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UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C, 20555-0001

May 19, 1995
NRC GENERIC LETTER 92-01, REVISION 1, SUPPLEMENT 1: REACTOR VESSEL STRUCTURAL INTEGRITY

Addressaes

All holders of operating licenses (except those licenses that have heen amended to possession-only status) or construction
permits for nuclear power reactors.

Purpose

The U.S. Nuclear Regulatory Commission (NRC) is issuing this supplement to Generic Letter (GL) 92-01, Revision 1, to
require that all addressees identify, collect and report any new data pertinent to analysis of structurat integrity of their
reactor pressure vessels (RPVs) and to assess the impact of that data on their RPV integrity analyses relative to the
requirements of Section 50.60 of Title 10 of the Code of Federal Regulations (10 CFR 50.60), 10 CFR 50.61, Appendices G
and H to 10 CFR Part 50, {which encompass pressurized thermal shock (PTS) and upper shelf energy (USE) evaluations)
and any potential impact on low temperature overpressure {LTOP) limits or pressure-temperature (P-T) limits,

Background

The staff issued GL 92-01, Revision 1, "Reactor Vessel Structural Integrity,” on March 6, 1992, to obtain information
necessary to assess complfiance with requirements regarding RPV integrity in view of certain concerns raised in its review
of RPV integrity for the Yankee Nuclear Power Station. All licensees sybmitted the information requested by July 2, 1992,
Following receipt and review of licensee supplements responding te requests for additional information, the staff
completed its review of licensee responses to GL 92-01, Revision 1, in the fall of 1994. The staff issued NUREG 1511,
"Reactor Vessel Status Report,” summarizing key aspects of the work in December 1994 [Ref. 1],

The staff has recently reviewed data relevant to the PTS evaluations of several plants. These reviews showed that
licensees may not have considered all pertinent data in their responses te GL 92-01, Revision 1, or in their RPV integrity
evaluations, It has now become apparent to the staff that no single organization has all the data relevant to RPV integrity

evaluations, A major complicating element in this regard is that proprietary considerations have inhibited effective sharing
of information.

It has been demonstrated that some RPV integrity evaluations are very sensitive to consideration of new data. For
example, under certain conditions, changing the mean copper content for the limiting vessel beltline material by a few
hundredths weight percent can change the predicted date for reaching the PTS screening criteria of 10 CFR 50.61 by
several years, In addition, changes in estimates of mean copper content can affect the validity of PTS evaluations based
on surveillance data. The staff will be considering the impact of these findings in plant-specific evaluations and in its
longer-term reassessment of 10 CFR 30.61. PTS is a concern only for pressurized water reactors {(PWRs) because boliling
water reactors {(BWRs) operate with a large inventory of water at saturated steam conditions and, therefore, are not
subject to PTS.

However, in addition to concerns regarding PT5 evaluations, consideration of additional, unreviewed RPV data can also
affect evaluations for USE, P-T limits, and LTOP limits. These evaluations pertain to both PWRs and BWRs, except for
LTOP limits, which apply only to PWRs. The staff recognizes that addressees have previously submitted data pertinent to
these evaluations as required by the regulations and in responses to GL 92-01, Revision 1, and GL 88-11.
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Based on canrently available information, the staff believes that the near- term focus for RPV fntegrity will be the
Palisades RPV which is predicted to reach the PTS screening criterla by tate 1999, before any other plant. However,
because of the importance of RPV integrity and the potentlal impact of additional, unreviewed data on existing RPV
evaluations, the staff believes that this Issue needs to be resolved on an expedited basis. Although the issues raised in
this GL supplement were highlighted by concerns pertaining to PTS analyses, licensegs should consider the effect of the
reexamination of RPV data on all aspects of RPV structural integrity.

Regulatory Requirements

As required by 10 CFR 50.60(a), licensees for all light water nuclear power reactors must meet fracture toughness
requirements and maintain a materiai survelllance program for the reactor coolant pressure boundary, These
requirements are set forth in Appendices G and H to 10 CFR Part 50. 10 CFR 50.60(b) provides that proposed alternatives
to the reguirements of Appendices G and H to 10 CFR Part 50 may be used when an exemption is granted under 10 CFR
50.12. 10 CFR 50,61 provides fracture toughness requirements for protecting PWRs against PTS events. Licensees and
permit holders have also made commitments in response to GL 88-11, "NRC Posltion on Radiation Embrittiement of
Reactor Vessel Materlals and Its Impact on Plant Operations,” to use the methodology in Regulatory Guide 1.99, Revision
2, "Radiation Embrittlement of Reactor Vessel Materlals," to predict the effects of irradiation as required by Paragraph V.A
of Appendix G to 10 CFR Part 50.

Discussion

The staff focused its examination of the GL 92-01, Revision 1, data and other docketed information on the two key
aspects of RPV structural integrity of primary concern to the NRC: PTS and USE. With respect to USE, licensees of ail
plants were able to demonstrate complfiance with the Appendix G requirements either through consideration of applicable
data or through equivalent margins analyses, With regard to PTS, only two plants (Beaver Valley 1 and Palisades) were
projected to exceed the PTS screening criteria of 10 CFR 50.61 before the end of operating life (EOL). As stated
previously, based on data and analyses submitted for GL 92-01, Revision 1, and other recent reviews (e.g, Ref. 2}, the
staff has determined that not all licensees were aware of all the information pertinent to the analysis of the structural
integrity of their RPVs. In addition, recent reviews have indicated larger-than-expected variabilities in weld chemical
composition, which have, in turn, highlighted the extreme sensitivity of RPV embrittlement estirmates to small changes in
the chemical composition of beltline materiais.

Recent NRC Staff Evaluations of RPV Structural Integrity Data for PTS Events

The staff issued a safety evaluation report to the licensee for Palisades on the variability of reactor vesse! weld properties
for the Palisades reactor vessel on April 12, 1995 [Ref, 2], The staff agreed with the licensee's best-estimate analysis of
the chemical composition of the reactor vassel welds and concluded that continued operation through Cycle 14 {late 1959)
was acceptable. As discussed previously, while performing the evaluation, the staff noted larger variability in the chemical
composition of the welds compared to that assumed for the development of the PTS rule, The staff evaluated the
implications of this larger variability on the PTS rule generic margins for the Palisades vessel using the same anaiytic
methods as those used in formulating the rule. The staff has reviewed the other PWR vessels and, based upon currently
available information, believes that the Palisades vessel wil reach the PTS screening criterla by late 1999, before any
other PWR.

On March 27 and 28, 1995, the staff reviewed the Asea Brown Boveri-Combustion Engineering proprietary RPV data-base.
The most significant information reviewed concerned the Kewaunee RPV. The particutar concern was the impact of data
generated subsequent to the response to Gl 92-01, Revision 1, on the plant's PTS evaluation. The staff met with the
licensee for Kewaunee (April 13, 1995} to discuss issues related to consideration of ail appropriate chemical composition
data In addition to the applicable survelllance program data. In that meeting, the licensee presented its plant-specific
surveillance program results and some new information related to the chemical composition variability in the RPV welds,
Based upon this information, the licensee belleves that the Kewaunee vessel will not exceed the PTS screening criteria
before EOL. The staff has not completed its review of the new information on the Kewaunee vessel, However, based on
the new vessel specific surveillance data, chemical composition data and the greater margin to the PTS screening criteria
(300°F for the limiting Kewaunee clrcumferential weld compared to 270°F for the limiting Palisades axial weld), the staff
believes that the Kewaunee vessel will not exceed the PTS screening criteria before the Palisades vessel, A key aspect of
the Kewaunee review is the determination of the need for use of the ratio pracedure in accordance with the established
Position 2.1 of Regulatory Guide 1.99, Revision 2, by licensees using surveillance data.

NRC Staff Generic Evaluation of RPV Structural Integrity Data for PTS Events

The staff is assessing the generic implications of chemical composition vartabtlity with regard to the current methodology
for ensuring protection against PTS events for PWRs. The staff considers that the larger variabllity observed in recent
reviews could be applicable to other reactor vesseis and may, therefore, reduce the margins of safety provided by the PTS
screening criteria. The staff will evaluate this concern as part of its review of plant-specific evaluations and longer-term
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reassessment of the PTS rule.

To provide assurance that all PWRs wiil maintain adequate protection against PTS events while the PTS rule is being
reassessed, the staff has assessed all of the PWR RPVs using generic values of chemistry and increased margin terms to
account for potentially larger chemical composition variability. It should be noted that such analyses are considered
conservative evaluations, that were performed to determine whether an Immediate safety concern exists for this issue
and whether there is adequate time to perform a more rigorous assessment of the issue. As stated In the previous
section, based upon currently available information, the staff believes that the Palisades vessel will exceed the PTS
screening criteria before any other PWR. However, because of the importance of RPV integrity and the potential impact of
additional, unreviewad data on RPV evafuations, the staff helieves that this issue needs to be resolved on an expedited
basis.

Consideration of All Data Relevant to Reactor Pressure Vessel Integrity

As described previously, another result of recent reviews was that the staff became concerned that licensees might not
necessarily have all of the data pertinent to the evaluation of the structural integrity of their RPVs. This is patticularly true
where the RPV fabricator holds, or has held, the applicable data to be proprietary in nature. Such data include, but are not
limited to: chemical composition, heat treatment, plate and forging manufacturing process records, RPV fabrication
vacords, all mechanical property data (tensile, impact, fracture toughness), and surveillance data. Sources of data that
licensees should reexamine include material test reports from the steel producer, weld wire manufacturer, RPV fabricator,
independent testing laboratorles, and nuclear steam supply system (NSSS) vendor, Licensees are encouraged to work
closely with their respective vessel owners groups and NSSS vendor groups to ensure that all sources of information
pertinent to the analysis of the structural integrity of their RPVs have been considered. The information submitted in
response to this generic letter should be considered to be public information.

Required Information

Addressees are required to provide the following information:

(1) a description of those actions taken or planned to locate all data relevant to the determination of RPV Integrity, or
an explanation of why the existing data base is considered complete as previously submitted;

{2) an assessment of any change in best-estimate chemistry based on consideration of all relevant data;

(3) a determination of the need for use of the ratio procedure in accordance with the established Position 2.1 of

Regulatory Guide 1.99, Revision 2, for those licensees that use surveillance data to provide a basis for the RPV
integrity evaluation; and

4 a written report providing any newly acquired data as specified above and {1) the results of any necessary
revisions to the evaluation of RPV integrity In accordance with the requirements of 10 CFR 50.60, 10 CFR 50.61,
Appendices G and H to 10 CFR Part 50, and any potential impact an the LTOP or P-T limits in the technical
specifications or (2) a certification that previously submitted evaluations remain valid. Revised evaluations and

certifications should include consideration of Position 2.1 of Regulatory Guide 1,99, Revision 2, as applicable, and
any new data.

Required Response

All addressees are required to submit the following written responses providing the information described above:

(1) within 90 days from the date of this generic letter, a written response to part (1) of the information requirement
specified above; and
{2) within 6 months from the date of this generic letter, a written response to parts {2}, (3), and (4] of the

information requirement above,

Address the required written reports to the U.S, Nuclear Regutatory Commission, ATTN: Document Control Desk,
Washington, D.C. 20555-0001, under oath or affirmation under the provisions of Section 182a, Atomic Energy Act of
1954, as amended, and 10 CFR 50.54(f}. In addition, submit a copy to the appropriate regional administrator.

The NRC recognizes the potential difficulties (number and types of sources, age of records, proprietary data, etc.) that

licensees may encounter while ascertaining whether they have all of the data pertinent to the avaluation of their RPVs,
For this reason, 90 days is allowed for the initial response.

