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

Where it All Breaks
Down:

How Cost Growth Exists Within
Specific WBS Elements

Jh S A ** A *Zachary Matheson — Zachary.matheson@nnsa.doe.gov

> *:»‘S;wkfam Basude — Vikram.basude@nnsa.doe.gov

b o
3 T VAR NS
**********‘}’CQ&
>* VG
**************x’*\\\\
>4 > SR, VR R} R .
- Sk A R VR, B VR SO LY
‘ > > * P G R S AN
A A s VR VR e VR L O T
 astefiallel > PR te A S
D oMol st VR R T S R -
K7 e A KK A A 7 A T A A e e——
o s L e o A A A

Peace Through Atomic Strength .S. DEPARTMENT \ / 2!

fENERGY NN SE

National Nuclear Security Administration




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

Table of Contents

Y o1 i T O O OO SO PO P U SO U PP T PPV PO PPTOPRTOP 3
I [ 1 Ao Yo [V ot o o I PSR P U PTSRO 4
1.1 National Nuclear Security Administration Background..........cccuueeeiiiiiiiiiiiie e 4
1.2 Problem STatemMENT ..o it ettt e st e e st e s st e e e bt e e e s abee e e bte e e e areas 5
2. Data Collection, Normalization, and Verification & Validation ........coooeeeiiiiiiiiiiiiiiievev e 6
N D - 7 W @o] | [=Toru o] o H RSSO UUP TR 6
2.2 Data NOIMAliZATION ..eiiiiiiiiieiiee ettt ettt sttt st estt e e sabeesa b e e sabeesabeeesbaeesabeesateesnbeesnbeeenseean 6
2.3 Verification and Validation .....c...ecueoiieeiiie sttt st e e ae e e nae e snaeesnaeas 8
B Yo o I T o 1T TP SRPRR 10
3. WBS Benchmarking Capability ......ccocuviiiiiiiecie ettt et e e e e e e taa e e e e e e e e eaarees 12
I T Yo o I T o 1T USSR 13
B e 1 Q€] o)V A o 1Y g = V] S URPPRRNt 15
4.1 Objective and MEethOdOIOZY .....coeeiiiiiiiiieie e e e e e e e et e e e e e e esnntareeeees 15
A (o U] £ PSPPSRt 16
e BT a1 n VAL A AN g = | Y] RSP 21
R T oY TN 1= [ =Y o PO SPTRTPPP 22
5. CoNClUuSioNS @aNd FULUIE WOTK ...coiiuiiiiiieiiie sttt ettt et e st e st e sba e e saae e sabeesabeesnbeeen 24
B OO . ee e T suecertee Moot e e Mo b eonms e Mo s Taersseeesnesanseeassueesseesssesssstsessesessseessseessstesssesans snsesassvesssasasss 25
AppendiX .. 3 ... M M e 26
Table of Figures
Figure 1: INCONSISTENT WBS NAMIES ....oeiiiiiiiiiiiiee ettt e e e e e et e e e e e s e s abbteeeeeeesannseaeeeeeeas 6
Figure 2: CAEF 2.0 WBS IMaPPiNg . ccceeiiiiiiiiiiiiiieieiiie ettt bttt e e e e e e eeeeeeeeeeeeeeeeeaeeeeseens 7
Figure 3: QUAlITAtiVe V&Y PrOCESS. ....uuuiiiiiiiiiciiieeee e e eecite e e e e e es e e e e e e e ettt e e e e e s e esnbtaaeeeeessnsssaeeeeseesnssrenneeaanan 9
Figure 4: QUAaNTITAtiVE V&V PrOCESS ....uuiiiiiiiiiiiiieie ettt e e ettt et e e s sttt e e e s s s s btate e e e s sssabbeeeeeeesssasstaaeeeesas 9
Figure 5: Quantitative Validity ChECK .......cccviiiiiiiiec et e e e et e e e 10
Figure 6: CoONtinUOUS IMPIrOVEMENT c..cciiiiiiieece e et r e e e eaeeeeeseeeeneeeees 11
Figure 7: WBS benchmarking presented in tabular format .........cccooeeiiiiiie e 12
Figure 8: WBS benchmarking presented as a bar chart.......cccoocciiiiiiii e 13
Figure 9: Multivariate WBS activity cost benchmarking ..., 14
Figure 10: Cost deviation per WBS Element. See Appendix for full WBS Nnames.......cccceeeevveeevcieeeeiieeeenns 17
Figure 11: Scope deviation per WBS Element. See Appendix for full WBS names.........cccccveeeiieeeeciieeens 18
Figure 12: Schedule deviation per WBS Element. See Appendix for full WBS names .......cccccceeevveeevcieeenns 20
Figure 13: Change in Metric Values with Wider Data ACCEPtaNCE.....ccvivvcieeeeiciiie et 22

