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SUBJECT: SUMMARY OF MEETING HELD ON FEBRUARY 5, AND 6, 2003, TO
DISCUSS ACR-700 THERMAL HYDRAULIC ISSUES AND THE 
PROBABILISTIC RISK ASSESSMENT (PRA) METHODOLOGY USED
BY AECL

The Nuclear Regulatory Commission (NRC) hosted a public meeting with Atomic Energy of
Canada Limited (AECL) on February 5 and 6, 2003, at the U.S. Nuclear Regulatory
Commission (NRC) Headquarters to discuss Advanced CANDU Reactor (ACR)-700 thermal
hydraulic issues and the probabilistic risk assessment (PRA) methodology used by AECL.  A list
of attendees from the thermal hydraulic portion of the meeting is provided as Enclosure 1.  A
separate breakout session was held to discuss the ACR-700 PRA.  A list of meeting attendees
for the PRA portion of the meeting is provided as Enclosure 2.  For additional details on the
material covered in these presentations please refer to the Agencywide Documents Access and
Management System (ADAMS).  This system provides text and image files of NRC’s public
documents.  The presentations mentioned above along with a series of Open Literature papers
provided during the meeting by AECL may be accessed through the ADAMS system under
Accession No. ML030800383.  If you do not have access to ADAMS or if there are problems in
accessing the handouts located in ADAMS, contact the NRC Public Document Room (PDR)
reference staff at 1-800-397-4209, 301-415-4737, or by e-mail to pdr@nrc.gov.

Highlights from Thermal Hydraulic Portion of the Meeting

This meeting was the third in a series of technical workshops planned during the ACR
pre-application phase with the purpose of familiarizing the staff with the CANDU design.  The
main objective of the meeting was to present the Canadian Algorithm for Thermalhydraulic
Network Analysis (CATHENA) code, its validation methodology, and to discuss fuel channel
thermal hydraulics and moderator thermal hydraulics.

On the first day, an overview of the ACR systems was provided and the unique features of the
ACR design were discussed.  Above the core, the ACR design is very similar to pressurized
water reactors (PWR).  However, below the core, the ACR has very unique design features
such as horizontal fuel channels, pressure tube, calandria tube, short 43 element fuel bundles, 
individual fuel channels supplied by feeder pipes, and end fittings to allow for on-power fueling,
a passive moderator heat sink, etc.  AECL developed the CATHENA code for the thermal
hydraulic analysis of CANDU reactor coolant systems during postulated events and it is being
applied to ACR analysis.  CATHENA evolved from a previous code ATHENA (Algorithm for
Thermal Hydraulic Network Analysis) which was derived from RELAP-5.  CATHENA is a two-
fluid non-equilibrium model with two velocities, two temperatures, and two pressures.  The gas
phase can include up to four noncondensable components and it includes the properties of
water and heavy water.  The modeling assumptions were discussed and the components of the
CATHENA model were described.  The CATHENA Solid Heat Transfer Model (GENHTP) is
used to model conduction within solid components and all heat transfer between solid
components and the thermal hydraulic fluids; for example, radial conduction within multi-region 
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fuel, radial conduction within pipe walls, fuel pin-to-fluid heat transfer, and pipe wall-to-fluid heat
transfer.  Axial conduction is not included since refilling is predominantly across and not along
the fuel channel.  In response to staff questions, AECL stated that unlike PWRs, axial
conduction is not a dominant modeling parameter for CANDU reactors and it is, therefore, not
included in GENHTP.  The GENHTP model was described and discussed in detail.  AECL
clarified that the model is capable of tracking the level of the surface as the volume of the water
in a channel changes.  In response to staff questions, AECL noted that CATHENA normally
models the fuel as a heat source.  CATHENA is linked to ELOCA, a single-element fuel
transient thermal mechanical code, when a more detailed model of the fuel is desired.  The
meeting continued with a discussion of the uncertainty analysis.  The impact of the uncertainty
in the correlations coefficients in CATHENA can be assessed by modifying the parameters
through a defined uncertainty.  The new value of the correlation coefficient can be defined
through an internally defined standard deviation and offset or bias.  The user can define the
multiplier or bias to define the new value of the correlation coefficient.  AECL agreed to expand
on this discussion at a future meeting in order to clarify questions raised by the staff; such as
accounting for uncertainty within the code, the number of parameters that can be varied, and
the internally defined standard deviation and bias, etc.

