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ABSTRACT

This journal includes all publications NRC prepares in its NUREG series: reports, including
those prepared for intemational agreements; brochures; conference proceedings; and books.
The entries in this compilation are indexed for access by staff and contractor-prepared
publications and NRC originating organizations.

In Vol. 23, No. 1, NUREG-0304, the title was changed from “Regulatory and Technical Reports

(Abstract Index Journal).” The NRC is discontinuing publication of this journal with this issue,
Vol. 24, No. 2. ‘
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PREFACE

The U.S. Nuclear Regulatory Commission (NRC) compiles bibliographic data and abstracts for
publications in the NUREG-series available to the public. After the end of each calendar year,
the NRC has been publishing an annual compilation of this information. However, the NRC is

discontinuing publication of the compilation with this issue, which has a slightly different format
than previous issues.

NRC is discontinuing this publication because, since November 1999, the public can
electronically access the information previously published in this compilation. This information
is contained in NRC’s Agencywide Document Access and Management System (ADAMS),
accessed through NRC’s Web site <http://www.nrc.gov/NRC/ADAMS/index.htmi>.
Additionally, you may access a table of publications issued in 2000 that are in ADAMS at Web
address <http://www.nre.gov/NRC/NUREGS/adamspubs.html>.

The “Bibliographic Data Sheets” for these publications are sequenced according

to their NUREG-series number: publications including reports or brochures

prepared by the staff designated (NUREG-XXXX) or (NUREG/BR-XXXX); conference
proceedings designated (NUREG/CP-XXXX); reports prepared by an NRC contractor
designated (NUREG/CR-XXXX); and publications resulting from international agreements
designated (NUREG/IA-XXXX).

The four indexes for the Bibliographic Data Sheets included in this volume are titled:

Staff-Prepared Publications

NRC Originating Organization for Staff-Prepared Publications
Contractor-Prepared Publications

NRC Originating Organization for Contractor-Prepared Publications

The indexes for the originating organizations list the publications alphabetically by office and
then chronologically by publication number for each office. The other two indexes list the
publications chronologically by number.

The four indexes are followed by a “Bibliographic Data Sheet” for each publication and the
entries in the originating organization indexes will contain for each publication—

1. the number (NUREG-0304, Vol. 24, No. 1); '
2. the title (“Abstracts for Publications in the NUREG-Series”); and
3. the date (October 1999)

Some NRC publications in the NUREG-series are posted on NRC’s World Wide Web site under
the Reference Library icon on the home page: <http://www.nrc.gov>.
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Availability of NRC Publications

You may purchase copies of these publications from one of the following sources or
view sources for obtaining references in these publications by accessing

<http:/Awww.nrc.gov/NRC/NUREGS/NUREGsales.html> and clicking on AVAILABILITY
NOTICE.

1. The Superintendent of Documents
U.S. Government Printing Office
P.O. Box 37082
Washington, DC 20402-9328
www.access.gpo.gov/su_docs>
202-512-1800

2. The National Technical Information Service
Springfield, VA 22161-0002

www.ntis.gov
1-800-553-6847 or, locally, 703-605-6000
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NRC Originating Organization Index (Staff-Prepared Publications)

This index lists those NRC Organizations that have pubhshed staff publications. The index is arranged
alphabetically by major NRC organizations. Each entry is followed by a NUREG number, title of the publication(s),
and date. If further information is needed, refer to the main citation by NUREG number.

ADVISORY COMMITTEE(S)
ACNW - Advisory Committee on Nuclear Waste
NUREG-1423, V09: A COMPILATION OF REPORTS OF THE ADVI-
SORY COMMITTEE ON NUCLEAR WASTE - July 1998 - June 1999

ACRS - Advisory Committee on Reactor Safeguards
NUREG-1125, V20: A COMPILATION OF REPORTS OF THE ADVISORY COMMITTEE
ON REACTOR SAFEGUARDS: 1998 Annual
NUREG-1635, V02: REVIEW AND EVALUATION OF THE NUCLEAR
REGULATORY COMMISSION SAFETY RESEARCH PROGRAM, July 1999

EDO - OFFICE OF ADMINISTRATION
OFFICE OF ADMINISTRATION
NUREG-0936, V17, N02: NRC REGULATORY AGENDA, February 1999
NUREG-0936, V18, NO1: NRC REGULATORY AGENDA, August 1999

EDO - OFFICE FOR ANALYSIS & EVALUATION OF OPERATIONAL DATA
OFFICE FOR ANALYSIS & EVALUATION OF OPERATIONAL DATA
NUREG-1187, V02: PERFORMANCE INDICATORS FOR OPERATING COMMERCIAL NUCLEAR
POWER REACTORS, January 1999

EDO - OFFICE OF NUCLEAR MATERIAL SAFETY & SAFEGUARDS
OFFICE OF NUCLEAR MATERIAL SAFETY & SAFEGUARDS

NUREG-0383, V01, R22: DIRECTORY OF CERTIFICATES OF COMPLIANCE FOR
RADIOACTIVE MATERIALS PACKAGES , October 1999
NUREG-0383, V02, R22: DIRECTORY OF CERTIFICATES OF COMPLIANCE FOR
RADIOACTIVE MATERIALS PACKAGES, October 1999
NUREG-0383, V03, R19: DIRECTORY OF CERTIFICATES OF COMPLIANCE FOR
RADIOACTIVE MATERIALS PACKAGES, October 1999
NUREG-0430, V18: LICENSED FUEL FACILITY STATUS REPORT, November 1999
NUREG-1531, V01: FINAL ENVIRONMENTAL IMPACT STATEMENT RELATED TO
RECLAMATION OF THE URANIUM MILL TAILINGS AT THE ATLAS SITE, MOAB UTAH: SOURCE
MATERIAL LICENSE NO. SUA 917, March 1999
NUREG-1531, V02: FINAL ENVIRONMENTAL IMPACT STATEMENT RELATED TO
RECLAMATION OF THE URANIUM MILL TAILINGS AT THE ATLAS SITE, MOAB, UTAH: SOURCE
MATERIAL LICENSE NO. SUA 917
NUREG-1532, S01: FINAL TECHNICAL EVALUATION REPORT FOR THE PROPOSED RECLAMATION
PLAN FOR THE ATLAS CORPORATION MOAB MILL: SOURCE MATERIAL LICENSE NO. SUA 917
NUREG-1556, V06: CONSOLIDATED GUIDANCE ABOUT MATERIALS LICENSES PROGRAM-SPECIFIC
GUIDANCE ABOUT 10 CFR PART 36 IRRADIATOR LICENSES, January 1999
NUREG-1556, VO7: CONSOLIDATED GUIDANCE ABOUT MATERIALS LICENSES: PROGRAM-SPECIFIC
GUIDANCE ABOUT ACADEMIC, RESEARCH AND DEVELOPMENT, AND OTHER LICENSES OF LIMITED
SCOPE INCLUDING GAS CHROMATOGRAPHS AND X-RAY FLUORESCENCE ANALYZERS,
December 1999
NUREG-1556, V11: CONSOLIDATED GUIDANCE ABOUT MATERIALS LICENSES: PROGRAM-SPECIFIC
GUIDANCE ABOUT LICENSES OF BROAD SCOPE, April 1999
NUREG-1556, V12 Draft for Comment {(DFC): CONSOLIDATED GUIDANCE ABOUT MATERIALS
LICENSES: PROGRAM-SPECIFIC GUIDANCE ABOUT POSSESSION LICENSES FOR MANUFACTURING
AND DISTRIBUTION, July 1999



NUREG-1556, V13: CONSOLIDATED GUIDANCE ABOUT MATERIALS LICENSEES: PROGRAM-SPECIFIC
GUIDANCE ABOUT COMMERCIAL RADIOPHARMACY LICENSES, September 1999 .

NUREG-1556, V16 DFC: CONSOLIDATED GUIDANCE ABOUT MATERIALS LICENSES:
PROGRAM-SPECIFIC GUIDANCE ABOUT LICENSES AUTHORIZING DISTRIBUTION TO GENERAL
LICENSEES, September 1999

NUREG-1609: STANDARD REVIEW PLAN FOR TRANSPORTATION PACKAGES FOR RADICACTIVE
MATERIAL, May 1999

NUREG-1615: PHYSICAL PROTECTION REQUIREMENTS FOR CATEGORIES |, i, AND lill MATERIAL AT
FUEL CYCLE FACILITIES, March 1999

NUREG-1636: REGULATORY PERSPECTIVES ON MODEL VALIDATION IN HIGH-LEVEL RADIOACTIVE
WASTE MANAGEMENT PROGRAMS: A JOINT NRC/SKI WHITE PAPER, March 1999

NUREG-1688, V2: NRC SENSITIVITY AND UNCERTAINTY ANALYSES FOR A PROPOSED HLW
REPOSITORY AT YUCCA MOUNTAIN, NEVADA, USING TPA 3.1, March 1999

NUREG-1711, DFC: NUCLEAR BYPRODUCT MATERIAL RISK REVIEW: REGULATORY AND OTHER
BASES FOR BARRIERS TO DOSE, July 1999

NUREG-1712, DFC: NUCLEAR BYPRODUCT MATERIAL RISK REVIEW: RESULTS OF SURVEY OF NRC
AND AGREEMENT STATE MATERIALS LICENSING AND INSPECTION PERSONNEL, July 1999
NUREG/BR-0006, R04: INSTRUCTIONS FOR COMPLETING NUCLEAR MATERIAL TRANSFER REPORTS,
October 1999

NUREG/BR-0007, R03: INSTRUCTIONS FOR THE PREPARATION AND DISTRIBUTION OF MATERIAL
STATUS REPORTS, October 1999

EDO - OFFICE OF NUCLEAR REACTOR REGULATION

OFFICE OF NUCLEAR REACTOR REGULATION
NUREG-0040, V22, N03: LICENSEE CONTRACTOR AND VENDOR INSPECTION STATUS REPORT.
Quarterly Report, July-September 1998, March 1999 .
NUREG-0040, V22, N04: LICENSEE CONTRACTOR AND VENDOR INSPECTION STATUS REPORT.
Quarterly Report, October-December 1898, March 1999
NUREG-0040, V23, NO1: LICENSEE CONTRACTOR AND VENDOR INSPECTION STATUS REPORT.
Quarterly Report, January-March 1999, October 1999
NUREG-0040, V23, N02: LICENSEE CONTRACTOR AND VENDOR INSPECTION STATUS REPROT.
Quarterly Report, April-june 1999, October 1999
NUREG-0800: STANDARD REVIEW PLAN, COFFICE OF NUCLEAR REACTOR REGULATION
CHAPTER 13, “CONDUCT OF OPERATIONS,” SECTION 13.1.1, *"MANAGEMENT AND TECHNICAL
SUPPORT ORGANIZATION," AND SECTION 13.1.2-13.1.3, “OPERATING ORGANIZATION,” November 1999
NUREG-1021,R08: OPERATOR LICENSING EXAMINATION STANDARDS FOR POWER REACTORS,
April 1999
NUREG-1437,V1, ADD1: GENERIC ENVIRONMENTAL IMPACT STATEMENT FOR LICENSE RENEWAL
OF NUCLEAR PLANTS, August 1999
NUREG-1437, S1: GENERIC ENVIRONMENTAL IMPACT STATEMENT FOR LICENSE RENEWAL OF
NUCLEAR PLANTS, October 1699
NUREG-1437, $2: GENERIC ENVIRONMENTAL IMPACT STATEMENT FOR LICENSE RENEWAL OF
NUCLEAR PLANTS, December 1999
NUREG-1512, S1: FINAL SAFETY EVALUATION REPORT RELATED TO CERTIFICATION OF THE APS00
STANDARD DESIGN, December 1999
NUREG-1552, $1: FIRE BARRIER PENETRATION SEALS IN NUCLEAR POWER PLANTS, January 1999
NUREG-1574, R1 DFC: STANDARD REVIEW PLAN ON ANTITRUST REVIEWS, October 1999
NUREG-1577: STANDARD REVIEW PLAN ON POWER REACTOR LICENSEE FINANCIAL
QUALIFICATIONS AND DECOMMISSIONING FUNDING ASSURANCE, February 1999
NUREG-1605: RISK PROFILE METHODOLOGY OF PLANT CONFIGURATIONS AND PILOT APPLICATIONS:
LESSONS LEARNED, January 1999
NUREG-1648: LESSONS LEARNED FROM MAINTENANCE RULE BASELINE INSPECTIONS, October 1999
NUREG-1705: SAFETY EVALUATION REPORT RELATED TO THE LICENSE RENEWAL OF CALVERT
CLIFFS NUCLEAR POWER PLANT, UNITS 1 AND 2, December 1999
NUREG-1706: YEAR 2000 READINESS IN U.S. NUCLEAR POWER PLANTS, September 1999



U.S. NUCLEAR REGULATORY COMMISSION

OFFICE OF THE CHIEF FINANCIAL OFFICER
NUREG-1350, V11: NUCLEAR REGULATORY COMMISSION INFORMATION DIGEST, 1899 EDITION,
November 1999

OFFICE OF THE CHIEF INFORMATION OFFICER
NUREG-0304, V23, N02: ABSTRACTS FOR PUBLICATIONS IN THE NUREG-SERIES, Annual
Compilation for 1998, April 1999,
NUREG-0304, V24, N01: ABSTRACTS FOR PUBLICATIONS IN THE NUREG-SERIES, Semiannual
Compilation for January-June 1999, October 1999
NUREG-0540, V20, N11: TITLE LIST OF DOCUMENTS MADE PUBLICLY AVAILABLE, November 1-30, 1998,
January 1999 .
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CONFERENCE, April 1999

EDO - OFFICE OF ENFORCEMENT

OFFICE OF ENFORCEMENT
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LICENSEES, Semiannual Progress Report, July-December 1998
NUREG-0940, V17, N02, P3: ENFORCEMENT ACTIONS: SIGNIFICANT ACTIONS RESOLVED, MATERIAL
LICENSEES, Semiannual Progress Report, July-December 1998
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REACTORS AND OTHER FACILITIES 1998, November 1999
NUREG-1667: THE IMPACT OF THE HEAT TRANSFER COEFFICIENT ON PRESSURIZED THERMAL
SHOCK, February 1999
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NRC. This addendum also inciudes an appendix that summarizes comments on the draft of the addendum, and documents the
staffs responses to those comments.

13. AVAILABILITY STATEMENT

Generic Environmental impact Statement unlimited
License renewal 14. SECURITY CLASSIFICATION

Nuclear Power Plant (This Page}
Environmental Protection ;
Spent Nuclear Fuel o ___Er]gl_assmed
(This Report)
unclassified
75 15. NUMBER OF PAGES

12. KEY WORDS/DESCRIPTORS (List words or phrases that will assist researchers in locating the report.)

16. PRICE

NRC FORM 335 (2-89) This form was electronically produced by Elite Federal Forms, Inc.



NRC FORM 335 U.S. NUCLEAR REGULATORY COMMISSION J1. REPORT NUMBER
(2-89) {Assigned by NRC, Add Vol., Supp., Rev.,
NRCM 1102, and Addendum Numbers, if any.)

