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1.0
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PURPOSE AND SCOPE

1.1

1.2

1.3

1.4

The purpose of this plan is to describe the methods to be used for baseline verification and
validation of the SCALE system in the specific analysis areas defined in 1.2 below, and
to establish specific responsibilities for accomplishing the verification and validation tasks.

The scope of this plan is limited to establishing a baseline verification and validation of
the SCALE computer code system as developed and maintained at Oak Ridge National
Laboratory (ORNL) by the Nuclear Engineering Applications Section (NEAS) under
References 2.1-2.2. Suitability of the SCALE system for use in performing criticality,
shielding, heat transfer, and source generation calculations for a variety of applications
will be determined. References that demonstrate the validity of the nuclear data, solution
techniques, and modeling capabilities in the SCALE modules are provided in Section 2.0
as References 2.6 through 2.39.

Other installations may use the process and results of this baseline verification and
validation at their discretion as a guide for the verification and validation of their system.

The initial baseline work will be performed with a baseline version of the SCALE system
specified by the SCALE Project Leader. The problems included in this baseline
verification and validation will be used, at the direction of the SCALE Project Leader, to
establish the performance of future versions of the SCALE system as maintained and
distributed by ORNL.

REFERENCES

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

SCALE-QAP-005, RO, Quality Assurance Plan for the SCALE Computational System.

S. M. Bowman, SCALE-CMP-001, Configuration Management Plan for the SCALE Code
System.

X-QA-8, Quality Assurance for ORNL Computer Software.

ESS-QA-19.0, Software-Quality Assurance.

SCALE: A Modular Code System for Performing Standardized Computer Analyses for
Licensing Evaluation, NUREG/CR-0200, Revision 4 (ORNL/NUREG/CSD-2/Revision
4), Volumes I, 11, and 111 (April 1995). Available from Radiation Shielding Information
Center, Oak Ridge National Laboratory, as CCC-545.

N. F. Landers, L. M. Petrie and J. C. Turner, KENO V, Martin Marietta Energy Systems
Nuclear Criticality Safety Software Verification Plan SRR-0 (Unpublished).

M. B. Emmett, MORSE-SGC, Verification of MORSE-SGC on the Cray UNICOS System,
ORNL/NPR-92/5 (March 1992).

C. B. Bryan, K. W. Childs and G. E. Giles, Heating6 Verification, K/CSD/TM-61
(December 1986).
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W. C. Jordan, Validation of SCALE 4.0 - CSAS25 Module and the 27-Group ENDF/B-1V
Cross-Section Library for Low-Enriched Uranium Systems, ORNL/CSD/TM-287
(February 1993).

S. M. Bowman, C. V. Parks and S. R. Bierman, Validation of SCALE-4 for LWR Fuel
in Transportation and Storage Cask Conditions, Trans. 1990 ANS Winter Meeting,
Washington, D.C., November 11-15, 1990, Volume 62, Page 338 (1990).

S. M. Bowman, Validation of SCALE-4 for a Reference Problem Set, ORNL/M-1332
(July 1991).

B. L. Broadhead, M. C. Brady, C. V. Parks, Benchmark Shielding Calculations for the
NEACRP Working Group on Shielding Assessment of Transportation Packages,
ORNL/CSD/TM-272 (November 1990).

C. V. Parks et al., Assessment of Shielding Analysis Methods, Codes, and Data for Spent
Fuel Transport/Storage Applications, ORNL/CSD/TM-246 (July 1988).

C. O. Slater and D. E. Bartine, Preliminary Analysis of a TSF Experiment on Neutron
Streaming Through a Lattice of GCFR-Type Fuel Pins, GCR-76/37 (November 1976).

C. O. Slater and M. B. Emmett, Final Analysis of a TSF Experiment on Neutron
Streaming Through a Lattice of GCFR-Type fuel Pins, ORNL-GCR-78/5 (February 1978).

C. O. Slater and M. B. Emmett, "Analysis of a Fuel-Pin Neutron-Streaming Experiment
to Test Methods for Calculating Neutron Damage to the GCFR Grid Plate,” in Proc. Fifth
Int. Conf. Reactor Shielding, pp. 873-880, Science Press, Princeton, NJ (1977).

C. O. Slater and J. R. Knight, Analysis of the TSF GCFR Single-Cell Neutron Streaming
Experiment, ORNL/GCR-80-16 (July 1980).

C. O. Slater, S. N. Cramer, and D. T. Ingersoll, ""Analysis of the ORNL/TSF GCFR Grid
Plate Shield Design Confirmation Experiment,”™ Trans. Am. Nucl. Soc. 32, 641 (1979).

C. O. Slater, S. N. Cramer, and D. T. Ingersoll, Analysis of the ORNL/TSF GCFR Grid-
Plate Shield Design Confirmation Experiment, ORNL-5551 (August 1979).