The information obtained from the {lcensees as a result of Revision 1 to GL 92-01 has been entered into a computerized
reactor vessel integrity database (RVID), which will be made publicly available in the third quarter of 1995, The NRC
intends to hold a public meeting on this GL supplement within 30 days of its issuance and a public workshop on RPV

http:/f'www.nre.gov/reading-rm/doc-collections/gen-comm/gen-letters/1992/g192001 s hitml 5/13/2008



NRC Generic Letter 92-01, Revision 1, Supplement: Reactor Vessel Structural Integrity Page 4 of 5
integrity, addressing the RVID and other RPV integrity issues, in the third quarter of 1995,

Related Generi¢c Communications

(1) NRC Generic Letter 92-01, Revision 1, "Reactor Vessel Structural Integrity,” March 6, 1992,

(2} NRC Generic Letter 88-11, "NRC Positlon on Radiation Embritilement of Reactor Vessel Materials and Its Impact
on Plant Operations,” July 12, 1988,

Backfit Discussion

This generic letter supplement only requires information from the addressees under the provisions of Section 182a of the
Atomic Energy Act of 1954, as amended, and 10 CFR 50.54(f). Therefore, the staff has not performed a backfit analysis,
The information required will enable the NRC staff to determine whether licensees are complying with the requirements of

10 CFR 50.60, 10 CFR 50.61, Appendices G and H to 10 CFR Part 50 and any associated license conditions, and licensee
commitments related to GL 88-11 and GL 92-01, Revision 1. The staff is not establishing a new position for such

compliance In this generic letter supplerment, Therefore, this generic letter supplement does not constitute a backfit and
no documented evaluation or backfit analysis need be prepared.

Federal Register Notification

A notice of opportunity fer public comment was not published in the Federal Register hecause the NRC needs to receive
the responses to the generic tetter in an expeditious manner. However, comments on the technical issue(s) addressed by

this generic letter may be sent to the U.S. Nuclear Regulatory Commission, ATTN: Document Control Desk, Washington,
D.C. 20555,

Paperwork Reduction Act Statement

The information collactions contained in this request are covered by the Office of Management and Budget clearance
number 3150-0011, which expires July 31, 1997. The public reporting burden for this collection of information is
estimated to average 600 hours per response, including the time for reviewing instructions, searching existing data
sources, gathering and maintaining the data needs, and completing and reviewing the coliection of information. Send
comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for
reducing this burden, to the Information and Records Management Branch (T-6 F33), U.S. Nuclear Regulatory
Commission, Washington, D.C., 20555-0001, and to the Desk Officer, Office of Information and Regulatory Affairs, NEOB-
10202, (3150-0011), Office of Management and Budget, Washington, D.C. 20503,

Compliance with the following request for infermation is voluntary. The information would assist the NRC in evaluating the
cost of complying with this GL supplement.

(1) the licensee staff time and costs to perform requested record reviews and developing plans for inspections;

{(2) the licensee staff time and costs to prepare the requested reports and documentation;

{(3) the additional short-term costs incurred as a resuit of the Inspection findings such as the cost of the corrective
actions or the costs of down time; and

(4) an estimate of the additional long-term costs that will be Incurrad as a result of implementing commitments such

as the estimated costs of conducting future inspections and repairs.

If you have any questions about this matter, please contact the technical contacts listed below or the appropriate NRR
project manager.

/s/'d by RPZimmerman

Roy P, Zimmerman
Assoclate Director for Projects
Office of Nuclear Reactor Regulation
Technical contacts: Edwin M. Hackett
(301} 415-2751

Keith R. Wichman
(301) 415-2757
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Lead project manager: baniel G. McDonald
{301) 415-1408

Attachments: 1. References
2. List of Recently Issued NRC Generic Letters

{NUDOCS Accession Number 9505090312)

ATTACHMENT 1

GL 92-01, Rev. 1, Supp.
May 19, 1995
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[1] NUREG-1511, "Reactor Pressure Vessel Status Report," U.S. Nuclear Regulatory Commission, Washington, DC,

December, 1994,

[2] Letter from Elinor Adensam, USNRC, to Kurt Haas, Consumers Power Company forwarding, "Safety Evaluation by
the Office of Nuclear Reactor Regulation Related to the Evaluation of the Pressurized Thermal Shock Screening
Criteria, Consumers Power Company, Palisades Plant, Docket No. 50-255", April 12, 1995,
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T6: ALL HOLDERS OF OPERATING LICENSES OR CONSTRUCTION PERMITI FOR
NUCLEAR POWER PLANTS (EXCEPT YANKEE ATONIC ELECTRIC CONPANY.
LICENSEE FOR THE YANKEE NUCLEAR POWER STATION)

SUBJECT: REACTOR VESSEL STRUCTURAL INTEGRITY. 10 CFR 50.54%(f)
(GENERIC LETTER 92-0k2 REVISION 3

This letter replaces Generic Letter 92-01 dated February 2&. 39°2. The
background information concerning NR{'s assessment of embrittlement in the
Yankee Nuclear Power Station reactor vessel was drafted by staff some months
ago and has now been clariried and updated to better refilect the 1licensee’s
extensive technical efforts regarding reactor vessel integrity. The section
pertaining to required information has net changed.

The U.$. Nuclear Regulatory Commission (NRQ) is issuing this generic letter
to obtain information needed to assess compliance with reguirements and
copmitmants regarding reactor vessel integrity in view of certain concerns
raised in the staff's review of reactor vessel integrity for the Yankee
Nuclear Power Station. 1Ip Section 58.6k0(a) of Title i8 of the Code of
Fedaral Regulations (10 CFR 50.L0¢a)}). the NRC requires that licensees for
all light water nuclear power reactors meat fracture toughness requirements
and have a material surveillance program for the reactor coolant pressure
boundary. These raquirements are set forth in Appendices 6 and H to B CFR
Part 50. In 3D CFR 50.LO0(b). where the requirements of Appendices 6 and H
to 10 CFR Part 50 cannot be met. an exemption is necessary pursuant to 180
CFR 50.32. In L0 CFR 50.kY} the NRC also provided fracture toughnass
requirements for protecting pressurized water reactors against pressurized
thermal shock events. FLicensees and permit holders have also made
commitments in response to Generic Letter (GL) 88-3%, "NRC Position on
Radiation Embrittlement of Reactor Vessel Raterials and its Impact on Plant
¢operations.™ to use the methodology in Regulatory Guide 1.7%.: Revision 2.
"Radiation Embrittlement of Reactor Vessel Haterials." to predict the
affects of neutron irradiation as required by Paragraph Vv.A of 0 CFR Part
0. Appendix 6. The 30 CFR 50.-k0 and X0 CFR 50.L} requirements and 6L &8&-1L
are in the overall regulatory program to maiatain the structural integrity
ef the reactor vessel.

This generic letter is part of a program to evaluate reactor vessel
integrity and take regulatory actions. if needed. to ansure that licensees
and permit holders are complying with I6 (FR 50.L0 and 10 (FR 50.L3. and are
fulfiiling commitments made in response to GL 88-1}. Enclosure % is a
discussion of the applicable regulatory raeguirements. The NRC is requiring
information on compliance under the provisions of 1D CFR 50.544(F).

Assessment of Embritélemant for the Yankee Nuclear Power 3Itation Reactor
Vessel

In an effort to ressolve concerns regarding the neutron embrittlement of the
Yankee reactor vessel. the staff performed a safety assessment of the Yankee
reactor vessel. The staff found that the licensee for the Yankee Nuclear

Power Station might not be in compliance with 30 CFR 5CG.LD and a0 CFR 58.LkY.

The staff found that the Charpy upper shelf energy aof the Yankee reactor
vessel material could be as low as 35.5 foot-pounds which is less than the
50 foot-pound value required in Appendix 6 to 10 (FR Part 50- However. the
licensee for the Yankee Nuclear Power Station had not performed the actions
required in Paragraphs IV.A.} or V.C of Appendix G to 30 CFR Part 50. Since
then. the licensee has performed an analysis irn accordance with Paragraph
IV-A.) of Appendix 6 to X0 CFR Part 50 using criteria being developed by the
American Seciety of Hechanical Engineers (ASHE) to demonstrate margins of
safety equivalent to those in the ASNE Code-

The NRC expressed a concern regarding compliance with the regquirements of
Appendix H to 10 CFR Part 50. Section E 185 of the American Society for
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Reactor Vessel Structural Integrity, 10 CFR 50.54(f) (Generic Letter 92-01, Revision 1)

Testing and Haterials (ASTH) Code requires that the licensee take sample
specimens from actual material used in fabricating the heltline of the
reactor vessel. These surveillance materials shall include cne heat of base
metal: one putt weld. and one weld "heat affected zone-"™ The licensee for
the Yankee Nuclear Power Itation terminated the material surveillance
program in 13k5. Therefore. the Yankee Nuclear Power Station had no
material surveillance program on July 2b. 3983, when Appendix H to 30 CFR
pPart 50 became effective. Further. the samples irradiated at Yankee Rowe
before 3845 were comprised only of base metal.

The licenses for the Yankee Nuclear Power Station had used the methodology
in draft Requliagtory Guide 3.%9. Revisien 2+ to predict the effects of
neutron embrittlement. The staff raised concerns regarding the licensee'ls
application of the methodology. The specific issues were (3} the irradiation
temperature, (2) the chemistry composition of reactor vessel material. and
(3) the results of the material surveillance program.

The irradiation temperature at the Yankee Nuclear Power Station is betuween
Y5y gF and 520 gF, which is below the nominal irradiation temperature of
550 ¢F used in developing Regulatory Guide 1.99, Revision 2. A lower
irradiation temperature increases the effect of neutron embrittlement. The
regulatory guide indicates that for irradiation temperatures less than

525 @F~ embrittiement effects should be considered to be greater than
predicted by the methods of the guide. Adjustments that were made by the
licensee were insufficient to account for this effect.

The results of the surveillance program from the Yankae Nuclear Power
Station indicated that the increase in the referance temperature exceads the
mean-plus-two standard deviations as predicted by the procedures in
Regulatory Guide 1.89+ Revision 2. The regulatory guide states that the
licensee should use cregible surveillance data to predict the increase in
reference temperature resulting from neutron irradiation.

The staff implemented R6 %.99. Revision 2. by isswing GL B&8-13i. In
committing to 6L aa-1%. licensees have committed to calculate radiation
embrittlement in accordance with the procedures decumented in RG k.94
Revision #. To meet the limitations in Section 1.3 of the regulatory guide.
tha licenses should consider the effects on irradiation embrittlement during
core critical operation with irradiation temperatures less than 525 @F.
Section 2 of the regulatory guide states thet the licensees should consider
the effects of the results from its surveillance capsules.

The Summer 2972 Addenda of the 3171 Editiop of Section III of the ASHE
Boiler and Pressure Vessel (ode are the sarliest code requiraments for
testing materials to determine their unirradiated referance temperature.

The Yankee reactor vessel was constructed in 1959 to ASHE Code. Section
VIIY. Therafore. the unirradiated reference temperature could not be
established in accordance with the requirements of the Summer 1972 Addenda.
The licensee for the Yankee Nuclear Power Station extrapolated the avaiiable
test results to determine an unirradiated reference temperature. The staff
determined that the licensee's extrapolation was not conservative.

The chemical composition of the Yankee reactor vessel welds is unknoun. The
material!s sensitivity to neutron embrittliement depends on its chemical
content. The licensee assumed that the chamistry of its welds was
equivalent to that of the BR-3 reactor vessel in Hol. Belgium- The heat
number of the wire used to fabricate the Yankee welds was not available.

The licensee was assuming a chemical composition that was not based on its
plant-specific information. since the chemical composition. in particular.
the amount of copper. depends upon the heat number of the weld wire.

These factors prompted the staff to find that the licensee for the rvankee
Nuclear Power Station had not fully considered plant-specific information in
assessing compliance with 10 CFR 80.L1. When plant-specific information is
considered. the Yankee reactor vessel may have exceeded the screening
criteria in 30 CFR 50.hL.

gpon conducting the Yankee Nuclear Pouwer 3tation review. the staff became
concerned about other licensee's compliance with 30 CFR 5D.kD and 10 CFR
50-L1 and fulfiliment of commitments made in response to Gt 8A2-1%. Thus.
the staff is issuing this generic letter to obtain information to assess
compliance with these regulations and fulfillment of commitments. The staff
is continuing to pursue this concern with the Yankee Atomic E£lectric
Company. Therefore. the Yankee Atomic Electric Company need not respond to
this generic letter.

