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Problem/Background

OBJECTIVE

Identify which lower-level elements drive baseline deviation, quantify the
associated cost, schedule, and scope impacts, and demonstrate how WBS-level
insights can improve estimating, benchmarking, and mitigation strategies.

APPROACH

Leverage Normalized Earned Value Management (EVM) Work Breakdown Structures
(WBS) with re-defined metrics to identify, quantify, and benchmark baseline
deviation drivers across projects.
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Data Collection, Normalization,
and Validation & Verification
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Data

Data processing and data wrangling

Collection Normalization
Used a DOE system (PARS) Standardized M&O WBS & escalated
used for tracking, assessing, project costs

and reporting on the status and
performance of projects

» Manufacturer and Operating » Leveraged Machine Learning model to standardize at
(M&O) WBS scale
SLERIES) Time-phased costs by WBS » Used Python script to escalate costs
» Project Documents = Set thresholds to ensure projects were capturing

95% of cost

Peace Through Atomic Strength

growth

V&V

Performed a Qualitative and
Quantitative Validation and

Verification

» Trustworthy dataset - ensure no Al

hallucinations
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Total Estimated Cost

anagement and Support

Design and Non-Recurring
Engineering

Site Work

Vertical Construction

Standard Equipment & Utilities

W ([WW|W

Process Equipment &
Instrumentation

w

Project One Level
project management 2
Project Office 3

Project Two Level
project integration 2
construction project 3
management

Project Three Level
project management 2
03.01.14 project 3

management

Transition and Turnover to
Operations

Other Project Costs

Pre-CD-1 Costs

Post-CD-1 Costs

Other Direct Costs

Peace Through Atomic Strength

Contractor Fee

NIN|WIWIN W

Capital Acquisition
Estimating Framework
2.0

= Uses UNIFORMATII
& Masterformat

= Developed by CEAG
(Cost Estimating
Analysis Group)

* Cross-functional

group
encompassing

LPSs & HQ

Allows a way for M&QOs
to bucket their costs in a
standardized format
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Al/ML Solution

What is it? Scope of data

A tool that reads text, interprets
meaning, and classifies it into a
predefined category

All Active and Completed
NNSA projects

ENGINE

Natural Language
Processing
(NLP) Model

Output Limitations
CAEF 2.0 standard WBS for each Limited sample size and lack of
historic WBS contextual information

For more details on the model, refer to 2023 CECOP Presentation All in the Hierarchy: Meta-Estimators for

Work Breakdown Structures by Maura Lapoff & Patrick Shelton
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Qualitative & Quantitative V&V Process Flow

Perform manual re-

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

Retain Output

l

Input: Qualitative checked WBS

¥
Identify and compare ACWP to the Total Cost in
closeout report

‘ Split project cost categories from ACWP
V
Yy
Pass/Fail QA Compare to Actual Closeout reports
— x A N4

4 Re-Bucketing WBS Maintain quantitative
Investigate Omission from Results elements to align with project category split
Reported Costs

10
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QA Findings

[ V&V Process ]
Includes all

Accuracy Percentage of WBS Levels corrections and

assumptions from
historical projects
High-Level Elements
. 19,291
92%

Low-Level WBS
Elements Observed limitations

5 5 % = Project Context \

= Legacy Acronyms
= Scope Nuances Key Improvements:
= Niche WBS Elements

New

training
dataset

-

All projects WBS
standardized to
CAEF 2.0

Ability to more accurately output
standardized WBSs & close the

gap on key limitations 1
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Cost Growth Analysis
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Cost Growth Metrics

ACWP ACWP

Cost deviation BCWSO BCWP
_ BCWP BCWS

Scope deviation BCWS, 1 BCWS, ~ 1

Actual duration _q BCWS _q
Initial baseline duration BCWP

Schedule deviation

13
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* Both active and completed
projects experience cost
Inefficiency

* Metrics suggest higher inefficiency
for completed projects across most
WABS elements, however...

