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BLUF

• Background
• The National Nuclear Security Administration (NNSA) has significant upcoming 

stockpile major modernization acquisition programs with demanding schedules
• The Office of Programming, Analysis, and Evaluation (PA&E) has developed 

new analogy and parametric based tools to provide quicker turn estimates for 
the Program Offices

• Model Development
• PA&E expanded upon its preexisting Major Modernization Model (MMM) by 

developing the Site-Split MMM, a new model which can estimate NNSA’s 
stockpile major modernization acquisition programs by site

• Results
• The analogy-based Site-Split MMM is already being used within NNSA to 

estimate early-stage weapon modernization costs 2
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National Nuclear Security 
Administration

3

NNSA is a semi-autonomous 
agency within the Department of 

Energy that protects our nation by 
designing and delivering a safe, 

secure, reliable, and effective U.S. 
nuclear stockpile; forging solutions 

that enable global security and 
stability through nonproliferation, 

counterproliferation, and 
emergency response; providing 
nuclear propulsion to power a 

global U.S. Navy; and leveraging 
transformative technologies to 
address emerging challenges.

National Nuclear Security Administration | Department of Energy
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NNSA’s Phase 6.X/X Process
• Stockpile major modernization activities are performed 

through a series of planned life extension program, 
modifications, alterations, and warhead acquisition programs 
enabled by a strong set of science, technology, engineering, 
and production capabilities. 

• The "Phase X Process" (Nuclear Weapons Life Cycle) 
governs nuclear weapon development to dismantlement. 
Currently, the NNSA primarily utilizes the "Phase 6.X 
Process" to guide modernization within Phase 6 for existing 
systems.

• During the Phase X/6.X processes, three milestone cost 
estimates are developed along with two annual updates:

• Annual Stockpile Stewardship and Management Plan (SSMP) 
estimates

• Weapons Design Cost Report (WDCR) estimate during Phase 6.2A
• Annual Selected Acquisition Report (SAR) estimates after completion 

of Phase 6.2A 
• Baseline Cost Report (BCR) during Phase 6.3
• BCR-Update during Phase 6.4

4
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PA&E’s Cost Estimating Role

• Develops program cost estimates (PCEs) for stockpile
modernization programs in close coordination with the Federal
Program Manager (FPM)

• Typically, this includes leading all programmatic cost estimates for
Phase X/6.X programs prior to Phase 2A/Phase 6.2A (SSMP
estimates), then reviewing contractor provided estimates for technical
quality starting at Phase 2A/Phase 6.2A.

• Provides a federal cost estimating lead to the FPM to offer
programmatic cost estimating support for programs governed
by Phase X and Phase 6.X processes

5
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SSMP and Major Modernization 
Model

The annual SSMP describes how NNSA sustains the stockpile. It is an annual, 25-
year Program of Record that includes cost estimates for NNSA’s stockpile 
modernization programs
• PA&E has historically developed cost estimates for pre-Phase 6.2A/2A programs by 

using the MMM 
• The MMM produces time-phased cost estimates for a stockpile modernization program at the 

program-level
• The MMM is a Monte Carlo based model that uses actual costs of past weapons 

programs and technical complexity information collected annually through the Scope, 
Complexity, Options, Risks, Excursions (SCORE) process to develop cost estimates for 
future programs

• Complexity information is collected from subject matter experts (SMEs) from all sites and the 
program office

• Uses PA&E’s standard Work Breakdown Structure (WBS) for stockpile modernization programs
• Estimates include an uncertainty range based on subject matter expert (SME) assessments and 

regression error
6
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New Cost Modeling Challenges
• As part of the acquisition process, major modernization 

programs require a Weapons Design and Cost Report
• Historically take 1-2 years and cost hundreds of millions of dollars

• To accelerate the schedule for new programs, PA&E was asked 
to develop an analogy-based cost estimating methodology that 
could estimate costs for the WDCR

• Estimate site-level costs by analogy rather than by bottoms-up methods
• Since the MMM does not have the capability to split costs across 

individual sites, a site-split MMM had to be developed
• PA&E did leverage the MMM and SCORE process for this new model

7
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SCORE Process Overview

Establish Design 
Definitions

Set Reference 
Systems

Provide Complexity 
Estimates

Calculate Scores and 
Factors
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The program office in coordination with the 
NWC and the design labs establish the design 
features, quantities and time frame, for all the 
options they would like to estimate 

The SMEs choose the most applicable 
reference system for a particular WBS element 
(B61-12 BCR update, W88 Alt 370 BCR update, 
W80-4 WDCR and SME input cost estimate). 
Then SMEs estimate the most likely, high and 
low complexity of that WBS element compared 
to the chosen reference system. If using the 
site-split MMM, this is done for each site. 

The SCORE team uses the SCORE model to 
calculate Complexity Factors for each option 
against the B61-12

Additional information and questions on the SCORE process can be provided by 
Andrea Dorado (ameller@sandia.gov) and Jonell Samberson (jnsmith@sandia.gov)

DEFINITIONS

Complexity Estimate: A prediction of the 
difficulty in the scope of work to complete 
that is relative to a reference system. 

Complexity Score: Relative complexity of 
a lower level WBS element vs a specific 
reference system. 