3201. 3202 BIBLIOGRAPHIC DATA SHEET
(See instructions on the reverse)
NUREG-1437,

2. TITLE AND SUBTITLE Supplement 1

Generic Environmental Impact Statement for License Renewal of Nuclear Plants
3. DATE REPORT PUBLISHED

Supplement 1 Regarding the Calvert Cliffs Nuclear Power Plant " MONTH YEAR
Final Report October - 1998
4 FIN OR GRANT NUMBER

5. AUTHOR(S) 6. TYPE OF REPORT

Environmental Impact Statement
7. PERIOD COVERED (inclusive Dates)

8. PERFORMING ORGANIZATION - NAME AND ADDRESS (/f NRC, provide Drvision. Office or Region. U S. Nuclear Regulatory Commussion, and maiing address. if contractor,
provide name and mailing address. )
Division of Regulatory Improvement Programs
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission

Washington, D.C. 20555-0001
9. SPONSORING ORGANIZATION - NAME AND ADDRESS 1/ NRC. type “Same as above". if contractor. provide NRC Oiwision. Office or Region U S. Nuclear Reguiatory Commission.
and maihng address.)

Same as above

10. SUPPLEMENTARY NOTES

Docket Nos. 50-317 and 50-318
11. ABSTRACT (200 words or less}

This final supplemental environmental impact statement (SEIS) has been prepared in response to an application submitted to
the Nuclear Regulatory Commission (NRC) by Baltimore Gas and Electric Company (BGE) to renew the operating licenses for
the Calvert Cliffs Nuciear Power Plant (CCNPP) Units 1 and 2 for an additional 20 years under 10 CFR Part 54. The
supplemental environmental impact statement includes the staffs analysis that considers and weighs the environmental effects
of the proposed action, the environmental impacts of aiternatives to the proposed action, and the alternatives available for
reducing or avoiding adverse impacts. [t also includes the staffs recommendations regarding the proposed action.

Based on the analysis and findings in the Generic Environmental Impact Statement, the Environmenta!l Report submitted by
BGE, consuitation with other Federal and State agencies, its own independent review, and its consideration of public
comments, the NRC staff recommends that the Commission determine that the adverse environmental impacts of license
renewal for CCNPP Units 1 and 2 are not so great that preserving the option of license renewal for energy planning
decisionmakers would be unreasonable.
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This final supplemental environmental impact statement (SEIS) has been prepared in response to an application submitted to
the Nuclear Regulatory Commission (NRC) by Duke Energy Corporation (Duke) to renew the operating licenses for the
Oconee Nuclear Station (ONS) Units 1, 2, and 3 for an additional 20 years under 10 CFR Part 54. The supplemental
environmental impact statement includes the staffs analysis that considers and weighs the environmental effects of the
proposed action, the environmental impacts of alternatives to the proposed action, and alternatives available for reducing or
avoiding adverse impacts. It also includes the staff's recommendations regarding the proposed action.

Based on the analysis and findings in the Generic Environmental Statement, the environmental report submitted by Duke,
consultation with other Federal and State agencies, its own independent review, and its consideration of
NRC staff recommends that the Commission determine that the adverse environmental impacts of license renewal for ONS

Units 1, 2, and 3 are not so great that preserving the option of license renewal for energy planning decisionmakers would be

public comments, the
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This supplement to the final safety evaluation report (FSER) for the AP600 Stan dard Plant Design documents the NRC staff's
review of the changes to the AP600 design documentation since the issuance of t he FSER and the resolution of the
confirmatory items identified in Section 1.9 of the FSER. This supplement aiso provides an evaluation of the design change
described in Section 6.0 of this report. The discussions are supplementary to, and not in lieu of, the discussions in the FSER,

On the basis of the evaluation described in the AP600 FSER (NUREG-1512) and thi s report, the NRC staff concludes that the
confirmatory issues in NUREG-1512 are resolved, the AP800 design documentation {up to and including the 12/99 revision to
the AP600 DCD) is acceptable, and Westinghouse’s application for design certifi cation meets the requirements ot Subpart B to
10 CFR Part 52 that are applicable and technically relevant to the AP600 Standa rd Plant Design.
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Washington, DC 20555-0001
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Docket No. 40-3453

11. ABSTRACT (200 words or less)

This Final Environmental Impact Statement (FEIS) has been prepared by the Nuclear Regulatory Commission (NRC), Office of
Nuclear Material Safety and Safeguards, to address potential environmental impacts associated with a request by Atlas
Corporation to amend its existing NRC License No. SUA-817 to reclaim in place an existing uranium mill tailings pile near
Moab, Utah. The proposed reclamation would allow Atlas to reclaim the tailings pile for permanent disposal and long-term
custodial care by a government agency in its current location on the Moab site. The FEIS describes and evaluates (1) the
purpose of and heed for the proposed action, (2) alternatives considered, (3) potentially affected environmental resources, 4)
environmental consequences of the proposed action, and (5) costs and benefits associated with reclamation alternatives.

The analysis of impacts presented in the FEIS indicates that the Atlas proposed on-site reclamation with recommended
mitigation, will significantly reduce the impact of contaminants entering the Colorado River, but a rigorous determination of
whether the proposed action will meet the FWS ammonia concentration requirements specified in the Final Biological Opinion,
cannot be made without additional data and analyses by the applicant. All other environmental aspects of the proposed action
are acceptable. The FEIS compares the proposed on-site reclamation to an alternative of moving the tailings to an alternative
site on Klondike Flat. NRC staffs analysis finds that no aspect of the relocation alternative would have a potentially significant,
adverse, fong-term environmental or sociceconomic impact. Some of the short-term impacts, including radiation doses
associated with moving the tailings, would be greater for the relocation alternative. Thus, the short-term impacts and the
significantly higher economic cost of moving the tailings are the major disadvantages of the relocation alternative.
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Docket No. 40-3453

11. ABSTRACT (200 words or fess)

This Final Environmental Impact Statement (FEIS) has been prepared by the Nuclear Regulatory Commission (NRC), Office of
Nuclear Material Safety and Safeguards, to address potential environmental impacts associated with a request by Atlas
Corporation to amend its existing NRC License No. SUA-917 to reclaim in place an existing uranium mill tailings pile near
Moab, Utah. The proposed reclamation would allow Atlas to reclaim the tailings pile for permanent disposal and fong-term
custodial care by a government agency in its current location on the Moab site. The FEIS describes and evaluates (1) the
purpose of and need for the proposed action, (2) alternatives considered, (3) potentially affected environmental resources, (4)
environmental consequences of the proposed action, and (5) costs and benefits associated with reclamation alternatives.

The analysis of impacts presented in the FEIS indicates that the Atlas proposed on-site reclamation with recommended
mitigation, will significantly reduce the impact of contaminants entering the Colorado River, but a rigorous determination of
whether the proposed action will meet the FWS ammonia concentration requirements specified in the Final Biological Opinion,
cannot be made without additional data and analyses by the applicant. All other environmental aspects of the proposed action
are acceptable. The FEIS compares the proposed on-site reclamation to an alternative of moving the tailings to an alternative
site on Klondike Flat. NRC staff's analysis finds that no aspect of the relocation aiternative would have a potentially significant,
adverse, long-term environmental or socioeconomic impact. Some of the short-term impacts, including radiation doses
associated with moving the tailings, would be greater for the relocation alternative. Thus, the short-term impacts and the
significantly higher economic cost of moving the tailings are the major disadvantages of the relocation alternative.
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Docket No. 40-3453
11. ABSTRACT (200 wordss or jess)

The supplement to the Final Technical Evaluation Report (FTER), pertaining to the proposed revised reclamation plan
submitted by Atlas Corporation, summarizes the U.S. Nuclear Regulatory Commission staff's review of additional site data
developed for the U.S. Fish and Wildlife Service (FWS) as a part of the section 7 Endangered Species Act (ESA) consultation
process; and additional analyses performed by the Center for Nuclear Waste Regulatory Analyses (CNWRA) regarding
performance of the proposed reclamation. The additional data were developed by the FWS in order for it to issue a Final
Biological Opinion in accordance with the ESA. The results and conclusions of the Section 7 consultation are presented in the
Final Environmental Impact Statement (FEIS). The FTER was issued on March 1997 and contained staff's analysis and
conclusions that the proposed on-site reclamation of the existing uranium mill tailings pile complies with the requirements
contained in Title 10 Code of Federal Regulations (CFR) Part 40. The additional data and analyses did not conflict with staff's
analysis or conclusion of acceptability contained in the FTER; however, a supplement is needed to update the information

contained in the FTER.
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11, ABSTRACT (200 words or less)

NRC is using Business Process Redesign (BPR) techniques to redesign its materia Is licensing process, as described in
NUREG-1539, "Methodology and Findings of the NRC'’s Materials Licensing Process Redesign." A critical element of the new
process is consolidating and updating numerous guidance documents into a NUREG- series of reports.

This NUREG report is the sixth program-specific guidance developed to support a n improved materials licensing process. It is
intended for use by applicants, licensees, NRC license reviewers, and other NRC personnel. It combines and updates the
guidance for applicants and licensees previously found in Draft Regulatory Guid e DG-0003, *Guide for the Preparation of

~ Applications for Licenses for Non-Self-Contained irradiators,” dated January 19 94, and the guidance for licensing staff
previously found in NMSS Policy and Guidance Directive, FC 84-23, "Standard Review Plan for Licenses for the Use of
Panoramic Dry Source-Storage Irradiators, Self-Contained Wet Source-Storage, an d Panoramic Wet Source-Storage
Irradiators," dated December 27, 1984. In addition, this report also contains pertinent information found in Technical
Assistance Requests and Information Notices.

On April 23, 1998, (63 FR 20224), NRC announced the availability of draft NUREG 1556, Vol. 6, and requested comments on
it. The final document contains a compilation of the comments and the staff's responses. The comments were considered in

preparing the final NUREG Report.

Applicants for NRC licenses should use this guidance when preparing application s for NRC licenses. NRC staff will use this
final report in reviewing these applications.
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10. SUPPLEMENTARY NOTES

11

. ABSTRACT (200 words or lessj

The United States Nuclear Regulatory Commission (NRC) is consolidating and upda ting numerous guidance documents into a
single comprehensive repository as described in NUREG - 1539, "Methodology and Findings of the NRC’s Materials Licensing
Process Redesign," dated April 1996, and draft NUREG - 1541, "Process and Desig n for Consolidating and Updating Materials
Licensing Guidance," dated Aprit 1996. NUREG - 1556, Vol. 7, "Consolidated Gu idance about Materials Licenses: Program -
Specific Guidance about Academic, Research & Development, and Other Licenses of Limited Scope," dated December 1999,
is the seventh program-specific guidance developed for the new process and is i ntended for use by applicants, licensees, and
NRC staff and will also be available to Agreement States. This document combin es and updates the guidance for applicants
and licensees previously found in: {1) Regulatory Guide 10.2, Revision 1, "Gui dance To Academic Institutions Applying For
Specific Byproduct Material Licenses of Limited Scope," dated December 1976; (2 ) Regulatory Guide 10.7, "Guide For the
Preparation of Applications For Licenses For Laboratory and Industrial Use of S mall Quantities of Byproduct Material,” dated
August 1979; and (3) Draft Regulatory Guide FC 405-4, "Guide for the Preparatio n of Applications for Licenses for the Use of
Sealed Sources in Gas Chromatography Devices and X-Ray Fluorescence Analyzers," dated February 1985. This report takes
a more risk-informed, performance-based approach to the information needed to s upport an application for the use of
byproduct material. This final report should be used in preparing academic, re search & development, and other licenses of
fimited scope (ARDL) license applications. NRC staff will use this final repor tin reviewing these applications.
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NRC is using Business Process Redesign (BPR) techniques to redesign its materia Is licensing process, as described in
NUREG-1539, "Methodology and Findings of the NRC's Materials Licensing Process Redesign." A critical element of the new
process is consolidating and updating numerous guidance documents into a NUREG- series of reports.

This NUREG report is the eleventh program-specific guidance developed to suppor t an improved materials licensing process.
itis intended for use by applicants, licensees, NRC license reviewers, and oth er NRC personnel. It updates the guidance for
applicants and licensees previously found in Draft Regulatory Guide DG-0005, da ted October 1994. included in this document
is a new option for Type A licenses of Broad Scope to have increase flexibilit y to make changes in some program areas. This

option is discussed in detail in Chapter 1.

On December 9, 1998, (63 FR 67946), NRC announced the availability of draft NUR EG 1556, Vol. 11, and requested
comments on it. The final document contains a compilation of the comments and the staff's responses. The comments were

considered in preparing the final NUREG Report.

Applicants for NRC licenses should use this guidance when preparing application s for NRC licenses. NRC staff will use this
final report in reviewing these applications.
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As part of its redesign of the materials licensing process, NRC is consolidatin g and updating numerous guidance documents
into a single comprehensive repository as described in NUREG-1539, "Methodology and Findings of the NRC’s Materials
Licensing Process Redesign,” dated April 1996, and draft NUREG-1541, "Process a nd Design for Consolidating and Updating
Materials Licensing Guidance," dated April 1996. Draft NUREG-1556, Vol. 12, "C onsclidated Guidance about Materials
Licenses: Program-Specific Guidance about Possession Licenses for Manufacturin g and Distribution," dated July 1999, is the
twelth program-specific guidance document developed for the new process and is intended for use by applicants, licensees,
and NRC staff, and will also be available to Agreement States. This draft rep ort takes a more risk-informed,
performance-based approach to licensing for manufacturing and distribution, and reduces the information (amount and level of
detail) needed to support an application. Note that this document is strictly for public comment and is not for use in preparing
or reviewing applications until it is published in final form.
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NRC is consolidating and updating numerous guidance documents into a single com prehensive repository, as described in
NUREG-1539, "Methodology and Findings of the NRC’s Materials Licensing Process Redesign,” dated April 1996, and draft
NUREG-1541, "Process and Design for Consolidating and Updating Materials Licens ing Guidance," dated April 1996.
NUREG-1556, Vol. 13, “Consolidated Guidance about Materials Licenses: Program- Specific Guidance about Commercial
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and is intended for use by applicants, licensees, and NRC staff, and will also be available to Agreement States. This
document combines and updates the guidance found in "Draft Regulatory Guide DG- 0006" (previously issued as FC 410-4),
"Guide for the Preparation of Applications for Commercial Nuclear Pharmacy Lice nses" (March 1997), and Standard Review
Plan 85-14, "Standard Review Plan for Applications for Nuclear Pharmacy Licensée s." This report takes a more risk-informed,
performance-based approach to licensing commercial radiopharmacies and reduces the information (amount and level of

detail) needed to support such an application,
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This draft guide has been developed in parallel with the proposed rulemaking on 10 CFR Parts 30, 31, 32, 170, and 171,
"Requirements for Certain Generally Licensed Industrial Devices Containing Byproduct Material.” Comments received in response
1o publication of this draft will be considered in developing the final guide. Finalization of the guidance will continue to parallef the
rulemaking; resulting in a guidance document that is consistent with the final rule.

