Conclusions

However, the Coast Guard and the Navy have not addressed in an
agreement how they plan to handle any cost growth stemming from
changes to the scope, terms, and conditions of the HPIB detail design
and construction contract. For example, if the Coast Guard or the Navy
revises the program’s requirements, this could increase the scope and
value of the contract and result in additional contract costs. It is unclear in
this instance, which organization is responsible for paying for the
additional costs. Further, our 2005 work on Navy shipbuilding programs
found that the most common causes of cost growth in these programs
were related to design modifications, the need for additional and more
costly materials, and changes in employee pay and benefits, some of
which required changes in contract scope.®’

IPO officials told us that unplanned changes to the program’s scope and
any corresponding funding requests for unanticipated cost growth would
require discussions and agreements with both Coast Guard and Navy
leadership. Coast Guard and Navy officials stated that they are in the
process of reviewing the July 2017 budget appendix of the agreement to
clarify the definition of cost overruns and plan to finalize revisions no later
than September 2018. Our prior work on implementing interagency
collaborative mechanisms found that agencies that articulate their
agreements in formal documents can strengthen their commitment to
working collaboratively, which can help better overcome significant
differences when they arise.®? Different interpretations or disagreements
on financial responsibility between the Coast Guard and the Navy on cost
growth for the HPIB program could result in funding instability for the
program, which could affect the program’s ability to meet its cost and
schedule goals.

In the last several years, the Coast Guard and the Navy have made
significant strides in their efforts to acquire heavy polar icebreakers. It has
been over 40 years since the United States has recapitalized its aging
heavy polar icebreaker fleet, and Congress has expressed the need for
investment in the HPIB program to help ensure our continued presence in
the polar regions. The Coast Guard and the Navy have taken steps to

81GAOQ, Defense Acquisitions: Improved Management Practices Could Help Minimize Cost
Growth in Navy Shipbuilding Programs, GAO-05-183 (Washington, D.C.: Feb. 28, 2005).

62GAOQ, Managing for Results: Key Considerations for Implementing Interagency
Collaborative Mechanisms, GAO-12-1022 (Washington, D.C.: Sept. 27, 2012).
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Recommendations for
Executive Action

examine design risks and expressed commitment to design maturity
before starting construction on the lead ship.

However, the Coast Guard and the Navy did not take key steps to reduce
risks on the HPIB program before setting the HPIB’s program baselines—
namely, conducting a preliminary design review, conducting a technology
readiness assessment, developing a fully reliable cost estimate, and
conducting analysis to determine a realistic schedule and risks to that
schedule. By setting the program’s baselines prior to obtaining sufficient
knowledge in the design, technologies, cost, and schedule of the HPIB,
DHS, the Coast Guard, and the Navy are not establishing a sound
business case for investing in the HPIB nor putting the program in a
position to succeed. There is risk that the program will cost more than the
planned $9.8 billion and the lead ship will not be delivered by 2023 as
planned. Further, without clear agreement between the Coast Guard and
the Navy on which service will be responsible for any cost growth on the
HPIB, the program is at further risk of not meeting its ambitious goals. In
the current budget environment, it is imperative that the Coast Guard and
the Navy obtain sufficient acquisition knowledge and put together a sound
business case before asking Congress and taxpayers to commit
significant resources to the HPIB program.

We are making six recommendations total to the Coast Guard, DHS, and
the Navy:

« The Commandant of the Coast Guard should direct the polar
icebreaker program to conduct a technology readiness assessment in
accordance with best practices for evaluating technology readiness,
identify critical technologies, and develop a plan to mature any
technologies not designated to be at least TRL 7 before detail design
of the lead ship begins. (Recommendation 1)

« The Commandant of the Coast Guard, in collaboration with the
Secretary of the Navy, should direct the polar icebreaker program and
NAVSEA 05C to update the HPIB cost estimate in accordance with
best practices for cost estimation, including (1) developing risk bounds
for all phases of the program lifecycle, and on the basis of these risk
bounds, conduct risk and uncertainty analysis, as well as sensitivity
analysis, on all phases of the program lifecycle, and (2) reconciling
the results with an updated independent cost estimate based on the
same technical baseline before the option for construction of the lead
ship is awarded. (Recommendation 2)
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« The Commandant of the Coast Guard should direct the polar
icebreaker program office to develop a program schedule in
accordance with best practices for project schedules, including
determining realistic durations of all shipbuilding activities and
identifying and including a reasonable amount of margin in the
schedule, to set realistic schedule goals for all three ships before the
option for construction of the lead ship is awarded. (Recommendation
3)