Required Information
Portions of the following information requested are not applicable to ail

addressees. The responses provided should: in these casess indicate that
the requested information is not applicahle and why it is not applicabls.
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Reactor Vessel Structural Integrity, 10 CFR 50.54(f) (Generic Letter 92-01, Revision 1)

3. Cartain addressees are requested to provide the following information
regarding Appendix H to CFR Part 50:

Addressees who do not have a surveillance program meating ASTH E
L&5-73, ~7%, or ~82 and who do pot have an integratad surveillance
program approved by the NRC (see Enclesure 2). are requested to
dascribe actions taken or to be taken to ensure compliance with
Appendix H to LB CFR Part KD. Addressees who plan to revise the
surveillance program to meet Appendix H te 18 CFR Part 50 are
requested to indicate when the raevised program will be submitted
to the NRC staff for review. If the surveillance program is not
to be revisad to meet Appendix H to 30 CFR Part 50, addressess are
requested to indicate when they plan to request an exemption from
Appendix H to 30 CFR Part 50 under 10 CFR 50.h0{b).

2. {ertain addressees are requested to provide the following
information regarding Appendix 6 to 10 CFR Part 50

a. Addressees of plants for which the Charpy upper shelf energy is
predicted to be less than 50 foot-pounds at the end of their
licenses using the guidance in Paragraphs ¢.1-2 or C.2.2 in
Regulatory Guide 3.9%. Revision 21 are requested to provide to the
NRC the Charpy upper shelf energy predicted for December lh: 124993,
and for the end of their current license for the limiting beltline
weld and the plate or forging énd are requested to describe the
actions taken pursuant to Paragraphs IV-A.3} or V.{ of Appendix 6
to 30 CFR Part 50.

b. Addresseas whose reactor vessels were constructed to an ASHE Code
earlier than the Summer 1972 Addenda of the Y97} Edition ars
requested to describe the consideration given to the following
material properties in their evaluations performed pursuant to 10
CFR 50.4} and Paragraph III.A of 30 CFR Part 50. Appendix G:

(1) the results from all Charpy and drop weight tests for ail
unirradiated beltline materials. the unirradiated reference
tamperature for each beltline material. and the methoad of
determining the unirradiated referance temperaturs from the
Charpy and drop weight test:

(23 the heat treatment received by all peltline and surveillance
materialss

{3) the heat number for each beitline plate or forging and the
heat number of wire and flux lot number used to fabricate
each beltline waldsh

-5~

{4 the heat number for aach surveillance plate or forging and
the heat nuaber of wire and flux lot number used to fabricate
the surveillance welds

(8) the chemical composition.: in particular the weight in percent
of coppers nickel. phospherous. and sulfur for each bgltline
and surveillance materials and

(h) the heat number of the wire used for determining the weld
metal chemical composition if different than Item {(3) above.

3. Addressees are requested teo provide the following information regarding
commitments made to respond to 6L B8-13%:

a- How the embrittlement effects of operating at an irradiation
temperature {colid leg or recirculation suction temperature) bhelow
525 ¢oF were considered. In particular licensees are requested to
describe consideration given to determining the effect of lower
irradiation temperature on the reference temperature and on the
Charpy upper shelf energy-

b. How their surveillance results on the predicted amount of
embrittlement were considered.

< If a measured increase in reference temperature axceeds the
mean-plus-two standard deviations predicted by Ragulatory Guide
1.99. Revision 2. or if a measured decrease in Charpy upper shelf
energy exceeds the value predicted using the guidance in Paragraph
€-3%.2 in Regulatory Guide .9%. Revision 2+ the licensee is
requested to report the infermation and describe the effect of the
surveillance results on the adjusted reference temperature and

http://www.nre.gov/reading-rm/doc-collections/gen-comm/gen-letters/1992/g192001r1 .himl
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Reactor Vessel Structural Integrity, 10 CFR 50.54(f) (Generic Letter 92-01, Revision 1)

Charpy upper shelf epergy for each beltline material as predicted
for December lhk+ }99L. and for the end of its current license.

Reporting Requirements

Pursuant to Section X&2a of the Atomic Energy Act of 1954. as amended. and
10 CFR 50.54(f)+ each addressee shall submit a letter within 120 days of the
date of this generic letter providing the information described under
nReguired Information.™ The letter shall be addressed to the U.3. Nuclear
Regulatory Commissions ATTN: Document (ontrol Desk, Washington, DC 20555+
under oath or affirmation- A copy stall also be submitted to the
appreopriate Regional Administrator. This generic letter reguests
information that will enable the HRC to verify that the licensee is
compliving with its current licensing basis regarding reactor vessel fracture
toughness and material surveillance for the reactor ceplant pressure
boundary. Accordingly. an evaluation justifying this information reguest is
not necessary under 10 CFR 50.54(f).

Backfit Piscussion

This generic letter requests information that will enable the HRC staff to
determine whether licensees are complying with their prior commitments and
any license conditions regarding 10 CFR 50.L0. 30 CFR 50.-b3. and GL 24-1%.
The staff is not establishing a new position for such compliance in this
generic letter. The staff is requesting information to verify that the
licensee is complying with its previously established commitments and is not
establishing any new pesition. Therafores: this generic letter does not
constitute a backfit and no documented evaluation or backfit analysis need
pe prepared.

Reguest for Voluntary Submittal of Impact Data

This request is covered by 0ffice of Hanagement and Budget (learance Number
4350-003). which expires May 31. 1994. The estimated average number of
purden hours is 20D person hours for each addressee's response. including
the time required to assess the requirements. search data sources. gather
and analyze the datas and prepare the required letters. This estimated
average humber of burden hours pertains only te the identified
response-related matters and does not include the time to implement the
actions required by the regulations. <Comments on the accuracy of this
estimate and suggestions to reduce the burden may be directed to Renald
Hinsk. 0ffice of Information and Regulatory Affairs (3350-0G03L). NEOB-3D149.
¢ffice of Management and Budget. Washingten. DC 20503+ and to the U.S.
Nuclear Regulatory Commission. Information and Records Hanagement Branch-.
Pivision of Information Support Services. 0ffice of Information and
Resources Hanagement. Washington. DC 20555.

Although neo specific request or requirement is intended. the following
information would assist the NRC in evaluating the cost of complying with
this generic letter:

{3} the licensee staff's time and costs to perform requested inspectlonsa.
corrective actions. and associated testings

(8) the licensee staff’s time and costs to prepare the requested reports
and documentation:

(3} the additional shert-term costs incurred to address the inspection
findings such as the costs of the corrective actions or the costs of
down timey and

(4) an estimate of the additional long-term cests that will be incurred as

a result of implementing commitments such as the estimated costs of
conducting future inspections or increased maintenance.

-7 -

If you have any questiuns about this matter: please contact ane of the HRC
technical contacts or the lead project manager listed below.

Sincerely

James 6. Partlow
Assoclate Director for Projects
0ffice of Nuclear Reactor Regulation

Enclosures:
k. Applicable Regulatory Reguirements
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Reactor Vessel Structural Integrity, 10 CFR 50.54(f) {Generic Letter 92-01, Revision 1)

2. Plants with Integrated Programs
3. List of Recemtly Issued
Generic Lettars

Technical Contacts:
Barry J. Elliot. NRR
(301 s0u-270%

Keith R. Wichmans NRR
(30%3 5D4-2757

Lead Project Hanager:
Daniel G. HcbPonalid. NRR
(30%) 504-340A

Enclosure 1
Regulatory Requirements Applicable to
Reactor Vessel Structural Integrity
10 CFR 50-BO

Pursuant to 10 CFR 50.4%8+ all light water nuclear power reactors musi maet
the fracture toughness and material surveillance program requirements for
the reactor coolant pressure boundary set forth in Appendices 6 and H to 18
CFR Part 5.

The fracture toughness of the reactor coolant pressure boundary required by
10 CFR 50.kLD is necessary to provide adaquate margins of safety during any
condition of normal plant operation. inciuding anticipated cperational
occurrences and system hydrostatic tests. The material surveillance program
required by 10 CFR 50.b0 monitors changes in the fracture toughness
properties of ferritic materials in the reactor vessel beltline region of
light water nuclear power reactors resulting from expesure of these
materials to neutron irradiation and the thermal environment. Under the
program, fracture toughness test data are obtained from material specimens
exposed in surveillance capsules. which are withdrawn periodically from the
reactor vessel.

Appendix G to 10 CFR Part 50 requires that the reactor vessel beltline
materials must have Charpy upper shelf energy of no less than 50 Tt-1b
throughout the life of the vessel. Otherwise. licensees are required to
provide demonstration of eguivalent margins of safety in accordance with
Paragraph IV.A.1 of Appendix G to 3D CFR Part 50 or perform actions in
accordance with Paragraph V.C of Appendix 6 to 10 (FR Part 50.

Appendix H to 3D CFR Part 50 requires the surveillance program to meet the
American Seciety for Testing and Haterials (ASTH) Standard E X85. "3tandard
Practice for Conducting Surveillance Tests for Light-Water Cooled Nuclear
Power Reactor Vessels.”™ Further. Appendix H to 10 CFR Part 50 specifies the
applicable adition of ASTH E 185. Appendix H to 10 CFR Part 50. as amended
on Jduly 2k. 3983, requires that the part of the surveillance program
conducted before the first capsule is withdrawn must meet the requirements
of the 3973 the 1979, or the 1982 edition of ASTH E 185 that is current on
the issue date of the American Society of Hachanical Engineers (ASHE) Boiler
and Pressure Vessel Code under which the reactor vessel was purchased. The
licensee may also use later editions of ASTH E 1A5 which have been endorsed
by the NRC. The test procedures and reporting requirements for each capsule
yithdrawal after July 2h. 1183 must meet the raequirements of the &2
edition of ASTH E 385 to the extent practical for the configuration of the
specimens in the capsule. The licensee may use either the 197?3. the 1979,
or the 1482 edition of ASTH E 1A5 for each capsule withdrawal before

July 2b. 3943,

Licensees. especlally those with reactor vessels purchased before ASTH
issued the 1973 edition of ASTH E 185, may have surveillance programs that
do not meet the requirements of Appendix H to 10 C(FR Part 50 but may have
alternative surveillance programs. The licensee may use these alternative
surveillance programs in accordance with 30 (FR 50.h0(b) if the licensee has
baan granted an exemption by the C(ommission under X0 CFR 50.32.

The licensee must monitor the test results from the material surveillance
program. According to Paragraph III.C of Appendix H to LD CFR Part 50. the
results of the surveillance program may indicate that a technical
spacifications changa is required., either in the pressure-temperature limits
or in the eparating procedures required to meet the limits.

0 CFR 50.h)

Pursuant te 1D CFR 5{.LY%+ there are fracture toughness requirements for
protection against pressurized thermal shock events for pressurized water
reactors. Licensees are required to perform an assessment of the projected
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Reactor Vessel Structural Integrity, 10 CFR 50.54(f) (Generic Letter 92-01, Revision 1)

values of reference temperature. If the projected reference temperature
excaeds the screening criteria established ipn 30 CFR 50.kk+ licensees are
required £o submit an analysis and schedule for such flux reduction programs
as are reasohably practicable to avoid exceeding the screening criteria. If
no reasonably practicable flux reduction program will avoid exceeding the
screening criterias licensees shall submit a safety analysis to determine
what actions are nacessary to prevent potential failure of the reactor
vessel if continued operation beyond the screening criteria is allowed. In
10 CFR 50.63(b){1}). as amended effective June 4. 3991 (5L Fed Reg 22300 et.
seq. s Hay 15. 3991}, licensees are required to submit their assessment by
December 1lk. 399k, if the projected reference temparature will exceed the
screening criteria before the expiration of the operating license.

Plant-specific information is required fo be considered in assessing the
level of neutron embrittlement as specified in 38 CFR 50-L3(b)(3}. This
information includes but is not limited to the reactor vessal operating

temperature and surveillance results.