AECL noted that the Integral Test Facility (RD-14M) simulator does not account for the
pressure drop based on alignment of fuel bundles.  The RD-14M facility was modified in 2001 to
run at ACR pressure and temperature and the headers and below header piping was modified
to the RD-14M/ACR configuration.  A comprehensive database of integral thermal hydraulics
experiments and a wide range of test types including loss-of-coolant accident (LOCA), natural
circulation, loss-of-flow, transition to shutdown cooling, and flow stability exists for CANDU
reactors.

The expected release date for CATHENA MOD 3.5d is December 2003.  The present validation
of MOD 3.5c thermal hydraulic phenomena will be extended to include scenarios and conditions
relevant to ACR.  There are 21 relevant phenomena for the ACR design, each validated
separately.

On the second day, the ACR thermal hydraulic workshop continued with a discussion on fuel
channel thermal hydraulics and moderator thermal hydraulics.  To clarify questions from the
staff on the issue of fuel bundle misalignment, AECL stated that no effort is made, nor needed,
to manage fuel bundle alignment in a CANDU core.  Once in the reactor, subsequent fuel
bundle rotation is precluded by the axial forces on the bundle string imposed by the hydraulic
forces applied by the coolant flowing through the channel.  It was noted that critical heat flux
(CHF) correlations are developed from data with aligned bundles, which results in
conservatively lower CHF.  These conservative data are used to develop correlations that are
used in accident analysis.  AECL noted that there are plans to conduct endurance testing on full
size fuel channels.  Flow induced vibration is not observed in CANDU 6 and not expected in
ACR.

The staff discussed the applicability of Appendix K to horizontal core flow and noted that there
could be policy issues to consider for CANDU.  The staff suggested that a report on ACR Fuel
Channel Thermal Hydraulic, formatted in accordance with Chapter 4 of the standard review
plan, should be considered for design certification.
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The meeting continued with a presentation on the moderator thermal hydraulics.  NRC staff
questioned whether design aspects of the ACR core; such as, smaller lattice pitch (since it
could result in higher hydraulic resistance) and plate-type reactivity devices (since they could
affect local temperatures) are a concern.  AECL indicated that these were not expected to be
significant effects.  The model used by the CANDU industry for safety and licensing
assessments of moderator circulation in the calandria vessel is MODTURC_CLAS V2.9-IST
(MODerator TURbulent Circulation Co-Located Solution).  The model calculates pressure loss
through the calandria tube array, the buoyancy term in the momentum equation, the volumetric
heat load distribution in the calandria vessel from steady-state and transient neutronic power
and radioactive decay distributions, and the moderator subcooling from temperature
distribution.  The model simulates the moderator temperature control system, the moderator
heat exchangers and associated control valves, and it sets up transient boundary conditions. 
Assessments of moderator circulation in the ACR design indicates minor differences from the
proven CANDU 9 design.  In order to confirm this, MODTRUC_CLAS will be validated using
data from the Moderator Test Facility (MTF) modified to simulate ACR design and operating
conditions.  The one-third scale ACR test is planned for 2006.  Prior to adjourning the meeting,
AECL provided the staff a total of 27 Open Literature papers on ACR thermalhydraulics.  These
reports are available in ADAMS under Accession No. ML030800383.

Highlights from the PRA Portion of the Meeting

AECL provided an overview of the PRA methodology that it has used for various CANDU
designs.  AECL has not yet developed a detailed PRA for the ACR-700.  During the meeting
AECL provided the staff with three reports describing additional background information
regarding the investigation of severe accident phenomena for the ACR-700.  These papers are:
(1) “CANDU Response to Loss of All Heat Sinks,” (2) “Modular Accident Analysis Program for
CANDU Reactors,” and (3) “Coolability of Severely Degraded CANDU Cores,” AECL-11110,
Revised January 1996.  The papers are part of the presentation material that can be accessed
through ADAMS under Accession No. ML030800383.