« The Commandant of the Coast Guard should direct the polar
icebreaker program office to analyze and determine appropriate
schedule risks that could affect the program after construction of the
lead ship begins to be included in its risk management plan and
develop appropriate risk mitigation strategies. (Recommendation 4)

e The DHS Under Secretary for Management should require the Coast
Guard to update the HPIB acquisition program baselines prior to
authorizing lead ship construction, after completion of the preliminary
design review, and after it has gained the requisite knowledge on its
technologies, cost, and schedule, as recommended above.
(Recommendation 5)

« The Commandant of the Coast Guard, in collaboration with the
Secretary of the Navy, should update the financial management and
budget execution appendix of the memorandum of agreement
between the Coast Guard and the Navy to clarify and document
agreement on how all cost growth on the HPIB program, including
changes in scope, will be addressed between the Coast Guard and
the Navy. (Recommendation 6)

We provided a draft of this report to DHS and DOD for review and
comment. In its comments, reproduced in appendix IV, DHS concurred
with all six of our recommendations and identified actions it planned to
take to address them. The Navy stated that it deferred to DHS and the
Coast Guard on responding to our recommendations. DHS, the Coast
Guard, and the Navy also provided technical comments, which we
incorporated as appropriate.

Agency Comments

We are sending copies of this report to the appropriate congressional
committees, the Secretary of Defense, the Secretary of Homeland
Security, the Commandant of the Coast Guard, the Secretary of the Navy,
and other interested parties. In addition, the report is available at no
charge on the GAO website at http://www.gao.gov.
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If you or your staff have any questions about this report, please contact
me at (202) 512-4841 or makm@gao.gov. Contact points for our Offices
of Congressional Relations and Public Affairs may be found on the last
page of this report. GAO staff who made key contributions to the report
are listed in appendix V.

Marie A. Mak
Director, Contracting and National Security Acquisitions
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Appendix |: Objectives, Scope, and
Methodology

This report examines (1) the extent to which the heavy polar icebreaker
(HPIB) program has taken steps to develop mature designs and
technologies consistent with best practices, (2) the extent to which the
HPIB program has taken steps to set realistic cost and schedule
estimates, and (3) the status of the HPIB program’s contracting efforts
and funding considerations.

To assess the extent to which the HPIB program has taken steps to
develop mature designs and technologies consistent with GAO-identified
best practices, we reviewed program performance and design
requirements, including the program’s operational requirements
documents, system specifications such as the power plant, propulsion
system, and hull, and technical baseline; the program’s alternatives
analysis study, tailored systems engineering plan, test and evaluation
master plan, and model testing results; cooperative agreements with
Canada related to the HPIB; excerpts from industry studies; and the
March 2018 detail design and construction request for proposals and
subsequent amendments. We also reviewed relevant Department of
Homeland Security (DHS), Coast Guard, and Department of Defense
(DOD) acquisition guidance and instructions.” From these documents, we
determined the program’s design and technology efforts and compared
them to GAO'’s various best practices, including using a knowledge-based
approach to shipbuilding, knowledge-based approach to major
acquisitions, and evaluating technology readiness.? We also interviewed
knowledgeable officials from the Coast Guard’s Capabilities Directorate,
Research and Development Center, and Marine Transportation Systems
Directorate; DHS’s Science and Technology Directorate’s Office of
Systems Engineering; the Canadian Coast Guard; and the National
Science Foundation.

'See DHS, Acquisition Management Directive 102-01, Rev. 03 (July 28, 2015); DHS, DHS
Acquisition Management Instruction 102-01-001, Rev. 01 (Mar. 9, 2016); Coast Guard
Commandant Instruction Manual 5000.10D, Major Systems Acquisition Manual (May 29,
2015); DOD Instruction 5000.02 (Aug. 10, 2017).

2GAO, GAO Technology Readiness Assessment Guide: Best Practices for Evaluating the
Readiness of Technology for Use in Acquisition Programs and Projects, GAO-16-410G
(Washington, D.C.: Aug. 11, 2016); Best Practices: High Levels of Knowledge at Key
Points Differentiate Commercial Shipbuilding from Navy Shipbuilding, GAO-09-322
(Washington, D.C.: May 13, 2009); and Best Practices: Using a Knowledge-Based
Approach to Improve Weapon Acquisition, GAO-04-386SP (Washington, D.C.: Jan. 1,
2004).

