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1.0 Abstract

Climate change and associated coastal hazards can disrupt the United States shipbuilding and
repair industry’s operations. These disruptions present risks to military and commercial ship
orders, ship maintenance and repairs, and the nation’s overall shipbuilding strength. Through an
online survey of representatives from 45 shipbuilding parent companies, individual shipyards,
and ship repair and maintenance facilities, this research gauges how the industry considers
coastal hazard resilience and addresses the possible impacts on shipbuilding and repair contracts
and deliverables. Survey results suggest that the industry is ill-prepared for future coastal hazard
events and that critical measures are needed to ensure a resilient shipbuilding and repair
environment.
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2.0 Introduction

Climate change amplifies coastal hazards and will become more impactful to coastal
communities and industries. It will be a major challenge for the 21 century, with sea level rise
being the most concerning and likely having the costliest effects (Sweet et al. 2022). The effects
of coastal hazards on infrastructure systems (including shipyards) include accelerated
degradation of infrastructure networks, exposure of infrastructure networks to disruptive events,
and a greater propensity of cascading failures caused by interdependencies between
infrastructure networks. Real coastal hazards effects may include destruction of critical
infrastructure, immobilization due to transportation system breakages, power grid failures, and
saltwater contamination all of which may result in prolonged disruption to economic activities
and livelihoods (Almedia et al., 2016). Land and infrastructure on all U.S. coasts are at risk from
storm surge (and high tide flooding) and the coastal land and economic value at risk grows over
time with sea level rise and more intense storms — making adaptation (and increased coastal
hazard resilience) a cost-effective response (Neumann et al., 2014). The U.S. shipbuilding
industry is highly vulnerable to these failures and disruptions which are clearly driving the need
for higher levels of coastal hazard resilience.

Damaged shipyard infrastructure results in disruptions to shipyard build, repair, and maintenance
operations. A developing key uncertainty is the degree to which national security could be
affected by such disruptions. This research investigates how shipyard leaders and operators
perceive these challenges to their operations, the types of preparations shipyards have or will
complete towards attaining a needed level of coastal hazards resilience, and the extent to which
major disruptions to shipyard operations resulting from coastal hazards events could weaken the
shipbuilding industry. We conducted an online survey of U.S. parent shipbuilding companies and
shipyards that build, repair, maintain, modernize, and supply the nation’s domestic fleet. The
survey conducted in 2021 addressed three research questions about the shipbuilding industry’s
consideration of coastal hazards resilience, as follows:

e RQI1 What types and levels of coastal hazard events (e.g., storm surge, wind, waves, rain,
tidal flooding) do respondents feel have or would pose challenges to shipbuilding and
repair operations?



e RQ2 Do the respondents feel their shipyards need to take additional, needed measures,
practices, and policies to prepare for coastal hazards, weather events and/or climate
conditions they expect 10-30 years from now?

e RQ3 What levels and types of coastal hazard related disruptions do respondents feel would
impact their production in terms of timelines, costs, and contract deliverables?

The results can inform the developing relationship between the U.S. shipbuilding industry and
coastal hazards resiliency challenges. We intend this survey to establish a baseline regarding the
industry’s coastal hazards concerns, resilience actions already taken, and those planned. This
information can contribute to developing a continued safe, secure, healthy, sustainable, and
resilient shipbuilding/repair industry.

3.0 Literature Review and Background

The following section provides background and context for the research. It begins with a broad
discussion of climate change and natural hazards, with a focus on impacts to coastal areas. Next,
it establishes the research gap that exists for the topic area of hazard risks to shipyards and ship
repairs. This is followed by a discussion of the US shipbuilding industry trends and importance
to the US economy and security, with emphasis on historical and future impacts from natural
hazards driven by climate change.

3.1 Climate change and coastal resilience

U.S. shipyards are located on and near the nation’s coasts and tidal rivers and, as such, are highly
susceptible to a variety of coastal hazard events, including flooding from increased and more
powerful tropical storm systems, high tides, rain, and sea level rise. The global proportion of
tropical cyclones that reach very intense levels (Category 4 and 5) is projected to increase, as are
intense rainfall events (Knutson, 2021). Sea level rise is accelerating, and adaptation planning
should consider an additional 10-12 inches by 2050 (Sea Level Rise Tech Report, 2022) or more
(Sweet et al. 2022). This creates a profound shift in coastal flood risks, with damaging flood
waters expected to occur more than 10 times as often as it does now (Sweet et al. 2022). Coastal
flooding events are expected to increase because of higher tides, more major precipitation events,
storm surges, and sea level rise. These events can impact shipbuilding and ship repair operations
in the U.S. East, West, and Gulf coastal regions. Major winter storms due to climate change
could also impact shipyard operations in the Northwest Pacific, Northeast Atlantic, and the Great
Lakes. Impacts can include interruption of crane, drydock and slipway operations; damages to
fabrication structures and machinery and supply warehouses; disruption of supply chain flows;
and interruption to critical support elements including roads, railways, and parking.

An additional coastal hazard threat gaining attention is the projected increase in “nuisance
flooding” (also referred to as high tide flooding, sunny-day flooding, and king tide flooding)
along the U.S. coast. Nuisance flooding events are already causing public inconvenience,
business disruptions, and economic losses due to road closures and degradation of infrastructure
(Jacobs et al 2018). Under the current global greenhouse gas emissions warming scenario,
nuisance flooding could increase by 35 percent in 2050, resulting in significant socio-economic
impacts to coastal communities and industries (Moftakhari et al., 2015). According to NOAA’s
Office for Coastal Management, during the past twenty years, the U.S. Southeast Atlantic and
Gulf Coast regions saw an increase of 400 to 1,100 percent in high tide flooding days. By 2030,



the annual national median frequency rate will likely increase to seven to 15 days, and, by 2050,
high tide flooding is likely to occur between 25 and 75 days per year (Sweet et al. 2022).

While there is significant literature regarding coastal hazard predictions caused by climate
change and the resulting impacts on coastal communities, there is little literature regarding
coastal hazard impacts specific to shipyards and ship repair facilities. Previous studies confirm
that climate change poses a significant threat to larger seaports (e.g., PIANC 2020; Izaguirre et
al. 2020), maritime supply chains (e.g., Verschuur et al. 2020; Becker 2020), marinas (Lazarus
2021), and coastal airports (e.g., Yesudian and Dawson 2021). For example, a survey of global
ports conducted in 2012 found that 80% of port administrators surveyed felt concerned about the
potential impacts of climate change, but that little had yet been done to address the issue (Becker
et al. 2012). The same paper suggests the importance of understanding perceptions amongst
decision makers as a foundation for future research. A baseline survey similar to the one
described in this research was conducted to identify climate change and sea level rise perceptions
amongst maritime infrastructure engineers. That survey found an industry-wide need for clear
policies and guidance to help engineers incorporate sea level rise in structure design (Sweeney
and Becker 2020).

