UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

December 12, 2000

YT

Mr. Oliver D. Kingsley, President
Nuclear Generation Group
Commonwealth Edison Company
Executive Towers West il

1400 Opus Place, Suite 500
Downers Grove, IL 60515

SUBJECT: QUAD CITIES, UNIT 1 & 2 - REQUEST LICENSEE COMMENTS ON
PRIORITIZATION OF GENERIC SAFETY ISSUE 156.6.1: “PIPE BREAK
EFFECTS ON SYSTEMS AND COMPONENTS INSIDE CONTAINMENT"

Dear Mr. Kingsiley:

The Office of Nuclear Regulatory Research (RES) is currently assessing whether the nuclear
power plant units, referred to as the Systematic Evaluation Program Phase Il (SEP-I!I) plants,
will need to be individually reevaluated for the resolution of Generic Safety Issue (GSI)-156.6.1,
"Pipe Break Effects on Systems and Components Inside Containment.” GSI-156.6.1 deals with
whether the effects of high energy pipe breaks inside containment have been adequately
addressed in the respective designs of these units. The 41 SEP-III plants for which this GSl is
applicable are listed in Enclosure 1. Quad Cities, Units 1 and 2, are among the 41 SEP-III
plants and are thus within the scope of GSI-156.6.1.

As background, in November 1975, the U.S. Nuclear Regulatory Commission (NRC) staff
issued Standard Review Plan (SRP) Section 3.6.1, “Plant Design for Protection Against
Postulated Piping Failures in Fluid Systems Outside Containment,” and Section 3.6.2,
“Determination of Rupture Locations and Dynamic Effects Associated with the Postulated
Rupture of Piping.” Prior to issuance of these SRP sections, the Atomic Energy
Commission/NRC staff positions for these technical areas were in a state of evolution.
Therefore, there was a potential lack of uniformity in the pipe break reviews of the SEP-III
plants that may have resulted in some of them not being adequately analyzed or designed
for postulated pipe breaks inside containment. GSI-156.6.1 was initiated as a result of this
concern.

In 1999, RES completed an “enhanced” prioritization of GSI-156.6.1 in accordance with NRC'’s
internal procedures. The prioritization of this GSI is contained in two documents. The first .
document, entitled: “Prioritization of Generic Issue 156.6.1, ‘Pipe Break Effects on Systems and
Components’,” is provided in Enclosure 2. Itis a priority determination analysis by the RES
staff. The second document, provided in Enclosure 3, is Draft NUREG/CR-6395, entitled:
“Enhanced Prioritization of Generic Safety Issue 156.6.1: ‘Pipe Break Effects on Systems and
Components Inside Containment’.” The latter document was prepared by the Idaho National
Engineering and Environmental Laboratory (INEEL) and provides extensive and detailed
technical information and analysis information in support of the staff’s priority determination
analysis. The prioritization resulted in the GSI being given a “high” priority for resolution. In
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conducting the prioritization study (i.e., Enclosure 3) several boiling water reactor (BWR) and
pressurized water reactor (PWR) SEP Il facilities were visited by INEEL. Quad Cities was one
of the BWR facilities visited by INEEL. The BWR and PWR SEP-Ill plant pipe break effect
insights, used in the enhanced prioritization, will be included in the staff’s follow-on GSI
technical evaluation, including the development of the staff's recommended resolution actions.

The staff requests that you provide additional information, on a voluntary basis, which identifies
sources of elevated conservatism in the scenarios used in the prioritization probabilistic risk
assessments. Comments could be based on information in the literature or knowledge of your
individual plant design. For example, information on the plant-specific equipment arrangements
of Quad Cities, Unit 1 and 2, might show where and how the prioritization analysis for the BWR
SEP-IlI plants is overly conservative or incorrect. Information might also be provided that
shows that the model for the pipe break effects or the model of the plant (or operator) response
to the postulated break is incorrect or overly conservative for Quad Cities. We specifically invite
your comments on whether pipe break locations and pipe break effects assumed in the staff’'s
prioritization analysis for the BWR SEP-IlI plants (Enclosure 2) are applicable to Quad Cities
from a deterministic (i.e., engineering analysis) standpoint. For pipe break locations and effects
which are considered not applicable, you may describe the technical basis for your conclusion.

- Comments received within 45 days of receipt of this letter will be considered. (Note: Pipe

break scenarios for BWRs designated as Case 4 and Case 5 in Enclosure 2, will not be
included in the technical evaluation of GSI| 156.6.1 and, therefore, comments are not requested
for these cases. These scenarios are being evaluated separately in connection with the
resolution of GSI-80, “Pipe Break Effects on Control Rod Drive Hydraulic Lines in the Drywell of
BWR Mark | and Mark II Containments.”)

If you or your staff have any questions on this request or the enclosures, please feel free to
contact me at, E-mail: SNB@NRC.GOV, 301-415-1321 or Mr. Stuart Rubin, E-mail:
SDR1@NRC.GQV, 301-415-7480 at the Office of Nuclear Regulatory Research.

Sincerely,

Stewart Bailey, P Manager, Section 2
Project Directorate lll

Division of Licensing Project Management
Office of Nuclear Reactor Regulation

Docket Nos. 50-254, 50-265

Enclosure: 1. Systematic Evaluation Program Phase lIl Plants
2. Prioritization of Generic Issue 156.6.1, “Pipe Break Effects on Systems and
Components.”
3. Draft NUREG/CR-6395, “Enhanced Prioritization of Generic Safety
Issue 156.6.1: ‘Pipe Break Effects on Systems and Components Inside
Containment’.”

cc w/o encls: See next page
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conducting the prioritization study (i.e., Enclosure 3) several boiling water reactor (BWR) and
pressurized water reactor (PWR) SEP Il facilities were visited by INEEL. Quad Cities was one
of the BWR facilities visited by INEEL. The BWR and PWR SEP-II plant pipe break effect
insights, used in the enhanced prioritization, will be included in the staff's follow-on GSI
technical evaluation, including the development of the staff's recommended resolution actions.

The staff requests that you provide additional information, on a voluntary basis, which identifies
sources of elevated conservatism in the scenarios used in the prioritization probabilistic risk
assessments. Comments could be based on information in the literature or knowledge of your
individual plant design. For example, information on the plant-specific equipment arrangements
of Quad Cities, Unit 1 and 2, might show where and how the prioritization analysis for the BWR
SEP-Ill plants is overly conservative or incorrect. Information might also be provided

that shows that the model for the pipe break effects or the model of the plant (or operator) response
to the postulated break is incorrect or overly conservative for Quad Cities. We specifically invite
your comments on whether pipe break locations and pipe break effects assumed in the staff's
priotitization analysis for the BWR SEP-lll plants (Enclosure 2) are applicable to Quad Cities

from a deterministic (i.e., engineering analysis) standpoint. For pipe break locations and effects
which are considered not applicable, you may describe the technical basis for your conclusion.
Comments received within 45 days of receipt of this letter will be considered. (Note: Pipe break
scenarios for BWRs designated as Case 4 and Case 5 in Enclosure 2, will not be included in the
technical evaluation of GSI 156.6.1 and, therefore, comments are not requested for these cases.
These scenarios are being evaluated separately in connection with the resolution of GSI-80, “Pipe
Break Effects on Control Rod Drive Hydraulic Lines in the Drywell of BWR Mark | and Mark ||
Containments.”)

If you or your staff have any questions on this request or the enclosures, please feel free to contact
me at, E-mail: SNB@NRC.GOV, 301-415-1321 or Mr. Stuart Rubin, E-mail: SDR1@NRC.GOV, 301-
415-7480 at the Office of Nuclear Regulatory Research.

Sincerely,

/RA/

Stewart Bailey, Project Manager, Section 2

Project Directorate llI

Division of Licensing Project Management

Office of Nuclear Reactor Regulation
Docket Nos. 50-254, 50-265

Enclosure: 1. Systematic Evaluation Program Phase |l Plants
2. Prioritization of Generic Issue 156.6.1, “Pipe Break Effects on Systems and
Components.” .
3. Draft NUREG/CR-6395, “Enhanced Prioritization of Generic Safety
Issue 156.6.1: ‘Pipe Break Effects on Systems and Components Inside
Containment’.”

Distribution: PUBLIC PD3-2 rff
Jzwolinski/SBlack OGC ACRS
cc w/o encls: See next page M. Ring, Rill :
DOCUMENT NAME:G:\PD!II-2\quad\GSI156.6.1QC.wpd P _
[OFFICE |PM:PD3-2 PM:PD3-2 | _  |LA:PD3-2 ~ |scpp3-Z | I
[INAME  [M.cHAWLA (WO  [S.BAILEY 4A> |C.MOOREJEW L4 [AME
[ DATE 12/¢g(00 112/ 1 /o0~ 12/¢y /00 - (12 /Yo

OFFICIAL RECORD COPY



-4

O. Kingsley
Commonwealth Edison Company

cc:
Commonwealth Edison Company
Quad Cities Station Manager
22710 206th Avenue North
Cordova, lllinois 61242-9740

U.S. Nuclear Regulatory Commission

Quad Cities Resident Inspectors Office

22712 206th Avenue N.
Cordova, lllinois 61242

Chairman
Rock Island County Board
of Supervisors
1504 3rd Avenue
Rock Island County Office Bldg.
Rock Island, lliinois 61201

lllinois Department of Nuclear Safety
Office of Nuclear Facility Safety
1035 Outer Park Drive

Springfield, lilinois 62704

Regional Administrator
U.S. NRC, Region il
801 Warrenville Road
Lisle, lllinois 60532-4351

William D. Leech

Manager - Nuclear
MidAmerican Energy Company
P.O. Box 657

Des Moines, lowa 50303

Mr. R. M. Krich

Vice President - Regulatory Services
Commonwealth Edison Company
Executive Towers West IlI

1400 Opus Place, Suite 500
Downers Grove, lllinois 60515

Document Control Desk-Licensing
Commonwealth Edison Company
1400 Opus Place, Suite 400
Downers Grove, lllinois 60515

Quad Cities Nuclear Power Station -
Units 1 and 2

Vice President - Law and
Regulatory Affairs

MidAmerican Energy Company

One River Center Place

106 E. Second Street

P.O. Box 4350

Davenport, lowa 52808

Mr. David Helwig

Senior Vice President
Commonwealth Edison Company
Executive Towers West Il

1400 Opus Place, Suite 900

Downers Grove, lllinois 60515

Mr. Gene H. Stanley

Vice President - Nuclear Operations
Commonwealth Edison Company
Executive Towers West lil

1400 Opus Place, Suite 900
Downers Grove, lllinois 60515

Mr. Christopher Crane '
Senior VP - Nuclear Operations
Commonwealth Edison Company
Executive Towers West ll|

1400 Opus Place, Suite 900
Downers Grove, lllinois 60515

Commonwealth Edison Company
Site Vice President - Quad Cities
22710 206th Avenue North
Cordova, lllinois 61242-9740

Commonwealth Edison Company
Reg. Affairs Manager - Quad Cities
22710 206th Avenue N.

Cordova, lllinois 61242-9740

Ms. Pamela B. Stroebel

Senior Vice President and General Counsel
Commonwealth Edison Company

P.O. Box 767

Chicago, lllinois 60690-0767



Nine Mile Point 1
Robinson 2

Point Beach 1 & 2
Monticello
Dresden 3

Pilgrim

Quad Cities 1 & 2
Surry 1 &2
Turkey Point 3 & 4
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* permanently shutdown

Vermont Yankee
Maine Yankee
Kewaunee
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Browns Ferry 1 & 2
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Prairie Island 1 &2
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D. C. Cook 1
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Three Mile Island 1
Brunswick 2
Trojan™
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Prioritization of Generic Issue 156.6.1,
“Pipe Break Effects on Systems and Components”

DESCRIPTION

Historical Background

in 1967 the AEC published draft General Design Criteria (GDCs) for comment and
interim use. Until 1972 the staff’s implementation of the GDCs required consideration of
pipe break effects inside containment. However, due to the lack of documented review
criteria, NRC/AEC staff positions were continually evolving. Review uniformity was
finally developed in the early 1970s; initiated by a note from L. Rogers to R. Fraley,
"Safety Guides" dated November 9, 1972, in which a draft safety guide entitled
“Protection Against Pipe Whip Inside Containment" was proposed. This draft guide
contained some of the first documented deterministic criteria that the staff had been
using (to varying degrees) for several years for selecting the locations and orientations
of postulated pipe breaks inside containment, and for identifying the measures that
should be taken to protect safety-related systems and equipment from the dynamic
effects of such breaks. Prior to use of these deterministic criteria, the staff used non-
deterministic guidelines on a plant-specific basis. This draft safety guide was
subsequently revised and issued in May 1973 as Regulatory Guide 1.46 with the same
title. The regulatory guide was implemented only on a forward-fit basis.

Regarding pipe break effects outside containment: in December 1972 and July 1973,
the AEC issued two generic letters to all licensees and CP or OL applicants (References
1 and 2) ; known as the "Giambusso" and "O’Leary" letters, respectively. These letters
extended the pipe break concerns to outside containment, and provided deterministic
criteria for break postulation and evaluation of the dynamic effects of postulated breaks.
The letters requested that all recipients submit a report to the staff which summarized
each plant-specific analysis of this issue. All operating reactor licensees and license
applicants submitted the requested analyses in separate correspondence or updated
the safety analysis report for the proposed plant to include the analysis. The staff
reviewed all of these submitted analyses and prepared safety evaluations for all plants.
in November 1975, the staff published SRP Sections 3.6.1 and 3.6.2 that slightly revised
the two generic letters discussed above. Thus, after 1975 the specific structural and
environmental effects of pipe whip, jet impingement, flooding, etc. on systems and
components relied on for safe reactor shutdown were considered.

As stated above, the AEC/NRC has provided requirements to the industry regarding
pipe breaks outside of containment through the issuance of the "Giambusso" and
"O’Leary" generic letters. Since these requirements are applicable to all the affected
plants, pipe breaks outside of containment are considered a compliance issue and have
been dropped from this prioritization. By EDO direction, compliance matters are to be
dealt with promptly, and not await the generic issue resolution process. Therefore the
issue of pipe breaks outside of containment for the 41 affected plants was brought to
the attention of NRR by separate correspondence (Reference 3). The remainder of this
prioritization discusses only pipe breaks inside containment.

Enclosure 2
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As a part of its plant-specific reviews between 1975 and 1981, the staff used the
guidelines in Regulatory Guide 1.46 for postulated pipe breaks inside containment and
SRPs 3.6.1 and 3.6.2 for outside containment. In July 1981, SRPs 3.6.1 and 3.6.2 were
revised to be applicable to both outside and inside containment; thus, eliminating the
need for further use of Regulatory Guide 1.46.

Between the period 1983-1987, the NRC Systematic Evaluation Program (SEP)
revisited the general issue of pipe breaks inside and outside containment. The objective
of the SEP was to determine to what extent the earliest 10 plants (i.e., SEP-Il) met the
licensing criteria in existence at that time. This objective was later interpreted to ensure
that the SEP also provided safety assessments adequate for conversion of provisional
operating licenses (POLs) to full-term operating licenses (FTOLs). As a result of these
reviews plants were required to perform engineering evaluations, technical specification
or procedural changes, and physical modifications both inside and outside containment.
Regarding inside containment modifications: of the two SEP-II plants evaluated for this
prioritization (one BWR and one PWR), the BWR was required to modify four piping
containment penetrations and the PWR was required to modify steam generator
blowdown piping supports. This indicates there was a wide spectrum of implementation
associated with the original reviews of these early plants for pipe breaks inside and
outside containment.

As with the above-described evolution of uniform pipe break criteria, electrical systems
design criteria were also in a state of development. Prior to 1974, electrical system
designs were generally reviewed in accordance with the guidelines provided in IEEE-
279; however, significant variations in interpretations of that document resuilted in
substantial design differences in plants. Specifically, true physical separation of wiring
to redundant components was not necessarily accomplished. In 1974, Regulatory
Guide 1.75 was published, clarifying the requirements.

A draft prioritization of this issue resulted in a MEDIUM determination and that the scope
could be limited to pipe breaks inside containment since the NRC had already provided
requirements regarding outside containment pipe breaks to the industry through the
issuance of the previously mentioned "Giambusso" and "O’Leary" generic letters.

However, the uncertainty in the analysis was much wider than desired for a definitive
priority ranking. Thus, the issue appeared to warrant additional analysis to enhance the
prioritization. In July 1994 a contract was begun with the Idaho National Engineering
Laboratory to:

1. Review of pipe failure rate data, pipe break methodologies, and related
publications to determine recommended pipe failure rates (initiating
events) applicable to the affected SEP-IlI plants.

2. Review of Updated Final Safety Analysis Reports and related Safety
Evaluation Reports for SEP-II, SEP-IIl, and for representative non-SEP
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plants to identify and prioritize potential safety concerns (i.e., accident
sequences). Several plant visits/walkdowns were included as part of this
review.

3. Estimate changes to core damage frequencies for accident sequences
that are determined to be of high or medium priority.

4, Identify potential corrective actions and their estimated costs.

Based on the results of the INEL research, the enhanced prioritization is presented
below.

Safety Significance

GDC 4 is the primary regulatory requirement of concern. It requires, in part, that
structures, systems and components important to safety be appropriately protected
against the environmental and dynamic effects that may result from equipment failures,
including the effects of pipe whipping and discharging fluids. Several possible scenarios
for plants that do not have adequate protection against pipe whip were identified as a
result of the research performed in support of the enhanced prioritization.

Related regulatory criteria include common cause failures, protection system
independence, and the single failure criterion.

Recommended Solution

Issue Generic Letters to the affected plants requesting that they perform plant-specific
reviews and walkdowns, identify vulnerable pipe break locations, and inform the NRC of
proposed corrective actions.

PRIORITY DETERMINATIONS

Numerous scenarios of potential concern were evaluated. The following were
considered important enough to be specifically identified for future consideration. All
estimated frequencies and probabilities are mean values.

BWRs

Case 1 (INEEL BWR Event 1): Failure of Main Steam or Feedwater Piping Resulting in
Pipe Whip and Containment Impact/Failure, with Resultant Failure of All Safety Injection

Systems

This event involves a BWR with a Mark | steel containment; 15 of the 16 affected
BWRs are of this design. A DEGB of an unprotected (i.e., no pipe whip restraint or
containment liner impact absorber) large reactor coolant recirculation pipe inside
containment and near the containment liner might result in puncturing the liner. The
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resulting unisolable LOCA steam environment would be introduced into the secondary
containment building, possibly disabling the ECCS equipment located there. This
scenario would greatly increase the probability of core damage and potential offsite
doses. '

All of the affected BWRs are more than 10 years old, and most use type 304 stainless
steel in the primary system piping; a material that is susceptible to IGSCC degradation.
It should be noted that piping of this material does not qualify for the extremely low
rupture probability (Leak-Before-Break) provision of GDC 4. From NUREG-1150, the
recirculation loop DEGB frequency for this material is estimated to be 1 E-4/Reactor-
Year (Rx-Yr). The fraction of BWR primary piping inside containment that is either Main
Steam (MS) or Feedwater (FW) is estimated to be 4.0 E-1. The fraction of MS or FW
piping that can impact the containment metal shell is estimated to be 2.5 E-1.

The research performed indicates that there is considerable variation among the
affected plants regarding the amount of pipe whip protection provided and the proximity
of high energy lines to potential targets of concern, including redundant trains, (see
Other Considerations). It was assumed that the probability of a MS or FW broken pipe
rupturing the containment metal shell was 2.5 E-1.

The postulated event may also cause a common mode failure of the ECCS system
since much of this equipment is located within the secondary containment and will be
exposed to a harsh environment beyond its design basis, or that the ECCS piping will
fail due to overpressurization of the containment annulus. In most of the affected plants,
the ECCS is located in four different quadrants outside the suppression pool (torus). On
the other hand, as stated above, redundant electrical power systems and initiating
circuitry may not be physically separated in these older plants. Also, if the ECCS
operates initially, the ECCS equipment rooms may not be fully protected from internal
flooding as the water from the suppression pool flows out the broken pipe into the
secondary containment. Based on these considerations the mean probability of loss of
ECCS function was assumed to 8.0 E-1.

Based on the above assumptions, the mean value of change in CDF per reactor year is:
dCDF/Rx-Yr= 2.0 E-6

From WASH-1400, the nearest scenario to that described above is the large LOCA
BWR-3 release category; involving a large LOCA and subsequent containment failure.
However, in the WASH-1400 case, the containment failure results from
overpressurization; not from pipe whip. Three of the four specific BWR-3 large LOCA
accident sequences have an incidence frequency of 10 E-8/Rx-Yr, and the remaining
one is 10 E-7/Rx-Yr; 10 E-8/Rx-Yr was chosen as the base case for this analysis.

Case 2 (INEEL BWR Event 9): Failure of Recirculation Piping Resulting in Pipe Whip

and Containment Impact/Failure, with Resultant Failure of All Emergency Core Cooling
Systems




-5-

This event is similar to Case 1 but involves the Recirculation System piping. From
NUREG-1150, the recirculation loop DEGB mean frequency for this material is
estimated to be 1 E-4/Rx-Yr. The fraction of BWR primary piping inside containment
that is recirculation piping is estimated to be 2.0 E-1. The fraction of recirculation piping
that can impact the containment metal shell is estimated to be 5.0 E-1. It was
estimated that the mean probability of a recirculation system broken pipe rupturing the
containment metal shell was 5.0 E-1. The mean probability of eventual failure of all
ECCS by the same modes described for Case 1 is estimated to be 8.0 E-1.

Based on the above assumptions, the mean value of change in CDF per reactor year is:
dCDF/Rx-Yr= 4.0 E-6

Case 3 (INEEL BWR Event 12): Failure of RHR Piping Resulting in Pipe Whip and
Containment Impact/Failure, with Resultant Failure of All Emergency Core Cooling
Systems

This event is similar to Cases 1 and 2 but involves the RHR System piping. From
NUREG-1150, the RHR DEGB frequency for this material is estimated to be 1 E-4/Rx-
Yr. The fraction of BWR primary piping inside containment that is RHR piping is
estimated to be 1.0 E-1. The fraction of RHR piping that can impact the containment
metal shell is estimated to be 5.0 E-1. The mean probability of a recirculation system
broken pipe rupturing the containment metal shell is 1.0 E-1. The mean probability of
eventual failure of all ECCS by the same modes described for Cases 1 and 2is
estimated to be 8.0 E-1.

Based on the above assumptions, the mean value of change in CDF per reactor year
is:

dCDF/Rx-Yr = 4.0 E-7

Case 4 (INEEL BWR Event 5): Failure of Recirculation Piping Resulting in Pipe Whip or

Jet Impingement on Control Rod Drive Bundles, Causing Failure by Crimping of Enough
Insert/Withdraw Lines to Result in Failure to Scram the Reactor

From NUREG-1150, the recirculation loop DEGB frequency for this material is estimated
to be 1 E-4/Rx-Yr. The fraction of BWR primary piping inside containment that is
recirculation piping is estimated to be 2.0 E-1. The fraction of recirculation piping that
can impact or impinge on the CRD lines is estimated to be 2.5 E-1. It is estimated that
the mean probability of a broken RHR pipe crimping enough CRD lines to prevent a
scram (about 5 to 10 adjacent lines) is 1.0.

Based on the above assumptions, the mean value of change in CDF per reactor year
is:

dCDF/Rx-Yr = 5.0 E-6
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Case 5 (INEEL BWR Event 10): Failure of RHR Piping Resulting in Pipe Whip or Jet

Impingement on Control Rod Drive Bundles, Causing Failure by Crimping of Enough
Insert/Withdraw Lines to Resuit in Failure to Scram the Reactor

This event is similar to Case 3 but involves the RHR System piping. The research
performed indicates that there is considerable variation among the affected plants
regarding the amount of pipe whip protection provided and the proximity of high energy
lines to potential targets of concern; walkdowns showed that in at least one case a
large “unisolable from the R.C.S.” RHR line was routed directly between the two banks
of CRD bundles. An RHR pipe break in this vicinity would surely impinge and/or impact
on both banks simultaneously.

From NUREG-1150, the RHR DEGB frequency for this material is estimated to be 1 E-
4/Rx-Yr. The fraction of BWR primary piping inside containment that is RHR piping is
estimated to be 1.0 E-1. The fraction of RHR piping that can impact or impinge on the
CRD lines is estimated to be 2.5 E-1. It is estimated that the mean probability of a
broken RHR pipe crimping enough CRD lines to prevent a scram (about 5 to 10
adjacent lines) is 1.0.

Based on the above assumptions, the mean value of change in CDF per reactor year is:

dCDF/Rx-Yr= 2.5 E-6

Case 6 (INEEL BWR Event 14): Failure of High Energy Piping Resulting in Pipe Whip
or Jet Impingement on Reactor Protection or Instrumentation & Control Electrical,
Hydraulic or Pneumatic Lines or Components and Eventually Resulting in Failure of
Mitigation Systems and Core Damage

From NUREG-1150, the Large LOCA frequency is 1.0 E-4/Rx-Yr. All high energy piping.
inside containment is considered. The fraction of high energy piping that can impact or
impinge on these lines or components is estimated to be 5.0 E-1. The mean probability
of a broken high energy line failing some of these lines or components to the extent that
core damage results is estimated as 7.5 E-1.

Based on the above assumptions, the mean value of change in CDF per reactor year is:

dCDF/Rx-Yr= 3.8 E-6

Case 7 (INEEL BWR Event 16): Failure of High Energy Piping Resulting in Pipe Whip
Impact on Reactor Building Component Cooling Water (RBCCW) System to the Extent

That the RBCCW Pressure Boundary is Broken, Potentially Opening a Path to Outside
Containment if Containment Isolation Fails to Occur; Also Possible Loss of RBCCW

Outside Containment for Mitigation

From NUREG-1150, the Large LOCA frequency is 1.0 E-4/Rx-Yr. All high energy piping
inside containment is considered. The fraction of high energy piping that can impact the
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RBCCW system is estimated as 1.0 E-1. The probability of an HELB broken pipe
rupturing the RBCCW system is 5.0 E-1. The probability of failure to close of
containment isolation check valve is 1.0 E-3; the probability of failure to close of a
containment isolation motor operated valve is 3.0 E-3; this combines for a total of 4.0 E-
3. Since the RBCCW surge tank in the secondary containment is vented to atmosphere
and has a relatively small volume, it is assumed that its water inventory will drain quickly;
for this reason the mean probability of opening a path to atmosphere outside
containment is 1.0. Once this scenario proceeds to this point the RBCCW system in
secondary containment will become unavailable, including the RHR heat exchanger;
therefore, the probability of losing the RBCCW function outside containment to the
extent that core damage occurs is 1.0.

Based on the above assumptions, the mean value of change in CDF per reactor year is:
dCDF/Rx-Yr = 2.0 E-8 R

The total change in core damage frequency for the above 7 BWR cases is:
dCDF/Rx-Yr= 5.2 E-5 (Ranks HIGH/MEDIUM in Figure 2 of NUREG-0933)

And, for all 16 affected BWRs:

dCDF/Yr= 8.3 E-4 (Ranks HIGH/MEDIUM in Figure 2 of NUREG-0933)

BWR Offsite Dose Table

GSI-156.6.1 GSI-156.6.1 WASH-1400 WASH-1400 Offsite Dose

Event Number | dCDF Release Offsite Dose (OSD)

per (Events/Rx-Yr) | Category (Person-Rem/ | (Person-Rem/

NUREG/CR- Event) Reactor

6395 Year)

BWR Event 1 2.0E-6 BWR-3 5.1 E+6 10.2

BWR Event 5 5.0E-6 BWR-4 6.1 E+5 3.1

BWR Event 9 4.0E-6 BWR-3 5.1 E+6 20.4

BWR Event 10 25E-6 BWR-4 6.1 E+5 1.5

BWR Event 12 4.0E-7 BWR-3 5.1 E+6 2.0

BWR Event 14 3.8E-5 BWR-4 6.1 E+5 23.2

BWR Event 16 20E-8 BWR-3 5.1 E+6 0.1
Total 60.5

For the 17 affected BWRs, the estimated change in offsite dose per reactor
(d Person-Rem/Reactor) is:
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60.5 Person-Rem__ x 17 Average Remaining Years = _ 1029 Person-Rem *
Reactor-Year Reactor
(Offsite)

*(Ranks HIGH/MEDIUM in Figure 2 of NUREG-0933)

For 20 years of life extension:

60.5 Person-Rem _ x 37 Average Remaining Years = __2239 Person-Rem *
Reactor-Year - Reactor
(Oftsite)

*(Ranks HIGH/MEDIUM in Figure 2 of NUREG-0933)
And the estimated change in offsite dose for the 16 affected BWRs is:
1029 Person-Rem  x 16 Affected BWRs 16,464 Person-Rem*

Reactor (Total Offsite, All
Affected BWRs)

*(Ranks MEDIUM/LOW in Figure 2 of NUREG-0933)

For 20 years of life extension:

2239 Person-Rem _ x 16 Affected BWRs 35,824 Person-Rem*
Reactor (Total Offsite, All
Affected BWRs)

*(Ranks HIGH/MEDIUM in Figure 2 of NUREG-0933)

PWRs

Case 1 (INEEL PWR Event 9): Failure of Non-Leak-Before-Break Reactor Coolant
System, Feedwater, or Main Steam Piping Resulting in Pipe Whip or Jet impingement
on Reactor Protection or Instrumentation & Control Electrical, Hydraulic or Pneumatic
Lines or Components and Eventually Resulting in Failure of Mitigation Systems and
Core Damage

From NUREG-1150, the HELB frequency in the above listed systems is 1.5 E-3/Rx-Yr.
All of the listed high energy piping inside containment is considered. The fraction of
high energy piping that can impact or impinge on these lines or components is
estimated to be 1.0 E-1. The mean probability of a broken high energy line failing some
of these lines or components to the extent that core damage results is estimated as 5.0
E-1.

Based on the above assumptions, the mean value of change in CDF per reactor year is:

dCDF/Rx-Yr= 7.5 E-5
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Case 2 (INEEL PWR Event 16): Failure of Main Steam or Feedwater Piping Resulting

in Pipe Whip and Containment Impact/Failure, with Resultant Failure of All Emergency
Core Cooling Systems

From NUREG-1150, the DEGB frequency in Feedwater (FW) piping is estimated to be
4 E-4/Rx-Yr; for Main Steam (MS) piping it is estimated as 1 E-4/Rx-Yr. The fraction of
FW piping that can impact the containment shell is estimated as 1.0 E-1; the fraction of
MS piping is also estimated as 1.0 E-1; this fraction remains 1.0 E-1. The mean
probability of a FW or MS system broken pipe rupturing the containment metal shell was
5.0 E-1. The mean probability of additional I&C or ECCS systems failures to the extent
that core damage results is estimated as 4.8 E-5 for the case involving FW piping
breaks, and 9.8 E-5 for the case involving MS piping breaks.

