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Abstract

Shipbuilding is a forty-one-billion-dollar industry critical to national defense that relies
on high-quality data collection and organization to draw insights and help decision
makers steady the course. The Ship Work Breakdown Structure (SWBS) underpins
planning, costing, and management of ship programs. However, the current SWBS is
insufficient and lacks granularity for white-collar and touch labor service activities,

leaving analysts mired in confusing and duplicative structures.

This paper begins with the thorough process the authors used to modernize the
SWABS, such as logic checks and text analysis, aiming for a framework that spans
across industry. The updated SWBS also has better applicability across all vessel types,
including combat, support, and commercial designs. By harnessing more granular and
consistent data across white- and blue-collar activities, the modernized SWBS enables
more realistic and defensible cost estimates, cleaner comparisons across vendors, and

easier alignment across interdisciplinary teams.

Keywords: Data Collection, DOD/MOD, EVM, International, Labor, Naval, Program
Management, Shipbuilding, WBS
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1. Introduction

1.1. Trouble at Sea

The United States boasts four public shipyards and several hundred private
shipyards performing a mix of new construction and ship maintenance and representing
an industry worth upwards of $40B annually (Congressional Budget Office, 2025). The
FY25 30-year US shipbuilding plan calls for over three hundred new major naval
vessels to be built (McKinsey, 2024). Yet despite the shipbuilding industry being critical
to national defense, attempts to control projects and estimate both cost and schedule
resource requirements consistently prove to be difficult. According to a report by the
Congressional Research Service, Navy and Coast Guard shipbuilding programs have
recently experienced cost growth ranging from 10% to 82% (O'Rourke, 2023). The
Ford-Class carrier and Columbia-Class submarine programs have become synonymous
with cost and schedule growth, while smaller vessels, such as destroyers, frigates, and

cutters, are not immune to this malaise.

The issues being faced by the shipbuilding industry are not specific to the United
States; the team has experienced similar challenges supporting Canadian shipbuilding
procurement. Canadian shipbuilding programs have experienced unprecedented cost
growth and schedule delays as the nation attempts to revitalize its shipbuilding industry.
The Offshore Oceanic Science Vessel (OOSV) was initially expected to cost $109M
CAD when announced in 2008 (Fisheries and Oceans Canada, 2017). When finally
delivered 17 years later, the OOSV had a total project cost of $1.47B CAD, representing
a price increase of 826% after normalizing for standard inflation (Canadian Coast
Guard, 2025). With decades of shipbuilding data available and high levels of public

scrutiny, why do ship construction estimates often fall short?

1.2. Laying the Keel — a Modernized Data Approach
Shipbuilding is a complicated industry with many interdependencies that
understandably lead to frequent cost overruns. However, to fully understand the extent

of the problems being faced by industry, one must first collect accurate and reliable

.
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data; only then can high-quality cost modeling and risk analysis be done. In its current
state, the Ship Work Breakdown Structure (SWBS) does not adequately capture all
shipbuilding activities in a way that facilitates this deeper analysis. Users of the SWBS
may encounter the following issues:

e Duplicative scope

o Difficulty in separating time-related cost from time-independent costs

e Gaps in descriptions of modern processes

These issues are not unique to the SWBS, but are highly salient due to the scale of

shipbuilding projects and their outsized impact on the Navy’s budget.

The proposed solution is a multi-step modernization of the SWBS to incorporate best
practices, improve usability, and unlock the potential for powerful analyses.
Modernization comes in the form of adhering to WBS standards, aligning the Service
and Support (S&S) elements with modern shipbuilding processes, and capturing
emerging scope from recent technological advances. This modernized SWBS enables
more accurate budgeting, enhances discussions with shipyards, and facilitates
exploration of the complete design trade space. While modernizing the SWBS will not
solve all challenges faced by the industry, the collection and organization of high-quality

data will help to identify weaknesses and chart a path forward.

2. The Current State of the SWBS

2.1. What is the SWBS?

A clear understanding of the SWBS begins with the broader concept of a product-
oriented Work Breakdown Structure (WBS). In the U.S., this framework is formally
defined in MIL-STD-881, which is the Department of War standard that prescribes a
reporting structure across numerous commodities. For shipbuilding programs, this
structure is implemented through the SWBS, which was first introduced with the original
release of MIL-STD-881 in 1968. The SWBS is tailored to ship systems, organizing the
total scope of a ship into a hierarchical set of elements that divide the ship into logical

groupings. These groupings are organized primarily by the ship’s physical systems

.
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(product-based) while also including functional elements, such as production support
and engineering activities. These elements form the backbone for estimating costs,
tracking labor hours, capturing sub-system weights, and managing technical
performance. While Canada does not operate under MIL-STD-881, Canadian
shipbuilding programs similarly rely on structured, product-oriented breakdowns to
support cost control and reporting. Over time, MIL-STD-881 has been revised to reflect
changes in acquisition policy and ship complexity, with the most recent update issued
as MIL-STD-881F in 2022 (OSD, 2022).

The SWBS is organized into seven touch labor Groups (100-700) and three Groups
that deal with integration, engineering, and support systems (000, 800, 900).