Two sources discussed in Section 3.2,3 Historical Hazard Impacts to the U. S. Shipbuilding
Industry, briefly speak to the effects of Hurricanes Katrina and Michael on U.S. Gulf Coast
shipyards operations and contract deliverables, but little if any academic research has been
conducted on the challenge facing shipyards and ship repair facilities. This paper aims to fill that
gap and provide foundational, empirically based, data on how the U.S. shipyard industry is
currently considering these challenges.

3.2 The U.S. Shipbuilding Industry: A Snapshot

This section provides an overview of the current shipbuilding industry in the U.S. It begins by
identifying the industry’s capability and capacity and is followed by the impact of coastal
hazards on shipyard operations. Also included are the number of military (Navy and Coast
Guard) build orders needed for the next 30 years.

3.2.1 U.S. Shipbuilding Industry Shipyards and Facilities

The U.S. Shipbuilding Industry includes repair and build operations, both of which play a critical
role in supporting the U.S. maritime economy. Between 1987 and 2020, the U.S. shipbuilding
industry delivered over 54,000 ships, boats, and ocean-going and inland barges, including 577
military vessels (shipbuildinghistory.com 2022) (Figure 1). The U.S. maritime industry is
supported by U.S. government policies that include the Merchant Marine Act of 1920 (a.k.a. the
Jones Act), which mandates that commerce between U.S. ports must be conducted by U.S.-built,
owned, flagged, and crewed vessels (Clark et al., 2019). The Jones Act helps sustain the U.S.
shipbuilding industry. The seven major shipyards that construct Navy and Coast Guard ships
generally do not build commercial vessels and smaller shipyards which may have contracts to
build smaller military ships depend on Jones-compliant commercial vessel orders to stay in
business. Of 40,000 vessels in the U.S. Domestic Fleet (tugs, barges, ferries, dredges, offshore
supply vessels, etc.), fewer than 100 are large Jones Act-compliance vessels (Clark et al., 2019).
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Figure 1 — Vessel deliveries from U.S. Shipyards 1987-2020 (From
http://shipbuildinghistory.com/statistics/recent.htm, accessed 5/12/2022)

The Maritime Administration’s (MARAD) 2021 report on the economic importance of private
U.S. shipyards and repair facilities identifies 154 active, private shipyards across 29 U.S. states
and the U.S. Virgin Island and more than 300 yards engaged in repair operations but not actively
engaged in build operations (Figure 2). From 2015 — 2020, U.S. shipyards delivered 5,024
vessels including tugs, towboats, passenger vessels, commercial and fishing vessels, and
oceangoing and inland barges. From 2015 — 2020, 60 percent of all vessels built in the U.S, were









Figure 3 - Map of US vulnerability to Sea Level Rise from USGS (https://d9-wret s3.us-west-
2.amazonaws.com/assets/palladium/production/s3fs-public/thumbnails/image/largenat.jpg)

Supporting transportation systems are typically in their original design location and any new
supporting infrastructure must consider climate change drivers and variability (Wong et al.,
2014). ARS notes that vulnerability to flooding of railroad, tunnels, ports, roads, industrial
(shipyard) infrastructure in coastal areas will be amplified by sea level rise and more frequent
and intense tropical storms, resulting in “more frequent and more serious” damage and disruption
of services for many regions in the U.S (Wong et al., 2014). Table 1 identifies major U.S. private
shipyards (active yards, other yards with building positions, repair yards with drydock facilities,
and topside repair yards) as classified by the Maritime Administration. (MARAD, 2004/updated
2018). The table also identifies North American regions and current coastal hazards and 2100 sea
level rise predictions per region (Reidmiller, NCA4, 2018).

Table I - Major Shipbuilding Regions, Major Shipyards, Current Coastal Hazard Threats, 2100
Predictions (Reidmiller, 2018)

U.S. SHIPBUILDING REGIONS AND COASTAL HAZARDS
U.S. # Major Coastal Hazards 2100 SLR
Regions Shipyards (NCA4, 2018) Prediction (NCA4,

(MARAD 2018) 2018)
Northeast 13 SS, SLR, CR, PE, CE, CID 2.0to 4.5 Feet
Southeast 35 SI, SS, SLR, CF, CID 1.0 to 6.5 Feet
Midwest 7 PE N/A
(Great
Lakes)
Southwest 7 SS, SLR, CF, CE, CID 1.6 to 3.4 Feet




Southern 14 TS, CE, CID Greater Than
Great 1.0 to 4.0 Feet
Plains

(Texas)

Northwest 9 SS, SLR, CF, CE, CID, SI, PE 4.3 Feet
Alaska 1 SS, SLR, CF, CE, CID Not Specified
Pacific 2 SS, SLR, CF, CE, CPP, CID 4.0 to 8.0 Feet
Islands

Key: TS Tropical Storm; SLR Sea Level Rise; SS Storm Surge; CE Coastal Erosion;

CF Recurrent Coastal Flooding; SI Saltwater Intrusion; PE Large Precipitation Events;
CID Ceritical Infrastructure Damage

In this section, we provided some context for the changing environmental conditions faced by
U.S. shipyard. Next, we will describe our approach to generating empirical data that can be used
to better understand how shipyards plan to address these challenges.

4.0 Methods

A nationwide online survey conducted in 2021 targeted shipyard senior management and
engineering leaders from ship and boat building and repair shipyards and facilities regarding
their consideration of coastal hazards resilience. This section details the research methods used in
this project, including an overview of the survey instrument and the approach to recruiting
participants. The survey was designed to be anonymous, with no specific shipyard, facility,
company, or person mentioned by name in any follow-on paper or report (URI Institutional
Review Board (IRB) approval number IRB2021-077).

4.1 Online Survey Instrument

The research questions and supporting online survey instrument were created with input from a
nine-person project steering committee consisting of members from the shipbuilding industry,
the national security policy community (Naval and National War Colleges, and the Eisenhower
School for National Security and Resource Strategy), and the Maritime Administration. The
Congressional Research Service was also represented in an observer status. Monthly online
steering committee meetings were conducted throughout the development of the survey,
including a pilot test. The survey consisted of five sections and 20 questions (See survey
instrument in Appendix A) to collect respondents’ perceptions in order to answer the research
questions described in the Introduction section of this paper.

4.2 Survey Distribution

In consultation with the project steering committee, a list of over 300 active private U.S.
shipyards, boatyards, and ship/boat maintenance and repair facilities, and five public yards, was
compiled from various sources, including a MARAD list of active shipyards (MARAD, 2018)
and the Shipbuilding History website (www.shipbuildinghistory.com). Additionally,
shipbuilding periodicals were reviewed, and the list was further refined by adding yards and
facilities based on shipbuilding industry news reports. Of the 300 facilities, contact information
was obtained for 149 (Appendix B). An email invitation to participate in the survey provided



information on the research project and its importance. Additionally, a “one-pager” was
developed and forwarded to multiple shipbuilding, academia, and policy community members to
promote the project and garner support. The survey was announced and promoted in LinkedIn
groups Maritime Executive and Shipbuilding Industry and Professionals, and an article was
published in Professional Mariner’s online publication. Information about the survey and a link
were included in both Shipbuilders Association of America and Small Shipyard Federal Grant
Coalition member newsletters, along with several port and operator groups. Additionally,
information flyers with a QR Code survey linkage were distributed at the 2021 Navy League
Sea, Air, and Space Exposition.