Based on the above assumptions, the mean value of change in CDF per reactor year is:
dCDF/Rx-Yr= 1.4 E-9

Case 3 (INEEL PWR Event 17): _Failure of Main Steam or Feedwater Piping Resulting
in Pipe Whip Impact on Component Cooling Water (CCW) System to the Extent That
the CCW Pressure Boundary is Broken, Potentially Opening a Path to Outside
Containment if Containment Isolation Fails to Occur; Also Possible Loss of CCW

Outside Containment for Mitigation

From NUREG-1150, the DEGB frequency in Feedwater (FW) piping is estimated to be
4 E-4/Rx-Yr; for Main Steam (MS) piping it is estimated as 1 E-4/Rx-Yr; this combines
for a total of 5.0 E-4. The fraction of FW piping that can impact the CCW system is
estimated as 1.0 E-1; the fraction of MS piping is also estimated as 1.0 E-1; this fraction
remains 1.0 E-1. The probability of a FW or MS system broken pipe rupturing the CCW
system is 5.0 E-1. The probability of failure to close of containment isolation check
valve is 1.0 E-3; the probability of failure to close of a containment isolation motor
operated valve is 3.0 E-3; this combines for a total of 4.0 E-3. Since the CCW surge
tank is in the auxiliary building near where mitigation equipment is, is vented to
atmosphere and has a relatively small volume, it is assumed that its water inventory will
drain quickly; for this reason the mean probability of opening a path to atmosphere
outside containment is 1.0. Once this scenario proceeds to this point the CCW system
outside containment will become unavailable, including the RHR heat exchanger;
therefore, the probability of losing the CCW function outside containment to the extent
that core damage occurs is 1.0.

Based on the above assumptions, the mean value of change in CDF per reactor year is:
dCDF/Rx-Yr= 1.0 E-7
The total change in core damage frequency for the above 3 PWR cases is:

dCDF/Rx-Yr= 7.5 E-5 (Ranks HIGH/MEDIUM in Figure 2 of NUREG-0933)



And, for all 25 affected PWRs:

-10-

dCDF/Yr= 1.9E-3 (Ranks HIGH/MEDIUM in Figure 2 of NUREG-0933)
PWR Offsite Dose Table
GSI-156.6.1 GSI-156.6.1 WASH-1400 WASH-1400 Offsite Dose
Event Number | dCDF Release Oftsite Dose (OSD)
per (Events/Rx-Yr) | Category (Person-Rem/ | (Person-Rem/
NUREG/CR- Event) Reactor
6395 Year)
PWR Event 9 7.5E-5 PWR-6 1.5 E+5 11.3
PWR Event 16 1.4 E-9 PWR-4 2.7 E+6 0.004
PWR Event 17 1.0E-7 PWR-4 2.7 E+6 0.3
Total 11.6

For the 25 affected PWRs, the estimated change in offsite dose per reactor
(d Person-Rem/Reactor) is:

11.6 Person-Rem

Reactor-Year

x 17 Average Remaining Years =

197 Person-Rem

*

* Ranks MEDIUM/LOW in Figure 2 of NUREG-0933

For 20 years of life extension:

11.6 Person-Bem

Reactor-Year

x 37 Average Remaining Years =

Reactor
(Oftsite)

429 Person-Rem

*

*Ranks HIGH/MEDIUM in Figure 2 of NUREG-0933

Reactor
(Offsite)

And the estimated changé in offsite dose for the 25 affected PWRs is:

197 Person-Rem __ x 25 Affected PWRs

Reactor

= 4,925 Person-Rem*

*Ranks HIGH/MEDIUM in Figure 2 of NUREG-0933

For 20 years of life extension:

(Total Offsite, All
Aftected PWRs)
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429 Person-Rem _ x 25 Affected PWRs = 10,725 Person-Rem*

Reactor (Total Offsite, All
Affected PWRs)

*Ranks MEDIUM in Figure 2 of NUREG-0933

The estimated total offsite dose for the 41 affected plants (BWRs and PWRs) is:

16,464 + 4,925 = 21,389 Person-Rem* (Total Offsite, All Affected Reactors w/o
life extension)

*Ranks MEDIUM in Figure 2 of NUREG-0933

35,824 + 10,725 = 46,549 Person-Rem* (Total Offsite, All Affected BWRs &
PWRs w/ life extension)

*Ranks HIGH/MEDIUM in Figure 2 of NUREG-0933

Cost Estimate

Industry Cost: Implementation of the possible solution is assumed to require the
performance of engineering analyses inside containment, perform system walkdowns,
and provide a report to the NRC. Ultimately, it is expected that operating procedures
and/or technical specifications will be modified, inservice inspections will be enhanced,
or physical modifications will be done either to piping (probably addition of pipe whip
restraints or jet shields) or to the inside containment leakage detection system. lItis
expected that the cost to each plant will be $1M. Therefore, for the 41 affected plants
(16 BWRs and 25 PWRs) the total implementation cost is estimated to be $41M. This
estimate was based on the presumption that the level of effort at the affected plants
would be similar to that which resulted for this issue during the SEP program review of
the 10 earliest SEP plants.

NRC Cost: Development and implementation of a resolution is estimated to cost $1M;
primarily involving review of industry submittals and possible proposed changes to
hardware.

Total Cost: The total industry and NRC cost associated with the possible solution is
$42M.

Impact/Value Assessment
S

Total Cost ($)
Person-Rem (All Reactors)

= $42M
21,389 Person-Rem
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= $1960/Person-Rem* w/o Life Extension
*Ranks HIGH in Figure 2 of NUREG-0933

S = Total Cost ($)
Person-Rem (All Reactors)

$42M
46,549 Person-Rem

= $900/Person-Rem* w/ 20 Years of Life Extension

*Ranks HIGH in Figure 2 of NUREG-0933

OTHER CONSIDERATIONS

1.

The Updated Safety Analysis Report for an SEP-lll BWR (i.e., one of the 41
plants potentially affected by this issue) stated that, in the event of a DEGB, the
broken pipe would strike the Mark | Containment and deform it significantly.

 However, another BWR of about the same vintage is known to have been

required to add energy absorbing structures to protect the Mark | Containment
from pipe whip, prior to receipt of an operating license. Therefore, it appears
that there is considerable variation among the affected plants regarding the
amount of pipe whip protection provided.

Pipe breaks have actually occurred in the industry. Examples include a Surry
Feedwater line break, a WNP-2 Fire System valve structural pressure boundary
failure, and a Ft. Calhoun 12" Steam line break.

Some suspect configurations were observed in the SEP-III walkdown plants; for
example, at one BWR a very close proximity exists between a large RHR
(unisolable from R.C.S.) pipe and both banks of the Control Rod Drive piping,
and at one PWR it appeared that a large volume of piping penetrated the
containment near where a large amount of electrical wiring also penetrated the
containment. This demonstrates that even through modest efforts (i.e.,
sampling walkdowns of a sampling of plants) configurations of potential concern
have been identified.

Readily available plant documentation provides very little insights regarding

actual proximity of high energy piping and potential targets or concern. The
potential lack of adequate separation of redundant system targets (e.g., 1&C
electrical wiring) is also a concern.

Uncertainty remains a significant factor because of the large scope of this issue.
This is because of the large number and types of plants, and significant
differences in the specific as-built details applicable to this issue.
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6. Many of the affected plants are either currently applying for life extension or are
expected to in the near future. Most of the lead life extension applications will be
from the affected plants for many years to come.

7. Although there is a large apparent disparity between the BWR and PWR cases
evaluated, it must be remembered that much of the background of this issue was
based on sampling walkdowns; that is, only selected portions of selected plants
were available for these walkdowns. Therefore, it is important to treat the BWR
and PWR evaluations equally during the next phase of the evaluation. Also,
some of the listed scenarios seem to have low probabilities but potentially high
consequences. They should be further evaluated.

CONCLUSION

Several potential accident scenarios were identified; 7 for BWRs and 3 for PWRs.
Mean values for core damage were estimated for each and the cumulative effect of
each group was also estimated. When compared to Figure 2 of NUREG-0933, these
values mostly showed that this issue is of HIGH/MEDIUM safety significance. Further
evaluations which included estimates of offsite doses and costs for potential solutions
showed that this issue is of HIGH priority.
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ABSTRACT

The United States Nuclear Regulatory Commission is currenglyf assessing
the need to review the 41 older nuclear power plants referred to ag the Systematic
Evaluation Program Phase III (SEP-III) plants. Generic ?ﬁ?

156-6.1 deals with whether the effects of pipe breaks Jusi

been adequately addressed in these plants’ designs. To
tization of this GSI, a research program was perfo,
pipe protection in the SEP-III plants. This inclu
and the later SRP plants’ pipe break protection, )SKtj to five plants to view p1

break protection and locations of potential targets\with respeg#to large pipingy,
and discussions with the plants’- staffs. First and second ley#fs of concerns were )
developed to identify potential pipe break locations, tapgets, and consequences.)
The second-level list of concerns wgs used to develop'a qualitative ranking on
whether each item in the list had a high, medium, or low'¢onsequence of affect-
ing the core damage frequency (CDF)\ Quantitative estimates were made of the
change in CDF for sequences ranked high and medium\ based on existing
probabilistic riskefssessment studies. Potential gtant changesboth physical and
procedural, wefe identified tha} could reducgsthe increase jn the CDF due to pipe
breaks inside c‘o&ainment. Thg costs of thdse potential cl‘rg&lges were estimated.

i NUREG/CR-6395






CONTENTS

AB ST RACT .ottt reteeeesiar e e sesibessasesssasearassaaessstasassnsnreasanstaseassssasssassaseessanaresstesssssbasassans il
EXECUTIVE SUMMARY .ottt st eetrtsesteesesseesstessssasasssessssasessesastasassasssaseesmesaessessssaasaas xi
ACKNOWLEDGMENTS ..ottt teteesresinsesssesessessesstecsssessssseassssssssssssasssssnsessemmoes Nossesssamenssansas Xxi
ACRONYMS c.ooeeeoeeeeteeeeeeeesenseseesssesesseressaeseessessassssonssnssamssssssssssesssssassensessonsonsasesgassesessasessensensanss xxiii
1 INTRODUCTION .....ooovuemrisisieseereereresessessessesessesessssssssassasssssessons / ............................. 1
1.1 Background ....oeeoveeveeeenicnccercnnnenneenecsnenieessissnnesssagfosiniiesiesasneeesiesesses e sssieseenenns 1
1.2 NRC Staff Draft PrioritiZation ........cccoveeevveeeereecnrieeiinieniincinimiieeecrecrsenisnerees N ereessanne 3
2. PIPE BREAK FREQUENCY ESTIMATES 4
2.1  Review of Available Pipe Degradaf\on and Failure Dat 4
2.2  Leak-Before-Break Status for SEP-IIT PIANTS ...c.ccvevveeveeeeemieriereaeeersrsesaesseesessesesesenes 5
2.3 Estimation of Pipe Eailure Rates Applitable to SEP-III Pla& .................................... 7
AN

3. REVIEW OF UPD D FINAL SAFETY ANA IS REPORT&ND

RELATED SAFETY EVALUATION RERORTS...... {0 el e 14
AN

3.1 Review of SEP-TRUFSARs and Related SERS .......cc.ovuoiveirioierereeeeereesensessessesesessesens 15
. } 15
3.1.2 16
\\ 313 16
3.2 \Review of SEP- 21
32.1 i : 21
332 24
3.2 Conclusjons 24
324 37
3.3 Review of 42
3.3.1 42
332 43
3.3.3 43
3.4 Plant Visit ODSEIVAIIONS....c.cioivviirieriereerinraeresiernressassrsrersnressessonssessesssnnassosssessessaseasssss 43
34.1 Trojan Nuclear Power Plant ... seesessaneeens 48
342 Browns Ferry Nuclear Power Plant, Unit 3........ccocvniiinincnciinnninireienne 51
343 Quad Cities Nuclear Power Plant, Unit 2.......c..ccocoocivinmniiniiinninrininn, 54
344 H. B. Robinson Nuclear Power Plant, Unit 2.....c.cccoeevivviirevinvencineesienecsaenses 56
34.5 Vermont Yankee Nuclear POWeEr Plant.........evoiviiiiieririenieernereerseenecesesneeneas 58

v NUREG/CR-6395



4. IDENTIFICATION OF A FIRST-LEVEL LIST OF POTENTIAL SEP-III CONCERNS....

4.1

4.2

43

4.4

INIPOQUCHION ..ottt e bt r bt
CIIEETIA ..ottt et et s e bt asen e sas s ns e s een
FIrst-Level LiSt.........coivviiieriitriercecietrereriereeeeen st eresenesessesseseesesesennas Neventensnerierians
Potential Consequences of a High-Energy Pipe Break Inside Contaxryﬁ% .................

, \
5. DEVELOPMENT OF A SECOND-LEVEL LIST OF POTENTIAL —HT\CONCERNS.

5.1

52

6.2

6.3

7. COST ANAL

7.1

7.2

PWR Plants ..........

BWR Plants..........

Event Quantification ..........c.ccccoevveeeeMev v e s
6.2.1 BWR Evem 1....., ........................................................................... SR

........................................................... ‘ \

e esseessesesmsenensansenssruecsesg@esicnienieaneasar e iesissensessanssNosetnesores

N

622 BWRE ,
623  BWRAEVENt 9ol b ISR
624 B Event 10 . :

625  BWRGEvent 12
6.2.6 BWR Event 14
6,2.1 BWR Event

2.8 ™
6.2.9
6.2.10

6.3.1
633
6.3.3)
6.34

POSSIble COTTECLIVE ACHOMNS . vvviinviiiierieriareerireicrrereereesaereessetoesseessssseessmseessensessossensaessonne
7.1.1 Plant Design Changes..........ccocoveieeininieciennsresesrecssesseessseasassessssessssassens
7.1.2 Protective HardWare .......c.ccvvvevcvcreeecieeiieeeninrconieeeensaesseseesesseessssssesarssssssesas o
713 Preventive HardWare .........c.cooieciiineerccieneeceneieiites s essssssnnessrsoesesnsaens
7.14 Operating/Procedure Changes .........cccoeeverecerresiieenntreseeesessesrraesesesesneens
7.1.5 TESUIST ...ttt et sene e es e e sbresbs et ansns s bb s e en s bnesssesannonsnsansros

7.1.6 - Analysis

NUREG/CR-6395

.........................................................................................................

vi

60

60

60

72

74

95

95

102
103
104
105

106

107
108
109
110
111

113
113
113
120
127

133

133
133
133
134
134
135
135

136



T3 Plant WalKAOWIIS c...eeveeveeeeeeereeesieisiriieeetessaasasrasseseessessassnneenseesteessasonsssssssersnssrsisssassanss 136

7.3.1 ASSUIMPLIONS ..ceveeieveniereaeresiibist i ie st as st sie s san st s b s s as 136
7.32 COSES cuveuvereereeeeriensireanseeseersasssassebeseessesas s i s s s rs b e sb s b s st e s e st e e b s e e s e e be e s e s e e 136
8. CONCLUSIONS ..c.eetettevie et rrteree st sessassamssss s ey s e s s s s s ba et e s assnsesesesnesabesassnrinbastes 140
9. REFERENGCES ......ootitieteceeeteteeteettestrsstese e b ssaesassssarae b e ssae st s e s saneanesanasagssnessbeentissssnseasensas 142

vii NUREG/CR-6395



LIST OF FIGURES

3-1. General arrangement of a Westinghouse four-loop NSSS. ..o,

3-2. General arrangement of a General Electric NSSS with Mark I drywell. ...

4-1. Consequences of a single pipe break inside containment

..............................................

4-2. Consequences of a single pipe leak inside containment. ...........coceeuenne. crrenrenglfoericieiasanieis

4-3. Consideration of a single pipe break inside containment by effect. / ............................

5-1. Older SEP-III PWR (Westinghouse 3-loop) inside containment

5-2. Newer SEP-1II PWR (Westinghouse 4-loop) inside contaj

5-3. Newer SEP-III PWR (Westinghouse 4-100p) separation of\mam steam a
lines inside CONtAINMENL. .....cooceirvreniiicnbieieririreniiiie e e N

5-4. PWR prestressed concrete atmospheric desig. ......cccccceeennnnnnne

n View......... ceeeNereerreenenvenns

ment plan vxew ...........................

feedwater

/

5-5. PWR reinforced concrete subatmospheric desifn. ...cococcvevicvinnne \B .................................

AN
5-6. PWR prestressed conc%c\onde er design. ,
5-7. PWR cylindrical metahdesign. .....c..c...foerveevrcncdnnnnnnnnne. f .........................................

. Typical PWR prestresss\oncrete c ntainment WaIASECHION. 1vevvercerenr e

NUREG/CR-6395

viii

49

52:

76

77

78

80

81

82

84

85

86

87

88

89

91

92



LIST OF TABLES

2-1. Location, mechanism, and number of leaks in piping greater than 51 mm (2 in.) at

13

U.S. nuclear power plants inside CONtAINMENL. ..........cooveviurieeerenireiseee e eeeeresea s seseeesenes 4
2-2. Leak-before-break status of SEP-III pIants (1995).......coveveeieiioiceeeieiereceseeneeseneeeeseseeseenesenaes 6
2-3. List Of PRA TEPOItS TEVIEWEM. w...uuemeereeuiicrnicieesiste et sess s st st en s sssssssasasessessens 7
2-4. Failure frequencies (events/yr) for PWR plant primary system piping. ........o.cocevvereeereNoeensnene 9
2-5. Failure frequency uncertainties (events/yr) for PWR plant primary system piping 10
2-6. Failure frequencies (events/yr) for BWR plant piping. ........ccceeuecreruegerenne / ..................... 11
2-7. Failure frequency uncenaintie.s (events/yr) for BWR plant piping. ...................................... 12
2-8. Failure frequencies (events/yr) for PWR plant secondary syst

iNSide CONTATAMENL. ...c.ccvirierieeeeeieeieeer et e N eeseeesenscesnnean) RPN N
2-9. Failure frequepcy recommendations (events/yr) for piping inside contain >

(1oW/MEANNIZN). ©ocvievieieeieceee s et seeeseesessessnvesnsass o gt enaenseseesrer e ereenees e emsaes
3-1. Review results from search of SEP:I_I plant UFSA \\ .............................. 17
3-2. Review results from IPSAR NU for, SEP-II plagt evaluations........... \> ......................... 18

| 3-3. Details of SEP-II plant chages required by JPSAR NU 19

34 23
3-5. 25
3-6. 28
3.7. 3]
3-8 38
3-9. Listing of PWR SEI\III plantspy timeframe and initial date of licensing SER. ....................... 38
3-10. Response of SEP-TII B 40
3-11. Review of non-SEP plant UFSARS. ......ccccoeceenriimrinieeincennieeneesiasassssnsssssesesessssssssssses 44
3-12. Review results from non-SEP BWR SERS.........c.ecvvuvevieeneie s e ssssssesseseesssessssesssenses 45
3-13. Review results from non-SEP PWR SERS. ........ccooomveiieetcieieeeceeeetete et naas 46
4-1. Summary of commentary missing from SEP-IIl BWR SERS. .........cccccoervimimirecremnnrerierionsens 61
4-2. Summary of commentary missing from SEP-III PWR SERS.........c.ccccevovireriimiierirererenereenene 62

ix NUREG/CR-6395



4-3. Commentary missing from SEP-IIl BWR SERs (plant SPeCifiC). ......cccucoiniiniiciiiiiiiiiinns

4-4. Commentary missing from SEP-III PWR SERs (plant Specific). .......ocoviviiireiceniiciinicncnn

4-5. High-energy lines for inside containment break consideration. ..........cccccvvmnvivnniiiiniiiieecnnns

5-1. Containment types for PWR SEP-III plants. ..

........................................................ dsevsessreesacssnran

5-2. PWR pipe break locations and potential targets based on observations from /)

two plant visits
5-3.

5-4.

6-1.

have on offsite consequences. .........c.........

6-2. Ranking of BWR pipe break events inside ¢

NUREG/CR-6395

O . \

LAINIMENT. veeeeeeeeeee Gerrerrern s censeeeraeraeaaeeans

63
67
73

83

91

94

94

95
96
98
101

101

112
137
138

139



EXECUTIVE SUMMARY

In 1967, the Atomic Energy Commission (AEC) published the General
Design Criteria (GDC) for comment and interim use. Until 1972, the AEC staff’s
implementation of the GDC required consideration of postulated pipe break
effects inside containment; however, due to the lack of documented review
criteria, AEC staff review positions were continually evolving. Review
uniformity was finally developed with the issue of Regulatory Guide 1.46 in
1973. In 1975, after the AEC had reorganized into the Nuclear Regulatory
Commission (NRC), the NRC staff issued Standard Review Plan (SRP) sections
3.6.1 and 3.6.2. These stated that licensee safety analyses should considgs#the

\
;

The NRC's assessment involved an ¥nitial prioritization ®f the issue to
determine whether the 1j
as a Generic Safety J#Sue designatad for a moére dgtiiled evaluatighl. The initial
itizati i SEP-III plgpts with regard to
ents, pipe break effects on the
the cost estimates for any
erformed an initial “draft”

NRC staff
large unbeQamtxes
f 1pe failyres, in the pr@b;ﬁlhty of subsequent safety-related

experienced néfdegradation. However, some lines have experienced cracking or
wall thinning. In a few cases, significant leaks have occurred, but no major
breaks that damaged critical equipment.

Leak-before-break (LBB) technology was approved by an amendment to
GDC-4 of Appendix A to 10 CFR Part 50, and became effective in 1987.
Although the NRC has not approved LBB for any BWR plants, all PWR SEP-III
plants have LBB approved for their main coolant loops. Licensees may use LBB -
as justification for the removal of primary loop supports such as part of snubber
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reduction programs, and the removal of pipe whip restraints and jet impingement
barriers. At least one SEP-III plant has had LBB approved for its surge line.

The available data were reviewed to arrive at pipe break frequency
estimates. Most recent probabilistic risk assessment (PRA) reports base their
failure frequencies on previous PRAs, and the previous PRAs mainly use three
basic older references: WASH-1400, EPRI NP-438, and PLG-0500.
recent study was included in NUREG-1150, issued in 1990, which

considered piping history through 1997. It recommended frequencies about an
order of magnitude below WASH-400 and NUREG-1 15(?1’5 study is very
recent and has not received widespread review. After\a réview of t
estimates, it was decided to use the NUREG-1150 fregs€ncies and uncettainties
for reactor coolant systems. ' ’

Review Of Updated Final Safety Analysis Reports an
Related Safety Evaluation Reports\

An important aspect of this fesearch program to obtain information
regarding the design efforts made b¥ plant licensees to\mitigate the effects of

postulated pipe breaks_inside containipent. Information was gathered for three
e 10 earliest SEPQ;{ams), the SEP-III

plants, and selecteg#fon=>SER plants of Ynore recent licensing\vintage. Since the
cenjpfearly 19805))@RC evaluation of
informhtiggp regarding additional
ight have been required would be

~ licensed (non-SEP)plan reviewed sinke their pipe break designs had been
by the NRC#vith uniform acceptapee criteria in place.
N\

complete this task. An important limitation is that
lete only for docketed material dating back to the
1979 or 1980 timdframe. J¥does not necessarily contain documentation dated
early\ than 1980. Two updated final safety analysis repots (UFSARs) were
reviewed, but confained very little substance. The IPSAR NUREGs for SEP-II
Topics JI-4.C gAd I1I-5.A were also reviewed. All of the SEP-II plants were
required to pg#form some form of engineering evaluation in order to satisfactorily
address epfh topic and demonstrate adequate safety to the NRC staff. A typical
evaluation consisted of (1) defining a pipe break location, (2) determining the
consequences resulting from pipe whip, jet spray, impingement, or other related
pipe break effects, and (3) determining if the plant operators could still bring the
plant to a safe operating condition using alternate systems, redundant systems, or
other means. As a result of these pipe break effects reviews, two SEP-1I plants
were required to make inspection changes, one plant was required to make
Technical Specification changes, two plants were required to make procedural
changes, and six SEP-II plants were required to make physical modifications.
Looking at the SEP-II plants either as a group or separately as PWRs and BWRs,
no common locations or reasons for the modifications were determined. It
appears that the resulting modifications display little if any pattern. This
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reinforces the view that each plant has many unique design features and it is
those unique aspects of each plant that must be considered in pipe break
evaluations (e.g., plant layout; arrangement and construction features of interior
walls; the relative locations of components, equipment, and structures; amount of
system redundancy; and separation used in the design).

Although all of the reviewed SEP-III plant UFSARs indicated that pipe
breaks were considered, the information presented regarding affected systems,
design provisions made to mitigate the effects of pipe break, and other more
detailed information was not located. In general, the most obvious conclusion

that the discussion of pipe-break effects inside containment continually i
with later construction dates. Discussion of pipe break topics was notgbly‘\absent
in information for the earlier plants, whereas the later plants providetl much wore

the postulated break locations were determined, and the
(e.g., pipe whip restraints, physical barriés, etc.) that were egfployed to mitigate
the effects of a pipe break event. In general, the most obvious conclusion
determined from all of the non-SEP plant reyiews was that little\c\hanged between
the later-timeframe SEP-III plants and the n KSEP plants \

Plant Visit Ol%séﬁa?ion\

Five plant vﬁg\ts were copducted to §btain information from direct
observation of the relative locatiofis of representative high- and moderate-energy

piping systems, equipment i
rr;igt@ﬂgm\eeffects of pipedreaks. Walkdowns wete made to perform qualitative
juflgements regarding the géperal suscepﬁbijyf of the SEP-III plants’ equipment

designed with a jifgh degree of compartmentalization. This design approach
contributed t e physical separation of systems and equipment that help
mitigate the effects of a postulated pipe break in any one loop of the RCS or the
high-pressure piping connected to any loop. We observed a minimum of jet
impingement shielding of individual items (e.g., electrical boxes). This did not
seem unwarranted given the degree of physical separation, redundancy, and the
number of pipe supports. However, components were observed in the pressurizer
compartment that appeared susceptible to jet loads from pipe breaks in that part
of the compartment. The electrical penetrations and the main steam and
feedwater piping for the “A” and *D” loops were routed in the same general area.
Few pipe whip restraints existed in this area. It appeared that the possibility
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existed for jet impingement loads and/or impact loads to occur on either some of
the electrical penetrations or the cable trays if a steam or feedwater pipe ruptured
in this area. The steam/feedwater lines to each loop were physically separated by
a concrete slab so that they could not impact each other. Further information
would be necessary to verify that sufficient separation and isolation of electrical
cables exists in the concentrated area of cabling near the penetrations. We
observed a minimal number of jet impingement shields. Given the licensee’s
stated approach of using whip restraints, barriers, and physical sepagation to
reduce the effects of a high-energy line break (HELB), this of jet
impingement shields may not be unusual. \

i{ééenera Electric

t entered com ercial

The Browns Ferry Nuclear Power Plant, Unit
BWR-4 design with a Mark I containment. The
operation in March 1977 and operated for approxi

observed that this plant was designed with a mmimum co
inside the drywell. This is a generic design feature c}ﬂthe I containment i
that the compactness of the drywe]l piping layout affprtls minimal space fov’"‘9
compartment walls. This results in many of the high-energy systems being close
to each other. Examples of large whif restraints were observed during the plant
walkdown. We observed that the minjmal amount of physical separation and
compartmentalizatiog«allowed by the diywell physical volumg constraints would
put more emphasjgfon the use\of whip resgraints nservative}sign practices, or
other measureg to mitigate the effects of LB-event. A minimum of jet
impingement shjelding of indi¥idual item(e.g., electrictl boxes or cable trays)
was observed. The control fod drive (CRD) piping bundle had no physical
barriers. separating\jt from_other high-energy\ piping systems in the general area.
eview of plany“drawings showed Ythat the safety-related electrical
penetrations appeared\to have a Hng édj? ¢ of physical separation. Typically,
these systems are redundant with on&*‘train” entering the drywell through a
separate penetration whilg the other train enters through a separate penetration

cated on the other side (dsually about 180 degrees away) of the drywell shell.
This layout should help mjphimize the deleterious effects of a pipe break on
safe's\Q:ated electfical system functions.

rtmentalization\
n

ties Nuclear Power Plant, Unit 2, is a General Electric BWR-3
design with aMark I containment. The plant entered commercial operation in
April of 1 (early-timeframe SEP-III BWR). Like Brown’s Ferry, Unit 3, the
plant wad designed with a minimum compartmentalization inside the drywell. A
minimum of jet impingement shielding of individual items (e.g., electrical boxes
or cable trays) was observed. The CRD piping bundles had no physical barriers
separating them from other high-energy piping systems in the general area. Some
CRD bundles were located directly adjacent to residual heat removal (RHR)
piping. The safety-related electrical penetrations were spaced around the
circumference of the drywell. We did not have sufficient information to
determine whether the redundant trains had been sufficiently physically
separated.

e Quad
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The H. B. Robinson Nuclear Power Plant, Unit 2, is a three-loop
early-timeframe SEP-III PWR using a Westinghouse NSSS. The containment is a
prestressed concrete, large-dry design, with the inside surface of the containment
lined with steel plates. In the late 1960s, Westinghouse asked the architect-
engineer to ensure that the main steam piping, feedwater piping, and the reactor
coolant system was restrained from pipe whip. In the containment area outside
the crane support wall, the main steam and feedwater piping were far more re-
strained than these systems on the other PWR we visited (Trojan). Unlike the
Trojan plant H. B Robinson Unit 2 had no whip restraints on the main Steam and

feedwater lines) and the electrical penetrations entere e containment
approximately the same location, rather than spaced gfound the containment
circumference. This design makes it far more likely tffat a high-energy line pipe
break (or leak) at this location would damage electrical and instrumentation lines.

The Vermont Yankee plant (BWR/4, Mark I steel cglainment) was /
visited with an NRC/NRR staff membet who was studyingspipe break effects
associated with the reactor building closed cooling water (RBCCW) system. A
pipe break associated with the RBCCW system had previously been identified as
a potential problem by the Mlllstone 1 BWR licensee. The ‘portion of the
Vermont Yankee RBC i tainment was formex]y classed as
safety related, but i no longerRept up that
ing the safst}-related and non-
ntainment, and a single motor-
containment. In the event of a

safety-related portions of the RBCEW inside
operated valve separat}&gethe twodbortions outsi
HELB within containment, pipe _whip or jet \mpingement could sever the
em.In the e le fail f one-of the isolation valves,
p¥éssure inside containmentcould rise to aboypd0 psi and force water outside the
co tainment through the RBCCW system. ince the RBCCW system outside

because of the sical separation distances, pipe whip or jet impingement
damage to C ines from the LPCI line appeared to be less likely than in the
other two BWRs. Steel plates with corrugated backing had been placed on the
lower portions of the drywell interior. In the areas toured, the lining appeared to
be continuous; no portions were observed to have been removed.