Peace Through Atomic Strength #""% U.S. DEPARTMENT

of ENERGY

NYSE

Maticns' Nucksar Secwrity Admirdsdirsdion




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

Abstract

Capital projects executed by the National Nuclear Security Administration (NNSA) often
experience drastic cost growth across all phases of a project despite extensive
planning. As part of a detailed exploration of this phenomenon, the NNSA Office of
Programming, Analysis, and Evaluation (PA&E) identified cost growth within specific
Work Breakdown Structure (WBS) elements. To achieve this, PA&E mapped project
Earned Value Management (EVM) data to a standardized WBS using a hierarchical
classification machine learning model. The team verified and validated the model
outputs, tracking cost growth across numerous WBS elements of NNSA projects over
multiple years of post-baseline execution. Study findings confirm that EVM data serves
to enable first-time analytics into which lower-level cost elements tend to experience
more growth in the NNSA. PA&E’s detailed WBS cost growth framework facilitates
estimators to better quantify cost growth risks early, identify mitigation strategies,
ultimately leading to more informed mission execution.
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1. Introduction

1.1 National Nuclear Security Administration

Background

The National Nuclear Security Administration (NNSA) was established in 2000 as a
semi-autonomous agency within the U.S. Department of Energy (DOE). The NNSA
enhances national security through four primary missions: maintaining the nuclear
weapons stockpile, nuclear nonproliferation, counterterrorism and counterproliferation,
and supporting the U.S. nuclear navy.

The Office of Programming, Analysis, and Evaluation (PA&E) resides within the NNSA
Office of Management and Budget and provides analytical and financial support to
Headquarters. PA&E is responsible for designing and administering the Planning,
Programming, Budgeting, and Evaluation (PPBE) system and for developing analytical
models and tools that support capital acquisition decision-making. These tools inform
leadership across multiple mission areas, including weapons programs, capital
acquisition, programming, and portfolio management.

As of Fiscal Year 2025, “5,500 facilities across the nuclear security enterprise with a
combined average age of 48 years” (Stockpile Stewardship and Management Plan -
Biennial Plan Summary, Fiscal Year 2025). A significant portion of this infrastructure
requires modernization or full replacement, placing sustained pressure on the capital
acquisition portfolio. The scale, complexity, and duration of NNSA capital projects
amplify the consequences of cost growth, even when growth appears modest in
percentage terms. Improving the accuracy and insight of cost estimating and analysis is
therefore critical to executing the NNSA mission within constrained funding
environments.

Cost growth tends to draw the greatest attention in large capital projects because of its
visibility and budgetary impact. However, cost growth is often a downstream symptom
rather than the sole source of execution challenges. Capital projects also experience
schedule delays and scope growth, and these dimensions of baseline deviation are
tightly coupled throughout a project’s life cycle. Focusing exclusively on cost growth can
obscure the broader mechanisms through which projects deviate from their approved
baselines.

This paper presents PA&E’s new capability and methodology for analyzing execution
slippage at lower-level WBS elements across NNSA capital projects. While cost growth
is addressed, the analysis is intentionally framed around baseline deviation in three
dimensions: cost inefficiency, schedule delays, and scope growth experienced over a
project’s life cycle. The framework leverages historical Earned Value Management
(EVM) data, machine learning enabled Work Breakdown Structure (WBS)
standardization, and a rigorous verification and validation process to provide
continuous, granular insight into where and how projects deviate from plan.
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Although developed using NNSA capital infrastructure data, the methodology is broadly
applicable to other government agencies seeking to improve cost estimating,
benchmarking, and risk mitigation by moving beyond top-level metrics toward data-
driven analysis of lower-level execution performance.

1.2 Problem Statement

Adhering to baseline continues to be a persistent challenge for NNSA capital projects.
“‘NNSA has experienced early-stage cost growth with historic and ongoing construction
projects (experiencing 1x-6x cost growth from initial concept through completion”
(Sandler & Harrison, 2024). Even at later stages, when baselines are more stable and
percentage growth appears relatively small, the absolute dollar impact can be
significant. For instance, a five percent increase on a ten-billion-dollar project translates
to five hundred million dollars—funding that could otherwise support an entirely
separate project.