Page 55 GAO-18-600 Coast Guard Acquisitions


http://www.gao.gov/products/GAO-16-410G
http://www.gao.gov/products/GAO-16-410G
http://www.gao.gov/products/GAO-09-322
http://www.gao.gov/products/GAO-09-322
http://www.gao.gov/products/GAO-04-386SP

Appendix I: Objectives, Scope, and
Methodology

To assess the extent to which the HPIB program has taken steps to set
realistic cost and schedule estimates, we determined the extent to which
the estimates were consistent with best practices as identified in GAO’s
Cost Estimating and Assessment and Schedule Assessment guides.® To
assess the cost estimate, we reviewed the HPIB’s January 2018 lifecycle
cost estimate used to support the program’s initial cost baselines, Coast
Guard and Navy documentation supporting the estimate, relevant
program briefs to Coast Guard leadership, and HPIB program
documentation containing cost, schedule, and risk information. We met
with Naval Sea Systems Command (NAVSEA) officials responsible for
developing the cost estimate to understand the processes used by the
cost estimators, clarify information, and request additional documentation
to support the estimate. Because we did not have direct access to the
HPIB cost model, we observed portions of the model during a
presentation and discussion with Navy cost estimators. We also reviewed
the Naval Center for Cost Analysis’ September 2017 independent cost
estimate for the HPIB program, the DHS Cost Analysis Division’s January
2018 independent cost assessment of the HPIB lifecycle cost estimate,
and DHS Office of Systems Engineering’s January 2018 technical
assessment of the HPIB program. We also conducted interviews with
officials from the Naval Center for Cost Analysis, DHS Cost Analysis
Division, and the DHS Office of Systems Engineering.

To assess the program’s schedule, we compared the HPIB program’s
schedule, including the program’s initial schedule baselines, delivery
schedules from the HPIB’s request for proposals for the detail design and
construction contract, and integrated master schedule, to selected GAO
best practices for project schedules, including establishing the duration of
activities, ensuring reasonable total buffer or margin, and conducting a
schedule risk analysis.* To specifically assess the HPIB lead ship’s 3-
year construction schedule estimate, we reviewed the Coast Guard’s and
the Navy’s analysis supporting the HPIB schedule. We did not assess the
reliability of the historical ship construction data the Coast Guard and
Navy used for this analysis. We also compared the HPIB lead ship’s 3-
year construction schedule to historical construction cycle times of lead
ships among a nongeneralizable sample of major Navy and Coast Guard

3GAO, GAO Schedule Assessment Guide: Best Practices for Project Schedules,
GAO-16-89G (Washington, D.C.: December 2015); and GAO Cost Estimating and
Assessment Guide: Best Practices for Developing and Managing Capital Program Costs,
GAO-09-3SP (Washington, D.C.: Mar. 2, 2009).

4GAO-16-89G.
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Appendix I: Objectives, Scope, and
Methodology

shipbuilding programs. We selected programs that were active within the
last 10 years and have completed construction of the lead ship. We also
included the Coast Guard’'s Healy medium polar icebreaker, even though
it is not a recent shipbuilding program, because it is the most recent polar
icebreaker to be built in the United States. We excluded the Coast Guard
Fast Response Cutter, Navy submarines, and Navy aircraft carriers
because we determined that their size and complexity did not make them
reasonable comparisons to the HPIB for construction times. This resulted
in an analysis of construction schedules for 10 shipbuilding programs. We
obtained data on these programs’ construction schedules from program
documentation, such as acquisition program baselines, Navy selected
acquisition reports, and Navy and Coast Guard budget documentation.
We selected only lead ships for comparison because we have found in
our prior work that schedule delays are amplified for lead ships in a class.
Lead ships are thus more comparable to the HPIB lead ship than follow-
on ships. We reviewed ship displacement data from the Naval Vessel
Registry and the Coast Guard to control for the size of the ships. To
assess the reliability of Naval Vessel Registry data, we reviewed the
Navy’s data collection and database maintenance documentation, cross-
checked select data across Navy websites, and interviewed cognizant
Navy officials regarding internal controls for the database. We determined
the ship displacement data were reliable for our purposes. To assess the
degree to which the 6-month schedule margin that the HPIB baseline
affords the lead ship is in keeping with historical ship delivery delays, we
reviewed Coast Guard, Navy, and DHS acquisition documentation from a
nongeneralizable sample of major Navy and Coast Guard shipbuilding
programs. We selected programs active within the last 10 years and
analyzed changes in lead ship delivery dates. We excluded Navy
submarines and aircraft carriers because we determined that their size
and complexity did not make them reasonable comparisons to the HPIB
for delivery delays. We included programs that have not yet delivered
their lead ships. This resulted in an analysis of construction schedules for
12 shipbuilding programs. For delivered ships, we used the actual
delivery date; for ships not yet delivered, such as the Offshore Patrol
Cutter and DDG 1000, we used the most recent, planned delivery date in
the program baseline.