List of Potential SEP-lll Concerns

The NSSS designs of nuclear power plants in the United States are
somewhat similar for the same classes of plants. However, each plant is unique in
the overall layout of structures, systems, and components, and the relative
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locations of other piping systems, their supports, and associated mechanical and
electrical equipment may be significantly different. For this reason, a detailed list
of potential concerns resulting from a postulated HELB event would necessarily
be a plant-specific list. The only exclusion is for the large-bore main reactor
coolant loop piping in the PWR plants. Because of the acceptance of the leak-
before-break methodology, these lines will not be considered susceptible to
failure. Therefore, pipe whip effects were excluded from consideration, but jet
impingement effects from a leak were included. The evaluation of a pipe break
must begin with the assumed loss of function of the pipe line that brok€. With the
exception of Nine Mile Point Unit 1, all of the BWR plants reported that pipe
whip restraints were installed on their recirculation piping. Th¢ obvioysly helps
to mitigate recirculation pipe break effects, but insufficient”information, did not
permit the assumption that the recirculation piping was

history. We did not ‘have access to the'plant stress analyses,&o we did not know
the locations of hig Id*be used to identify
pipe break locabns using\ today’s ~ In our bpief tours inside
containment, W€ did not have the time to sup#ty each high-energy line along its
entire route, noting the potentigl break poifjts and targétsﬁ)ut rather we obtained
a general overall\view from geveral locatioys inside the containment. A number

, if any, je} impingement shields, although the
concrete waIls}feerve e ty® plants were designed by the same
NSSS vendor; nevertheless, we noted se¥eral major differences:

Although the reactok coolant systems and major branch piping within the
secondary shield (crghe) wall were basically the same, the remainder of
the piping, garticularly the branch piping between the crane wall and the
containmeny as well as the electrical and instrumentation routing, were
ield run apd quite different.

newer plant that was designed to RG 1.46, the electrical and piping
pefietrations entered the containment in different quadrants. Some main
steam and feedwater lines were routed above the electrical penetration
area. However, in the older plant, the electrical and piping penetrations
were next to one another at the same elevation.

3. The smaller piping (for example, spray, letdown, surge, RHR, and
accumulator injection) on the newer plant designed to RG 1.46 had pipe
whip restraints. The restraints on the older plant did not appear to be as
numerous.

4. All main steam and feedwater lines on the newer plant were separated by
physical (concrete) barriers from the lines in other loops. There were pipe
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whip restraints in the steam generator area. On the older plant, the main
steam and feedwater lines had no restraints in the steam generator area.
However, at this level (an upper elevation in the plant), there did not
appear to be any targets for a pipe whip. The main steam and feedwater
piping on the older plant had closely spaced large whip restraints in the
area of the containment penetration and were strapped to the crane wall
along the route from the containment penetration to the ‘steam generators.

Three BWR plants were visited to review the plant layout, the pipe break
and jet impingement protection, and the relative location of components to &ne
another. One of the plants was a newer BWR (BWR/4), which is simil
SEP-III BWRs. Although it is not considered to be one of the SEP-III pl
other two units at this site are SEP-III plants. All three plan‘tjélaf a

USFAR, licensing safety evaluation report (SER), and numeroug#{but nok all)
other SERs. The other two plants were older SEP-III BWRs ( 3), for which
the documentation on pipe whip and jet impingement was Jifhited. A number
pipe whip restraints were observed on the recirculation J#fies of these plants, but
there appeared to be only minimal, if any, jet impir€ement shields, other than

covers over the vent openings to the torus. The main sim and feeqwater lines >

were not restrained in the upper cylindrical portion of the\drywell. plants had
energy-absorbing pads attached to sections on the interior of the sffherical portion
of the drywell. However, the designs of the pads and the area€ covered were not
the same for the plants. In contrast toXe PWR plants, th \BWR plants had
minimal compartmentalization. Although the two plants were\designed by the
same NSSS vendor, General Electnc we noted several major differences:

e, the recirgdlation, main

e; however, the remainder of
the piping and the electrical ghd instrumentation routm{ were field run and
quite different.

2. /Oﬁ\hﬁ newer plant, weal
4 trains entere the containment m\dJ\)e
’ A

3.

1. Most of the r piping systems (fok exa

The pipe break events were ranked such that only the most significant need
to be considered in detail. The significant events were then quantified in more
detail to provide quantitative estimates of the change in CDF resulting from such
events. The quantification was performed conservatively, using the worst
possible effects of the pipe break based on a general knowledge of the SEP-III
plant layouts. In many cases, a pipe break scenario may not be possible at a
specific SEP-III plant because of its physical layout and pipe restraints. The
results are presented in the tables below.
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Cost Analysis

Various changes in plant hardware and procedures have been proposed
that could reduce the potential for, or mitigate the consequences of, pipe breaks.
Some of these changes were required for SEP-II plants, some have been used to
mitigate fatigue cracking such as in PWR feedwater nozzles and surge lines,
while others have been applied to BWRs to reduce the break potential from
IGSCC. Cost estimates for the following list of corrective actions t
reduce the pipe break probabilities of light-water reactor (LWR) pi
developed: plant design changes, protective hardware, ?2&\] hardware,

operating/procedure changes, additional testing and inservicegsispections (ISI),

be in the protective hardware and test/ISI categories.

Our experience in GSI 156-6.1 has shdwh t a great deal of the balance-

y lines and their

possibly only way to determine the proximities of\(ngh'-en
walkdowns. This i

potential targets in the event of a line break are by in-pl

without evaluating them individually i§ impractical. Accordingly, a cost estimate

was developed for such walkdowns.
pminant B ;}g@ﬁ%—break evemﬁ‘mside containment.
Change in Resulting\f(ciypipe Break Event

\ n
. .Pipe Break—Affc\ed Freffuency  Error &" Percentile Median 95" Percentile
_ System(s) ts/rx-yr) Factor® (gvents/rx-yr) (events/rx-yr) (events/rx-yr)

or FW— 2.0E- 135 4.2E-8 5.7E-7 7.7E-6
(2.0E-6)" 13:.‘6)/' (3.9E-8) (5.6E-7) (7.6E-6)

Containmeny shell an
safety systems entering
.0E-6 14.1 9.8E-8 1.4E-6 1.9E-5
(M\0E-6) (14.3) (8.9E-8) (1.4E-6) (2.0E-5)

containment

Recirculation
bundle(s)

9. \Recirculation— "OE-6 13.6 8.4E-8 1.1E-6 1.5E-5
\(;nlainmem shell and (4.0E-6) (11.8) (8.3E-8) (1.1E-6) (1.3E-5)
safety systems enifring
con¥ainment :

10. RHR~( ndle(s) 2.5E-6 11.5 7.3E-8 8.3E-7 9.6E-6

(2.5E-6) (11.2) (7.3E-8) (8.2E-7) (9.2E-6)

12. RHR 4.0E-7 19.8 3.9E-9 7.7E-8 1.5E-6
shell and safety systems (4.0E-7) (17.7) (3.9E-9) (7.9E-8) (1.4E-6)
entering containment®

14. HELB—Containment 3.8E-5 11.3 1.1E-6 1.3E-5 1.4E-4
instrumentation and (3.8E-5) (10.8) (1.0E-6) (1.2E-5) (1.3E-4)
control

16. HELB—RBCCW*® 2.0E-8 16.8 2.7E-10 4.6E-9 7.7E-8

(2.0E-8) (16.7) (2.6E-10) (4.3E-9) (7.2E-8)

a.  Error factor = 95th percentile/median .
b.  Numbers in parentheses are from SAPPHIRE runs.

¢.  This event is presented because its containment failure impact is high, even though the core damage
frequency impact ranking is low,
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Table E-2. Quantification of dominant PWR pipe-break events inside containment.
Change in CDF Resulting from Pipe Break Event

Mean 5
Pipe Break—Affected Frequency Error  Percentile Median 95" Percentile
__System(s) {events/rx-yr) Factor’ (events/rx-yr) (events/rx-yr) (events/rx-yr)
9. HELB—Containment 7.5E-5 122 19E-6 2.4E-5 29E4
instrumentation and (7.5E-5)b (12.3) (1.8E-6) (2.2E-5) (2.7E4)
control
16. MS or FW—Containment 1.4E-9 150 2.0E-11 3.7E-10 6.0E9
shell in free-standing (1.4E-9) (12.1) (4.6E-11) (4.3E-10) (5.2E-9)
containment® _ v ’
17. MS or FW—CCW* 1.0E-7 16.8 1.4E-9 2.3E-8 3.9E

(1.0E-7) (15.5) (1.3E-9) (2.2E-8) - (3.4K.7)

a. Error factor = 95th percentile/median

b. Numbers in parentheses are from SAPPHIRE runs

c. This event is presented because its containment failure impact is high, though the core damage frequency
" impact ranking is low. N \

Conclusions

The general conclusions reached in this program are:

1. I plants have LRB ap\proval; all SEP-NI PWR plants
nt systems. YOne SEP-III

- - piping inside containmment. Therefors, the failure rates have a large
uncertainty. The : ith have been produced that are
sophisticated efjough to es\firqaté vawgfinces in pipe break frequencies
for different L materials, fabst€ation methods, repair methods, or
stress impyovement methods.

Most pipe Hreak freqyency estimates can be traced back to the same
references, tany owhich are fairly old. The break frequencies in
NUREG-11p0 (1990), which has undergone fairly extensive reviews,

ifications were required by the NRC for SEP-II plants. The
average was slightly more than two changes per plant. No common
locations or documented reasons for the modifications were
determined.

5. Early SEP-III plants had pipe break protection and evaluations

similar to SEP-II plants. Mid-timeframe SEP-III plants had more
emphasis placed on their pipe break protection.
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Later-timeframe SEP-III plants considered inside-containment pipe-
break effects in a fashion similar to current criteria.- All of these
plants indicated that their evaluation of pipe breaks met the intent or
satisfied RG 1.46. The inside-containment pipe-break protection in
these plants appears to be the same as for SRP plants.

Our observations of two PWR and three BWR plants showed that -
while the RCS or PCS of these plants are all similar, the}branch
piping and electrical conduits are field routed m differe anners,
leading us to the conclusion that the field routing probably makes
each plant unique in terms of the proximity of ffipe hreaks and
potential targets. '

ak protection are\ whip
inment liners, and congrete

The main physical barriers for pipe
restraints, jet impingement shields, cg
walls (PWRs only).

The physical separation of componen
than in the Mark I BWRs.

hell (from MS/FW, RHR, or
) ] recirculation or
ty-related-. jpstrument and control
s (from any HELB)] an§ two PWR [damage to safety-related
instrulgent and Control systemy (from any HELB) and breach of
containnen from MW, piping)] sequences were ranked
ential increase in CDF.

an frequency changes for the BWR sequences ranked
were on the order of 10™ to 10" events/rx-yr. The

ainment, with valve failure of a single isolation valve, the mean
Tequency was estimated to be on the order of 10° events/rx-yr.

A number of corrective actions are available to reduce the risk.
Protective hardware and increased ISI are the recommended choices.
In some cases, rerouting of electrical/pneumatic lines may be the best
alternative.

We found that since the field routing of most of the lines is plant-
specific, any corrective actions must also be plant-specific. This is
consistent with the corrective actions for the SEP-II plants, for which
the changes imposed by the NRC varied from plant-to-plant.
Therefore, a plant-by-plant walkdown is recommend to decide what,
if any, corrective actions are needed for each plant.
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Enhanced Prioritization of Generic Safety
Issue 156-6.1 Pipe Break Effects on Systems and
- Components Inside Containment (Draft)

1. INTRODUCTION

The U. S. Nuclear Regulatory Commission
(NRC) is currently assessing the need to review
the 41 older nuclear power plant units referred to
as the Systematic Evaluation Program Phase III
(SEP-III) plants. Generic Safety Issue (GSI)
156-6.1 (R. Emrit, et al., 1993) deals with
whether the effects of pipe break inside con-
tainment have been adequately addressed in
these plants’ designs. The NRC originally evalu-
ated a majority of the SEP-III plants before they
issued Regulatory Guide (RG) 1.46 in May 1973
(AEC 1973b). Although the NRC reviewed
these plants, there is a potential lack of uniform-
ity in those reviews due to the absence of docu-
mented acceptance criteria. The NRC is now
attempting to assess the impact of not having
such criteria in place. The SEP-III plants are:

Nine Mile Point ]

Robinson 2

Point Beach 1 & 2

Monticello ' Fort Calhoun
Dresden 3 \Zio}N &2

Pilgrim Browns Ferry 1\& 2
Quad Cities 1 & 2 ' Indian Pdint 2 &
Surry 1 & 2 Peach Botfom 2
Turkey Point 3 & 4\ Prairié¢ Isjind 1 & 2
Oconee 1,2, & 3 sanermold
Cooper _ ansas 1 (ANO)
Calvert Cliffs 1 D.C.Cook 1
Hatch 1 FitzPatrick

Three Mile Island 1 Brunswick 2
Trojan Millstone 2.

The NRC’s assessment involved an initial
prioritization of the issue to determine whether
the risk involved was sufficiepy high to war-

effects on the
(CDF) estimates,
for any Apo@ntial corrective actions.
The NRG staff perfgrmed an initia| “draft”
prioritizatiog, - bu were
1lity of

the cost estimates for any
nts to reduce the CDF),

pipe breaks, and
potential improve
makin

ore, the prestnt effort seeks to enhance
existing™ #raft” prioritization of GSI
136-6.1, reducing the uncertainties as much as
possible. A significant effort in gathering
addjtional information was required to enhance
prioritization.

1.1 Background

In 1967, the Atomic Energy Commission
(AEC) published the General Design Criteria
(GDC) for comment and interim use. Until 1972,
the AEC staff’s implementation of the GDC
required consideration of postulated pipe break
effects inside containment; however, due to the
lack of documented review criteria, AEC staff
review positions were continually evolving.

Review uniformity was finally developed in
the early 1970s initiated by an internal NRC
communication from L. Rodgers to R. Fraley,
“Safety Guides,” dated November 9, 1972. In
this letter, the NRC proposed a Draft Safety
Guide entitled “Protection Against Pipe Whip

NUREG/CR-6395
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Inside Containment.” This draft contained one of
the first documentations of deterministic criteria
that the AEC staff had been using for several
years (to varying degrees) as guidelines for
selecting the locations and orientations of pos-
tulated pipe breaks inside containment, and for
identifying the measures that should be taken to
protect safety-related systems and equipment
from the dynamic effects of such breaks. Before
they used these deterministic criteria, the staff
used nondeterministic guidelines on a plant-
specific basis. This Draft Safety Guide was
subsequently revised and issued in May 1973 as
RG 1.46 with the same title (AEC 1973b). The
AEC implemented the RG only on a forward-fit
basis.

Regarding pipe break effects outside con-
tainment, the AEC issued two generic letters
(GL): Giambusso 1972, and O’Leary 1973 to all
licensees and Construction Permit or Operating
License applicants; these are known as the
“Giambusso” and “O’Leary” letters, respec-
tively. These letters extended the pipe break
concerns to outside containment, and provided
deterministic criteria for break postulation and
evaluation of the dynamic effects of postulated

systems and
actor shutdown

components relied on for safi
were considered.

The NRC has provided requirements to the
industry regarding pipe breaks outside of con-
tainment by issuing the above-mentioned
“Giambusso” and “O’Leary” letters. Since these
requirements apply to all the affected plants,
pipe breaks outside containment are considered

NUREG/CR-6395

a compliance issue. Therefore, the concern of
pipe breaks outside containment for the 41 SEP-
III units is not considered a part of this issue;
only pipe breaks inside containment will be
considered.

As part of its plant-specific review between
1975 and 1981, the NRC staff used the guide-
lines in RG 1.46 for postulated pipe breaks
inside containment and SRP sections 3.6.1 and
3.6.2 for evaluating postulated pipe breaks out-
side containment. In July 1981, the NRC revised
SRP sections 3.6.1 and 3,6.2 (NRC 1981) to be
applicable to both outside afid inside contain-
ment, eliminating the nee{ for further use of
RG 1.46. Finally, ip#June\ 1987, the NRC
eliminated alk dyfiamic and environmental
rom arbitrary ihfermediate pipe

ruptures. is was accomplished through
Genericdfetter 8§7-11 (USNRC 1987a).

atic Evaluation ram (SEP) revisited the

Bem&"n 1977 and 1987, the NRtSystem-
issue of pipe br ontain-

s inside and outsid

es R. E. Ginna
Dresden 2

Millstone 1 Yankee Rowe
Haddam Neck LaCrosse
+Big Rock Point SONGS 1

This objective was later interpreted to ensure
that the SEP also provided safety assessments
adequate for conversion of provisional operating
licenses to full-term operating licenses. As a
result of these pipe break reviews, the plants
were required to perform engineering
evaluations, technical specification or procedural
changes, and physical modifications both inside
and outside containment. Regarding inside
containment modifications: of the two SEP-II
plants evaluated during the development of the
“draft” prioritization, the boiling water reactor
(BWR) was required to complete installation of
a radiation monitoring system and the



pressurized water reactor (PWR) was required to
perform augmented inservice inspection (ISI)
and modify steam generator blowdown piping
supports. This indicates that there was some
variation of implementation associated with the
original NRC reviews of these early plants for
protection against the effects of pipe breaks
inside and outside containment.

The environment created by pipe breaks can
have a substantial effect on safety-related elec-
trical equipment. For this reason, the degree to
which this electrical equipment has been envi-
ronmentally qualified can affect the overall
impact on safety of postulated pipe breaks. As
with the above-described evolution of uniform
pipe break criteria, electrical systems design
criteria were also in a state of development.
Before 1974, electrical system designs were
generally reviewed in accordance with the
guidelines provided in The Institute of Electrical
and Electronics Engineers (IEEE)-279 (IEEE
1968 and IEEE 1971); however, significant
variations in interpretations of that document
resulted in substantial design differences in
plants. In some cases, true physical separation of
wiring to redundant components was not

()
“\\<\

-any potential igiprovements to reduce the CDF

Introduction

necessariiy accomplished. In 1974, RG 1.75
(AEC 1974) was published, clarifying the
requirements.

1.2 NRC Staff Draft
Prioritization

Based on the information above and esti-
mated frequencies of occurrence in each step of
possible accident sequences that would result in
a reasonably conservative estimate of impact on
overall plant safety, the staff performed an initial
“draft” prioritization of ' thisgfssue. However,
because of large uncertainti€5s in certain parts of
the sequences being gensitered, the resulting
estimates also contgnéi& very large uncertainties.
Particularly, thgse uncertainties concern the
arious types of pipe failures, and
ities that these pipe fajlures would

jet impingement) of i
structures. The NRC

would help estaklish a more well-defined priori-
tization. For this teason, the NRC decided that
additional research Should be performed.

S
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2. PIPE BREAK FREQUENCY ESTIMATES

2.1 Review of Available Pipe
Degradation and Failure
Data

Several of the high-energy lines inside con-
tainments have apparently experienced no deg-
radation. However, some lines have experienced
cracking or wall thinning. In a few cases, sig-
nificant leaks have occurred, but no major
breaks that damaged critical equipment.
Instances of large, high-energy line pipe leaks
inside containments of U.S. nuclear power
plants, the major degradation mechanisms at the
locations, and numbers of leaks in piping of
diameter greater than 51 mm (2 in.) are listed in
Table 2-1 (Shah et al. 1998, Poloski et al. 1999).

Extensive cracking has been found in most
BWR recirculation systems (133 by 1979, 319
by 1983, and more than 1,000 by 1990 have
been reported), although only a small pércentage

were on smaller lines {less thay 8 in. (203 )]
first reported at Dresden Unit 1 1 1965, anf at a
safe end locatlon in the Duane Amol i

detected when repair efforts such as weld over-
lays were undertaken. None of the cracks that
have been detected in BWR feedwater nozzles
from thermal fatigue propagated through the
wall for a leak to occur. Both the recirculation
line and feedwater nozzle problems have been
the subject of NRC NUREGsS, Rulletins, Generic
Letters, and Information Ngs#€es (NRC 1980c,
1982c, 1984b and c, 1988¢), and are being man-
aged by NRC and indy#try programs.

While man Westinghouse and a few Com-

, actual failures (leaks)
have begn relatively Yew: D. C. Cook Unit 2
in 1979, Maine, Yankee
83, and Sequoyaj} Unit |
PWR) in 1992. The Maine

- Yankee incideny was caused by a water hammer

and occurred at 3 location weakened by fatigue
cracking. Extensive erosion-corrosion wall thin-
ning of piping insidd containment was found on
the Jfojan plant (Westinghouse PWR), but no
s have ocgurred. A break in the feedwater
line inside the containment penetration occurred
at\the Indian Point plant (Westinghouse PWR) in
19Y3. A major leak developed and the
. pgffetration was damaged. Leaks have developed

\/in the makeup/high pressure injection lines of

two Babcock & Wilcox (B&W) plants, one in
the early 1980s and one in 1997. A safety
injection (SI) line developed a leak from thermal
fatigue at Farley Unit 2 (Westinghouse PWR) in

Degradation mechanism ' Leaks
BWR recirculation piping Intergranular stress corrosion cracking (IGSCC) 34
BWR feedwater nozzles Thermal fatigue 0
PWR feedwater nozzles Thermal fatigue, water hammer, erosion-corrosion 3
PWR feedwater piping _Water hammer, erosion-corrosion 1
PWR makeup/high pressure injection Thermal fatigue 2
PWR safety injection piping Thermal fatigue 1
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1988, after 6 years of operation. A similar leak
occurred at a Belgian plant. These instances of
degradation have been the subject of NRC
Bulletins and Information Notices (NRC 1979c,
1980c, 1984b, 1987b, 1989, 1991b, 1993), and
are being managed by industry and NRC
programs.

The degradation mechanisms that caused the
small number of failures are being managed by
industry programs with NRC oversight. There-
fore, the present failure rates are expected to be
no higher than those that would be calculated
using the failures to date. Consequently, the
failure probabilities used in recent PRAs are
relied on in Section 2.3 to give failure
probabilities. These appear consistent with the
failure data to date. '

2.2 Leak-Before-Break Status
for SEP-Ill Plants

Leak-before-break (LBB) technology was
approved by an amendment to~ GDC-4 of
Appendix A to 10 CFR 50, and bec effective
November 27, 1987. The techni€al procediyes
and criteria for LBB are definegdl in NUREG/CR-
1061, Volume 3 (NRC 1984b). The bagic
assumption is that if there is mijor degradagffon

resulting from double-endpe pipe breaks. How-

ever, licensees may use £BB as justification for
the removal of primary loop supports such as
part of snubber reduction programs, and the
removal of pipe whip restraints and jet
impingement barriers. One SEP-III plant (Prairie
Island Unit 1) has had LBB approved for its
surge line. This was in conjunction with satis-
fying the requirements of Bulletin 88-11. The
LBB status of SEP-III plants as of 1995 is
summarized in Table 2-2.

NUREG/CR-6395

In most cases, the NRC reviewed generic
requests and granted approvals for Westing-
house (Generic Letter 84-04; Eisenhut 1984),
Combustion Engineering (Richardson 1990),
and Babcock & Wilcox (Crutchfield 1985)
plants. Generic letter 84-04 also included the Ft.
Calhoun plant (Combustion Engineering design)
because Ft. Calhoun has stainless steel primary
coolant piping as do Westinghquse plants, rather
than carbon steel piping as do alj other Combus-
tion Engineering plants. Now8ll Westinghouse
plants were included in Generic Letter 84-04.
Fifteen Westingho;%am of which 10 were

Generic Letter.
accepted the

able with tecting
1 gal/min (gpm).€3.8 /m) in 4 hr. The elines
for leak detection systems were published in
RG 1.45 (AEC \973a). Edison’s letters (1988
and 1990) are examples of NRC approval of
licensee submittals Yor a leak detection system
that isgsufficient t0, detect leakage from a
osgafated  circumf€rential throughwall flaw
ugfng RG 1.457(with the exception that the
seismic qualification of the airborne particulate
radjation monitor is not necessary).

least one leakage detecgion system mus; be oper-

rutchfield’s letter (1985) is the NRC

\lgeneric response to a B&W Owners Group sub-

mittal, and Richardson’s letter (1990) is the
generic response to the Combustion Engineering
Owners Group. Although there were three main
generic approvals, some plants applied for and
were granted LBB individually (Edison 1987,
Brinkman 1989; Gamberoni 1992; Chan 1988;
Perkins 1988), because not all Westinghouse
plants were included in Generic letter 84-04. For
Indian Point 3, the NRC stated (Varga 1986) that
the licensee had provided analyses satisfying the
requirements of the proposed rule for modifica-
tion of GDC-4 of Appendix A to 10 CFR 50, but
since the rule had not been issued (it was issued
the following year), they took no action. The
licensee considers that after the change to the
CFR in November 1987, the Varga letter (1986)
effectively approves LBB for Indian Point 3.
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Table 2-2. Leak-before-break status of SEP-III plants (1995).

Nuclear Steam Supply
Plant System (NSSS) vendor System

Nine Mile Point-1 General Electric (GE) None
Robinson-2 Westinghouse Reactor Coolant System (RCS)”
Point Beach-1/2 Westinghouse RCS®
Monticello GE None
Dresden-3 GE None
Pilgrim GE None
Quad Cities-1/2 GE " Npne
Surry-1/2 Westinghouse /ﬁgé“
Turkey Point-3/4 Westinghouse . ‘ RCS™
Oconee-1,2,3 B&W : RCS¢
Vermont Yankee GE None
Maine Yankee Combustion Engineering RES® \\
Kewaunee Westinghouse _ cs' >
Fort Calhoun Combustion Engineering RCS?
Zion-1/2 Westinghou \, RCS*
Browns Ferry-1/2 ... GE None
Indian Point-2/3 Westinghouse RCS (unit 2, unit 3%
Peach Bottom-2/3 / >one
Prairie Island-1/2 { Westl ghouse . RCS," surge line (unit 1)?
Duane Amold \ None
Cooper None
Arkansas nOne- RCS¢
Calven&?f,:;"m Combusno Ellgmeerm g RCS®

C.C Westmghouse RCS?
Hatch-1 _ None
Fitzpatrick G None
Three Mile Isl B&W RCS®
(TMI)-1
Brunswick-2 GE None
Trojan Westinghouse RCS’
Milistone-2 Combustion Engineering RCS"
a. Eisenhut, 1984 g Gamberoni, 1992
b. Richardson, 1990 h " Dilanni, 1986
c. Crutchfield, 1985 i Edison, 1988
d. Edison, 1990 j Chan, 1988
e. Edison, 1987 k. Varga, 1986
f. Brinkman, 1989 L Perkins, 1988
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2.3 Estimation of Pipe Failure
Rates Applicable to SEP-III
Plants

Most piping failure frequencies have been
based on the basic elemental method, that is,
simply dividing the number of failures by the
number of years of experience. Recently, the
Thomas method has gained some popularity in
estimating pipe failure frequencies. This method
takes into account some pipe parameters such as
thickness, length, and diameter. These data are
fed into a “black box,” which provides a failure
frequency. However, the “black box” is
designed based on mostly nonnuclear industry
experience and data. Although we know of no
pipe break frequencies for commercial nuclear
plant piping that were estimated using the
Thomas method (Thomas 1981), it has been
used for break frequencies in PRAs conducted
for Savannah River and Idaho National
Engineering and Environmental Laboratory
(INEEL).

Most recent PRA reports base their failure
frequencies on previous PRAs, and the previous
PRAs mainly use three basic references:
WASH-1400 (NRC 1975), Electric Power
Research Institute (EPRI) NP-438 (Basin and
Burns 1977), and PLG-0500 (Pickard, Lowe,
and Garrick, Inc. 1989). However, data from
other references also have been used in PRAs
(Oswald et al. 1989; Kolaczkowski et al. 1989).
The PRA reports listed in Table 2-3 were
reviewed. The pipe failure frequency in the

Table 2-3. List of PRA reports reviewed.
Reactor
Plant Type
Beaver Valley PWR PLG-0500
Brunswick BWR EGG-EA-5887
Callaway PWR WASH-1400
Comanche Peak PWR  PLG-0500
Diablo Canyon PWR PLG-0500
FitzPatrick BWR NUREG/CR-4550, Table 4.3-3

PRA basis

Limerick BWR EPRINP-438
Monticello BWR EPRINP-438
Hatch BWR EPRI NP-438
Shoreham BWR EPRI NP-438

NUREG/CR-6395
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WASH-1400 study was based on pipe segments,
that is, the section between welds. The failure
rates (section failure/hr) are based on nonnuclear
industry experience and do not consider failure
mechanisms. Several plant PRAs either simply
used the same failure frequencies given in
WASH-1400 or adjusted the WASH-1400 fail-
ure rates based on plant layout. EPRI NP-438
was based on the experience of 55 nuclear plants
that were operational in 1977. It considered
approximately 250 years of nuclear power plant
operating experience covering a 16-year time-
frame, starting in August 1969.

The Lawrence Livermore National Labora-
tory evaluated the probability of pipe break
failures for PWR and BWR plants (LLNL 1981,
1984a, 1984b, 1985-86; Lo et al. 1989). The
failure frequency of a single weld was estimated
from a fatigue failure using the PRAISE com-
puter code. The study did not take into account
other failure mechanisms. Kafka and Adrian
(1989) estimated failure frequencies for large
piping based on a total of 4,000 years of reactor
experience. They also made another estimate
using the Biblis B (German) plant, considering
the failure frequency of the weld between the
pressure vessel nozzle and the hot leg pipe. The
analysis included structural modeling of the
entire PWR primary loop, a nonlinear soil
structure interaction model, and a detailed
investigation of the entire load history via sys-
tem analysis up to the estimation of an initial
crack distribution inherent in welds. The statisti-
cal and stochastic properties of all important
loading and material parameters were taken into
account, but the effect of IGSCC was ignored.
Jamali (1990) prepared a more recent study
using pipe failure data from operating U. S.
commercial power plants. The author reported
that the methodology accounts for factors that
are postulated to significantly affect the values
of the failure rates, for example, aging, and are
also quantifiable from the database.

Other sources reviewed, but from which no
pipe-break frequency information was found,
were NUREG-1061 (NRC 1984b), NUREG-
0313 Revision 2 (Hazleton and Koo 1988), and
Generic Letter 88-01 (NRC 1988a).
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The mean pipe-break frequency estimates
(events/yr) from the references reviewed are
listed in Tables 2-4 and 2-6 for PWR and BWR
plants, respectively. All values are mean except
for those based on WASH-1400, where they rep-
resent median values. The tables include
WASH-1400 (NRC 1975a), NUREG-1150, and
Poloski et al. (1999). The latter is a more recent
study which considered piping history through
1997. It recommended frequencies about an
order of magnitude below WASH-1400 and
NUREG-1150. The study is very recent and has
not received widespread review.

Many of the reports do not identify any
uncertainty bounds. For failure probabilities less
than 10 events/yr, the uncertainty bounds are
generally considered to be an order of magni-
tude. Uncertainty ranges from the sources that
included pipe break uncertainties are listed in
Tables 2-5 and 2-7 for PWR and BWR plants,
respectively. These include WASH-1400 (NRC
1975a), NUREG-1150, and Poloski et al. (1999).

Estimates of mean secondary piping rupture
frequencies for PWR plants (events/yr

laway plant was based on the
section lengths for that plant
section lengths assumed in WAS

S

decided to
NUREG-1150
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These failure frequencies are listed in Table 2-9.
There has been less failure information
generated for main steam (MS) and feedwater
piping than for reactor coolant systems. Based
on the limited data in Table 2-8, a mean failure
probability value of 3 x 10" events/yr is
estimated, which is about the same as for the
primary system large break frequency.
Therefore, the PWR large break failure
frequency will also be assumed for the large
secondary piping. Since thére bas been more
feedwater system degradagén inside con-
tainment than main steam,syStem degradation, it
is assumed that 80% the {requency comes
from the feedwater €ystem and\20% from the
main steam sys

, the failure studies did nqt consider
the age of the piping, the failure probability is
undoubtedly a functionof the pipe ags, since

(1998, Figure 3.6b) show a statistically increas-
ing trend of leak events caused by thermal
fatigue with plant years of operation. Fatigue
egradation will be gheatest for plants in the life
i hase, presugpably 40 to 60 years, for

replacement or repaired pipe. Recirculation lines
in alk SEP-III BWR plants have been repaired or

- repladed. We believe that the values chosen are

rvative. The mean probabilities are factors
5 and 10 greater than the values in the study
performed by Poloski et al. (1999) for BWR and
PWR RCS piping, respectively.
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Table 2-4. Failure frequencies (events/yr) for PWR plant primary system piping.