Prediction of Irradiation Embrittlement

Paragraph V.A of Appendix & to 10 CFR Part 50 requiraes the prediction of the
effects of neutron irradiation on reactor vessel materials. The extent of
neutron embrittlement depends on the material properties. thermal
environment. and results of the material surveillance program. In Generic
Letter &88-1k» "NRC Position on Radiation Embriitlement of Reactor Vessel
Materials and its Impact on Plant Operations.® the staff stated that it will
use the guidance in Regulatory Guide 1.599.: Revision 2. "Radiation
Embrittlement of Reactor Yessel Haterials."™ in estimating the embritilaement
of the materials in the reactor vessel beltline. All licensees and
paermittaes have responded to Generic Letter 88-11 committing to use the
methodology in Regulatory Guide .99

Revision 2. in predicting the effects of neutron irradiation as regquired by
Paragraph Y.A of 1D CFR Part 50+ Appendix G. The methodology in Reagulatory
Guide 3.9%. Revision 2. is also the basis in 30 CFR 50.b} in projecting the
reference temperature.

Enclosure #

Plants With Integrated Surveillance Programs Approved By The NRC

Oconee Units %+ 2. ang 3
Arkansas Nuclear One Unit
Rancho Seco

Three Mile Island Unit T
Davis-Besse

Ginna

Point Beach Units Y} and &
Surry Units 3} and 2

Turkey Point Units 3 and 4
Ziop Upits 1 and 2
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Discovery of Sump Performance Issue

The NRC first published regulatory guidance on the performance of pressurized-water reactor
{PWR) containment sumps and boiling-water reactor (BWR) suction strainers in 1974 with the
issuance of revision 0 of Regulatory Guide (RG) 1,82, “Water Sources for Long-Term
Recirculation Caoling Following a Loss-of-Coolant Accident.” BWR suction strainers perform the
same function as PWR containment sump screens,

As part of its responsibility to ensure public health and safety, NRC continually assesses the
design and operation of nuclear power plants to determine whether its regulations, its guidanc
or nuclear power plant design or operations need to be maodified.

Late 1970s

Because of internal questions by the NRC staff, the NRC first sponsored research to study the

' accumulation of debris on PWR containment sump screens and BWR suction strainers in the lat
' 1970s (approximately 1979). With the information and engineering tools available in the late

1970s and early 1980s, the NRC concluded that its regulatory guidance needed to be revised
and issued in 1985 revision 1 of RG 1.82. As documented in Generic Letter 85-22, "Potential fo
Loss of Post-LOCA Recirculation Capability Due to Insulation Debris Blockage,” the NRC
concluded that no additional regulatory action was warranted for operating nuclear power plani
but that new nuclear power plants would need to satisfy the guidance in the revised RG 1.82,
and that operating nuclear power plants should consider the guidance in the revised RG 1.82
when making plant modifications, namely changing thermal Insulation.

Early 1990s

In the early 1990s, because of an event at a BWR in Sweden and several events at BWRs In th
United States, the NRC sponsored new research to study the accumulation of debris on BWR
suction strainers, Based on the information learned from operational experience and the new
research using more sophisticated engineering tools than those readily available in the late
1970s, the NRC concluded that its guidance needed additi MBWRS In 1996, the
MNRC issued revision 2 of RG 1.82. Using new researth data and better engineering toor”_the
NRC concluded that additional regulatory action was needed to ensuré safety is maintained at
BWR power plants. As documented in Bulletin 96-03, “Potential Plugging of Emergency Core
Cooling Suction Strainers by Debris in Boiling-Water Reactors,” the NRC concluded that
additional regulatory action was warranted for operating BWRs and asked BWRs to conduct
plant-specific evaluations of their suction strainer performance and, if necessary, modify their
plant design andfor operation.

Late 1990s

Because of the information the NRC learned during the assessment of BWR suction strainers ar
oversight of BWR plant-specific evaluations and modifications, the NRC sponsored a new
research effort to study the accumulation of debris on PWR containment sump screens. Based
the most recent research study, “GSI-191 Technical Assessment: Parametric Evaluations for
Pressurized Water Reactor Redirculation Sump Performance,” the NRC concluded that its
guidance needed additional revision for PWRs. In November 2003, the NRC issued revision 3 ol
RG 1.82. The NRC has concluded that additional regulatory action is warranted. Currently, the
NRC is implementing its plan to have alt PWR licensees perform a plant-specific evaluation for

the potential for excesswe head Ioss across the containment sump screen because of the

hitp://www.nrc.gov/reactors/operating/ops-experience/pwr-sump-performance/discover-concern.html 5/13/2008
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accumulation of debris on the containment sump screen. The NRC also expects licensees to
evaluate effects of debris that might pass through the sump screens.

Based on the information available to date, continued operation of PWRs is justified until ptant-
specific evaluations are completed. To provide additional assurance regarding the continued
operation of PWRS, The NRC asked the licensees of PWRs to implement compensatory measure
This was done through the issuance of Bulletin 2003-01, “Potential Impact of Debris Blockage ¢
Emergency Sump Recirculation at Pressurized-Water Reactors.” If the resuits of ongoing NRC
inspections and reviews or ongoing and planned studies indicate that unsafe conditions exist at
any operating PWR, the NRC will take immediate actions to ensure the continued health and
safety of the public, Also, if a licensee discovers that it Is not in compliance with the NRC
regulations during the implementation of the requested actions in Bulletin 2003-01, it is requin
to take prompt corrective actions.

Privacy Policy | Site Disclaimer
Tuesday, February 13, 2007
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PWR Vessel Design Comparisons
Core Inlet Flow Blockage — Selection of plant to be modelled

WCOBRA/TRAC Modelling Approach

*

February 6, 2007

Preliminary Results

Task 4.3« R1 - 2707 I Tusk 4.3 = R1 - 2-7:07 2
Demilar Statamernt Selmetion oF 1 imitine Rrask
Problem Statement Selection of Limiting Break
« For a Double-Ended Guillotine Break: Double-Ended Coid Leg Double-Ended Hot Leg
— RWST can be Depleted, and, + Spilling of ECCS t¢ + No spilling of ECCS
~ Sump Recirculation Begun Within ~ 20 Minutes containment
. ) . + Gravity head to loop level only .« Additional driving head from
« Fibrous Debris and Particuiates Can Pass — True for no single faiture also ECCS pumps
Through Sump Screen » Lower flow results in slower — more for no single failure
. . debris build-u . Mi i
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— Fuel assembly bottom nozzle, debris filter, grids

~ 1/8 inch of uniform matiing with trapped particulates
sufficient to cause high head loss
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Vessel Design Considerations (W OEM;) Other PWR Vesse! Designs
» Designed Upflow is Least Limiting » B&W Design Similar to W Designed Upflow

~ Numerous large pressure relief holes in baffle wall
allow flow to bypass core inlet if blocked

-~ Barrel vent valves located above loop ievel

— Numerous large pressure relief holes in baffle
wall allow flow to bypass core inlet if blocked

» Converted Upflow is More Limiting - No impact on this issue
— No pressure relief holes, limited flow to top of + CE Design Similar to W Converted Upflow No
core (if any) pressure relief holes, limited flow to top of core (if
+ Downflow is Most Limiting any)

~ Flow must enter core through lower core piate
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Hlant Selection

» Downflow Most Limiting Configuration

» Core Power Density Also Important for
Heat Removal
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WCCBRATRAC Modeling Approach

» Run Problem from Break Initiation

— Create Single Use code version which ramps
in high resistance as specified by User

— Ramp in large increase in resistance at core
inlet of PWR model

~ Investigate effect of radial distribution of
resistances {conceptual at this point)
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Both Blockage Cases Run to 30 Minutes

~ Blockage ramped in from 20 to 20.5 minutes
» K = 1000 used to simulate blockage

« Evaluation of Initial Results

— Need larger K to adequately block channels

» Case with 99.4% blockage has hot assembly flow
approaching that required to replace core boil-off
due to decay heat

* Case with 82% blockage has total peripheral
assembly flow well in excess of boil-off
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Summary

 Initial Results

— Indicate Blockages > 90% Can Be
Accommodated

— Are consistent with NRC calculations
performed as part of an audit
» Further Investigations to be Performed
— Improved modelling of blockage
- Longer transients

- Further study of flow vs. blockage vs. core
boil-off rates

e
PuRoG Task 4.3« R1 2707
e



NRC: Overview of Reactor Pressure Boundary Integrity Issues Page 1 of 7

index | Site Map | FAQ | Facility Info | Reading Rm | New | Help | Glossary | Contact Us JGoogte Custom Search Search Optlo

Reactor Prassure Home > Nuclear Reactors > Operating Reactors > Operational Experience > Reactor Pressure Boundary
Boundary Integrity Integrity Issues for Pressurized Water Reactors > Overview

lasues for Pressurized
Water Reactors

Overview of Reactor Pressure Boundary Integrity

Overview

RPV Upper Head Issues Issu es
RPV Bottom Head Issues

Pressurizer Issues On this page:

Reactor Coolant Systern Weld
Issues Generic Activities on Alloy-600 Cracking

Generic Letter 97-01

Hot Leg Axial Cracking at the V.C. Summer Nuclear Station
Impetus for Bulietin 2001-01

Bulietin 2001-01

Buifietin 2002-01

Bulletin 2002-02

Davis-Besse

Order EA-03-009

Bottom Mounted Instrument Cracking

Pressurizer Issues

Outlook

-> L] - * & @ - L ] L] L] - -

Generic Activities on Alloy-600 Cracking

Alloy 600 is used to fabricate various parts in nuclear power plants, inciuding reactor vessel tof
head penetrations for control rod drive mechanism {CRDMs}, control drive element mechanism
(CEDMs), in-core instruments (ICIs) and thermocouples, reactor vessel bottom head bottom
mounted instruments (BMIs), pressurizer heater sleeves, and various other instrumentation
ports. Related weld materials Alloy 82 and Alloy 182 are used to join these Alloy 600 parts to
the ferritic stee! components and also as a bi-metallic weld joining ferritic base materials to
austenitic stainless steel base materials, Alloy 600 and its associated weld filler metals were
ariginally used because of expectations of resistance to service-induced cracking. However, pai
fabricated from these materials have demonstrated a susceptibility to primary water stress
corrosion cracking (PWSCC), also referred to as low potential stress corrosion cracking (LPSCC

In the United States, PWSCC of Alloy 600 became an issue following a leakage event of a
pressurizer heater sleeve nozzle at Calvert Cliffs Unit 2.in_1989. Other instances of leakage in
prassurizer instrument nozzles were Tdentified in both domestic and fereign PWRs, as describec
in Information Notice 90-10.

The first indication of cracking In upper head Alloy 600 penetrations was identified in France at

\ Bugey Unit 3 in 1991 during the ten-year primary §ystém hydrostatic test. The leakage was
fromi an axial flaw that had initiated-onthe nozzle inside surfacé nearthe elevation of the J-
groove weld. Several other partial depth axial cracks were Identified at a similar elevation in th
nozzie. Failure analysis confirmed that the cracking was due to PWSCC.

In the United States, the NRC and the industry initiated activities to assess the safety
significance of VHP nozzle cracking. An action plan was implemented by the NRC staff in 1991 -
address PWSCC of Alloy 600 VHPs at all U.S. PWRs. This action plan included a reviéw of saféty
assessments submitted by the PWR Owners Groups, the development of VHP mock-ups by the
Electric Power Research Institute (EPRI), the qualification of inspectors on the VHP mock-ups b
EPRI, the review of proposed generic acceptance criteria from the Nuclear Utility Management
and Resource Council (NUMARC) [now the Nuclear Energy Institute (NEI}], and VHP inspection:
As part of this action plan, the NRC staff met with each of the owners groups separately and
with the entire industry throgh NUMARC/NEI. After reviewing the industry's safety assessments

http:/fwww.nre.gov/reactors/operating/ops-experience/pressure-boundary-integrity/overview. html 5/13/2008
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and examining the overseas inspection findings, the NRC staff concluded in a safety evaluation
dated November 19, 1993, [3] that VHP nozzle cracking was not an immediate safety concern.
The bases for this conclusion were that if PWSCC occurred at VHP nozzles (1) the cracks would
be predominately axial in orientation, (2) thé ¢racks would result in detectable leakage before
catastrophic failure; and (3) the leakage would be detected during visual examinations
performed a§ part of survelllance walkdown inspections before significant damage to the reactc
vessel closure head would occur.

