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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?  
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2. Data Collection, 

& 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.

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 II 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.  

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 
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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Figure 3

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.

Figure 4: 

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.

Figure 5

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.

Figure 6
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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.

Figure 7
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Figure 88

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.

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



Peace Through Atomic Strength

Figure 9
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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 BCWS0 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/ BCWS0 -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 CPI 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

Cost deviation 1 1
Scope deviation 1 1

Schedule deviation Actual durationInitial baseline duration 1 1
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).
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Figure 10

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

Figure 11

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

Figure 12

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 

6

6

3

4

6

4

3

5

9

9

8

5

9

6

9

9

-0.5 0 0.5 1 1.5 2 2.5 3 3.5 4

-AND-

-AND- - -…

-

- - -…

- - -

-WORK

-AND-NON- -…

9

9

6

6

9

6

9

9

6

6

5

3

6

4

3

5

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

-AND-

-AND- - -…

-

- - -…

- - -

-WORK

-AND-NON- -…

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



Peace Through Atomic Strength

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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Figure 13

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.

-0.4 -0.2 0 0.2 0.4 0.6 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2

-1 -0.5 0 0.5

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



Peace Through Atomic Strength

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

Total MGMT & 
SUPPORT

TRANSITION 
& TURNOVER 

TO 
OPERATIONS

VERTICAL 
CONST.

PROCESS 
EQUIPMENT & 

INSTRUMENTATION

STANDARD 
EQUIPMENT 
& UTILITIES

SITE 
WORK

DESIGN & 
NON 

RECURRING 
ENGINEERING

POST 
CD 1 

COSTS

PRE 
CD 1 

COSTS

C
os

t i
ne

ffi
ci

en
cy

Avg, 
completed 0.25 0.20 -0.63 0.47 0.17 0.20 0.51 0.40 0.59 0.07

Avg, 
incomplete 0.06 -0.01 -0.01 -0.11 0.14 0.03 0.11 0.02 0.04 0.00

Avg, re-
baselined 0.16 0.09 -0.03 0.25 0.19 0.24 0.32 0.12 0.24 0.01

Avg, not 
re-

baselined
1.11 1.04 0.64 0.95 1.09 0.88 0.87 1.22 1.00 1.05

Sc
op

e 
gr

ow
th

Avg, 
completed 0.18 0.14 -0.39 0.33 0.11 0.15 0.40 0.30 0.83 0.06

Avg, 
incomplete 0.13 0.23 0.00 -0.04 2.98 0.81 0.32 0.07 -0.06 0.07

Avg, re-
baselined 0.25 0.33 0.11 0.18 3.11 1.01 0.47 0.18 0.24 0.13

Avg, not 
re-

baselined
0.00 -0.01 -0.36 -0.06 -0.08 -0.15 0.00 0.09 - 0.01

Sc
he

du
le

 d
el

ay

Avg, 
completed 0.04 0.04 0.52 0.02 0.07 0.06 -0.01 -0.01 0.02 0.01

Avg, 
incomplete 0.50 0.60 3.70 1.15 0.75 0.70 0.42 0.27 0.00 0.18

Avg, re-
baselined 0.34 0.34 4.15 0.59 0.54 0.61 0.30 0.09 0.01 0.18

Avg, not 
re-

baselined
0.27 0.44 1.24 0.78 0.38 0.18 0.36 0.32 0.00 0.05
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