Relative Pipe Size®

Very Large Large Medium Small Very Small Other \ Source
2.7E-7 2.0E-4 4.7E-4 5.8E-3 — — i lo Canyon PRA
— — — — 1.2E-2 — Comanche Peak PRA
— 5.0E-4 1.0E-3 1.0E-3 1.3E-2 _ Gallaway PRA
2.7E-7 2.0E-4 4.7E-4 5.6E-3 ) : Behyer Valley PRA®
— — — 1.8E-2 Beavey Valley PRA®
— 1.0E-4 — — Kafka ahd Adrian 1989°

Kafka ’and;§drian 1989°

—_ 1.4E-4 3.2E-4 1.0E- Jamali 19
— 3E-4 8E-4 3E-3\ — — WASH-1400
— 5E-4 1E-3 1E-3 R — NUREG-1150
— 4E-6 /b& N, 4E-4 — - Poloski et al. 1999

el I N . )

a. Very large break >> 6fIn. (152 mm) (for example, reactor y#Ssel) S /

Large break > 6 in152 mm)
-Medium . —--. 4 <break <6 in\(102 <brezk <152 mm)

2 < break < 4 in. (51 <MZAR<102 mm)
break < 2in. (£'51
single weld)

Small

f. Analysis of Core
page 4.5-4.
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Table 2-5. Failure frequency uncertainties (events/yr) for PWR plant primary system piping.

Pipe Break Probability

(events/yr)
Pipe size® Mean High Source
Very large 2.7E-7 8.1E-7 Diablo Canyon PRA
Large 2.0E-4 5.7E-4 Diablo Canyon PRA
5.0E-4 5.0E-3 Callapdy PRA
1.4E-4 7.0E-4 fka and Adrian 1989
3E-4 /;ASH- 400
5E-4 NUREG-
4E-6 Poloski et al.\]999
Medium 4.7E-4 Diablo Canyon'PRA
1.0E-3 Callaway PRA
3.2E4 Kafka and Adriafl 1989°
8E-4 \ WASH-1400
i 1E-3 NUREG-1150°
\3 -5 >Poloski et al. 1999
Small 5.8E s Diablo Canyon PRA
1.0B3 Callaway PRA
Kafka and Adrian 1989°
WASH-1400
NUREG-1150°
Poloski et al. 1999
a. Very large break >> 6 in. (152 mm)}(for ex e, reactor vessel)
Large break >\6 in. (152 mm)
Medium 4 < breaks 6 in. (102 #break < 152 mm)
Small 2 < break < ¥ in. (3#< break < 102 mm)

b. ‘Based on large-diameter pipgefOr Biblis B.

¢. Analysis of Core Damage Frequency: Surry Unit 1 Internal Events, NUREG/CR-4550, Vol. 3, Rev. 1, Part 1, Table 4-9.2,
page 4.9-4
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Table 2-6. Failure frequencies (events/yr) for BWR plant piping.

Relative Pipe Size®

Very Large Large Medium Small Very Small Other Source

— 1.0E4 3.0E4 3.0E-3 3.0E-2 — '\ FitzPatrick PRA

3.0E-7 7.0E-4 3.0E-3 8.0E-3 — L— Shoreham PRA®
— 7.0E-3 3.0E-2 2.0E-2 EPRI NP-438°
— 4,0E-4 2.0E-3 1.0E-2 Limerick PRA
— 7.0E-4 3.0E-3 8.0E-3 Monticello PRA
— 2.6E-4 7.6E-4 2.3E-3 : Hﬁh PRA

1.8E-8 3.0E4 3.0E-3 3.0E-2 Brunswick PRA
—_ 3.0E4 2.8E-4 - 1.8E-3 Jamalh1990
— — — \— Lo 19€5¢
— 3E-4 8E-4 -3 WASH-1400
— 1E-4 -~3E-4 3B3 — — NUREG-1150*
— 2E-5 -5 4E —_ N — Poloski et al. 1999

-a. Very large break >3.6 in. (152 mm) (fog example, reacyef vessel) ) 7

Large break > 6&1. (> 152 mm)

Medium "~ 4 < break < 6\n. (102 < bréak < 152 mm)

Small ’

Ve all

b. Large
Medium
Small

C.

d. Analysis of Cor.

Single weld in recirculation bypdass line.
amage Frequghcy: Peach Bottom Unit 2 Internal Events, NUREG/CR-4550, Vol. 4, Rev. 1, Part 1,

August 1989, Table 49-1, page 4.954. -
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Table 2-7. Failure frequency uncertainties (events/yr) for BWR plant piping.

Pipe Break Probability

Pipe Size Low Mean High Source
Large 1.0E-5 1.0E4 1.0E-3 FitzPatrick PRA
~ 2.5E-5 3.0E-4 1.5E-3 Lo 1989°
1E-5 3E4 1E-3 WASH-1400
3.8E-6 1E-4 3.8E4 NUREG-1150°
9E-7 - 2E-5 9E-5 Polgtki et al. 1999
Medium 3.0E-5 3.0E-4 3.0E-3 ' FitzPatrick PRA
2.3E-5 2.8E-4 1.4E-3 /
3E-5 8E-4 3E-3
1.1E-5 3E-4 1.1} NUREG-1150°
9E-7 3E-5 , 9}5\-5 N Poloski et al\l 999
Small 3.0E4 3.0E-3 3.0E-Q\ #  FitzPatrick PRA
1.5E-4 1.8E-3 9.0E-3 / Lo 1989° "’}
1E-4 3E-3 1E-2 WASH-1400
1.1E-5 3E-3 1.1E-3 \\ NUREG-1150°
1E-4 . 4E-4 1E-3 \ Poloski et al. 1999
* / ) ’
a. Large break > 6 in. (> 152 mm) P
Medium 4 < break <6 in. (}()2 < break < 15 mm)
Small 2 <break < 4 in. (51 break < 102 mm)

b. Single we]d in rec n bypass line.

Analysis of Cote Damage F requenc\ Peach: Bottom Unit 2
August 1989. Tabje 4.9-1, page 4.9-94.\

Ihte\n&E ents, NUREG/CR 4550, Vol. 4, Rev. 1, Part |,

Table 2-8. Failure frequ cies

ents/yr) for PWR plant secondary system piping inside containment.

Break Location

Steam Line Feedwater Line Source
4.6E-4 — Beaver Valley PRA
8.7E-5 2.3E-5 Callaway PRA
4.6E-4 : — Diablo Canyon PRA

NUREG/CR-6395 12
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Table 2-9. Failure frequency recommendations (events/yr) for piping inside containment
(low/mean/high).

Break Size *
Break location Large Medium Small
PWR primary '1.9E-5/5E-4/1.9E-3 3.8E-5/1E-3/3.8E-3 3.8E-5/1E-3/3.8E-3
BWR 3.8E-6/1E-4/3.8E-4 1.1E-5/3E-4/1.1E-3 1.1E-5/3E-3/1.1E-3

PWR main steam and feedwater =~ Same as PWR primary break frequency (20% main steam system
contribution, and 80% feedwater system contribgtion).

a. Large break > 6 in. (152 mm)
Medium 4 < break < 6 in. (102 < break < 152 mm) /
Small 2 < break <4 in. (51 < break < 102 mm). \ O\
\\ \\
\ \
\ P
\\

~
A\
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Review of UFSARs and SERs

3. REVIEW OF UPDATED FINAL SAFETY ANALYSIS REPORTS
AND RELATED SAFETY EVALUATION REPORTS

An important aspect of this research program
was to obtain information regarding the design
efforts made by plant licensees to mitigate the
effects of postulated pipe breaks inside contain-
ment. Information was gathered for three groups
of plants. These are: the SEP-II plants (the 10
earliest SEP plants), the SEP-III plants, and
selected non-SEP plants of more recent licensing
vintage. Since the SEP-II plants were subjected
to a more recent (early 1980s) NRC evaluation
of inside containment pipe break design, any
information regarding additional analyses and/or
plant modifications that might have been
required would be useful for comparison to what
was ‘done on the SEP-III plants. The more
recently licensed (non-SEP) plants were
reviewed since their pipe break designs had been
evaluated by the NRC with uniform acceptance
criteria in place.

All of the review results are ba on‘@adily
available information. If a speciffc design provi-
sion or consideration was g#fot addressed jn a

document, our review could not commen§ on
that missing item. Because migst of the désign

documentation generated for tha, SEP-III plants
te 1960s and gaffy 19905,

was dated in

gaps, our efforts
quently) telephone conv
licensee or the nuclefir steam supply system
(NSSS) vendor to ask very specific questions.
Since the object of this project was to obtain
information that would enhance the prioritiza-
tion of GSI 156-6.1, the work scope- did not
include verification of design commitments or
the status of current plant evaluations regarding
pipe breaks inside containment. Our reviews
were necessarily based on the information that
we could readily obtain.

ations with either the

14

The Giambusso and O’Leary letters specifi-
cally required the applicable BWR and PWR
plants to perform pipe break evaluations for
high-energy  piping outside containment.
However, BWR Mark I plants are generally
considered to have two_contajaments, a primary
and a secondary containmgfit. As applied to the
BWR Mark I plants, the primary containment is
defined as the drzyﬂb shell and torus while the

ontar i reactor building
other selected

tside containrhent

it was applied to the SEP-III
ost of the NRC-generated SERs

the necessary clarification. However, documen-
or three BYR units (Vermont Yankee
Browns Ferry 1 and 2) lacked the proper
Jarification. ¥ scheduled plant visit (as dis-
ssed in Section 3.4 below) or a brief telephone
cénversation provided the needed clarification
fop these three units. As uniformly applied by all
the SEP-1II BWR plants, the Giambusso and
O’Leary letters required a pipe break evaluation
of the piping outside of the primary contain-
ment. The result was that only moderate- and
high-energy piping inside the primary contain-
ment (drywell) had to be considered for this
task.

Finally, an important aspect of the mitigation
of inside-containment pipe-break effects is the
functionality of the required safety-related
equipment. The project work scope did not
include addressing the effects of pipe breaks at
specific locations or the survivability of specific
equipment when subjected to pipe whip or jet
impingement loading. However, information on
generic concerns such as post-pipe break envi-
ronment or flooding were addressed. The envi-
ronmental qualification of safety-related electri-
cal equipment for the SEP-IIl plants was

NUREG/CR-6395
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addressed by the NRC through IE The reason we reviewed the SEP-II plants’

Bulletin 79-01B  (NRC 1980a) for Class 1E UFSARs and any related SERs was to under-
equipment and Generic Letter 82-33 (NRC stand the changes that each plant was required to
1982a) for instrumentation to comply with RG make to adequately satisfy the NRC’s SEP-II
1.97 criteria (NRC 1980b). These two review. Although the SEP-II plants were
documents required all applicable BWR and designed before the SEP-III plants, any required
PWR plants to provide the NRC with sufficient changes made by the SEP-II plants might be
documentation to justify the functionality of all directly applicable to the SEP-III plants.

systems required to mitigate the consequences of

inside containment pipe break. Once completed, 3.1.1 Information Gathering Process

this NRC review process reaffirmed, within the
reasonable limits of backfitting, that each plant
has Class 1E equipment and instrumentation
capable of properly functioning in post-accident
conditions. Consideration of flooding effects
inside containment due to high-energy pipe
breaks or spray from high or moderate-energy
piping was also handled by the NRC in a generic
fashion for the SEP-III plants. The resolution of
Unresolved Safety Issue A-17 (NRC 1989)

The NRC’s Nuclear Document System
(NUDOCS) was used as ‘ond, of the sources of
information to complete pfls task. NUDOCS
allows database searche#to be made on docu-
ments received and#ssued by the NRC. Key
word or phrase g€arches, date searches, report

da;in back to the 1979 or 198

included implementing Generic Letter 88-20 d M 5 od :
(NRC 1988b) that established the Individual oy (g Conain doqumentation
Plant Examination (IPE) process. These system ated eary than

interaction concerns included an assessment of: The seapéhes for the UFSAKs simply
internal flooding and other forms of water involved locating the microfiche that contained
intrusion, including spraying, dnppmgr and the initial UFSARSs and their yearly updates. The
splashing. Therefore, the proper completion of INEEL maintalgs a copy of the NUDOCS

the IPE review process should alsp.reaffis
plant safety-related equipment% indeed capable
~of performing their inten

d copies of all UFSARs are
‘ e INEEL. All updates were
ated, from ghe initial 1982 UFSAR submittal

post-accident flooding condijons. to the latéSt available microfiche update
. ' typically the 1994 update). Most of the
3.1 Review of SEP- - FSARs reviewed did not follow the format of

an ‘ L 1.70 (NRC 1978), but duplicated the plant’s

» s mitial FSAR format. This meant that

The NRC initiated the S information of interest could be located virtually

to reconfi anywhere in the document, which increased the
operating nutlear plants' designs. The NRC time required for the review effort.

Based on experience gained from reviewing
an initial sample set of UFSARs, we decided to
limit the review of SEP-II UFSARs to a small
sample to first confirm whether they could be
opic II-5.A (effects of expected to provide any significant information
relevant to GSI 156-6.1. Two of the ten SEP-II
UFSARs were reviewed. As expected, these two
UFSARs  contained very little substance.
Table 3-1 shows the pertinent information
obtained from this review effort.

containment were.
generated missiles) an
pipe break on structures, systems, and
components inside containment). The SEP-II
review also provided safety assessments
adequate for conversion of these plants’
provisional operating licenses to full-term
operating licenses.

15 NUREG/CR-6395



Review of UFSARs and SERs

3.1.2 Results From IPSAR NUREGs

The SEP-II UFSARs referenced the
Integrated Plant Safety Assessment Report
(IPSAR) NUREGs (NRC 1982b; NRC 1983a
through 1983g; NRC 1984a; and NRC 1986)
that specifically dealt with the NRC’s entire
SEP-II review. These NUREGs referenced and
summarized both the licensee’s submittals and
the NRC’s evaluations. Additional NUDOCS
searches located many of the SERs referenced in
the IPSAR NUREGs; however, most did not
contain any substantial information beyond that
contained in the NUREGs.

Table 3-2 summarizes the results obtained
from the IPSAR NUREGs for SEP-II
Topics III-4.C and III-5.A. All of the SEP-II
plants were required to perform some form of
engineering evaluation in order to satisfactorily
address each topic and demonstrate adequate
safety to the NRC staff. A typical evaluation
consisted of (1) defining a pipe break location,
(2) determining the consequences resulting from
pipe whip, jet spray, impingement, or other
related pipe break effects, and (3) determmmg if

and Palisades)
modifications.
specific informati
resulting from the S

The Haddam Neck gflant provided unique
information regarding the resolution of concerns
over pipe breaks inside containment. The
Haddam Neck licensee committed (Wang 1993)
to several physical modifications to improve the
reliability of the auxiliary feedwater system and
decrease the reliance on feed-and-bleed. The
unique perspective to these modifications is that
all of these changes were made outside

NUREG/CR-6395
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- specifically

containment. The ‘modifications consisted of
(1) installing a new motor-driven auxiliary
feedwater pump (in addition to the existing
steam-driven turbine pumps) outside the turbine

- pump enclosure, powered by emergency onsite

(diesel bus) power, (2) adding more auxiliary
feedwater piping that discharges from the motor-
driven pump and connects to the existing
auxiliary feedwater piping in the turbine pump
enclosure, (3) dedicating .the demineralized
water storage tank to the atyxiliary feedwater
system, and (4) housing electric auxiliary
feedwater pump, the autofhatic initiation support
skids, and some the\ additional auxiliary
feedwater piping %alves' -a new seismically

and Haddam N had Topic III-4.C gddressed
ifi their IPSAR NUREGs. Only
Ginna had a\modification .requirement (inside
containment) résulting from this SEP-1I topic.
The remainder ‘of the SEP-II plants were
evaluated and no changes were required. Each of
the MUREGs refgrénced NRC letters dealing

h the ebalu};.ion of Topic III-4.C.

The SEP-II issue of pipe breaks inside
cqntainment for San Onofre Nuclear Generating
tion, Unit 1 (SONGS 1) was never fully
resolved because the decision to shut down
SONGS | was made before the final evaluation
was due. NUREG-1443 (NRC 1991a) indicates
that the licensee was to respond to Topic III-5.A
prior to refueling outage 12; however, that
outage was never reached due to the decision to
decommission SONGS 1.

3.1.3 Conclusions

During the course of the SEP, a large number
of structures, systems, and components were
evaluated for the effects of pipe break and
internal missile generation inside containment.
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Table 3-1. Review results from search of SEP-II plant UFSARs. \

Environmental n%u(ﬁcation Electrical and
Pipe Rupturc Considcration Inflrumentation Separation
Missile/Jet \C UFSAR
Protection UFSAR Commitment N /{FSAR ommitment Commitment

Specitic  Physical SRP  Other IERE IEEE IE Other

Pipe Rupture Locations Plant RG 3.6.1 Plant 79 279 323 RG Plant RG  Other Plant
Plant Name Considered  Considered Identified Protection 1.46 3.6.2 Speci 1968 1971 1974 \ 1.89 Specific 1.75 Specific
Palisades  Yes® Yes No Yes® X X X X X
R.E. Ginna Yes"*f Yes No Yes® X X" b'e
Notes:

a. Missiles only from primary coolant loop mentioned.
N

uctures, baxgiers, or restraikts had to be utilized.
K 3

~

b. UFSAR indicates that no modifications were necessary bullexi‘slin

N \

¢. Some recent upgrades per these later criteria.

d. Based on information provided in the UFSAR, some systcms wage apparently not gbnsidered as ‘lpiss e sources (main steam, feedwater, etc.). Also, not enough discussion was presented to assure the
reader that all potential missile targets had been considered, especially instrumentatiin and electrical itergs.

¢. Minimal mention of jet spray effects (found

g. Loop compartment barriers exist for migsile effects. Unclear if pi

i. Mentioned under cables.
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Table 3-2. Review results from IPSAR NUREGs for SEP-II plant evaluations.

Changes Resulting from SEP-1I Evaluation

- Additional Inspection  Procedural Phys} jal ~ Tech Spec
Plant Name Type NUREG Number Evaluations Changes Changes M

$ Changes
Palisades PWR 0820 X X
CE 2-Loop  and Supplement | )
R. E. Ginna PWR 0821 X

W 2-Loop  and Supplement 1
Oyster Creek BWR-2 0822

Mk I and Supplement 1
Dresden 2 BWR-3 0823

Mk 1 and Supplement 1
Millstone 1 BWR-3 0824

Mk 1 and Supplement 1
Yankee Rowe PWR 0825

Wd4-Loop  and Supplement |
Haddam Neck PWR 0826 and NRC letter

W4-Loop  (Accession 9304200
LaCrosse BWR 0827

pre-Mk I and Supplement |
Big Rock Point  BWR-1 0828

pre-Mk I o N\
SONGS 1 PWR 082%and 1443

W 3-Loop '
Notes:
CE - Combustionl Engineering was ll}é NSSS supplier ,"‘
w - Westinghouse was the NSSS supp]iér_
MK I - Mark I containment design '
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Table 3-3. Details of SEP-II plant changes required by IPSAR NUREGs.

N\

Inspection Changes Procedural Changes Tech Spec Changes
Resulting from SEP-II Resulting from SEP-11 Physical Modificatighis Resulting Resulting from SEP-I1
Plant Name Evaluation Evaluation from SEP-I} EvaJuation Evaluation
Palisades The licensee e@ﬂ(red to pryvide protection to  The licensee agreed to
the mslrument ljnes for steam gengrator pressure  modify the Technical
PWR and level in Specifications concerning
CE chargin the operability of the leak-
2-Loop dama detection system, as
' required to monitor
leakage resulting from
. potential pipe breaks
inside containment.
R. E. ‘ The licensee committed to reroute nearby
Ginna . instrumentation dables so that sufficient required
nearby instrumentagion will be available for
PWR N accident mitigation, post accident monitoring, and
w safe sh tdown monitoxing, assuming a single
2-Loop . .\ ‘pospfated pipe brea n the charging line,
N Y down line, or ja the “A” accumulator tap. In
' ' ‘hddition, the licensee has committed to install a
\ rkstraint on valve CV-5738 on the steam
\ gdperator blowdown system in response to missile
. '\\co cerns
Oyster Creek \’\ ) ‘\/' n response to a concern regarding cascading
\ breaks, the licensee was required to complete
BWR-2 \\ installation of its airborne particulate and gaseous
Mk 1 radiation monitoring system .

Yankee Rowe

PWR
w
4-Loop

ommitted to
perform augment
of the eight main stea
welds. Also, the lice}igee :
committed to have an apgrrented
inservice inspection (ISI),
program for welds at the n
steam nozzle at the steam
generator and at welds on the
electrical penetration blister 12E.

in. (0.13 m) crossover
iping for potential
inservice pipe
degradation.

The licensee committed to modify the steam
generator blowdown piping supports for jet
impingement loads.
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Inspection Changes Procedural Changes Tech Spec Changes
, Resulting from SEP-II Resulting from SEP-I1 Physical Modifications Resulting Resulting from SEP-II
Plant Name Evaluation Evaluation from SEP-1I Evaluation \ Evaluation
LaCrosse The licensee committed to  The licensee committed to reroute two bra
establish procedures to lines connected to the high pressure coggfpray
BWR close the decay heat (HPCS) line that might be damaged by
pre-Mk 1 cooling system blowdown impingement {rom a break in lt(t%ﬂe‘mat core
linc valve in the event of  spray line. Also, the licensee v6mmitted to
an accident requiring relocate a valve in the degay heat cooling system
containment isolation. blowdown line. A
Haddam Neck  The licensee committed to The licensee compfitted to four physical
implement a dedicated modifications whigh increased auxiliary
PWR erosion/corrosion program for the fecdwater reliability, These are disgussed in the

W piping in the turbine pump

4-Loop enclosure to reduce the ‘ wide-range and nartow-rangg/Steam generator
probability of loss of auxiliary levd] instrumentation 50 Wfat it was either
feedwater and therefore decrease redudant and physically separated or routed
the potential reliance on feed- taking into.account pipe break effects. The
and-bleed. licenseg also upgraded the cabling of the Loop
Tuor ard Core Exit Thermocouples so that they
are physically sepfirated and redyndant. Finally,
ContainmentWater Level and Containment High
Range'Radftion Detectorgfvere installed in
response to\NUREG-0737 and are physically
scparated ang redundant.
Notes: ~
CE - Combustion Engineering was the NSSS supplier v
w - Westinghouse was the NSSS suppijer
MKI - Mark I containment design
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However, only a small number of inspection,
technical specification, procedural, and physical
modifications were required. The number of
changes resulting from the SEP-II reviews aver-
aged slightly more than two changes per plant.
These changes did enhance and improve the
safety of those plants. However, the small num-
ber of changes indicate that even though high-
energy pipe breaks were not explicitly required
to be considered, important features to mitigate
the effects (e.g., redundancy, separation, rout-
ing) were already included in the initial design
of many of the plants. Thus, when the SEP-II
review was concluded, the corrective actions
required to update the plants to the more recent
standards for pipe break concerns inside con-
tainment were minimal.

Looking at the SEP-II plants either as a
group or separately as PWRs and BWRs, no
common locations or reasons for the modifica-
tions were determined. It appears that the
resulting modifications display little if any pat-

, arrangemant
terior walls, the
relative locations of componeqts, equipmeft,
and structures, .amount of syst
and separation used in the design)of e
that must i i i

evaluations.

Since the objectivk of this resgarch program
was to enhance the prigritizatiogfof the SEP-III
plants regarding inside ctontgjffnent pipe break
effects, the majority of thgpeffort was spent on
reviewing SEP-III dbcumentation. Conse-

quently, information was sought relating to the -

effects of pipe breaks inside containment and
related topics.

Initial project planning included visits to four
SEP-II plants. A fifth plant (Vermont Yankee)
was visited several years later. The purpose of
the visits was to obtain information by observing
the relative locations of representative high- and

redund cy
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moderate-energy piping systems and equipment
important to plant safety, and by observing the
measures taken to mitigate the effects of pipe
breaks. This information would then be
compared to similar data obtained from planned
visits to later vintage (non-SEP) plants. We
would then make qualitative judgments
regarding the general susceptibility of the
SEP-III plants’ equipment to i
from pipe ruptures or jet impj
describe the observations
Section 3.4 below:

ongoing docket searches, we
also included a¥ditional document searches to
identify those SER-III BWRs that have under-
taken pipe replacement or repair programs. The
results of this review are also described below.

N _ \
Infdrmgﬁon Gathering Process

We began by using the NRC's NUDOCS
system. As previously indicated in Section 3.1,

- the NUDOCS searches were useful for UFSARs.

owever, NUDOCS was not very helpful for
locating relevant SERs. This was because most
of the SERs containing NRC reviews of inside
containment pipe break evaluations were written
for the issuance of the operating license, and
thus were issued in the 1969 to 1974 timeframe.
Typically, NUDOCS does not contain docu-
mentation dated earlier than 1979.

The effort to obtain current UFSAR infor-
mation was significant. Therefore, we chose a
limited number of SEP-II plant UFSARs for
initial review to determine whether significant
information relevant to GSI 156-6.1 would be
obtained. The SEP-TII plant UFSARs chosen
varied by reactor type (BWR or PWR), NSSS
vendor (General Electric, Westinghouse, Com-
bustion Engineering, or Babcock & Wilcox),
and the timeframe that the original FSAR was
issued (based on the docket number).

NUREG/CR-6395
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UFSARs for 12 out of the 41 SEP-III units
(roughly 30%) were reviewed. Table 3-4 lists
the 12 units highlighted in bold print along with
all of the other SEP-III units. Table 3-4 lists
these SEP-III plants by docket number, which
roughly corresponds to the relative time that the
licensees first applied to the NRC (or its

predecessor organization) for review of
construction permit documentation. The selected 172-SE
UFSARs were distributed throughout the Point

group’s population. However, the information
obtained from these UFSARs was inadequate for
our purposes. Unlike the UFSARs for more
recent plants, the SEP-IIT UFSARs reviewed did
not contain much discussion on insige
containment pipe breaks. Many of thes
UFSARs did not address pipe break evaluations
at all, while the others containéd only minimal
information regarding

. desi commitments
made for the operating 4fcense.  Sigce the
UFSAR reviews did n(/p:z; the Yesired
information, we decided, to concentrgte the
review on the relevant SEclil\\ :

The

mation
initial

6/3/93

2/12/86

8/12/87

were structured for the iptividual plants by
specifying their docket ber and limiting the
database to search foL&ERs only. For efficiency,
searches were performed with the key word
limitations of “pipe break,” “pipe rupture,” or
“break location.” INEEL personnel experienced
in performing NUDOCS searches obtained no
listings after attempting the searches described
above. To guard against the possibility of mis-
interpretation of how NUDOCS performs its
searches, we consulted with the NRC NUDOCS
personnel in an attempt to better refine our
search parameters. The NRC NUDOCS person-
nel also attempted several searches and also
obtained no findings. In fact, they tried a search
with the key word “pipe” on one of the plants
and again obtained no listings. The NRC
NUDOCS staff indicated that SERs must have
been entered into NUDOCS in an unusual

10/25/84

3/29/83

12/13/82

5/21/81

9/4179
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tive BWR ( en
Point 3 &%).°

fashion not to gei any listings for such a
common keyword.

\

To ensure completeness, abroader search of the
NUDOCS database wgg#made. General listings

were obtained of %] the SERs for a representa-

and PWR (Turkey
ese searches identified a total of
or Dresden 3 and 221 for Turkey

& 4. We reviewed Ml of the SERs for

o SERs were
evaluation of

%r the PWR plant

additional\information regarding the environ-
mental qualification of equipment and the
effects of ggvkd:‘ng resulting from high-energy
line breaks (HBELB). The issue dates and topics

fopthese SERs @e

listed below:

For Dresdef’3 (BWR):

Post-accident neutron flux monitoring
instrumentation

Environmental qualification of electric
equipment

For Turkey Point 3 & 4 (PWR):

Physical separation and fire protection
of electrical cables

Environmental qualification of safety-
related electrical equipment

Environmental qualification of safety-
related electrical equipment

Environmental qualification of safety-
related electrical equipment

Environmental qualification of safety-
related electrical equipment

Susceptibility of safety-related equip-
ment to flooding caused by failure of
nonsafety-related equipment

Considering the date limitations of the
NUDOQOCS database and

the scarcity of
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Table 3-4. SEP-1II plants selected for UFSAR review.

Plant Name NSSS Vendor Reactor Type Docket Number
Nine Mile Pt. 1 GE BWR-2, MK I 220
Indian Pt. 2 W PWR 4 Loop o247
Dresden 3 GE BWR-3, MK 1 249
Turkey Pt. 3 w PWR 3 Loop 250
Turkey Pt. 4 i PWR 3 Loop 251
Quad Cities 1 GE BWR-3, MK I ' 254
Browns Ferry 1 GE BWR-4, MK I 259
Browns Ferry 2 GE BWR-4, MK 1 260
Robinson 2 w PWR 3 Loop 261
Monticello GE BWR-3, MKy 263
Quad Cities 2 GE BWR-3, I 265
Pt. Beach | w PW 266
Oconee 1 B&W PWR Standard
Oconee 2 B&W PWR Standard
Vermont Yankee GE B BWR-4, MK 1
Peach Bottom 2 GE BWR-4, M
Peach Bottom 3 GE BWR-4, M 278
Surry 1 W.. PWR 3 Loop 280
Surry 2 w . PWR 3 Loop 281
Prairie Island 1 \ PWR 2 Loop 282
Ft. Calhoun CE R 2 Loop 285
Indian Pt. 3 A : PWR 4 Loo( 286
Oconee3 .. &W - 'WR Standard 287
TMI 1 &W T 'WR Standard 289
Pilgrim AR GE/\) WR-3, MK I 293
Zion 1 NW o\ PWR 4 Loop 295
Cooper GE \ BWR-4, MK I - 298
Pt. Beach 2 PWR 2 Loop 301
Zion 2 ) - PWR 4 Loop 304
Kewaunee PWR 2 Loop : 305
Prairie Island 2 PWR 2 Loop 306
Maine Yankee . CE PWR 3 Loop 309
ANO-1 - B&W PWR Standard 313
Cook 1 A PWR 4 Loop 315
Calvert Cliffs 1 CE PWR 2 Loop 317
Hatch 1 GE BWR4, MK 1 321
Brunswick 2 GE BWR-4, MK 1 324
Armold ~ GE BWR4, MK 1 331
FitzPatrick GE BWR-4, MK 1 333
‘Millstone 2 CE PWR 2 Loop 336
Trojan W PWR 4 Loop 344
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information retrieved, we decided not to
continue searching NUDOCS for SER data.