Complexity Factor:
Relative complexity of a WBS element vs 
the B61-12. Output of the SCORE model. 
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Site-Split MMM Estimate Methodology

• Site-Split MMM employs two separate models: 
• Development (RDT&E) – Phase 6.1 through 6.4 scope
• Production (Procurement) – Phase 6.5 and 6.6 scope

• Both are based on the MMM and thus depends on the SCORE process to provide site-level SME 
complexity information

• Estimates NNSA costs only- does not include scope funded by DoD
• Monte Carlo used to quantify uncertainty surrounding the estimate, which is based on SME 

complexity and the production model’s regression error
• Model expands cost estimate range to account for SME optimism bias (i.e., underestimation, particularly at 

the high end) 1

• Core Assumptions:
• Production and development schedules follow program plan
• Deflators for data normalization: OMB Historic Table 10.12

• Then-Year Escalation: Based on NNSA Policy-413.6 by Office of Cost Estimating and Program Evaluation
• Cost profile is budget unconstrained 

1 Joint Agency Cost Schedule Risk and Uncertainty Handbook, March 2014
2 https://www.whitehouse.gov/wp-content/uploads/2024/03/hist10z1_fy2025.xlsx, Total Composite Outlay Deflators
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Site-Split MMM RDT&E Methodology

• Total development costs are based on historic actuals and forecasts, adjusted using 
SME developed site-level WBS Complexity Estimates (SCORE process)

• A High-Most Likely-Low Scope complexity estimate range (compared against a 
reference system’s scope) is produced for each WBS element and each LPS 
(produced by Program Office and LPS Partner SMEs)

• Complexity estimates are used directly in the site-split MMM
• Each component estimate is a direct analogy to a particular system

• The total development cost at each site is spread annually based on a standard 
Rayleigh development profile

• Total cost is found by summing the site estimates (at point, low, and high)
• Effective correlation of 1 between sites matches historic WDCR and weapons program management

Development (Dev) Cost = (Reference System Dev Cost) x (Complexity Estimate)
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 The total Development Cost is spread using the well-known Norden-Rayleigh distribution, a subset of the Weibel distribution

 A Rayleigh distribution is often used to determine or evaluate annual funding for high complexity development projects

 The left chart shows the normalized actual cost over time for several dozen real Department of Defense development programs 
compared to a generic Rayleigh profile, the right chart shows the B61-12 program.

 Rayleigh distribution used to develop a time-phased cost profile for each site

Phasing Development Cost
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Production costs are based on the Crawford learning curve model with a 
fixed cost

 Learning curve model is based off W76-1 cost 
actuals

 Production costs are modeled on a fiscal year basis
 Annual quantities from the latest program schedule
 Annual production costs are a function of quantity, 

complexity, decreasing costs with time (learning), 
and a fixed cost 

 Preliminary learning curve analysis show similar 
learning rates (b) and a joint fixed cost

 Complexity estimates at Phases 6.5 and 6.6 used to 
develop site-split allocation percentages

* Chart depicts data that represents a similar trend, rather than actual W76-1 data

Methodology for Production Cost Profile
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 Parameters F, T1 and b are determined by non-linear best fit of W76-1 cost/quantity data.  
 Adjustment for production complexity is via T1 (for B61-12) multiplied by the RDT&E 

complexity factor for the system determined through SCORE process.

 F & T1 are modeled as lognormal distributions and b as a normal distribution.  All these 
parameters are correlated at 0.3

 Total production costs for a given lot (WR produced in a given year, T) are spread to earlier 
years based on historic data

Production: Methodology for Production Cost 
Profile (Continued)

Site-Split Allocation Percentages for Production Costs (Example)

KCNSC LANL LLNL NNSS Pantex SNL SRS Y12

25% 10% 5% 0% 25% 10% 10% 15%
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MMM and Site-Split MMM Cost 
Estimate Class* Overview

Cost Estimate Class Maturity Level of Project 
Definition

Methodology

Class 5 0% to 2% 
Little more than ideas

Top-down: Simple parametric models (single 
variable cost estimating relationships), 
analogy, conjecture or judgement

Class 4 1% to 15%
Sufficiently detailed

Top-down: More complicated parametric 
models (multivariable CERs),  analogy

Class 3 10% to 40%
Further defined

Engineering Build-up: Semi-detailed unit 
costs, some CERs & parametric models

Class 2 30% to 75%
Further defined

Bottoms Up: Detailed unit costs with 
detailed quantities

Class 1 65% to 100%
Highly or fully defined

Bottoms Up: Detailed unit costs with 
detailed quantities

* Consistent with Cost Estimate Classification System - As Applied in Engineering, Procurement, and Construction for the Process Industries (17R-97) from the Association for the 
Advancement of    Cost Engineering (AACE International)
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Example Output

The output above can be developed at either the program-level or site-level
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Potential Modeling Improvements

• Update production learning curve model with new weapons 
program data (B61-12 and W88 Alt370 programs)

• Develop site-level production learning curve models
• Develop phasing estimating relationships (both at program-level 

and site-level) to potentially replace Rayleigh distribution for 
development cost phasing

• Analyze whether a hotel-load fixed cost exists and should be 
modeled by MMM or Site-Split MMM

• Develop schedule estimating methodology to provide sensitivity 
analysis with P&PD production schedules 16
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