The first U,S. inspection of VHPs took place in the spring 1994°4t the Point Be ch Nuclear
Generating Station, and no indications were detected in a 3@; 49 CRDM penetrations. The
eddy current inspection at the Oconee Nuclear Station {ONS} in the fall of 1994 revealed 20
indications in one penetration. Ultrasonic testing (UT) did ot reveal the depth of these
indications becaud@ Tthéy were shallow. UT cannot accurately size defects that are less than one
mil deep (0.03 mm). These indications may be associated with the original fabrication and may
not grow; however, they will be reexamined during the next refueling outage. A limited
examination of eight in-core instrumentation penetrations conducted at the Pallsades piant
found no cracking. An examination of the CRDM penetrations at thW the fall
of 1994 revealed three clustered indications in one pepetration. The'indications were 46 mm
(1.81in.),16 mm (0.63in.),"and 66 8 mm (0.24 to 0.31 in.) in length, and the deepest flaw
was 6.8 mm {0.27 in.) deep. The tip of the 46-mm (1.81 in.) flaw was just below the J-groove
weld. Virginia Electric and Power Company inspected North Anna Unit 1—duFing fts spring 1996
refueling outage. Some high-stréss araas (e.g:, upper and lower hillsides) were examined on
each outer ring CRDM pénetrations and o INdICations were observed using eddy current testin
During this time, each of the vendors was developing a susceptibility model for VHP nozzles
based on a number of factors, including operating température, years of power operation,
method of fabrication of the VHP, microstructure of the VHP, and the location of the VHP on the
head. Each time a plant's VHPs are inspected, the inspection results are incorporated into the
model.

L Tor

Generic Letter 97-01

On April 1, 1997, the NRC issued Generic Letter 97-01 to request PWR licensees subrit
descriptions of their programs for inspecting CRDM and other VHP nozzle penetrations. The
industry used a histogram grouping of plants, In combination with completed inspections and
planned inspections as its approach for managing this issue, The plant grouping used
probabilistic crack initiation and growth models to estimate thé amount of timé remaining (in
effectlve TUll power years, £rPYs) until the plant reached a limiting cormdition-for-a-reference
plant, Thislimiting condition was the time for the plant to reach the same probability of having
crack 75% through-wall as D.C. Cook Unit 2 had at the time a 6.5 mm deep crack was identifie
in 1994 These models includéd differences In operating time and temperature, water chemistr
environment, surface stress, component geometry, material yield strength and microstructure,
and fabrication practices {(amount of cold work ¢ machining) between the subject plant an

the réfereiice plant in determining a plant's susceptibility.

Inspections continued into the fall of 2000, with no significant adverse results, The most
significant crack identified in these inspections was a 6.8 mm (0.27 in.) deep crack found at D.
Cook Unit 2, This flaw was repalred by a process that involved ﬁartiai removal {(by grinding) an
overlay weld to isolate the remnant of the original flaw from the environment. Three plants
identifléd small "Craze cracks,” genérally found as cluster of shallow, less than 0.2 mm deep
(0.008 in.) and axially oriented. At Millstone Unit 2, one nozzle with seven such indications in a

single nozzie were removed by flapper wheel grinding to a depth of 0.8 mm (0.032 in.).

[ ——

Worldwide, inspection activities were finding PWSCC in VHP nozzles, and In some cases RPV
heads were being replaced. Common characteristics of these findings were the flaws originatini
in the nozzle base material and located on the inside surface of the nozzles,

4 yop

Hot Leg Axial Cracking at the V.C. Summer Nuclear Station

The hot leg weld axial cracking was identified at V.C, SummEr(October 7, 2000,9ing a
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normally scheduled inspection of the V.C. Summer containment after entering a refueling
outage, The licensee found over 200 pounds of boric acid crystals on the containment floor anc
protruding from the air bost areund the "A" loop réactor coolant system (RCS) hot leg pipe.
Examinations showed a short fhrough-wall axial crack in the hot Jeg néZZ1é safé end weld,
approximately 3 feet from the reactor vessel. Additional examinations of the other 5 nozzle saf
end welds found crack indications but no through-wall cracks. A 12-inch long section of the hot
leg pipe containing the leaking weld was replaced with a new section of stainless steel pipe anc
Alloy 52/152 welds. The remaining weld indications were analyzed and found to be safe for
another cycle of operation.

in a letter dated December 14, 2000, Mr. David J. Modeen of the Nuclear Energy Institute (NEI
[nformed Dr. Brian W. Sheron of tfié NRC that the EPRI Materials Reliability Project (MRP)
intended to lead the industry's actions to address the generic implications of the cracking seen
at V.C. Summer, The MRP is a utility-directed oversight organization of the PWR Owners Group
whose purpose is to address and resolve, on a consistent industry-wide basis, PWR material-
related issues,

& rap

Impetus for Bul_letin 2001-01

In the fall of 2000, the Inspection findings in RPV head penetrations became more significant. /
ONS-1 that fall, boron d&posits were identified on the RPV head at one CRDM nozzle and at five
{of the eight) thermocouple Tidzzles (one of only two plants with small diametér thermocouple
pozzles). Contrary to expectations, the boron deposits were very small (less than 1 in. total

volume). Analysis of the CRDM nozzle idéntified an axial-radial PWSCC Crack that initiated in tt
J-groove weld and propagated part way into the outer diameter surface of the nozzle, The crac

in the J-groove weld was arrested when it encountered the RPV head base material, consistent
with expectations.

In February 2001, ONS-3 identified nine nozzles with leaks (again small deposits). Additional
inspections, includifg uitrasonic, eddy current and liquid penetrant examinations, identified
numerous part- and through-watl axial cracks, generally initiated on the outer diameter surface
of the nozzles below the J-groove weld. During the repair of these nozzigs, two of the nozzles
were found to have through-wall circumferential crack extending 165 around the nozzle,
although the tracks were not Ehirough-wall for thélr entire circumferential extent. These cracks
were identified as having initiated on the nozzle outer diameter surface. The findings at ONS-3
were the subject of NRC Infermation Notice 2001-05, Issued on April 30, 2001.

In March 2001, Arkansas Nuclear One Unit 1 (ANO-1) identified boron deposits on a single CRT
nozzle. Exaniifiation of this noZzZle identified an axial part-thoguh wall crack that initiated on th
nozzle outer diameter surface below the }-groove weld and propagated to a distance 33 mm
(1.3 in.) above the J-groove weld.

In April 2001, ONS-2 identified boron deposits on four CRDM nozzles. Eddy current examinatio
of thesé ioZzles identified cluster of shallow axial indications on the nozzle inside surfaces,

ranging in depth from 0.35 te 0.8 mm (0.014 to 0.032 in.} and in length from 23 to 79 mm (0.
to 3.1 in.). Ultrasonic examination of these nozzles identified numerous axial flaws on the nozz
outer diameter surfaces, including one circumferential crack above the J-groove weld. The latte
was reported as 32 mm (1.25 in.) long and 1.8 mm (0.07 in.) deep. Leakage from these nozzlt
was identified as originating from the outer diameter surface cracks that propagated along the

weld to nozzle interface from below the J-groove weld to above the weld.
A Tor

Bulletin 2001-01

e

The Nuclear Regulatory Commission Issued Bulletin 2001-0%, "Circumferential Cracki\_} of
Reactor Pressure Vessel Head Penetration Nozzies;" dated-A @_sf’fmw ormation
from all PWR nuclear power licensees regarding the structura Qt:ggrity"qute {CEor pressure
vessel head penetrations. .
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The focus of this Bulletin was the safety issue of circumferential cracking in VHP nozzles, with &
goal of providing assurance that no such issues existed in plants. Bécause of the time frame
involved in the development of a circumferential crack that could be subject to nozzle ejection,
visual inspections of the RPV head outer surface, where the nomﬁtheﬂw head,
were considered at thvat point to be an adequate Inspectioh.”

7’ TP
Bulletin 2002-01

In response to the findings at Davis-Besse, the NRC issued Bulletin 2002-01 on March 18, 200.
The focus of this Bulletin was to assess licensee inspections and other information that could
provide a basis for conclusions on the condition of the RPV head. The Bulletin also addressed
boric acid corrosion of other parts of the reactor coolant system,

Following issuance of this Bulletin, the spring 2002 inspection findings were relatively quiet. Th
exception was an Inspection at Millstone Unit 2, which identified three nozzles {no [eaks)
requiring repair, with axial outer diameter surface cracks that extended from below the J-groos
Into the weld zone. This finding is significant because this plant had the lowest susceptiblility of
any plant that had identified cracking.

)'i: TOE
Bulletin 2002-02

Since the initial findings of circumferential cracking at ONS-3, the nuclear Industry was working
to develop inspection recommendations (and justification for the recommendations) that would
provide Efféctive managenment of the issue. This effort was continually challenged by new

findirgs; €.3., Dav%gg;ggp_g@_%vastage, and the industry did not hiave a proposal
available for cofsideration by the summer of 2002. TFMMMQE on the
upper RPV head, the NRC issued Bulletin 2002-02 in August 2002, This Bulletin provided a
description of a comp’”ﬁ”ér’n?ﬁﬂa inspection program that addressed a combination of visual and
non-visual examinations on a graded approach consistent with a variety of plant susceptibilities
to PWSCC, This Bulletin used a parameter referred to as effective degradation years {EDY) to
haracterize plant susceptibility to PWSCC. Calculation of this parameter requires information ¢
the RPV head operating temperature(s) and the operating time (i.e., effective full power years,

EFPY} at each operating temperature. These data are used to infegrate the effects of operating
temperature, normalized to 316 C (600 F).

Notable inspection findings were prevalent during the fall 2002 outat(:; s”’ North Anna Unit 2
identified two leaking nozzles. One of these leaks was from a nozzle'\that had received a_weld
over-lay repair at the previous outage. Failure of the of the repair was attributed to the weld
over-lay repair not completely covering the original Alloy 182 weld butter, with cracking then
occurring in the original weld at the periphery of the Tepair weld. Surface examinations of the 1
groove welds identified more than half of the welds with cracks. Ultrasonic testing of the nozzie
base material identified twenty nozzles with axial indications. Several nozzles were identified
with circumferential cracks on the nozzle outer diameter surface within the zone of the 3-groov
weld, just below the root of the weld. With the myriad of repairs necessary due to these
findings, this plant became the first U.S. plant to install a new RPV head using Alloy 690 nozzie
base material and Alloy 52 and 152 welds. B

e

At ANO—I, a I%k was identified from the nozzle that had been repaired in the spring of 2001,
The failure of the repair was attributed to the weld over-lay repair not completely covering the
orlginat J- groove weld similar to the North Anna Unit 2 finding.

<§t Sequoyah Unit 2, ?»or head corrosion was Identified from a boron leak located above the

PV head. In partictilar, the licensee identified a leak from a valve in the reactor vessel level
Institiment ‘§ystem (RVLIS). Leaking coolant impacted the RPV head insulation below the valve
fell through a seam in the insulation and onto the RPV head. After the RPV head was cleaned u
a corrosion area was Identified with dimensions 127 mm (5 in.) long and 8 mm (5/16 in.) wide
with a maximum depth of 3 mm (1/8 in.).
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Davis-Besse

N s Tt T e

The Davis-Besse refueling outage began off February 16, 2002. The licensee planned to perforr
a visual inspection of the outer surface RPW. head lookmg for signs’of boron deposits, and
ultrasonic inspection of all CRDM nozzles. The | spection-ideritified five nozzles with indicatlons
including three with through-wall cracks, and the licensee decided to repair all five nozzles.
During machining to facllitate repair of nozzle #3, the equipment rotated and was removed fro
the head. Upon removal, the licensee found that the nozzle had tipped, with the CRDM flange
(located above the head) contacting the flange of an adjacent CRDM. The licensee cleaned the
surface of the RPV head and found a large cavity adjacent to nozzle #3, where the RPV head
base material had been corroded down to the stainless steel cladding. Subsequent investigatior
revealed an additional much smaller degraded area near nozzle #2, located within the wail
thickness (no cladding was exposed).

After the initial finding of the cavity at Davis-Besse, the NRC issued Information Notice 2002-1
"Recent Experience with Degradation of Reactor Pressure Vessel Head," on March 12, 2002,
After some of the evidence began to be accumulated regarding secondary indications of a
serious ferritic corrosion event, the NRC issued Information Notice 2002-13, "Possible Indicatol
of Ongoing Reactor Pressure Vessel Head Degradation,” on April 4, 2002.