To determine the status of the HPIB program’s contracting efforts and
funding considerations, we reviewed the program’s acquisition plan,
March 2018 request for proposals and subsequent amendments,
certification of funds memorandum, budget justifications, lifecycle cost
estimate, and the Coast Guard’s fiscal year 2019 Capital Investment
Plan. We also interviewed knowledgeable officials from the Coast Guard’s
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Office of Budget and Programs, NAVSEA Contracts Directorate, NAVSEA
Comptroller Directorate, and the Office of the Assistant Secretary of
Navy’s Financial Management and Comptroller.

For all objectives, we reviewed relevant DHS and Coast Guard policies
and interviewed knowledgeable officials from DHS, the Coast Guard’s
and the Navy’s HPIB integrated program office, and ship design team.®

We conducted this performance audit from August 2017 to September
2018 in accordance with generally accepted government auditing
standards. Those standards require that we plan and perform the audit to
obtain sufficient, appropriate evidence to provide a reasonable basis for
our findings and conclusions based on our audit objectives. We believe
that the evidence obtained provides a reasonable basis for our findings
and conclusions based on our audit objectives.

5DHS, DHS Acquisition Management Instruction 102-01-001, Rev. 01 (Mar. 9, 2016);
Coast Guard Commandant Instruction Manual 5000.10D, Major Systems Acquisition
Manual (May 29, 2015).
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There are four primary phases in shipbuilding: pre-contracting activities
and contract award, detail design and planning, construction, and post-
delivery activities (see table 6).

Table 6: Stages and Major Events of Shipbuilding

Stage

Key event

Description

Pre-contracting
activities and
contract award

Concept refinement

Ship buyer determines necessary requirements and desired capabilities, develops an
acquisition strategy.

Early-stage design

Ship buyer refines its operational and performance requirements into specifications that
will be included in the shipbuilding contract.

Contract award and

Ship buyer selects and enters into a shipbuilding contract with the chosen shipbuilder. The

negotiation contract includes the ship’s specification, which details how the shipbuilder will build the
ship and meet the buyer’s requirements.
Detail design and Detailed Ship designer develops all aspects of the ship’s structure and routing of major distributive

planning

engineering design

systems, such as electrical or piping, throughout the ship. A three-dimension (3D)
computer-aided-design model is often generated, along with completion of any computer
modeling or simulation analyses, such as those to test the structural integrity of the ship
design throughout its service life or under certain sea conditions.

Pre-construction
and planning
activities

Shipbuilder plans production flow and develops two-dimensional paper drawings that,
once approved by the ship buyer, will be used by shipyard workers to build the ship. Ship
buyer, shipbuilder, and classification society (if applicable) collectively determine quality-
related test and inspection points during ship construction.

Construction

Steel cutting/block
fabrication

Ship fabrication begins as large steel or aluminum plates are cut and welded to form the
basic building units for a ship called “blocks.” Blocks comprise compartments, which
include accommodation space, engine room, and storage areas.

Assembly and
outfitting of blocks

Upon completion of a block, piping, brackets for machinery or cabling, and ladders, among
other things, are installed. Installing these items at this stage is preferable because access
to spaces is not limited by doors or other machinery, requiring less time and effort than at
later stages of construction.

Keel laying and
block erection

Blocks are welded to form larger sections, referred to as grand blocks, which comprise the
ship’s structure. The shipbuilder then assembles and welds grand blocks and blocks in the
drydock to form the keel. Machinery, engines, propeller shafts and other large items are
also installed during this stage.

Launch

Once the ship is watertight, the drydock is flooded and the ship is towed to a docking area
where final outfitting of machinery and equipment occur.?

System testing and
commissioning

Parts, materials, and machinery, such as engines, pumps, and associated control
instrumentation used in the ship, are generally tested by the manufacturer (factory
acceptance test) to ensure quality standards, technical specifications, and performance
requirements are met. Installation and connection of these components create
subsystems. The shipbuilder and ship buyer ensure the subsystems and systems are
installed in accordance to the ship’s specifications and conduct tests to ensure systems
are operating as intended and meet performance requirements.
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Stage Key event

Description

Sea trials

Once the shipbuilder is satisfied that the ship is seaworthy and meets the buyer’s
requirements, the ship buyer’s representatives and, if applicable, the classification
society’s surveyors, are brought onboard, and the ship embarks on a series of dockside
and at-sea tests where the overall quality and performance of the ship is evaluated against
the contractually required specifications. Sea trials provide early verification of the buyer’s
requirements and allow time for any corrective actions that may be required to meet the
buyer’s requirements prior to ship delivery. Navy shipbuilding programs generally conduct
two sets of sea trials—builder’s trials and acceptance trials. Builder’s trials test the
vessel's propulsion, communications, navigation and mission systems, as well as all
related support systems. Following the successful completion of builder’s trials,
acceptance trials are conducted.