Over 300 email invitations were sent to shipyard email addresses. Every attempt was made to
send an invitation to a specific shipyard person (CEO, president, industrial engineer, etc.). If
specific individuals could not be identified, emails were sent to general addresses with requests
to forward to the shipyards’ best prospective respondents. At least two rounds of reminder,
follow up emails were sent. During the survey, follow-up phone calls were made to shipyard and
facility employees, explaining the research project and requesting that a survey be completed and
submitted. Since the survey was anonymous, specific shipyards and facilities responses were not
tracked.

5.0 Results and Key Findings

This section provides respondent information and the main results and key findings of the
survey. Of the over 300 email invitations to participate emailed, over 45 responses were
received, with 38 complete and an additional seven partially completed. Answers to questions in
partially completed surveys were used in analysis of results associated with those questions.

5.1 Respondent Information

This sub-section details the state and regional location of the shipyards represented, the shipyard
positions of the respondents and their years of shipbuilding and repair experience, and also their
level of involvement in coastal hazards resilience planning and response and recovery
operations.

Figure 4 indicates the location of shipyards that were asked to participate in the survey and the
total number of responses per state. The survey did not identify the specific shipyards in which
representatives submitted the survey, but it did ask respondents to identify their regions and state.
Shipyards in 33 states representing all U.S. coastal regions, the Great Lakes, and Hawaii and
Alaska, were asked to participate, with shipyards from 19 states responding. Shipyards and repair
facilities represented from the Northeast coast comprised 37 percent of all represented; the Mid-
Atlantic coast followed with 14 percent. Of note is the high rate of return in Virginia which is
possibly due to the proactive climate change strategy and partnerships between the City of
Norfolk, the Navy, and the community. Participation from Rhode Island was also high, possibly
due to interest in the Narragansett Bay region and knowledge of URI coastal research. Also of
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note is the lack of surveys submitted from shipyards on western half of the Gulf Coast — a region
which is highly vulnerable to tropical storm system damage.

Completed Surveys Based on Location Respondents Contacted

Number of Respondents (Completed): ] Number of Respondents Contacted -
1.00 7.00 1 33

v i

Figure 4 - Location of survey respondents (left side) and location of shipyards invited to
participate in the survey (right side)

Forty-two U.S. facilities were represented in the 45 usable surveys (thus in not more than three
instances, only one response was received per shipyard). Of the five total public U.S. Navy and
U.S. Coast Guard yards operating in the U.S., four are represented in the survey response data.
Seven respondents indicated that they represent shipyard parent companies that oversee multiple
facilities. All respondents indicated their facilities were engaged in repairs of working
commercial vessel/boat (tugs, barges, OSVs, etc.) maintenance, repair order, and ship new
construction orders.

Respondents were asked to identify their shipyard positions and were able to select multiple
options (
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Other

Inudstrial Manager

Shipyard Engineer

Shipyard Strategic Planner

Self-identified position

Shipyard Upper Level Manager

Shipbuilding Industry Executive
Number of respondents

Figure 5). Thirty-seven respondents identified themselves as upper-level managers and industry
executives, while 11 respondents identified themselves as shipyard engineers. Of 27 shipyard
upper-level managers (CEOs, presidents), 22 had more than 20 years of experience suggesting
that respondents had deep experience in shipyard management.
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Figure 5 - Number of respondents that self-identified in various leadership positions
(Respondents may select more than one) (N = 44 total respondents)

Thirty respondents were either “very” or “somewhat engaged” in long-term planning for risk
mitigation. Twenty-eight were “somewhat” or “very engaged” in emergency preparedness and
disaster response. Twenty-six were “somewhat” or “very engaged” with recovery efforts after a
storm event. These results suggest that the respondents were generally very experienced with
coastal hazards management.

The next three sections (5.2 - 5.4) detail key findings, based on respondent survey responses, that
address the three key research questions posed at the start of this paper.

5.2 Consideration of Coastal Hazards Affecting Shipyard Operations

Research Question Supported: RQ! What types and levels of coastal hazard events (e.g., storm
surge, wind, waves, rain, tidal flooding) do respondents feel have or would pose challenges to
shipbuilding and repair operations?

This sub-section details the coastal hazards shipyard respondents identified that have impacted
operations and what their coastal hazards expectations are for the future. Coastal hazards
identified include wind, flooding, waves, and snow.

5.2.1 Key Findings: Coastal Hazards and Shipyard Operations.

As indicated in Figure 6, respondents indicated that wind interrupted some shipyard operations
as much as six times a year, likely due to crane operation limitations which affect all shipyard
operations regardless of location. They indicated that flooding from storm surges, precipitation
and high tides occurs as much as six to 12 times per year. The Great Lakes and Northeast
respondents indicated 15 interruptions per year at their facilities due to snow and ice conditions.

13



[SRECEN

= (35

Number of Occurences

S Nk o ®

Storm Surge Rain

I|| I||n IIIH I||H| lIIn !__D! mm m
Tidal

Flooding Flooding Flooding Wind Waves Snow/ice Hurricanes Tsunami
B Once in the last 5 years 7 4 4 5 2 4
B | time or fewer per year 11 9 6 11 5 15 1 1
W 2-6 times/year 10 12 6 15 4 11 1
07-12/year 1 1 4 1 1
@>12 times/year 2 1

Types of Coastal Hazards

Figure 6 — Respondent perceptions of types and frequency of coastal hazards that impact their
shipyard operations in the last five years (N = 43 respondents)

Additionally, respondents indicated the average duration of each coastal hazard (over the last
five years) as being mostly hours (55%) or days (35%) which correlates to wind and high tide
and precipitation flooding events, while 10% of events reported longer durations (weeks,
months, years). Longer durations are likely due to tropical storms resulting in infrastructure
damage and loss of workforce.

5.2.2 Key Findings - Leadership Expectations for Sea Level Rise and Tropical Storm
Systems.

Shipyard leadership perceptions of current and future coastal hazard resilience can influence
strategic decision making, especially as relates to ensuring adequate preparations are planned for
and resourced. For the purpose of this survey, shipyard industry leadership is defined as
executives, presidents, chief executive officers, chief operating officers, and senior industrial and
facility engineers. In this section, the survey asked respondents to report on how they felt their
leadership perceives coastal hazard risks.

Per the survey results, the person/position at shipyards who respondents identified as “knows the
most about coastal hazards impacts on shipyard operations” was the Chief Executive Officer
(CEO) (30 responses) followed by the industrial engineer (13) and the facilities engineer

(11). This finding suggests an expectation that CEOs are knowledgeable and experienced with
coastal storms, how they can impact operations, and that they would be in a strong leadership
position to address future (changing) levels of risk from coastal hazards.