Despite the scale of this issue, traditional analyses frequently lack the depth of detail
needed to identify where growth is actually occurring within a project. Work Breakdown
Structures vary across Management and Operating (M&O) contractors, which limits
cross-project comparability and makes enterprise-level benchmarking difficult. As a
result, it is often unclear which lower-level elements are driving the execution slippage.

This challenge is further compounded by how performance to baseline is reflected in
Earned Value Management (EVM) data over a project’s life cycle. As projects encounter
cost inefficiencies, schedule delays, or scope changes, they are commonly re-baselined
through baseline change proposals. While re-baselining is a necessary and appropriate
control mechanism, it can obscure both the cumulative magnitude and the underlying
sources of performance deficiency when analysis focuses only on the current baseline
or total project level. After re-baseline actions, top-level EVM metrics such as Cost
Performance Index (CPI) and Variance at Completion (VAC) may appear stable or
within acceptable thresholds, masking poor historical performance and limiting visibility
into which lower-level cost elements experienced growth and where inefficiencies,
delays, or scope increases most often occur.

This paper addresses the following questions:
1. Which lower-level elements tend to experience the most baseline deviation?

2. What magnitude of scope growth, cost inefficiency, or schedule delays do lower-
level cost elements tend to experience?

3. How can WBS-level insights be used to improve future estimating,
benchmarking, and mitigation strategies?

Peace Through Atomic Strength # % 11S. DEPARTMENT e
: 1‘ ‘ E"!I.

) of ENERGY

Mabicns' Nucdsar Securily &dmindsdretion



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

2. Data Collection,
Normalization, and Verification
& Validation

2.1 Data Collection

To better analyze all types of growth at a lower-level, PA&E obtained historical EVM
data through the DOE’s Project Assessment and Reporting System (PARS), specifically
using the Schedule, Performance, and Analysis of Execution (SPAE) file. The SPAE file
contains time-phased EVM data reported by Management and Operating (M&O)
contractors throughout the execution phase of major NNSA capital projects, including
Budgeted Cost of Work Scheduled (BCWS), Budgeted Cost of Work Performed
(BCWP), and Actual Cost of Work Performed (ACWP). This data is reported at the
M&O-defined WBS level, with the goal of providing visibility into cost, schedule, and
performance at all levels of project composition.

However, while the SPAE data provided the necessary time-phased granularity, the raw
M&O WBS structures were not suitable for enterprise-level analysis. WBS definitions,
naming conventions, and levels of detail varied significantly across sites and projects.
Similar activities were often categorized differently depending on the contractor or site,
for example in Figure 1, “project management,” “project integration,” or “program office”
costs describing functionally equivalent work but appearing as distinct WBS elements.
These inconsistencies prevented meaningful aggregation, comparison, or
benchmarking of lower-level cost elements across projects.

Project 1 Level Project 2 Level Project 3 Level
project management 2 project integration 2 project management (lanl) 2
construction project 03.01.14 project
- 3
Uz =T - management management (cd23) .

Figure 1: Inconsistent WBS names

As a result, additional processing was required before the data could be used for
enterprise-level analysis. This limitation motivated the WBS standardization and
normalization approach described in 2.2 Data Normalization, which enables consistent
cross-project comparison and forms the foundation for the lower-level baseline
execution analyses presented later in this paper.

2.2 Data Normalization

To address WBS inconsistencies, PA&E mapped all historical M&O WBS elements to a
standardized Work Breakdown Structure based on the Capital Acquisition Estimating
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Framework (CAEF) 2.0. Developed by the Cost Estimating Analysis Group (CEAG),
CAEF 2.0 provides a uniform classification scheme for NNSA capital projects by
integrating concepts from UNIFORMAT Il and MasterFormat (Shelton & Lapoff, 2023).
The framework enables consistent categorization of project costs across facilities,
systems, and project phases, independent of contractor-specific reporting practices.

Title Level
Project 1 Level

project management 2 Total Estimated Cost
Project Office 3

Project 2 Level
project integration 2
construction project 3
management

Project 3 Level
project management (lanl) 2 Other Project Costs 2
03.01.14 project 3
management (cd23) Other Direct Costs 2

Contractor Fee 2

Figure 2: CAEF 2.0 WBS Mapping

As illustrated in Figure 2, Program or Project Management M&O WBS elements with
inconsistent naming and hierarchical structures are consistently mapped to the common
CAEF 2.0 “Management and Support” level-3 category. The mapping of M&O WBS
elements to CAEF 2.0 was performed using a hierarchical Natural Language
Processing (NLP) classification model. The model analyzes the textual descriptions of
historical WBS elements and assigns each to a standardized CAEF 2.0 category based
on semantic similarity and hierarchical context. For details on how the NLP classification
model works, please refer to the 2023 ICEAA paper “All in Hierarchy: Meta-Estimators
to Standardize Work Breakdown Structures” (Shelton & Lapoff, 2023). This approach
enables contractor-specific WBS structures to be consistently translated into a common
cost taxonomy, allowing for scalable WBS Standardization and aggregation across both
active and completed NNSA capital infrastructure projects.