}’,— (FuIE]

The NRC issued Order EA-03-009 to all PWR licensees on February 11, 2003, This Order
provided specific inspection requirements for all PWR plants. The Order required that plants
evaluate their susceptibility to PWSCC using a formula for effective degradation years, EDY, Th
Order then provided specific inspection requirements based upon the EDY level of the plant, Th
Order provided requirements for plants with EDY greater than 12 or have experienced PWSCC,
These plants were ret;g@;mwerimw__p_gﬂﬂmmwal
examination every refieling outage. Moderate susceptibility plants (those with EDY from 8 to
12Y'were required to perform either bare metal ¥istal or non-visual examination every outage
alternating the-two methods each RFO. Low susceptibility plants (with EDY less than werg
required to perform a bare metal visual examination by their second réfueling outage after
issuance of the Order and every third refueling outage or five years thereafter. In addition, low

susceptibility plants were required to perform non-visual examination by February 11, 2008 at
then repeat every fourth refueling outage or seven years thereafter.

The non-visttal examinations described In the Order were uitrasonic examination or surface
examination. The ultrasonic examination covered from the bottom of the nozzle to 2 Inches

above the J- -groove Weld, and incltuded an assessment to determine if leakage has occurred in
the interference fit zone of the nozzles. The scope of the surface examination included the
surface of the J-groove weld, the outer diameter surface of the VHP nozzle base metal, and the
inside surface of the VHP nozzle to a point 2 inches above the J-groove weld.

The Order provided explicit inspection requirements for repaired nozzles and welds, and makes
no distinction for heads fabricated from Alloy 600 or Alloy 690.

In addition to the susceptibility based inspections of the RPV head surface and VHP nozzles, thi
Order required that all licensees perform visuat inspections to identify boric acid leaks from
components above the RPV head, with follow-up actions including inspection of potentially-
affected RPV head areas and VHP nozzles should any leaks be identified,

The Order also provided means for licensees to request relaxation from its requirements upon
demonstration of good cause. As of January 2004, twenty-four plants had made specific
requests for relaxation. These requests related to limitations in inspection accessablility and
technology.

The NRC revised certain inspection aspects of the original NRC Order EA-03-009 with respect t
hare metal visual inspections, penetration nozzle inspection coverage, flexibility in combination
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of non-destructive examination methods, flaw evaluation, and requirements for plants which
have replaced their reactor pressure vessel head. The First Revised NRC Order EA-03-009 Rev.
01 was isssued on February 13, 2004.

A Oxte

Bottom-Mounted Instrument Cracking

— e R

With the focus of attention on PWSCC of Alloy 600 on the upper RPV head and possible boric
acid corrosion of ferritic components throughout'the reactor coolant system, visual examinatiol
of other applications of Alloy 600 have increased in their thoroughness and effectiveness. One
area.that was not anticipated to provide short-term PWSCC concerns was the RPV lower head
éMIs, e to the cold-leg operating temperature-of-the-RPV_lower head. However, in the spring
82003, the licensée for the Soxth Texas Project Unit 1 (STP-1)identified apparent boron
. deposits on the lower RPV head‘near two BMIs. Characterization of all of the BMI nozzles at ST
/' 1 identified PWSCC In these two nozzles, and no PWSCC in any other nozzle. The operating
%/«

temperature of the STP-1 lower head was ~ 294 C (561 F), and the calculated EDY was less
than three (3). The NRC issued Bulletin 2003-02 to obtain information on licensee Inspection
activities and inspection plans for the RPV lower head. Thus far other plants have identified
white residue on the lower head, frequently boron traced to refueling seal leakage or other

sources above the RPV lower head, and no other plant has identified PWSCC in the BMIs.

T yoe /
Y

Pressurizer

T —n
Operating experience, both domestic and foreign, has demonstrated that Alloy 82/182/600
materials connected to a PWR's pressurizer may be particutarly susceptible to PWSCC, Since th
late 1980's, approximately 50 Alloy 600 pressurizer heater sleeves at Combustion Engineering-
designed (CE-designed) facilities in the United States have shown evidence of RCPB leakage
which has been attributed to PWSCE.-The-meost recent events of this type occurred at Milistone
Unit 2, and Waterford, Unit 3] in Octcber 20037 All available evidence from finite element -
Aicdsling studies and-timited iondestructive evaluation (NDE) has suggested that these leakag
events were the result of axially-oriented PWSCC of the pressure boundary portion of these
heater sleeves, However, recent NDE results from Palo Verde, Unit 2, on heater sleeves which
had not shown evidence of leakage have demonstrated that circumferentially-oriented PWSCC

can occur in the non-pressure boundary portion (i.e., above the J-groove attachment weld) of
these components.

in B&W-designed PWRs. The B&W-designed heater bundie employs a diaphragm plate

anufactured from Alloy 600 and seal welded with Alloy 82/182, with structural support for th
diaphfagm-ptate being provided by a low alloy steel strongback which is bolted to the pressuriz
shell. Most recently, in October 2003, pressure boundary leakage through a cracked diaphragm
plate was observed at Three Mile Island, Unit 1 (TMI-1). The cracking in the TMI-1 diaphragm
plate was attributed to PWSCC in the heat affected zone of the seal weld. Boric acid corrosion ¢
the low alloy steel strongback was also observed to have resulted from the leakage.

fgradatiohéﬁfﬁﬁh?&lt;gwscc has also been observed In the pressurizer heater bundies use
|

Small diameter Alloy 82/182 instrument line penetrations have also shown evidence of PWSCC
at many PWR facilities since the 1980's. For example, in Gctober 2003, the Crystal River, Unit .
licensee reported RCPB leakage from three pressurizer upper level instrument tap nozzles, whi
are exposed to the steam space in the pressurizer. The leakage was attributed to PWSCC of
Alloy 82/182/600 materiat from which the connections were constructed.

Finally, inspections conducted in September 2003 at Tsuruga, Unit 2, In Japan demonstrated
that larger diameter, butt welded lines connected to the steam space of the pressurizer may al
be susceptible to PWSCC. Evidence of boron deposits on the surface of a pressurizer relief valv
nozzle {inside diameter 130 mm, or approximately 5 inches) lead to the discovery of five axiall
oriented flaws in the Inconel alloy weid material used in the fabrication of the nozzle-to-safe er
weld. Subsequent NDE performed on a safety valve nozzle of similar diameter resulted in the
discovery of two additional flaws in its nozzle-to-safe end weld. Fractographic analysis of the
flaw surfaces confirmed PWSCC as the mechanism for flaw initiation and growth.
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Fxtensive operational experience with PWSCC in Alloy 82/182/600 materials used in the
fabrication of pressurizer penetrations and steam space plping connections is not surprising. T¥
initiation and growth of PWSCC flaws is known to be strongly dependent on the temperature of
the primary system water to which the Alloy 82/182/600 materials are exposed. Given the fact
that at the pressurizer the reactor coolant system environment attains a temperature of about
650 F (343 C), PWSCC should be expected to occur in these materials and an effective
degradation management program Is warranted.

& rap
Outlook

The long-term goal for RPV Upper Head Issues is for the NRC to Incorporate inspection
requirements into 10 CFR 50.55a to ensure the integrity of the RPV head and VHP nozzles. It it
preferred that the American Society for Mechanical Engineers {(ASME Code) adopt acceptable
requirements in Section XI of the Code. The NRC could then endorse the new Code
requirements.

Regarding the future for other applications of Alloy 600 in PWRs, it is reasonable to expect that
all parts, components and joints fabricated from Alloy 600 and weld filler metals Alloys 82 and
182 will continue to crack during operation. The longer term solution for many plants has been
to seek replacement using Alloy 690 base metals and Alloy 52 and 152 for weld filler metals.
However, the critical aspect of preventing this cracking from leading to challenges to plant
safety systems will be the impiementation of materials ageing management programs, includin
effective inspection activities, to identify and remediate the cracking.

Privacy Policy } Site Disclaimer
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+ Other Fire Barriers

Thermo-Lag Fire Barriers

Generic Letter (GL) 92-08, “Thermo-Lag 330-1 Fire Barrlers,” expressed the staff's concerns with Thermo-Lag 330-1 whicl
included the lack of adequate reviews of the fire test results to determine if the tests were valid and the fack of adequate
reviews to determine if the test results applied to piant designs. The NRC issued Supplement 1 to Genaric Letter 86-10,
“Fire Endurance Test Acceptance Criteria for Fire Barrier Systems Used to Separate Redundant Safe Shutdown Trains With
the Same Fire Area,” on March 25, 1994. Supplement 1 to Generic Letter 86-10, provided licensees with guidance for
acceptance testing and equivalency evaluations for future tests of fire barrier systems,

Bulletins
Document i
Number Dascription
BL92-01 Faliure of Thermo-Lag 330 Fire barrier System to Maintain Cabling in Wide Cable Trays and Small
Conduits Free From Damage, dated June 24, 1992,
BL92-01sl Sup. 1 Failure of Thermo-Lag 330 Fire barrier System to Perform its Specified Fire Endurance Function
dated August 28, 1992.

Generic Letters

Document

Number Deascription

GL86-10, Sup. 1 Fire Endurance Test Acceptance Criteria for Fire Barrier Systems Used to Separate Redundant Safe
Shutdown Trains Within the Same Fire Area, dated March 25, 1994

GL92-08 Thermo-Lag 330C-1 Fire Barriers, dated December 17, 1992

Information Notices

Pocument

Numbaer Deascription
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IN-91-47 Failure of Thermo-Lag Fire Barrier Material to Pass Fire Endurance Test, dated August 6, 1991,

IN-81-79 Deficiencies Found in Thermo-Lag Fire barrier Installation, dated December 6, 1991.

IN-91-79,Sup 1 | Deficiencies Found in Thermo-Lag Fire barrier Installation, dated August 4, 1994,

IN-92-46 Thermo-Lag Fire Barrier Review Team Findings, Current Fire Endurance Tests, and Ampacity
Calculation Frrors, dated June 23, 1992,

IN-92-55 Current Fire Endurance Test Results for Thermo-Lag Flre Barrier Material, dated July 27, 1992,

IN-92-82 Results of Thermo-Lag 330-1 Combustbility Testing, dated December 15, 1992,

IN-94-22 Fire Endurance and Ampacity Derating Test Results for 3-Hour Fire Rated Thermo-Lag 330-1 Fire
barriers, dated March 16, 1994,

IN-94-34 Thermo-Lag 330-660 Flexi-Blanket Ampacity Derating Concerps, dated May 13, 1994,

IN-94-B6 Legal Actions Against Thermal Science, Inc., Manufacturer of Thermo-Lag, dated December 22, 1994,

IN-94-86, Sup 1 |Legal Actions Against Thermal Science, Inc., Manufacturer of Thermo-Lag, dated November 15, 1995,

IN-95-27 NRC Review of Nuclear Energy Institute, Thermo-Lag 330-1 Combustibllity Evaluation Methodology
Plant Screening Guide, dated May 31, 1995,

IN-95-32 Thermo-Lag 330-1 Flame Spread Test Resuits, dated August 10, 1995,

IN-95-4% Selsmic Adequacy of Thermo-Lag Panels, dated Qctober 27, 1995,

IN-95-49, Sup 1 |Seismic Adequacy of Thermo-Lag Panels," dated December 10, 1997,

Hemyc/MT Fire Barriers

On September 20, 1995, the NRC staff documented its conclusion to the Commission that a broader scope of inspections
would be needed to close out the Thermo-Lag Action Plan. Rather than developing a stand-alone Thermo-Lag fire barrier
inspection program, a more robust program - the Fire Protection Functional Inspection (FPFI) was proposed, SECY 96-267
provides details of the proposed FPFI. The FPFI included a review of safe shutdown design and licensing bases. It was thes
inspections, started in 1999, that identified the findings related to the Hemyc and MY fire barrier systems.