Of the 30 respondents who self-identified as “upper-level leadership” (and that were not from
Great Lakes or inland ports), six indicated that leadership did not expect any SLR by 2050, five
indicated O - 0.5 feet, three indicated 0.5 - 1 foot, five indicated 1.5 to 3 feet, and one indicated 3-
6 feet. Of note, 10 did not know if they expected any amount of SLR by 2050. According to the
2022 NOAA report (Sweet et al. 2022), the expected range of SLR for the U.S. is from
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approximately 0.7 — 2.3 feet above 2000 levels by 2050. Thus, eight respondents’ expectations
were aligned with the latest scientific consensus, with 21 (or 70%) either not knowing or having
expectations that do not align.

Using the same selection criteria (e.g., not from inland or Great Lakes and self-identified as
upper-level leadership), we analyzed how leadership perceived potential changes to storm
frequency and intensity. Twelve respondents expected such an increase, six did not, and 12 did
not know. According to the IPCC, it is very likely that extreme storm events will increase in
frequency and intensity with climate change (IPCC 2021).

In sum, most respondents either do not know or do not expect any changes to SLR or storm
patterns between now and 2050. This is in contrast with the scientific consensus and suggests
that there is a need for leadership to better understand how this aspect of climate change may
affect their resilience planning and risk management.

5.3 Current Status of Preparations for Coastal Hazards and Operational Resiliency

Research Question Supported: RQ2 Do the respondents feel their shipyards need to take
additional, needed measures, practices, and policies to prepare for coastal hazards, weather
events and/or climate conditions they expect 10-30 years from now?

This sub-section details the resiliency and/or adaptation actions that respondents’ shipyards have
taken or plan to take. In consultation with the steering committee, we identified 17 common
adaptation actions that shipyards might implement to improve coastal hazard resilience (Table
2). Across the 38 responses to this survey question, 115 unique actions had been implemented
prior to 2015; 60 were implemented from 2015 — 2020; 22 actions are under design or
construction; 19 are planned to be implemented by 2025, and no actions are currently planned
beyond 2025 (Table 2).
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Table 2 - Resilience actions at shipyards, according to survey respondents (N=38 respondents)

Currently Planning to
Not Planned Implemented Implemented Under ooy Planned for
pre 2015 2015-2020 Design/Const after 2025
: by 2025
ruction
ARMORING OR OTHER STRUCTURAL ACTIONS
Breakwaters 30 2 1 1
Install backup power capability 20 11 4 1 1
Raise docks 24 5 2 3
Stregthen facilities and structures 11 7 7 3 5
Stregthen/Raise/Replace Bulkheads 16 8 5 3 4
Raise electrical equipment 17 9 7 1 1
Raise dry docks 26 3 2 1
Install drainage pumps 23 5 5 2
Strengthen/install piers 1
Move operations indoors or add overheads to )1 3 3 4 3
outdoor work areas
Relocate some operations inland 30 1 1 3
POLICY AND PLANNING ACTIONS
Create a hurricane or winter storm plan 11 20 4
Secure insurance coverage for
damages to facilities, operations, payroll, loss 9 19 5 1
or revenue
Create strategic plan for workforce
retention in the event of a disruption due to 17 9 6 1
major weather events
Partner with local
government/community for storm 21 8 6 1
preparations and response
Inc.orporate coastal resilience in 25 5 | | |
shipyard strategc plan
Total 301 115 60 22 19

5.3.1 Key Findings: Current and Planned Resilience Actions

As Table 2 indicates, armoring resilience actions (raising docks, strengthening facilities, etc.,)
and policy or method resilience actions (partnerships, relocation of some operations inland, etc.)
were at the same action item levels prior to 2015 and between 2015 and 2020. Moving into the
future, armoring actions under design or construction or planned for implementation by 2025 are
more numerous than policy or method actions, suggesting policies and methods will be in place
and armoring or mitigation actions will follow. Of note, implementing a shipyard hurricane or
winter storm plan and the installation of backup power comprised the most actions taken prior to
2015 and, more recently raising electrical equipment and strengthening facilities and structures
were the most actions taken between 2015 and 2020. Eighty-two percent of respondent shipyards
did not have cooperative or joint with other builders or other “work arounds” to satisfy contract
deliverables should operations be degraded due to coastal hazard events. 13% indicated they did;
5% indicated they did not know.

An analysis of responses suggests three major takeaways: (1) resilience preparedness actions
beyond 2025 were generally not on a shipyard’s strategic agenda; (2) the majority of actions
taken thus far were in response to current and past coastal hazard events and, (3) future planning
in terms of coastal hazard resilience appeared to be minimal. This lack of planning beyond 2025

16



suggests that the impacts of climate change were not yet being fully considered in long range
strategic and capital improvement initiatives.

5.4 Coastal Hazard Impacts on Shipyard Operations.

Research Question Supported: RQ3 What levels and types of coastal hazard related
disruptions do respondents feel would impact their production in terms of timelines, costs, and
contract deliverables?

This subsection focuses on coastal hazard interruptions to shipyard operations and potential risks
to contract deliverables. Twenty-seven of 30 respondents indicated that they agree with the
statement that, “The level of the U.S. shipbuilding industry's coastal hazards resilience will have
a significant impact on the industry’s ability to build, maintain, and repair the U.S. military and
commercial fleet for the next 30 years.” (Q20). This sub-section details some of the risks that
they are concerned about and further exemplifies the mismatch between concerns, knowledge
about climate drivers, and actions.

5.4.1 Key Finding: Risks to Contract Deliverables Primarily from Physical Damage to
Shipyard Infrastructure, Supply Chain Interruptions, and Labor Costs.

Identifying potential and perceived risks to contract deliverables caused by coastal hazards is
significant in the consideration and planning of a climate-ready shipbuilding industry and is
important in shipyard self-assessments of coastal hazards vulnerability. Understanding the
impact of each risk category is essential in strategic planning, in terms of where to apply
resources and how to modify policies and programs so as to build needed resilience.

In coordination with the project steering committee, the research team developed a list of five
major risks posed to contract deliverables due to coastal hazard impacts on shipyard operations.
Respondents rank-ordered these risks to contract deliverables. The list below shows frequency
(in parenthesis) of each risk being ranked as one of the top three concerns listed by survey
respondents (n=30 respondents):

Physical Damage to Shipyard Infrastructure (28)
Supply Chain Interruptions (28)

Labor Costs (28)

Material Cost Increases (15)

Retention of Workforce (8)

Other Risks (0)

We note that 24 of 30 respondents ranked “physical damage to shipyard infrastructure” as the #1
greatest risk to fulfilling contract deliverables, in terms of build, repair, and maintenance
timelines and completion dates. Supply chain interruptions were the next biggest factor with 12
of 30 respondents identifying impacts on transportation systems as the second greatest, potential
risk. Increased labor material cost increases because of coastal hazards ranked third and fourth,
respectively. The long-term impact of workforce retention was identified as a potential risk
because of stoppage of build and repair operations for long periods of time with primarily the
trades workforce moving to other work sectors for employment as well as higher wages, likely
realized as a result of post-event recovery construction opportunities.
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In addition to the resilience actions identified in Section 5.3, there are steps shipyards can take to
reduce the specific risk posed to contract deliverables. For example, shipyards can develop
contingency plans with partners to enhance redundancy in the event of a natural disaster. Survey
results show that most (28 of 37 respondents) do not cooperate or partner with other shipyards to
satisfy contracts when operations are threatened or interrupted. Only four respondents indicated
that their shipyards did have such partnerships in place.