* Discrepancy is likely related to
different metrics for active vs.
completed projects

* Favorable cost deviation for
transition to operations (TTO) for
completed projects may be a
sign that TTO scope is trimmed to
be completed off-project

Peace Through Atomic Strength

Cost Deviation

Numbers indicate # of projects

DESIGN-AND-NON-RECURRING- 9
ENGINEERING I 5
SITEWORE E—
6
STANDARD-EQUIPMENT-&-UTILITIES .
9
PROCESS-EQUIPMENT-&-INSTRUMENTATION B ¢
VERTICAL-CONSTRUCTION 5 pr—
TRANSITION-AND-TURNOVER-TO- 8
OPERATIONS 3 I
9
MANAGEMENT-AND-SUPPORT p—
Overall 9
I -

-80% -60% -40% -20% 0% 20% 40% 60%

Avg, active mAvg, completed

14

< Better than expected | Worse than expected~>
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* Re-baselined projects show
consistently greater cost
inefficiency for nearly all WBS
tasks than projects which have
not been re-baselined

* Particularly pronounced for WBS
elements that take place “in the
field” rather than behind a desk,
including

* site work

* equipment procurement and
installation

e vertical construction
* transition to operations

Peace Through Atomic Strength

Cost Deviation
Numbers indicate # of projects

DESIGN-AND-NON-RECURRING-
ENGINEERING N °

SITE-WORK I o
STANDARD-EQUIPMENT-&-UTILITIES 4 —————
PROCESS-EQUIPMENT-&-INSTRUMENTATION .
VERTICAL-CONSTRUCTION Y e
TRANSITION-AND-TURNOVER-TO- 5
OPERATIONS ¢l
MANAGEMENT-AND-SUPPORT . o
Overall _6 9

-40% -30% -20% -10% 0% 10% 20% 30% 40%

Avg, notrebaselined mAvg, rebaselined
15

< Better than expected | Worse than expected~>
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* Large schedule deviations for
standard and process
equipment are each due to a
single outlier project

* As suggested before, TTO for
completed projects shows
evidence of cut scope

* Minor scope creep elsewhere,
with no clear difference
between completed vs
Incomplete projects

Peace Through Atomic Strength

Scope Deviation

Numbers indicate # of projects

DESIGN-AND-NON-RECURRING- 9
ENGINEERING | S
8
SITE-WORK e
STANDARD-EQUIPMENT-&-UTILITIES " 6
PROCESS-EQUIPMENT-&-INSTRUMENTATION s 9
VERTICAL-CONSTRUCTION 7 .
TRANSITION-AND-TURNOVER-TO- 8
OPERATIONS 3 Il
MANAGEMENT-AND-SUPPORT i 69
Overall 0 %

-100% 0% 100% 200% 300% 400%

Avg, active mAvg, completed
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* Re-baselined projects see
scope growth in every category

* Scope discovery is a common
cause for project re-baselines.

* Non-re-baselined categories
mostly appear to have had
scope cut

* Perhaps scope was shed to
complete within baseline

Peace Through Atomic Strength

Scope Deviation

Numbers indicate # of projects

DESIGN-AND-NON-RECURRING- 5
ENGINEERING Ho
SITE-WORK 3
Il s
4
STANDARD-EQUIPMENT-&-UTILITIES s

PROCESS-EQUIPMENT-&-INSTRUMENTATION

VERTICAL-CONSTRUCTION 4 B
TRANSITION-AND-TURNOVER-TO- 5
OPERATIONS Is
MANAGEMENT-AND-SUPPORT 6 Mo
Overall 6 oo

-100% 0% 100% 200% 300% 400%

Avg, notrebaselined mAvg, rebaselined
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e Completed projects show almost
?%)Oschedule delays outside of

* Not dependent on the choice of
metric; using the active project

metric of BCWP/BCWS yields a
similar number

* 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 active
projects
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Schedule Deviation
Numbers indicate # of projects

DESIGN-AND-NON-RECURRING- 9
ENGINEERING 5

SITE-WORK 9
STANDARD-EQUIPMENT-&-UTILITIES 6
PROCESS-EQUIPMENT-&-INSTRUMENTATION 9

VERTICAL-CONSTRUCTION 5

TRANSITION-AND-TURNOVER-TO- 8
OPERATIONS Bl

MANAGEMENT-AND-SUPPORT °

Overall

-100% 0% 100% 200% 300% 400%

Avg, active mAvg, completed

18

< Better than expected | Worse than expected~>

U.S. DEPARTMENT ' 23{

of ENERGY

National Nuclear Security Administration




* On average, no part of a project
completes on or ahead of
schedule

* Later project phases (which
appear toward the bottom)
tend to have increasingly
longer delays