Following standardization, EVM data were aggregated to WBS level 3 for analysis. This
level was selected to balance analytical detail with data availability and consistency
across projects. In parallel with WBS normalization, cost data were normalized for
reporting year and escalation by converting all cost metrics to a common base-year
dollar framework, ensuring comparability over time. This ensured that observed cost
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growth reflects changes in scope, cost inefficiency, or schedule behavior rather than
inflation or reporting artifacts.

The result of this normalization process is a standardized, time-phased dataset
containing BCWS, BCWP, and ACWP values for each project at consistent level 3 WBS
elements and annual execution snapshots. This data set provides the analytical
foundation for the validation and verification process described in 2.3 Verification and
Validation and for the cost growth analyses presented in 4. Cost Growth Analysis.

2.3 Verification and Validation

This analysis relies on machine learning—based WBS standardization and supports
conclusions that are sensitive to project execution behavior. To ensure the accuracy,
defensibility, and appropriate use of the normalized dataset, PA&E implemented a
rigorous verification and validation (V&V) process. This two-part approach combined
qualitative review of WBS mappings with quantitative verification of cost data against
authoritative financial records.

The qualitative validation effort focused on confirming that M&O-defined WBS elements
were correctly mapped into the standardized CAEF 2.0 structure. As shown in Figure 3,
analysts reviewed each project’'s WBS mapping line by line to identify and resolve
misclassifications caused by ambiguous terminology, legacy acronyms, inconsistent
naming conventions, or project-specific context that could not be inferred from WBS text
alone. Common challenges included distinguishing between standard and process
equipment, which is often context dependent, interpreting legacy acronyms and niche
terminology, and accounting for project specific context, scope nuances, and unique
WBS elements that do not map cleanly to a standardized structure. When questions
arose, analysts consulted supporting project documentation including Project Execution
Plans, baseline change approvals, Energy Systems Acquisition Advisory Board
(ESAAB) documents, and Critical Decision reports, to ensure classifications reflected
the underlying scope and intent of the work.
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Perform manual re-

N allocation
Qualitative Checks
Perform validity checks on = Inconsistent or incorrect outputs
each lowest level WBS — = Unknown acronyms
element = Context specific or niche WBSs

Retain Output

Figure 3: Qualitative V&V Process

Quantitative verification focused on confirming that standardized and reallocated costs
aligned with authoritative project financial records. For each project, cumulative ACWP
values in the normalized dataset were compared against total project costs reported in
close-out documentation and the project management system of record. ACWP was
also decomposed into Total Estimated Cost (TEC) and Other Project Cost (OPC)
components and checked against reported TEC and OPC values in close-out reports
and federal contracting records as show in Figure 4. When discrepancies exceeded
acceptable tolerance levels, WBS allocations were reviewed and adjusted as needed.
Projects or WBS elements that could not be reconciled were excluded from the
quantitative analysis to avoid introducing bias or error.

Input: Qualitative checked WBS

Y

Identify and compare ACWP to the Total Cost in
closeout report

l Split TEC and OPC cost from ACWP
Pass
v
Pass/Fail QA

Compare to Actual Closeout reports & CPDS

[ x N v

Re-Bucketing WBS
elements to align with
Reported Costs

Maintain quantitative

Investigate Omission from Results TEC & OPC split

Figure 4: Quantitative V&V Process

Figure 5 illustrates the quantitative validity check used to assess dataset eligibility.
Projects with close alignment between cumulative ACWP and actual close-out costs
were accepted, indicating sufficient EVM scope coverage. Projects with material
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discrepancies were reviewed to identify the cause. In the example shown, a 57.37%
variance was attributable to scope performed by the U.S. Army Corps of Engineers that
was not captured in EVM. Because the ACWP did not represent total project cost, the
project was excluded from benchmarking analysis.