As part of its redesign of the materials licensing process, NRC is consolidating and updating numerous guidance documents into a
single comprehensive repository as described in NUREG-1538, "Methodology and Findings of the NRC's Materials Licensing
Process Redesign, " dated April 1996, and draft NUREG-1541, "Process and Design for Consolidating and Updating Materials
Licensing Guidance, dated April 1996. Draft NUREG-1556, Vol. 16, "Consolidated Guidance About Materials Licenses:
Program-Specific Guidance About Licenses Authorizing Distribution to General Licensees, " dated September 1999, is the
sixteenth program-specific guidance document developed for the new process and is intended for use by applicants, licensees,
and NRC staff, and will also be available to Agreement States. This draft report takes a more risk-informed, performance-based
approach to licensing for distribution to general licensees, and reduces the information (amount and level of detail) needed to
support an appiication. Note that this document is strictly for public comment and is not for use in preparing or reviewing
applications until it is published in final form.
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The Nuclear Regulatory Commission is issuing this draft revision to the standard review plan on antitrust reviews to describe the
procedure used to implement the antitrust review and enforcement process prescribed in Sections 105 and 186 of the Atomic
Energy Act of 1954, as amended. This draft SRP revision reflects the recent policy change to discontinue antitrust reviews of

license transfer applications.
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The NRC is issuing this Standard Review Plan to describe the process it uses to review the financial qualifications and the methods
of providing decommissioning funding assurance required of power reactor license applicants and existing licensees.
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11. ABSTRACT (200 words or fess}

This document includes the U.S. Nuclear Regulatory Commission's (NRC's or Commission's) revised General Statement of
Policy and Procedure for Enforcement Actions (Enforcement Policy) as it was published in the Federal Register on

November 9, 1999 (64 FR 61142). Because the policy is often revised without being reissued as a NUREG series publication,
this current document is identified by date instead of revision number. The policy that preceded this November 1999
publication was NUREG-1600, Rev. 1. The Enforcement Policy is a general statement of policy explaining the NRC's policies
and procedures in initiating enforcement actions, and the responsibilities of the presiding officers and the Commission in
reviewing these actions. This policy statement is applicable to enforcement matters involving the radiological health and safety
of the public, including employees' health and safety, the common defense and security, and the environment. The NRC
publishes the policy statement in NRC's NUREG series to foster its widespread dissemination. However, this is a policy
statement and not a regulation. The Commission may deviate from this statement of policy and procedure as appropriate
under the circumstances of a particular case. As a living policy statement, revisions are noticed in the Federal Register. The
NRC's Office of Enforcement maintains the current policy statement on its homepage on the Internet at www.nrc.gov/OE/. This
revision (1) revises the approach for assessing the significance of violations, (2) changes guidance to conform to recent
revisions to the requirements of 10 CFR 50.59, "Changes, tests, and experiments” (64 FR 53582; October 4, 1999),

(3) updates the policy to reflect the Deputy Executive Director for Reactor Programs and the Deputy Executive Director for
Materials, Research and State Programs as the principal enforcement officers of the NRC, (4) corrects the schedule for
exercising enforcement discretion for findings involving the completeness and accuracy of licensee Final Safety Analysis
Reports (FSAR), (5) consolidates the guidance on dispositioning Severity Level IV violations as either Notices of Violation or
Non-Cited Violations, (6) reorganizes existing guidance on the relationship between safety and compliance to improve clarity,
(7) consolidates changes to the Enforcement Policy since May 1998, and (8) edits and restructures existing guidance to assure
consistency with recent policy changes and to facilitate maintenance of the living policy statement.
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trending. These insights can be used for risk-informed regulatary initiatives and other applications.

This report summarizes a risk-based methedology for developing time-dependent risk profiles of plant operational configurations,
and lessons learned from pilot plant visits. The methodology focuses on the determination of plant configuration risk profiles using
piant operating records, or actual real-ime equipment unavailabifities due to plant operational evolutions. This methodology
employs state-of-the-art PRA methods and risk models, and uses available computer codes and various quantification techniques.
The risk profile emphasizes the relative risk changes with respect to a reference risk level that is defined on the basis of plant
baseline configuration. The limitations of risk models and sensitivity to risk contributors and of computation methods are discussed
within the scope of developing risk profiles, and lessons learned from the pilot studies are documented. Resuits and lessons
learned from the trial applications at five pilot piant sites are also presented. The pilot plants for these studies are the South Texas
Project, Comanche Peak, Crystal River 3, Brunswick 2, D.C. Cook, and San Onofre 2 nuclear stations. The trial application
studies demonstrated that insights from configuration risk profiles can provide a risk perspective of plant performance and risk
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The Standard Review Plan for Transportation Packages for Radioactive Material provides guidance for the review and

gpprc_;\gal of applications for packages used to transport radioactive material (other that irradiated nuclear fuel) under 10 CFR
art 71.

This document is intended for use by the U.S. Nuclear Regulatory Commission (NRC) staff. Its objectives are to (1)
summarize 10 CFR Part 71 requirements for package approval, (2) describe the procedures by which the NRC staff
determines that these requirements have been satisfied, and (3) document the practices developed by the staff in previous

reviews of package applications.
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This NUREG presents the primary physical protection requirements, issued by the U.S. Nuclear Regulatory Commission
(NRC), under Title 10 of the U.S. Code of Federal Regulations, applicable to unirradiated Categories |, {l, and {li material at
fixed sites. Category | refers to formula quantities of strategic special nuclear material. Category I refers to quantities and
types of special nuclear material of moderate strategic significance. Category !li refers to quantities and types of special
nuclear material of low strategic significance. The requirements are presented in a modular format in relation to the various

physical protection functional areas.
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In 1998, the Advisory Committee on Reactor Safeguards (ACRS) submitted to the Nuclear Regulatory Commission (NRC) a
comprehensive report of the NRC's Safety Research Program, NUREG-1635, Vol. 1, "Review and Evaluation of the Nuclear
Regulatory Commission Safety Research Program,” which documented the ACRS conclusions and recommendations. The
ACRS continues to support the conciusions and recommendations of that report. The present report is more modest in scope
and is intended to provide additional information concemning the research needed to support Commission programs, especially
risk-informed regulation. Not all research programs are included in this report and our observations are often limited to certain

aspects of a given program.
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11. ABSTRACT (200 words or less)
Validation should be an important aspect of the regulatory uses of mathematical models in the safety assessments of
geologic repositories for the disposal of spent nuclear fuel and other high-level radioactive wastes. Because models
for a geologic repository performance assessment cannot be tested over the spatial scales of interest and long time
periods for which the models will make estimates of performance, the usual avenue for model validation—e.g.,
comparison of model estimates with actual data at the space-time scales of interest—is prectuded. Further compli-
cating the model validation process in HLW programs are the uncertainties inherent in describing the geologic com-
plexities of potential disposal sites, and their interactions with the engineered system, with a limited set of generally
imprecise data, making it difficult to discriminate between model discrepancy and inadequacy of input data. A suc-
cessful strategy for model validation should attempt to recognize these difficulties, address their resolution, and
document the resolution in a careful manner. The end result of validation efforts should be a documented enhance-
ment of confidence in the model to an extent that the model's results can aid in regulatory decision-making. The
level of validation needed should be determined by the intended uses of these models.
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11. ABSTRACT (200 words or less)

This report summarizes the lessons learned from 68 maintenance rule (MR) baseli ne inspections (MRBIs)conducted at plants
with operating licenses in accordance with Title 10, Part 50, of the Code of Fe deral Regulations (CFR) and 3 MRBIs conducted
at plants with decommissioning certifications in accordance 10 CFR 50.82(a)(2) . The MRBIs were conducted between July
15, 1996, and July 10, 1998. In general, these MRBIs revealed that licensees i mplemented the requirements of the
maintenance rule , 10 CFR 50.65, by following the guidance in NUMARC 93-01, "I ndustry Guideline for Monitoring the
Effectiveness of Maintenance at Nuclear Power Plants”, as endorsed by NRC Regul atory Guide 1.160, "Montoring the
Effectiveness of Maintenance at Nuclear Power Plants." Additionally, licensee s effectively determined which structures,
systems, and components (SSCs) at each site were within the scope of the MR. T he use of the expert panels was effective in
determining which SSCs were risk significant. The resuits of the MRBIs also in dicated that the several expert panels
performed other MR activities that exceeded the guidance in NUMARC 93-01.  Whe n setting goals or performance measures
(criteria) in accordance with 10 CFR 50.65(a)(1) or (a)(2), respectively, most licensees considered the risk insights from the
probabilisitic risk assessments (PRAs). However, early MRBIs revealed that som e licensees did not have adequate technical
justification for deviating from SSC reliability and avaitability assumptions i n the PRAs when establishing goals or performance
criteria and did not adequately assess planned and emergent maintenance activit ies. Most licensees’ individual
self-assessments were a MR program implementation strength. Most licensees als o established reasonable plans and
methods to periodically evaluate the effectiveness of equipment performance and preventive maintenance, including the
balance between reliability and availability.
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The Nuclear Regulatory Commission is revamping its inspection and oversight program for commercial nuciear power plants. The
new program takes into account improvements in the performance of the nuclear industry over the past twenty years; the desire of
the NRC to apply more objective, timely, safety-significant criteria in assessing performance; and the agency’s need to effectively
regulate the industry with a smaller staff and budget. The new program will be used at eight nuclear power plants on a pilot basis,
beginning in June 1999. The experience of this pilot program will be used to evaluate and, if needed, modify the new processes

before they are extended to all plants in January 2000.
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The Nuclear Regulatory Commission is revamping its inspection and oversight program for commercial nuclear power plants.
The new program takes into account improvements in the performance of the nuclear industry over the past 20 years; the
desire of the NRC to apply more objective, timely, safety-significant criteria in assessing performance; and the agency's need
to effectively regulate the industry with a smaller staff and budget. The new program will be used at eight nuclear power
plants on a pilot basis, beginning in June 1999. The experience of this pilot program will be used to evaluate and, if needed,
modify the new processes before they are extended to all plants in January 2000.
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directly applicable only under tthe assumptions and limitations of this study.

A study is completed which quantitatively defines values for the downcomer heat transfer coefficients which induce conduction-
limited heat transfer during postulated pressurized thermal shock transients. The results are useful for assessing whether
fracture mechanics predictions of pressurized thermal shock will be sensitive to uncertainty or to variations in the heat transfer
coefficient. ldealized thermal transients are used along with several fixed levels of the heat transfer coefficients to access
sensitivity of the results. Thermal-hydraulic results are relatively insensitive to the value of the heat transfer coefficient.
Variations in the fracture mechanics predictions can be significant, hopwever. Material fracture toughness and the stress
intensity factor for a fixed flaw are determined using the FAVOR code for various levels of the heat transfer coefficient and for
several prescribed cooldown rates. On the basis of the fracture mechanics results, values of the heat transfer coefficients
which result in conduction-limited behavior determined as a function of the cooldown rate. Bounds are defined based upon the
fracture mechanics solutions reaching 85, 90, and 95 percent of the asymptotic conduction-limited solution. Conclusions are
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11. ABSTRACT (200 words or less)

important to overall repository performance.

The total-system performance assessment computer code was developed to assist t he U.S. Nuclear Regulatory Commission
staff in evaluating the safety case for the proposed geologic repository at Yuc ca Mountain, Nevada. This report: (i) presents
results of process and system-level sensitivity and uncertainty analyses to det ermine the parameters that have the most
influence on repository performance; (i) estimates the relative importance of the key elements of subsystem abstraction; and
(iii) focuses staff reviews of the U.S. Department of Energy total-system perf ormance assessments. Results of system-level
analyses are based on peak dose in the time period of interest (TPI) to a recep tor group 20 kilometers from the proposed
repository. For a TPI of 10,000 years, and an inner waste package of Alloy 625, the most influential parameters were the rates
of corrosion and water ingress into the package. With Alloy C-22, the same para meters were found to be influential, along with
those affecting damage to waste packages from seismicity. For a TP| of 50,000 y ears, parameters dictating the transport of
neptunium and americium from the waste form and through the geosphere were foun d to be most influential, with parameters
dictating the rate of water ingress into the package somewhat less important. T he influential parameters resulting from these
analyses were compared to the current key elements of subsystem abstraction use d by the NRC staff to focus work on items
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Code of Federal Regulations.

This safety evaluation report (SER) documents the technical review of the Calvert Cliffs Nuclear Power Plant (CCNPP), Units 1 and
2 license renewal appiication (LRA) by the U.S. Nuclear Regulatory Commission staff. The Baltimore Gas and Electric Company
(BGE) requested renewal of the Class 104b operating licenses for the Calvert Cliffs units for a period of 20 years beyond the
current expiration dates. By letter dated April 8, 1998, BGE submitted a LRA for Calvert Cliffs required by Part 54 of Title 10 of the

On the basis of its evaluation of the LRA the staff concludes that: (1) actions have been identified and have been or will be taken
with respect to managing the effects of aging during the period of extended operation on the functionality of structures and
components that have been identified to require an aging management review under 10 CFR 54.21(a){1), and (2) actions have

been identified and have been or will be taken with respect to time-limited aging analyses that have been identified to require review
under 10 CFR 54.21(c). Accordingly, the staff finds that there is reasonable assurance that the activities authorized by a renewed
license will continue to be conducted in accordance with the current licensing basis for the CCNPP, Units 1 and 2 during the period
of extended operation.
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This report describes the results of NRC staff reviews of licensee nuclear power plant (NPP) year 2000 (Y2K) readiness
activities conducted at each nuclear power plant. The results of the staff reviews are integrated with the July 1, 1999, licensee
responses to Generic Letter (GL) 98-01, Supplement 1, "Year 2000 Readiness of Computer Systems at Nuclear Power
Plants,” and licensee follow-up reports of Y2K readiness. All licensees of NPPs reported in response to GL 98-01, Supplement
1, that there are no Y2K-related problems that directly affect the performance of safety systems. The Nuclear Regulatory
Commission has confirmed by onsite reviews that at all 103 U.S. nuclear power plants there are no Y2K-related problems
which affect the performance of safety systems needed to safely shut down the plants. As of September 1, 1889, the staff
concludes that licensees of 75 of the 103 plants have completed alt activities to ensure computer systems and digital
embedded components that support plant operations are "Y2K ready. Licensees for 28 plants have additional work to
complete on a few non-safety systems or components that support ptant operations and administrative functions. These
licensees provided scheduled completion dates for their piants. Typically, the licensee is completing the remainingY2K work
after July 1, 1999, because the work requires a plant outage scheduled for the fail of 1999 or because the licensee is waiting
for delivery of a replacement component. All licensees are expected to be Y2K ready by December 16, 1999.
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Digital sampling of analog signals adds two types of errors, aliasing and finit e wordlength error, to the sampled version of the
signal. Aliasing is characterized by high frequency components misrepresented a s low frequency components in the sampled
signal. It is greatly influenced by the sample rate, and may lead to degraded performance in monitoring, alarm, control, and
protection systems. Since computer wordlengths are finite in length, digital s ystems are limited in their capability to represent
real number values. Finite wordlength errors related to round-off, truncation, and data conversion have the potential to
adversely impact the performance of digital instrumentation and controt (1&C) s ystems.