Results from these survey questions reinforce the risk from cascading consequences of coastal
hazard events, especially to contract deliverables. This suggests that such downstream impacts
should be considered when shipyards undertake vulnerability assessments.

5.4.2 Key Finding: Largest coastal hazard threats are hurricane and flooding from high
tides.

When asked if coastal hazards will have a negative impact on shipyard operations over the next
10-30 years, 29 of 41 respondents agreed or strongly agreed. Similarly, 26 of 37 respondents
agreed or strongly agreed with the statement, “The level of the U.S. shipbuilding industry’s
coastal hazards resilience will have a significant impact on the industry’s ability to build,
maintain, and repair the US military and commercial fleet for the next 30 years.” The perceived
biggest coastal hazard threat out to 2050 is major hurricanes and related surge and tide flooding,
and wind. Figure 7 indicates that the three largest coastal hazard threats to the U.S. shipbuilding
and repair industry identified by survey respondents were: (1) major hurricane surge and wind
damage (Category 3 to 5); (2) high tides (regardless of cause); and (3) coastal land inundation
and heavy precipitation events. Winter storms (9%) threats are mostly relevant to Great Lakes
and northern U.S. shipyards.

Here again, identifying perceived coastal hazard threats and the associated disruptions to
shipyard operations is essential to coastal hazard vulnerability assessment and resilience strategic
planning. As an example, armoring against the operational impacts of major hurricane surge and
wind damage for shipyards in areas prone to tropical system landfall is essential in matching
resources, and policy and program changes, with that high-consequence risk.
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1%

34%

B Major hurricane (surge and wind damage) B Coastal land inundation
W Higher high tides (regardless of cause) ® Winter storms
Heavy precipitation events (flooding from rain) ® Stronger Tsunami

Figure 7 - Answers to the question “What are the three biggest coastal hazard threats” (n= 38
respondents)

6.0 Discussion
This U.S. shipbuilding and ship repair industry baseline survey focused on:

the types and levels of coastal hazard events which pose shipyard operational challenges;
operational resiliency preparedness;

measures, practices, and polices for future coastal hazard conditions;

the types and levels of coastal hazards which would impact shipyard production in terms
of production timelines, costs, and contract deliverables.

Overall, survey respondents reported significant concerns about coastal hazards and resilience in
the next 10-30 years. The majority of respondents indicated sea level rise will cause a problem,
though there was variation in how much (if any) SLR was expected. The respondents had a
similar split as to the threat from increases in tropical storm frequency and intensity out to 2050,
with less than half indicating that they anticipated increases, and more than half indicating no, or
they didn’t know. We note that there is clear consensus in the scientific community about both
SLR and an increasing frequency/intensity of storms and extreme events (e.g., Sweet et al. 2022,
IPCC 2021).

Increased flooding events can be addressed through mitigation actions such as raising electrical
equipment and installing drainage pumps, but results suggest that few such projects were

planned. Resilience actions taken thus far included responsive fixes to past coast hazard events,
such as adding backup power supply capability and raising electrical systems. More significant
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actions have included strengthening facilities and structures (likely following coastal hazard
related damages), installing drainage pumps, and moving some operations indoors. Overall,
limited plans to strengthen facilities and structures in the future could be attributed to damage
previously sustained as well as plans to replace aging infrastructure. As reported in the survey,
there were few plans for resilience improvements that looked out to expected environmental
conditions beyond the very near term.

The survey responses suggest a significant mismatch between shipbuilding industry goals and
objectives in meeting the U.S. military and commercial fleet’s building, repair, and maintenance
needs and requirements, and the industry’s coastal hazard resiliency planning. This mismatch
centers on the reality of increasing coastal hazards and threats to operations, and the industry’s
overall climate change readiness. There are many logical, rational, explanations for this, as
discussed in detail in other works (e.g., Mclean and Becker 2021). For other sectors, reasons
typically include a lack of funding, uncertainty about what future conditions will look like, a lack
of understanding of the risk, or a lack of incentives to take action. While such lines of inquiry
were outside the scope of this paper, discovering the decision-making barriers unique to the
shipyard industry would go a long way toward helping build capacity for resilience building for
the sector as a whole.

The survey results suggest that the U.S. did not yet have a climate-ready shipbuilding industry.
Like the seaport industry reported on in 2012 (Becker 2012), the shipyard industry did, however,
recognize the implications of continued sea level rise, more intense tropical storms, higher tides,
and flooding from a variety of causes. Respondents do believe that coastal hazards pose risks to
contract deliverables and, overall, will weaken the overall ability to build, repair and maintain
the U.S. fleet in the next 30 years. However, results also suggest that few concrete steps had been
taken to enhance resilience in preparation for these environmental changes. As stated in the 4%
National Climate Assessment, “Without adaptation, climate change will continue to degrade
infrastructure performance over the rest of the century, with the potential for cascading impacts
that threaten our economy, national security, essential services, and health and well-being.”
(NCA 2018). For shipyards, such actions may include hardening infrastructure, system
redundancy, or moving operations inland where possible. However, results from this survey
suggest that shipyard decision makers were not yet undertaking or planning for such adaptation.

A vulnerability and resilience assessment can also serve as a foundational step for shipyards to
better understand these challenges. Guidance on this is forthcoming (CISA and ERDC, In
review), but typical steps include: (1) Explore hazards, including developing an inventory of
assets and hazards faced; (2) Assess vulnerability and risks; (3) Investigate options for
adaptation, primarily using the more than 140 cases studies across all U.S. regions which identify
data, expertise, methods and other resources used; (4) Prioritize and plan, accounting for the
magnitude of a consequence and its probability of occurring (Gardiner et al., 2017). The U.S.
Climate Resilience Toolkit (https://toolkit.climate.gov/) also offers leaders, engineers and
planners who are concerned or uncertain about current and future coastal hazards and impacts on
build and repair operations. All of these guidance documents underscore the importance of sector
partnerships in reducing vulnerabilities, minimizing consequences, and developing joint federal,
state, and local protective programs and resiliency strategies.

6.1 Recommendations
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The effects of coastal hazards as amplified by climate change could weaken the U.S.
shipbuilding and ship repair industry. Based on survey results, recommendations to advance
shipyard coastal hazards resilience include:

1. Shipyards should conduct a thorough coastal hazards vulnerability assessment.

2. Based on climate change predictions, shipyards should develop resourced strategic and
action plans with specific objectives for improving coastal hazards resilience.