Instead, we attempted to locate SERs that
were issued before to 1979 or 1980. This search
led us to the INEEL Technical Library, where
microfiche copies of documents dating from the
1960s and the 1970s were located for many of
the NRC dockets.

Three plants were selected for a brief review
of all available older documentation to deter-
mine if any of it contained NRC review infor-
mation related to pipe break effects inside con-
tainment. These plants (a total of five units)
were D. C. Cook 1; Oconee 1, 2, and 3; and
Millstone 2. The reviews for these plants
indicated that the licensing SER (the SER writ-
‘ten by the NRC supporting the issuance of the
plant’s operating license) usually contained the
NRC’s only commentary on the plant’s design
efforts regarding pipe breaks inside containment,
missiles, pipe whip, etc. Therefore, we decided
to pursue only the licensing SERs for in\forma-
tion relevant to GSI 156-6.1. plements to
these licensing SERs were#included in\ the
review when available.
licensing SERs for the S
PWRs were reviewed with the exceptibn of
Surry 1 and 2. Neither of the Surry ShRs.were

an acceptable amount of data had be:
additional efforts to obtain tha Surry SERs were

UFSARs. Although all'of thefreviewed UFSARs
indicated that pipe brege€ were considered, the
information presented regarding affected sys-
tems, design provisions made to mitigate the
effects of pipe break, and other more detailed
information was not located.

Tables 3-6 and 3-7 summarize all of the
comments contained in the SEP-III licensing
SERs related to pipe breaks inside containment.
Table 3-6 addresses the SEP-III BWR plants,
while Table 3-7 provides commentary on the

SEP-III PWR plants. As can be seen-from these
tables, much more detailed information was
obtained than in the review of UFSARs. The
specifics regarding installation of pipe whip
restraints were clarified in much more detail.
The major design concerns for the earlier
SEP-III plants were discussed and the imposed
loadings were more clearly defined. Any further
inside-containment pipe -~ bxgak information
(including current status) #ould have to be
obtained by contacting €ach specific SEP-III
plant. ’

3.2.3 Cdfi usions

multiple systems, and sys-
th other adjacent safety-

Based on the information reviewed, the
edrly-timeframe SEP-III BWR plants (May 1969
ugh November 1970 licensing SER date)
ere much more focused on maintaining the
integrity of the primary containment. Of course,
all plants considered the consequences of the
high containment pressure that could potentially
be reached during a worst case Loss-Of-Coolant -
Accident (LOCA). However, most of the early-
timeframe SEP-III BWR plants also considered
jet impingement loadings on the containment
and some even considered pipe whip (impact
loads). For the mid-timeframe (June 1971
through November 1972 licensing SER date)
BWR plants, more systems were typically con-
sidered as being capable of pipe break. Addi-
tional provisions were made to address these
increased number of pipe break concerns
including additional ISI to demonstrate a
reduced potential for pipe break. However, these
plants were still mainly concerned with primary
containment integrity. Many of these mid-time-
frame plants added protective covers to the
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Table 3-5. Review of SEP-III plant UFSARs.

vironmental Qualification

Pipe Rupture Consideration ctrical and Instrumentation

Scparation

Flood Missile/Jet

UFSAR

UFSAR UFSAR
Protection Protection . Commitment o Commitment Commitment
Specific  Physical SRP, .%n( 1EEK IEEE IEEE Other Other
Pipe Rupture  Pipe Rupture Locations Plant RG 3.6.1 lant 279 \ 279 323 RG Plant RG Plant
Plant Name Considered Considered  Considered ldentified Protection 1.46 3.6 Specific 1968 N971 1974 1.89 Specific  1.75 Specific
Nine Mile | ' No® Yes® Yest! No X X X'
Oconee 1,2 & 3 No# Yes™" No X X - X X'
Prairie Island 1&2 No* Yes X X X
Ft. Calhoun No™" X X X!
Millstone 2 Nof X X X
FitzPatrick No* ¢ X X X X"
D.C. Cook 1 Nof X X X X#
Browns Ferry | & 2 No* X X X"
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Table 3-5. (continued).

Environmental Qualification

Pipe Rupture Consideration \_Electrical and Instrumentation Separation
Flood Missile/Jet UFSAR UFSAR UFSAR
Protection Protection Commitment
Specific  Physical SRP.  Other \ 1
Pipe Rupture  Pipe Rupture Locations Plant RG 3.6, ant.
Plant Name Considered __ Considered  Considered Identificd _ Protection  1.46  36.2 #Specific. 1.89 Specific 175  Specific

Notes:

* All plants had to satisfy the NRC regarding RG 1.97 (or the intent of it via GL 82-33) and had to satjsfac
a. Flooding of containment was mentioned as potential occurrence during LOCA.

b. Limited items considered as missiles. .

c. Not designéd for GDC-4 but intent satisfied mainly by containment integrity and réglun ancy/backup.

d. No specific mention of moderate energy systems having through wall leakage cracks,

e. No specific mention of pipe whip restraints, jet or missile shields, etc. found in UFSAR.

f. Mentioned under cables. ' - ' .

g. No specific mention located in UFSAR. \ ,‘

h. Limited mention of jet spray effects or protection. :
i. Limited mention of componenlg‘coﬁéi'déred.‘ ‘ . .

j. Mention of barriers for mi_ssilés t impingeinent made in U_FS

\

NUREG/CR-6395 26

ily respond to IE 79-01B.

cubicles p#ntioned for pipe rupture mitigation in UFSAR.
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Table 3-5. (continued).

Environmental Qualification

Pipe Rupture Consideration Elegtrical and Instrumentation Scparation
Flood Missile/Jet UFSAR UFSAR UFSAR
Protection Protection Commitment Commitment Commitment
Specific Physical SRP Qther EE] IEEE IEEE Other Other
Pipe Rupture  Pipe Rupture Locations Plant RG 3.6.1 Plan 279\ 279 323 RG  Plant RG Plant
1.75  Specific

Plant Name Considered Considered _ Considered _ Identified  Protection  1.46  3.6.2 \Speeflic 1968 N971- 1974 1.89 Specific

Notes (continued):
k. Leak-Before-Break used on main coolant and pressurizer surge lines as generic Westinghouse plant issue.
1. Some recent upgrades per this later criteria.

m. Submergence mentioned only for electrical equipment.

n. Missiles only from primary coolant loop mentioned.
0. Minimal mention located for enginecred safety features (ESFs) systems or ECCS.

p. Limited systems considered.

q. Minimal information provided, Pipe whip restraints placed only where ient:
for seismic and pipe whip restraints. . \

r. Mention was only found for pipe whip restraints. No mention omissile or jet imﬁinge ent barriess foungd” . /

s. No mention of jet impingement on items such as electrical equipmeqt, instrumentati

N

t. Limited information available

u. Vague mention of physical separation.

imated for main stean and gwmcr lincs only. Unclear over differentiation between restraints

. other safetyrrelaed piping, ete. Jet impingement discussed only for large structures and barriers.

N,
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Table 3-6. Review results from SEP-11I BWR plant SERs.

Design Considerations for Structures, Systems, and Components Subjected to Pipe Break Effects

Plant Name Missiles Main
(SER Date) Considered Containment Shell Containment Pen, Recire. Stea Feedwater Other
Nine Mile 1 Jet impingement Jet impingement adequate
(5-69) adequate and reaction forces OK
Monticello Pipe whip /More IS} More ISI
(3-70) ) restrainty added
Dresden 3 Containment OK Jet impingement ip ’ Biological shield OK for pipe
(11-70) adequate raints added rupture pressures,

Vermont Yankece
(6-71)

Quad Cities |
(8-71)

Quad Cities 2
(8-71)

Pilgrim
8-71)

Containment OK

Containment OK

Containment OK

 (MS) and feedwater \

Jet impingcment Reaction forces OK Pipe whip
adequate and protective \estraints added

cover for main stream N\

(FW) breaks installed
on lower spherical
portion

Protective cover for A More ISI More ISI
MS, FW, and high- restraints added

pressure coolant N :

injection (HPCI) .

breaks install A k v

Protective cover | Pipe whip More IS1 More 1S1

restraints added

Pipe whip
.restraints added

Residual heat removal (RHR)
cannot damage containment.
Biological shicld OK for pipe
rupture pressures and jet
impingement. Shicld plugs
restrained to not become
missiles. :

RHR cannot damage
containment. Biological shicld
OK for pipe rupture pressures
and jet impingement. Shicld

plugs restrained to not become

missiles.

Biological shield OK for pipe
rupture pressures and jet
impingement. Shield plugs
restrained to not become
missiles. Pipe ruptures in
cylindrical portion of drywell
do not result in impact energics
sufficient to perforate the
drywell shell,
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Table 3-6. (continued).

Design Considerations for Structures, Systems, and Components Subjected to Pipe Break Effects

Plant Name Missiles Mai
(SER Date) Considered Containment Shell Containment Pen. Recire. Stea&)‘ Feedwater Other
Browns Ferry | Containment OK- Jet impingement Jet protection barriers Pipe whip Mo More 1SI More IS on RHR (another
(6-72) Recirculation pumps  adequatc and protective  provided for large pipe restraints added unrestrained line).
with overspeed cover for M5, FW, and  penetration, reaction forces . :
prevention make RHR breaks installed  OK - / '
missiles low on lower spherical '
probability portion -
Browns Ferry2  Containment OK- Jet impingement Jet protection barriers ¢ whip More l‘S‘l More IS More ISI on RHR (another
(6-72) Recirculation pumps ~ adequate and protective  provided for large pipe restraints added unrestrained line).

with overspeed
prevention make
missiles low
probability

Peach Bottom 2  Containment OK

(8-72)

Peach Bottom 3

Containment OK
(8-72) o

J. A. Fitzpatrick  Containment OK‘J\

(11-72)
with overspeed
prevention make
missiles low

probability

Recirculation pumps
~. coyer (per UFS

cover for MS, FW, and
RHR breaks installed
on lower spherical
portion

Jet impingement
adequate and protective
cover for MS, FW,
RHR, and HPCI breaks
installed on spherical
portion

penetration, reaction force
OK -

Jet prolci:;io barriers
provided for lyrge pipe

Pipe ghip
restramts added

penetrations

.

Pipc whip
restraints added

Pipe whip
restraints added

Pipe whip
restraints
added,
more [S]

Pipe whip
restraints
added,
more ISI

Biological shield OK for pipe
rupture pressures and jet
impingement. Shield plugs
restrained to not become
missiles. Pipe ruptures in
cylindrical portion of drywell
do not result in impact energies
sufficient to perforate the
drywell shell,

Biological shield OK for pipe
rupture pressures and jet
impingement. Shield plugs
restrained to not become
missiles. Pipe ruptures in
cylindrical portion of drywell
do not result in impact encrgics
sufficient to perforate the
drywell shell.

Pipe whip restraints added
where break could result in
containment impact. More 151
at locations where restraints
not installed. ECCS redundant.
Shield and RV support
structures OK for pipe whip
and jet impingement loads.
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Table 3-6. (continued).

Plant Name
(SER Date)

Design Considerations for Structurcs, Systems, and Components Subjected to Pipe Break Effects

Missiles
Considered

Containment Shell

Containment Pen.

Recire,

Main
Ste.

Fecdwater

Other

Duane Arnold
(1-73)

Cooper ‘
2-73)

E. I. Hatch |
(5-73)

Brunswick 2
(11-73)

Note:

a. Containment designs are all free-standing steél‘pnmary

Category I structures
OK, recirc. pumps
with overspecd
prevention make
missiles low
probability

Containment OK-
Recirculation pumps
with overspeed
prevention make
missiles low
probability

Recirculation pumps
with overspeed
prevention make
missiles low
probability
Category I structures
OK but no internal
missiles indicated
recirculation purffps
with overspeéd
prevention reduces
missile probabilily\

. agcident loads }\

Jet impingement
adequate and protective
cover for MS, FW,
RHR, and HPCI breaks
installed on cylindrical
and spherical portions,
intemnal structurcs
designed for jet
impingement and
differential pressure

Jet protection barrig

drywell to prote¥! vent
system :

Containment
ations, and

concrete supports
designed for
loads, internal
structures OK:for
pressure, jet

impingement, an\d

primary containment with a surrounding concrete reacigf building.

Jet protection barriers
provided for large
penetrations

N

Jet prowection batrie
providedq, for pipe?,
penctratins with bellow,
joints 5

Pipe break evaluations per
proposed RG 1.46.

Pipe break evaluations per
intent of RG 1.46.

More ISI at locations where
restraints not installed. ECCS
redundant,.

Pipe break evaluations per
intent of RG 1.46.

Jet loads should not disable or
degrade cssential equipment.

Pipe break evaluations per
RG 1.46.

ntainments with a surrounding concrete reactor building except for Brunswick 2 which i a steel-lined concrete
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Table 3-7. Review results from SEP-III PWR plant SERs.

Design Considerations for Structures, Systems, and éqmponcnts Subjected to Pipe Break Effects

Plant Name Missiles Containment /
(SER Date) Considered Containment Shell Pen. RCS Loop Main Stcam  Feedwater Other
Robinson 2 , / :
(5-70)
Pt. Beach |
(7/70)
Pt. Beach 2
(7/70)
Indian Pt. 2 Considered missiles from
(11/70) primary system only,
Category I systems and
containment adequate,
RCS pump adequately
designed and appropriate
ISI used so no missile
concern .
Oconeel Containment, RCS, and Moggrrestraints
(12/70) associated engineered added, more ISI
safety features OK RCS, attention on
pump ddequately designed. piping whose
and apppefiatedSl used failure could
50 nQuhissile concern damage
AN fecdwater ring
\-\. _ header
Oconee 2 ' Cont>1in nt, RCS, and \ Containment  More restraints
(12/70) associziu_;d gineered penetration added, more IS]

room exists attentionon
piping whose

OK, RCS
designed

and appropriate ¥SI used failure could
so no missile concern damage
\ feedwater ring
: header
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Table 3-7. (continued).

Design Considerations for Structurcs, Systems, and Components Subjected to Pipe Break Effects

Plant Name Missiles Containment
(SER Date) Considered Containment Shell Pen. RCS Loop Main §#am  Feedwater Other
Oconee 3 Containment, RCS, and Containment  More restraints
(12/70) associated engineered penetration added, more ISI
safety features OK, RCS room exists attention qn
pump adequately designed S
and appropriate ISI used
so no missile concern
Surry 1 Document not available
2/71)
Surry 2 Document not available
/71

Maine Yankee
2/72)

Turkey Pt. 3
(3/72)

Turkey Pt. 4
3/72)

NSSS protected

Yes per Section 5.1.8.3
and Appendix SE of
FSAR, RCS pump
adequately designed and
appropriate ISI used so no

missile concern

appropriate ISI'used so no
missile concern

desighed for
differektial pressyre,
reactor avity
dcsiéne for
longitudjnal RCS

pipe spjit
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Table 3-7. (continued).

Design Considerations for Structures, Systems, and Components Subjected to Pipe Break Effects

Plant Name Missiles Containment :
(SER Date) Considered Containment Shell Pen. RCS Loop MainStcam Feedwater Other
Kewaunee Category I structures Jet impingement Jet
(1172) adequately designed for adequate, internal impingement /
missiles compartments OK adequate,
for differential guard pipes
pressure and jet assure that
impingement steam will not
discharge into
- annulus if
pipc breaks
Ft. Calhoun NSSS protected Internal :
8/72) compartments OK
for differential .
pressure and jet 3
impingement "
AN

Containmgnt
penetration
rooms exist N

Calvert Cliffs 1 NSSS protected, RCS

(8/72) pump adequately designed -
and appropriate ISI used
so no missile concern

Prairie Island 1 Category I struct impi et . Pipe rupture criteria
9/72) adequately degé ' impingemen . provides protection for
missiles, RCY pump ( adequat all vital equipment
adequately designed and iff i guard pipes against both jet
appropriate ISI Ij in; assure that impingement and pipe
missile concern steam will not : whip. Evaluation
5 discharge into ' included all high
N annulus if » pressure piping.
pipe breaks
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Table 3-7. (continued).

Design Considerations for Structurcs, Systems, and Components Subjected to Pipe Break Effects

Plant Name Missiles Containment
(SER Date) Considered Containment Shell Pen. RCS Loop Main S#€am  Feedwater Other
Prairie Island 2 Category I structures Jet impingement Jet Pipe rupture criteria
(9/72) adequately designed for adequate, internal impingement / provides protection for
missiles, RCS pump structures OK for adequate, ‘ all vital equipment

Zion 1
(10/72)

Zion 2
(10/72)

ANO 1
"(6/73)

adequately designed and

appropriate ISI used so no

missile concern

Category I structures
adequately designed for
missiles, RCS pump
adequately designed and

appropriate ISI used so no

missile concern

Category I structures
adequately designed for
missiles, RCS pump
adequately designed and

appropriate ISI used so no

missile concern

differential pressurc
and jet impingement

Internal structures
OK for differential
pressurc and jet
impingement

or differenti:/}l
pressure and jet -
impingement

guard pipes
assure that
steam will not
discharge into
annulus if

pipe breaks

Pipe whip
restraints @dded

kN

Pipe whip
restraints
added

pe whip | B Pipe whip

restraints adgded -

restraints
added

restraints
added

Pipe whip
restraints

" added

against both jet
impingement and pipc
whip. Evaluation
included all high
pressure piping.

Evalualion. included
RCS, MS and FW,

Evaluation included -
RCS, MS and FW,

Pipe breaks postulated
in systems operating at
300 psig or greater.
Criteria different but
not inconsistent with
staff position. More 1S1
at locations where
dynamic analyses
required by staff
indicates additional
protection required.
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Table 3-7. (continued).

Design Considerations for Structures, Systems, and Components Subjected to Pipe Break Effects

Plant Name Missiles Containment :
(SER Date) Considered Containment Shell Pen. RCS Loop MainSicam  Feedwater Other
T™MI | Protection assured for RCS, MS, and FW Pipe whip /pe hip  Pipe whip  Damage to other safety
(7/173) containment (and liner) restrained to prohibit restraints added #7 restrain restraints related systems
-and components of the containment damage, added added prohibited by
engineered safety features, internal structures restraining RCS, MS,
RCS pump adequately OK for differential and FW. Protection for
designed and appropriate  pressure vital systems provided
ISI used so no missile by shield walls
concern surrounding pumps and
steam generators and
by routing safety
systems to attain
» separation.
Indian Pt. 3 Category I structures Internal ‘ Pipe whip. Pipe whip  Pipc whip  Pipe break evaluations
9/73) . adequately designed for-  compartments OK, restraints added\ restraints restraints per RG 1.46.
missiles, RCS protected i added added Category I components
by shield wall and floor, and systems are
RCS pump adequately o provided in sufficient
designed, and appropriate tedundancy.
ISI used so no missile
concern ' o
D. C. Cook 1 Category 1 stry . Pipe whip Pipe break evaluations
9/73) adequately restraints added per RG 1.46,
missiles, RCS\pump Evaluation included
adequately designed and RCS, connecting
appropriate IS{ used so no systems, and other
missile concern, systems.
Millstone 2 Category I structures ‘nd Pipe break evaluations
(5/74) essential systems and per RG 1.46.

components adequately
designed for missiles,
RCS pump adequately ™,
designed and appropriate
ISI used so no missile
concern

impingement
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Table 3-7. (continued).

= Design Considerations for Structurcs, Systems, and Components Subjected to Pipe Break Effccts
m . .
Q Plant Name Missiles Containment
S . . . N
9 (SER Date) Considered Containment Shell . Pen. RCS Loop Main S#am  Feedwater Other
oy Trojan Category | structures (and  Designed for pipe Pipe break evaluations
% (10/74) systems and components  rupture effects, per RG 1 .46.
v located inside these internal structures
structures) adequately OK for differential
designed for missiles, pressurc and jet
RCS pump adequately impingecment
designed and appropriate
ISI used so no missile
concern, pump overspeed
a concern
Note:
a. Containment designs are all concrete with steel liners except for Kewaunee and Prairic Islund_ 1&2 ;vhich are frcc-slaﬁding ¢el containments and a concrete shield building with an annular space
between them. : - -
W
b=

~ 0

) {
S
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inside surface of the primary containment at
locations of specific concern to reduce pipe
break loadings. Only the later-timeframe
(January 1973 through November 1973 licensing
SER date) BWR plants appeared to consider
pipe-break effects inside containment in a
fashion similar to current criteria. All these
plants indicated that their evaluation of pipe
breaks met the intent of, or satisfied RG 1.46.
The surrounding essential or safety-related
equipment were finally included in the design
evaluation process. The pipe break evaluations
also progressed such that many of the mid- and
later-timeframe BWR plants started to explicitly
address internal structures. As the pipe break
evaluations progressed, so did consideration of
the imposed loadings. The early-timeframe
plants typically considered just jet impingement
or pipe whip (impact) loads, whereas the later-
timeframe plants explicitly indicated the
consideration of jet impingement, differential
pressures, reaction loads, and pipe whip.
Table 3-8 lists the BWR SEP-III plants by the
timeframes defined herein and by the date of the
licensing SERs.

The information contained in the ARs:,
and SERs for the early-timeframegMay 1970

through March 1972 licensin& SER date)
SEP-III PWR plants also did not\ddress pipe
break effects in much _detail. Of

documents did indicate that the con

steam, and feedwater syst_ems ly the later-
timeframe (September 197 rough October
1974 licensing SER date) PWR plants appeared
to consider pipe-break effects inside contain-
ment in a fashion similar to current criteria. All
of these plants indicated that their evaluation of
pipe breaks met the intent of or satisfied
RG 1.46. The pipe break evaluations also
progressed such that many of the mid- and

NUREG/CR-6395

rse thef
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\early as 1965, cra

Review of UFSARs and SERs

later-timeframe PWR plants started to explicitly
address internal structures and some plants
discussed protecting surrounding essential or
safety-related equipment. As the pipe break
evaluations progressed, so did consideration of
the imposed loadings. The earlier plants
typically considered just jet impingement loads,
whereas the later plants explicitly considered jet
impingement, differential pressures, reaction
loads, and pipe whip. Table 3-9 lists the PWR
SEP-III plants by the timeframes defined herein
and by the date of the licensing SER€.

The later-timeframe BWR and PWR SEP-III
plants that satisfie (axgstenti ly those that
satisfied the intent of) RG 1.46 are not expected
ipe-break

3.24 wape Replacement
NUREG-053 1979b) states that

had been observed in the
eat-affected zones\of welds joining austenitic
stainless  steel ing and  associated
coinponents. These c cks were attributed to
IGSCC because of the C(ixgl‘)ination of high local

sitization of #he materials, and the
high oy#'gen conten;})f coolant used during the

rature range of 1600 to 800°F (871 to
477°C). This slow cooling allows the precipita-
tion of chromium-rich carbides along grain
boundaries. The formation of these carbides can
deplete the chromium levels below that needed
for corrosion protection in other adjacent grain
boundaries. These depleted zones along the
grain boundaries become susceptible to attack
by a corrosive environment. If a high tensile
stress also exists, this attack may take the form
of IGSCC.

In January 1988, the NRC issued Generic
Letter 88-01 (NRC 1988a) which required all
operating BWRs and holders of construction
permits for BWRs to state their intention to
follow recommended staff positions or propose
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Table 3-8. Listing of BWR SEP-III plants by timeframe and initial date of licensing SER.

Plant Defined Operating Licensing RG 1.46
Name Timeframe : . License SER Date Used

Nine Mile Pt. 1 Early 8/69 5/69
Monticello Early 9/70 3/70
Dresden 3 Early 1/71 1170
Vermont Yankee Mid 3/72° 671
Quad Cities 1 Mid 10/71 8/7
Quad Cities 2 Mid 472 o a{ |
Pilgrim Mid 6/72 : 8/71
Browns Ferry 1 Mid 12/73 6/72
Browns Ferry 2 Mid 8/74 6/7
Peach Bottom 2 . Mid - 8713 ‘ |
Peach Bottom 3 Mid 7714 8/72 s
FitzPatrick Mid 10/74 11/72
Duane Arnold Late” - /74 /73 Met proposed
Cooper te ; 74 | o 2/ Met intent
Hatch1 | Late 8/74 .o Met intent
B{l{nsivilick? o Late 12/ 11/73 Met RG 1.46
Note .
a. Issuance 0, 1 power license was delaytd, so the in mLcntncah! te was used.
Table &Klstmg of PWQEP IH\ants by timeframe and initial date of licensing SER.

Plant NSSS \ ~D>1ned Operating Licensing RG 1.46

Name Vendor Timeframe License SER Date Used
Robinson 2 Early 7170 5/70
Pt. Beach 1 Early 10/70 7170
Pt. Beach 2 Early 5/72 7770
Indian Pt. 2 W Early 5/73° 11/70
Oconee 1 B&W Early Tk 12/70
Oconee 2 B&W Early 10/73 12/70
Oconee 3 B&W Early . 7174 12/70
Surry 1 - w Early 572 211
Surry2 w Early 1/73 2/71
Maine Yankee CE Early 10/72° 2/72

NUREG/CR-6395 38
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Table 3-9. (continued). .

a. Issuance of full power license

Plant NSSS Defined Operating Licensing RG 1.46
Name Vendor Timeframe License SER Date Used

Turkey Pt. 3 A Early 7172 3/72

Turkey Pt. 4 W Early 4/73 3/72

‘Kewaunee w Mid 12/73 7172

Ft. Calhoun CE Mid 5173 8/72

Calvert Cliffs 1 CE Mid 7/74 - 87

Prairie Island 1 w Mid 8/73- /x;/n

Prairie Island 2 w Mid 10774 9/72

Zion 1 W Mid 4/7 10/72

Zion 2 w Mid 1073 10/72

ANO-1 B&W Mid 5/%\ /73

T™I | B&W Mid 4/74 7173 P

Indian Pt. 3 w Late 12/75 9/73 Met RG 1.46

D. C. Cook ] W Late 10/74 9/73 Met proposed

Millstone 2 CE « Late 8/75 5/74 Met RG 1.46

Trojan W ate 15 10/74 Met RG 1.46

Note: N /

positions onthe miti

for many
8-01, the

nificant amourt of data of Interest.” Since the
presence of IGSCC and somg of the mitigation
methods discusset\in Genegic Letter 88-01 and
Supplement 1 might affpét the pipe break fre-
quency, and thus the gOtential core damage fre-
quency at these pifnts, NUDOCS searches for
industry responses to Generic Letter 88-01 were
pursued.

Generic Letter 88-01 required BWR licen-
sees to submit documentation describing various
options implemented to mitigate the effects of
IGSCC, including pipe replacement, weld over-
lay reinforcement, and stress improvement proc-
esses. NUDOCS was used to search for either
incoming or outgoing letters to the NRC that
contained the key words “pipe replacement,”

6C
though\the effects o

39

s delayed, soghe initial criticaliy date was used.

“weld overlay,” or “MSIP,” the acronym for
mechanical stress improvement process. As a
result of these searches, various documents were
identified and reviewed. Along with these
identified documents, we obtained input
regarding another stress improvement process,
induction stress heating improvement (ISHI).

The results of this document review are con-
tained in Table 3-10. Various mitigation options
were used, but general observations can be made
for the 16 BWR SEP-II units reviewed. The
recirculation piping was clearly affected by
IGSCC in all the plants, as evidenced by the
piping either being replaced or repaired using
weld overlays. More than half of the BWR units
(9 total) replaced all or-part of their recirculation
systems while half of the units (8 total) incorpo-
rated weld overlays on their recirculation piping.
One plant (Browns Ferry 2) replaced portions
and repaired other areas of the recirculation
piping with weld overlays. Other piping systems

NUREG/CR-6395
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Table 3-10. Response of SEP-III BWR plants to IGSCC concerns (1995).

Response To IGSCC Concerns

Systems Using MSIP (M)
Docket or induction heat stress improvement
Plant Name Number Piping Systems Replaced Systems With WeldOverlays (IHST) (I)
Nine Mile Point 1 220 Recirculation and associated safe ends and "

Dresden 3
Quad Cities 1
Browns Ferry 1

Browns Ferry 2

Monticello
Quad Cities 2

Vermont Yankee
Peach Bottom 2

Peach Bottom 3
Pilgrim

Cooper

249
254
259

260

263
265

271
277

278
293

298

Recirculation and

Emergency Condenser Stecam Nozzle 5-NB

Recirculation and reactor water cleanup (RWCU)
(entire system)

Recirculation (risers and inlet nozzlcs),
penetration to first elbow inclusive), and
nozzle safe ends |

Recirculation and asso j

penetration) "
steel poniéns)

, and .react"Qr head
1l to be"y d

Core Spray (M) and Isolation
Condenser Steam Supply (RPV to
outboard isolation valve) (M)

\Re sirculation (I)

RecirculaliPn (I) RHR (D),
RWCU (1), and Core Spray (I)

Recirculation (M&I)

Récirg?@idn and RHR

(suctioffand return)

RWCU

RWCU and Jet Pump
Instrumentation Nozzle

Jet Pump Instrumentation
Nozzle

RWCU and Core Spray Recirculation (I) and Core Spray safe

ends (I)
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Table 3-10. (continued).

Response To IGSCC Concerns

Systems Using MSIP (M)
Docket , or induction heat stress improvement
Plant Name Number Piping Systems Replaced Systems With Weld Gverlays (IHSD (1)

Hatch [ 321 RWCU (From RHR connection in drywell to Rccirculaliow;’-gn Recirculation (I)

penetration) ‘
Brunswick 2 324 RWCU (From RHR connection in drywell to Recirculation (M&I), Recirculation

outboard isolation valve 2-G31-F004) RPV Nozzles (M), RHR (I), Core

pray (M), and Jet Pump
. In&rumcntation M)

Duane Amold 331 Reciculation (I)
FitzPatrick 333 Core Spray “B” and safe end (in drywell) Recj>ulalion 1))
Notes:

Only inside containment (inside drywell) responses considered where possi

MSIP: Mechanical Stress Improvement Process—"uses a hydrayls
stresses remaining after the treatment are compressive in the. Ioca

IHSI: Induction Heating Stress Improvement—"consists of heating the outside of
pipe. The high gradients produce the same effect as HSW The msnde

completed.”

minimizes the sensitization caused'by th

thermal stresses on the inside of the pipe

HSW:  Heat Sink Welding—"a method

x 10 disQIguish.

exceed the yleld strength of lhe malgrial. After the weldi
i§ caused by normai weldi

system to unifolnly compress
susceptible to JGSGC because of wel

¥Pwhich the ma) i(pomon ofl

uces a steep lel?lper:?

¢ pipe by inducti n coils to controlled temperatures [=800°F (427°C) while cooling water is circulated inside the

radient through the pipe wall during welding. This steep temperature gradient causes tensile
1s completed and the weldment is cooled, the inner portion of the weld is under high compressive
compresswe stresses are mamtamed lhrough about half thc wall thickness. The combination of reduced sensitization
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including residual heat removal (RHR), reactor
water cleanup (RWCU), core spray, and jet
pump instrumentation nozzles, have also
demonstrated IGSCC concerns at various plants.
Some units replaced these piping systems (or
portions thereof) while other units made repairs
using weld overlays. Many of the previously
mentioned piping systems have also undergone
stress improvement techniques, either IHSI or
MSIP, at one or more of the SEP-II BWR
plants. A great majority of high-energy piping
systems constructed with austenitic stainless
steel materials have indicated some level of
IGSCC concern at one or more of the SEP-III
BWR units. A variety of efforts have been
undertaken to mitigate the effects of IGSCC.