Delivery and
acceptance

Ship buyer takes custody and assumes ownership of the vessel. A Material Inspection and
Receiving Report (Form DD 250) is prepared, representing the official transfer of custody
and ownership to the government. Any unresolved deficiencies or remaining work items
are segregated by the entity that is responsible for completion of the work and identified
on this document.

Post-delivery Final outfitting

Crew boards the ship and begins training; and mission systems are installed.

activities Post-delivery tests

and trials

Operational tests are conducted on the ships combat and mission critical systems.

Post Shakedown
Availability

Planned maintenance period prior to the maiden voyage where work is performed to install
class-wide upgrades or ship improvements, perform maintenance, and correct new or
previously identified construction deficiencies. Usually performed using a different contract
than shipbuilding contract.

Program transition

Responsibility for the ship’s operations and support is transferred from the acquisition
program to the sustainment community.

Source: GAO analysis of Navy, Coast Guard, and industry provided data. | GAO-18-600

®The level of outfitting completed prior to launch varies by shipbuilder and ship type, but is
predetermined according to the builder’s production plan. Shipbuilders generally agree that launching
a ship that has a lower level of ouffitting completed than what was planned can increase the costs to
complete the work.
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The GAO Cost Estimating and Assessment Guide (GAO-09-3SP) was
used as criteria in this analysis.' Using this guide, GAO cost experts
assessed the heavy polar icebreaker (HPIB) program’s lifecycle cost
estimate against measures consistently applied by cost-estimating
organizations throughout the federal government and industry that are
considered best practices for developing reliable cost estimates. For our
reporting purposes, we grouped these best practices into four
categories—or characteristics—associated with a reliable cost estimate:
comprehensive, accurate, well documented, and credible. A cost estimate
is considered reliable if the overall assessment ratings for each of the four
characteristics are substantially or fully met. If any of the characteristics
are not met, minimally met, or partially met, then the cost estimate does
not fully reflect the characteristics of a high-quality estimate and cannot
be considered reliable. After reviewing documentation the Navy submitted
for its cost estimate, conducting interviews with the Navy’s cost
estimators, and reviewing other relevant HPIB cost documents, we found
the HPIB lifecycle cost estimate substantially met three and partially met
one characteristic of reliable cost estimates.?

We determined the overall assessment rating by assigning each
individual rating a number: Not Met = 1, Minimally Met = 2, Partially Met =
3, Substantially Met = 4, and Met = 5. Then, we took the average of the
individual assessment ratings to determine the overall rating for each of
the four characteristics. The resulting average becomes the Overall
Assessment as follows: Not Met = 1.0 to 1.4, Minimally Met = 1.5 to 2.4,
Partially Met = 2.5 to 3.4, Substantially Met = 3.5t0 4.4, and Met = 4.5 to
5.0. See table 7 for a high level summary of each best practice and the
reasons for the overall scoring.

'GAO, GAO Cost Estimating and Assessment Guide: Best Practices for Developing and
Managing Capital Program Costs, GAO-09-3SP (Washington, D.C.: March 2009).

2In addition to the practices in the Accurate category in table 7, a best practice for
accurate cost estimates is to document, explain, and review variances between planned
and actual costs. We did not evaluate the HPIB cost estimate against this practice due to
the early stage of the acquisition.
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|
Table 7: Summary Assessment of Heavy Polar Icebreaker Cost Estimate Compared to Best Practices

Characteristic and best practice Best practice
description assessment

Reason for assessment

Comprehensive: Substantially Met

The cost estimate includes all life cycle Substantially Met
costs.

The cost estimate includes all life cycle costs, including both
government and contractor costs of the program over its full life cycle,
from inception of the program through design, development,
deployment, and operation and maintenance to retirement. The
estimate does not document disposal costs at the same level of detail
as the other phases, making it difficult to determine if all relevant costs
were captured.

The cost estimate completely defines Substantially Met
the program, reflects the current
schedule, and is technically reasonable.

The cost estimate reflected the technical baseline associated with the
Coast Guard’s baseline indicative ship design. We found the technical
baseline contained sufficient detail of the program, such as the ship’s
technical characteristics. However, we found that the estimate does not
reflect costs associated with achieving objective key performance
parameters.

The cost estimate work breakdown Substantially Met
structure is product-oriented, traceable

to the statement of work, and at an

appropriate level of detail to ensure that

cost elements are neither omitted nor

double-counted.

The program’s work breakdown structure—a hierarchical breakdown of
the program into specific efforts, including ship construction—contained
sufficient levels of detail of major ship systems and components to
ensure that all costs for engineering, construction, testing and
evaluation, and operation and maintenance were captured. The
disposal phase lacked the same level of cost detail.