As a result of the FPFIs, and also the triennial fire protection Inspections that followed the FPFIs, unresalved items (URIs)
were opened at some nuciear power stations due to questions raised regarding the fire rating of the Hemyc and MT fire
barrier materials. NRR concluded that the original testing (the Spanish Hemyc tests and the Southwest Research MT tests’
was Insufficient to qualify Hemyc for cable trays or conduits or MT for conduits as rated fire barriers. NRR documented this
conclusion in Task Interface Agreement (TIA) response dated August 1, 2000, titled, "NRR Response to Task Interface
Agreement {TIA) 99-028, Shearon Harris Nuclear Power Plant, Unit 1 -Resolution of Pilot Fire Protection Inspection Fire
Barrier Qualification Issues (TAC No. MA7235)".

Based on the NRC's conclusion that the existing body of testing did not provide sufficient basis to qualify these fire barrier:
the NRC chose to perform confirmatory tests on these materials using the criteria provided In Generic Letter 86-10,
Suppiement 1. The purpose of these tests was to determine Hemyc and MT's actual fire ratings to meet 10 CFR 50,
Appendix R, "Fire Protection Program for Nuclear Facilitias Operating Prior to January 1, 1979," Section III.G requirements
10 CFR 50.48, "Fire Protection, " requirements, and other regulatory commitments.

The Office of Research completed the testing in March 2005. The Office of Nuclear Reactor Regulation shared the test
results with the licensees using Information Notice 2005-07 "Results of HEMYC Electrical Raceway Fire Barrier System Fuli
Scale Fire Testing.” Subsequently, the NRC issued GL 2006-03 in April 2006, This Generic Letter requested licensees to
evaluate their facilities to confirm compliance with the existing applicable regulatory requirements in light of the informatit
provided in the GL and, If approprlate, to take additional actions.

Ali licensees have provided the information requested by GL 2006-03 about the adeguacy of their Hemyc and MT fire
barriers, as well as cther fire barriers installad at their plants. The staff has reviewed the responses and closed out the
generic letter for a large number of plants. The staff has issued requests for additional information and is in the process of
closing out the generic letter for the remaining plants.

Some links on this page are to documents In aur Agencywide Documents Access and Management System (ADAMS), and
others are to documents in Adobe Portable Document Format (PDF). ADAMS documents are provided in either PDF or
Tagged Image File Format (TIFF). To obtain free viewers for displaying these formats, see our Plugins, Viewers, and Other

Toofs page. If you have questions about search techniques or problems with viewing or printing documents from ADAMS,
please contact the Public Document Room staff. '
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Generic Communications

Document Number Pescription

GLOG-03

Potentially Nonconforming Hemyc and MT Fire Barrier Configurations

IN-05-07

Results of HEMYC Electrical Raceway Fire Barrier System Full Scale Fire Testing

Other Documents

Date Dascription

05/14/05|M, T. (3-Hour) Electrical Raceway Fire Barrier System Performance Testing Final Report.

05/03/05 | Hemyc Test # 2 Post-Test Photographs

05/03/05 |Hemyc Test # 1 Post-Test Photographs

05/03/05 | Hemyc Photographs Used at Public Meeting

05/03/05 | Memo - Public Avallability of Post-Test Photographs MT Omega Point Laboratory (OPL) for Hemyc 1-Hour Fire
Rated Electrical Raceway Fire Barrler System (ERFBS) Testing

04727705 | Preliminary Pass/Fail Tast Results for MT 3-Hour Rated Electrical Raceway Fire Barrier Systems.

04/21/05 | Sandia National Laboratories Hemye¢ (1-Hour) ERFBS Test #2 Final Report Transmittal Letter

04/18/05 1 Performance Testing Cable Tray Cable Air Drop and Junction Raceways Final Report

04/15/05 |Sandia National Laboratories Hemyc {1-Hour) ERFBS Performance Testing Final Report Transmittal tetter - Tes
#1

04/14/05 ] Pre-test Photographs by OPL #1

04/14/05 | Pre-test Photographs by CPL #2

04/14/05 | Public Availlability of Pre-test Photographs by OMEGA Point Lab. (OPL) for HEMY 1-Hour Fire Rated Electrical
Raceway Fire Barrier System (ERFBS) Testing

04/13/05 | Materials Characterization for Siltemp and Refrasil.

04/11/05 |Hemyc 1-Hour ERFBS Performance Testing Final Report

04/08/05 | Plan for Hemyc (1-Hour) and M.T. {3-Hour) Electrical Raceway Fire Barrier System Testing Revision M

04/06/05 } Notice of Public Mesting: Forthcoming Public meeting With Stakeholders Regarding Hemyc and MT Electrical
Raceway Fire barrier System Performance ]

04/06/05 | Test #1 Hemye, Direct Attachment, Thermocouple Location Drawings and Test Data

04/01/05 ) Information Notice 2005-07: Results of Hemy¢ Electrical Rateway Fire Barrier System Full Scale Fire Testing

03/28/051Preliminary Pass/Fail Test Results for Hemyc 1-Hour Rated Electrical Raceway Fire Barrier Systems

03/25/05 |Guide to Pre-test Photographs by OPL #2

03/11/05 | Guide to Pre-test Photographs by OPL #1

01/25/05 | Letter from D. Lew to F. Emerson: NRC’s response to NEI's comments on the Hemye and M.T. test plan

12/21/04 | Letter from F. Emerson of NEI to S, Weerakkody: Additional Comments on Testing the Hemyc and M.T. Fire
Wrap Material

11/18/04 | Letter from John Hannon to A, Marion of NEL: Hemyc (1-Hour) and MT (3-Hour) Fire Protection Wrap
Performance Testing Fire Test Plan

1/16/03 |Program Plan For Hemyc {i-Hour) and M.T. (3-Hour) Fire Protective Wrap Performance Testing, Final, dated
January 16, 2003

12/06/02 {Letter from A. Marion of NEI to John Hannon: NEI Cormments on NRC Hemyc Test Plan

11/22/02 1 Summary of the October 31, 2002 Public Meeting on the Proposed Plan to Perform Fire Testing of Hemyc {1-
Hour) and MT (3-Hour) Fire Protection Wrap

10/09/02 | Notice of the Pubiic Meeting on the Proposed Plan to Perform Fire Testing of Hemye (1-Hour) and MT {(3-Hour)
Fire Protection Wrap

12/28/01 |Letter from F. Emerson to D. Frumkin: NEI Provides Description of Installed Hemyc and MT Configurations
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06/20/01 | Promatec

Page 4 of 4

Hemyc and MT Electrical Raceway Fire Barrier Systems

04/25/01 INFI Document: Promatec 1-Hour and MT 3-Hour Fire Barrier Systems

04/17/01 |Shearon Harris Nuclear Power Plant Unit No.1 - Docket No.50-4000: Licensing Basis of Promatec Hemyc Fire
Barrier Systems

12/15/00 { McGuire Fire Protection Inspectiocn Report

11/29/00 { Waterford Steam Electric Statlon, Unit 3; Flre Protection Report; Fire Protection

08/01/00 | Harris Hemyc TIA - Letter from S. Black to L. Plisco

02/02/00 [ Shearon Harris Fire Protection Inspection Report

Kaowool and FP-60 Fire Barriers

Generic Communications

Document Number §Dascription

IN 93-41

"One Hour Fire Endurance Test Results for Thermal Ceramics Kaowool, 3M Company FS-195 and 3r
Company Interam £-50 Fire Barrier Systems," dated May 28, 1993

IN 93-40

"Fire Endurance Test Results for Thermal Ceramics FP-6Q Fire Barrier Material,”" dated May 26, 199:

Other Documents

Document Number Dascription

SECY-99- 204

"Kaowoot and FP-60 Fire Barriers,” dated August 4, 1999

Other Fire Barriers

Document Dascription
Number
IN 97-59 "Fire Endurance Test Results of Versawrap Fire Barriers," dated August 1, 1997.

IN 95-52 Supp, 1

"Fire Endurance Test Results for Electrical Raceway Fire Barrier Systems Constructed From 3M
Company Interam Fire Barrier Materials," dated March 17, 1998.

N 95-52

"Fire Endurance Test Resuilts for Electrical Raceway Fire Barrier Systems Constructed From 3M
Company Interam Fire Barrier Materials,”" dated November 14, 1995,

IN 93-41

"One Hour Fire Endurance Test Results for Thermal Ceramics Kaowool, 3M Company FS-195 and 3m
Company Interam E-50 Fire Barrier Systems," dated May 28, 1993.

GL86-10, Supp. 1

"Fire Endurance Test Acceptance Criteria for Fire Barvier Systems Used to Separate Redundant Safe
Shutdown Trains Within the Same Fire Area," dated March 25, 1994,
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Reactor Coolant System Weld Issues

The discovery, in October 2006, of five circumferentlal indications in three dissimilar metai (DV
welds on the pressurizer at the Wolf Creek Generating Station (Wolf Creek) raised safety
concerns based on the size and location of the indications. At Wolf Creek, three indications wer
in the pressurizer surge nozzle-to-safe end weld, and two separate indications were in the safe
and relief nozzle-to-safe end welds. These findings also indicated that significant concerns migl
exist with the current inspection schedules and plans for addressing these pressurizer weld
concerns.

The Nuclear Regulatory Commission (NRC) is concerned about the pressurizer surge nozzle-to-
safe end weld Indications, as this is the first time that multiple circumferential primary water
stress-corrosion cracking (PWSCC) indications have been identified in a weld. This condition ca
into gquestion the degree of safety margin present in past structural integrity evaluations for D}
welds susceptible to PWSCC, since multiple stress-corrosion cracking flaws may grow
independently and ultimately grow together, significantly reducing the time from flaw initiation
to leakage or rupture. The length of the relief nozzle-to-safe end flaw is also of concern, as this
flaw was much longer than those analyzed previously in a small diameter nozzle.

The NRC communicated the need for near-term enhancements to the industry through public
meetings held on November 30, 2006, December 20, 2006, and February 2, 2007. Licensees
submitted letters veluntarily committing to enhanced inspection and leakage monitoring
requirements. After teleconferences with specific licensees held between February 12 through
February 23, 2007, the licensees submitted supplemental commitment letters addressing the
NRC staff’s concerns regarding Inspection, compensatory actions, and reporting. The NRC is
confirming these licensee actlons and commitments through Confirmatory Action Letters, know
as CAls.

In all, the NRC issued CALs to licensees of 40 Pressurized Water Reactor (PWR) plants. For 31
plants, the CALs confirmed their commitment to Inspect the pressurizer surge, spray, safety,
and relief nozzle welds by Becember 31, 2007, to implement enhanced reactor coolant system
leakage monitoring until the inspections are complete, to repeat butt weld examinations every
vears until the welds are either removed from service or mitigated, and to report inspection
results to NRR. Nine plants desired to perform the inspections during their scheduled Spring
2008 outages, as they had no other otitages scheduled between the time the CALs were issued
and the end of 2007, For these nine plants, the CAL confirmed that these plants would
accelerate outages into 2007 if the finite element analyses (FEA) being developed by industry
did not demonstrate an adequate level of safety to the NRC, The industry has provided the FEA
and documented it as Materials Reliability Program document MRP-216, Rev. 1, "Materials
Reliability Program: Advanced FEA Evaluation of Growth of Postulated Circumferential PWSCC
Flaws in Pressurizer Nozzle Dissimilar Metal Welds." The staff has reviewed the FEA and
concluded in a safety assessment that the results are acceptable. Licensees for the nine plants
have provided letters to the NRC staff confirming that the analyses bound their plant and their
desire to inspect the welds during their scheduled Spring 2008 refueling outages. Based on the
CAlLs, the NRC staff Is issuing evaluation letters informing the nine licensees of its conclusion
regarding continued operation of the plants, {(Both the licensee letters and the NRC staff's
evaluation letters can be accessed via the "Confirmatory Action Letters" link above.)

On October 7, 2000, during a containment inspection after entering a refueling outage, the
licensee for V.C Summer Nuclear Power Station identified a circumferential indication in the firs
weld between the reactor vessetl nozzle and the "A" loop hot leg piping, approximately 3 feet
from the reactor vessel. The NRC formed a Special Inspection Team to determine the adequacy
of the licensee's previous inspection, confirm that the licensee had completed an analysis and
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examination to determine the root cause, and to review the overall corrective action plan and
the extent of conditions.