During a background discussion of the PRA, AECL mentioned that it jointly developed a
CANDU source term using WASH-1400 methodologies with a group in the Netherlands.  The
staff expressed an interest in this document and AECL mentioned that it was publicly available. 
The title of the document is “Summary of CANDU 6 Probabilistic Safety Assessment Study
Results,” dated 1990, Nuclear Safety, Vol 31, No.2, pp. 202-214.

The staff and AECL exchanged information regarding AECL’s approach to PRA and the staff’s
approach to reviewing PRAs as part of a design certification application.  The staff expressed a
desire to continue with a technical dialogue regarding PRA during the pre-application phase for
the ACR-700.  The staff and AECL agreed to explore arranging a trip to a CANDU reactor in
Canada so that the NRC’s PRA reviewers could become more familiar with the CANDU design. 
In addition, in a December 18, 2002, letter, AECL provided a detailed deliverable and schedule
for focus topics.  This letter included a schedule for a familarization meeting with the staff in
June 2003 regarding the PRA methodology that will be applied to the ACR.  The staff and
AECL agreed that the discussion topics for the June 2003 meeting may need to be broadened. 
The PRA reviewers also expressed an interest in attending a March 27, 2003, meeting with
AECL to discuss the ACR safety design philosophy and design basis accidents.
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The staff stated that it would be beneficial for AECL to consider the following to prepare for
future discussions regarding PRA and severe accidents:

� AECL should review SECY papers that provide guidance for severe accident reviews that
were performed for the designs that have been certified including how the use of in-vessel
retention was addressed for the AP600.  The following SECY papers were suggested for
review:

� SECY 90-016, “Evolutionary Light Water Reactor Certification Issues and Their
Relationship to Current Regulatory Requirements”

� SECY 93-087, “Policy, Technical, and Licensing Issues Pertaining to Evolutionary and
Advanced Light-Water Reactor Designs”

� SECY-96-128, “Policy and Key Technical Issues Pertaining to the Westinghouse
AP600 Standardized Passive Reactor Design”

� AECL should review the safety evaluation reports for designs that have been certified in
order to become familiar with how PRA related issues were addressed.  For example, how
design alternatives were considered, how digital instrumentation and control was modeled
and evaluated, and how severe accidents were addressed using a combination of
deterministic analyses and a Level 3 PRA.

The staff expressed an interest in learning more about the extent of AECL’s use of international
experience to address PRA and severe accident issues.  In particular, the staff would like to
learn more about the differences between the Modular Accident Analysis Program (MAAP4)
code and the CANDU version of the code (MAAP-CANDU) that AECL intends to use for the
ACR-700.

The next ACR familiarization meeting is scheduled for March 27, 2003, to discuss ACR safety
philosophy, design basis accidents, severe accidents, and acceptance criteria.

/RA/

Belkys Sosa, Project Manager ACR-700
New Reactor Licensing Project Office
Office of Nuclear Reactor Regulation

Project No. 722

Enclosures:  As stated

cc w/encls:  See next page
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Enclosure 1

ACR-700 Thermal Hydraulics Meeting
February 5 and 6, 2003 Auditorium 8:30am - 5:00pm