ACWRP vs. Actual Close-out Costs

Actual o
Project ACWP |Closeout| .. "
Difference
Costs
Froje 0 rig
Project 1 $241.8M | $2422M | 0.190%
Consolidated Nuclear Security, From
LLC $25M
Project 2 $39.3M | $91.9M | 2.743% (CNS) Scope ACWP
Project 3 $51.6M | $51.5M | 0.118% NNSA Scope (U.S. Army $35.5M | Missing
Corps of Engineers)
Actual
Project3 $25M | $60.5M | 57.365% Total Costs $60.5M | Closeout

Figure 5: Quantitative Validity Check

Throughout the V&V process, all corrections and key assumptions were documented
and fed back into the WBS classification workflow. This created an iterative feedback
loop that improved model performance and reduced the frequency of misclassifications
over time, while preserving human review as a required step for analytical use. While
classification accuracy was highest at upper WBS levels and declined at finer levels due
to greater contextual complexity, the V&V process produced a dataset that is suitable
for enterprise-level benchmarking and cost growth analysis at WBS level 3.

The result of this validation and verification effort is a defensible, standardized EVM
dataset that overcomes the limitations of raw M&O WBS reporting and enables reliable
analysis of cost growth drivers across NNSA capital projects. This dataset serves as the
foundation for the benchmarking and cost growth analyses presented in 3. WBS
Benchmarking Capability and 4. Cost Growth Analysis.

2.4 Lessons Learned

A key lesson from the verification and validation effort was that accurate data
classification depends heavily on context. Distinctions such as standard versus process
equipment are often context dependent, as well as interpreting legacy acronyms, niche
terminology, project-specific scope nuances, and unique WBS elements that do not map
cleanly to a standardized structure.

Performance of the NLP classification model is only as strong as the quality of the data
used to train and inform it. Achieving our objective of identifying baseline deviations at
lower-level cost elements requires accurate and well-validated inputs at those same
levels. As lower-level classifications are validated and corrections are fed back into the
model, classification accuracy improves and the model becomes progressively more
reliable. This continuous feedback and refinement process proved to be essential for
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efficiently and consistently generating meaningful insights into baseline deviation as
shown in Figure 6.

All historic
completed and
closed projects are
standardized

[ V&YV Process ]

e

New Incudes all corrections
training and assumptions from
dataset historical projects

~

Key Improvements:

Ability to WBSs more accurately & close
the gap on key limitations

Figure 6: Continuous Improvement
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3. WBS Benchmarking
Capability

An ounce of prevention is worth a pound of cure, and the best way to prevent baseline
growth is to make sure the best estimate is put forward as the baseline. To this end,
PA&E has previously discussed the importance of benchmarking tools as a way to
quickly compare project cost estimates to historical actual costs for similar projects,
“‘enabl[ing] analysts to rapidly assess the reasonableness of newly proposed estimates
based on simple high-level factors such as facility size, facility hazard category, and
equipment complexity... Applications include the generation of standard, data-informed
visualizations to help decision makers understand estimates in a broader historical
context and to also aid analysts in tracking estimate variability over time” (Matheson, et
al., 2022). With project EVM data mapped to a common WBS, one can benchmark
projects at relatively lower levels, allowing for more granular comparisons.

Based on a survey of PA&E cost analysts to determine specific benchmarking capability
needs, PA&E developed and integrated lower-level WBS benchmarking tools into its in-
house suite of cost analysis tools. The WBS benchmarking module allows cost analysts
to compare projects by dollars, dollars per square foot, or percent of total cost.
Comparisons can be presented for multiple WBS elements simultaneously in tabular
format or visually with bar charts, depending on the customer’s preferences (see Figure
7 and Figure 8). Alternatively, analysts can explore relationships between two WBS
elements using scatter plots (see 10). Tables and graphics can be downloaded from the
module for use in reports and briefings to decision makers.

1 -
| Benchmark Projects by Wark Breakdonn Structure (WBS) Scatter Plot Bar Chart  Summary Table