Touch Labor Groups (100-700 Groups): Seven touch labor Groups describe the
ship’s physical and technical components. Each Group carries weight and represents a
major subsystem. All labor associated with these efforts reflects hands-on work directly
tied to building the ship:

e 100: Hull Structure

e 200: Propulsion

e 300: Electrical System

e 400: Command & Surveillance
e 500: Auxiliary Systems

e 600: Outfitting

e 700: Armament

Service and Support Groups (000, 800, 900 Groups): These Groups do not
describe the ship’s physical systems and are often referred to as Service and Support
(S&S). This work, which includes project management, systems engineering, design,
and integration support, does not carry weight itself but is essential for designing and

delivering the physical components defined in the touch labor Groups:

e 000: General Guidance and Administration
e 800: Integration/Engineering
e 900: Ship Assembly and Support Services

.
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While these categories are useful to provide a manageable breakout, this can be too
high-level for detailed cost tracking, design specifications, and performance
management. To address this, the Expanded Ship Work Breakdown Structure
(ESWBS) was created to provide additional levels of detail. The ESWBS is referenced
in MIL-STD-881 as a separate document that Navy programs should use to ensure
consistency in reporting. Table 1 and Table 2 illustrate examples of Sub-Groups for the
100 Group and elements for the 120 Sub-Group, showing how the structure further

facilitates more granular cost collection.

Table 1 - Group 100 Sub-Groups Table 2 - Sub-Group 120 Elements
Hull Structure,
General Structural Bulkheads
110 Shell and Supporting 122 Transverse Structural
Structure Bulkheads
120 Hull Structural 123 Trunks and
Bulkheads Enclosures
130 Hull Decks 124 Bulkheads in Torpedo
140 Hull Platforms and Protection System
Flats 125 Submarine Hard
150 Deck House Structure Tanks
160 Special Structures 126 Submarine Soft Tanks
170 Masts, Kingposts, and
Service Platforms
180 Foundations
190 Special Purpose
Systems
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In published SWBS dictionaries, each SWBS element is paired with a description of
what the element contains, what it does not contain, and any necessary clarifying
notation (Staff, 1979). For example, the description for SWBS Element 125 (Submarine

Hard Tanks) reads as follows:

“Contains: Tank Ends, Tank Floors, Tank Framing, Tank Panel Stiffening, Tank
Sides, Tank Tops, Hard Tanks”

‘Does not contain: Piping Connected To Tank (WS), Pressure Hull Framing
(Element 116 and 117), Pressure Hull Plating (Element 111)”

“Note: All parts of tanks subject to sea pressure built entirely within the pressure
hull. Piping connected to hard tanks shall be tested with that tank up to and including

the first isolation valve”

A hard tank is a fully enclosed tank that can withstand pressure (hence why it
contains Tank Panel Stiffening), but as a tank, it is standalone and not technically part
of the hull (hence the exclusion of Pressure Hull Framing). The “does not contain” is
meant to direct users to the SWBS elements that would contain the cited items in order
to reduce confusion. In this case, “Piping Connected To Tank” is marked as “WS” for
“‘with system”, which is commonly used for items like pipe and cable that are dependent

on or connect to with major systems and thus do not require an element for themselves.

2.2. Why Modernization is Needed

2.2.1. Pain Points from USA Projects

The SWBS is functional, but it is older and often uses terminology that is outdated
for modern shipbuilding. As a result, it lacks structure for capturing modern shipbuilding
practices and its practical usability is hindered by its format. Typically distributed as a
text document, the SWBS is difficult to search and lacks clear "inclusion and exclusion"
criteria. It offers no user-friendly mechanism, such as a spreadsheet format, that would
aid shipbuilders in mapping their internal costs and help analysts easily filter and
understand the data structure. This gap between the modern acquisition standard and
the outdated format creates significant challenges in tracking a vessel's true lower-level
costs, reinforcing the need for the modernization efforts detailed in this paper.

.
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Additionally, just as the MIL-STD-881F is meant to be very generalized across a
wide variety of projects, the SWBS is meant as a unifying structure across various
classes and sizes of vessels. Individual shipyards (and in many cases, programs within
those shipyards) will leverage a CWBS, or Contractor Work Breakdown Structure,
meant to align cleanly to the yard’s accounting system and personnel management
structure (DAU, 2025). Shipyards develop Rosetta Stone-esque mappings between the
CWBS and SWBS, enabling cross-program and cross-site comparisons; in some cases,

shipyards forgo mapping altogether in favor of using the SWBS outright.

However, in many cases the contractual obligation to develop these mappings is not
enforced or the mappings provided are of insufficient quality, rendering the SWBS far
less effective as an aggregation framework. This tension stems from shipyards
leveraging a more department-focused “Organizational Breakdown Structure” (OBS)
that aligns to their personnel and management structures, as opposed to the more
product-focused SWBS. Issues in mapping non-standard CWBSs to a standard WBS
are not unique to shipbuilding, as program-specific cybersecurity and software WBSs

also struggle with standardization (MacDougall, Gellatly, & Kleinman, 2024).

For U.S. projects, most of the pain points regarding SWBS relate to Service &
Support (S&S) labor. While Touch Labor (like steel fabrication and electrical work) often
dominate the perception of shipbuilding costs, the reality for modern naval vessels is
that S&S (the services and engineering support required to design, manage, and test
the ship) are major costs. On many complex shipbuilding programs, S&S elements can
account for over half of the total shipyard labor effort. A lack of detailed reporting
prevents the rigorous analysis needed to control these costs. Often times, even on
some of the biggest shipbuilding contracts, shipyards roll all costs into one S&S bucket.
This creates a significant misalignment; the largest portion of project cost has
historically been insufficiently detailed.