The NRC team [dentified potentially generic issues involving limitations of required non-
destructive examinations to detect certain small inside diameter stress corrosion cracks, and tf
potential for muitiple weld repairs to result in high residual stresses which can contribute to
stress corrosion cracking. The following links include information on the initial finding and the
subsequent NRC and MRP activities on reactor coolant pressure boundary butt welds.

« Mews and Correspondence
« Public Meetings
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Backgrounder on Nuclear Power Plant Fire Protection

Some links on this page are to documents In our Agencywide Documents Access and Management System (ADAMS), and
others are to documents in Adobe Portable Document Farmat (PDF). ADAMS documents are provided in either PDF or
Tagged Image File Format (TIFF). To obtain free viewers for displaying these formats, see our Plugins, Viewers, and Othe:
Tools page. If you have questions about search technigues or probiems with viewing or printing documents from ADAMS,
please contact the Public Document Room staff.

Background

On March 22, 1975, a fire at the Browns Ferry Nuclear Power Plant fundamentally changed the concept of fire protection
and associated regulatory requirements for U.S. nuclear power plants. Plant workers were fixing leaks in the cable
spreading room outside the reactor bullding. The workers used a War air leaks into the reactor building.

e polyurethane foam seal, however, was not fire-rated, The flafme from the candle ignited both the seal and the electric
catiles that passed through it.

By the time firefighters extinguished the fire, it had burned for almost 7 hours. More than 1600 electrical cables were
affected, 628 of which were important to plant safety. The fire damaged electrical power, control systems, and
instrumentation cables and impaired cooling systems for the reactor. Operators could not monitor the plant normally and
had to perform emergency repairs on systems needed to shut the reactor down safely.

Investigations after the fire revealed deficiencies in the design of fire protection features at nuclear power plants and in th
plant procedures for responding to a fire, Fire insurance companies, normally concerned with occupant safety and propert
protection, did not sufficiently consider nuclear safety issues. A fire in certain locations at a nuclear plant could cause
redundant safety systems and components to fail, making It difficult to shut the reactor down safely.

Since the Browns Ferry incident, no fire at a U.S. commerctal nuclear power plants has affected the safe operation of a
reactor.

Fire Protection Regulations

After the Browns Ferry fire, the Nuciear Regulatory Commission revised its fire protection regulations to reduce the chance
of a fire starting and the consequences should a fire occur. The regulations' bottom line is that each licensee must maintai
the ability to shut down the reactor safely in the event of a fire. The objectives of NRC's fire protection regulations ensure
this ability by:

1. minimizing the potential for fires and explosions;

2. rapidly detecting, controlling, and extinguishing fires that do occur; and

3. ensuring that operators can shut down the reactor safely despite a fire, and minimize the risk of significant
radioactive releases to the environment. Trmm——

Nuclear power plants today use redundant methods of fire protection to keep fires from damaging plant safety systems.
Some of these methads include fire barriers such as Insulation, fire detection systems, and fire suppression systems (such
as sprinklers). If a required element of fire protection is not available, the licensee must compensate for it, often by placin
dedicated personnel on a continuous fire watch. The NRC regulariy inspects licensees' means of achleving and maintaining
the safe shutdown of the reactor in the event of a fire.

Deterministic fire protection requirements help keep nuclear power plants safe by ensuring that systems for shutting the
eactor down safely will survive a fire, These requirements, based on a set of possible serious fires, were developed before¢
the staff or the industry had experience with probabilistic risk assessments (PRAs) for fires. Deterministic requirements alt
do not take advantage of recent advances in performance-based analysis methods such as fire modeling.
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‘Risk-informed regulations consider the safety significance of requirements and ensure the requirements’ burden on
licensees is appropriate to the safety level they provide. Performance based regulations rely on a required outcome rather
than requiring a specific process or technique. e

The NRC approved one such risk-informed performance-based alternative in July 2004 that alfows licensees to focus thelr
fire protection activities on the areas of greatest risk. The agency enacted rule 50.48(c), which endorsed National Fire
Protection Association (NFPA) Standard 805, "Performance-Based Standard for Fire Protection for Light-Water Reactor
Electric Generating Plants, 2001 Edition”, with some exceptions. To help licensees implement NFPA 805, NRC staff issued
Regulatory Guide 1,205, "Risk-Informed, Performance-Based Fire Protection for Existing Light-Water Nuclear Power Plants

The guide also endorseﬂ the Felated Nuclear Energy Instittité document NEI 04-02, "Guidance for Implementing a Risk-
Informed, Performance-Based Fire Protection Pragram under 10 CFR 50.48(c)"

Discussion

The NRC continues to oversee fire protection at nuclear power plants through inspection and oversight. The NRC also work
with international codes and standards organizations and nuclear industry representatives to resolve the generic fire
protection concerns discussed below,

Operator Manual Actions

Licensees are required to protect plant equipment necessary for safe shutdown using a combination of physical separation
barriers, and methods to detect and control or extinguish fires. In certain cases at specific plants, the NRC has also
reviewed and approved operator manual actions as anaother acceptable method to safely shut down the plant in the event
a fire. An example would be manually opening a valve to prevent it from closing improperly during a fire.

However, some licensees rely on operator manual actions that have not been reviewed and approved by the NRC to
mitigate fires in fire areas with redundant safety trains (commonly referred to as I11.G.2 areas since Section I11.G.2 of
Appendix R to 10 CFR 50 provides the requirements) , which could have led to a véry large number of requests for
exemptions to the regulations, NRC staff proposed a rule that would enable the licensee to demonstrate the acceptability «
any manual actions used to safely shut down a plant in the event of a fire. The key concept of that rule was that plant
personnel should not face significant hazards in carrylng out feasible, reliable manual actions to ensure safe shutdown of
the plant. The rule's primary objective was Improving efficlency by minimizing the number of exemption requests.

The public comment period for the proposed rule ended in May 2005, and industry comments indicated the NRC would
receive a very large number of exemption requests under the proposed rule, primarily because the staff emphasized that
fire detection and suppression requirements are gssential when licensees rely on operator manual actions in IIL.G.2 fire
areas ”Tﬁgstaﬁ concluded this wouid defeat the rule’s objective, and therefore requested the proposed rule be withdrawn.
The Commission approved that request, and the staff continlies to enforce existing requirements through the Reactor
Oversight Process. The expectations endorsed by the Commission with respect to operator manual actions are documente:

in Regulatory Issue Summary 2006-10.

Implementing Risk-Informed, Performance-Based Fire Protection

the new rule. The enforcement discretion provided an incentive for hcensees to adopt NFPA 805. Subsequently, by the enc
of February 2006, operators of 42 reactors had sent letters of Intent indicating their commitment to adopt the voluntary
standard.

Two nuclear stations, Oconee and Shearon Harris, volunteered to E/pilot plants fol the transition to NFPA 805.

Consequently, the staff kicked off the pilot implementation in August 2005. The_ staff has conducted Observation Visits at

Duke Power and Progress Energy in November 2005, March 2006, October 2006, November 2006, March 2007, and May

2007, More observations are planned at these plant s[tes To aid plants in thelr transition to the new rule, NRC staff and
l industry developed a Frequently Asked Questions program.

Risk Insights for Electrical Circuit Inspections

In the past, inspectors discovered electrical circuits at particular plants that, if damaged by fire, could prevent critical
equipment from working properly In 2004, the NRC issued guidelines to allow inspectors to take relative risk into account
when Inspecting electrical Circuits that are needed to shut the reactor down safely. In addition, the staff proposed a draft
Generic Letter to clarify compliance expectations with respect to the issue of multiple faise actuations in October 2005, In
SRM-SECY-06-0196, the Commission disapproved the issuance of the proposed Generic Letter and directed the staff to

work with stakeholders to develop a sotutlon to address __ﬂ'ssue The NRC contmues to work wlth regional
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inspeétors and industry representatives to clarify and apply risk insights to regulatory requirements for analyzing circuits
needed to shut down a reactor after a fire.

Significance Determination Process (SDP)

The NRC has revised its process for evaluating the significance of fire protection deficiencies found during inspections. This
process is based on a simplified fire probabilistic risk assessment (PRA). NRC inspectors can easily use the SDP to obtain ¢
assessment of the risk significance of a finding. The NRC has also developed quantltatwe flre hazards analysis methods in
NUREG-1805, for the fire protection significance determination process, T

Hemyc Fire Barrier Qualification

P T

Full- scale fire tests recently performed by the NRC revealed that Hemyc a fire barrier system used to protect cables in

that Hemyc does hot serve as a fire barrier for the full hour required

pu———

The agency has contacted the I[censees of those 11 plants using Hemyc to inform them about the test results so that
appropriate compensatory actions can be taken. Since the material is designed for use in areas with both fire detection an
automatic fire suppression systems, the NRC remains assured that those plants*-overall fire protection-scheme-will ensure

safe shutdown of a reactor in case of fire. The NRC issued Generic Letter 2006 03 in April 2006 to ensure that the affectec
licensees take appropriate corrective actions. o

All licensees have provided the information requested by GL 2006-03 about the adequacy of their Hemyc and MT fire
barriers, as well as other fire barriers installed at their plants. The staff has reviewed the responses and closed out the
generic letter for several plants. The staff has issued requests for additional information for the remaining plants.

Source Documents

Documents related to fire protection are available on the NRC’s Web site pertaining to Regulations, Guidance, and
Communications. The NRC's regulations for nuclear power plants can be found in Titte 10 of the Code of Federal Regulatio:
{10 CFR}, available on the NRC's Web site. Fire protection regulations are detailed in Part 50.48 of 10 CFR and Appendices
A and R to Part 50,
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Safety and Security Improvements at Nuclear
Plants

Post 9-11 Actions

The Nuclear Regulatory Commission (NRC) - responsible for protecting public health and the
environment from potential hazards involved in using nuclear materials - took prompt action to enhance
safety and security, and has comprehensively re-cvaluated sccurity at nuclear power plants and other
facilities it regulates.

Since September 11, 2001, NRC has strengthened security at nuclear facilities by working with
national experts using state-of-the-art structural and fire analyses to realistically predict the consequences
of tervorist acts. These studies confirm that, given robust plant designs and the additional enhancements
to safety, security, and emergency preparedness and response, it is unlikely that significant radiological
consequences would result from a wide range of terrorist attacks, including one from a large commercial
aircraft,

Actions taken by Federal aviation safety and security agencies - Federal Air Mavshals, reinforced
cockpit doors, airport passenger and baggage screening, improved ability to detect deviation from planned
flight paths and greater military aircraft intercept capability - have reduced the likelihood that large
commercial aircraft could be used to attack critical infrastructure, including a nuclear facility. Other
actions, such as improved communication between military surveillance authorities, NRC, and its
licensees, would allow plant operators to prepare the plant for safe shutdown should it be necessary.
These actions, coupled with those taken by the NRC and the nuclear industry, are an integral part of the
government’s overall strategy for protecting the nation’s critical infrastructure,

NRC has strengthened requirements at nuclear power plants and enhanced
coordination with Federal, State and local organizations since 9-11

NRC major actions include:

® Ordered plant owners to sharply increase physical security programs to defend against a more
challenging adversarial threat;

e Required more restrictive site access conirols for all personnel;

° Enhanced communication and liaison with the Intelligence Community;

° Ordered plant owners to improve their capability to respond to events involving explosions or

fires;
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« With mitigation strategies and measures in place, the probabifity of damaging the reactor core and releasing
radioactivity that could affect public health and safety is low;

« Significant releases due to a terrorist attack on a spent fuel pool are very unlikely;

« It is highly unlikely that a significant release of radicactivity would occur from a dry spent fuel storage cask; and

« No release of radioactive material is expected from an aircraft attack on a transportation cask.

Time is available to protect the public in unlikely event of a radiation release

« If a radiation release did occur, there would be time to implement mitigating actions and offsite emergency plans at
power plants, spent fuel pools, and dry-cask storage installations; and
« Safety and security studies confirm that NRC's emergency planning basis remains valid.

NRC has taken action to strengthen security and safety
Increased aviation security and aggressive NRC action
provide enhanced protection against terrorist attacks

Other Security Information can be found at:

Dirty Bombs

Force-on-Force Security Exercises

Force-on-Force Exercises at Nuciear Power Plants
Safety and Security Improvements at Nuctear Plants

February 2005
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