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1. INTRODUCTION 

During the “Workshop on R&D Needs’ at the 3d Meeting of the International Graup on 
Research Reactors (IGORR-III). the participants agreed that it would be useful to 
compile a survey of the computer codes and nuclear data libraries used in accident and 
safety analyses for research reactors and the methods various organizations use to 
verify and validate their codes and libraries. The following organizations submitted 
information for this survsy: 

Atomic Energy of Canada Limited (AECL. Canada), 
Chtna Institute of Atomic Energy (CIAE, Peoples Republic of China), 
Japan Atomic Energy Research Institute (JAERI, Japan), 
Oak Ridge National Laboratories (OANL, USA), and 
Siemens (Germany). 

2. DEFINITION OF OENCHMARK. VERIFICATION AND VALIDAm 

In their submissions the various organizations refer to “benchmark” methods and 
calculations, ‘validation’ work, and ‘verification’ for computer codes and libraries. The 
authors of this survey have attempted to compile a consistent survey by applying a 
ccnsistent dafinition to those terms: 

Verlflcation: confirms that the intended equations, initial conditions, and boundary 
conditions are correctly programmed and perform as intended. 

Valldation: confins. via comparison to available measurements, that the 
equations as programmed capture reality with a auffiient degree of ffdetii. 

Benchmark: a standard problem set wfth known or mutuaily agreed upon resufts 
used to verify a computer code, or a standard set of measured data used to validate 
a given application of the computer code. 

3. NATIONAL STANDARDS 

Several organizations submitted information about their national standards for software 
quality assurance and examples of how those standards are implemented for specific 
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research reactor projects: 

Canada: AECL is currently implementing a s&ware quality assurance (SQA) 
program based on the requirements set cut in the Canadian Standards Association 
(CSA) N286.7-94 standard [I]. This standard covers the development of new 
software, the use of existing software, and the modification of existing software, 
where such software is used in support of safety related nuclear systems. The term 
software includes the encoding of correlations and mathematical methods and the 
data input to the models. Each specific nuclear project is required to develop and 
implament a project-specific quality assurance plan that encompasses all activities 
within the project. In addition to providing procedures for a SQA program, all design 
calculations or calculations to provide input to design are executed in accordance 
with design procedures based on CSA N286.2-86 (21. As a specific example, the 
Research-Reactor Technology Branch (RTB) in AECL.has implemented a SQA 
program [3] for the computer codes, data libraries 2nd input models used to analyze 
research reactor concepts such as the proposed Irradiation Research Facility [4]. 

Cbtna: The submission [5] frcm the CIAE stated that China issued the Nuclear 
Industry Standards, EJ/T617-91, “A Guide to Verification and Validation for 
Computer Software Codes in Nuclear Industry Science and Engineering,’ in 1991. 
This standard is equivalent to the American Natlonal Standards, ANSVANS 10.4- 
1987. Implementation of a SCtA program for verification and validation of computer 
codes is at an early stage. 

Germany: The submission [S] from Siemens did not mention any specific standard 
for SC& However, two computer software systems for performing nuclear design 
calculations, MARS and RSYST, are described. The MARS system was developed 
at Siemens/lNTERATOfvl, whereas the RSYST system was developed at IKE- 
Stuttgart and at the Computer Centre at the Univenity of Stuttgart. The MARS 
system and two versions, RSYST-I and RSYSTIII, of the RSYST system have been 
used for the nuclear design of the FRM-II. Two different code systems were used to 
provide a broad verification of the nuclear design of the FRM-II. 

Japan: The Japanese did not indicate any specific standard for SCIA (7l is in use. 
However, JAERI uses a standard neutmnic code system, SRAC (Standard Thermal 
Reactor Nuclear design code system) [a], for any ,type of thermal reactors. 

USA: At ORNL, the ANS (Advanced Neutron Source) Project has implemented a 
SQA program [9] based principally on the requirements of Supplements 3S-1 and 
11.5~2 of the NQA-1 standard [lo] and of Part 2.7 of the NQA-2 standard (111. In 
addition, the ANS Project is committed to being judged licensable under the 
standards applied by the US Nuclear Regulatory Commission (NRC). 



-3- 

4. METHODS AND CODES USED IN ACCIDENT AND SAFETY ANALYB 

4.1 COMPUTER COOES AND METHODS FOR STATIC NEUTRON PHYSS 
CALCULATIONS 

. 