Additionally, there are multiple issues with SWBS Group 000. Despite being an
official category in the ESWBS, many Navy programs exclude the category in reporting
requirements as it adds confusion, comingling costs that are more accurately allocated

to other SWBS elements. For programs that do report using SWBS Group 000, it acts

.
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as a "black box," a miscellaneous dumping ground where costs for project
management, quality assurance, design changes, and data management are
commingled. Because these disparate costs were aggregated, it is difficult to analyze
trends or identify specific drivers; a program manager might see the total S&S cost

growing, but be unable to answer the critical question: Why?

2.2.2. Pain Points from Canadian Projects

Much like the ESWBS, Canada has developed its own standard SWBS that breaks
elements into lower detail than what is found in MIL-STD-881F. This document,
however, was originally published in 1978 and has only received minor updates in the
approximately 50 years since. As a result, the existing structure does not reflect modern
shipbuilding processes and leads to a couple of prominent issues. First, the existing
SWBS does not contain sufficiently detailed definitions to allow for consistent mapping
against CWBSs. Second, in the team’s experience, some projects have difficulties
determining where to properly account for their touch labor. Both of these issues create
substantial challenges for Canada to perform benchmarking on the three shipyards it

partners with for its National Shipbuilding Strategy.

In an attempt to solve the lack of detailed scope definitions, the team’s experience is
that shipyards may create new elements to better suit their needs. Heat tracing, which
allows vessels to operate in colder environments, was not clearly in the existing SWBS
dictionary; rather than putting a square peg in a round hole, the shipyard in question
created a new SWBS element. The second category of issues includes accounting for
costs in inappropriate locations. Similar to U.S. projects, Canadian shipyards will
leverage their own CWBS and only create a connection to the SWBS as an
afterthought. In the most troubling cases, the team has seen projects account for touch
labor entirely in the 900-Group assembly elements, reducing the entire breadth of the
100-700 Groups into just a handful of lines.

Collectively, these observations indicate that the challenges encountered are driven
less by isolated shipyard practices and more by limitations in the current SWBS and its
associated guidance. As shipyard practices, engineering scope, and operating

environments continue to evolve, the absence of clearer scope definitions and more

.
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explicit treatment of support services leads to inconsistency in application of the SWBS.
These conditions underscore the need to assess the SWBS against current needs of
the industry and adjust if needed. Indeed, these issues extend far beyond shipbuilding
into other commodities. If projects fail to adopt a strong, standardized WBS, cost
categorization can no longer be trusted, creating challenges in accurately estimating the
cost of any commodity. While the design and enforcement of reporting requirements is
beyond the scope of this paper, a user-friendly WBS that follows the best practices

outlined in the next section makes compliance easier and more beneficial.

3. Best Practices for Building a WBS

3.1. The Seven C’s (Components) of a Strong WBS

Introduction

In this section, we propose seven best practices for building and maintaining a
robust WBS that is appropriately structured to support stakeholders throughout the
program lifecycle. A WBS developed in accordance with these principles provides a
common structural foundation for cost, schedule, risk, and performance management.
Note that these principles apply not only to structures associated with a shipbuilding

program, but to any commodity that may utilize a WBS.
Consistency

¢ Independent of the magnitude of a specific work item, a WBS should be broken
down at an equally granular level given a set of desired outcomes.

e Desired outcomes could be specific deliverables, risk resolutions, or sufficient
data for a cost or schedule estimate (Cerezo-Narvaez, Pastor-Fernandez, Otero-
Mateo, & Ballestreros-Perez, 2010).

e A WBS could lack consistency due to the absence of clearly defined goal or use
case, as well as not properly managing stakeholder wants and needs.

¢ Insufficient consistency within the WBS may lead to data that is unusable to one

or more major stakeholders.
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Mutual Exclusivity

Work items within a WBS should be mutually exclusive, meaning that there
should be no overlap in scope within the elements defined in the structure
(Cerezo-Narvaez, Pastor-Fernandez, Otero-Mateo, & Ballestreros-Perez, 2010).
The WBS dictionary ties into the application of the mutual exclusivity clause,
clearly defining “what's in” versus “what's out”.

The most common cause of double counting within a WBS is the presence of
unclear or ill-defined work items.

Reducing the ambiguity in a WBS is critical to ensure that all stakeholders have a

consistent understanding of how to apply it to a project.

Exhaustive

All child elements of a WBS should collectively represent the full scope of work
contained within the parent element (NAVSEA, 1985).

No gaps in scope should occur, and no work outside the scope of the project
should be included.

Oftentimes a WBS will fall short of the ‘exhaustive’ criterion when defined too
early in a project, then is not updated when rapid changes to scope occur.

As a result, a WBS that is not exhaustive of the entire scope of work can lead to

underestimation of cost and, if not corrected, to budget shortfalls.

Defined Early

A WBS should be defined early in the lifecycle of a program (Cerezo-Narvaez,
Pastor-Fernandez, Otero-Mateo, & Ballestreros-Perez, 2010).

If a WBS lacks consistency in the early stages of a project, estimates are more
prone to inaccuracies and risks can go undiscovered.

Without the early identification of costs and potential risks, a program has a

greater chance of overrunning cost and schedule.
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Robust

e A robust WBS dictionary should facilitate the mapping of contractor accounting
systems to a standardized portfolio-level WBS (Metcalf, 2012).

e Clear understanding by all stakeholders who rely on a WBS to perform their
duties is essential to the success of the project.

e Tailoring a WBS to one specific contract or use case will lead to a structure that
is unsuitable for other contracts due to its particularity.

e Cost-estimators will have difficulty relating the current program to historical data

as there is not a clean distinction between scope definitions.