The Office of Nuclear Regulatory Research is investigating good engineering pra ctices and review guidance regarding aliasing
and finite wordlength errors in nuclear facilities. Hazards associated with th ese errors are minimized through proper design
and selection of sample rates and computer wordlengths. This document provides the regulatory background, theoretical
information, practical issues, best engineering practices, review guidance, and examples associated with sample rate and
computer wordlength selection. This information is used by NRC staff to identi fy improper treatment of aliasing and finite

wordlength error in digital 1&C systems.
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This three-volume report contains papers presented at the Twenty-Sixth Water Reactor Safety Information Meeting held at the
Bethesda Marriott Hotel, Bethesda, Maryland, October 26-28, 1998. The papers are printed in the order of their presentation in
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briefly describe the programs and results of nuclear safety research sponsored by the Office of Nuclear
Regulatory Research. U.S. NRC. Summaries of invited papers concerning nuclear safety issues from U.S.
government laboratories. the electric utilities. the nuclear industry. and from foreign governments and
industry are also included. the summaries have been compiled in one report to provide a basis for meaningful
discussion and information exchange during the course of the meeting. and are given in the order of their

presentation in each session.
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The theoretical results given by Pierre Welander are used to test the capability of the RELAPS series of codes to predict instabilities
in single-phase flow. These results are related to the natural circulation in a loop formed by two parallel adiabatic tubes with a point
heat sink at the top and a point heat source at the bottom. A stability curve may be defined for laminar flow and was extended to
consider turbulent flow. By a suitable selection of the ratio of the total buoyancy force in the loop to the friction resistance, the flow
may show instabilities. The solution was useful to test two basic numerical properties of the RELAPS code, namely: a)
convergence to steady state flow-rate using a “lumped parameter” approximation to both the heat source and sink and, b) the
effect of nodalization to numerically damp the instabilities. It was shown that, using a simple volume to lump the heat source and
sink, it was not possible to reach convergence to steady state flow rate when the heated (cooled) length was diminished and the
heat transfer coefficient increased to keep constant the total heat transferred to (and removed from) the fiuid. An algebraic
justification of these results is presented, showing that it is a limitation inherent to the numerical scheme adopted. Concerning the
effect of nodalization on the damping of instabilities, it was shown that a "reasonably fine" discretization led, as expected, to the
damping of the solution. However, the search for convergence of numerical and theoretical results was successful, showing the
expected nearly chaotic behavior. This search lead to very refined nodalizations. The resuits obtained have also been verified by
the use of simple, ad hoc codes. A procedure to assess the effects of nodalizations on the prediction of instabilities threshold is
outlined in this report. It is based on the experience gained with the aforementioned simpler codes.
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For conditions of low quality at the quench front and low mass flux, the interfacial heat transfer calculated assuming a uniform
distribution of droplets over the cross-sectional area of the channel is necessarily overpredicted, and the vapour superheat is
strongly underpredicted. The purpose of the present paper is to show that limitations of the 1-D approach, obtained from the
steady-state analyses of slow reflooding experiments, has some impact on the performance of the 1-D transient computer codes
like RELAP5/MOD2.5 and RELAP5/MOD3. As an example, the transient analysis of a low flooding rate experiment in a tube was
performed. An early compietion of the quench process and a fast desuperheating of the vapour at the tube exit was obtained by
both codes. The too high quench front velocity (four imes higher than in the experiment) could not, however, be put univocally in
relation to the underprediction of the vapour temperature, and the consequent increase of the precursory cooling, as many coupled
thermal and hydraulic transient effects prevailed. Quasi steady-state analyses of two runs, where the boundary conditions for the
post-dryout region could be better controlled for a predetermined position of the quench front, were thus performed. These
analyses show that the vapour superheat at the tube exit is strongly underpredicted, confirming the limitations of the 1-D model for
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The IPSN's transient fuel rod code SCANAIR, has been modified to analyze pulse tests with high-burmup VVER fuel rods in the
Impulse Graphite Reactor (IGR). New and modified models of separate phenomena have been developed, including models for
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verification and refinement of the analytical tools and models used to predict plant performance during SBLOCA transients.
Additionally, this report presents some base calculations identified as conditioning calculations of OTSG stready state and transient
behaviour which is one of the essentials for the prediction of phenomena observed in the SBLOCA scenarios.
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This report presents the results of RELAPS/MOD3.2
rod bundie model with tight lattice. The experiments

assessment in the prediction of two-phase hydrodynamics and heat transfer in
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temperatures for almost all the tests.
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11. ABSTRACT (200 words or less)

This report has been prepared as a part of the Agreement on Research
International code application and Maintenance Program. KS-1 Test 35-
the partialy uncovered VVER Core model were simulated with RELAPS/MOD3.2 to

power, middle press!
caiculations was performed using different number of hydraulic volumes for C

Core model.

and maximum user-specified time step, base case calculations were done for the test. The differences between code predictic
for behavior of rod simulator temperatures aiong the height of Core model and test data are described and analyzed. Sensmylty
studies were carried out to investigate the effects of modeling on the behavior of the rod simulator temperatures along the height of

Participation and Technical Exchange under the

1 data on the behavior of the heated rod temperatures in
assess the code, especially its non-equilibrium
(unequal phase temperatures) heat t transfer modeis for modeling phenomena in partially uncovered core under Small Break
LOCA conditions. The test has been carried out at experimental section KS-1 of the test facility KS (RRC Ki) in 1991. KS-1
experimental section (VVER Loop model) inciudes models of all main elements of VVER type reactor, loop hot leg model and coid
leg simulator, and also horizontal SG tube bundle simulator with passive heat removal. Core model consists of 19 electrically
heated rod simulators with diameter 9 mm and height 2.5m. Test 35-1 models thermal and hydraulic processes during reflux
condenser mode in primary circuit with low mixture level in partially uncovered VVER core under conditions of small residual heat

ure and counter current flow in the core. First a study of the effect of the hydraulic nodalization to the code
ore model. after the choice of proper nodalization

redictions
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The PKL Il test facility (Primar-Kreis-Lauf) simulates a typical 1300 MWe Pressurized Water Reactor of Siemens/KWU. In test
B4.3, the influence of non-condensables on heat transfer in the steam generators during reflux condenser conditions was
investigated. This report presents the results of a post-test analysis of PKL 11I-B4.3 using RELAPSMOD 3.2. A description of the
input model is given, and the correspondence of measured and calculated results is discussed.. The results of the calculation
show differences in the distribution of nitrogen in the primary system compared to the experiment. When nitrogen was injected into
the hot leg of the primary system, the heat transfer in the affected steam generator decreased. In contrast to the experiment
RELAP calculated that the volumes in the adjacent steam generator did not get the full amount of nitrogen and that nitrogen was
transported from the steam generators to other locations during the course of the transient. Thus, the heat transfer in these steam
generators later increased in contradiction to the measured values. In the steam generator tubes, RELAP calculated that the
nitrogen accumulated in the descending part as predicted in the experiment. For the ascending U-tubes RELAP predicted that the
nitrogen was transported to the loop seal, which was not seen in the experiment. Fiuctuations occurred during the course of the
RELAP5/MOD 3.2 analysis of the PKLIII B4.3 experiment. This phenomenon may be the main reason, that RELAP calculates the
transport of nitrogen from the steam generators into the system and predicts finally 2 homogeneous distribution of nitrogen in the
primary system. The analysis performs an in kind contribution to the CAMP contract.
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10. SUPPLEMENTARY NOTES
M. B. McNeil. NRC Project Manager

11. ABSTRACT (200 words or less) .
This report summarizes work performed by Argonne National Laboratory on fatigue and environmentally assisted cracking (EAC)

in light water reactors from January 1998 to June 1998. Topics that have been investigated include (a} fatigue of austenitic
stainless steels (SSs), {b) irradiation—assisted stress corrosion cracking of austenitic SSs, and (¢) EAC of Alloys 600 and 690.
Fatigue tests were conducted on cast austenitic SSs to establish the effects of light water reactor (LWR) environments on the fatigue
life of these steels. Slow-strain-rate-tensile tests were conducted in simulated boiling water reactor (BWR) water at 288°C on S5
specimens irradiated to a low and medium fluence in the Halden reactor, and the results were compared with similar data from a
control-blade sheath and neutron-absorber tubes irradiated in BWRs to the same fluence levels. Crack-growth-rate (CGR} tests
are being conducted on compact-tension specimens from several heats of Allovs 600 and 690 to evaluate the resistance of these
alloys to environmentally assisted cracking in LWR environments. CGR correlations were developed as a function of loading and

environmental parameters.
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5. AUTHOR(S)
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10. SUPPLEMENTARY NOTES
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11. ABSTRACT (200 words or less)
This report summarizes work performed by Argonne National Laboratory on fatigue and environmentally assisted cracking (EAC)

in light water reactors from July 1998 to December 1998. Topics that have been investigated include (a) environmental effects on
fatigue S-N behavior of primary pressure boundary materials. (b) irradiation-assisted stress corrosion cracking of austenitic
stainless steels (SSs). and (c) EAC of Alloys 600 and 690. Fatigue tests have been conducted to determine the crack initiation and
crack growth characteristics of austenitic SSs in LWR environments. Procedures are presented for incorporating the effects of
reactor coolant environments on the fatigue life of pressure vessel and piping steels. Slow-strain-rate tensile tests and posttest
fractographic analyses were conducted on several model SS allovs that were irradiated (o 0.3 and 0.9 x 1021 n.cm=2 (E > 1 MeV) in
helium at 289°C in the Halden reactor. The results have been used 1o determine the influence of alloving and impurity elements on
the susceptibility of these steels to irradiation assisted stress corrosion cracking. Fracture toughriess J-R curve tests were also
conducted on two heats of Type 304 SS that were irradiated 10 =0.3 x 102! n.em=2 in the Halden reactor. Crack-growth-rate tests
have been conducted on compact-tension specimens ol Allovs 600 and 690 under constant load to evaluate the resistance of these

alloys to stress corrosion cracking in LWR environments.
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This report documents an analysis of the performance of the high-pressure core spray (HPCS) system at U.S. commercial
boiling water reactor plants during the period 1987-1993. Both a reliability analysis and an engineering analysis of trends and
patterns were performed on data from HPCS system operational events to obtain insights into the performance of the HPCS

system throughout the industry and at a plant-specific level. Comparisons were made to probabilistic risk assessments and
individual plant examinations for the eight plants to indicate where operational data either support or fail to support the

assumptions, models, and data used to develop the
HPCS system unreliability estimates.
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Satisfying regulatory criteria for siting nuclear power plants requires the ability to distinguish
between tectonic and nontectonic faulting. Nontectonic faults can produce ground deformation
but are not capable of producing significant earthquakes. These faults often have
characteristics similar to those of tectonic faults, but they differ in terms of their causative forces
and potential hazard. Tectonic faults, which may or may not be seismogenic, include primary
structures capable of producing earthquakes and secondary structures that are produced by
earthquakes but are not themselves capable of generating an earthquake. An understanding of
the geologic, geomorphic, and tectonic processes that result in surface deformation is essentiat for
developing criteria to identify and evaluate the seismogenic potential of faults. in this report, we (1)
summarize the characteristics of faults resulting from tectonic and nontectonic mechanisms and (2)
develop criteria to identify and differentiate tectonic and nontectonic faults. We find very few diagnostic
criteria to differentiate tectonic from nontectonic faults. Determining the geologic context of a fauit
provides the best method for differentiating the origin of a fauit. Observations and measurements of
scale, geometry, and timing of fault movement are the most important attributes to understand in order
to confidently assess the origin and, thus, potential hazard of a fault.
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NUREG/CR-5512 is a multi-volume report describing a generic model which estimates potential radiation dose from exposure
to residual radioactive contamination after the decommissioning of facilities licensed by the U.S. Nuclear Regulatory
Commission. Individual volumes describe the generic scenarios;, models, and parameter values for screening calculations,
and the software that implements these calculations. This third volume describes the analysis used to define default
parameter values for the Building Occupancy and Residential scenarios and the results of that analysis. Screening
calculations are designed to support dose-based decisions without requiring information about specific site conditions. The
range of conditions that might exist at licensed sites was used to develop distributions describing the variability in site-specific
parameter values. These distributions were then used to derive distributions of potential dose values for unit concentrations of
individual source radionuclides. Parameter values were then identified which produce dose values in the upper quantiles of
the distributions for all source radionuclides. The resulting parameter values define a generic screening calculation that has a
limited risk of underestimating a site-specific dose calculation based on the generic scenarios, models, and screening group.
The distributions that underlie these parameter values provide a basis for developing site-specific parameter values.
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This report provides a detailed comparison of the modets, simplifying assumptions, and default parameter values implemented
by the DandD 1.0, RESRAD 5.61, and RESRAD Build 1.50 computer codes. Each of these codes is a potentially useful tool
for demonstrating compliance with the License Termination Rule, 10 CFR 20, Subpart E. The comparison was limited to the
industrial occupant and residential farmer scenarios defined in NUREG/CR-5512, Volume 1. This report is intended to
describe where and how the models and default parameter values in each of the codes differ for the specified scenarios.
Strengths, weaknesses and limitations of the modeils are identified. The practical impacts of the identified differences to dose

assessment results are discussed.
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The giobal system scaling analysis for the Advanced Pressurized Water Reactor AP600 of Westinghouse has been performed in
five main time phases for the 1-inch Cold -Leg break, to determine whether three related and already existing test faciliies, namely
the Advanced Plant Experiment (APEX) facility located at Cregon State University (OSU) at Corvallis, the Rig of Safety Assessment
{ROSA) Large Scale Test Facility located in Tokai-mura, Japan, and the Simulatore per Esperienze di Sicurezza (simulator for
Safety Experimental Analysis, SPES-2) located in Piacenza, Iltaly represent the AP600 Reactor. The scaling analysis is the
top-down, global system analysis: It is intended to establish thermodynamic similarity between AP600, APEX, ROSA, and SPES at

the level of overall system response and dynamic interaction between the system components. [t is intended aiso to rank global
transport processes according to their importance and to identify possible deviations from thermohydraulic similarity, or scale

distortion.
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The objective of this project is to provide the US Nuclear Regulatory Commission (NRC) with a comprehensive technical basis that
can be used to establish regulatory positions regarding fastening 1o concrete. The project consists of the following three tasks:

1) Prepare a report summarizing the guidance in documents such as:

a) ACI 318 (fastening proposal);

b) ACI 349, Appendix B;

¢) USI A-46, SQUG Report; and

d) ACI 355.

2) Review and evaluate available sources of test data 1o establish trends in test results (for example, group and edge effects).

.}3) Prepare a comprehensive report that covers aspects of fastening design.

In this report, the guidance of existing documents is reviewed. Test results are evaluated for anchors under tensile and shear loads.
Based on that evaluation, procedures are recommended for the evaluation and design of fasteners to concrete, including the effects of
cracked concrete and dynamic foading.
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The flow conditions in the PUMA (Purdue University Multi-Dimensional Integral Test
Assembly) tests require special instrumentation. Imn this report, special instruments
used in PUMA, impedance meter, modified magnetic flow meter, oxygen analyzer,
conductivity probe, and vortex flow meter are presented. The impedance void-meter was
developed to measure the average void fraction in pipes. The commercially available
magnetic flow meter electrodes were modified to measure the liquid flow rate in two-

A multi-port gas sampling systém using oxygen analyzers was developed for

phase flow.
A

on line measurements of air concentration in steam at various components of PUMA.
commercial vortex flow meter was used to measure low steam flow rate in pipes. A
conductivity probe was developed to measure the local void fraction in the reactor
pressure vessel for water-steam at 1 MPa (150 psig) and 180°C (356°F) or below.
These meters were tested and calibrated in the laboratory.
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11. ABSTRACT (200 words cr less)

Program objectives are to characterize the mode, timing, and size of lower head failure (LHF). A scaling analysis was performed to
guide the design and conduct of the experiment program. The experiment program consisted of eight 1/5 scale, tests simulating a
PWR lower head. Each test was pressurized and heated from the inside until failure occurred. The test matrix addressed issues of
heating patterns, lower head penetrations, lower head weldments, and system pressure. One replicate test was performed. It was
found that experiment results were repeatabie and that vessel rupture was attracted to regions of non-uniform temperature or
non-uniform thickness. The material property database for SA533B1 steel was critically reviewed and curvefits were recommended
for tensile properties and creep properties. A constitutive law for vessel deformation was developed and assessed against four of
the LHR tests. It was concluded that a more compiete material property testing program is required for a more quantitative
validation of models against the LHF tests. The LHF database was used to assess the “engineering” methodologies commonly
employed in Severe Accident Codes. The current database is notably lacking in tests with a prototypic temperature differential

across the lower head.
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11. ABSTRACT (200 words or less)
With the nuclear industry focused on reducing the length of its downtime for refueling and maintenance, increased attention has
been given to performing preventive maintenance during full-power operation rather than during periods when the plant is shut
down, such as during refueling. This shift to on-line maintenance led the Nuciear Regulatory Commission to sponsor studies
aimed at understanding the risks of carrying out preventive maintenance during power operation compared with the risk when
preventive maintenance is performed during shutdown. The types of accidents, the availability of accident mitigating systems, the

accident progression, the status of the containment, and the time available for accident recovery all differ in the various plant
operational modes. Thus the impact of preventive maintenance on risk can vary from one mode to another and will in general be

component specific.