3.3 Review of Representative
Non-SEP Plant UFSARs
and Related SERs -

N
The non-SEP plants wereAfcensed alter the
SEP-III plants and are g€nerally of a\ later
design. Plants representing, each of the jnajor

NSSS vendors and their chntainment gesigns
were selected for a data search and revnew

related topics. The units

follows:

Diablo Canyon (Westinghouse NSSS, dry
ambient gontainment)

Crystal River 3 (B&W NSSS, dry ambi-

containment)

(Combustion Engineering
NSSS, dry ambient con-

Arkansas Nuclear 2

tainment)
McGuire 1 (Westinghouse NSSS, ice
condenser containment)
Millstone 3 (Westinghouse NSSS,
subatmospheric contain-
ment)

NUREG/CR-6395
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3.3.1

(GE NSSS, Mark I con-
tainment)

Browns Ferry 3

Since SER information for the St. Lucie 2
and Hatch 2 plants was readily available, they
were added to the SER review information dis-
cussed below.

The non-SEP plapts axe similar to the SEP-II
plants, but were};ﬁ;ate y the NRC using an

early ver51o of the Standard Review Plan (SRP)
rm acceptance criteria. We hoped
' SAR and SER

might provide additional
ing possible \differences
e recently licensed plants and

between ‘the
the older S

Inforipation Gathering Process

riginal non,8EP FSARs were generated,

th the: UFSARs and relevant SERs for the
selected plints were reviewed. Experience
gained from the SEP-III reviews (Section 3.2)
ndicated that obtaining the latest version of the
FSAR from the NUDOCS microfiche was a
significant time investment. That experience
also indicated that the information in the latest
version of the UFSAR typically did not change
substantially from the first UFSAR version.
Therefore, we decided to review hard-copy ver-

Because of t? more recent timeframe that

- sions of the UFSARs (though not necessarily the

latest update).

Experience from the earlier SEP-III reviews
clearly indicated that the relevant SERs con-
taining NRC evaluations of inside-containment
pipe-break designs for non-SEP plants were
typically written to support the issuance of the
operating license. These licensing SERs for the
non-SEP plants were typically written in the
1974 to 1978 timeframe. The Browns Ferry
licensing SER was written in mid-1972 for all
three of the Browns Ferry units. We located
historical documentation dating from the 1960s
and 1970s (in microfiche format) for many of
the NRC dockets. Supplements to the licensing
SERs were included in the review when
available.



3.3.2 Results of Reviews

Table 3-11 summarizes the results obtained
from the review of the non-SEP UFSARs.
Except for the Crystal River 3 and Browns
Ferry 3 plants, the information presented in the
UFSARs reviewed was in a format consistent
with the Standard Review Plan. This reduced the
amount of searching required to obtain informa-
tion. As one would expect, the extent of this
information varied from plant to plant, with the
desired information being sparse or difficult to
find in a few cases. However, when taken as a
whole, the UFSARs for this group contained
more extensive descriptions of the criteria used
to designate high- and moderate-energy piping
systems, the analysis techniques used in thei
qualification, how the postulated break locations
were determined, and the plant design provisions
(e.g., pipe whip restraints, physical barriers, etc.)
that were employed to mmgate the effects of a
pipe break event.

Tables 3-12 and 3- 13 ummarize all ¢f the
comments related to pipe b aks inside cghtain-
ment contained -in the hcens g SERs for. thls
group of- plan Table 3-12 ad ress
plants, w Table> 3-13 prov1d commenta ;
on the PR plants. Exclﬁng Brdwns Ferry 3™/
(due to its early evaluation timeframy), virtually
crltena

e ma

nside-containment
luding current status)
ined by contacting each

(HELB) loads. Anw\furthe
pipe-break information (j
would have to be ¢
specific plant.

_ 3.3.3 Conclusions

In general, the most obvious conclusion
determined, from all of the non-SEP plant
reviews was that little changed between the lat-
ter-timeframe SEP-III plants and the non-SEP
plants reviewed. Although a more detailed
design effort and NRC evaluation effort was
probably involved, it was not readily apparent
that any significant design changes resulted
when compared to the later SEP-III plants.
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3.4 Plaht Visit Observations

The planned work scope for this project
included a number of visits to SEP-III plant
sites. The purpose of the\plant visits was to
obtain information from djpect observation of
the relative locations of gefresentative high- and

moderate-energy piping systems, equipment
important to pl:Vﬁf;ty,
to mitigate\thefeffects o

nd the measures taken

ia used to select plants for possible
visits included a number of factors These

nt availabilily based on scheduled outages
Plant licesf8ing date (a distribution of SEP-III
plants was desired)

Plant data availability.

The observations made during the plant visits
that were completed during this phase of the
project are described below. All visits were
made prior to 1995 with the exception of
Vermont Yankee, which was visited in 1998.

One general observation resulting the review
of UFSAR and SER information is that not all
plants defined high-energy systems the same.
Some plants used minimum values for both
temperature and pressure [e.g., 200°F and
275 psig (93°C and 1.9 MPa)], while other
plants used minimum values of only one
parameter [e.g., 200°F or 275 psig (93°C or 1.9
MPa)] to define high-energy systems. This
difference in selection criteria has the potential
to omit some piping systems when the minimum
value of only one parameter is used. An example
would be a cold high-pressure system such as
the control rod drive (CRD) piping in a BWR.
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Table 3-11. Review of non-SEP plant UFSARs.

Environmental Qualification® Electrical

Pipe Rupture Consideration and Instrumentation Separation
Flood Missile/Jet UFSAR / v UFSAR UFSAR
Protection Protection Commitment Commitment Commitment
Specific Physical SRP  Other LIE IEEE IEEE Other Other
Pipe Rupture  Pipe Rupture Locations Plant RG 3.6.1 Ey/ 279\ 279 323 RG Plant RG Plant
Plant Name Considered Considered  Considered ldentificd  Protection 146  3.6.2 \ Spefific 1968 \ 1971 1974 1.89 Specific 1.75 Specilic
Milistone 3 Yes Yes Yes Yes Yes X X i X X
Browns Ferry 3 No (b) " Yes(c) Yes No Yes (d) - X X X (e)
Diablo Canyon 1 Yes (c) No () Yes Yes Yes X(g) X X (¢)
Crystal River3  No Yes (c) Yes Yes Yes (d) X X X (e)
ANO 2 No Yes (c) Yes Yes Yes X . X (e)
McGuire 1 Yes (c) Yes Yes Yes Yes X () X (e)
Notes:

a. All plants had to satisfy the NRC regarding RG 1.97 (or the intent of it via GL 82-33) and haY to satisfactorily respond ty IE-79-01B.
b. No specific mention found in UFSAR
c. Minimal information provided. UFSAR did not address impingement

d. Minimal information provided.
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Table 3-12. Review results from non-SEP BWR SERs.

Design Considerations for Structures, Systems, and Components
Subjected to Pipe Break Effects © \

Plant Name Missiles Containment Containment
(SER Date) Considered Shell * Penetration Recirc. Main Stea Feedwater Other
Browns Ferry 3 Containment OK. Jet impingement Jet protection Pipc whip Mor_ey"a_ More ISI More ISI on RHR
(6-72) Recirculation pumps adequatc and barriers provided  restraints ' . (another
with overspeed protective cover for for large pipe added unrestrained line).
prevention make MS, FW, and RHR penctration,
missiles low probability  breaks installed on reaction forces

lower spherical portion OK

Hatch 2 No missile can penetrate Jet impingement

(5-78)h containment, separation  adequate, internal
and redundancy used for Category I structures
safety related systems adequate for jet

Pipe break
evaluations per
RG 1.46. Effects
from pipe breaks

and components, no impingement, and crack,

special missile barriers  differential pressure, including pipe
necessary, standard reaction forces, and . whip, jet effect,
plant Category I pipe whip and environmental

structures still utilized as
missile shields,
recirculation pumps
without decoupler
makes missiles a
concern

effect considered.

Notes: N

a. Containment designs are all free standing steel primary containm

b. Not SER but NRC report to the Advisory Comyittee on Rcactér Sa¥eguards (

]
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Table 3-13. Review results from non-SEP PWR SERs.

Design Considerations for Structures, Systems, and Components
Subjected to Pipe Break Effects

AY

Plant Name Missiles. Main
(SER Date) Considered Containment Shell Cont. Pen. RCS Loop Sty Feedwater Other
Milistone 3 Category I structures and  Jet impingement adequate, RCS evaluated per g Pipe break
(3-74) components adequately internal structures OK for WCAP 8082 - / evaluations per
designed for missiles with missile impact and jet i h RG 1.46.

no loss of function of
safety related systems and
components in such
structures

impingement

Crystal River 3 Category I structures

(7/74) adequately designed for
missiles with no loss of
function of safety related
systems and components
protected by such
structures

Containment designed for
accident induced loads,
internal structures OK for
differential pressure and
accident induced loads

Diablo Canyon 1  Category I structures,
(10/74) systems, and components
adequately designed for
missiles with no loss of
function, RCS pump .
adequately designed and
appropriate IS] used
missile concern

N
Plant structures and",
components adequately
designed for missiles with
no loss of function of .
safety related systems and .
components in such '
structures

St. Lucie 2
(11/74)

impfhgement

Criteria used for
RCS breaks

acceptable to staff.

Breaks assumed at
any location.
Piping restraints
applied to RCS.

Pipe break
evaluations
cquivalent to
RG 1.46.

Pipe break
evaluations per
RG 1.46.
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Table 3-13. (continued).

Design Considerations for Structures, Systems, and Components
Subjected to Pipe Break Effects

Plant Name Missiles jl\ﬁn
(SER Date) Considered Containment Shell Cont. Pen. RCS Loop cam Feedwater Other
ANO 2 Category I structures, Containment designed for * RCS evaluated Pipe break
QI systems, and components  pipe rupture effects, internal per CE re"pogr},/ ' evaluations per RG
adequately designed for structures OK for CENPIX16 1.46. ANSI-N176
missiles with no loss of differential pressure, ' (draft 3) also
function of safety related  reaction loads, pipe whip, referenced.
systems and components - and jet impingement,
in such structures concrete foundations
designed for HELB loads
McGuire | Category I structures, Containment designed for Pipe break
(3/78) systems, and components  accident loads, internal evaluations per
adequately designed for structures OK for : RG 1.46.

missiles with no loss of differential pressure,
function of safety related  rcaction loads, and jet '
systems and components  impingement )
N
Note:

- * .“ 5 T
a. Containment designs are all concrete with steel liners except for St. Lucie 2 antl McGuire 1| \ﬁé free-standing stecl containments with a concrde shicld building.
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3.4.1 Trojan Nuclear Power Plant

This plant is a four-loop PWR using a West-
inghouse nuclear steam supply system (NSSS).
The general arrangement of the NSSS is as
shown in Figure 3-1. The plant enteréd commer-
cial operation in May 1976 and operated for
approximately 15 years before being perma-
nently closed by the licensee. A number of con-
siderations influenced the selection of this plant
for visitation. These included:

1. The plant is representative of many using
a four-loop Westinghouse NSSS.

2. The current plant status provided great
flexibility in access and opportunities for
close observation of systems, structures,
and components.

3. The plant's design, ‘constfuction, and

licensing review occurred e “in the
group of plants includeg”in the SBP-III
category; therefore, consideratio§ of

pipe break effects S more complete
than that in some earliey SEP-III pfants.

This provided a good basgline for com-

Before visiting the plant, \we reviawed the
UFSAR, the SER, and a subseduent supp{ement
to obtain an ovgrall understanding of the pipe
break consideratigns contained jin the plant’s
licensing basis.

High-energy piping" is ned in the Trojan
UFSAR as any piping thet’ contains a fluid hav-
ing a pressure of 275 Psig (1.9 Mpa) or greater,
or a temperature of 200°F (93°C) or greater. The
need to consider the effects of pipe breaks in the
RCS have been eliminated at the Trojan plant by
the application of leak-before-break (LBB) tech-
nology. However, breaks were postulated in
steam, feedwater, and RCS branch lines. A
combination of restraints, barriers, and physical
layout considerations were used with the pur-
pose of limiting the propagation of any RCS
branch line, steam, or feedwater line break.
Similarly, these same measures were used to

NUREG/CR-6395

limit the effects of jet impingement and pipe
whip subsequent to a postulated break.

Before the inside-containment walkdown,
licensee personnel provided drawings showing
the layout of high-energy piping systems and the
restraints that were installed to mitigate the
effects of a postulated hjgh-energy pipe break.

Discussions were alsg, conducted regarding the
location of safe'??ié:ed equipment and electri-

2. Feedwater\piping from the containment
penetration grea to the steam generators
A and D logps)

RHR Suﬁ'ply and return piping at the con-
tainment penetration area (penetrations
P-9, P-46, and P-47, respectively)

Accumulator injection piping near the A,
"B, and C accumulators

5. Accumulator injection (safety injection)
line inside the B loop cubicle near the
connection to the RCS cold leg

6. Low-head safety injection piping inside
the B loop cubicle up to the connection to
the hot leg piping

7. Pressurizer surge piping from the pres-

surizer to the connection with the RCS
hot leg in the B loop cubicle

8. Pressurizer spray piping in the pressurizer
cubicle

9. Pressurizer safety and relief discharge
piping in the area at the top of the pres-
surizer and pilot operated relief valve
(PORYV) accumulators, PORV, and block
valve piping
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Figure 3-1. General arrangement of a Westinghouse four-loop NSSS.
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10.

11.

followed was to go to the selected area or piping
system and follow the system to the desired end
point. As the system was being followed, obser-
vations were made regarding the system
restraints, nearby systems and/or equipment, jet
impingement shielding, etc. The major observa-
tions resulting from this effort can be summa-
rized as follows:

1.

Normal charging piping near containment severity of the effects of a postulated pipe

penetration P-8 and the regenerative heat break.
exchanger

, 4, We observed a minimum of jet impinge-

Electrical cable penetrations in the north- ment shielding of individual items (e.g.,

west quadrant of the containment wall, electrical boxes). This did not seem

unwarranted given the degree of physical

The general walkdown methodology that we’ separation, redundaney, \and the number

gbove. However,

of supports men 'ned .

During the review of the drawings and the
walkdown itself, it was observed that thig
plant was designed with a high degree of
compartmentalization. This design
approach contributes to the physical sepa-
ration of systems and equips

loop.
Our review of the plant drawings showed
a concentration of electrical penetrations
in the northwest quadrant of the contain-
ment (near the “D” RCS loop). During the
in-plant walkdown, we observed these
electrical penetrations and the general
area of the containment. We noted that the
main steam and feedwater piping for the
“A” and “D” loops were also routed in
this area. Few pipe whip restraints existed
in this area. The possibility existed for jet
impingement loads and/or impact loads to
S a . occur on either some of the electrical

walkdown provided the opportunity to penetrations or the cable trays if a steam
observe first-hand the relative placement or feedwater pipe ruptured in this area.
of piping, components, and other equip- Section 3.6.4.2 of the UFSAR only states
ment to obtain a sense of the potential for that the containment wall and liner plate
damage due to a postulated pipe break. are not protected from the effects of a
We 9bserved that -the physical separation steam or feedwater break: however, the
provided by the high degree of compart- steam/feedwater lines to each loop are
mentghzanon combined with the pipe physically separated by a concrete slab so
restraints near pos’gulate.d break lgcatnons that they could not impact each other.
should be effective in reducing the This would satisfy the criterion of not
allowing the effects of a break in one loop
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to propagate to another loop if only the
piping were considered. Section 3.6.1.3 of
the UFSAR states that, “The jet
impingement forces inside containment
from postulated breaks are insufficient to
damage structures or safety-related piping
to preclude a safe shutdown.” While this
does not address physical impact or jet
impingement on the electrical
penetrations or cable trays, the UFSAR
further states, “The important ESF
Electrical System consists of redundant
elements designed to provide reliable
power for all necessary equipment during
even the most severe emergency situa-
tions, including jet impingement. Electric
isolation and physical separation of cables
and equipment associated with redundant
elements of the ESF ensure
reliability.” Our in-plant observations
.indicate that further information would be
necessary to verify that sufficient
separation and isolation of electrical
cables does exist in this concentrated area
of cabling near the penetrat

6. We observed a minfmal number ofj jet
impingement shields installed in the greas
of the containment thal were ex iined

3.4.2 Browns
Plant, Unit

This plant is a Gga€ral Electric BWR-4
design with a Mark I"containment. A general
arrangement elevation view of the NSSS is
shown in Figure 3-2. The plant entered commer-
cial operation in March 1977 and operated for
approximately 8 years before being temporarily
closed by the licensee. At the time of the plant
visit, the plant was undergoing regulatory review
for an expected restart of commercial operation
in early 1996. A number of considerations

this .
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influenced the selection of this plant for -
visitation. These included:

I. The current plant status provided flexibil-
ity in access and opportunities for close
observation of systems, structures, and
components.

2. The plant is representative of the combi-
nation of the BWR-4 J}SSS and Mark I
containment desigp#that comprise the

majority of the pop lation of BWR plants

currently in

EP-III plant,
sufficientl

similar to
(which are

reviewed during this research program.

Before visiting the plant, we reviewed the
UFSAR the licensing SER, and two supple-
o obtain an pverall understanding of the
break considerations contained in the
lant’s llcens1( basis.

High-energy piping is defined in the Browns
Feyry UFSAR as any piping that contains a fluid
ving a pressure greater than 275 psig

\/(1.9 Mpa) and a temperature greater than 200°F

(93°C). Breaks were postulated in steam, feed-
water, recirculation, and other piping systems
and branch lines that met the defining criteria. A
combination of restraints, barriers, and physical
layout considerations were used with the pur-
pose of limiting the propagation of any RCS
branch line or steam or feedwater line break.
Similarly, these same measures were used to
limit the effects of jet impingement and pipe
whip subsequent to a postulated break.

Before we conducted the inside-containment
walkdown, licensee personnel provided draw-
ings showing the layout of high-energy piping
systems and the restraints that were installed to
mitigate the effects of a postulated high-energy
pipe break. Discussions regarding the location of
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Reactor
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(3-96}

Figure 3-2. General arrangement of a General Electric NSSS with Mark I drywell.
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2. The feedwater system beginning at pene

safety-related mechanical and electrical equip-
ment were also conducted. These discussions
enabled us to select representative piping
systems, equipment, and general containment
areas for direct observation. The systems and
equipment that we observed during the
walkdown included:

I. The main steam system from the drywell
penetrations X-7A and X-8A up to the
horizontal runs at the 584-ft (178-m) ele-
vation. The two main steam risers located
in the area of the 90° azimuth (plant coor-
dinates) were also observed and
photographed. This also included several
pipe whip restraints that were mounted on
the system.

tration X-9A up to the horizontal runs at

3.

4.
elevation. Whip restraints associated with
this system were examined.

5. Electrical junction boxes located near the

piping systems of interest were included
in the walkdown.

6. The locations of cable trays relative to the

high-energy systems mentioned above
were observed.

7. The CRD piping bundle at approximately
the 300° azimuth in the vicinity of the

Review of UFSARs and SERs

“A” recirculation pump and discharge
piping was examined.

The general walkdown methodology that we
followed was to go to the selected area or piping
system and, to the extentpyssible, follow the

efvations were made
aints, nearby systems

ty to be potential targ€ts of pipe
et loads from a pipe rupture event.

plant wés desngned with a minimum com-
partmentalization inside the drywell. This
is a generic design feature of the Mark I
containment in that the compactness of
the drywell piping layout affords minimal
space for compartment walls. This results
in many of the high-energy systems being
close to each other.

Examples of the large whip restraints
indicated on the drawings were observed
during the plant walkdown as were the
other features of interest identified by the
drawing review. Although this was not a
detailed walkdown to verify exact support
configurations or locations, the locations
and configurations of the supports were
observed to be in general agreement with
those shown on the drawings.

3. The inside-containment walkdown pro-
vided the opportunity to observe first-
hand the relative placement of piping,
components, and other equipment to
obtain a sense of the potential for damage
due to a postulated pipe break. We
observed that the minimal amount of
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physical separation and compartmentali-
zation allowed by the drywell physical
volume constraints would put more
emphasis on the use of whip restraints,
conservative design practices, or other
measures to mitigate the effects of a high-
energy line break event.

4. A minimum of jet impingemeﬁt shielding
of individual items (e.g., electrical boxes
or cable trays) was observed.

5. The CRD piping bundle that was
observed during the walkdown had no
physical barriers separating it from other
high-energy piping systems in the general
area. Each CRD pipe is 1-in. (25-mm)
nominal size, which would exempt it from
consideration of pipe break locations
under the RG 1.46 guidelines. However,
our concern was that one of the CRD
bundles could be a target for a larger pipe.
Portions of the recirculation pump dis-

charge piping are in the sa ral\area

as the CRD bundle. Singe multiple C D

piping bundles are uséd to complete
damage or lgss

total system, some level
of individual lines can be
the ability to shut down the

tamed before
uld

level of
within

Our review of plant drawings showed that
the safety-relatey electrigal penetrations
appeared to have a highf degree of physi-
cal separation. Typfcally, these systems
are redundant with one “train” entering
the drywell through a separate penetration
while the other train enters through a
separate penetration located on the other
side (usually about 180° away) of the
drywell shell. This layout should help
minimize the deleterious effects of a pipe
break on safety-related electrical system
functions.
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3.4.3 Quad Cities Nuclear Power Plant,
Unit 2

This plant is a General Electric BWR-3
design with a Mark I containment. The general
arrangement of the major components inside the
containment (drywell) is similar to that shown in
Figure 3-2. The plant entered commercial opera-
tion in April 1972. The s considerations
influenced the selection of #fis plant as for those

previously selected for \ visitation. These
included: ‘ : :
1. The plafit was shut down\for a refueling

vintage of the BWR NSSS and Mark I
containment design.

The plant’s dgsign and construction fea-
res are suffigfently similar to other SEP-
III BWRSs ghat it provides a good base line
for comparison to other BWRs that will
be reviewed during this research program.

efore visiting the plant, the UFSAR and
icensing SER were reviewed to obtain an
overall understanding of the pipe break
considerations contained in the plant’s licensing
basis.

High-energy piping is defined in the Quad
Cities UFSAR as any piping that contains a fluid
having a pressure greater than 275 psig
(1.9 Mpa) and a temperature greater than 200°F
(93 C). Breaks were postulated in steam, feed-
water, recirculation, and other piping systems
and branch lines that met the defining criteria. A
combination of restraints, barriers, and physical
layout considerations were used with the pur-
pose of limiting the propagation of any RCS
branch line or steam or feedwater line break.
Similarly, these same measures were used to
limit the effects of jet impingement and pipe
whip subsequent to a postulated break.



Before the inside-containment walkdown,
licensee personnel provided drawings showing
the layout of high-energy piping systems and the
restraints that were installed to mitigate the
effects of a postulated high-energy pipe break.
Discussions regarding the location of safety-
related mechanical and electrical equipment
were also conducted. These discussions enabled
us to select representative piping systems,
equipment, and general containment areas for
direct observation. The systems and equipment

that were observed during the walkdown
included:
1. The main steam system from the drywell

penetrations up to the horizontal runs.

2. The feedwater system beginning at the
drywell penetration up to the horizontal

runs.

3. A continuous section of energy-absorbing
pads mounted to the drywell wall were
observed. e

4. Portions of the recirculagifn syste were
examined. This ingfided the 28&-in.
(0.7 m) suction line the area ofjthe
reactor vessel nozzle angd the headef and

riser pipes.

Whip restrajnts associated

In several locag#ns additional supports
had been added to the bundles from what
we had observed on the Browns Ferry
plant. One vertical run of the bundle was
location in very close proximity to RHR

piping.

The general walkdown methodology that was
followed was to go to the selected area or piping
system and, to the extent possible, follow the
system to the desired end point. As the system

Review of UFSARs and SERs

was being followed, observations were made
regarding the system restraints, nearby systems
and/or equipment, jet impingement shielding,
etc. Due to the limitations of physical space and
certain radiological access restrictions, some
parts of systems of interest could not be walked
down in their entirety; however, most of the
inaccessible areas could be viewed from a dis-
- tance. This still allowed for géperal observations
of structures, systems, and
enough proximity to be

ant was designed with a minimum com-
pax i

is a‘generi¢ design feature of thg Mark I
contaigsfient in that the compactness of
the drywell piping layout affords minimal
space for\compartment walls. This results
in many of\the high-energy systems being
m relatively &lose proximity to each other.

Exampleg of the large whip restraints
indicatéd on the drawings were observed
during the plant walkdown as were the
other features of interest identified by the
drawing review. Although this was not a
detailed walkdown to verify exact support
configurations or locations, the locations
and configurations of the supports were
observed to be in general agreement with
those shown on the drawings.

3. The inside-containment walkdown pro-
vided the opportunity to observe first
hand the relative placement of piping,
components, and other equipment to
obtain a sense of the potential for damage
due to a postulated pipe break. It was
observed that the minimal amount of
physical separation and compartmentali-
zation allowed by the drywell physical
volume constraints would put more
emphasis on the use of whip restraints,
conservative design practices, or other
measures to mitigate the effects of a high-
energy line break event.
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4. A minimum of jet impingement shielding
of individual items (e.g., electrical boxes
or cable trays) was observed.

5. The CRD piping bundles observed during
the walkdown had no physical barriers
separating them from other high-energy
piping systems in the general area. At one
location, CRD bundles were directly next
to, and on either side of a section of RHR
piping. Each CRD pipe is 1-in. (25-mm)
nominal size, which would exempt it from
consideration of pipe break locations
under the RG 1.46 guidelines. However,
our concern was that one of the CRD
bundles could be a target for a larger pipe.
Portions of the recirculation pump
discharge and RHR piping are in the same
general area as the CRD bundle. Since
multiple CRD piping bundles are used to
complete the total system, some level of
damage or loss of individual -lines can be
sustained before the ability to_shut down
the reactor would be fOmpromised.
Further investigation w#fl be needed \to
ascertain the level of ‘separation in the
individual pipes within ‘each bundlef to
assess .. whether effective

Plant, Unit 2

This plant is a three-loop PWR using a
Westinghouse NSSS. The plant has been
operating over 20 years. The containment is a
prestressed concrete, large-dry design, with the
inside surface of the containment lined with steel
plates.
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A number of considerations influenced the
selection of this plant for visitation. These
included:

1. The plant is representative of a three-loop
Westinghouse NSSS.

The plant was undergoing a scheduled

nstruction, and
early in the
the SEP-III

pe break conSiderations contained in the
plant shcensmgﬁams

igh-energy piping is defined in the
.Robinson UFSAR as any piping that
ains a fluid having a pressure of 275 psig

/1 9 MPa) or greater, or a temperature of 200°F

(93°C) or greater. The need to consider the
effects of pipe breaks in the RCS have been
eliminated at the H. B.-Robinson plant by the
application of LBB technology.

Before the inside-containment walkdown,
licensee personnel provided drawings showing
the layout of high-energy piping systems and the
restraints that were installed- to mitigate the
effects of a postulated high-energy pipe break.
In addition, the licensee had a training video of
inside containment, which we viewed for about

-two hours before entering the containment. A

subcontractor had filmed much of the area, and
by manipulating the computer, the operator was
able to select components for visual review from
different camera angles. A hard copy of the
image on the computer screen could readily be
made by punching a button. This allowed us to



view some piping that we would not have been
able to view otherwise since it was covered with
lead shielding during our visit. Our time inside
containment was probably reduced because of
the video images. Discussions regarding the
location of safety-related equipment and
electrical equipment were also conducted. These
discussions enabled us to select representative
piping systems, equipment, and general contain-
ment areas for direct observation. The systems
and equipment that were observed during the
walkdown included:

1. Reactor coolant system

2. Main steam piping from the containment
penetration area to the steam generators

3. Feedwater piping from the containment
penetration area to the steam generators

4. RHR supply and return piping at the con-

tainment penetration area
5. Accumulator injection pipin
6. Pressurizer surge pnpl(\ )

7. Normal chargmg piping \

8. Steam

system and follow
point. As the system followed, obser-
vations were made T the system
restraints, nearby systefis and/or equipment, jet
impingement shielding, etc. The major observa-
tions resulting from this effort can be summa-
rized as follows:

1. Westinghouse had asked the architect-
engineer (Ebasco) in the late 1960s to
ensure that the main steam piping, feed-
water piping, and the reactor coolant
system (RCS) was restrained from pipe
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whip. In the containment area outside the
crane support wall, the main steam and
feedwater piping were far more restrained
than these systems on the other PWR we
visited (Trojan).

2. In contrast to the Trojan plant,
H. B. Robinson Unit 2 had no whip
restraints on the main Steam and feedwa-
ter lines inside the cpéhe wall near the
steam generators. ever, there were no

targets in tf?a.

ompartmentalization.
proach contijbutes to the p
s and equipme

igh degree of
is design
sical sepa-

that help

mitigate the effects of a postulgted pipe
break S or the
high-pressure piping connected to any
loop. \
\
Examples of the large whip restraints
ndicated ongthe drawings were observed
during the plant walkdown as were the

other féatures of interest identified by the
drawing review. Although this was not a
detailed walkdown to verify exact support
configurations or locations, the locations

o and configurations of the supports were

observed to be in general agreement with
those shown on the drawings.

5. Most importantly, the inside-containment
walkdown provided the opportunity to
observe first-hand the relative placement
of piping, components, and other equip-
ment to obtain a sense of the potential for
damage due to a postulated pipe break.
We observed that the physical separation
provided by the high degree of
compartmentalization combined with the
pipe restraints near postulated break
locations should be effective in reducing

“the severity of the effects of a postulated
pipe break.

6. A minimum of jet impingement shielding
of individual items (e.g., electrical boxes)
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was observed. This did not seem unwar-
ranted given the degree of physical
separation, redundancy, and the number
of supports mentioned above.

7. All balance-of-plant piping (excluding the
main steam and feedwater lines) and the
electrical penetrations entered the con-
tainment at approximately the same loca-
tion, rather than spaced around the
containment circumference. This design
makes it far more likely that a high-
energy line pipe break (or leak) at this
location would damage electrical and
instrumentation lines.

3.4.5 Vermont Yankee Nuclear Power
Plant

. The Vermont Yankee plant (BWR/4, Mark I
steel containment) was visited with an
NRC/NRR staff member who was studying pipe
break effects associated with the reactor building
closed cooling water (RBCCW) system. A'pipe
break associated with the RB system had
previously been identified as & potential probl
by the Millstone 1 BWR licens

1.

syste q that
the . drywell
cooling sys{em, the recircglation ps

pump seals would ruptur,

resulting in a
loss-of; accident
' t 4 minutes. The
portion of the piping outside containment
was formerly classed as safety related, but
in recent years the licensee had no longer
kept up that classification. There is a
single check valve separating the safety-
related and non-safety-related portions of
the RBCCW inside containment, and a
single motor-operated valve separating
the two portions outside containment.

small-break

NUREG/CR-6395

2. In the event of a high-energy line break
within containment, pipe whip or jet
impingement could sever the RBCCW
system. In the event of a single failure of
one of the isolation valves, pressure inside
containment could rise to about 40 psi and
force water outside the containment
through the RBCCW system. Since the

ig’ containment is

related, this system
in a containment-

not classified as saf
could rupture, regulti
to-atmosphergfleak.

esign assessment of the drywell
o ensure a containment-to-

valves were placed on the RBCCW sys-

m outside ¢ghitainment to provide dou-
ble val isolation.  Millstone 1
LER89-003 and NRC Inspection

Report 89-04 (May 11, 1989) document
the Millstone discussion.