Continually Updated

e Continual updates should be applied to the WBS throughout the project lifecycle.

e There should exist a clear and defined linkage from previous versions of the
WBS to the most current version of the WBS, including an updated WBS
dictionary, change logs, and crosswalks.

e |[f treated as a one-time product, changes to a WBS will not be effectively
mapped to an updated structure.

¢ Poor documentation may result in data that is no longer usable by an estimator

due to a lack of new definitions or mappings.

Balanced Complexity

e The level of detail in a WBS should be balanced between program management
and contractor efforts.

e The balance of over and under definition should account for the appropriate
breakout of cost data, as well as a maximization of a contractor’s ability to
manage their own resources (OSD, 2022).

e The over-definition of work packages in a WBS structure can result in data that is
too detailed for efficient analysis.

e The under-definition of work packages in a WBS structure may generate data

that is too high level for a granular estimate.

.
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3.2. Summary of Best Practices

A WBS is a foundational tool for planning, estimating, and managing complex
projects. When properly constructed, it provides a common framework that links scope
definition, cost estimation, scheduling, risk identification, and performance
measurement. Conversely, a poorly defined WBS can introduce ambiguity, inaccurately
represent cost and schedule data, and limit the usefulness of program metrics to the
various stakeholders throughout the project lifecycle. To achieve the maximum benefit

from a properly defined WBS, it must follow each of these seven core principles.

4. Methodology

4.1. Research and Planning Phase

To facilitate cross-program analysis, Technomics has frequently mapped shipyard
earned value management (EVM) data to the SWBS, seeing firsthand where mapping
works well and where it could be improved. Having a robust SWBS enables clear and
agreeable mapping between the standardized SWBS and necessarily disparate CWBSs
(see Figure 1 for a visual breakout). If parties disagree on how to bucket touch labor or
how to segment support labor, then negotiations may be hindered by simple

miscommunication.

11
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Naval Procurement Data Environment
/ Contractor EVM \
Reporting

Mapping Friction:

SWBS Crosswalk & * Touch labor ambiguity
Wl * Support labor segmentation

* Invented SWBS elements

* Cross-program comparison risk

. Enables Cross-Program
Standardized SWBS
\ andardize Cost & Schedule Analysi

Figure 1 - CWBS to SWBS Mapping Process

In some alarming scenarios, the team found that shipyards may invent new SWBS
elements to better align with their scope of work, creating issues with comparing
performance across vessels or other shipyards. The user-friendly dictionary in Section
4.3 aims to resolve some of these issues, while the need for review by key stakeholders

facilitates this practice.

Before undertaking the effort to modernize the SWBS (a task assigned by the
National Shipbuilding Service), the team first broke the challenge down into smaller

objectives and developed the following goals:

e The updated SWBS must follow all best practices outlined in Section 3.1

e The 000 should be mapped to elements in the 800 or 900 Groups to prevent
confusion and overlapping scope

e The 100-700 Groups WBS dictionary entries should be updated for clarity

e The 800 Group should be expanded to accommodate modern shipbuilding
practices and tools

e The 900 Group should support clear break out of event-related and support-

related events, as well as production supervision

12



Presented at the ICEAA 2026 Professional Development & Training Workshop - www.iceaaonline.com/nfk2026

With the larger objective broken down, the team'’s first task was to accurately
scope out the extent of the updates. To do this, the team heavily leveraged SOWs of
new shipbuilding contracts, going through each line in detail and documenting areas
that may be confusing to shipyards or areas where the existing SBWS did not
adequately capture scope. A couple examples from this review include scheduling
effort, where the SWBS dictionary did not reference the IMS, and software/IT/cyber

security, a major scope increase since the original SWBS.

First, the team leveraged Statements of Work (SOWs) from recent vessel
contracts, reviewed open-source documents, and prepared questions for Subject Matter
Experts (SMEs) to identify gaps in the SWBS for activities commonly performed by the
shipyards. This research enabled the team to develop a draft SWBS outline (without the
inclusion and exclusion language) as proof of concept. Since the Touch sections (100-
700 Groups) are often tied to drawings and generally follow best practices, only some of
the usability upgrades referenced in Section 4.3 were applied, allowing more focus on
the 000, 800, and 900 Groups.

Armed with a set of challenges to address, the team employed a rigorous framework
to align with best practices and ensure that changes made were done to resolve specific
issues. This was accomplished by implementing a problem > test > solution workflow.
First, a problem was identified through the above research. Once a problem was found,
the team tested multiple courses of action. From these options, the team assessed the

quality based on the solution that met the greatest number of WBS best practices.

Once changes were made, the team shifted gears to validation of the new structure.
Subject Matter Experts (SMEs) were assembled for each of the SWBS Groups and
briefed on the overall changes made before going through the detailed modifications
line by line. These interviews were conducted using a Delphi approach, reducing
groupthink and allowing for a more comprehensive set of responses. Each SME was
requested to provide feedback on whether there were any areas of concern that the
new SWBS did not address based on their expertise.

With this framework defined, the team was able to approach updates to the SWBS in
a consistent manner. Each of the following sections will provide additional details about

.
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challenges with the existing SWBS 000, 800, and 900 Groups, and how changes are

aligned to best practices.