Each organiza!ion participating in the survey provided information on their computer 
codes for performing: 

l Cell calculations: These codes are used tc perform spectral ca!culations in the 
cells and to produce condensed few-group constants, macroscopic absorption 
and fission cross sections, and macroscopic reaction rates for use in the core 
calculations. Two calculational melhods are generally used, discrete ordinates 
transport theory and the collision probability form of the transport equation. 

- Core calculations: Three calculational methods aA generally used, diffusion 
theory. discrste ordinates transport theory and Monte Carlo theory, to solve th6 

Bolhmann transport equation. The CIAE also use the nodal mstiiod to calculate 
criticality, flux and power distributions, and reactivity coefficients. 

The computer codes and methods are listed in Table 1. The RSYST code system [S] 
contains a sequence of modules for microscopic library compilation, macroscopic 
constant generation, performing spectral cell calculations. This has been represented 
In Table 1 by referring to RSYST rather than including the names of the specific 
modules. The same has been done for the AMPWSCALE [12,13] code system. The 
WIMS-AECL 1141 and WIMS-D4 codes use both discrete ordinates transport theory and 
the collision probability form of the transport equation. 

As shown in Table 2, the key core performance parameters are generally calculated 
using different methods to provide independent verification of the results. The only 
exception is in the case of fuel depletion calculstions where only diffusion theory Is 
generally used to estimate the core bumup. 

Most of the computer codes listed in Tables 1 and 2 have a long history of applications 
in many projects. Nevertheless, the SQA programs for many recent research reactor 
projects (e.g., ANS and IRF) require that the computer codes used for design 
calculations and safety analyses be verified and validated for the specific applications. 
Verification of the computer codes are addressed as follows: 

l AECL relies on benchmark problems, inter-code comparisons and verification 
reports from code maintainers; the software includes in-house development 
(e.g., WIMS-AECL) and international sources (e.g., 3DDT, MCNP and 
DANTSYS), 
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* CIAE relies on software obtained from international sources (e.g., RSIC, NESC, 
NW, 

l JAERI has verified SRAC system using international benchmark problems, 

l ORNL miles on verification repocts from code developers (e.g.. ORNL, LANL) for 
the ANS Project, and 

l Siemens relies on inter-code comparisons between the RSYST and MARS 
systems for FRM-II. 

Validation of the computer codes are addressed as follows: 

l AECL: Code validation relies on comparisons against benchmark problems, 
inter-code comparisons and comparisons against critical experiments. For the 
current work on research reactor projects (e.g., IRF) in AECL, RTB has been 
undertaking a validation program for the set of computer codes routinely used to 
perform design calculations and safety analyses. A validation report [25] has 
been produced to compile information pertaining to comparisons of WIMS-AECL 
predictions against: 

- CANDU-type fuel assemblies in a variety of coolant types (e.g.. D,O, t-&O, 
DaO/t+O mixtures, void and organic) using the ZEDQ critical facility, 

- bumup and isotope depletion data from CANDU fuel bundles discharged 
from the Bruce and Pickertng power reactors, and 

- the Rl/lOOH lattice experfments for HsO coolant temperature and density 
effects. 

The WIMS-AECU3DDT code set has also been validated [25] against the 
SPERT-1B reactor experiments for k-effective, reactivity coefficients and kinetics 
parameters, and the TRX experiments for k-effective. A similar report has 
compiled validation data for MCNP [26]. For example, MCNP has been 
validated against commissioning data from the SLOWPOKE Demonstration 
Reactor for k-effective and gamma dose rates [271. The need for further 
validation work will depend on the specific requirements of a research reactor 
project. 

l CIAE relies on IAEA benchmarks. 

l JAERI relies on IAEA benchmarks (e.g., IAEA 10 MW Benchmark Reactor [28]) 
and critical experiments and JRR-3 commissioning data. The information from 
JAERI indicated that the SRAC system had been validated against many critical 
experiments (e.g., Tank-type Critical Assembly for light-water reactors, 
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Oeutertum Critical Assembly for the Advanced Thermal Reactor for HP-cooled 
and &O-moderated reactors, Semi-Homogeneous Experimental facility for 
20 wt% enriched uranium in a graphite moderator, JMTRC critical facility fcr 
JMTR, TAX experiments and a series of FER cores). Comparisons have also 
been made against international benchmarks developed for the RERTR 
(Reduced Enrichment for Research and Test Reactor) program (e.g., LEU initial 
core for the Ford Nuclear Reactor), and temperature and void coefficient 
measurements in KUCA. 