D. T. Ingersoll, F. J. Muckenthaler, C. O. Slater, and M. L. Williams, "Grid Plate
Shield Design Confirmation Experiment,”™ p. 109 ff. in Gas-Cooled Reactor Program
Annual Progress Report for Period Ending December 31, 1977, ORNL-5426 (August
1978).

C. O. Slater, S. N. Cramer, D. T. Ingersoll, M. L. Williams, F. J. Muckenthaler,
J. J. Manning, and J. L. Hull, "Measurement and Calculation of the Effectiveness of
Gas-Cooled Fast Breeder Reactor Grid-Plate Shield,”™ Nucl. Tech. 52, 354 (1981).

D. T. Ingersoll and L. R. Williams, Final Analysis of the GCFR Radial Blanket and
Shield Integral Experiment, ORNL-5756 (April 1981).
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D. T. Ingersoll and L. R. Williams, "Analysis of the ORNL-TSF Radial Blanket and
Shield Integral Experiment,” Trans. Am. Nucl. Soc. 35, 470-472 (1980).

D. T. Ingersoll and S. N. Cramer, Final Analysis of the GCFR Exit Shield Integral
Experiment, ORNL/TM-7839 (July 1981).

B. L. Broadhead, J. S. Tang, R. L. Childs, C. V. Parks and H. Taniuchi, Evaluation of
Shielding Analysis Methods in Spent Fuel Cask Environments, EPRI TR-104329 (1994).

J. R. Knight, Validation of the Monte Carlo Criticality Program KENO V.a for Highly
Enriched Uranium Systems, ORNL/CSD/TM-221 (1984).

M. E. Easter, Validation of KENO V.a and Two Cross-Section Libraries for Criticality
Calculations of Low-Enriched Uranium Systems, ORNL/CSD/T-223, K/HS-74 (1985).

A. M. Hathout et al., Validation of Three Cross-Section Libraries Used with the SCALE
System for Criticality Safety Analysis, NUREG/CR-1917, ORNL/NUREG/CSD/TM-19
(June 1981).

M. E. Easter and R. T. Primm, Ill, Validation of the SCALE Code System and Two
Cross-Section Libraries for Plutonium Benchmark Experiments, ORNL/TM-9402 (January
1985).

W. C. Jordan, N. F. Landers, and L. M. Petrie, Validation of KENO V.a Comparison
with Critical Experiments, ORNL/CSD/TM-238 (1986).

Standard Problem Exercise on Criticality Codes for Spent LWR Fuel Transport
Containers, by a CSNI Group of Experts on Nuclear Criticality Safety Computations,
CSNI Report No. 71, OECD, Paris, France (May 1982).

Standard Problem Exercise on Criticality Codes for Large Arrays of Packages of Fissile
Materials, by a CSNI Working Group, CSNI Report No. 78, OECD, Paris, France
(August 1984).

S. M. Bowman, R. Q. Wright, H. Taniuchi, and M. D. DeHart, "Validation of SCALE-4
Criticality Sequences Using ENDF/B-V Data", Proceedings of 1993 Topical Meeting on
Physics and Methods in Criticality Safety, September 19-23, Nashville, Tennessee.

O. W. Hermann, C. V. Parks, J. P. Renier, J. W. Roddy, R. C. Ashline, W. B. Wilson,
R. J. LaBauve, Multicode Comparison of Selected Source-Term Computer Codes,
ORNL/CSD/TM-251 (April 1989).

S. M. Bowman and O. W. Hermann, Reference Problem Set to Benchmark Analysis
Methods for Burnup Credit Applications, ORNL/TM-12295 (1994)

J. C. Ryman, O. W. Hermann, C. C. Webster, and C. V. Parks, Fuel Inventory and
Afterheat Power Studies of Uranium-Fueled Pressurized Water Reactor Fuel Assemblies
Using the SAS2 and ORIGEN-S Module of SCALE with an ENDF/B-V Updated Cross
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2.38
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Section Library, NUREG/CR-2397 (ORNL/CSD-90), Union Carbide Corp., Nuclear
Division, Oak Ridge National Laboratory (September 1982).

O. W. Hermann, C. V. Parks, and J. P. Renier, A Proposed Regulatory Guide Basis for
Spent Fuel Decay Heat, Proceedings of the Second Annual International Conference on
High-Level Radioactive Waste Management, Las Vegas, Nevada, April 12-16, 1992,
Volume 2, Page 1662-1669.

O. W. Hermann, M. C. Brady, C. V. Parks, Validation of Spent Fuel Isotopics Predicted
by the SCALE-4 Depletion Sequence, Trans. Am. Nucl. Soc. 64, 147-149 (1991).