The estimate documents all cost- Substantially Met
influencing ground rules and
assumptions.

The cost estimate describes global ground rules and cost driving
assumptions, and the risk of many of these assumptions changing was
accounted for in the risk and uncertainty analysis. However, not all
assumptions, particularly those related to operating and support costs
and the impact of budget constraints, were included in the analysis.
Instead, cost estimators stated that the effect of changes to operating
and support and budget constraint assumptions were already captured
in the historical data they used to create the estimate.

Accurate: Substantially Met

The cost estimate results are unbiased, Partially Met
not overly conservative or optimistic,

and based on an assessment of most

likely costs.

The Navy conducted a risk and uncertainty analysis on the ship
construction phase of the acquisition, and adjusted this estimate to
reflect a 50 percent statistical level of confidence. However, the Navy
did not conduct risk and uncertainty analysis for key phases in the
lifecycle, including operations and support, among others. While Navy
officials discussed methodologies and data characteristics they believe
validate the cost estimate, the estimate’s optimism or conservatism
cannot be determined because an uncertainty analysis was not
performed on the operations and support estimate.

The estimate has been adjusted Met
properly for inflation.

Navy officials said they adjusted cost data for inflation, and the cost
estimate states that all inflation was performed using indices found in
the 2017 Naval Center for Cost Analysis Joint Inflation Calculator.

The estimate contains few, if any, minor Met
mistakes.

While we did not receive the cost model for review, the Navy provided a
walkthrough in which we identified no discrepancies. We did not identify
any inaccuracies, double-counting, or omissions during the
walkthrough.
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Characteristic and best practice
description

Best practice
assessment

Reason for assessment

The cost estimate is regularly updated
to reflect significant changes in the
program so that it is always reflecting
current status.

Substantially Met

Navy officials provided evidence the cost estimate for the lead ship was
iteratively updated as the program refined and achieved more
knowledge regarding the indicative ship design. The Navy did not
provide evidence it similarly updated the estimates for the follow-on
ships and operating and support phases.

The estimate is based on a historical
record of cost estimating and actual
experiences from other comparable
programs.

Substantially Met

Navy officials provided a walkthrough of their process for developing
high and low end ship costs based on material, labor, and other cost
data from analogous ships.? While the data sources’ reliability, age and
relevancy were not documented, the Navy provided us with additional
information on their selection of the analogous ship data.

Well documented: Substantially Met

The documentation should capture the
source data used, the reliability of the
data, and how the data were
normalized.

Partially Met

The cost estimate documents the Navy’s use of actual construction cost
data from analogous ships that cover a range of commercial and
military specifications, but it does not discuss any assessment of the
data’s accuracy or reliability. The cost estimate does not document the
Navy and Coast Guard Ship Design Team development of Arctic-
specific risk factors applied to the analogous ship data, and does not
identify cost drivers for the operations and sustainment and disposal
phases of the program.

The documentation describes in
sufficient detail the calculations
performed and the estimating
methodology used to derive each
element’s cost.

Substantially Met

The HPIB lifecycle cost estimate is based on several methodologies but
the predominant methodology was the use of cost estimating
relationships from analogous ships to estimate costs at a high level of
detail for the HPIB. The Navy documented that it selected a Naval
auxiliary support ship, a Naval amphibious ship, and a Naval surface
combatant ship as analogies for estimating HPIB ship component
costs, which officials explained provided a robust and statistically
validated range of component costs. Though Navy officials provided a
high-level walkthrough of the methodology used in their cost model, the
cost estimate documentation did not capture this detailed methodology,
making it difficult to rely on the documentation alone to recreate the
estimate and get the same results.

The documentation describes step by
step how the estimate was developed
so that a cost analyst unfamiliar with the
program could understand what was
done and replicate it.

Substantially Met

The cost estimate includes documentation that mostly describes step-
by-step how the Navy developed the estimate, and included
appendices documenting government-furnished equipment, the basis
for risk distributions, and pay tables, among other items. However, as
stated above, the documentation omits all discussion about the Arctic
risk factor adjustments. The documentation also does not discuss
contingency funds to cover risks and uncertainties.

The documentation discusses the
technical baseline description and the
data in the baseline is consistent with
the estimate.

Substantially Met

The estimate documentation states that the cost estimate reflects the
HPIB September 2017 technical baseline. We verified that technical
baseline documentation documents and defines the specific capabilities
and resources necessary to carry out the HPIB statutory mission, which
affect the cost baseline for the HPIB program. We found that the ship
parameters in the cost estimate and technical baseline largely align,
with the exception of some minor items.
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Characteristic and best practice
description

Best practice
assessment

Reason for assessment

The documentation provides evidence
that the cost estimate was reviewed
and accepted by management.