This report presents a process developed to compare the risk impacts of performing preventive maintenance during full power
operation and during shutdown modes of operation. The process includes the use of public risk measures in addition to core
damage frequency as metrics for evaluating the effects on risk from performing preventive maintenance during different plant
operational states. The effects of uncertainties in parameters is also included in order to provide a comprehensive evaluation. The
report describes the results of the-application of the process to one nuclear power plant and, where possible, extrapolates the

results to other similar plants.
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11. ABSTRACT (200 words or less)
This report summarizes work performed by Argonne National Laboratory on irradiation-assisted stress corrosion

cracking (IASCC) of model austenitic stainless steels (SSs) that were irradiated in the Halden reactor in simulation of boiling
water reactor core internal components. Slow-strain-rate tensile tests were conducted on 16 austenitic stainless steel alloys
that were irradiated to a fluence of =3 x 1020 p ecm—2 (E > 1 MeV) and 9 alloys irradiated to a fluence of =9 x 1020 n em™2.
Fractographic analysis by scanning electron microscopy was also conducted to determine susceptibility to irradiation-assisted
stress corrosion cracking manifested by transgranular (TG) and intergranular {IG) fracture surface morphology. A high-purity
heat of Type 316L SS exhibited the highest susceptibility to IASCC at the low fluence. Total elongation and susceptibility to
IASCC at the low fluence could be correlated well with the nitrogen and silicon concentrations of the alloys. All alloys that
contained low levels of nitrogen (<100 wppm) and silicon (<1.0 wt.%) exhibited low ductility and high susceptibility to IASCC.
All alloys that contain either high silicon (>1.0 wt.%) or nitrogen >100 wppm exhibited high ductility, low percent TGSCC,
and negligible percent IGSCC. Because practically all commercially fabricated steels contain nitrogen >100 wppm, this
observation indicates that alloys that contain >1.0 wt.% silicon are effective in delaying the onset of and suppressing
susceptibility to IASCC. Initial results from specimens irradiated to a fluence of =9 x 1020 n cm~2 indicate that low
concentrations of chromium and silicone and high concentration of oxygen in steels are conducive to higher susceptibility to

IASCC.
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Division of Engineering Technology
Office of Nuclear Regulatcry Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

10. SUPPLEMENTARY NOTES
M. McNeil. NRC Project vanager

11. ABSTRACT (200 words or less)
Numerical models were developed to characterize weld residual stresses and the associated stress intensity factors at BWR core

shroud welds. Detailed descriptions of the weld residual stresses have been obtained for the H4 cylinder-to—cylinder weld and the
H8 weld. which joins the core shroud to a conical support shell.

An axisymmetric solid element model was used to characterize the detailed evolution of residual stresses in the H4 weld. In the
analysis. a series of advanced weld modeling techniques were used to address some specific welding-related issues. such as
material melting/re-melting and history annihilation. In addition. a 3-D shell element analysis was performed to quantify
specimen removal effects on residual stress measurements based on a sub-structural specimen from a core shroud. Stress
intensity factors were calculated for both axisvmmetric circumferental (360”) and circumferential surface cracks.

In BWR-2 models. the core shroud has a conical support structure. The geometry of the H8 weld that joins the support and the
shroud is more complex than the cyvlinder-to-cylinder geometry that is characteristic of most core shroud welds. In addition the
H8 weld is made prior to the postweld heat treatment (PWHT ) of the reactor vessel. The residual stress distribution at the H8 weld
is then affected by the subsequent H7 weld. A detailed finite-element analysis was carried out to characterize the residual stresses
in the H7 and H8 welds including the effect of the PWHT. A stress-intensitv—factor-hased fracture assessment. based on the
residual stress solutions. for a crack growing from the bottom surface of the H8 weld was also performed.

The printed report contains grav scale versions of the stress contour plots. A Portable Document File (pdf) version of the report
that contains full color versions of the contour plots is available at http://www.et.anl.gov/Reports/NUREGCR5675.PDF
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Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

10. SUPPLEMENTARY NOTES
T.J. Nicholson, NRC Project Manager

11. ABSTRACT (200 words or less)

The purpose of this document is to discuss the alternative monitoring strategie s used during field experiments at the Maricopa
Environmental Monitoring site, Maricopa, AZ. The strategies selected could pot entially be incorporated into monitoring
programs at low-level radioactive waste disposal facilities: The four monitori ng strategies include: Monitoring Trenches,
Monitoring Islands, Borehole Monitoring, and Geophysical Monitoring. Strengths and weaknesses of each strategy were
described with respect to installation, maintenance and replacement of monitori ng systems and instruments. Evaluation of the
strategies was mostly qualitative in nature, but were supported by data collect ed during two, field-scale infiltration experiments
in the vadose zone. Each of the strategies possess benefits and drawbacks, req uiring site specific analyses of site and
environmental conditions during monitoring program design. The document aiso p resents the concept of primary performance
measures (e.g., water content, water tension and soiute concentration), each of which directly influences water movement and
contaminant migration from disposal sites, and discusses the need to accurately convert field observations to these primary
measures. Using multiple instruments whose data convert to the same primary pe rformance measure, could improve the
confidence that changes in soil water conditions are real and not affected by t he monitoring systems themselves.
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M. McNeil. NRC Project Manager

11. ABSTRACT (200 words or less)
The ASME Boiler and Pressure Vessel Code provides rules for the construction of nuclear power plant components. Figures

[-9.1 through 1-9.6 of Appendix I to Section II of the Code specifv fatigue design curves for structural materials. Although
effects of reactor coolant environments are not explicitly addressed by the design curves. test data indicate that the Code
fatigue curves may not always be adequate for coolant environments. This report summarizes work performed by Argonne
National Laboratory on the fatigue of austenitic stainless steels in light water reactor (LWR) environments. Existing fatigue
S-N data have been evaluated o establish the effects of various material and loading variables. such as steel type. dissolved
oxygen level. strain range. strain rate. and temperature. on the fatigue lives of these steels. Statistical models are presented
for estimating the fatigue S~N curves as a function of material. loading. and environmental variables. Design fatigue curves
have been developed for austenitic stainless steel components in LWR environments. The extent of conservatism in the
design fatigue curves and alternative methods for incorporating the effects of LWR coolant environments into the ASME

Code fatigue evaluations are discussed.
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11. ABSTRACT (200 words or fess)

This report documents sensitivity analysis computer codes that have been developed for use with one-dimensional (1-D) and
two-dimensional (2-D) calculational models. These codes provide a useful tool to aid criticality safety analysts in understanding the
applicability of selected critical experiments to the validation of real systems.

SENT1 is a prototypic SCALE control module that facilitates the application of sensitivity theory to criticality safety analysis.
The XSDRNPM module uses the method of discrete ordinates to calculate &, for applications that are appropriate for 1-D modeling.
Perturbation theory is used to determine the sensitivity of the calculated value of k, to the nuclear data used in the caiculation as a
function of nuclide, reaction type. and energy. The uncertainty in the calculated value of & 4, resulting from uncertainties in the basic
nuclear data used in the calculation, is estimated using energy-dependent relative covariance matrices processed from ENDF/B-V.
Systems containing arrays of fuel pins may be analyzed using cell-weighted cross sections. The methods used in this work are based
on the FORSS system developed at ORNL in the 1970s. The present work uses the XSDRNPM module and the problem-dependent
cross-section processing capabilities of the SCALE system and is much more automated than the earlier FORSS system.
Two-dimensional sensitivity analysis using the DORT code has also been developed and 1s described in the appendix.
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11. ABSTRACT /200 woras or less?

This report describes a study on the feasibility of using guided waves for long-range global inspection of containment
metallic pressure boundaries in nuclear power plants. Of particular concern was the potential of the guided-wave
approach for remotely inspecting regions that are inaccessible; e.g., regions where the metallic pressure boundary is
backed by concrete on one or both sides.

The study included a literature review on long-range guided-wave inspection techniques, a modeling study of the
behavior of guided waves in plates with different boundary conditions (e.g., freestanding and backed by concrete on
one or both sides), and an experimental investigation of the feasibility of magnetostrictive sensor (MsS) technology
for (1) generating and detecting guided waves in plates and (2) detecting a defect over a long range.

Study results showed (1) it is feasible to achieve long-range global inspection of plates, including regions that are
inaccessible, using low-frequency guided waves and (2) that the MsS technique is well suited for this application.
Recommendations are made to further test and develop the MsS technique for practical implementation for containment

inspection in nuclear power plants.
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11 ABSTRACT (200 words or less)

We surveyed more than 400 km of river cutbank and documented liquefaction features, including sand dikes and sandblows,
at over 50 sites. In addition, we studied several structures, including the Bodenschatz-Lick, Eureka-House Springs, and St.
Genevieve fault systems and the Farmington and Valmeyer anticlines, that are associated with hisotrical and instrumentaily
recorded seismicity. Although no recent faulting was found, possible earthquake sources for liquefaction include the St. Louis,
Centralia, and New Madrid faults, the Valmeyer and Waterloo-Dupo anticlines, and the Du Quoin monocline.

We found liquefaction features along the Big Muddy, Cache, Marys, Meramec, and Kaskaskia Rivers and Mud, Shoal, and
Silver Creeks, The distribution of liquefaction features suggests that a large to very large earthquake occurred east of St.
Louis about 6,500 years ago and that another significant event occurred in the same area in the past 4,000 years. We
propose three possibe earthquake scenarios to account for the observed pattern of liquefaction. Additional information is
needed to better estimate the timing and magnitude of large prehistoric earthquake(s). A large earthquake in southwestern
Ilinots today would have a major impact on nearby urban areas including St. Louis and possibly Chicago. The seismic hazard
remains poorly understood due to large uncertainties in timing, location, and magnitudes of large prehistoric earthquakes in
this region.
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This report recommends changes in the Nuclear Regulatory Commission's (NRC) criteria now used in the design of Nuclear
Concrete Structures other than Containment and the design of radioactive Waste Management Systems, Structures and
Components. The authors judged that the best method by which the conclusions of this report can be implemented are through
the issuance of revisions to existing Regulatory Guidelines. There have been several developments since the issuance of the last
revisions of Regulatory Guidelines 1.142 and 1.143 (1981 and 1979 respectively) which provides guidance for the design of these
items. ACI 349, which presents the code requirements for nuclear safety related concrete structures, has had two major revisions
since the last issue of the Regulatory Guidelines. New advanced reactor design concepts have been put forward that include
unique attributes that need to be considered. The Department of Energy (DOE) has been active in writing standards for the design
of radioactive waste management systems. There have also been numerous changes to the Code of Federal Regulations since
the issuance of Regulatory Guidelines 1.142 and 1.143. This report discussed these advancements and changes with respect to
the scope of the Regulatory Guidelines and inciudes detailed recommended changes to Revision 1 of Regulatory Guidelines 1.142

and 1.143.
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This document provides a technical basis for revision of the U.S. Nuclear Regulatory Commission Regulatory Guide 1.132,
Site investigations for Foundations of Nuclear Power Facilities, reflecting current and state-of-the-art techniques related to field
site investigations. The report summarizes the processes of acquiring geological, geophysical, geotechnical, and other kinds
of relevant information that may affect the construction or performance of a building or other engineered structure at selected
sites. Guidance is presented for in situ studies during the various stages of site characterization. Topics range from initial
information gathering, literature review, and site reconnaissance investigations, to on-site testing and the collection and
management of samples for laboratory testing. Specific laboratory tests and techniques for the engineering analysis of soils
and specific requirements for liquefaction analysis are not addressed in this document but are covered in companion technical

basis documents.
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The Surtsey Test Facility at Sandia National Laboratories is used to perform scaled experiments for the Nuclear
Regulatory Commission (NRC) that simulate high pressure melt ejection (HPME) accidents in a nuclear power
plant (NPP). These experiments are designed to investigate melt dispersal from a reactor cavity and the resulting
containment loads if the reactor pressure vessel (RPV) lower head fails while the reactor coolant system (RCS) is
still at elevated pressures. Collectively, these phenomena are referred to as HPME from the RPV and direct
containment heating (DCH). The DCH Supplementary tests described in this report provided additional
information to establish baseline DCH and the potential contribution of hydrogen combustion to DCH loads. These
tests were performed in a more prototypic manner where melt was driven from the RPV mockup with steam.
These tests were also conducted at lower RCS pressure (~1 MPa) using different hole sizes (10 cm and 4 cm).
The tests were conducted under a cooperative research program among the Forschungszentrum Karisruhe,
Institut de Protection et de Surete Nucleaire and the NRC. The proposed European Pressurized Water Reactor
(EPR) cavity has a melt spreading room attached to the side and below the cavity that would be rendered useless
if the melt is dispersed from the cavity to the upper dome area by the blowdown.
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This report was produced at the Idaho National Engineering and Environmental Laboratory for the U.S. Nuclear Regulatory

Commission, Office for Analysis and Evaluation of Operational Data. Data for all unexpected reactor trips during power
operations at commercial nuclear power plants from 1987 through 1995 were reviewed. Each event was reviewed and
categorized according to the initial event and, additionally, was marked if certain other risk-significant events occurred,
regardless of their position in the event sequence. The collected data were analyzed for time dependence, reactor-type
dependence, and between-plant variance. Dependencies and trends are reported, along with the raw counts and the best
estimate for 1995 initiating event frequencies. For some initiators whose frequencies are low enough that no events would
be expected in the 1987-1995 period, additional operating experience and information from other sources were used to
estimate frequencies. These included operating experience from U.S. and foreign reactors, as well as evaluation of
engineering aspects of certain rare events, such as loss-of-coolant accidents (LOCAs). Results of engineering analyses of the
operating experience are compared with probabilistic risk assessment/individual plant examinations (PRA/IPEs) and other

regulatory issues.
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The U.S. Department of Energy (DOE) plans to privatize the waste treatment and immobilization operations of the Hanford Tank Waste
Remediation System (TWRS) program. A Memorandum of Understanding has been established between the DOE and the Nuclear
Regulatory Commission (NRC) for the first phase of the TWRS program. To assist the NRC in developing technical and regulatory tools
for the TWRS privatization effort, the Center for Nuclear Waste Regulatory Analyses is providing the NRC with information and tools
needed to assess the chemical, radiological, and criticality hazards of Hanford tank wastes and operations addressed under the privatization
initiative. Of primary concern are those reactions that could occur during waste retrieval and processing, but potential reactions during

continued interim storage are also important.
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11, ABSTRACT 200 woras or «@ss.