O. W. Hermann, J. P. Renier, and C. V. Parks, Technical Support for a Proposed Decay
Heat Guide Using SAS2/ORIGEN-S Data, NUREG/CR-5625 (ORNL-6698), Martin
Marietta Energy Systems, Inc., Oak Ridge National Laboratory, 1994.

DEFINITIONS AND ACRONYMS

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

V&YV - Verification and Validation

OCRWM - Office of Civilian Radioactive Waste Management at the U.S. Department of
Energy

OECD/NEA - Organization for Economic Cooperation and Development/Nuclear Energy
Agency

ORNL - Oak Ridge National Laboratory
NEAS - Nuclear Engineering Analysis Section

SCALE - Standardized Computer Analyses for Licensing Evaluation code system. See
Reference 2.5.

SNF - Spent Nuclear Fuel

Validation - Assurance that a model as embodied in a computer code is a correct
representation of the process or system for which it is intended. This is usually
accomplished by comparing code results to either physical data or a validated code
designed to perform the same type of analysis.

Verification - Assurance that a computer code correctly performs the operations specified
in a numerical model. This is usually accomplished by comparing code results to a hand
calculation, an analytical solution or approximation, or a verified code designed to
perform the same type of analysis.



4.0 ORGANIZATION

4.1

4.2

V&YV Interfaces

The verification/validation activities described in this plan shall be conducted by personnel
who are knowledgeable of the code(s) to be analyzed; and who are qualified by education,
experience and training to successfully perform their assigned procedures. Education shall
include a B.S., M.S., or Ph.D. in engineering or related fields (e.g. math, physics, etc.).
The personnel selected to perform the verification/validation activities and their
relationship to the SCALE Computational System are as follows.

Project Leader
SCALE Computational System

Verification and Validation Independent Technical
Task Leader Reviewer

V & V Analysts

Qualifications

Task Leader - The Task Leader should have at least five years experience as a user of the
module(s) and data for a variety of applications.

Technical Reviewer - The Technical Reviewer should have at least five years experience
in one or more of the areas for which the SCALE system is used: cross-section
processing, criticality safety, radiation shielding, heat transfer, or spent fuel and HLW
source characterization. The reviewer should also have similar experience in the use of
the modules and/or data selected for verification/validation.

V&V Analyst - A V&V Analyst should have at least two years experience in the use of
the SCALE system.

5.0 RESPONSIBILITIES

5.1

5.2

Project Leader - The person responsible for managing the maintenance, development and
verification/validation of the SCALE computational system.

Task Leader - The person responsible for the verification/validation of the SCALE
module(s) and data to be used in the criticality, shielding, heat transfer and source
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6.0

5.3

5.4

generation analyses. The Task Leader shall perform the analyses directly or supervise and
subsequently review the analyses as performed by experienced users of the modules and
data.

Technical Reviewer - The person responsible for reviewing and checking the analyses
performed under one of the verification/validation tasks in accordance with Section 6.5.

V&V Analyst - The V&V analyst that actually performs the V&YV activities should not
have been directly involved in the development of the code or data being validated.

VERIFICATION/VALIDATION PROCEDURES

6.1

6.2

Verification/Validation of the SCALE Criticality Analysis Modules - Verification of
SCALE for criticality calculations shall be conducted by performing calculations of critical
benchmarks previously modeled in an unpublished verification study in Reference 2.6.
These calculations will verify the CSAS criticality control module and the associated
functional modules BONAMI, NITAWL-II, XSDRNPM, and KENO V.a in SCALE. The
analysis will be performed using the ENDF/B-IV-based 27-neutron-group cross-section
library provided in SCALE. Verification shall be accomplished by cross-checking the
results of each module in the sequence with the results obtained from independent
methods. These verification problems are, to the extent possible, exhaustive of the
various code options. Any areas not covered shall be documented. Further verification
is provided by the sample problems documented by the developers in Reference 2.5 and
run for each module under the SCALE Configuration Management Plan (Reference 2.2).
These sample problems are run and kept on file at ORNL as required under the SCALE
Configuration Management Plan. The acceptance criteria for the k. and cross section
comparisons shall be separately established, justified and documented in V&V reports for
each verification activity.

The validation effort shall consist of a merging of the various validation projects
previously reported in References 2.9-2.11 and 2.26-2.33. A combined database of
problems shall be created and executed with the cross section libraries to be validated on
the current standard computing platform. Consistency with previously reported values and
internal consistency of the combined set with measured values shall be reported. K.
acceptance criteria shall be established, justified, and documented in the V&YV report for
each validation activity. Limitations of the validation study shall be reported. Other
problems may be added to the V&V activities in the future as needed.

Verification/Validation of the Shielding Analysis Codes - Verification of the SCALE-4
shielding modules SAS1 and SAS4 shall be accomplished by performing dose rate
calculations for a benchmark configuration (denoted Problem 1a) as defined by the
OECD/NEA working group on shielding assessment of transportation packages (see
Reference 2.12). Results from an analysis of problem 1a with both SAS1 and SAS4 using
the SCALE 27-18 group library are given in Reference 2.13.

