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What is Developmental Assessment?

• Developmental assessment (DA) is the systematic evaluation of a code during its 
development to ensure it is accurate, reliable, and capable of predicting the 
behavior of the nuclear systems of interest.

• Performing a developmental assessment should:

− verify that the code correctly implements the intended mathematical models 
and algorithms.

− validate the code's predictions with experimental data.

• Historically, much of the validation of system level thermal hydraulic codes have 
been left more to engineering judgement, rather than quantitative methods, due 
to the complexity of the problems, limits on computational resources, and lack of 
experimental data [1].

[1] Office of Nuclear Regulatory Research. (1987). Guidelines and Procedures for the International Code Assessment and Applications Program. 
NUREG-1271. USNRC. https://www.nrc.gov/docs/ML0710/ML071000073.pdf
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Purpose

• The RELAP5-3D team maintains the code manual, including the DA, so that 
users can apply the code and the regulator can trust the results.

• Certain issues were identified in the DA manual:
− Hard to navigate

− Difficult to keep updated

− Ambiguity in NRC acceptance criteria

− References to uncertainties in data not found in the document

− Not developed to meet NQA-1 standards

• The new verification and validation (V&V) document provides:
− Addition of traceability and results matrices

− Online documentation maintains with LaTeX

− Allows users to add additional V&V cases with ease

− Moves towards meeting NQA-1 standards
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Purpose (cont.)

• Assessment criteria provided in [2] relies on 
expert judgement and quantitative values, 
but it is not applied consistently in the DA. 
The following terminology has been used 
historically to judge systems TH codes:

− Excellent Agreement

− Reasonable Agreement

− Minimal Agreement

− Insufficient Agreement

• See right: An example of a conclusion that 
refers to uncertainty data not contained 
within the document [3].

[2] Office of Nuclear Regulatory Research. (1993). 2D/3D Program Work Summary Report. 
NUREG/IA-0126. USNRC. https://www.nrc.gov/docs/ML0625/ML062570376.pdf

[3] Idaho National Laboratory. (2023). RELAP5-3D Code Manual Volume III: Developmental 
Assessment. INL-MIS-15-36723, Revision 4.5.
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Project Scope

• Update the “RELAP5-3D Code Manual Volume III: Developmental 
Assessment” to a LaTeX based format for ease of editing, maintaining, and 
adding to the document.

• Create a new LaTeX based document, “RELAP5-3D Code Manual: Verification 
and Validation”, derived from the DA

− Clearly separates verification and validation cases.

− Include traceability matrices to easily determine which cases are verifying/validating which 
code models.

− Provides summary matrices containing test case results.

• Editorial updates to improve user interpretation.

• Online documentation of the manuals with real-time compilation capability.
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Updates to the DA

• Conversion to LaTeX based format provides
− Ease of editing, maintaining, and adding content

• The ability to ‘live-compile’ the document 
was added so that:

1. RELAP5-3D test system can be run on a 
particular computer system,

2. Dynamically generated plots are made,

3. And a resulting pass/fail status is declared.

• The DA manual can be compiled from that 
info.

• A Pass/Fail regression test table for the 
input files ran by the test system.
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New V&V document

• “RELAP5-3D Code Manual: Verification and 
Validation” was created.

• Test cases are clearly divided into 
verification and validation categories.

• Creates new dynamically generated 
matrices

− These indicate what code models are verified or 
validated by a particular test case.

• Information is summarized at the start of the 
document and in each section for ease of 
use.
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Document Comparison

Verification and Validation                     Developmental Assessment
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Document Comparison (cont.)

Verification and Validation                     Developmental Assessment
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Document Comparison (cont.)

Verification and Validation                     Developmental Assessment
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Summary

• A Github repository contains the new DA/V&V documentation system.

• Users with Platinum Level IRUG Memberships can download this 
repository and drop it in their RELAP5-3D installation, run the test system, 
and compile the document.

• Doing so effectively verifies and validates their installation of RELAP on 
their machine.

• The V&V document more clearly presents the outcome of the test cases in 
the form of traceability matrices and summary matrices

− Users can find what they want at a glance, rather than searching the whole manual.

• The ability to easily add new verification/validation cases to the test and 
documentation systems using Python scripts was created; plots of RELAP 
data can be specified and will appear in the V&V document alongside user 
supplied commentary.
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Future Work

This is a step in the right direction to meet NQA-1 standards. Future work 
includes:

1. Test results are judged based on expert opinion after inspection of plots. 
For validation with experimental data, uncertainties should be collected 
from literature or derived using inverse uncertainty quantification 
methods. Then a more quantitative standard can be established.

2. V&V for more processors and compilers.

3. V&V of additional fluids such as liquid metal coolants and existing 
RELAP code models with missing V&V cases.

4. Reduce document size by optimizing data presentation.
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