This report describes results of the drywell debris transport study. The objec tive of the study is to develop a methodology for
estimating fraction of LOCA generated fibrous insulation debris that would be t ransported from the location of their generation
in the drywell to the suppression pool. The study decomposed the problem into several components that were amenable to
resolution by the knowledge base that can be developed from separate effects ex periments, analytical modeling and
engineering calculations. Experiments and analytical studies were undertaken t o compile the necessary knowledge base on
debris transport during blowdown. washdown of debns by ECCS water flow and debris sedimentation on the drywell floor.
Logic charts were used to link both experimental and analytical results. The results of the study were used to delineate plant
features and transport phenomena that dominate debrns transport in the BWR dryw ell. A separate logic chart was developed
for each postulated accident scenarno and generic plant type analyzed. The log ic charts can be modified to take into account
effects of the plant specific features. The overail meincd 's comprehensible t o engineers who are not experts in the subject of
debris transport. Also. it 1s sufficiently flexibie that new evidence and assu mptions. related to debris size and distribution. can

be easily accommodated.

12. KEY WORDS. DESCRIPTORS & st a:e35 20 0nndses *=30 o 185 80 "$§837072%5 © I8! 73172 22007 "2 AVAILABILITY STATEMENT
unlimited

BWR Suction Strainers
Drywell Debris Transport

+
'
;m

Transport Experiment 32.

Computational Fluid Dynamics unclassitied

Transport Fractions : res Bezom
unclassified

CURITY CLASSIFICATION

15. NUMBER OF PAGES

166

16. PRICE

NRC FORM 335 (2-89: Tris ‘orm was siectrcnically produced by Elte Federal Forms.



NRC FORM 335
{2-89)

NRCM 1102,
3201. 3202

U.S. NUCLEAR REGULATORY COMMISSION

BIBLIOGRAPHIC DATA SHEET

1. REPORT NUMBER
(Assigned by NRC, Add Vol.. Supp.. Rev..
and Addendum Numbers, if any.)

:Soe insiruciors on the reverse:

NUREG/CR-6369. Vol. 2
SEA 97-3105-A:15

2. TITLE AND SUBTITLE

Drywell Debris Transport Study: Experimental Work = VTS TR
MONTH veaR
September 1999
4. FIN OR GRANT NUMBER
W6325
5. AUTHOR(S) 6. TYPE OF REPORT

Final
7. PERIOD COVERED (Inclusive Datesj

D.V. Rao, C. Shaffer, B. Carpenter. D. Cremer, and J. Brideau

8. PERFORMING ORGANIZATION - NAME AND ADDRESS (i 4RC. provide Division, Otfice or Regron, U.S. Nuclear Regutatory Commission. and mailing adoress: if contractor.

provide name and mailing address.} .
Subcontractor:

Alden Research Laboratory

30 Shrewsbury Street

Holden, MA 01520

Science and Engineering Associates, Inc.
6100 Uptown Blvd. NE
Albuquerque, NM 87110

9. SPONSORING ORGANIZATION - NAME AND ADDRESS 1 ANRC. tyoe *Same as apove® | sonvaci, srovige NRC Dwision. Ofice or Regier. U 5. Nuciear Regu‘atory Commission.

and maiiing address.

Division of Engineering Technology
Officeof Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington. DC 20555-0001

10. SUPPLEMENTARY NOTES
M. Marshall, NRC Project Manager

11. ABSTRACT 202 worgs ¢ wess:

This report describes three test programs undertaken as part of the DDTS to pro vide basic understanding regarding transport
of insulation fragments in the drywell following a postulated LOCA. The first two tests focused on transport of debris by
blowdown flow. They obtained data related to (a) inertial capture of insulatio n debris on typical BWR drywell structures while
they are transported across the structures by the steam flow: and (b) degradati on of large insulation pieces captured on floor
gratings when exposed to high velocity steam flow with suspended droplets. The se tests clearly established that wet floor
gratings would capture significantly more debns than any other BWR drywell str uctures (e.g.. pipes. I-beams and vents). The
capture efficiency of all structures was found to be a strong function of debri s size and structural wetness. but a weak function
of flow velocity and local flow patterns. Fioor gratings possess 100% capture efficiency for insulation pieces larger than 6"x4".
These large pieces do not degrade or are not forced through the grating clearan ces :1.5"x4") when subjected to high velocity
droplet flow, even though the differential pressure across them is as high as ! psid.

The third test program addressed the issue of washdown of debris previously cap tured on floor gratings by break over flow or
containment spray flow during ECCS recirculation phase. These tests concluded that majority of the small debris pieces
captured on various structures would be washed down by break flow or spray flow . On the other hand. erosion is the only
available mechanism by which large pieces deposited on the floor gratings would be transported. In three hours. as much as
25% of the.larger pieces can be eroded and transported to the suppression pool. .
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11. ABSTRACT 200 worgs or ess;

This report describes various analyses conducted as part of the drywell debris transport study. The primary objective of these
analyses was to identify controlling phenomena and critical data requirements. A secondary objective was o explore various
options available to mode! debris transport in the drywell. and make judgements regarding the degree of accuracy to which
each phenomenon should be modeled. These analyses decomposed the problem into several components that were
amenable to resolution by well-proven analytical models. The analyses specific ally addressed the following phenomena that
significantly impact debris transport: pressure vessel blowdown, containment th ermal-hydraulics (e.g., structural wetness, flow
velocities in the drywell). debris removal by various capture mechanisms and de bris transport in the water pools formed on the
drywell floor. The analytical tools used in the study included RELAP. MELCOR and CFD-2000. The results of some of the
analyses were used to design the expernments conducted as part of the study and during the debris transport quantification

process described in NUREG CR-53369. V-2
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temperature.

A Heavy-Section Steel Technology testing program was conducted on full-thickness clad beam specimens
fabricated using material from the reactor pressure vessel of a canceled nuclear power plant to generate
fracture toughness data for both deep and shallow cracks in prototypic RPV material. The beam specimens
incorporated weld, base, and overlay cladding materials. In the first testing phase, five full-thickness clad
beam specimens were fabricated with through-thickness cracks that ranged in depth from 10 to 114 mm
(0.05 < a/W < 0.5) in the weld material. These specimens were tested in three-point bending at temperatures
in the transition region of the weld metal fracture toughness curve. Fracture toughness estimates were
obtained from load versus load-line displacement and crack-mouth opening displacement data using finite-
element techniques and estimation schemes based on the n-factor method. Effects of precleavage ductile
tearing on fracture toughness were investigated using a continuum damage model based on the Gurson-
Tvergaard formulation. The cleavage toughness data were compared with other shallow- and deep-crack
uniaxial beam data generated previously from plate material that conformed to SAS533, Srade B material
specification requirements. The range in scatter for data obtained from the clad beam specimens is
consistent with that from the laboratory-scale single-edge-notched-bend specimens tested at the same
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Characterization of Flaws in U.S. Reactor Pressure Vessels is a multi-volume report. Volume 3, this document, contains the
density and distribution of flaw indications in material removed from the non-irradiated Shoreham Nuclear Reactor Pressure Vessel.
The flaw indications were obtained from nondestructive evaluation (NDE) of weldment specimens. The first volume gives the
density and distribution of flaw indications in the Pressure Vessel Research User Facility (PVRUF) vessel. Volume 2 contains a
description of the removal of material from the PVRUF vessel, the conduct of confirmatory NDE techniques and metaliographic

analysis, and the confirmation of fiaw rates for the vessel.

This volume provides the characteristics of the flaw indications in the Shoreham vessel and their density and distribution. This
report also gives a description of the Shoreham vessel weldments and the approach to the research. The performance of the
inspection system and the measurements made on the reactor pressure vessel (RPV) material are described.
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11, ABSTRACT (200 worus or less)
The purpose of this study was to evaluate whether or not fissile uranium in low-level-waste (LLW) facilities

can be concentrated by hydrogeochemical processes to permit nuclear criticality. A team of experts in
hydrelogy, geology, geochemistry, soil chemistry, and criticality safety was formed to develop and test some
reasonable scenarios for hydrogeochemical increases in concentration of special nuclear material (SNM),
and to use these scenarios to aid in evaluating the potential for nuclear criticality. The team's approach
was to perform simultaneous hydrogeochemical and nuclear criticality studies to (1) identify some possible
scenarios for uranium migration and concentration increase at LLW disposal facilities, (2) model
groundwater transport and subsequent concentration increase via precipitation of uranium, and

(3) evaluate the potential for nuclear criticality resulting from potential increases in uranium concentration
over disposal limits. The analysis of SNM was restricted to 25U in the present scope of work. The work
documented in this report indicates that the potential for a criticality safety concern to arise in an LLW
facility is extremely remote, but not impossible. Theoretically, conditions that lead to a potential criticality
safety concern might arise. However, study of the hydrogeochemical mechanisms, the associated time
frames, and the factors required for an actual criticality event indicate that proper emplacement of the
SNM at the site can eliminate practical concerns relative to the occurrence and possible consequences ofa
criticality event.’ '
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volume 2.

The research at Purdue University addresses corium dispersion during the Direct Containment Heating scenario in a severe
nuclear reactor accident. The degree of corium dispersion has not only the strongest parametric effects on the containment
pressurization, but also has the highest uncertainty in predicting it. In view of this, a separate effect testing program on the corium
dispersion mechanisms in the reactor cavity and the subcompartment trapping mechanisms was initiated at the Purdue University.
The four major objectives of this study are: (1) to perform a detailed study using a step-by-step integral scaling method, and to
evaluate existing models and correlations for droplet entrainment, particle size distribution and particle trapping, (2) to design and
construct a 1/10 scale Zion reactor model, and to perform carefully scaled experiments using air-water and air-woods metal to
simulate the prototypic steam and core melt, (3) to develop reliable mechanistic models for the corium dispersion and transport in
the accident scenario, which can be used to predict the liquid and gas blowdown, entrainment dropiet size, fiquid carryover to the
containment, and the subcompartment trapping, and {4) to use the models to perform stand alone calculations for the prototypic
conditions. In this report (volume 1), efforts are focused on the first two objectives, whereas the modeling study is documented in
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direct containment heating
corium dispersion

scaling

severe accident

separate effect experiments

172

13. AVAILABILITY STATEMENT
unlimited

14, SECURITY CLASSIFICATION

(This Page)
unclassified

(This Report)
unclassified

15. NUMBER OF PAGES

16. PRICE

NRC FORM 335 (2-89)

This form was electronically produced by Elite Federal Forms, inc.

Bl



U.S. NUCLEAR REGULATORY COMMISSION | 1. REPORT NUMBER

NRC FORM 335
gl.iag)M 1102 (Assigned by NRC, Add Vl_:l.. Supp., Rev.,
207,302 BIBLIOGRAPHIC DATA SHEET and Addendum Numbers, ffany)
(oo mouctons on e oo NUREG/CR-6510, Vol. 2
2. TITLE AND SUBTITLE PU NE-96/3
Corium Dispersion in Direct Containment Heating
3. DATE REPORT PUBLISHED
Theoretical Analysis of the Hydrodynamic Characteristics MONTH I YEAR
September 1999
4. FIN OR GRANT NUMBER
L1990
5. AUTHOR(S) 6. TYPE OF REPORT
M. Ishii, Q. Wu, G. Zhang, Purdue University Technical

R.Y. Lee, C.G. Tinkler, U.S. Nuclear Regulatory Commission
7. PERIOD COVERED (inclusive Dates)

3/92 - 10/85
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School of Engineering
Purdue University
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9. SPONSORING ORGANIZATION - NAME AND ADDRESS (f NRC, type “Same as above™ if contractor, provide NRC Division, Office or Region, U.S. Nuclear Regulatory Commission,
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Division of Systems Analysis and Regulatory Effectiveness
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission

Washington, DC 20555-0001
10, SUPPLEMENTARY NOTES

R.Y. Lee, NRC Project Manager
11. ABSTRACT (200 words or less)

The research at Purdue University addresses corium dispersion during the Direct Containment Heating scenario in a severe
nuclear reactor accident. The degree of corium dispersion has not only the strongest parametric effects on the containment
pressurization, but also has the highest uncertainty in predicting it. In view of this, a separate effect testing program on the corium
dispersion mechanisms in the reactor cavity and the subcompartment trapping mechanisms was initiated at the Purdue University.
The four major objectives of this study are: (1) to perform a detailed study using a step-by-step integral scaling method, and to
evaluate existing models and correlations for droplet entrainment, particle size and size distribution and particle trapping, (2) to
design and construct a 1/10 scale Zion reactor model, and to perform carefully scaled experiments using air-water and air-woods
metal to simulate the prototypic steam and core mett, (3) to develop reliable mechanistic models for the corium dispersion and
transport in the accident scenario, which can be used to predict the fiquid and gas blowdown, entrainment, droplet size, liquid
carryover to the containment, and the subcompartment trapping, and (4) to use the models to perform stand alone calculations for
the prototypic conditions. In this report (volume 2), efforts are focused on the fast two objectives, whereas the scaling and

experiments are documented in volume 1.
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Steam Generator Tube Integrity Program
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8. PERFORMING ORGANIZATION - NAME AND ADDRESS (f NRC, provide Division, Office or Region, U.S. Nucleer Regulatory Commission, and mailing address; if contractor,
provide name and mailing address.)

Argonne National Laboratory

8700 South Cass Avenue

Argonne, IL 60439

9. SPONSORING ORGANIZATION - NAME AND ADDRESS (f NRC, type “Same as above™ if contractor, provide NRC Division, Office or Regron, U.S. Nuclear Reguiatary Commission,
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Division of Engineering Technology

Office of Nuclear Reguiatory Research

U.S. Nuclear Regulatory Commission

Washington, DC 20555-0001

10. SUPPLEMENTARY NOTES
J. Muscara, NRC Project Manager

11. ABSTRACT (200 wordis or less)

This report summarizes work performed by Argonne National Laboratory on the Steam Generator Tube Integrity Program during
the period October 1986 through September 1997. The program is divided into five tasks: (1) assessment of inspection Reliability,
(2) Research on ISI (in-service-inspection) Technology, (3) Research on Degradation Modes and Integrity, (4) Tube Removals
from Steam Generators, and (5) Program Management. Under Task 1, progress is reported on the assembly of a steam generator
tube mockup for round-robin studies and on the evaluation of NDE techniques for characterizing the tubes going into the mockup.
Inspection data from the Duke Power Company's McGuire Nuclear Station were evaluated to optimize the selection of tube
sampies for removal from two retired steam generators. Under Task 2, results are reported on the application of signal processing,
visualization, and data analysis schemes to improve the NDE of service-degraded tubing. Results are also presented on
implementation of multivariate linear and nonlinear models to study potential correlations between eddy current measurements and
flaw size and tube failure pressure. In Task 3, a model boiler multitube corrosion cracking facility has been designed to simulate
steam generator thermal-hydraulic and chemistry conditions for the tube/crevice chemistry. A Pressure and Leak-Rate Test
Facility is being built to determine failure pressures and leak rates for flawed tu bing under normal operating and design-basis
accident conditions. An autoclave system and a room-temperature cracking facility are being used to produce cracked specimens
for pressure and leak-rate tests and NDE studies. The results of 15 severe-accident pressure tests on Alioy 600 tubing with
machined circumferential pait-throughwall fiaws are also reported. Under Task 4, the selection and removal of service degraded
tubes, tube sheet samples, and tube support plate samples from the McGuire Nuclear Station are described.