Concurrence with the results in Table 7.10 of Reference 2.13 should be within 5% (after
consideration of the standard deviations in SAS4). Internal consistency checks will be
used to verify the XSDOSE module which is the only SAS1 module not used by the
criticality codes. Additional SAS4 verification problems are discussed in Reference 2.7
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6.3

6.4

and will be included in this work. In addition, the SAS1 and SAS4 documentation
(Reference 2.5) contains a series of sample problems prepared by the code developers.
These sample problems are run and kept on file at ORNL as required under the SCALE
Configuration Management Plan. These verification problems are to the extent possible
exhaustive of the various code options. Any areas not covered shall be documented.

The shielding validation work shall consolidate a series of results reported in References
2.12 - 2.25. A set of representative problems from these references will be collected and
executed using the cross section libraries to be validated both to determine consistency
with previous results and validity as compared to measured values where possible.
Reference 2.25 contains descriptions of a number of problems with experimental results
available and will be the primary source for the validation problem set. Acceptance
criteria shall be established, justified, and documented in the V&V report for each
validation activity. Limitations of the validation study shall be reported. Other problems
may be added to the V&V activities in the future as needed.

Verification/Validation of Heat Transfer Codes - The verification/validation of the heat
transfer codes in the SCALE system will generally follow the same procedure as the
criticality and shielding procedures. A set of sample problems that test the various
functions and options of the code shall be generated and analyzed, comparing the results
to an independent procedure. The validation shall consist of analyzing a set of problems
with known solutions (either measurements or analytical). The results of such a study for
the HEATINGG code is given in Reference 2.8. This study will be updated to the current
code version. Some or all of this work will be repeated for subsequent major updates to
the code. The verification problems shall be to the extent possible exhaustive of the
various code options. Any areas not covered shall be documented. Acceptance criteria
for the validation effort shall be established, justified, and documented in the V&V report
for each validation activity. Other problems may be added to the V&V activities in the
future as needed.

Verification/Validation of Source Generation Codes - Verification of the SCALE source
generation module SAS2H shall be accomplished by analyzing a set of Light Water
Reactor (LWR) spent fuel problems and cross checking with results from other similar
codes. Examples of problems that can be used for verification are given in References
2.12-2.13 and 2.34-2.39. In addition, the sample problems included with the code
documentation exercise a number of options available for use. These problems will be
analyzed and included as well as a number of input variations that should further verify
the various program options. These verification problems are to the extent possible
exhaustive of the various code options. Any areas not covered shall be documented.

Validation activities shall include analysis of a number of irradiated LWR nuclear fuel
elements whose isotopic contents have been experimentally determined. Reference 2.35
contains the results of such a study. The problem set will be executed using the cross
section libraries to be validated and results will be compared with measurements.
Acceptance criteria shall be established, justified, and documented in the V&V report for
each validation activity. Limitations of the validation study shall be reported. Other
problems may be added to the V&V activities in the future as needed.



7.0

8.0

9.0

6.5

6.6

The technical review shall evaluate the verification/validation report and enclosed
verification/validation analyses to ensure adequacy of the findings and conclusions. The
reviewer shall indicate concurrence with findings and conclusions via completion of an
independent review sheet (See Appendix A). Any unresolved issues from the technical
review shall be resolved by the Project Leader.

The SCALE system contains a number of utility codes designed to perform format
conversions, editing and plotting of the various SCALE data sets. These codes will not
be verified directly. The format conversion and editing functions are typically used to
install the code system on the given host machine and are thus verified indirectly when the
verification problem sets are executed. Other utility codes are tested via the sample
problems in the Configuration Management Plan.

REPORTING

7.1

7.2

7.3

At the conclusion of the verification/validation process the Task Leader shall prepare (or
guide preparation of) a report or reports which includes:

 Brief description of what was verified/validated

» Summary of the verification/validation activities conducted
» Results and findings

e Conclusions and recommendations

» References

An independent technical review as cited in Section 6.5 shall be performed prior to review
and approval by the SCALE Project Leader. The Quality Assurance Specialist at ORNL
shall also review the report for conformance to this plan. Review comments shall be
resolved by the Task Leader with the reviewers. Unresolved issues shall be elevated to
the Project Leader for resolution.

Discrepancies revealed by the V&V activities shall be processed in accordance with
Reference 2.2.

SCHEDULE

Each verification and validation activity shall be scheduled and tracked by the SCALE Project

Leader.

QA RECORDS

The following items shall be maintained as QA records in the SCALE Project QA Records system:

V/V Plan

V/V Report

Electronic Copies of Input Files

Electronic or Microfiche Copies of Output Files
Technical Review Forms

Personnel Qualification Records