4.2. Substantive Modification of SWBS Body

4.2.1. Remap 000 Group

While the 100-700 Groups are easily summarized as touch labor, the 800 Group as
“Engineering”, and the 900 Group as “Support”, the 000 Group “General Guidance and
Administration” attempts to serve a disparate set of functions. These functions include
fleet operational guidance and naval mission studies, operational functions for the
shipyard, class-level design engineering, and various construction and quality
assurance requirements. This breadth makes rolling up the various 000 elements less
analytically meaningful than for other Groups. The 000 Group violates a best practice
outlined in Section 3; the Group is not Mutually Exclusive, as sections like 070
(Requirements for Design and Construction), 080 (Integrated Logistics Support), and
090 (Quality Assurance) are replicated in the 830 (Design Engineering), 850 (Integrated

Logistics Support), and 840 (Quality Assurance) sections, respectively.

Due to this inherent ambiguity, the 000 Group is rarely and inconsistently used (as
mentioned, it is excluded entirely within the US Navy). Within Canadian shipbuilding,
only a handful of elements (such as 073 Noise and Vibration and 044 Ship Operation)
are used, and even then, only occasionally across various ship classes. For these
reasons, the team opted to re-map all 000 elements to a respective existing element in

the 100-900 Groups (this process is outlined in Figure 2):

Is the 000 For military

Is there an . .
element a sub- requirements, is

identical SWBS
element?

Align to most
similar inclusion
language

task to an existing there a respective
100-900 element? touch element?

Figure 2 - 000 Group Remap Process

14
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Table 3 showcases a few examples of this re-mapping:

Table 3 - 000 Group Remap

Old 000 Element ‘ Re-Map Element

021 Strategic Based Deterrents 474 Decoys

041 Project Management 897 Project Management

063 Electric Plant Subsystem 811 Configuration Management
Characteristics

075 Threaded Fastener Standards 845 Certification Standards
092 Ship Test 986 Tests and Inspections

For an example of the “align to similar inclusion language” step, 063 Electric
Plant Subsystem Characteristics refers to the collection and organization of system
requirements, which is an 800 Group Engineering function vice a 300 Group Electrical
Plant function. This exercise highlights an important corollary of the best practice to
monitor and update a WBS structure as needed throughout the lifecycle; there must be

bridges between old and new to ensure continuity.

4.2.2. Redevelop the 800 Group
Within the 800 Group, the team was primarily focused on enhancing ease of use and
capturing the full scope of design and project support efforts related to a shipbuilding
project. To do this, the team heavily leveraged SOWs of new shipbuilding contracts in
Canada, going through each line in detail and documenting areas that may be confusing
to shipyards or areas where the existing SBWS did not adequately capture scope. As a

result of these reviews, the following actions were taken:

e Production Engineering elements were reworked to better align with standard
shipyard organizational breakdown structures

e Design Engineering was updated to reflect modern practices, such as digital
shipbuilding and heavy use of software

e Planning and Quality Control elements were expanded to allow for greater

granularity in tracking
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e Business Support elements were added, as they were previously non-existent

e Special purpose items were revised to reflect modern ship requirements

Figure 3 summarizes these changes, which are examined in more detail in the
subsequent paragraphs. Overall, these modifications resulted in a more comprehensive

and easier to use Group for tracking engineering and project support activities.

Rework ) Enhance

. Update Design " Add Business Review &
Production . . Planning & .
. . Engineering . Support Update Special
Engineering Quality Control
Elements Elements Purpose Items
Elements Elements

Figure 3 - 800 Group Redevelopment Process

The first area of focus for the team was to review and revise the Production
Engineering elements. These elements are aimed at capturing scope related to non-
recurring engineering, such as configuration management and change proposals.
Instead of taking an activity-based approach, the team instead revised the structure to
track effort by engineering discipline, such as electrical engineering. This approach
more closely aligns with shipyard tracking structures, improving ease of use, as well as
allowing for better comparison between vessels and shipyards. Additionally, this new
800-Group format better aligns to the most recent Earned Value Management reporting
structure (the IPMDAR), which contains a mapping between the WBS and the

organizational structure (Weisler, 2021).

With Production Engineering updated, the team identified Design Engineering as
being misaligned to the Consistency best practice. In the existing SWBS, this Sub-
Group of elements is focused on tracking activities such as construction drawings,
specifications, and modeling and mock-ups. The problem that arises is that elements in
the Sub-Group often had inconsistent levels of granularity, such as all engineering
calculations being addressed by a single element. In some cases, these issues were
resolved by incorporating into discipline-focused production engineering, while in others
they necessitated enhancing the element’s dictionary entry. Additionally, elements were
added where appropriate to reflect modern shipbuilding practices, such as digital

shipbuilding, which wasn’t established when the existing SWBS was constructed.
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Another example of lack of consistency in the existing SWBS is related to the scope
of planning, production control, and quality assurance. In the existing SWBS, all
activities related to these efforts are tracked in a single element. This offers limited
granularity and little opportunity to identify inefficiencies in programs. To resolve these
issues, planning and production control were separated from Quality Assurance into two
Sub-Groups. These Sub-Groups were then expanded to include several new elements,
such as configuration management, change control, and tracking discrete ship tests,
such as shock tests. The result is an exhaustive, mutually exclusive SWBS defined at

consistent levels of granularity.