3. Incentives for shipbuilders and repairers to mitigate coastal hazard threats should be
addressed and identified by the industry and appropriate federal agencies.

4. The Shipbuilders Council of America and other domestic shipbuilding professional
organizations should compile and disseminate shipyard best climate change adaptation
and resilience policies and practices.

5. The implications of a weakened shipbuilding industry due to climate change on national
interests, both security and economic, should be further researched by the appropriate
agencies and DOD senior service schools.

6. U.S. policymakers should continue to be informed of coastal hazard risks to coastal
populations and infrastructures. The Congressional Research Service’s (CRS) Sea-Level
Rise and U.S. Coasts: Science and Policy Considerations (2016) should be updated to
include risks to coastal strategic industries, including the shipbuilding and repair industry
(Folger et al., 2016)

6.2 Limitations

Research and data analysis limitations include the number of respondents, accounting for the size
and type of shipyards, and the scope of aggregate build and repair orders. As seen in Figure 4,
large areas of the U.S. are not included in our survey responses (e.g., California and Texas). We
note that the U.S., being a very large country, presents different hazard challenges in different
regions. For example, the West Coast is more prone to earthquakes and wildfires, while the
Northeast gets snowstorms and hurricanes. Thus, survey respondents from different regions
framed “coastal hazards” differently. For this initial baseline survey, we felt it was important to
gauge how the industry as a whole considered coastal hazard resilience by analyzing the types of
hazards which posed challenges to shipyard operations, the extent of shipyard preparations based
on future coastal hazard predictions, and the potential impact on contract deliverables. There
would be value in considering variation in responses according to shipyard geographical and
physical infrastructure characteristics. Unfortunately, such analysis proved to be outside the
scope of this study for a two main reasons. First, the U.S. shipbuilding and repair industry is very
competitive as to commercial and government build and repair contracts and, as such, to
maximize survey response, we conducted this as an industry-wide anonymous survey and
promised to report the results in aggregate form only. Second, our sample size was not large
enough to be able to make meaningful comparisons within our dataset. We received responses
from 45 of the 149 active shipyards that we contacted in our sample population, equating to a
response rate of 30%, which represents about15% of the full population of 300 shipyards
identified. We felt this was an adequate response rate to report results in aggregate, but not to
compare within our sample. Recruitment of participants proved to be an incredible challenge,
despite having a strong steering committee consisting of well-known figures in the shipyard
industry to lend credibility and validity to the project. Many man hours were spent emailing and
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calling shipyard representatives to encourage them to assist. Additional targeted surveys, along
with case studies, are needed to explore other aspects of the hazards-challenge for shipyards,
along with the consequences to US economic and military security that may result from a climate
vulnerable strategic U.S. shipbuilding and repair industry.

7.0 Conclusions

This research project provides a baseline understanding of the U.S. shipbuilding industry’s
considerations of coastal hazard resilience. The overall results of the survey suggest the U.S.
shipbuilding and ship repair industry was not adequately responding to climate change
predictions, was overall not well-informed about the scientific consensus on these issues and was
not preparing and planning for the level of resiliency needed due to amplified coastal hazards.
Most resilience actions which had been taken have been a result of past weather events. As the
reality of climate changes takes hold, more actions will likely be planned, and resilience
improved. A few yards already had and/or were planning to strengthen facilities, structures, and
bulkheads — a good but inadequate start, given the increased rate of climate change expected.
Lack of planning will likely impact operations and ship build, repair, and maintenance orders,
potentially affecting U.S. national security interests.

We hope that this baseline survey provides empirical support for new research that can benefit
the resilience building process for this critical industry. Naturally, other countries face similar or
worse challenges and additional research is necessary to identify the best path forward for the
maritime industry as a whole. New knowledge is needed to bridge the gap between the priorities
of private sector industry like major ship and repair yards and the public benefits derived from
the business they conduct. Additional research questions include: What strategies can be
implemented to incentivize resilience for the shipyard industry? How can federal funding support
be equitably distributed to support these private industries to the benefit of the national goals?
How might shipyard and repair facilities be consolidated if all individual facilities cannot be
protected? Before researchers can begin to address such issues, they must start with the
foundational knowledge that there is, indeed, a problem in need of solutions. The results of this
survey suggest that shipyard decision makers had not yet taken action to address the increase in
natural hazard events associated with climate change. We sincerely hope that future researchers
will use this paper as a platform from which to conduct more quality research.
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APPENDIX A — SURVEY SECTIONS AND QUESTIONS

Section 1: Respondent Background Information (SQs 1-7) (Demographics)

SQ1. The person completing the survey is a (position in shipbuilding industry, position at
shipyard, i.e., CEO, industrial engineer, etc.).

SQ2. The person completing this survey has how many years of professional experience
in the maritime industries (1-5, 16-20, etc.)

SQ3. The person completing this survey represents (large, medium, small private yard,
public yard, etc.)

SQ4. Which of the following does your shipyard build, repair and/or maintain (check all
that apply (military ships, small commercial ships, tugs, barges, etc.: build, repair,
maintain)?

SQS5. If representing a shipyard or ship repair yard, it is in the: (Northeast Coast, Mid
Atlantic Coast, Gulf Coast, Great Lakes, etc.).

SQ6. In your opinion, the person(s) at your shipyard who probably knows the most about
potential coastal hazard impacts on the shipyard is the (CEO, COD, Facilities Engineer,
etc.)

SQ7. How involved are you in the shipyard’s emergency management of coastal hazard
events (e.g., storm surge, wind, waves, rain, tidal flooding)? flooding, tidal flooding,
winds, waves, snow/ice)? (Mitigation of risk, disaster response, recovery, etc.: Very
involved, somewhat involved, etc.)

Section 2: Consideration of Coastal Hazards Affecting Operations (SQs 8 —11)

SQ8. Over the last five years, how often have the following coastal hazard events
interrupted your shipyard’s operations per year (e.g., storm surge flooding — never, once,
2-6 times, etc.)

SQY9. What was the average duration of coastal hazard events over the last five years?
(Storm surge flooding, tidal flooding, wind, etc.; hours, days, weeks, months, years, etc.)
SQ10. What extent of sea level rise (if any) does your shipyard leadership expect at the
shipyard by 2050? (None, 0-.5 feet, 1.5 to 3 feet, etc.)

SQ11. Does your shipyard leadership expect increased frequency and/or intensity of
tropical storm systems by 20507 (Yes, no, I don’t know.)

Section 3: Current Status of Preparations for Coastal Hazards and Operational Resiliency
(SQs 12 - 13)

SQ12. Which of the following resilience actions have you taken, or do you plan to take?
(Raise docks, raise electrical equipment, relocate some operations inland, etc., not
planned, implemented pre-2015, under design, etc.)

SQ13. Please rate your personal feeling on the following statement: Coastal hazards will
have a direct negative impact on my shipyard’s operations during the next 10-30 years.
(Range from strongly disagree to strongly agree.)