ATTENDANCE LIST

Name Affiliation Phone E-Mail

Belkys Sosa NRR/NRLPO 301-415-2375 bxs2@nrc.gov

Marsha Gamberoni NRR/NRLPO 301-415-1126 mkg@nrc.gov

Ralph Caruso NRR/SRXB 301-415-1813 rxc@nrc.gov

Tony Attard NRR/SRXB 301-415-2876 aca@nrc.gov

Walton Jensen NRR/DSSA/SRXB 301-415-2856 wlj@nrc.gov

Ralph Landry NRR/DSSA/SRXB 301-415-1140 rrl@nrc.gov

Andre Drozd NRR/DSSA/SPSB 301-415-1308 axd@nrc.gov

Sam Miranda NRR/DSSA/SRXB 301-415-2303 sxm1@nrc.gov

Len Ward NRR/DSSA/SRXB 301-415-2866 lww@nrc.gov

Mark Kowal NRR/DSSA/SRXB 301-415-1663 mxk7@nrc.gov

Robert M. Taylor NRR/DSSA/SRXB 301-415-1437 rxt2@nrc.gov

Summer B. Sun NRR/DSSA/SRXB 301-415-2868 sbs@nrc.gov

Frank Orr NRR/DSSA/SRXB 301-415-1815 fro@nrc.gov

Undine Shoop NRR/DSSA/SRXB 301-415-2063 uss@nrc.gov

Tai L. Huang NRR/DSSA 301-415-2867 tlh1@nrc.gov

Narinder Trehan NRR/DE/EEIB 301-415-2777 nkt@nrc.gov

Lance Kim RES/DRAA/PRAB 301-415-5656 lkk@nrc.gov

Steve Bajorek RES/DSARE/SMSAB 301-415-7574 smb4@nrc.gov

Donald E. Carlson RES/DSARE/REAHFB 301-415-0109 dec1@nrc.gov

Norm Lauben RES/DSARE/SMSAB 301-415-6762 gnl1@nrc.gov

Phil Reed RES/DSARE 301-415-7845 prr@nrc.gov

Alan Levin OCM/RAM 301-415-1750 ael@nrc.gov

Jeffrey L. Binder ANL/DOE 630-252-7265 jlbinder@anl.gov

Vince Langman AECL 905-823-9060 langmanv@aecl.ca

Hymie Shapiro AECL 905-823-9040 shapiroh@aecl.ca
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Name Affiliation Phone E-Mail

Liberat (Bert) Carlucci AECL 613-584-3311 carluccib@aecl.ca

Paul J. Ingham AECL 204-753-2311 inghamp@aecl.ca

Robert Ion AECL 905-823-9060 ionr@aecl.ca

Nik Popov AECL 905-823-9040 popovn@aecl.ca

Andrew White AECL 613-584-8811 whitea@aecl.ca

David Richards AECL 613-584-8811 richardsd@aecl.ca

Laurence Leung AECL 613-584-3311 leungl@aecl.ca

Magdy El-Hawary CNSC 613-943-0131 el-hawarym@cnsc-
ccsn.gc.ca

Greg Rzentkowski CNSC 613-947-7767 rzeutkowskig@cnsc-
ccsn.gc.ca

Juan Carbajo ORNL 865-574-5856 carbajojj@ornl.gov

S. Michael Modro INEEL 208-526-9402 mod@inel.gov

Cal Reid Bechtel 301-228-6533 creid@bechtel.com

Dan Prelewicz ISL, Inc. 301-255-2273 damp@islinc.com

Mike Schoppman FRAMATOME -ANP 202-739-8011 mas22@comcast.net

Charles Brinkman Westinghouse 301-881-7040 brinkmch@westinghouse.
com

Sanjoy Banerjee UCSB/NRC/ACRS 805-893-3456 banerjee@engineering.
ucsb.edu
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ACR-700 PRA Meeting
February 6, 2003 O-04B8 10:30am - 3:45pm