Specific note was taken of the RBCCW
system inside containment. Portions of the
recirculation system, the main steam and
feedwater systems, the low-pressure
coolant injection (LPCI) system, and the
CRD insert and withdraw lines were also
observed. Due to the maintenance being
conducted, all portions of the dry-well
were not available for access.

5. Two bundles of the CRD 1-in. (25-mm)
diameter pipes entered the containment on
either side of the reactor. They were

- routed rather directly from the
containment wall to the reactor, as
compared with the Quad Cities and
Browns Ferry BWRs previously toured.
The piping appeared well supported. One
recirculation line riser and the LPCI
(RHR) line which connects with it were in
the vicinity of the CRD lines. The RHR
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line was clamped so that pipe whip would
not occur. The LPCI line was supported
but not clamped as well as the
recirculation line. The recirculation line
was about 10 to 15 ft (3 to 4.6 m) away
from the CRD lines, in contrast to the
Quad Cities design where the two systems
were in virtual contact. Pipe whip or jet
impingement damage to CRD lines from
the LPCI line appeared to be less likely
than in the other two BWRs,

Steel plates with corrugated backing had
been placed on the lower portions of the
drywell interior. In the areas toured, the
lining appeared to be continuous. No por-
tions were observed to have been
removed.

The Vermont Yankee recirculation system
was replaced several years ago because of

IGSCC concerns. At that time, General
Electric reanalyzed the piping from a SRP
standpoint, and concluded some of the

pipe whip restraints: we o longer
needed. We observed op€ restraint which
had been partially refnoved. It appedred

that the recirculation\lines could
cause damage from

59

Review of UFSARs and SERs

(which might result from longitudinal
breaks through fishmouth openings).

We observed the RBCCW system at the
252 and 238 elevations. At elevation 252,
RBCCW was routed to the drywell
coolers. Only at one location did it appear
to be adjacent to high-energy piping. At
this location, 2 main Steam and a main
feedwater line were gff proximity. The
main steam line yAs restrained at this

location, and ile\we did not notice a
restraint onfhe maiR feedwater line, it
eam line. Jet
in steam line

s

tion was routed along a portion

recirculation piping.  This
recirculation piping had pipe whip
restraints, hut jet impingement through a
longitudinal \ break could impact the
. The recirculation pumps

' CCW i
appeared,to be well anchored; movement
of the pumps could shear the RBCCW

lines at the junction to the pump seal.
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4. IDENTIFICATION OF A FIRST-LEVEL LIST
OF POTENTIAL SEP-lll CONCERNS

4.1

Once the available background information
(as discussed in Sections 2 and 3) was reviewed,
it was possible to develop an initial or first-level
list of concens regarding inside containment
pipe failures for the SEP-1II plants.

Introduction

Pipe failure, as defined herein, includes
circumferential breaks in pipe greater than 1-in.
(25 mm) nominal pipe size (NPS) and
longitudinal breaks (actually an axial split
without pipe severance) in pipe 4-in. (102-mm)
NPS and larger. The piping of interest is high-
energy piping that has a design temperature

greater than 200°F (93°C) and/or a design

pressure greater than 275 psig (1.9 Mpa) (some
plants use an “and” definition, while others use

or”). Failures of moderate-energy pipeline
(those piping systems not high-energy, including
systems which are high-energy le an2% of

moderate- energy pipe fallure is a fluid spr.
dripping concern, which other NRC effort
addressed. Consequent]y, moderate -en Ime

fallures w?msldered herem
N\,
The inkjal task plan caled for 'dentlfymg

those SEP-
would have

information obtain
tain the necessary 1

ipe whip restramts,
such as the Browns Fer§’s Unit 3 main steam or
feedwater lines at the reactor vessel nozzles
(terminal ends), could be easily identified, but
other locations could not be identified without
the aid of the calculated design stresses. There-
fore, by necessity, a systems approach rather
than a specific-location approach was used to list
the *first-level” inside-containment pipe-break
concerns for the SEP-III plants.

NUREG/CR-6395

Since a systems approach was to be used for
pipe-break evaluations and not specific loca-
tions, the consideration of potential longitudinal
breaks became unnecessary. Longitudinal pipe
breaks result in fluid jet discharge without pipe
severance in 4-in. (102-mup¥ pipe and larger.
Circumferential pipe brea}§ include more piping
[high-energy lines ateX than l-in. (25-mm)
NPS] and moye effefts (fluid jet discharge, reac-
tion loads, and, pipe whip). Therefore, longitudi-

e SERs.
pecific com
P-III plant.

ables 4-3 and 4-4 give plant-
ents for each BWR and PWR

Criteria

~ The following criteria were used to develop
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the potential list of SEP-III concerns relating to
high-energy pipe breaks inside containment.

1. Any high-energy piping system can:
experience a pipe break whether or not
pipe whip restraints are installed.

2. Any one pipe break will not cause the
loss of more than one other structure,
system, or component (i.e., the postu-
lated failure can cascade only one
level down).

3. A ruptured piping system will only
cause the failure of another piping
system of the same NPS and lesser
schedule or a piping system of smaller
nominal diameter.



Table 4-1. Summary of commentary missing from SEP-IIIl BWR SERs.

Were These Design Provisions Made for Thosc Systems and Components Subjected to Pipe Break Effects?

S6£9-YD/OTUNN

Plant Missiles ) Main
Name Considered Cont.Shell Cont. Pen. Recire. Steam Fegdivater Other
Early- Are all Category I Jet impingement OK? Jet protection Only Ninc Mile  Pipe whip  Pipe'whip Pipe break effects disable or degrade
timeframe  structures, systems, barriers provided? Point | does not  restraints g#Testraiigs added? essential equipment?
plant and components Protective cover for Reaction forces have whip added?,
considered? containment? OK? restraints. More [SI) Biolagical shield OK (including shicld
: ore 1S1? : plugs as missiles)? RV support structure
Recirculation Jet protection barriers for More 1517 OK? Should pipe whip restraints be on
pumps with vent system? Internal other HELB lines? More 1SI at locations
overspeed structures OK for jet where restraints not installed? Can RHR
prevention? impingement, differential amage containment? ECCS redundant?
pressure, reaction forces, ~ Can pipe ruptures in cylindrical portion
and pipe whip? y - of Jrywell perforate it?
" Mid- Are all Category I Jet impingement OK? Jet protection - Pi Pipe whip Pipe break effects disable or degrade
timeframe  structures, systems, barriers provided? resiaints  restraints added? essential equipment?
plant and components Jet protection barriers for Reaction forces adde '
considered? vent-system? Internal OK? : More 1S1? Biological shield OK (including shicld
Recirculation structures OK for jet N More 1 plugs as missiles)? RV support structure
o pumps with impingement, differcntial OK? Should pipe whip restraints be on
overspeed pressure, reaction force \ other HELB lines? More IS at locations
prevention? and pipe whip? - \ where restraints not installed? Can RHR
" ! Vg damage containment? ECCS redundant?
Can pipe ruptures in cylindrical porttion
. . of drywell perforate it?
Later- Are all Category I . Jeti ment OK? . et >
timeframe structures, systems, s rriers prov[hed;’\
plant and components™, rotective cover for ~
considered? \\ ntainment? \'-Rea tion forces
"\ OK?
‘Jet protection barriers‘for E
vent system? Internal
structurgs OK for jet
impi\nge nt, differential
pressure, reqction forces,
and pipe.-whiR?
Note:

N
\

a. Containment designs are all free-standing steel
primary containment with a surrounding concrete reactor building.

ary containments with a surrounding concrete reactor building, except for Brunswick 2, which is a steel-lined concrete

SWIS2UO)) [II-dHS [BNUII0 JO ISIT [SAT-1SIL]
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Table 4-2. Summary of commentary missing from SEP-III PWR SERs.

AN

Were These Design Provisions Made for Those Systems and Components Subjecteghto Pipe Break Effects?

Plant Missiles Main
Name Considered Cont. Shell Cont. Pen. RCS Loop Steam Feedwate! Other
Early- Are all Category 1 Jet impingement or pipe Reaction forces Pipe whip Pipe whip Pipzﬁﬁp" . Were all high-energy systems
timeframe  structures, systems, whip OK? OK? restraints added?  restraints \ resfraints added?\ considered for pipe break? Werc pipe
plant and components added? ' reak effects considered on other
considered as well  Intemal structures OK for  Jet impingement More ISI? More 1S1? ] tegory I structures, systems, and
as all appropriate jet impingement, OK? Mo, " components? Is there sufficient
sources? Is the differential pressure, reduhdancy or separation?
RCS pump a reaction forces, and pipe :
missile concern? whip?
Mid- Are all Category I Jet impingement or pipe Reaction forces Pipe whip Pipc whip  Pip€fwhip Were all high-cnergy systems
timeframe  structures, systems, whip OK? OK? restrajnts added? restraints straints added?  considered for pipe break? Were pipe
plant and components ' added? break effects considered on other
considered as well  Internal structures OK for  Jet impingement More IS1? Category | structures, systems, and
as all appropriate  jet impingement, reaction ~ OK? More 181? components? s there sufficient
sources? Is the forces, and pipe whip? : redundancy or separation?
RCS pump a N\
missile concern?
Later- Are all Categoryl  Jet impingement or pipe caction forces“)
timeframe systems and whip OK? ' K? 4
plant components - Jex impingement
considered? Internal structures OK for O
jet impingement, reaction ’
forces, and p ipz \\ L
Note: \‘\ \/

SUIOUOD) JI[-dTS [ENUI04 JO ISIT [9AST-1SIL]

a. Containment designs are all concrete wiu} st
with an annular space between them.

Prairie Island 1 & 2, which are free-standing steel containments and a concrete shield building
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Table 4-3. Commentary missing from SEP-IIl BWR SERs (plant specific).

>

Plant Name

Were These Design Provisions Made for Those Systems and Co

nents Subjected to Pipe Break Effects?

(SER Date) Missiles Considered Cont. Shell Cont. Pen. Recirc. Main Slﬁdﬁr. ecdwater Other
Nine Mile Point | Are all Category | Protective cover for Pipe whip ipc wﬁp Pi[}e\whip Pipe break effects disable or degrade
(5-69) structures, systems,  containment? restraints relraints restraints essential equipment?
and components added? dded? added

Monticello
(3-70)

Dresden 3
(11-70)

considered?

Recirculation pumps
with overspeed
prevention?

Are all Category |
structures, systems,
and components
considered?

Recirculation pumps
with overspeed
prevention?

Are all Catego
structures, syste
and components
considered?
Recirculation pumps
with overspeed
prevention?

Jet protection barriers for
vent system? Internal
structures OK for jet
impingement, differential
pressure, reaction forces,
and pipe whip?

Jet impingement OK?

Protective cover fi
containment?

/

Jet protectioh barriers for

impingement, di
ssure, reaction forgs?

Jet protectipn
barriers
N\, provided?
caction *,
rces OK?

Jet protection
barriers
provided?
Reaction
forces OK?

More |

N

More IS1?

l Pipewhip

restraigts

addcd?> '

,

Pipc whip

restraints

added? More

1S1?

Biological shield OK (including shicld
plugs as missiles)? RV support
structure OK? Should pipe whip
_testraints be on other HELB lines?
ore ISI at locations where restraints
. et installed? Can RHR damage
““containment? ECCS redundant? Can
pipe ruptures in cylindrical portion of
drywell perforate it?

Pipe whip Pipe break effects disable or degrade

restraints essential equipment?

added?
Biological shield OK (including shicld
plugs as missiles)? RV support
structure OK? Should pipe whip
restraints be on other HELB lines?
More IS] at locations where restraints
not installed? Can RHR damage
containment? ECCS redundant? Can
pipe ruptures in cylindrical portion of
drywell perforate it?

Pipe whip Pipe break cffects disable or degrade

restraints ~ essential equipment?

added? More
Biological shicld OK (including shield

IS1? plugs as missiles) for other than pipe

rupture pressures? RV support
structure OK? Should pipc whip
restraints be on other HELB lines?
More 18I at locations where restraints
not installed? Can RHR damage
containment? ECCS recdundant? Can
pipe ruptures in cylindrical portion of
drywell perforate it?

SWI0UO)) [[I-dIS [BHUAI0 JO IS [PAIT-1SI1d
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Table 4-3. (continued).

Were These Design Provisions Made for Those Systems and Components Subjected to Pipe Break Effects?

Plant Name
(SER Date) Missiles Considered Cont. Shell Cont. Pen. Recire. Main Steam Feedwatc\g Other
Vermont Yankee  Are all Category | Jet protection barriers for Jet protection Pipe whip Pipe whj Pipe break effects disable or degrade
6-71) structures, systems,  vent system? Intcrnal barriers _ restraints restraghts essential equipment?
and components structures OK for jet provided? added? led? .
considered? impingement, differential _ /‘d\\ Biological shield OK (including shield
Recirculation pumps  pressure, reaction forces, More 1?7 More IS1? plugs as missiles)? RV support

with overspeed

prevention?
Quad Cities | Are all Category 1
(8-71) structures, systems,
and components
considered?

Recirculation pumps
with overspeed
prevention?

Quad Cities 2 Are all Category |
8-71) structures, systems,
and components
considered?
Recirculation pumps
with overspeed - -
prevention?
Pilgrim " Are all Category b,
(8-71) structures, systems,‘\\
and components
considered?
Recirculation pumps
with overspeed
prevention?

and pipe whip?

Jet impingement OK? Jet Jet protectio Pipe whip

protection barriers for vent  barriers restra restraints
system? Internal structures  provided? °, added?\ added?
OK for jet impingement, ' :
differential pressure, Reaction.
reaction forces, and pipe forces OK?
whip? N
Jet impingement Jet!profection Pipe whi Pipe whip
protection barriers bartie \ restraifils restraints
system? Internal strutgures  provided? : added? added?
.- OK for jet impingemen, Reaction
i ntial pressure, :
Jet protection barriery for Pipe whip Pipe whip
ent system? Internal restraints restraints
" sthyctures OK for jet added? added?
\“jm ingement, diffeient I
A Reaction More IS1? More 1S1?

forces OK?

structure OK? Should pipe whip
restraints be on other HELB lines?
ore IS at locations where restraints

"pipe ptures in cylindrical portion of

drywel] perforate it?

ak effects disable or degrade
essential equipment? RV support
structure OK? Should pipe whip
restraints be on other HELB lines?
More ISI at locations where restraints
not installed? ECCS redundant? Can
pipe ruptures in cylindrical portion of
drywell perforate it?

Pipe break effects disable or degrade
essential equipment? RV support
structure OK? Should pipe whip
restraints be on other HELB lines?
More ISI at locations where restraints
not installed? ECCS redundant? Can
pipe ruptures in cylindrical portion of
drywell perforate it?

Pipe break effects disable or degrade
essential equipment? RV support
structure OK? Should pipe whip
restraints be on other HELB lines?
More IS at locations where restraints
not installed? Can RHR damage
containment? ECCS redundant?

SUIOUOD [[I-dHS [eNUAI0J JO ISIT [9AT-1SIL]
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Table 4-3. (continued).

Were These Design Provisions Made for Those Systems and Components Subjected to Pipe Break Effects?

Plant Name . _
(SER Date) Missiles Considered Cont. Shell Cont. Pen, Recire. Main Stcam Feedwater Other
Browns Ferry | Are all Category | ~ Internal structures OK for Pipe whip Pipe whip Pipe b.rcak cffccts disable or degrade
(6-72) structures, systems,  jet impingement, differential restraints restrgiffls essential equipment?
and components pressure, reaction forces, added? a

Browns Ferry 2
(6-72)

Peach Bottom 2
(8-72)

Peach Bottom 3
(8-72)

considered? and pipe whip?

Internal structures OK for
jet impingement, differential
pressure, reaction forces,
and pipe whip?

Are all Category |
structures, systems,
and components
considered?

caction
rces OK?

N .
Jet protection-bartigrs for
vent system? Internl
sitostures OK for: jet

Are all Category I
structures, systems,
and componenis
considered?
Recirculation pymps
with overspeed
prevention? ™\
Are all Category'l
structures, systems,
and components
considered?
Recirculation pumps pressure, reaction
with overspeed and pige whip?
prevention?

Yes allm’(/
pegetragdn

penetrytion

Pipe whip
restraints
added?

More 1817
Pipe whip
restraints

addcd?

More IS1?

Biological shield OK (including shield

Yes\at plugs as missiles)? RV support

penefxation  structure OK? Should pipe whip

: restraints be on other HELB lines?
More 181 at locations where restraints
not installed? Can RHR damage
containment? ECCS redundant? Can
pipe ruptures in cylindrical portion of
rywell perforate it?

Pipe whip Plpe break effects disable or degrade
restraints .esghntial equipment?
added?

Biological shield OK (including shicld
Yes at plugs as missiles)? RV support

penetration structure OK? Should pipc whip
restraints be on other HELB lines?
More ISI at locations where restraints
not installed? Can RHR damage
containment? ECCS redundant? Can
pipe ruptures in cylindrical portion of
drywell perforate it?

Pipe whip Pipe break cffects disable or degrade

restraints essential equipment? RV support

added? structure QK? Should pipe whip
réstraints be on other HELB lines?

More IS1? More ISI at locations where restraints
not installed? Can RHR damage
containment? ECCS redundant?

Pipe whip Pipe break effects disable or degrade -

restraints essential equipment? RV support

added? - structure OK? Should pipe whip
restraints be on other HELB lines?

More 1S1? More IS1 at locations where restraints

not installed? Can RHR damage
containment? ECCS redundant?

SuI20U0D) [[I-dAS [ENU0 JO 1S [9AT-ISIL]
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Table 4-3. (continued).

Plant Name

Were These Design Provisions Made for Thosc Systems and Components Subjected to Pipe Break Effects?

(SER Date) Missiles Considered Cont. Shell Cont. Pen. Recire. Main Stecam Fcedwau% Other
Fitzpatrick Are all Category | Jet protection barriers for Jet protection ) Pipe break effects disable or degradce
(11-72) structures, systems,  vent system? Internal barriers essential equipment? Biological shicld
and components structures OK for jet provided? and RV support structure OK for pipe

Duane Arnold
(1-73)

Cooper
(2-73)

Hatch 1
(5-73)

Brunswick 2
(11-73)

Note:

considered?

Are all Category |
structures, systems,
and components
considered?

Are all Category I
structures, systems,
and components
considered?

\

. TN
Are internal missiles,

considered on all
Category | structures,
" systems, and

components?

- Protective cover for

. cogtainment?

impingement, differential
pressure, reaction forces,
and pipe whip?

Jet impingement OK?
Protective cover for
containment?

Jet protection barriers for
vent system? Internal
structures OK for jet
impingement, differential
pressure, reaction forces,
and pipe whip?

Jet protection barriers
vent system? Inte
structures OK forfgeaction
forces and pipe whip?
Jet impingement OK?Y

ment? Internal
tructures-OK for jet .
impingement, diff¢rential

and pipe whip? "\

Jet prygection barriérs fgr
vent sysiem? Intemal

forces and pipe whi

N1 .
pressure, reaction fqrees, ..

Jet protection
barricrs
provided?
Reaction
forces OK?

Reagfion

Reaction
forces OK?

rupture pressures? Should pipe whip
restraints be on other HELB lines? Can
RHR damage containment? Can pipe
ruptures in cylindrical portion of
rywell perforate it?

a. Containment designs are all free-standing steel primary containments with a surrounding conerete reactor building, except for Brunswick 2, which is a stecl-lined concrete primary containment with a
surrounding concrete reactor building.

SWI0UOD) ITI-dS [ENU10 JO ISIT [SAT-ISIL




S6£9-UD/OTINN

L9

Table 4-4. Commentary missing from SEP-III PWR SERs (plant specific).

Were These Design Provisions Made for Those Systems and Compongnts Subjected to Pipe Break Effects?

Plant Name
(SER Date) Missiles Considered Cont. Shell Cont.Pen. RCS Loop Main Stm. Other
Robinson 2 Are all Jet impingement or pipe Reaction forces  Pipe whip Pipc whip Feedwater  Were all high-energy systems
(5-70) whip OK? OK? restraints r(-:s&gl#tso considered for pipe break? Were
Category 1 structures, added? added? pipe break effects considered on
systems, and ) Internal structures OK for  Jet impingement other Category I structures, systems,
components considered jet impingement, OK? More IS More IS1? and components? is there sufficient
as well as all differential pressure, redundancy or separation?
appropriate sources? reaction forces, and pipe
whip?
Is the RCS pump a
missile concern?
Pt. Beach 1 Are all Category | Jet impingement or pipe Reactiofhforces  Pipe whip ipe whip Pipe whip Were all high-cnergy systems
(7/70) structures, systems, and whip OK? restraints restraints restraints considered for pipe break? Were
components considered added? added? pipe break cffects considered on
as well as all Internal structures OK for : other Category I structures, systems,
appropriate sources? jet impingement, More 1SI? More 1S1? More I1S1? and components? Is there sufficient
differential pressuge® redundancy or scparation?
Is the RCS pump a reaction forcesMhd pipe
missile concem? whip?. .
Pt. Beach 2 Are all Category | Jet impingemegnt or pipe Pipe whip \/Pipc whip Pipe whip Were all high-cnergy systems
(7/70) structures, systems, and whip OK?", restraints restraints restraints considered for pipe break? Were
components considered - _ added? added? added? pipe break effects considered on
aswellasall .~ ternal structures OK other Category I structures, systems,
appropriate sourc jet ‘mping\cmenh‘ ore I1S1? More ISI1? More 1S1? and components? Is there sufficient
\,\ differential’pressure, redundancy or separation?
Is the RCS pump\a i , and-pip
missile concern? whip? -
Indian Pt. 2 Are all Category'] Jet impingementpr pipe. Pipe whip Pipe whip Pipe whip Were all high-encrgy systems
(11770) structures, systems, an restraints restraints restraints considered for pipe break? Were
components considered added? added? added? pipe break effects considered on
as well as all N ternal structure§ OK for  Jet impingement other Category I structures, systems,
appropriate sources? . jeNimpingement OK? More 1S1? More IS1? More 1S1? and components? Is there sufficient

redundancy or separation?
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Table 4-4. (continued).

Were These Design Provisions Made for Those Systems and Components Subjected to Pipe Break Effects?

Plant Name |
(SER Date) * Missiles Considered Cont. Shell Cont.Pen. RCS Loop Main Stm, > Other
Oconee | Are all Category | Jet impingement or pipe Reaction forces Pipe whip tpe whip Were all high-energy systems
(12770) structures, systems, and whip OK? OK? restraints estraints considered for pipe break? Were
components addedy ' pipe break effects considered on
considered? Internal structures OK for  Jet impingement other Category | structures, systems
jet impingement, OK? re 1S1? lore\JS1? and components? Is there sufficient
d'f'efem'f" pressure, N redundancy or separation?
reaction forces, and pipe
whip? :
Oconee 2 Are all Category 1 Jet impingement or pipe Reaction forces Pipe whip Pipe wHip Were all high-energy systems
(12170) structures, systems, and whip OK? OK? restraints, restraints . \considered for pipe break? Were
components . s added? jpe break effects considered on
considered? Internal structures OK for  Jet imping ther Category | structures, systems
jet impingement, OK? % More 1S1? and components? Is there sufficient
differential pressure, redundancy or separation?
reaction forces, and pipe
whip? .
Oconee 3 Are all Category | Jet _impingemem or pj Pipe whip Were all high-cnergy systems
(12770) structures, systems, and whip OK? - - strain restraints considered for pipe break? Were
comgonents _ > .\acggd? added? pipe break effects considered on
considered? Internal structurss OK for other Category ! structures, systems
jet impingement, More ISI? More IS1? and components? Is there sufficient
dlffcremlal pressur redundancy or separation?
reaction forces, and pipe \
whipk = : \ L
< N\, '
Surry | \\ v Document not available
Q@ N ‘
Surry 2 \\. Document not available
@y
Maine Are all Category I y impingement )or pe ‘Weaction forces Pipe whip Pipe whip Pipe whip Were all high-cnergy systems
Yankee structures, systems, and  whip OK? OK? restraints restraints restraints considered for pipe break? Were
(2/72) components considered added? added? added? pipe break effccts considered on
as well as all te structuresOK for  Jet impingement other Category | structures, systems
appropriate sources? jetimpi OK? More ISI? Morc IS1? More ISI? and components? Is there sufficient
differential redundancy or separation?
Is the RCS pump a reaction §frces, and pipe

missile concern?

whip?
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Table 4-4. (continued).

Were These Design Provisions Made for Those Systems and Components Subjected to Pipe Break Effects?

Plant Name
(SER Date) Missiles Considered Cont. Shell Cont.Pen. RCS Loop Main Stm. N\ Other
Turkey Pt. 3 Jet impingement or pipe Reaction forces  Pipe whip Pipe whip Pipe Were all high-cnergy systems
(3/72) whip OK? OK? restraints restraints re; considered for pipe break? Were
added? added? added? pipe break effects considered on
All internal structures OK  Jet impingement g / other Category I structures, systems,
for jet impingement, OK? More IS1? Mot ISE More and components? Is there sufficient
differential pressure, : N redundancy or separation?
reaction forces, and pipe
whip? .
Turkey Pt. 4 Jet-impingement or pipc Reaction forces  Pipe whip Pipe whip Pipe whip . \Werc all high-energy systems
3/72) whip OK? OK? restraints restraints restraints - -, nsidered for pipe break? Were
added? added? added? - piRe break effects considered on
Allinternal structurcs OK  Jet impingement “othey Category | structures, systems,
for jet impingement, OK? More 1S1? More More 1S1? ang¥Components? [s there sufficient
differential pressure, redundancy or separation?
reaction forces, and pipe
whip? g
Kewaunee Are all Category | Pipe whip OK? Reaction forces, \Pipe whip Pipe whip Pipe whip Were all high-energy systems
(7172) systems and K7 ' straints restraints restraints considered for pipe break? Were
components All internal structure; o ‘added? -, added? pipe break effects considered on
considered? for jet impingemegt] ‘; ‘*~\ other Category I structures, systems,
reaction forces; and\pipe k Mor@fSl? More 1S]? and components? Is there sufficient
Is the RCS pump a whip? ‘ redundancy or separation?
missile concern? '\,\ )
Ft. Calhoun Areall Categoryl - Jepimpingement or pipe Pipe Pipe whip Pipe whip Were all high-energy systems
(8/72) structures, systems, and ipOK™ ™~ ‘restgifits restraints restraints considered for pipe break? Were
components conéi(ler . ded? added? added? pipe break effects considered on
as well as all \ All internal structuryg OK' other Category I structures, systems,
appropriate sources?,  \for jet impingemé{n, More ISI? More IS1? More ISI? and components? Is there sufficient

\,

_ reaction forces, and pi
Is the RCS pump a S, whip? |
missile concemn?

\,

redundancy or separation?
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Table 4-4. (continued).

Were These Design Provisions Made for Those Systems and Components Subjected to Pipe Break Effects?

Plant Name A >
(SER Date) Missiles Considered Cont. Shell Cont.Pen, RCS Loop Main Stm, Other
Calvent Cliffs 1 Are all Category | Jet impingement or pipe Reaction forces  Pipe whip Pipe whip ipe whip Were all high-energy systems
(8/72) structures, systems, and whip OK? OK? restraints restraints estraints considered for pipe break? Were
components considered added? adde_d/ = pipe break effects considered on
as well as all All internal structures OK  Jet impingement B other Category I structures, systems,
appropriate sources? for jet impingement, OK? More 1SI1? re 1S1? and components? Is there sufficient
reaction forces, and pipe redundancy or separation?
whip? \
Prairie Island I Are all Category I Pipe whip OK? Reaction forces  Pipe wii Pipe whip, Pipe whip High pressure not defined in SER
(9/72) systems and OK? Testraints restraints restraints, nor UFSAR. What about high
components All internal structures OK added? added? added? temperature pipe? Were pipe break
considered? for reaction forces and pipe : . fects considered on other Category
whip? More ISI? More IS1? structures, systems, and
Y components?
Prairie Island 2 Are all Category | Pipe whip OK? Reaction forc " Pipe whip Pipe whip High pressure not defined in SER
(9/72) systems and _ OK? restraints restraints nor UFSAR. What about high
components All internal structures OK N added? added? temperature pipe? Were pipe break
considered? for reaction forces ai : effects considered on other Category
whip? . Morc JS1? More 1817 I structures, systems, and
| components?
Zion | Are all Category I Jet impingement Qr pipe Reagtion forces i Pipe whip Were all high-energy systems
(10772) systems and whip OK? - - O \ restraints considered for pipe break? Were
components L \.\ added? pipe break effects considered on
considered? al structures OK for ngement other Category I structures, systems,
. reaction forces and pipe \ More IS1? and components? Is there sufficient
'\ whip? - " redundancy or separation?
Zion 2 Are all Category\‘l. Jet impingement of pipe. '\ Reaction forces Were all high-energy systems
(10/72) systems and ; whip OK? Y considered for pipe break? Were
components ! 4 pipe break effects considered on
considered? “ Igternal structurés OK for  ~Jg#impingement other Category I structures, systems,
, redgtion forces and pjpe OK? and components? Is there sufficient
“whil? : redundancy or separation?
ANO 1 ipe Reaction forces  Pipe whip Pipe whip What about high temperature pipe?
6/73) whip OK? OK? restraints restraints Were pipe break effects considered
: added? added? on other Category I structures,
Internal gffuctures OK for  Jet impingement systems, and components? [s there
reaction forces? OK? More 1S1? More 1S1? sufficient redundancy or separation?
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Table 4-4. (continued).

Were These Design Provisions Made for Those Systems and Components Subjected to Pipe Break Effects?

Plant Name
(SER Date) Missiles Considered Cont. Shell Cont.Pcn. RCS Loop Main Stm. \ Other
TMI 1 Are all Category | Jet impingement or pipe Reaction forces Pipe Were all high-cnergy systems
7173) structures, systems, and whip OK? OK? . re considered for pipe break? Were
components considered added? pipe break effects considered on
as well as all Internal structures OK for  Jet impingement " / " other Category I structures, systems,
appropriate sources? jet impingement, reaction ~ OK? ’ and components? Is there sufficient
forces, and pipe whip? redundancy or separation?
Indian Pt. 3 Are all Category | Jet impingement or pipe Reaction forces
(9/73) systems and whip OK? OK?
components
considered? Internal structures OK for et impingement
jet impingement, rcaction  OK?
forces, and pipe whip?
D. C. Cook 1 Are all Category | Jet impingement or pipe Reaction fokce
(9/73) systems and whip OK? OK? ’
components
considered? Internal structures OK for.  Jet impingement
reaction forces? ‘ OK?
Millstone 2 Internal structures OK & Reactidy forces *,
(5/74) reaction forces and OK?
whip? ' j _
Jet impifigement
OK? ;
Trojan
10/74)
Note:

a. Containment designs are all concrete with steel liners

between them.