= Benchmark of My Project Against Analogous Projects
Summary Table Options:
By Cost Category
@ Table Setup ~ My Project Summary Statistics of Analogous Projects Analogous Projects
Doliars Median Mean
Show Axis as Percent or Dollars?
TEC
Management and Suppart §50,000,000 $27.967.740 $67.650.968 §160.522.597 $27,967.740 $14.462.626
Would you like to aggregate the
projects? Design and Non-Recurring Engineering $30,000.000 §15.384,893 $24,569.161 $48.626.991 $15.384.893 $9.695.598
— Site Work $500,000 5290462 $1,095937 $290.462 $274.721 82722628
Would you like to show TEC/OPC Vertical Construction $30,000,000 $26,738,000 543,642.736 $3.969.575 $26,738,000 $100.220.634
labets?
Standard Equipment and Utilities $20,000,000 $23,619,411 521,339,581 523619411 $40,229,295 $170,036
Yes
10 i and Instrumentation §70,000,000 $26,973,380 546,166,721 $111.524.488 $26.973.380 $2.296
Add or Remove Analogous Projects
3,000,000 3,339,832 $3.861.314 $8.105.166 $3339,832 138,945
Total TEC $203,500,000 $356,658,690 $140,907,850 $127,412,764
orC
Pre CD-1 OPCs $3,000,000 $6,008,865 $6,008.865 $4.902.012 0 Ly ARENAYS
Post CD-1OPCs $679.000 $1.290.099 $1,290.099 $0 50 §1.290.099
I e M Se. | Total OPC $3,679.000 $4.902.012 s0 $8.405.816
N Projects: 3
Analogous Projects are Selected by the User
Project Purpose Filters: New Canstruction
Hazad atgon e g, hemic
Presse note: Ta downvosd Summary Tabie deta to Source: Aggregated Work Breakdown Structure Data Collected from the Capital Acquisitions Analytical Toolkit (CAAT) on October 14th, 2025
Word, the data must eflher be aggregated or, when
have no more than 10 projects

Figure 7: WBS benchmarking presented in tabular format

Peace Through Atomic Strength # ™% 1U.S. DEPARTMENT e
Ay

; of ENERGY

Maticns' Nucksar Secwrity Admirdsdirsdion




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

Benchmark Projects by Work Breakdown Structure (WBS) Scatter Plot  Bar Chart Summary Table

Bar Chart Options:
Cost Category

[0 M™anagement and Support
= Change View Filters
Design and Non-Recurring Engineering

Which axis should the project Site Work

acronyms be on?

Filter to Specific Cost Category

Vertical Construction
Standard Equipment and Utilities

Process Equipment and Instrumentation

Transition and Turnover to Operations

Pre CD-1 OPCs

EEEEOOOO

All (9) W
Post CD-1 OPCs

View Data in Percent or Dollars

View Data by GSF? @

Yes No
- v _ .:.
0% 20% 40% 60% 80% 100%
Percent

Source: WBS NLP Model | Capax Core | Last Updated: October 14th, 2025

Figure 88: WBS benchmarking presented as a bar chart

3.1 Lessons Learned

It is difficult to overstate the value of benchmarking within PA&E. Analysts, leadership,
and customers find value in benchmarks and appreciate the ability to dig down into the
details. That said, there is an inherent tension within the concept of detailed
benchmarks, which by nature tend to be simple and high-level. It is difficult to
meaningfully compare different projects in a way that is both detailed and high-level, so
PA&E has elected for the time being to provide many options to slice, dice, and
visualize data in order to give analysts the flexibility to find the most worthwhile
benchmarks on a project-by-project basis. Looking forward, PA&E intends to gather
analyst, leadership, and customer feedback and develop a standard library of
visualizations that provide the most value.
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Benchmark Projects by Work Breakdown Structure (WBS)

Scatter Plot BarChart Summary Table

<
Scatter Plot Options:
E= Variable Selection ~
70%
Select X-Axis Variable
Total Actuals (in dollars) - ©
g 60%
Select Y-Axis Variable o
L
3
Vertical Construction (% of Total ~ >
c o
58 o
Lo
2
WO
S =
)
# Change Views ~ S 0%
wa
28
Select Point Color %’ %
= o
Hazard Category - JE 0%
et
Exclude Zero Values? ‘e
g
~ 0%

View Data by GSF? @

- I - Q

$0

Hazard Category

(0] @ Chemical

O Mot Applicable

O Nudear

0]

O
45,000 $10,000  $15000  $20,000  $25000  $30,000  $35,000
Total Actuals (in dollars) by GSF Base Year 2026

Source: WBS NLP Model | Capax Core | Last Updated: Oclober 14ih, 2025

Figure 9: Multivariate WBS activity cost benchmarking

Peace Through Atomic Strength

DEPARTMENT

: "-ENERGY N l‘&%

Maticna' Nuciear Secwr ity Admirndsirason




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

4. Cost Growth Analysis

The benchmarking tools of the previous section are intended to help anticipate future
cost growth, but they provide no insight into the nature of cost growth that has already
occurred. In this section we describe a methodology to characterize the nature of
historical growth during the execution phase — which WBS elements tend to experience
the most growth, and whether that growth can be attributed to changes in scope,
schedule delays, or cost inefficiency.