Substantially Met

While the Navy did not provide evidence of some briefings to Coast
Guard and Navy management related to the cost estimate, we found
that Coast Guard, Navy, and DHS leadership approved both the
estimate and the program baseline, for which the cost estimate was a
substantial input.

Credible: Partially Met

The cost estimate includes a sensitivity  Partially met The Navy conducted a sensitivity analysis that identified and estimated
analysis that identifies a range of the impact of top detail design and construction cost risks, but did not
possible costs based on varying major conduct a similar analysis for the remaining acquisition costs, operating
assumptions, parameters, and data and support costs, or disposal costs. These remaining costs comprise
inputs. three-quarters of the program’s lifecycle cost.
A risk and uncertainty analysis was Partially met The Navy conducted a risk and uncertainty analysis that quantified the
conducted that quantified the effects of changes among key cost driving assumptions for the detail
imperfectly understood risks and design and construction portion of the program, but did not conduct a
identified the effects of changing key similar analysis for the remaining acquisition costs, operations and
cost driver assumptions and factors. support costs, and disposal costs. These remaining costs comprise
three-quarters of the program’s lifecycle cost. The lack of applied
correlation when performing the construction cost risk and uncertainty
analysis further contributes to an overstated confidence in the range of
lifecycle cost possibilities.
Major cost elements were cross- Partially met Navy cost estimators stated that they cross-checked their cost
checked to see whether results were assumptions for ship construction by benchmarking their results against
similar. other ship platforms. They also discussed their results with experts, but
they did not document the results of these checks. By not including this
important step in the documentation, decision makers are deprived of
additional knowledge that could provide more confidence in the
estimate.
An independent cost estimate was Partially met The Naval Center for Cost Analysis performed an independent cost

conducted by a group outside the
acquiring organization to determine
whether other estimating methods
produce similar results.

estimate, but because it was not based on the same version of the ship
design used for the program office cost estimate, we cannot determine
how comparable their results are. In addition, the DHS Cost Analysis
Division performed an independent cost assessment and made several
suggestions on how to improve the estimate including addressing
applied correlation in an updated risk and uncertainty analysis.

Source: GAO analysis of Navy and Coast Guard information. | GAO-18-600

®To capture the unique environment and mission that the HPIB will encounter, the Navy estimated the
basic construction cost using, among other things, cost data from ships with different levels of military
and commercial build components. Navy cost estimators started with a cost model of the HPIB based
on cost data from a Naval surface combatant ship, whose full military build represented the highest
range of possible ship costs. The Navy then worked with the ship design team to determine specific
ship elements that should reflect lower range, commercial build costs, and used a Naval auxiliary or
support ship to assign costs to these elements. Navy officials explained that they also applied an
Arctic risk cost adjustment—based on cost data from a domestically built icebreaker—to selected
commercially built ship elements to reflect anticipated modifications for Arctic operations. For
example, due to the plate thicknesses and curvature needed on a heavy polar icebreaker, an
additional Arctic unique risk was applied to the costs associated with the steel hull, as the build
process may fall outside the normal operating procedures for some domestic shipyards.
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U.S. Department of Homeland Security
Washington, DC 20528

4% Homeland
*™ Security

August 13,2018

Marie A. Mak

Director, Contracting and National Security Acquisitions
U.S. Government Accountability Office

441 G Street, NW

Washington, DC 20548

Re: Management Response to Draft Report: GAO-18-600, “COAST GUARD
ACQUISITIONS: Polar Icebreaker Program Needs to Address Risks before
Committing Resources”

Dear Ms. Mak:

Thank you for the opportunity to comment on this draft report. The U.S. Department of
Homeland Security (DHS) appreciates the U.S. Government Accountability Office’s (GAO)
work in planning and conducting its review and issuing this report.

The Department is pleased to note GAO’s acknowledgment that the Coast Guard’s Polar
Icebreaker program followed DHS policy when setting acquisition program baselines,
substantially adheres to cost estimating best practices, and is committed to a stable design
prior to the start of lead ship construction. Through the established Coast Guard and Navy
integrated program office we are committed to mitigating any design, technology, cost, and
schedule risks by leveraging the expertise of both agencies to ensure our ability to continue
meeting the nation’s present and future needs in the polar regions.

The draft report contained six recommendations with which the Department concurs.
Attached find our detailed response to each recommendation. Technical comments were
previously provided under separate cover.

Again, thank you for the opportunity to review and comment on this draft report. Please feel
free to contact me if you have any questions. We look forward to working with you again in
the future.