12. KEY WORDS/DESCRIPTORS (List words or phrases that will assist researchers in locating the report.) 13. AVAILABILITY STATEMENT
. Steam Generator Unlimited

Tubes 14. SECURITY CLASSIFICATION
Stress Corrosion Cracking (This Page) .
Eddy Current Testing Unclssified
Nond&_strqcﬁve Eyaluaﬁon i (This Report)
Pressure Toating e
Tube B:rst ng 174 15. NUMBER OF PAGES
Leak Rate
Alloy 600, Inconel 600 16. PRICE

" NRC FORM 335 (2-89) This form was electronicallv nroduced hy Flita Fadoral Farme tan



NRC FORM 335 U.S. NUCLEAR REGULATORY COMMISSION | 1. REPORT NUMBER

ﬁaag)m 1102, (Assigned by NRC, Add Vol., Supp., Rev.,
3201, 3202 BIBLIOGRAPHIC DATA SHEET and Addendum Numbers, if any.) }

ook d NUREG/CR-6511, Vol. 5
2. TITLE AND SUBTITLE ANL-98/23

Steam Generator Tube Integrity Program
3 DATE REPORT PUBLISHED

Semiannual Report MONTH | YEAR
October 1997 - March 1998 April 1999
4. FIN OR GRANT NUMBER
W6487
5. AUTHOR(S) 6. TYPE OF REPORT
D.R. Diercks, S. Bakhtiari, K.E. Kasza, D.S. Kupperman, Technical: Semiannual

S. Majumdar, J.Y. Park, W:J. Shack

7. PERIOD COVERED (inciusive Dates)

Oct. 1997 - March 1998
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Argonne National Laboratory
9700 South Cass Avenue
Argonne, IL 60439

9. SPONSORING ORGANIZATION - NAME AND ADDRESS (if NRC, type “Same as above”: if contractar, provide NRC Division, Office or Region, U.S. Nucleer Regulatory C
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Division of Engineering Technology
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

10. SUPPLEMENTARY NOTES

J. Muscara, NRC Project Manager
11. ABSTRACT (200 werds or fass)

This report summarizes work performed by Argonne National Laboratory on the Steam Generator Tube Integrity Program during
the period from October 1997 through March 1998. The program is divided into five task, namely: (1) assessment of Inspection
Reliability, (2) Research on ISl Technology, (3) Research on Degradation Modes and Integrity, (4) Development of Methodology
and Technical Requirements for Current and Emerging Regulatory Issues, and (5) Program Management. Under Task 1,
progress is reported on the assembly of the steam generator tube mockup, the characterization of the mockup tubes, the
development of the round robin protocol and procedures, and the further analysis of data from the McGuire steam generators.
Activities in Task 2 focused on analytical methods for the prediction of EC response, development of effective signal analysis
procedures, development of fiaw imaging and display methods, and evaluation of improved probe designs using directional arrays.
Under Task 3, additional laboratory-degraded tubes were produced, the Pressure and Leak-Rate Test Facility neared completion
of shakedown and performance qualification testing, a series of finite element analyses was conducted for muitiple colinear cracks
with various ligament widths, a literature survey on the mechanisms of crack initiation and arrest neared completion, and
decontamination of the McGuire tubes was initiated. Under Task 4, progress is reported on the NDE of electrosleeved tubes.
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Division of Engineering Technology
Office of Nuclear Regulatory Research
U. S. Nuclear Regulatory Commission
Washington, DC 20555 -0001

9. SPONSORING ORGANIZATION - NAME AND ADDRESS (If NRC. type “Same as above™ if contractor, provide NRC Division, Office or Region, U.S. Nuclear Regulatory Commission,

10. SUPPLEMENTARY NOTES
J. Muscara, NRC Project Manager

11. ABSTRACT (200 words of less)

This report summarizes work performed by Argonne National Laboratory on the Steam Generator Tube
Integrity Program during the period October 1997-September 1998. Under Task 1, progress is reported on
the assembly of a steam generator tube mock-up for round-robin studies on nondestructive evaluation
(NDE) procedures, on the evaluation of NDE techniques for characterizing the tubes going into the mock-
up, and on the development of protocols and procedures for the round-robin. In addition, results are
reported on the EC inspection of deplugged tubes obtained from the McGuire Nuclear Station. Under
Task 2, results are reported on numerical and experimental results on the response of a bobbin coil probe
to axial notches in calibration-standard tubes. Multivariate linear and nonlinear models for the
correlation of eddy current data with tube structural integrity are also being evaluated. In Task 3, cracked
tubes are being produced for the steam generator tube mock-up. Checkout, shakedown, and performance
qualification of the Pressure and Leak-Rate Test Facility are described, and the results of initial tests are
reported. In addition, a series of finite-element analyses was conducted for multiple collinear cracks with
various ligament widths, a test matrix was developed for the testing of tubes with axial machined
notches, a literature survey is being completed on the mechanisms of stress corrosion cracking, and the
tubes removed from the McGuire steam generators are being decontaminated. Under Task 4, the results
of eddy current and ultrasonic examinations of electrosleeved tubes are reported, and residual stresses in
these tubes have been measured by neutron diffraction techniques. The results of a critical review of the
corrosion resistance of electrosleeved material are also summarized. '
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11. ABSTRACT (200 words or iess)

The dynamic fracture toughness of an ASTM A533, Grade B steel plate was determined at
several temperatures in the ductile-brittle transition region. Crack-tip loading rates ranged from
approximately 10° to 10° MPaVm/s. The fracture toughness was shown to decrease with
increased loading rate. The dynamic fracture toughness was compared with results from previous
investigations and it was shown that the decrease in toughness due to increased loading rate at the
highest test temperature was not a< severe as reported in previous investigations. [t was also
shown that the reference temperature, T,, was a better index of the fracture toughness vs.
temperature relationship than the nil-ductility temperature, RTypr for this material.
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U.S. Nuclear Regulatory Commission

Washington, DC 20555-0001

10. SUPPLEMENTARY NOTES
J.F. Costello, NRC Project Manager

11. ABSTRACT (200 words or less)

As part of the containment integrity program jointly sponsored by the Nuclear Power Engineering Corporation (NUPEC) of Japan
and the United States Nuclear Regulatory Commission (NRC), Sandia National Laboratories (SNL) conducted a high pressure test
of a steel containment vessel (SCV) model, nominally based on a Japanese Improved MKl boiling water reactor containment.

The test included an external contact structure (CS), a steel shell that covered most of the SCV model with a gap between the two
structures. One of the program objectives is to validate analytical methods used to predict the response of containment buildings
subjected to severe accident pressures. This report describes the finite element analyses conducted by Sandia in support of the
test program and for pretest prediction of model behavior. Preliminary calculations were performed to support model design, such
as the effects of mixed scaling and the effects of including a contact structure in the test. Global response of the SCV model was
predicted using both axisymmetric and three-dimensional shell models. An axisymmetric continuum analysis of the top head and a
three-dimensional shell analysis of the equipment hatch region were developed to provide detailed mappings of local model -

responses.
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Division of Risk Analysis and Applications
Office for Nuclear Regulatory Research
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Washington, DC 20535-0001

10. SUPPLEMENTARY NOTES
Project Manager: E. Lois

11. ABSTRACT (200 words or less)

The Systems Analysis Programs for Hands-on Integrated Reliability Evaluations (SAPHIRE) is a software
application for performing probabilistic risk assessments (PRAs) for industrial facilities and in particular for
nuclear power plants, using a personal computer. This is a summary report of the functions and capabilities
available in SAPHIRE. It provides instructions for installing and using the code and discusses SAPHIRE’s
database structure and concepts: PRA data generation and manipulation, quantification, and analysis; functions
for performing end-state analysis; and SAPHIRE s quality assurance process. This report also gives an overview
of the separate module called the Graphical Evaluation Module (GEM), which automates the process for

evaluating operational events at commercial nuclear plants. Detailed documentation
the on-line reference manual.

of SAPHIRE is available in
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Division of Risk Analysis and Applications

Office of Nuclear Regulatory Research
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Washington, DC 20555-0001

10. SUPPLEMENTARY NOTES

11. ABSTRACT (200 words or jess)

In order to facilitate the probabilistic risk assessment (PRA) of a VVER-1000 nuclear power plant, a set of procedure guides has
been written. These procedure guides, along with training supplied by experts and supplementary material from the literature, were
used to advance the PRA carried out for the Kalinin Nuclear Power Station in the Russian Federation. Although written for a
specific project, these guides have general applicability. For a Level 1 PRA (determination of core damage frequency for different
scenarios), the guides are written for all of the technical tasks involved for internal events, inciuding internal fires and floods and
seismic events. Guides are also provided for a Level 2 PRA (probabilistic accident progression and source term analysis) and a -
Leve! 3 PRA (consequence analysis and integrated risk assessment). In addition, introductory material is provided to explain the
rationale and approach for a PRA. Procedure guides are also provided on the quality assurance and documentation requirements.
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Division of Engineering Technology
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washingtﬁon, DC 20555-0001

10. SUPPLEMENTARY NOTES

J. Jackson, NRC Project Manager
11. ABSTRACT (200 words or less)

Recent industry reevaluation of component inservice testing (IST) requirements has resulted in requests for IST interval extension
and changes to traditional IST programs. To evaluate these requests, long-term compcr.erit peformance and the methods for
mitigating degradation need to be understood. Determining the appropriate IST intervals, along with component testing,
monitoring, trending, and maintenance effects, has become necessary. This study provides guidelines to support the evaluation of
IST intervals for pumps and motor-operated vaives (MOVs). It presents specific engineering information pertinent to the
performance and monitoring/testing of pumps and MOVSs, provides an analytical methodology for assessing the bounding effects
of aging on component margin behavior, and identifies basic elements of an overall program to helfp ensure component operability.
guidance for assessing probabilistic methods and the risk importance of safety consequences of the performance of pumps and
MOVs has not been specifically included within the scope of this report, but these elements may be included in licensee change

requests.
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To better understand the environmental pathways for transport of '“CO, from low-level radioactive waste
management (LLW) sites, a field study was conducted over a two-year period at a waste management area
at Chalk River Laboratories, Chalk River, Ontario, Canada. The transport rates and mechanisms of “co,
as it moves from groundwater into the atmosphere and then into the ambient vegetation was investigated
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Experiments with native and transplanted vegetation at the study site showed that the transpirational
pathway of *CO, into the vegetation was essentially negligible compared to the atmospheric transport
route. The uptake of “CO, by vegetation was highly dependent on air temperature and the height of the
vegetation above ground surface.
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This report presents the results of a six-year project that reviewed material licenses that had been terminated during the period from
inception of licensing until approximately late 1994. The material licenses covered in the review project were Part 30, or byproduct
material licenses, Part 40, or source material licenses and Part 70, or special nuclear material ficenses. The report describes the
methodology developed for the project, summarizes the findings of the license file inventory process, and describes the findings of
the reviews or evaluations of the license files. The review identified sites of nuclear material use for which either review of the
licensing material or more direct follow-up of some type was judged to be needed. The review process also identified licenses
authorized to possess sealed sources for which there was incomplete or missing documentation of the fate of the sources.
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This report is a supplement to the original RADTRAD user's manual. It describes modifications that havg been‘
made to the graphical user interface (GUI) and to the numerical engine used to solve coupled ordinary differential
equations. Other improvements to the code are also described.
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also been replaced with a new method that is both faster and more accurate. One new test case has been angd
to the standard test suite. Updated results for the entire suite of test problems are presented. Finally, a description
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This report summarizes the development of a performance trend methodology that has been used as one factor to evaluate
plant performance and to identify plants for discussion at the 1998 and 1999 NRC Senior Management Meeting (SMM). The
report outlines four methodologies that were analyzed for potential utilization in evaluating plant performance. A trending
model, a regression model, a statistical process control (SPC) tool, and a cluster analysis tool are discussed to provide the

uses and benefits of each model. The purpose of these methodologies was to assist the NRC in its regulatory effectiveness
by offering an objective and scrutable tool designed to evaluate plant performance and to identify potential plants for

discussion.
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We conducted new paleoliquefaction studies in the South Carolina Costal Plain and reanalyzed
- similar studies over the past fifteen years. We discovered a new paleoliquefaction site at
Gapway and recalibrated all radiocarbon ages using a computer program to obtain a uniform
age date set. The results of this analysis reveal the existence of seven prehistoric episodes
and two possible scenarios for their origin. In the first scenario, there are three seismic sources
in the Coastal Plain, and the episodes, locations, and magnitudes are as follows: Episode A,
546 + 17 YBP, Charleston, M 7+; B, 1001 + 33 YBP, Charleston, M 7+; C, 1648 + 74 YBP,
Georgetown, M 6.0; D, 1966 + 212 YBP, Bluffton, M 6.0; E, 3548 + 66 YBP, Charleston, M 7+
F, 5038 + 166 YBP, Georgetown, M 6+; and Episode G, 5800 + 500 YBP, Charleston, M 7+.
in the second scenario, Episodes C and D are combined into one episode, C’' 1683 + 70 YBP.
In this scenario all earthquakes occurred at Charleston with M 7+. Statistical data favor the first
scenario although the second one cannot be rejected. Episodes A to C seem to be more
representative of the earthquake cycle and suggest a recurrence time of 500 to 600 years for
the more recent M 7+ events at Charleston.
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This document provides technical bases for formulating probabilistic approaches to liquefaction evaluation. The three basic
elements of probabilistic liquefaction analysis are: (1) uncertainty in the earthquake load, (2) uncertainty in the available
resistance, and (3) uncertainty in the method of analysis. The probabilistic approach is built from the steps in.a deterministic
liquefaction analysis; however, the input parameters, such as penetration resistance, site stratigraphy, acceleration, and
magnitude, are treated as random variables and the accuracy of the method of analysis is factored in as a part of a
capacity-demand model. Uncertainty in the earthquake load is generally treated with a probabilistic seismic hazard analysis,
which introduces time as a parameter. The site stratigraphy and engineering properties are generally treated as one-, two-, or
three-dimensional random fields. Uncertainty in the method of analysis is generally estimated with logit regression analysis of
the field performance data base. It is assumed that the reader has a working knowledge of probability theory, stochastic
processes, liquefaction evaluation, and probabiistic seismic hazard analysis calculations.
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Office of Nuclear Regulatory Research
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10. SUPPLEMENTARY NOTES
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11. ABSTRACT (200 words or less)

in light water reactors after a prolonged iack of cooling, vapor explosions could occur when molten fuel is generated and
contacts residual water coolant within the reactor vessel or below in the containment reactor cavity. The objectives for this
work were to obtain well-characterized experimental data for the explosion propagation/escalation phases using different meit
simulants and to investigate the effects of a comprehensive set of initial and boundary conditions on the explosion energetics;
i.e., trigger strength, fuel mass, composition and-temperature, coolant mass, viscosity and temperature, and system constraint.