Section 4: Need for Additional Preparations for Coastal Hazards Resiliency: (SQs 14 - 16)
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SQ14. In your opinion, are there constraints that prevent additional preparations or
investment for coastal hazards resiliency at your shipyard? (No constraints, limited
financial resources, physical constraints and/or geography, etc.)

SQ15. Regardless of your opinions about sea level rise, what amount of rise would
threaten your shipyard’s operations as they exist today in your opinion? (0.5 feet or more,
1 foot, 3 feet, etc.)

SQ16. What scientific data does your shipyard use to help inform decision making
regarding coastal hazards resilience (e.g., flood maps, sea level rise projects, storm
models)? Note: We decided this question did not adequately support RQ3; as such, it was
not included in the final data analysis.

Section 5: Coastal Hazards Impact on Shipyard Operations (SQs SQ17 —20)

SQ17. From your perspective, what are the three biggest coastal hazard threats to the U.S.
shipbuilding and repair industry between now and 2050: (major hurricane, coastal land
inundation, heavy precipitation events, etc.)

SQ18. Does your shipyard have cooperative or joint plans with other builders or other
“work arounds” to satisfy contract deliverables should your shipyard’s operations be
degraded due to coastal hazards events? (Yes, no, I don’t know)

SQ19. Please rank order the potential risks to contract deliverables due to coastal hazard
impacts on your shipyard’s operations: (physical damage to infrastructure, supply chain
disruption, labor costs, materials cost increases, retention of workforce, etc.)

SQ20. What is your opinion of the following statement: The level of the U.S.
shipbuilding industry’s coastal hazards resilience will have a significant impact on the
industry’s ability to build, maintain, and repair the U.S. military and commercial fleet for
the next 30 years? (Range of strongly disagree to strongly agree.)

Appendix B — Shipyards Contacted for this Survey

Shipyard Parent Company Tier Location Coast

Bollinger Lockport Bollinger 1 Lockport, LA  Gulf
Edison Chouest

North American Shipbuilding  Offshore 1 Larose, LA Gulf

Gulf Ship ECO 1 Gulfport, MS  Gulf

Tampa Ship ECO 1 Tampa, FL Gulf

Sturgeon Bay,

Bay Shipbuilding Fincantieri USA 1 WI Great Lakes

Marinette Marine Fincantieri USA 1 Marinette, WI  Great Lakes
General

Bath Iron Works Dynamics 1 Bath, ME East

Electric Boat Groton Operations GD 1 Groton, CT East

Electric Boat Quonset Point Quonset Point,

Operations GD 1 RI East
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National Steel and Shipbuilding

Co. NASSCO

Newport News Shipbuilding
Ingalls Shipbuilding

Vigor Shipyard Seattle
Vigor Shipyard Clackamas
Vigor Shipyard Vancouver
Vigor Shipyard Port Angeles
Vigor Shipyard Ketchikan

VT Halter Pascagoula
VT Halter Moss Point
VT Halter Escatawpa
Austal USA

Eastern Shipbuilding
Philly Shipyard

Keppel O & M
Alabama Shipyard

AMFELS, Inc.
Signal International
United Marine Enterprise

Gunderson, Inc.

Bay Shipbuilding Company
Fraser Shipyards, Inc.

Toledo Ship Repair

Bayonne Dry Dock and Repair

Corp.

GD

Huntington
Ingalls

Huntington
Ingalls
Vigor
Shipbuilding
Vigor
Shipbuilding
Vigor
Shipbuilding
Vigor
Shipbuilding
Vigor
Shipbuilding

VT Halter Marine

Group
VTHMG
VTHMG
Austal USA

Eastern

Shipbuilding Grp

N/A

N/A
N/A

N/A
Halter Marine
N/A
N/A

N/A
N/A

Toledo Port
Authority

N/A

30

N NN N N N — = =

\9)

San Diego, CA West
Newport News,

VA East
Pascagoula, MS Gulf
Seattle, WA West
Clackamas, OR West
Vancouver, WA West
Port Angeles,

WA West
Ketchikan, AK OUTCONUS

Pascagoula, MS Gulf
Moss Point, MS Gulf
Escatawpa, MS Gulf
Mobile, AL Gulf

Pensacola, FL  East

Philadelphia,
PA East
Brownsville,
TX Gulf
Mobile, AL Gulf
Brownsville,
TX Gulf

Pascagoula, MS Gulf
Port Arthur, TX Gulf

Portland, OR  West
Sturgeon Bay,

WI Great Lakes
Superior, WI  Great Lakes
Toledo, OH Great Lakes
Bayonne, NJ East



Boston Ship Repair, Inc. (now

Northeast Ship Repair) N/A 2 Boston, MA East
Caddell Dry Dock and Repair Staten Island,
Company, Inc. N/A 2 NY East
Chesapeake Shipbuilding, Inc.  N/A 2 Salisbury, MD
Colonna Shipyard, Inc. N/A 2 Norfolk, VA East
Mamaroneck,
Derecktor Shipyard N/A 2 NY East
Detyens Shipyards, Inc. N/A 2 Charleston, SC East
GMD Shipyard, Corp. N/A 2 Brooklyn, NY East
Metro Marine
Metro Marine Corp. Group 2 Norfolk, VA East
Metro Marine Philadelphia,
Metro Marine Corp. Group 2 PA East
Norfolk Shipbuilding and
Drydock Corp. N/A 2 Norfolk, VA East
Jacksonville,
North Florida Shipyard, Inc. N/A 2 FL East
Speeded Shipyard, LLC N/A 2 Norfolk, VA East
U. S. Coast Guard Yard N/A 2 Curtis Bay, MD East
Naval Sea
Norfolk Naval Shipyard Systems Cmd 2 Norfolk, VA East
Naval Sea
Portsmouth Naval Shipyard Systems Cmd 2 Portsmouth, NH East
Atlantic Marine N/A 2 Mobile, AL Gulf
New Orleans,
Bolinger Gulf Repair, LLC Bolinger 2 LA Gulf
Bollinger Houston, L.P. Bolinger 2 Houston, TX  Gulf
Gulf Marine Repair Corp. N/A 2 Tampa, FL Gulf
International Ship Repair and
Marine Services, Inc. N/A 2 Tampa, FL Gulf
Signal International Texas LP -
D.O.C. Yard N/A 2 Port Arthur, TX Gulf
Thoma-Sea Marine Constructors
LLC N/A 2 Houma, LA Gulf
Todd Pacific Shipyards
Corporation N/A 2 Seattle, WA West
Cascade General, Inc. Vigor 2 Portland, OR  West
Lake Union Drydock Company N/A 2 Seattle, WA West
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MAR COM, Inc. N/A 2 Portland, OR  West