Peace Through Atomic Strength

Schedule Deviation

Numbers indicate # of projects

DESIGN-AND-NON-RECURRING- 5
ENGINEERING Io

3
SITE-WORK W o

STANDARD-EQUIPMENT-&-UTILITIES -4 6

PROCESS-EQUIPMENT-&-INSTRUMENTATION -6 9

3
VERTICAL-CONSTRUCTION B s

TRANSITION-AND-TURNOVER-TO- 5
OPERATIONS I ©
6
MANAGEMENT-AND-SUPPORT . o
6
Overall R

0% 100% 200% 300% 400% 500%

Avg, notrebaselined mAvg, rebaselined
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* Did a sensitivity analysis with data acceptance criteria

* Any effects of the data cutoff threshold, if they exist, are overshadowed by
the effects of influential points in a small dataset

* Influential points

* Using the metrics we’ve defined, project activities with small baselines
can have an outsized influence on aggregate score even if the actual
change in dollars is small

* Consider using weighted average or median rather than flat
average

20
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Conclusions and Future Work
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New/Future Capabilities

Ability to accurately, efficiently, and confidently perform...

Lower-Level EVM

Early Warning

Create XERs Project Control Systems
Utilizing Baseline Growth Our baseline growth defined
Factors at the WBS level to metrics can allow organizations
forecast and assess projects to detect cost or schedule risks
with increased granularity sooner and take corrective

action before they escalate.

Q | x

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 29
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Additional Material
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LIFEC 05

" | Level

-T | Associated Hazard Categor ~ | Definition

Sum o nd O&S

1 TOTAL PROJECT COST
1.1 Total Estimated Cost
1.1.1 Management and Support

1.1.2 Design and Non-Recurring Engineerin

1.1.3 Site Work
1.1.4 Vertical Construction
1.1.5 Standard Equipment & Utilities

1.1.6 Process Equipment & Instrumentatior
1.1.7 Transition and Turnover to Operation

1.2 Other Project Costs
1.2.1 Pre-CD-1 Costs
1.2.2 Post-CD-1 Cosis

1.3 Other Direct Costs

1.4 Contractor Fee

2 OPERATIONS & SUSTAINMENT

2.1 Mission O&S5
2.1.1 Direct Labor
2.1.2 Transportation
2.1.3 Mission Facilities Maintenance
2.1.4 Recapitalization
2.1.5 Mission Material
2.1.6 End of Life D&D

2.2 Site O&S
2.2.1 Indirect Labor
2.2.2 Site Maintenance
2.2.3 Site Recapitalization
2.2.4 Waste Management
2.2.5 Utilities
2.2.6 Site Material
2.2.7 Other Shared Services
2.2.8 End of Life D&D

Full WBS - Levels 0-9

Peace Through Atomic Strength
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The total capital expenditure allocated for the project. Sum of TEC, OPC, ODC, and contractor fee

TECs include all engineering design costs (except conceptual design), construction costs and other costs specifically related to those construction efforts.

Level of effort project administrative functions

The process of designing/engineering the architecture, modules, interfaces, and equipment for a project to satisfy specified requirements for construction. Includes the cost to directly manage the design/engine
Construction activities separate from the main project that are required and/or beneficial for the project to be successfully completed (Uniformat Il G). Includes the cost to directly management site work activitii
Building, refurbishing, or removing a facility, not including any of the equipment (standard or process). Includes the cost to directly management vertical construction activities (construction management, supe
Equipment and infrastructure that allows a facility to meet occupancy requirements. Includes all non-process equipment. Called "Standard” because any facility would have this basic set of utilities, regardless
The set of machinery that is required to conduct the mission in the facility. Equipment refers to tools that produce a product (i.e. factory floor/machine shop). Instrumentation refers to tools that produce a meas
The last step of a construction project before the start of operations. Involves testing and evaluating all equipment and utilities as an integrated system, inspections and punchlists for beneficial occupancy. Som
Other project costs (OPCs) consist of all “other costs related to a project that are not included in the total estimated cost (TEC)." Generally, these include project costs prior to CD-1 and after CD-4

OPCs incurred before PED funds become available

OPCs incurred during and after the design and construction phases

Government costs that are needed for the project such as government furnished services (headquarters and program office support), items and equipment, government supplied utilities (if directly metered), anc
Funds paid to M&O contractor, including overhead and profit, for carrying out and/or hosting the project

Costs incurred once the capability is operating

0&S5 costs directly attributable to the mission

Fully burdened salaries for staff directly working the mission process

Moving material, components, products, etc. from one site to another

Repuairs to equipment and infrastructure components, can be planned/preventative or unplanned

Fully replacing equipment at the end of its useful life

Procurement of raw materials for use in the process

The process of eliminating an existing asset after operational shutdown and transition from operations. There are several different "D words" that are used to describe the activities that take place as part of D&
Activities that take place at the site housing the mission that also support other site missions. A portion of the total expenditure for each of these areas is allocated to (paid for) by the mission

Allocated fully burdened salaries for staff supporting the mission

Allocated costs to repair facilities that house multiple missions (office, storage, etc.), site infrastructure (roads, utilities, etc.), and general site features (landscaping, snow removal, etc.)