Actions related to business support and cost collection were not adequately covered
in the existing SWBS. The lack of elements related to these activities violated best
practices requiring exhaustiveness in WBS. To address this deficiency, a Sub-Group
was added to the 800 Group to cover activities an organization would need to
incorporate into their business processes, such as supply chain and procurement
management, contracts and estimating, and program finance. One area that the team
felt was particularly underrepresented in the existing SWBS was software and IT
licenses. In the modern age, software costs can quickly add up substantial sums,
leading to cost overrun, especially for computer software components (CSCs) related to

cyber security. As a result, a new element was added into Special Purpose Items.

For easy comparison, the 800 Group can be seen before and after modification in
Table 4 and Table 5.
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Table 4 - Existing 800 Group Table 5 - 800 Group After Updates
800 Integration/Engineering
(Shipbuilder Response) (Shipbuilder Response)
810 Production Engineering 810 Production Engineering
830 Design Support 820 Design Engineering
840 Quality Assurance 830 Planning and Production
Control
850 Integrated Logistic Support 840 Quality Assurance
Engineering
890 Special Purpose ltems 850 Integrated Logistics
Support
860 Business Support
870 Cost Collection
890 Contractor/Shipbuilder
Special Purpose Items

4.2.3. Redevelop the 900 Group
The 900 Group (Ship Assembly and Support Services) is remarkably short for
capturing such a large and consistent portion of shipbuilding effort; in its current format,

it is so concise that it fits neatly into Table 6:

Table 6 - 900 Group SWBS

SWBS SWBS Title

900 Ship Assembly and Support Services
901-979 Reserved for Identification of Assemblies

980 Contractual and Production Support Service
981 Insurance

982 Trials

983 Delivery

984 Open and Inspect (Conversions Only)

985 Fire and Flooding Protection

.
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SWBS ‘ SWBS Title

986 Tests and Inspection

987 Weighing and Recording

988 Contract Data Requirements (Administration)
989 Fitting Out

990 Construction Support

991 Staging, Scaffolding, and Cribbing

992 Temporary Utilities and Services

993 Material Handling and Removal

994 Cleaning Services

995 Molds and Templates, Jigs, Fixtures, and Special Tools
996 Launching

997 Dry Docking

This limited breadth is certainly an issue, as key functions like security, supervision,
equipment maintenance, and hole watch are left as below-the line. The 900 Group is
most often used in estimating as a factor of touch labor (i.e., 100 hours of touch labor
requires 50 hours of 900 Group support), but additional granularity helps improve
consistency and exhaustiveness, enabling more detailed root cause analysis and cross-
hull comparisons. The reservation of most elements for assemblies is unnecessary

given that few shipyards leverage the 900 Group for that purpose.

The other key issue is the combination of discrete events (Trials, Delivery,
Launching, etc.) with continuous services (Material Handling and Removal, Fire and
Flooding Protection, etc.). Those discrete events are likely to occur in a relatively short
span of time (sea trials may be a few weeks, the launch procedure a few days),
meaning they are accounted for and estimated as a buildup of specific activities. By
contrast, things like Staging, Scaffolding, and Cribbing are referred to as “time-related
services” or “standing army functions”, indicating that regardless of whether five, ten, or
fifteen painters are working, the cost of exterior scaffolding and the team managing it
does not vary that much. When estimating the impact of schedule compressions or
delays, understanding the impact of time-related services is critical, similar to fixed

overhead in traditional accounting.

.
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Figure 4 outlines the key modifications to the 900 Group:

Consolidate Time-
Related services Add Supervision Add Maintenance

Consolidate
Events into a

. . and expand elements elements
single series

granularity

Figure 4 - 900 Group Modifications

e All event-related elements were consolidated into one Sub-Group,
encompassing items like Launch, Sea Trials, and Fitting Out, while adding
granularity for items such as Grooming and Ceremonies.

e Within that pair of time-related services Sub-Group elements, significant
granularity was added to help aid in accounting alignment. For example, Fire
Protection and Weather Protection were separated (meeting the consistency
criterion), Security was added (meeting the exhaustiveness criterion), and the
Rigging and Crane Operations element was added (meeting the mutual
exclusivity criterion via separation from Staging, Scaffolding, and Cribbing).

e The introduction of a Supervision-specific Sub-Group element merited
significant discussion with shipyard SMEs regarding how production
supervisory labor is accounted for. Each shipyard may differ in where they
account for project-specific supervision (i.e., foremen, construction
supervisors, etc.) vice project-agnostic supervision (superintendents,
directors, etc.). This highlights the importance of rigorous, well-explained
mapping between the CWBS and SWBS.

e In relation to the SWBS best practice regarding continuous updates,
interviews with SMEs and review of vessel SOWs revealed a need for more
specific categories regarding construction support / inspection work for

shorter maintenance availabilities (thus improving exhaustiveness).
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The resulting SWBS structure at the Sub-Group level is shown in Table 7:

Table 7 - Revised 900 Group SWBS

SWBS SWBS Title

900 Ship Assembly and Support Services
901-940 Reserved for Identification of Assemblies
950 Ship Overhauls

960 Ship Events

970 Production Supervision

980 Ship Support Services

990 Construction Support

This new structure would enable an estimator to leverage the 900 Group to
comfortably estimate time-related services, to dive into specific events in a single
location, and to more easily assign and differentiate charging across a wide variety of

touch labor support tasks.

4.3. Usability Improvements

In addition to following best practices for developing a comprehensive, exhaustive

WBS, the team wanted to enhance the general usability of the SWBS.