Mavrik Marine, Inc. N/A 2 La Conner, WA

Puglia Engineering, Inc., Bellingham,

Fairhaven Shipyard N/A 2 WA West

SAFE Boats International, LLC N/A 2 Bremerton, WA West
San Francisco,

San Francisco Drydock, Inc. N/A 2 CA West

Nichols Brothers Boat Builders N/A 2 Freeland, WA  West

Naval Sea

Puget Sound Naval Shipyard Systems Cmd 2 Bremerton, WA West

Alaska Ship and Drydock, Inc ~ N/A 2 Ketchikan, AK OUTCONUS

Honolulu Shipyard, Inc. N/A 2 Honolulu, HT OUTCONUS

Bender Shipbuilding and Repair Austal USA 3  Mobile, AL Gulf
Jacksonville,

Atlantic Dry Dock Corporation BAE 3 FL East

Newpark Shipbuilding and Newpark

Repair Inc. Shipbuilding 3 Galveston, TX Gulf

Associated Naval Architects,

Inc. N/A 3 Portsmouth, VA East

Blount Boats N/A 3 Warren, RI East
Port Angeles,

Brix Marine N/A 3 WA West

Fairhaven Shipyard N/A 3 Fairhaven, MA East

Gladding-Hearn Shipbuilding ~ Duclos Corp 3 Somerset, MA East

Herrington Harbor North N/A 3 Deale, MD East
North Kingston,

J. Goodison Company, Inc. N/A 3 RI East

Kerney Service Group. Inc. N/A 3 Norfolk, VA East

Marine Hydraulics International,

Inc. N/A 3 Norfolk, VA East

Metal Trades, Inc. N/A 3 Charleston, SC East

Moon Engineering Company,

Inc. N/A 3 Portsmouth, VA East

Mystic Shipyard LLC N/A 3 Mystic, CT East

New England Boatworks Safe Harbor 3 Portsmouth, RI East

Newport Shipyard Company,

LLC Safe Harbor 3 Newport, RI East
Newport News,

S23 Holdings, Inc. N/A 3 VA East
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Reynolds Shipyard, Corp.

Senesco Marine
Shipwright Harbor
Steel Style, Inc.

Smith Boys Marine
The General Ship Repair Corp.
The Hinckley Company

Zimmerman Boatyard Deltaville

Zimmerman Boatyard
Charleston

Zimmerman Boatyard Southport

Bayou Manufacturing Services
Bludworth Marine, LLC

Boland Marine and Mfg.
Company, Inc.

Bollinger Algiers, LLC

Bolinger Calcasieu, LLC
Bollinger Lockport, LLC
Bolinger Texas City, L.P.

Buck Kreihs Company, Inc.
CBH Services, Inc.

C&C Marine and Repair, LLC

Conrad Industries

Conrad Shipyard Morgan City
Operations

Conrad Shipyard Orange
Operations

Conrad Shipyard Amelia
Operations

Cooper Consolidated, LLC

N/A

N/A
N/A
N/A

N/A
N/A
N/A

Zimmerman
Operations

Zimmerman
Operations

Zimmerman
Operations

N/A/
N/A

N/A

Bolinger
Bolinger
Bolinger
Bolinger

N/A
N/A

N/A

Conrad Industries
Conrad Industries
Conrad Industries

Conrad Industries
N/A
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W W W W

W W

Staten Island,
NY

N Kingstown,
RI

Deale, MD

Newburgh, NY

N Tonawanda,
NY

Baltimore, MD
Portsmouth, RI

Deltaville, VA

Charleston, SC

Southport, NC
Slidell, LA
Houston, TX

New Orleans,
LA

New Orleans,
LA

Sulpher, LA
Lockport, LA

Texas City, LA

New Orleans,
LA

Orange, TX

Belle Chase,
LA

Morgan City,
LA

Morgan City,
LA
Orange, LA

Amelia, TX
Convent, LA

East

East
East
East

East
East
East

East

East

East
Gulf
Gulf

Gulf

Gulf
Gulf
Gulf
Gulf

Gulf
Gulf

Gulf

Gulf

Gulf

Gulf

Gulf
Gulf



Dixie Machine Welding and
Metal Works, Inc.

Gulf Copper and Manufacturing

Corp.
Hendry Corporation

Houston Ship Repair - Brady
Island Ship Repair Facility

Keppel Amfels Shipyard
Master Boat Builders
Metal Shark Boats
Metal Shark Boats 2

Newpark Shipbuilding and
Repair, Inc

Newpark Shipbuilding and
Repair, Inc.

Offshore Inland Marine
Sabine Shipyard, Inc.

Signal International Texas, LP
Orange Yard

Signet Maritime
Sterling Shipyard

All American Marine
Bay Ship and Yacht Company

Bay Ship and Yacht Company
Richmond

Continental Maritime of San
Diego, Inc.

Dakota Creek Industries, Inc.
Diversified Marine, Inc.

Foss Shipyard

Foss Shipyard Honolulu
Operations

Foss Shipyard Redondo Beach
Operations

N/A

N/A
N/A

N/A

Keppel Amfels
N/A
N/A
N/A

Newpark
Shipbuilding

Newpark
Shipbuilding

N/A
N/A

Signal
International

N/A
N/A

N/A
Bay Ship & Yacht

Bay Ship & Yacht

N/A
N/A
N/A

Foss Maritime
Company

Foss Maritime
Co.

Foss Maritime
Co.
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W W W W

New Orleans,

LA Gulf
Port Arthur, TX Gulf
Tampa, FL Gulf
Tampa, FL Gulf
Brownsville,

TX Gulf
Coden, AL Gulf
Jeanerette, LA  Gulf
Jeanerette, LA  Gulf
Houston, TX Gulf
Pasadena, TX  Gulf
Pensacola, FL.  Gulf
Sabine, TX Gulf
Orange, TX Gulf
Brownsville,

TX Gulf
Port Neches,

TX Gulf
Bellingham,

WA

Alameda, CA  West
Richmond, CA West
San Diego, CA West
Anacortes, WA West
Portland, OR  West
Seattle, WA West
Honolulu, H OUTCONUS

El Segundo, CA West



Foss Shipyard LA/LB
Operations

Foss Shipyard San Francisco
Operations

Foss Shipyard Alaska
Operations

Foss Shipyard Columbia River
Operations

Foss Shipyard Gulf Operations
Mare Island Dry Dock
Washington State Ferries
WCT Marine & Construction
Great Lakes Towing Co.

H. Hansen Industries

Nicholson Terminal and Dock
Company

Marisco, Ltd
Cabras Marine Corp
Corn Island Shipyard

Foss Maritime
Co.

Foss Maritime
Co.

Foss Maritime
Co.

Foss Maritime
Co.

Foss Maritime
Co,

N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
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W W W W W W

W W W W

Los Angeles,
CA

San Francisco,
CA

Cook Inlet, AK

Vallejo, CA
Seattle, WA
Astoria, OR
Cleveland, OH
Toledo, OH

River Rouge,
MI

Kapolei, HI
Guam
Grandview, IN

West

West

OUTCONUS

West

Gulf
West
West
West
Great Lakes
Great Lakes

Great Lakes
OUTCONUS
OUTCONUS

Inland Rivers