Allocated costs to replace standard equipment in facilities that house multiple missions [office, storage, site utilities, etc.)

Allocated cost to handle, store, and transport waste streams {uncontaminated, low level, radiological, etc. ) resulting from mission activities

Allocated usage fees for needed utility services

Allocated cost to procure raw materials/products for use by the site (printer paper, food services, vehicles)

Other allocated costs not mentioned above

The process of eliminating an existing asset after operational shutdown and transition from operations. There are several different "D words" that are used to describe the activities that take place as part of D&

U.S. DEPARTMENT

of ENERGY

National Nuclear Security Administration




Ralk S

Presented at the ICEAA 2026 Professional Development & Training Workshop - www.icgaaenlin

26

U.S. DEPARTMENT

Peace Through Atomic Strength cenercy INANSEL

National Nuclear Security Administration




Ralk S

Presented at the ICEAA 2026 Professional Development & Training Workshop - www.icgaaenlin

WBS Benchmark
Capability
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]
What are benchmarking tools?
Benchmarking tools are a way to quickly compare With project EVM
project cost estimates to historical actual costs data mapped to a
for similar prOjeCtS common WBS, we
can benchmark
How does benchmarking combat baseline growth? projects at lower

: : levels than before
Ensure the best estimate is put forward as the

baseline and removing unrealistic estimates

28
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Capital Acquisitions
Analytic Toolkit (CAAT)

= Has suite of tools for
benchmarking capital projects
at lower WBS levels

= Ability to export data and
create XERs

= Will develop tools for
generating common
visualizations, including
benchmarks during Datathon
Group 5

Peace Through Atomic Strength

Benchmark Projects by Work Breakdown Structure (WBS)

Scatter Plot Options:

) Variable Selection ~
Select X-Axis Variable © y (@]
- 60%
o
Total Actuals (in dollars) o 0]
c o 50%
Select Y-Axis Variable .9 >
B
o8
£ o O
Vertical Construction (% of Total 0 m o
c
[
Management and Support (% of Total Actuals) O
Design and Non-Recurring Engineering (% of Total Actuals) 0]

Site Work (% of Total Actuals) D %(8

Vertical Construction (% of Total Actuals)

Standard Equipment and Utilities (% of Total Actuals)

Process Equipment and Instrumentation (% of Total Actuals) m @] O O
Transition and Tumover to Operations (% of Total Actuals) b $5000
Pre CD-1 OPCs (% of Total Actuals)

Post CD-1 OPCs (% of Total Actuals)

Total Actuals (% of Total Actuals)

$18

Scatter Plot Bar Chart Summary Table

$2.58 £38 $3.58

Total Actuals (in dollars) Base Year 2018
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PARS Data Selection

PARS

Project Assessment and
Reporting System

* ADOE system used for
tracking, assessing, and
reporting on the status and
performance of projects

Project Inclusion SPAE Report M&O WBS
* Includes Project Documents
and WBS level data
L = |dentify Active and = SPAE (bcwsS, = EVM data provides
Objective Completed Projects bewP, Acwp, Etc) time-phased Actual
: : : files in Reports Cost of Work
Obtain Managing and Operating
(M&O) WBS & associated costs Performed (ACWP)

through M&O WBS
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The SPAE File in PARS only gives EVM metrics on the most recent baseline. To assess baseline deviation,
we needed all prior baselines.

Requested and received Multi-Year

Pars ,
SPAE File from PARS

Request
Set
Multi-Year Thresholas

SPAE
S Excluded projects where initial
et baseline differed from our earliest
Thresholds baseline in dataset by more than

5%

Leveraged a Python script to
escalate EVM dollars and apply
WBS V&YV across multi-year SPAE
WBSs. Visualize Baseline Over-Time 31

Data Sync
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