\

\,
\

o o ' . . .
cept for chapnee nd Prairie Island 1 & 2, which are free-standing steel containments and a concrete shield bui Iding with an annular space
;
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First-Level List of Potential SEP-III Concerns

4.3 First-Level List acceptable levels (i.e., cascading damage
prevented)?

The NSSS designs of nuclear power plants in
the United States are somewhat similar for the
same classes of plants; however, each plant is
unique in the overall layout of structures, sys-
tems, and components. For example, the general
arrangement of the RCS for a four-loop West-
inghouse NSSS plant will be similar to another
of that class. However, the relative locations of
other piping systems, their supports, and associ-
ated mechanical and electrical equipment may
be significantly different. For this reason, a
detailed list of potential concerns resulting from
a postulated high-energy line break event would
necessarily be a plant-specific list.

The intent of the questions listed above is to
provide the basis for a screening process for the
systems in plants that have not met the intent of
or complied with RG 1.46. If a plant has met the
requirements of RG 1.46, then the answers to the
screening questions abovey would be “yes.”
Plants not committed tg#the requirements of
RG 1.46 could. use th€ screening process to
eliminate systemggfrom\further concern. For

reduhdant system Raths would no¢ be expected

Since the scope of this project does not to dariage the otherpath or another system.

include the extensive effort that would be
required to obtain and evaluate plant-specifi
information, a more general systems approach

was decided upon to develop a list of potential N
concerns. It is possible to express these concerns
as a series of questions that c applied to
each individual structure, sygi¢m, or comyonent
of interest. The proposed ¥St of screening Yjues-
tions includes the following)

ound information cl€arly indi-
e early- and mid-timeframe BWR
ts may not have completely con-

. effegts of a high-gnergy pipe break inside con-
ment. Thereffre, as a first-level list of con-
cerns, the agglimption was made that any high-
energy line is susceptible to a potential failure.
{The only exclusion is for the large-bore main
actor coolant loop piping in the PWR plants.
ecause of the acceptance of the leak-before-

2.
break methodology, these lines will not be con-
sidered susceptible to failure. Therefore, pipe
3. Is the\integrity of el whip effects will be excluded, but jet impinge-
mentatian  systems ment from a leak will be included. Table 4-5
needed shut lists the high-energy piping systems that are
maintaine considered potential pipe failure candidates for
_ BWR and PWR SEP-II plants.

4, Are other safety-relffed structures, sys-
tems, or compongfts isolated or protected Obviously, the evaluation of a pipe break
from impac[ bva whipping pipe? must begin with the assumed loss of function of
. the pipeline that broke. The mitigation goal is to
5.  Are other safety-related structures, sys- be able to bring the plant down to a cold shut-
tems, or components isolated or protected down condition. Typically, the existence of
from jet impingement damage resulting alternate or redundant core cooling methods are
from the postulated break? considered. However, the assumption that other
alternate or redundant systems exist should not
6. Will -the propagation of the break to be automatically made, especially for the early-
another safety-related structure, system, timeframe plants. The existence of these
or component be prevented or limited to alternate or redundant systems must be verified.
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First-Level List of Potential SEP-III Concerns

Table 4-5. High-energy lines for inside containment break consideration.

_BWR Plants PWR Plants
Main steam Pressurizer surge
Feedwater Accumulator injection

Reactor recirculation Residual heat remova#supply

Core spray Residual l?no al return
Containment spray , : e safétyi jection

Residual heat removal supply and return

Emergency condenser supply and return
Control rod drive hydraulic

Liquid poison / standby liquid control
Relief valve discharge

Shutdown cooling Resistance temperature detector bypass

Head spray

) - Normal letdown
Reactor water cleanup (RWCLU, A =xcess letdown
Reactor core isolation coolifig (RCIC) ) Réécto\igoo ant drain

High-pressure coolant injection (HPCI) Shutdown cooling

Low pressure coolant injectionN\LPCI) = - Pressurizer safety and relief

Steam SWCI N /\\\ ‘ Main steam (possibly main steam drains)
Reactor dgains AN \\ N Feedwater

Main steam\drains Steam generator blowdown

Isolation condgnser Auxiliary feedwater
Reactor coolant pump seal water injection

Reactor coolant pump seal vent / leakoff

Chemical and volume control
Containment recirculation
Nitrogen gas

Core flood

Decay heat removal
Makeup/high pressure injection
RCS (leak only)
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First-Level List of Potential SEP-III Concerns

With the exception of Nine Mile Point Unit 1,
all of the BWR plants reported that pipe whip
restraints were installed on their recirculation
piping. This obviously helps to mitigate recir-
culation pipe break effects, but insufficient
~ information did not permit the assumption that
the recirculation piping was adequately
restrained and satisfied the criteria contained in
the SRP. Therefore, pipe breaks were also
assumed to occur in the BWR recirculation
piping systems.

4.4 Potential Consequencés of
a High-Energy Pipe Break
Inside Containment

Once the pipe break assumption was made,
the sequential consequences of the break were
then considered. For this, we assumed that th
pipe break could potentially impact or load
(1) other safety-related piping, (2) safety-related
equipment including mechanical, electrical,
instrumentation, cabling, etc., (3) the.contain-
ment shell, and (4) other ipma - striyctures.
Most of the concerns regs#fding the polential
functional loss of internal\structures is coyered
by (1) and (2) above. Pipihg, instrumenfation,
cabling, or other electrical

eam generators, \\r otherNarge equip-
ment must\be considered explicitly.

Generatié\ja list of spec¥ic safetycrelated

equipment (ingluding mechahical, -efectrical,
instrumentation, \cabling, etc.} that could be
affected by a high-gnergy pipefbreak would have
been a monumenta - task #Therefore, it was
assumed that a high-egefgy pipe break could
cause the loss of funefion of any safety-related
system, mechanical, electrical, or instrumenta-
tion. Consequently, redundancy and separation
became an important design consideration in
order to have adequate “defense-in-depth.”

Without additional information, this initial or
first-level list also included the assumption that
internal structures (Category I) that could be
impacted by a high-energy pipe line would lose
their capability to function. This assumption

74

" mitigate\pipe b

~assumed that

invokes the potential loss of support for major

components such as the reactor vessel, steam
generators, pressurizers, etc.

Finally, the potential of a high-energy pipe
impacting or loading (via jet impingement) the
containment shell was also considered. In its
UFSAR, the Nine Mile Poipt Unit 1 plant staff
considered various pipe impacts on the drywell
containment shell [a 24-j# (0.6 m) main steam
line breaking from its KV nozzle attachment, a
10-in. (0.3 m) feeg®ater\Jine breaking from its
RV nozzle\atte€hment, ard a 28-in. (0.7-m)
: line breaking and impacting the

concerns and other plants
1p restraints on the #fain steam,
nd other high-energy pipe lines.
r this “first-level” list, it was
ontainment rupture could occur
after a pipe impact. If this assumption is made,
thenye secondary goncern is the potential buck-
jg that may Occur in certain free-standing
containment#” surrounded by another building.
For example, the BWR Mark I drywell contain-
ents have an annular region between the dry-
ell and the surrounding reactor building. If this
annular region can be pressurized by a high-
energy pipeline that has ruptured the drywell
containment shell, then the free-standing steel
drywell containment can be loaded by an exter-
nal pressure which could cause buckling. Com-
mentary in the Hatch and Duane Amnold licens-
ing SERs indicates that these drywell contain-
ments were designed for a 2 psig (0.01 Mpa)
differential pressure. Such a low differential
pressure could be achieved if a high-energy pipe
was to blow down into the annular region.

added pipe
feedwater,
Therefore,

In summary, the potential consequences of a
high-energy pipe break occuiring inside the
containment structure (whether BWR drywell or
the various PWR types) will be highly depend-
ent upon the individual plant layout. Using the
criteria listed above, the following are several
scenarios that could be postulated to result from
a high-energy line break event:
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Loss of critical electrical system(s) (e.g.,
reactor protection system [RPS]) due to
either a whipping pipe impact or jet
impingement

Loss of critical instramentation (e.g., RCS
hot leg temperature, pressurizer level)

Loss of containment integrity due to the
impact of a large pipe

Loss of another safety-related piping
system

First-Level List of Potential SEP-III Concerns

5. Loss of a safety-related structure (e.g.,
seismic bracing, safety-related system
snubber)

6. Loss of saféty ated mechanical
equipment (e.g, control or isolation
valve). . / ‘

Flow diagsms that could be used to evaluate
the consegfiences of a single pipe break mSIde

contaipfnent are shown in \Flgures 4-

75
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First-Level List f Potential §E ; i

Using a system—by~system evaluation process

Can a single pipe break inside the containment eliminate any
safety—related equipment or accident mitigation process?

o

Is the minimum ESF
required to shut down
the plant still available?

ACCEPABLE
without mod

YES

i Should source be
- — 1 till —Pd ed or pipe
:':aelrgagzﬁesd" . jet shield instalied?
NO
Should source be NO

restrained or pipe
jet shield instatied?

Should target(s} }—Jp

NO be protected? YES
|s containment
integrity still
maintained?

ACCEPTABLE
with mod
Y_NO ' “PROTECT NO
: CONTAINMENT

NOTE: PIPE BREAK INCLUDES

BOTH CIRCUMFERENTIAL AND
LONGITUDINAL BREAKS IN
HIGH -ENERGY SYSTEMS.
NOTE: CONSEQUENCES DUE TO FLOODING (N
CLUDES SUBMERGENCE, SPRAYING, DRIPPING,
NOTE: ASSUME = GONTAINMENT SPLASHING) AND ENVIRONMENTAL CONDITIONS (IN-
ISOLATION DESIGN, CIS VALVES, CLUDES PRESSURES, TEMPERATURES, HUMIDITY.,
AND GUARD PIPES ARE ADEQUATE o AND RADIATION) PREVIOUSLY CONSIDERED VIA OTH-
PER ASME CODE AND MES 3-1. ER NRC PROGRAMS AND NOTICES.

Figure 4-1. Consequences of a single pipe break inside containment.
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First-Level List of Potential SEP-III Concerns

Using a system~by-system evaluation process

Can a single pipe leak inside the containment eliminate any
safety—related equipment or accident mitigaticn process?

NO YES

YES

ACCEPTABLE
without mod

YES

Is scope covered:

by jetimpingement
effects of HELB?

NO'

In light of Generic Letter 88-20,

Is safety—related

equipment adequate
for spray eftects?

ACCEPTABLE
with rmod

NO

moderate—energy pipe

leaks are not considered to be a major effect for this task.

NOTE: CONSEQUENCES DUE TO FLOODING (IN-
CLUDES SUBMERGENCE, SPRAYING, DRIPPING, OR
SPLASHING) AND ENVIRONMENTAL CONDITIONS (IN-
CLUDES PRESSURES, TEMPERATURES, HUMIDITY,
AND RADIATION) PREVIOUSLY CONSIDERED VIA OTH-
ER NRC PROGRAMS AND NOTICES.

NOTE: PIPE LEAK INCLUDES
BOTH CIRCUMFERENTIAL
AND LONGITUDINAL LEAKS
IN MODERATE-ENERGY SYS-
TEMS.

Figure 4-2. Consequences of a single pipe leak inside containment.

77

NUREG/CR-6395



First-Level List of Potential SEP-III Concerns

Using a system—by—-system evaluation process

Single pipe break occurs inside the containment

4

JET PIPE REACTION DIFFERENTIAL MISSILE
IMPINGEMENT IMPACT LOADS PRESSURE IMPACT
Affects itams Aftects items Affects tams Affects internal Typically covered
including: including: including: companments and by pipe impact
other pipe, other pipe, equipment nozzles, annular regions of but some mis.
loose items, cascading pipe breaks, containment, containment siles are capable
equipment, loose items, - foundations, of penetrating
containmant, equipment, penetrations, and smaller areas
penetrations, and containment, internal structures

internal structures

penetrations, and
internal structures

NOTE: PIPE BREAK INCLUDES
BOTH CIRCUMFERENTIAL AND
LONGITUDINAL BREAKS IN
HIGH-ENERGY SYSTEMS.

NOTE: CONSEQUENCES DUE TO FLOODING (IN-
CLUDES SUBMERGENCE, SPRAYING, DRIPPING, OR
SPLASHING) AND ENVIRONMENTAL CONDITIONS (IN-
CLUDES PRESSURES, TEMPERATURES, HUMIDITY,
AND RADIATION) PREVIOUSLY CONSIDERED VIA OTH-
ER NRC PROGRAMS AND NOTICES.

NOTE: ASSUME CONTAINMENT
ISOLATION DESIGN, CIS VALVES,
AND GUARD PIPES ARE ADEQUATE
PER ASME CODE AND MEB 3-1.

NOTE: CONSIDERATION OF HIGH
PRESSURE LOADINGS, DUE TO
LOCA, ON THE CONTAINMENT
SHELL AND PENETRATIONS NOT
EXPLICITLY ADDRESSED HEREIN
gINCE ADEQUATELY COVERED IN
AST.

Figure 4-3. Consideration of a single pipe break inside containment by effect.
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5. DEVELOPMENT OF A SECOND-LEVEL LIST OF
POTENTIAL SEP-lIll CONCERNS

Based on the first level of concerns and the noting the potential break points and targets, but
plant visits, a second list of potential concerns rather we obtained a general overall view from
was developed. The lists were begun as plant- several locations inside the, containment. A
specific, but since there are differences in the number of pipe whip restpaints\ on high-energy
routing of the piping, electrical conduits, and lines were observed ip~bothgPlants, but there
instrumentation due to field routing within the appeared to be ; ghimal, if any, jet
containment, some items that are not a concern impingement shyj€ Qugh the concrete
for the plants visited may be concerns for other walls discusseq i pagagraph serve this

SEP-III plants. The second-level lists of
potential concerns for PWR and BWR plants are

discussed separately in Sections 5.1 and 5.2. pl isi a number of
and serve as
5.1 PWR Plants i hipe whip,/4nd Jet impingemapt shields

Two PWR plants were visited to review the
plant layout, the pipe break and jet impingement
protection, and the relative location of compo-
nents to one another. The newg

le]d wall (called the cfme wall
In the area between.the con-

c emxcal and volume control system (CVCS)]
¢ electrical and instrumentation lines also
entdr the containment and are distributed in this
agpalus. There is another concentric concrete
vall within the secondary shield wall which
surrounds the reactor vessel. In the area between
the reactor shield wall and the secondary shield
wall, the reactor coolant loops (including the
pumps and steam generators) are separated from
each other by concrete walls in the older plant
(Figure 5-1). The pressurizer and in-core
instrumentation are surrounded by additional

pipe break pro- concrete walls.

tection for the specifio\plgef, we also attempted

to use the plant layout¥ to generalize possible The two plants were designed by the same
break locations and targets for other plants, for NSSS vendor; nevertheless, we noted several
which we did not know the pipe break protection major differences:

history. We did not have access to the plant

stress analyses, so we did not know the locations 1. Although the reactor coolant systems and
of high stress or fatigue usage >0.1 that would major branch piping within the secondary
be used to identify pipe break locations using shield (crane) wall were basically the
today’s standards. In our brief tours inside con- same, the remainder of the piping, par-
tainment, we did not have the time to survey ticularly the branch piping between the
each high-energy line along its entire route, ' crane wall and the containment as well as

the electrical and instrumentation routing,
were field run and quite different.
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Figure 5-1. Older SEP-III PWR (Westinghouse 3-loop) inside containment plan view.
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Containment
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cocland
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GM52 0378

Figure 5-2. Newer SEP-IIIl PWR (Westinghouse 4-loop) inside containment plan view.
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Steam generator A

Main steam lines

Steam generator B

Pipe whip
| \remraint

{typ)

~—~—_Feedwater

line

Concrele barrier

Containment wall

Figure 5-3. Newer SEP-III PWR (Westinghouse 4-loop) separation of main steam and feedwater lines
inside containment.
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3. On the newer plant that was designed to
RG 1.46, the electrical and piping pene-
trations entered the containment in differ-
ent quadrants. Some main steam and
feedwater lines were routed above the
electrical penetration area. However, in
the older plant, the electrical and piping
penetrations were next to one another at
the same elevation.

4. The smaller piping (for example, spray,
letdown, surge, RHR, and accumulator
injection) on the newer plant designed to
RG 1.46 had pipe whip restraints. The
restraints on the older plant did not appear
to be as numerous.

5. All main steam and feedwater lines on the
newer plant were separated by physica
(concrete) barriers from the lines in oth
loops (Figure 5-3). There were pipe whi
restraints in the steam generator area. On
the older plant the mai

Table 5-1. Containment typks

-11I plants.

Second-Level List of Potential SEP-III Concerns

there did not appear to be any targets for a
pipe whip. The main steam and feedwater
piping on the older plant had closely
spaced large whip restraints in the area of
the containment penetration and were
strapped to the crane wall along the route
from the containment penetration to the
steam generators.

atmosphenc
kPA) internal

it N\

\\/mss,v\endpr\\

Containment Type

Robinson-2
Point Beaci\1/2
Surry-1/2

Oconee-1,2,3
Maine Yankee

Kewaunee Westinghouse
Fort Calhoun

Zion-1/2 . Westinghouse
Indian Point-2/3 Westinghouse
Prairie Isiand-1/2 Westinghouse
Arkansas Nuclear One-1 B&W

Calvert Cliffs-1

D. C. Cook-1 Westinghouse
TMI-1 B&W .
Trojan Westinghouse

Millstone-2

ombustion Engineering

Combustion Engineering

Combustion Engineering

Combustion Engineering

Prestressed concrete, atmospheric
Prestressed concrete, atmospheric
Reinforced concrete, subatmospheric
Prestressed concrete, atmospheric
Prestressed concrete, atmospheric
Reinforced concrete, atmospheric
Cylindrical, metal

Prestressed concrete, atmospheric
Prestressed concrete, atmospheric
Reinforced concrete, atmospheric
Cylindrical, br_netal

Prestressed concrete, atmospheric
Prestressed concrete, atmospheric
Reinforced concrete, ice condenser
Prestressed concrete, atmospheric
Prestressed concrete, atmospheric
Prestressed concrete, atmospheric

NUREG/CR-6395



Second-Leve] Li

Ring girder s
{tendon \ R
anchorage) :
Steel finer

Potar crane \ _:i .

Steam :
generators §

Prestressed
reinforcing

Seal table \ .

Grade |

Basemat \ V 4 \}

__JL

In-core instrument

. 9
e
e e
' s
2

guide tubes

.
..7.
Reactor vessel \ Reactor cavity

Figure 5-4. PWR prestressed concrete atmospheric design.
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Figure 5-5. PWR reinforced concrete subatmospheric design.
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Figure 5-6. PWR prestressed concrete ice condenser design.
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Steel dome and
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Figure 5-7. PWR cylindrical metal design.
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Vertical deformed
steel bars at 6 or 12in.
spacing”
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Figure 5-8. Typical PWR prestressed concrete containment wall section.
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Vertical deformed bars
at 12-in. or 6-in. spacing

Liner anchors
(studs or embedded
steel shapes)

1/4-in. carbon
steel liner plate

Inside containment

N
—— 4-ft 6-in. thick
(varies)

Horizontal deformed

bars (2 layers on each face) N92 0151

Figure 5-9. Typical PWR reinforced concrete containment wall section.
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Second-Level List of Potential SEP-III Concerns

liner plate. The ice-condenser design has a metal plant, and that the pipe break documentation for
containment typically 0.75 to 1-in. (19 to that plant also applies to the SEP-III plant. Both
25-mm) thick surrounded by a shield building plants have Mark I containments.

with a 6-ft (1.8-m) annulus. The cylindrical

metal containments have a 2-in. (51-mm) thick In addition to evaluating the pipe break pro-
cylinder capped by a 1-in. (25-mm) thick tection for the specific plant, we also attempted
hemispherical dome. A reactor building to use the plant layouts to“gekeralize possible
surrounds the metal containment, with a 6-ft break locations and targéts fgother plants, for

(1.8-m) annular region between the cylinder and i i ; edipe break protection
the building. We have not evaluated the capacity pve Rccess to the plant
.of the various types of containment walls for c8 w€ did hot know the locations
absorbing impacts from pipe whip. i : i age ‘greater than 0.1.

Table 5-2 lists potential pipe break areas e A igk-energy line
(without regard to stress level or fatigue usage) g il§ entire route,\noting the‘potential break
and possible targets that we observed on one or sather we obtained a gen-
both PWRs visited. Since the newer plant had : g i i
been designed to RG 1.46, all of these areas had 3 ¥ whip
been evaluated and accepted based on analyses. estrai ver€ observed on the recirculation
However, since the piping and electrical pene- int . plants, but there appeared to be
trations appear to be field routed on e winimal \if \eny, jet impingement shields,

spNerical portion of the drywell. However, the
deskgns of the pads and the areas covered were
pthe same for the two plants.

In contrast to the PWR plants, the BWR
plants had minimal compartmentalization.
Figure 5-10 shows the drywell design. Most of
the inside containment piping is housed between
the drywell and the biological shield, which sur-
rounds the reactor pressure vessel. In the annu-
lus between the containment and biological
shield are located the recirculation system,

g including pumps and portions of many of the
a newer BWR (BWR/4), which is similar to high-energy piping systems (for example, main

SEP-III BWRs. Although it is not considered to steam, feedwater, RHR, core spray). The electri-
be one of the SEP-III plants, the other two units cal and instrumentation lines also enter the con-
at this site are SEP-II plants. All three plants tainment and are distributed in this annulus. Fig-
share a single USFAR, licensing SER, and ure 5-11 is-a plan view of this region, showing
numerous (but not all) other SERs. The second the relatively large amount of piping in the
plant that we visited was one of the older rather confined space.

SEP-IIl BWRs (BWR/3), for which the

documentation on pipe whip and jet Although the two plants were designed by
impingement was limited. The licensee the same NSSS vendor, General Electric, we
considers that the plant is very similar to one of noted several major differences:

its other plants, Dresden 2, which was an SEP-II
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" Table 5-2. PWR pipe break locations and potential targets based on observations from two plant visits.

Pipe Break Loc

ation

Target

Pressurizer safety/relief
Spray line

Steam generator blowdown
Reactor coolant system (leak)

Reactor coolant system

Main steam, feedwater, or any other

high energy line
RHR/safety injection

Spray line, pressurizer instrumentation
Pressurizer instrumentation _

DP level instrumentation (same loop)

Loop instrumentation (same loop) (leak) or bran
Connecting smaller piping in same loop (e.g.,
injection) :
Any plant electrical and instruﬂmeri tiofi circuit is gssible (except
in-core instrumentation) dependingon line routing
CVCS, accumulator tank (on -

iping (break)
ray, safety

Safety injection (break) reactor Reactor coolant pump (RCF) seal (one loop)
coolant system (leak) '
Main steam Feedwater (same loop)
Main steam, feedwater Containment shell, CCW
¥ L B H
Concrete Refueling
shield plug platform ]
’ Reactor
g : R e e s LG -] building
- Equipment pool R e A e g
N Y Refueling cavity [ Fuel . o
‘l N Drywell head P "1 storage pooi [~ 1-
Drywell flange —_[3; <l — Retueling ;
BT AR e ] %.{ buikhead
; RTINS . "
Free-standing Soert‘:;r;c::ry :
- . steel dywel shield wall :
. Biological shield 3
-1151t |- — — :
s N . {l X
o 81-in. g
diameter vent} |
i 5
V : "" Vent
header
5 1
i .'1‘7 S 1. [ ", et Sl 27 St IR ? S AT
Downcomer/ ! Basemat/ \— Embedded . ~ Pressure
pipe | shell region | suppression
Sand pocket Concrete embedment I chamber

e e i ————
111 ft giameter . NB3 0195

Figure 5-10. Elevation view of BWR Mark I metal containment and reactor building.
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Figure 5-11. Plan view of BWR Mark I metal containment spherical region.
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1. Most of the major piping systems (for
example, the recirculation, main steam,
and feedwater) are basically the same;
however, the remainder of the piping and
the electrical and instrumentation routing
were field run and quite different.

2. On the newer plant, the electrical and
instrumentation lines for different trains
entered the containment in different
quadrants 180 degrees apart. However, in
the older plant, it appeared that no atten-
tion had been given to separating the dif-
ferent trains. '

3. The main steam and feedwater lines on
the newer plant had pipe whip restraints
added in the containment penetration area.
Such restraints were not present on the
older plant.

All the SEP-III BWR co
Mark I steel designs with
Brunswick Unit 2, which §

Second-Level List of Potential SEP-III Concerns

and the drywell, typically filled with a com-
pressible material during construction to main-
tain proper spacing. The fill material was
removed at some of the Mark-I plants after
construction, but left in place at other plants.
Moisture trapped in the filler ma{erial may cause

# the aggressive
corrode the out-

-absorbmg pads mounted on

¢ that the proximity differs
therefore, a walkdown of

Ripedreak effects.
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Table 5-3. Containment types for BWR SEP-III plants.

BWR Containment Fill
Plant Type Type Fill Material \ Removed
Nine Mile Point-1 2 Mark I, steel Fiberglass fo —
Monticello 3 Mark I, steel Polye(th ne S{rips yes
Dresden-3 3 Mark I, steel ol)gy:ne fo no
Pilgrim 3 Mark I, steel thafoam yes
Quad Cities-1/2 3 Mark I, steel Polyethylene foam no
Vermont Yankee 4 Mark I, steel o no
Browns Ferry-1/2 4 Mark I, steel no
Peach Bottom-2/3 4 Mark X, steel no
Duane Amold 4 Mark I, steel yes
Cooper 4 N Mark 1, sigel ) no
Hatch-1 4 ark I, stegl . yes
Fitzpatrick 4 ark 1, steel - !S)hafoam yes
Brunswick-2 4 arkI concrete — —

e

\

=

¢ /
Table 5-4.\B{VR pipe break Idgations angd potential targets based on observations from three plant visits.
ource Target
Main steam/feedwxfr Containment shell, RHR, RCIC, RWCU in penetration area,
core spray, RBCCW

Recirculation

RHR

Main steam

Main steam, feedwater, recirculation,

or any other high-energy line

CRD bundle, standby liquid control, jet pump instrumentation,
steam to HPCI, containment shell (if piping is not restrained),

RBCCW

CRD bundle, single recirculation line, containment shell

Feedwater (one ring)

Any electrical or instrumentation line is possible depending on

line routing

NUREG/CR-6395
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6.
BREAKS IN

Section 5 listed potentially significant pipe
break events inside containment for both BWRs
and PWRs. In Section 6.1, the pipe break events
are ranked such that only the most significant
need to be considered in detail. The significant
events are then quantified in more detail in
Section 6.2 to provide quantitative estimates of
the change in core damage frequency resulting
from such events. The quantification is
performed conservatively, using the worst
possible effects of the pipe break based on a
general knowledge of the SEP-III plant layouts.
In many cases, a pipe break scenario may not be
possible at a specific SEP-III plant because of it
physical layout and pipe restraints.

6.1

Event Ranking - -

N\,
Pipe break events were rggKed according to
impact on core damage fyguency (CDF)} con-
tainment failure, and offsite consequenceg The

ranking categories are the foh\owing;

1. High tial to increase or Site
consequences by mdge than 100%_
(or containment failurg probability

is nearly 1.0)

2. Medium tential to increase CDF oj offsite
corsequences by}l to 0% (or
contginment failufe probability is
in the‘tange 0.01 o nearly 1.0)

3.Low Potential tgAncrease offsite conse-

quences#by less than 1% (or con-
tainment failure probability is less
than 0.01).

The rankings were performed qualitatively;
no sophisticated probabilistic risk assessment
model was run to quantitatively determine
impacts on CDF, containment failure, and offsite
consequences. However, the Individual Plant
Examination (IPE) studies for three of the five
“plants visited were used for guidance in the
qualitative ranking process. (The IPE for the

RANKING AND QUANTIFICATION OF SEP-lll PLANT PIPE

SIDE CONTAINMENT

fourth plant was not available at the time, and
the fifth plant visit was seyeral years after the
analysis was completed.) The matrix presented
in Table 6-1 was used tg#help in the ranking
process for offsite consejuences.

Table 6-1. R'ad(g scheige that illustrates the
i i 'Kre and CDF have

High 2 Medium
Mediu Low
Low Low

Comainfriemkilure Impact
Mek\m Low

similar \ effort, documented in

G/CR-602/(Ware et al. 1993), was used

T guidance)n this effort.

Results of the ranking effort for BWRs are
resented in Table 6-2. Of the 16 BWR pipe
eak events, one was ranked high in terms of
Vg CDF impact. Five other events were ranked

medium. The remaining nine events were ranked
low. Also shown in Table 6-2 are the rankings
based on containment impact and offsite
consequences.

Results for PWRs are presented in Table 6-3.
Of the 17 PWR pipe break events, one was
ranked high and the other 16 were ranked low.
However, two of the events ranked low in CDF
impact were ranked high in containment impact.

6.2 Event Quantification

The pipe break events inside containment
listed in Tables 6-2 and 6-3 that have High or
Medium rankings for CDF impact were quanti-
fied in more detail. A representative CDF cal-
culation is presented below:

CDF (IEXPIPETYPE)TYPEFRAC)

(RUPTPROB)SYSTFAIL)
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Ranking and Quantification of SEP-III Plant Pipe Breaks Inside Containment

Table 6-2. Ranking of BWR pipe break events inside containment.

Offsite
Pipe Break—Affected CDF Containment  Consequences
System(s) Impact  Failure Impact Impact Comments
1. MSorFwW— Medium High High Causes scrami(large LOCA);

Containment shell and
safety systems entering
containment

2. MSor FW - RHR? Low Medium

3. MSorFW—RCIC or Low Low
RWCU*

4. MS or FW - Core

N

\%dium
<«

w \OW

8. Recirculation—Mai Low Low
steam supply to HPCI®

5. Recirculation—CRD
bundle(s)?

9. Recirculation—
Containment shell and
safety systems entering
containment

Medium  High

NUREG/CR-6395

Low

Low

N

% Dow Lo .
spray” :
e;dium Medium

o

Low

Low

High

96

coolait ihjection safety systems
%:1 forJarge LOCA response

core spray of LPCI)

1 loop (other LPCI
available) and,

Causes scram (large LOCA); fails
(pipe whip) RCIC or RWCU (not
needed for large LOCA response or
[ containment protection)

Causes scram (large LOCA); fails
ipe whip) 1 core spray loop (other
core spray loop and LPCI available)

Causes scram (large LOCA); fails
(pipe whip or jet impingement)
affected control rods (fail to insert
because of loss of CRD flow and loss
of primary coolant system (PCS)
pressure due to LOCA), resulting in
failure to scram

Causes scram (large LOCA); fails
(pipe whip) SLCS (not needed for
large LOCA response)

Causes scram (large LOCA); fails
(pipe whip) instrumentation (not
needed for large LOCA response)

Causes scram (large LOCA); fails
(pipe whip) HPCI (not needed for
large LOCA response)

Causes scram (large LOCA);
breaches (pipe whip) containment
shell; fails {(containment buckling) all
coolant injection safety systems
needed for large LOCA response
(core spray or LPCI)



Ranking and Quantification of SEP-1II Plant Pipe Breaks Inside Containment

Table 6-2. (continued).
Offsite
Pipe Break—Affected CDF Containment  Consequences
System(s) Imp