ATTENDANCE LIST

Name Affiliation Phone E-Mail

Joe Sebrosky NRR/NRLPO 301-415-1132 jms3@nrc.gov

Jerry Wilson NRR/NRLPO 301-415-3145 jnw@nrc.gov

Bob Palla NRR/DSSA/SPSB 301-415-1095 rlp3@nrc.gov

Mark Rubin NRR/DSSA/SPSB 301-415-3234 mpr@nrc.gov

Edward D. Throm NRR/DSSA/SPLB 301-415-3153 edt1@nrc.gov

Gareth Parry NRR/DSSA 301-415-4104 gwp@nrc.gov

Donnie Harrison NRR/DSSA/SPSB 301-415-3587 dgh@nrc.gov

Samuel Miranda NRR/DSSA/SRXB 301-415-2303 sxm1@nrc.gov

Andre Drozd NRR/DSSA/SPSB 301-415-1308 axd@nrc.gov

Donald E. Carlson RES/DSARE/REAHFB 301-415-0109 dec1@nrc.gov

Sud Basu RES/DSARE/SMSAB 301-415-6774 sxb2@nrc.gov

John N. Ridgely RES/DRAA/PRAB 301-415-6555 jnr@nrc.gov

Vince Langman AECL 905-823-9060 langmanv@aecl.ca

Hymie Shapiro AECL 905-823-9040 shapiroh@aecl.ca

Andrew White AECL 613-584-8811 whitea@aecl.ca

Magdy El-Hawary CNSC 613-943-0131 el-hawarym@cnsc-ccsn.gc.ca
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Mr. Charles Brinkman
Westinghouse Electric Co.
Washington Operations
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Mr. Thomas P. Miller
U.S. Department of Energy
NE-20, Rm. A286
Headquarters - Germantown
19901 Germantown Road
Germantown, MD  20874-1290

Mr. David Lochbaum
Nuclear Safety Engineer
Union of Concerned Scientists
1707 H Street, NW, Suite 600
Washington, DC 20006-3919

Mr.  Paul Gunter
Nuclear Information & Resource Service
1424 16th Street, NW, Suite 404
Washington, DC 20036

Mr.  James Riccio
Greenpeace
702 H Street, NW, Suite 300
Washington, DC 20001

Mr.  Ron Simard
Nuclear Energy Institute
Suite 400
1776 I Street, NW
Washington, DC 20006-3708

Patricia Campbell
Winston & Strawn
1400 L Street, NW
Washington, DC  20005

Mr. Ed Rodwell, Manager
PWR Design Certification
Electric Power Research Institute
3412 Hillview Avenue
Palo Alto, CA  94304-1395

Mr. Edwin Lyman
Nuclear Control Institute
1000 Connecticut Avenue, NW
Suite 410
Washington, DC 20036

Mr. Jack W. Roe
SCIENTECH, INC.
910 Clopper Road
Gaithersburg, MD 20878

Mr. David Ritter
Research Associate on Nuclear Energy
Public Citizens Critical Mass Energy
  and Environmental Program
215 Pennsylvania Avenue, SE
Washington, DC  20003

Mr. James F. Mallay, Director
Regulatory Affairs
FRAMATOME, ANP
3315 Old Forest Road
Lynchburg, VA.  24501

Mr. Tom Clements
6703 Gude Avenue
Takoma Park, MD  20912

Mr. Vince Langman
Licensing Manager
Atomic Energy of Canada Limited
2251 Speakman Drive
Mississauga, Ontario
Canada L5K 1B2

Mr. Victor G. Snell
Director of Safety and Licensing
Atomic Energy of Canada Limited
2251 Speakman Drive
Mississauga, Ontario
Canada L5K 1B2

Mr. Glenn R. George
PA Consulting Group
130 Potter Street
Haddonfield, NJ 08033

J. Alan Beard
GE Nuclear Energy
13113 Chestnut Oak Drive
Darnestown, MD 20878-3554

Mr. James Blyth
Canadian Nuclear Safety Commission
280 Slater Street, Station B
P.O. Box 1046
Ottawa, Ontario
K1P 5S9
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Mr. Gary Wright, Manager
Office of Nuclear Facility Safety
Illinois Department of Nuclear Safety
1035 Outer Park Drive
Springfield, IL 62704

Dr. Gail H. Marcus
U.S. Department of Energy
Room 5A-143
1000 Independence Ave., SW
Washington, DC 20585 

Mr. Michael M. Corletti
Passive Plant Projects & Development
AP600 & AP1000 Projects
Westinghouse Electric Company
P. O. Box 355
Pittsburgh, PA 15230-0355