4.1 Objective and Methodology

Major DOE construction projects are required to submit EVM data monthly during the
execution phase of a project. PA&E collected EVM data “snapshots” for 33 completed
and active major NNSA capital projects at one-year intervals going back to 2010, the
maximum extent available within DOE’s EVM tracking system. Unfortunately, many
projects were missing early EV data, meaning initial baseline data that is needed for this
analysis may be missing for these projects. Projects for which the first date of EV
tracking differed from the program of record start date by more than 5% of the total
project lifetime were removed from the following analysis (the threshold is raised to 10%
for the sensitivity analysis described in Section 4.3). Likewise, total project costs were
compared between the EV system and the project management system of record. The
number of projects which passed both checks and were thus included in this analysis is
15; for any given WBS element, the number may be less.

Each work package in the vetted dataset was mapped to CAEF 2.0 using the
methodology described in 2. Data Collection, Normalization, and Verification &
Validation and aggregated at WBS level 3 for each project. The result is a collection of
annual “snapshots” containing BCWS, BCWP, and ACWP for each level 3 WBS element
(e.g. vertical construction, process equipment, management & support) for each project.
Comparing annual snapshots for a given project gives a sense of how project costs
have changed over time.

To be more specific about what is meant by “project costs changing over time,” we
define the metrics in terms of the initial project baseline BCWSo and the most recent
values of BCWS, BCWP, and ACWP. For this analysis, we define cost, scope, and
schedule deviation for active and completed projects according to the ratios given in
table 1. The metrics are defined such that a value greater than zero indicates unwanted
growth, e.g. if BCWP/ BCWSo -1 = 0.05 for a completed project, then we would
conclude scope was added after the project was baselined, contributing an additional
5% of scope to the project. Unfortunately, PA&E was forced to use separate metrics for
active vs. completed projects, which somewhat limits the analysis. These metrics are
similar to common EVM metrics such as CPI and SPI, but unlike CPIl and SPI our
metrics should not change when a project re-baselines; nevertheless PA&E recognizes
that project re-baselines introduce ambiguity in our metrics’ interpretation.
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Metric Completed projects Active projects

e ACWP ACWP

Cost deviation BCWS, — BCWP
o BCWP BCWS

Scope deviation BCWS, -1 BCWS, -

Schedule deviation . _ACtual (%uration ——1 e —
Initial baseline duration BCWP

Table 1: Metrics

4.2 Results

PA&E calculated the above metrics for each project in the data individually and then
averaged the results in order to identify trends. Given the different treatment of
completed and active projects, it was important to highlight differences in results based
on project completion status. Additionally, PA&E compared projects which have been re-
baselined to projects that have not been re-baselined. PA&E considered aggregating by
project cost threshold and by whether the project is nuclear-rated, but did not see any
observable differences during preliminary results and thus did not explore further. The
aggregated results are shown in the following charts (also presented in tabular format in
Table 2 in the Appendix).

Cost inefficiency
Cost Deviation
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Cost Deviation
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Figure 10: Cost deviation per WBS Element. See Appendix for full WBS names

PA&E finds that both active and completed projects experience cost inefficiency, the
degree of inefficiency being greater for completed projects across most WBS elements.
However, this discrepancy is likely related to the choice of metrics, which for active
projects only compares to the most recent baseline rather than the original (likely
smaller) baseline. The one task type for which completed projects show a favorable cost
inefficiency metric is transition to operations (TTO), but (as we will show in the next
section) this may be a sign that TTO scope is trimmed from the project, perhaps to be
completed during user-funded commissioning activities.

Regardless of the differences between cost deviation metrics, re-baselined projects
show consistently greater cost inefficiency for nearly all WBS tasks than projects which
have not been re-baselined. The difference is perhaps not surprising and is particularly
pronounced for WBS elements that take place “in the field” rather than behind a desk,
including site work, equipment procurement and installation, vertical construction, and
transition to operations.
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Scope growth
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Figure 11: Scope deviation per WBS Element. See Appendix for full WBS names

Process equipment immediately stands out in the above charts as an area of significant
scope growth (as we have defined it). This turns out to be due to a single project that
has seen significant growth since its initial (small) baseline. Without that point, process
equipment tasks experienced a similar level of scope growth as any other task.
Likewise, the large scope growth experienced by standard equipment and utilities is
largely (but not entirely) due to a single project. We discuss the problem of influential
points in Section 4.3 Sensitivity Analysis.
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With the two influential points removed, PA&E could identify no major differences
between completed vs active projects in terms of scope deviation, with one exception:
as alluded to in the section on Cost Inefficiency, TTO for completed projects shows
evidence of cut scope. TTO activities have mostly not begun for active projects; we may
yet see active projects choose to cut scope from TTO activities as a way to hide cost
inefficiencies elsewhere in the project.