In the current SWBS, many dictionary entries contained components that were
joined together when they should be separate. In general, each component in a list
should be separated from other components via a standard delimiter to allow for easy
searching. For example, if a project manager or engineer were trying to figure out where
to account for rocket launching devices within the 700 Group, they would be unable to
locate it through a simple query as those devices had been bundled with missile
launching devices into a single component: “Launching Devices, Missiles and Rockets”.

A few other examples can be seen within Table 8.
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Table 8 - Component Separation

Original SWBS Separated Component #1  Separated Component #2
Component

Automatic and Manual | Automatic Acoustic Manual Acoustic Controllers
Acoustic Controllers Controllers

Dial Phones and Dial Phones Switchboards

Switchboards

Supply and Reserve Supply Tanks (Non-Integral) | Reserve Tanks (Non-

Tanks (Non-Integral) Integral)

4.4. Challenges Encountered and Lessons Learned

Throughout the modernization process, several challenges were encountered as the

team implemented changes, leading to several lessons learned:

e Nested lists in the SWBS dictionary forced the team to develop new processes to
ensure consistency with prior structures

e Elements experienced perceived overlap even though scope was distinct, such
as the differences between tests and trials

e An iterative development process would have saved time on rework as edge
cases were explored

e Ensuring a diverse set of expertise was available was crucial for interpreting

structural nuances and resolving ambiguity

Together, the challenges encountered and subsequent lessons learned highlight

some of the considerations that must go into modernizing a legacy WBS.

5. Applications for a Modernized SWBS

A modernized SWBS transforms cost data structures into forward-looking tools for
project management. The previous framework made this difficult, as it was digitally
outdated and lacked clear definitions. It forced shipyards to make subjective
interpretations of where to report costs, often resulting in costs being grouped
incorrectly. The updated framework has two distinct categories of advantages: first, the

.
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usability improvements and the application of clear definitions ensure that costs are
reported as described in the SWBS dictionary, improving reporting adherence. This in
turn unlocks the ability to conduct cross-yard benchmarking and develop reliable
parametric cost models as described below. Second, the restructuring of Groups 000,
800, and 900 provides visibility into Service & Support SWBS elements. These
applications support practical applications that extend well beyond cost estimating. It
supports ship designers, production planners, and project control analysts, enabling well
informed decision making across the board. This isn’t just an accounting exercise;
adopting a standardized SWBS is a critical investment in more competitive, efficient,

and predictable shipbuilding.

5.1. Unlocking Shipyard Benchmarking

Meaningful performance benchmarking across shipyards is currently a difficult task;
effective shipyard benchmarking requires comparing key labor and material efficiencies
by SWBS category (for example, tracking the hours required to fabricate one ton of

steel). These sorts of metrics are essential for:

e Developing robust should-cost estimates
e Assessing a shipyard's maturity level
e |dentifying where targeted investments in infrastructure or workforce training are

most needed

The core challenge in benchmarking shipyard performance is the disconnect
between internal accounting and SWBS reporting. Shipyards manage their finances by
trade (e.g., welders, electricians), material purchase order (e.g., 200 feet of cable), and
discrete work packages (e.g., fabricating a hull block), which do not align with the
system-oriented logic of a SWBS. When mapping this internal data for reporting,
shipyards are left to interpret where work belongs without clear guidance. This
subjectivity means costs are frequently bucketed into incorrect SWBS Groups, with
inconsistencies compounding at the lower levels and rendering any subsequent

analysis unreliable.
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Perhaps the most critical application of a standardized SWBS is enabling
performance benchmarking, which allows decision makers to move beyond anecdotal
assessments and objectively measure shipyard maturity. By establishing a clear picture
of performance, it becomes possible to identify specific areas where a shipyard excels
and where it needs to improve. This can be used to inform targeted capital investment
decisions, such as government initiatives aimed at modernizing shipyard infrastructure
like the Navy’s Maritime Industrial Base (MIB). With performance benchmarking,
investments can be guided by empirical data, ensuring that public funds are directed to
areas with the greatest potential for return on investment, whether that's investing in

new automated welding equipment or a specialized workforce training program.

A standardized SWBS would enable industry-wide benchmarking studies,
aggregating performance data from all major projects into a single national repository.
This allows for the establishment of a "gold standard" for shipbuilding, defining
excellence with specific metrics like hours per ton or cost per meter of installed cable.
This data creates an objective baseline for assessing shipyard maturity and driving
targeted, continuous improvement across the industry. This can also unlock more
effective split-production environments, where different companies are each responsible

for building distinct parts or modules for a ship.

5.2. More Powerful Parametric Models

The absence of standardized data limits the development of sophisticated
parametric cost models, forcing analysts to rely on high-level CERs. These models
often use a single primary variable, like total vessel weight, to predict total cost. While
useful for early-stage estimates, this approach struggles to scale costs based on the
unique characteristics of a specific ship design. Any attempt to build more detailed

models is stopped by the volume of "noise" in the historical data.

Our own experience demonstrates this limitation firsthand. At times, attempts to
develop more refined, weight-based CERs using Group-level SWBS data were
unsuccessful because of how inconsistently shipyards bucket their work. It’s difficult to
build a credible model when historical data from multiple projects shows wildly different
CERs for the same SWBS category. A standardized SWBS directly addresses these

.
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limitations by creating the foundation for a new generation of reliable parametric
models. With common SWBS definitions enforced across all shipyards, the resulting
historical datasets become dramatically cleaner and more consistent. This allows for the
development of far more defensible CERSs, as the relationships between cost and
technical parameters are built on a trusted data foundation. This fundamental shift
moves cost estimating away from high-level guesswork and towards data-driven

precision, where past performance can be used to accurately predict future outcomes.