l ORNL has validated their computer codes for the ANS Project against: 

- Los Alamos critical mass data for enriched uranium in bare H20- and Da- 
reflected critical experiments, ORNL H,O-solution critical experiments* and 
l&O-moderated, natural uranium ZEEP critically-buckled lattices, 

- FOEHN critical experiments pg] to validate predictions from MCNP, 
VENTURE/BURNER, DORT and KENO, 

- ANS critical experiments to supplement validation !rom the FOEHN 
experiments, and 

- HFIR and ILL operating data to validate the fuel depletion calculations. 

l Siemens has commissioning data from RSG-GAS-30 (Indonesia) for validation. 

4.2 NUCLEAR DATA LIBRARIES 

The survey identified the list of nuclear data libraries listed in Table 3 are being used 
for physics calculations. For the ANS Project, a dedicated multigroup nuclear library, 
ANSL-V. was prepared from the ENDF/El-V library, and validated m. Verification and 
validation of the nuclear data libraries are combined with the verification and validation 
of the codes. 

4.3 COMPUTER CODES AND METHODS FOR THERMALHYDRAULIC AND 
TRANSIENT ANALYSIS 

The inforrnatlon from the participants in the survey identified the following 
thermalhydraulics codes in use for accident analyses: 

AECC: CAMENA [30] is a two-fluid (6 equation) code used for the dynamic 
simulation of reactor transients involving thermalhydraulics and kinetics. It was 
originally developed for the fluid conditions in a CANDU reactor and subsequently 
modified for use with MAPLE-XI0 coolant conditions. Heat transfer correlations for 
the MAPLE-Xl0 coolant conditions were obtained from heat transfer experiments 
using electrically-heated fuel-element simulators in a flow test rig. Work is in 
progress to extend those heat transfer correlations to cover the expected coolant 
conditions for the IRF. 



Table 3: Summery of Nuclear Data Libraries and Computer Codes 

CtAE: The information from the CIAE indicated that they are using a code called 
THAS-PC4, modified from COBRA-IV, to perfomr steady-state thermalhydraulic 
analyses for the CARR Project. Tnermalhydraulic accident analyses for the CARR 
Project will be performed using RETRAN-OP. 

JAERI: JAERI used HEATING-5 [31]. EUREKA-2 [32] and THYDE-P 1331 fur 
thermalhydraulic analyses for the upgraded JRR9 reactor. HEATING-5 Is designed 
to solve steady-state and transient heat ccndudion problems in one-, two-. or three- 
dimensional Cartesian or cylindrical coordinetes. EUREKA-2 provides a coupled 
thermal, hydraulic and point kinetics capability for evaluating a postulated reactivity 
initiated transient. THYDE-P isdesigned to analyze anticipated operational 
transients and accident conditions in light-water power reactors. JAERI modified 
the heat transfer correlations and the DNB (departure from nucleate boiling) 
correlations (341 for the thermalhydraulic design and safety analysis of the upgraded 
JRRS. 

ORNL: For the ANS Project, RELAPS [35] is used for the thermalhydraulic design 
of the cooling systems. RELAPS has been verified by INEL (Idaho National 
Engineering Laboratory), and the ANS Project planned to validate it against HFIR, 
the Thermal-Hydraulic Test Loop [36] and a planned integml tes: facility. 



CONQUEST is planned to be used for reactivity initiated transients. It has been 
verified against IAEA benchmarks an3 it was planned to validate CONQUEST 
against measurements from the planned ANS critical facility. 

5. SUMMARY 

This report is a compilation of the information submitted by AECL, CIAE, JAERI, ORNL 
and Siemens in response to a need identified at the “Workshop on R&D Needs’ at the 
IGORR-III meeting. The survey compiled information on the national standards applied 
to the SQA programs undertaken by the participants. information was assembled for 
the computer codes and nuclear data libraries used in accident and safety analyses for 
research reactors and the methods used to verify and validate the codes and libraries. 
Although the survey was not comprehensive, it provldes a basis for exchanging 
information of common interest to the research reactor community. 
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