There exist major differences between projects which re-baselined and those which did
not. Not surprisingly, re-baselined projects see more scope growth than non-re-
baselined projects in every category; scope discovery is a common cause for project re-
baselines. Perhaps more surprisingly, several non-re-baselined categories actually
appear to have had scope cut.
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Schedule delay

Schedule Deviation
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Figure 12: Schedule deviation per WBS Element. See Appendix for full WBS names

Two things are immediately apparent from the above charts. The first is that, on
average, no part of a project completes on or ahead of schedule. Second, consider that
the above charts are arranged top-to-bottom in roughly sequential order of work. Then it
is likewise apparent (and not altogether surprising) that later project phases, which
appear toward the bottom, tend to have increasingly larger delays. In particular, delays
to complete TTO are quite common and quite large, the result of multiple cascading
delays which come before.

What is surprising is that completed projects show almost no schedule delays outside of
TTO (overall actual/baseline duration = 1.06). This is not dependent on the choice of
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metric; using the active project metric of BCWP/BCWS yields a similar number (1.11
overall). Instead, this may be an artifact of the type of projects in NNSA's portfolio: older
projects tended to be smaller, less complex, less expensive, and therefore less prone to
delays than today’s ongoing projects.

4.3 Sensitivity Analysis

As we have already seen, this study is somewhat limited by a small dataset. To get a
better sense of the sensitivity of these results, PA&E raised the start date discrepancy
threshold (described in Section 4.1) from 5% to 10%, which added 5 projects to the
dataset, bringing the total number to 20. As the charts below show, most metrics do not
change significantly with the addition of these new data points. PA&E investigated
deviations of greater than 0.2 and found that all, with only one exception, could be
attributed to the addition of a single influential project (not necessarily the same project
in each case). The one exception is the major decrease in schedule delays observed for
TTO activities, which stems from the inclusion of not one, but several additional
projects.

To summarize, PA&E was unable to identify differences in results that are directly
attributable to the more forgiving date cutoff. Most of the changes seen were small, and
large changes can be traced to specific points in the dataset. Any effects of the data
cutoff threshold, if they exist, are overshadowed by the effects of influential points in a
small dataset.
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Change in Cost Inefficiency Change in Scope Growth
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Change in Schedule Delay
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Figure 13: Change in Metric Values with Wider Data Acceptance

Change in metric values when loosening the data acceptance threshold as described in the text. See Appendix for full
WBS names

4.4 Lessons learned

This dataset is still small. As shown in the Scope Growth analysis and the sensitivity
analysis, a single influential data point can significantly affect the aggregated results.
The best way to mitigate influential points is, of course, to collect more data. However,
even when new data is hard to come by, there may be ways to extract useful insight
from the remaining 20 or so projects for which data exists, but which were removed
from the analysis due to missing data during early execution.
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Additionally, consider that projects (or project activities) with small baselines can have
an outsized influence on metrics aggregated by averaging, since a percent change to a
small starting value will be quite large even if the actual change in dollars is small. For
future analyses, one should consider using weighted averages rather than flat
averages.
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5. Conclusions and Future Work

In this paper, we have shown that EVM data from different projects can be mapped to a
common WBS with validated, verifiable results. We have shown how to use a common
WBS as the foundation for project cost benchmarks at lower levels. We have provided a
methodology for understanding cost growth during project execution, characterizing
both the cause of cost growth and the affected scope, and we have demonstrated this
methodology using NNSA line-item construction projects as an example. The final step
is to show how these results can be used to improve outcomes for future projects, and
there are several ways to do so.

Using the cost growth findings for completed projects, organizations can develop the
next generation of cost and schedule estimating relationships, with targeted
improvements to areas identified by our analysis. This will likely take the form of
reference class forecasting factors (“cost growth factors”), relating original baseline
estimates to closeout costs.

One can also use the results for active projects to develop lower-level EVM-based
project controls. Project directors accustomed to using EVM metrics at the total project
level will be able to understand the project at a lower level, and with the standard WBS
organizations can develop template tables and visualizations that port easily between
projects. Eventually, organizations will be able to develop an “early warning” system
which compares a project’s EVM metrics (possibly combined with project director
narrative assessments that have been processed using LLMs) to the historical patterns
we have identified in order to flag execution problems by scope element in near-real
time. Organizations which implement these steps will be well-positioned to better
quantify cost growth risks, identify mitigation strategies, and ultimately support more
informed mission execution.
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Appendix

Table 2: Appendix
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