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December 12, 2000 

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

The Office of Nuclear Regulatory Research (RES) is currently assessing whether the nuclear 
power plant units, referred to as the Systematic Evaluation Program Phase III (SEP-Ill) plants, 
will need to be individually reevaluated for the resolution of Generic Safety Issue (GSI)-1 56.6.1, 
"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-IlI plants for which this GSI is 
applicable are listed in Enclosure 1. Quad Cities, Units 1 and 2, are among the 41 SEP-Ill 
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-Ill 
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. It is 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 staffs 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 III 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-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 
prioritization analysis for the BWR SEP-Ill 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 I 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.GOV, 301-415-7480 at the Office of Nuclear Regulatory Research.  

Sincerely, 

Stewartction 2 
Project Directorate III 
Division of Licensing Project Management 
Office of Nuclear Reactor Regulation 

Docket Nos. 50-254, 50-265 

Enclosure: 1. Systematic Evaluation Program Phase III 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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Sincerely, 

/RA/ 

Stewart Bailey, Project Manager, Section 2 
Project Directorate III 
Division of Licensing Project Management 
Office of Nuclear Reactor Regulation 

Docket Nos. 50-254, 50-265 

Enclosure: 1. Systematic Evaluation Program Phase III 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 
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Commonwealth Edison Company

Quad Cities Nuclear Power Station .  
Units 1 and 2

cc:

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

U.S. Nuclear Regulatory Commission 
Quad Cities Resident Inspectors Office 
22712 206th Avenue N.  
Cordova, Illinois 61242 

Chairman 
Rock Island County Board 
of Supervisors 

1504 3rd Avenue 
Rock Island County Office Bldg.  
Rock Island, Illinois 61201 

Illinois Department of Nuclear Safety 
Office of Nuclear Facility Safety 
1035 Outer Park Drive 
Springfield, Illinois 62704 

Regional Administrator 
U.S. NRC, Region III 
801 Warrenville Road 
Lisle, Illinois 60532-4351 

William D. Leech 
Manager - Nuclear 
MidAmerican Energy Company 
P.O. Box 657 
Des Moines, Iowa 50303 

Mr. R. M. Krich 
Vice President - Regulatory Services 
Commonwealth Edison Company 
Executive Towers West III 
1400 Opus Place, Suite 500 
Downers Grove, Illinois 60515 

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

Vice President - Law and 
Regulatory Affairs 

MidAmerican Energy Company 
One River Center Place 
106 E. Second Street 
P.O. Box 4350 
Davenport, Iowa 52808 

Mr. David Helwig 
Senior Vice President 
Commonwealth Edison Company 
Executive Towers West III 
1400 Opus Place, Suite 900 
Downers Grove, Illinois 60515 

Mr. Gene H. Stanley 
Vice President - Nuclear Operations 
Commonwealth Edison Company 
Executive Towers West III 
1400 Opus Place, Suite 900 
Downers Grove, Illinois 60515 

Mr. Christopher Crane 
Senior VP - Nuclear Operations 
Commonwealth Edison Company 
Executive Towers West III 
1400 Opus Place, Suite 900 
Downers Grove, Illinois 60515 

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

Commonwealth Edison Company 
Reg. Affairs Manager - Quad Cities 
22710 206th Avenue N.  
Cordova, Illinois 61242-9740 

Ms. Pamela B. Stroebel 
Senior Vice President and General Counsel 
Commonwealth Edison Company 
P.O. Box 767 
Chicago, Illinois 60690-0767



Systematic Evaluation Program Phase III Plants

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 

Oconee 1, 2, & 3

Vermont Yankee 

Maine Yankee 

Kewaunee 

Fort Calhoun 

Zion 1* & 2* 

Browns Ferry 1 & 2 

Indian Point 2 & 31 

Peach Bottom 2 & 3 

Prairie Island 1 &2 

Duane Arnold

Cooper 

Arkansas 1 

Calvert Cliffs 1 

D. C. Cook 1 

Hatch 1 

FitzPatrick 

Three Mile Island 1 

Brunswick 2 

Trojan* 

Millstone 2

* permanently shutdown

Enclosure 1



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-Il 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 resulted 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-Ill plants.  

2. Review of Updated Final Safety Analysis Reports and related Safety 
Evaluation Reports for SEP-Il, SEP-Ill, and for representative non-SEP



-3-

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 Iniection 
Systems 

This event involves a BWR with a Mark I 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-1 150, 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-1 400, 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
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This event is similar to Case 1 but involves the Recirculation System piping. From 
NUREG-1 150, 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-1 150, 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 2 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-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-1 150, 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 Result 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-1 150, 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-5 

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-1 150, 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 

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

Total 60.5

For the 17 affected BWRs, the estimated change in offsite dose per reactor 
(d Person-Rem/Reactor) is:

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

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

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

BWR Event 10 2.5 E-6 BWR-4 6.1 E+5 1.5 

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

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

BWR Event 16 2.0 E-8 BWR-3 5.1 E+6 0.1
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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 
(Offsite) 