Ra 3

Departmental GAO-OIG Liaison Office

Attachment
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Attachment: Management Response to Recommendations
Contained in GAO-18-600

Recommendation 1: The Commandant of the Coast Guard should direct the polar icebreaker
program to conduct a technology readiness assessment in accordance with best practices for
evaluating technology readiness, identify critical technologies, and develop a plan to mature
any technologies not designated to be at least Technology Readiness Level (TRL) 7 before
detail design of the lead ship begins.

Response: Concur. The Coast Guard Acquisition Directorate will identify and document
critical technologies and conduct a tailored technical readiness assessment using best practices
by Detail Design & Construction (DD&C) contract award, as appropriate. Any technologies
that are not at least TRL 7 will be monitored and matured prior to commencing detailed
design. Estimated Completion Date (ECD): June 30, 2019.

Recommendation 2: The Commandant of the Coast Guard, in collaboration with the
Secretary of the Navy, should direct the polar icebreaker program and NAVSEA 05C to
update the HPIB [heavy polar icebreaker] cost estimate in accordance with best practices for
cost estimation, including (1) developing risk bounds for all phases of the program lifecycle,
and on the basis of these risk bounds, conduct risk and uncertainty analysis, as well as
sensitivity analysis, on all phases of the program lifecycle, and (2) reconciling the results
with an updated independent cost estimate based on the same technical baseline before the
option for construction of the lead ship is awarded.

Response: Concur. Following award of the DD&C contract, the Coast Guard Acquisition
Directorate will update the HPIB cost estimate in accordance with best practices for cost
estimation, including; developing risk bounds for all phases of the program lifecycle, and on
the basis of these risk bounds, conduct risk and uncertainty analysis, as well as sensitivity
analyses, on all phases of the program lifecycle, as appropriate. The Coast Guard will also
leverage commercial proposals to inform the updated cost estimate and validate the previous
reconciliation, making an updated independent cost estimate unnecessary. ECD: June 30,
2019.

Recommendation 3: The Commandant of the Coast Guard should direct the polar
icebreaker program to develop a program schedule in accordance with best practices for
project schedules, including determining realistic durations of all shipbuilding activities and
identifying and including a reasonable amount of margin in the schedule, to set realistic
schedule goals for all three ships before the option for construction of the lead ship is
awarded.

Response: Concur. The Coast Guard Acquisition Directorate will update the program
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schedule with realistic durations of shipbuilding activities within three months of the DD&C
contact award and before awarding construction, as appropriate. ECD: September 30, 2019.

Recommendation 4: The Commandant of the Coast Guard should direct the polar
icebreaker program to analyze and determine appropriate schedule risks that could affect the
program after construction of the lead ship begins to be included in its risk management plan
and develop appropriate risk mitigation strategies.

Response: Concur. The Coast Guard Acquisition Directorate will analyze and determine
schedule risks that could affect the program during construction by DD&C contract award, as
appropriate. ECD: June 30, 2019.

Recommendation 5: The DHS Under Secretary for Management should require the Coast
Guard to update the HPIB acquisition program baselines prior to authorizing lead ship
construction, after completion of the preliminary design review, and after it has gained the
requisite knowledge on its technologies, cost, and schedule as recommended above.

Response: Concur. In accordance with Directive 102-01, “Acquisition Management,” dated
July 28, 2015, and the program strategy, the DHS Acquisition Decision Authority does not
intend to authorize lead ship construction until approval of Acquisition Decision Event 2C
(ADE-2C), which is not scheduled to occur until more than a year after the preliminary
design review. DHS Management Directorate Office of Program Accountability and Risk
Management officials are in the process of updating acquisition policy to require key
technical reviews, including the preliminary design review, to be conducted prior to
approving final acquisition program baselines. Currently, programs are required to
continually assess baselines against cost, schedule, and performance parameters and then
update, if required, in the case of a breach. For the HPIB program, DHS leadership agrees
with the GAO assessment of high schedule risk. Therefore, DHS will require an explicit
update of the program’s acquisition program baseline prior to ADE- 2C to incorporate any
changes to the cost, schedule, or performance parameters that may be warranted based on
knowledge attained through the date of the preliminary design review. Any changes to
baseline parameters required during this update will not be considered a breach of the current
program baseline. ECD: October 31, 2021.

Recommendation 6: The Commandant of the Coast Guard, in collaboration with the
Secretary of the Navy, should update the financial management and budget execution
appendix of the memorandum of agreement between the Coast Guard and the Navy to clarify
and document agreement on how all cost growth on the HPIB, including changes in scope,
will be addressed between the Coast Guard and the Navy.

Response: Concur. Coast Guard and Navy officials are in the process of reviewing the
July 2017 budget appendix of the agreement to clarify the definition of cost overruns. ECD:
March 30, 2019.
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