This experimental work has yielded a number of results that have potentiallyimportant: safety implications. First, it has
provided evidence of the reproducibility of vapor explosion energetics for a controlled set of initial and boundary conditions.
Second, the experiments have demonstrated that if geometric scaling is properly specified, it is possible to extrapolate the
results of laboratory scale experiments to reactor scale predictions. Finally and most importantly, the experimental data
suggests that once the fuel-coolant initial conditions are within an envelope for triggered events, the energetics is much less
than thermodynamic limit, apparently due to the small amount of fuel that participates in the explosion time scale. This
envelope of triggerability is much smaller for a simulant molten oxide with low superheat, such as molten iron-oxide in the tests
described in the report and corium in the KROTOS tests. .
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To ensure safe operation of commercial nuclear power plants, control room operators must be protected from dangers arising from
possible exposure to hazardous chemicals that may be discharged as a result of equipment failure, operator errors, or events
external to plant operation. Conditions must exist where accidental exposure to such materials still allows the operators to operate
the plant safely. Regulatory Guide 1.78 provides guidance in assessing the control room habitability of the control room during and
after a postulated external release of hazardous chemicals from mobile or stationary sources, offsite or onsite. This report provides

recommendations for revising the Regulatory Guide 1.78 in two areas, namely, control room ventilation flow modeling and toxicity
limit. Additionally, the report provides a value and impact analysis associated with the revision of Regulatory Guide 1.78.

In the area of ventilation flow modeling, the report recommends the use of the HABIT code, in particular, the EXTRAN module of
the code. EXTRAN represents an improvement in atmospheric dispersion modeling. In the area of toxicity limits, the report
recommends the use of National Institute for Occupational Safety and Health (NIOSH) immediately Dangerous to Life and Heaith
(IDLH) concentration values. The IDLH values, based on a 30-minute exposure level, is defined as one that is likely to cause death
or immediate delayed permanent adverse heaith effects if no protection is afforded within 30 minutes. Control room operators are
expected to use protective measures within 2 minutes after the. detection of hazardous chemicals so that they will not be subjected
to prolonged exposure at the IDLH concentration levels. Thus, the IDLH limits represent reasonabie values to provide adequate
margin of safety in protecting controi room operators.
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A general framework for probabilistic modeling of containment structural performance, with specific emphasis on steel
containments subjected to corrosion is presented. Mathematical foundations for fragility modeling are presented; sources of
uncertainty are identified and quantified; and an experimental sampling plan to minimize the finite-element analyses are required to
generate the fragility models is presented. Fragilities are developed for a PWR ice condenser containment in uncorroded and
corroded conditions. Corrosion patterns were postulated based on what has been observed by location, areal extent, and mean
loss of sheil thickness. A discussion of insights and perspectives that might be drawn from such fragility analyses is provided.
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A 1:10 scale Prestressed Concrete Containment Vessel (PCCV) model was constructed by the Nuclear Power Engineering
Corporation (NUPEC) of Japan and subjected to seismic simulation tests using the high-performance shaking table at the Tadotsu
Engineering Laboratory. A series of tests representing design-level seismic ground motions was initially conducted. These were
followed by a series of tests in which progressively larger base motions were applied. Sandia National Laboratories and ANATECH
Corp. conducted independent analyses to predict the seismic behavior of the scaled model PCCV structure. Dynamic 30 finite
element analyses were performed before and after the tests in a sequence that corresponded to the test series. The pretest
analyses, which refied on target seismic accelerations. gave good predictions of the model's behavior for the design-level
earthquake simulations. However, for higher level motions, the pretest analyses significantly underestimated the structural
response. Input accelerations for the post-test calculations used actual basemat accelerations that were measured during the test.
in addition, the concrete constitutive shear-degradation model was modified. With these improvements, the post-test analyses
showed good agreement with test data throughout the design-level and failure-level series of tests.
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Department of Nuclear Engineering
Oregon State University
116 Radiation Center
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Division of Systems Technology
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

10. SUPPLEMENTARY NOTES
D.E. Bessette, NRC Project Manager

11. ABSTRACT (200 words or fess)

This report summarizes a major research effort performed using the Advanced Plant Experiment (APEX) at Oregon State
University (OSU). This research program was sponsored by the U.S. Nuclear Regulatory Commission (NRC). The effort was
started in January 1995 and the final test was concluded in February 1998. A total of forty-six (46) tests were successfully
completed in the APEX facility during this period. The purpose of this program was to obtain expefrimental data to benchmark
NRC's APE00 thermal hydraulic computer codes; to perform confirmatory tests to evaluate the Westinghouse AP600 test series;
and to assess the performance of the AP600 passive safety systems for a wide range of accident scenarios; including Beyond
Design Basis Accidents. The accident scenarios investigated in APEX include Small Break Loss-of-Coolant Accidents (SBLOCA)
simulating ¥-inch diameter breaks up to double-ended guillotine breaks of a Direct Vessel Injection (DVI) Line. Parametric tests
examining core uncovering, return to saturation oscillations, and nitrogen transport have also been performed. This report includes
a description of the APEX facility, summarizes the results of each test or test series and describes the key phenomena observed

during the test program.
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Risk Analysis and Evaluation of Regulatory Options for Nuclear Byproduct Material Systems
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5. AUTHOR(S) 6. TYPE OF REPORT
E.R. Schmidt, J.F.Meyer, R.W. Youngblood, K.J. Green, W.C. Arcieri Draft
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8. PERFORMING ORGANIZATION - NAME AND ADDRESS (/f NRC, provide Division, Office or Region. U.S. Nuctear Regulatory Commission, and mailing address; if contractor,
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Scientech, Inc.
11140 Rockville Pike, Suite 500
Rockville, MD 20852
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Division of Industrial and Medical Nuclear Safety
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission

Washington, DC 20555-0001
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11. ABSTRACT (200 words or less}

This project responds to NRC's Direction Setting Issue 12, Risk-informed, Performance-Based Regulation. lts scope is limited
to nuclear byproduct materials as defined in Section 11.e(1) of the Atomic Energy Act of 1854 and Title 10 off the Code of
Federal Regulations (CFR), Section 30.4. 10 CFR Parts 30 through 36 and 39 address regulation of those materials. The goal
is to identify risk-informed regulatory options for nuclear byproduct materials. The process involves (1) organization of nuclear
byproduct material, as used, into 40 systems, (2) identification of existing and potential physical and procedural barriers that
limit dose to workers and the public, (3) risk analysis of each system under normal operation and off-normal (accident)
conditions, (4) consideration of regulatory options for each system, and (5) comparison of regulatory options to current
regulatory barriers. A graded approach, based on comparison of risk analysis results with dose screening guidelines, is used.
Options considered ranged from those that would provide a high level of assurance that doses exceeding guidelines would be
prevented, through those where performance-based approaches would assure prevention of doses near the guidelines, to

those where little appears necesary to assure doses well below the guidelines.
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Idaho National Engineering and Environmental Laboratory

Lockheed Martin Idaho Technologies Company
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Division of Engineering Technology
Office of Nuclear Reguiatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001
10. SUPPLEMENTARY NOTES
T-Y Chang, NRC Project Manager
11. ABSTRACT (200 words or jess)

This report documents an analysis of the operating performance of air-operated, hydraulic-operated, and solenoid-operated valves
(referred to collectively as power-operated valves or POVs). The failure probabilities used in 44 Individual Plant
Examinations/Probabilistic Risk Analyses (IPEs/PRAs) were listed, and upper bound failure probabilities were estimated for each
valve type. Four years of Nuclear Plant Reliability Data System (NPRDS) failure records were examined and trends were identified.
Seven plant-specific PRA models [using Integrated Reliability and Risk Analysis System (IRRAS)] were used to determine the
sensitivity of core damage frequencies (CDFs) to postulated increases in POV failure probabilities. The uncertainties of the CDF
calculations were calculated. The risk importance of POVs was estimated and listed.
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5. AUTHOR(S) 6. TYPE OF REPORT

R. Morante, Y. Wang
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8. PERFORMING ORGANIZATION - NAME AND ADDRESS (if NRC, provide Division, Office or Region, U.S. Nuclear Regulatory Commission, and mailing address; if contractor, provide
name and mailing address.)

Department of Advanced Technology
Brookhaven National Laboratory/Bldg. 130/P.O. Box 5000
Upton, NY 11973-5000

9. SPONSORING ORGANIZATION - NAME AND ADDRESS (if NRC, type “Same as above” if contractor, provide NRC Division, Office or Region, U.S. Nuclear Regulatory Commission,
and mailing address.)

Division of Engineering Technology
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

10. SUPPLEMENTARY NOTES

R.M. Kenneally, Project Manager
11. ABSTRACT (200 words or less)

Regulatory Guide 1.92, “Combining Modal Responses and Spatial Components in Seismic Response Analysis,” was last revised in
1976. The objectives of this project were to re-evaluate the current regulatory guidance for combining modal responses in

response spectrum analysis; evaluate recent technical developments; and recommend revisions to the regulatory guidance. In
addition, Standard Review Plan Section 3.7.2, “Seismic System Analysis,” was reviewed to identify related sections which may need
to be revised. The objectives were addressed through a literature review of past studies, supplemented by analysis of a piping
system model previously utilized in NUREG/CR-5627, “Alternate Modal Combination Methods in Response Spectrum Analysis.”

This project evaluated (1) methods for separation of the in-phase and out-of-phase modal response components; (2) methods for
combination of the out-of-phase modal response components; (3) the contribution of “missing mass”; and (4) the combination of the
three elements of response to produce the total response. Numerical results from response spectrum analyses were compared to
corresponding time history analysis results to assess the accuracy of the various combination methods tested.

During the course of the project, several insights relating to potential improvements in the methodology for seismic analysis were
identified and documented. These include (1) improvements in correlation between mode superposition time history and direct
integration time history; (2) use of response spectrum generation single degree of freedom oscillator responses to define the
frequency above which modal responses are in-phase with the input time history; and (3) evaluation of the effects of potential
differences in mass distribution used in static and dynamic analyses of a piping system.
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J.T. Ensminger, C.E. Easferty, R.H. Ketelle, H. Quarles, M.C. Wade

6. TYPE OF REPORT

Environmental Assessment
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Oak Ridge National Laboratory
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1. ABSTRACT (200 words or ass)
The U.S. Geological Survey

The proposed
head. No

(USGS) currently hoids a license issued by NRC for a radioactive (Am-241-Be) well logging source
that has been lost in an artesian well
requested that the Am-Be source license be terminated and has attempted to seal the source in place with cement as required by

NRC license termination regulations. This environmental assessment addresses the potential water quality, ecological, and human
health impacts of three afternatives
retrieval; and (3) the no-action alternative.

action would require additional sealing of the Am-Be source and emplacement of a permanent plague at the well
impacts to water quality, aquatic biotia, or human-health would be expected. For the source retrieval alternative, the
potential for an accidental release at
are possible for a worst-case scenario. Under the
effects would be expected. However, because the
monitoring would be necessary to ensure that unexpected contaminant concentrations

{#10) in the San Bernardino National Wildiife Refuge, Arizona, since 1986. The USGS has-

for final disposition of source: (1) the proposed action, abandonment in place; (2) source

or near the ground source is a negative factor for this alternative; and impacts to aquatic biota
no-action alternative, no acute water quality, ecological, and human health
Am-Be source would not be sealed in the lower part of the well, continued

do not occur.
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Technical
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Oak Ridge National Laboratory

Managed by Lockheed Martin Energy Research Corporation
Oak Ridge, TN 37831-6370
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Division of Engineering Technology
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001
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tory C.

10. SUPPLEMENTARY NOTES
C.G. Santos, NRC Project Manager

11. ABSTRACT (200 words or jess)

and Structures).

A summary of the recently completed International Comparative Assessment Study of Pressurized-Thermal-Shock in Reactor
Pressure Vessels (ICAS PTS RPV) is presented to record the results in actual and comparative fashions. The ICAS Project
brought together an international group of experts from research, utility, and regulatory organizations to perform a comparative
evaluation of analysis methodologies employed in the assessment of RPV integrity under PTS loading conditions. The Project was
sponsored jointly by Gesellschaft fur Anlagen- und Reaktorsicherheit (GRS), Koln, Germany, and Oak Ridge National Laboratory
(ORNL), with assistance from the Organization for Economic Co-operation and Development (OECD)/Nuclear Energy Agency
(NEA)/Committee on the Safety of Nuclear Installations (CSNI)/Principal Working Group (PWG) No. 3 (Integrity of Components

12.
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Sensitivity and Uncertainty Analyses Applied to Criticality S YTy

Safety Validation
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B.L. Broadhead, C.M. Hopper, R.L. Childs, C.V. Parks Technical
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Oak Ridge National Laboratory
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Division of Systems Analysis and Regulatory Effectiveness
Office of Nuclear Reguiatory Research
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11. ABSTRACT (200 words or less) e

This report develops the methodology for application of Sensitivity and Uncertainty (S/U) Analysis Techniques to the data validation
tasks of a criticality safety computational study. The SAU methods which are presented in this volume are designed to provide a
formal means of establishing the range or area of applicability for criticality safety data validation studies. The development of two
parameters that are analogous to the standard trending parameters form the key to the technique. These parameters represent
the differences by group of S/U-generated sensitivity profiles and traditional correlation coefficients, each of which give information
relative to the similarity between pairs of selected systems.

A Generalized Linear Least Squares Methodology (GLLSM) tool is also described, which is used largely to provide an
understanding of the magnitude and quantity (i.e., number of systems) of these new parameters that can be used in a formal

definition of applicability and bias estimation.

These methods and guidelines will be applied to a sample validation for uranium systems with enrichments greater then 5 wt % in
Volume 2 of this document. '
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Oak Ridge National Laboratory
Managed by Lockheed Martin Energy Resarch Corporation
Oak Ridge, TN 37831-6370
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Division of Systems Analysis and Regulatory Effectiveness
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001
10. SUPPLEMENTARY NOTES
C.W. Nilsen, NRC Project Manager
11. ABSTRACT (200 words or less)
This report presents the application of sensitivity and uncertainty (S/U) analysis methodologies developed in Volume 1 to the
code/data validation tasks of a criticality safety computational study. Sensitivity and uncertainty analysis methods were first
developed for application to fast reactor studies in the 1970s. This work has revitalized and updated the existing SU com_putatonal
capabiliies such that they can be used as prototypic modules of the SCALE code system, which contains criticality analysis tools
currently in use by criticality safety practitioners. After complete development, simplified tools are expected to be released for

general use.

The methods for appiication of S/U and generalized linear-least squares methodology {(GLLSM) tools to the criticality safety
validation procedures were described in Volume 1 of this report. Volume 2 of this report presents the application of these
procedures to the validation of criticality safety analyses supporting uranium operations where the enrichments are greaterthan 5

wt %.
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U.S. Nuclear Regulatory Commission
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11. ABSTRACT (200 words or ess)

test cases.

This report addresses issues related to the analysis of uncertainty in dose assessments conducted as part of decommissioning
analyses. The analysis is limited to the hydrologic aspects of the exposure pathway involving infiitration of water at the ground
surface, leaching of contaminants, and transport of contaminants through the ground water to a point of exposure. The basic
conceptual models and mathematical implementations of three dose assessment codes are outlined along with the site-specific
conditions under which the codes may provide inaccurate, potentially nonconservative results. in addition, the hydrologic
parameters of the codes are identified and compared. A methodology for parameter uncertainty assessment is outlined that
considers the potential data limitations and modeling needs of decommissioning analyses. This methodology uses generic
parameter distributions based on national or regional databases, sensitivity analysis, probabilistic modeling, and Bayesian
updating to incorporate site-specific information. Data sources for best-estimate parameter values and parameter uncertainty
information are also reviewed. A follow-on report will illustrate the uncertainty assessment methodology using decommissioning
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