This clean data enables the creation of more granular CERs, moving from the 1-digit
Groups down to the 3-digit SWBS element level, which is crucial for understanding
complex cost drivers. For example, SWBS Group 600 encompasses multiple trades
with distinct cost drivers, including Sub-Group 630 (Preservatives and Coverings),
which is primarily painting, as well as Sub-Groups 610 (Ship Fittings) and 620 (Hull
Compartmentation), which are largely executed by welders and fitters. By guaranteeing
that work is correctly bucketed at this level, cost estimators can then develop CERs by
the actual cost drivers, like square footage of paint surface and length of interior welds.
This would require shipyard cooperation to share these metrics and more design

information, but for a more detailed cost estimating step in the right direction.

The most significant advantage, however, is the ability to tie cost directly to specific
technical and engineering drivers. Instead of a simple cost-per-ton model, analysts can
develop CERs that relate the cost of the electrical system (SWBS 300) to the number of
circuits or cable meters, or the cost of HVAC systems (SWBS 512) to their required
cooling capacity. This capability transforms parametric modeling from a backward-
looking reporting tool into a proactive design tool. It allows decision-makers to conduct
real-time trade-off analyses, such as understanding the cost implications of choosing a
different radar system or a more complex combat suite, which ultimately leads to more
affordable and producible designs.
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5.3. Pinpointing Service & Support Growth
Our work on the SWBS for S&S was driven by two primary pain points:

e The Scale of the Problem: S&S costs regularly exceed 50% of the total labor
effort on complex shipbuilding programs, yet are historically poorly understood.

e The "Black Box" of Group 000: The legacy SWBS aggregated disparate costs
like project management and design changes into a single bucket, making it

impossible to identify specific cost drivers.

Our solution - splitting these costs into a distinct, lower-level categories - provides
the necessary visibility to address these challenges. This new structure enables a range
of high-value studies. For example, it allows analysts to finally model the cost of the
"standing army" that drives schedule-related cost growth. A dedicated study could
correlate schedule slips with cost growth in specific SWBS 800 categories like Project
Management or Quality Assurance. This would allow leaders to develop a parametric
model that moves beyond qualitative risk registers to quantitatively forecast the cost

impact of a six-month delay, transforming a vague risk into a data-driven model.

Furthermore, this detailed breakdown enables the benchmarking of organizational
efficiency. By analyzing the ratio of direct "touch labor" hours to the indirect support
hours captured in SWBS 800, the government can assess the relative "leanness" of its
partner shipyards. This allows for a more sophisticated evaluation of performance that
goes beyond production metrics, identifying which organizations have optimized their
management structures and providing a data-backed basis for sharing best practices in

project management across the national enterprise.

The visibility into SWBS 800 also assists in quantifying the cost of design instability.
With specific categories for "Engineering Changes," a powerful study could be
conducted to measure the true downstream cost of a design change initiated at different
project phases. This would provide program managers with the hard evidence needed
to enforce design freezes, empirically demonstrating that a seemingly minor change late
in the process can have a cost impact that is orders of magnitude greater than the

engineering effort itself.

.
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Furthermore, clean historical data allows analysts to model one of the most
significant and poorly understood cost drivers in shipbuilding: the financial impact of
schedule delays. When a project's timeline is extended, a "standing army" of personnel
(project managers, engineers, quality assurance teams, and support staff) remains
assigned to the vessel. A modernized SWBS would allow analysts to isolate these
schedule-sensitive costs, enabling analysis that answers critical questions: if a delivery
is delayed by one year, which SWBS elements will see the greatest cost increase and
by how much? This capability would allow analysts to quantify the financial impact of a
schedule slip with greater precision, better predicting how costs in areas like
Engineering (SWBS 800) or support services (SWBS 900) will escalate.

Ultimately, the breakout and detailing of SWBS 800 and 900 are arguably the most
impactful modernizations to the SWBS. They move more than half of a ship's total effort
from an unmanageable black box into the light, providing leaders with the visibility
needed to control the largest sources of cost growth and transforming these previously

opaque areas into manageable, optimizable elements of a shipbuilding program.

6. Conclusion

In a world of consistent cost overruns and schedule delays on new vessel
construction, it is clear that the SWBS must be updated to allow for better shipbuilding
estimation and management. Adherence to best practices surrounding WBS
development provides project managers with the tools they need for effective planning
and identification of risk areas. Most notably, the existing 000, 800, and 900 Groups
should be redeveloped to better match modern vessel requirements and shipyard

business processes.

By leveraging a modernized SWBS, where cost data is consistently and correctly
reported at lower-level elements, program managers can take additional actions to
ensure construction remains affordable and on schedule. Examples of new or enhanced

capabilities include:
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e Reliable benchmarking of performance between shipyards
e Quantification of schedule delay impacts on cost

e Exploration of the design trade space

While the investment into modernizing a commodity WBS is significant, the benefits
are worth the effort. As new processes reshape the way industries do business, such as
in the case of generative artificial intelligence, it is incumbent upon cost estimators and
program manager to update data collection templates and adapt if they hope to

accurately estimate costs and control schedule delays.
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