*(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-1 150, 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 Emeraency 
Core Cooling Systems 

From NUREG-1 150, 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)
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And, for all 25 affected PWRs: 

dCDF/Yr = 1.9 E-3 (Ranks HIGH/MEDIUM in Figure 2 of NUREG-0933) 

PWR Offsite Dose Table

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 x 17 Average Remaining Years = 197 Person-Rem 
Reactor-Year Reactor 

(Offsite) 

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

For 20 years of life extension: 

11.6 Person-Rem x 37 Average Remaining Years = 429 Person-Rem 
Reactor-Year Reactor 

(Offsite) 

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

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

197 Person-Rem x 25 Affected PWRs = 4,925 Person-Rem* 
Reactor (Total Offsite, All 

Affected PWRs)

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

For 20 years of life extension:

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) 

PWR Event 9 7.5 E-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 1.0 E-7 PWR-4 2.7 E+6 0.3
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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. It is 
expected that the cost to each plant will be $1 M. 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 $1 M; 
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-Ill 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 I 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 I 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.  

2. 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.  

3. Some suspect configurations were observed in the SEP-Ill 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.  

4. 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., I&C 
electrical wiring) is also a concern.  

5. 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 curren assessing 

the need to review the 41 older nuclear power plants referred to ap th.Systematic 
Evaluation Program Phase III (SEP-III) plants. Generic •Eety I ue (GSI) 
156-6.1 deals with whether the effects of pipe breaks'V sie'e containrnt have 
been adequately addressed in these plants' designs. To e a basis for th hi rori
tization of this GSI, a research program was perford to evaluat e de ee of 

pipe protection in the SEP-ilI plants. This includc a review of the earlier S -II 
and the later SRP plants' pipe break protection, sits to five plnts to view piI 
break protection and locations of potential targets with respe 'to large piping,, 
and discussions with the plants' staffs. First and sec nd le s of concerns were) 
developed to identify potential pip break locations, t ts, and consequence.s 
The second-level list of concerns w s used to develop qualitative ranking on 
whether each item in the list had a hihs, medium, or low onsequence of affect
ing the core damage frequency (CDF) Quantitative estima s were made of the 
change in CDF for sequences ran ed high and mediur based on existing 
probabilistic rsssessment tudies. Poential ant changes oth physical and 
procedural, w e identified th_ could reduc e increase in the CDF due to pipe 
breaks inside c nment. T-h costs of th e potential ceanges were estimated.
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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) secti s 
3.6.1 and 3.6.2. These stated that licensee safety analyses should consid he 
specific structural and environmental effects of pipe whip, jet impin ement, 
flooding, etc. on systems and components relied on for safe reactor sbdo n.  

The NRC is currently assessing the need to review t 41 older nuc ar 
power plant units referred to as the Systematic Evaluat* Program Phase 

(SEP-III) plants that were licensed while the criteri ere evolving. Generic 
Safety Issue (GSI) 156-6.1 deals with whether the e fects of pipe break inside 
containment have been adequately addressed in these ants' design The NRC 
provided requirements to the industry regarding pi e brea outside of 
containment by issuing the "Giambusso" and "O' Leary lers. Since these 
requirements apply to all the affected pla ts, pipe breaks ou ide of containment 
are considered a compliance issue and not art of GSI 156-6.1.  

The NRC s assessment involved an nitial prioritization'\f the issue to 
determine whether the 'Tvolvtd was suftciently hgh to warraý assigning it 
as a Generic Safety ue designat d for a m re d iled evaluatin. The initial 
prioritization consi red the currenj status of t SEP-III plis with regard to 
pipe break probabilitts, probabilisjc risk asses ents, pipe break effects on the 
Core Damage Freque cy (CDFIT estimates, a the cost estimates for any 
potentiacorrective ac 'on NRC staff erformed an initial "draft" 
pri izatiom, but\recogniz large unerainties or example, in the probability 
o various types of\ ipe fai res, in the ptr'O ility of subsequent safety-related 
sy em failures after ipe br aks, and in the cost estimates for any potential 
impr vements to redu e the F), making the prioritization inappropriate for 
use.• erefore, the esent e ort seeks to enhance the existing "draft" 
prioritiz tion of GSI 15 6.1, re cing the uncertainties as much as possible.  

Pipe Br ak Fre ency Estimates 

Several o e high-energy lines inside containments have apparently 
experienced n degradation. 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-rI 
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. A more 
recent study was included in NUREG-1 150, issued in 1990, which S had 
widespread review. The most recent study is in NUREG/CR-5 , which 
considered piping history through 1997. It recommended frequenc s about an 
order of magnitude below WASH-400 and NUREG-1150. is Stu is very 
recent and has not received widespread review. After\,9 r•,iew of t failure 
estimates, it was decided to use the NUREG-I 150 fre ncies and unce ainties 
for reactor coolant systems. 0* 

Review Of Updated Final Safety Aalysis Reports an, 
Related Safety Evaluation Reports\ 

An important aspect of this ýsearch program to obtain information 
regarding the design efforts made bX plant licensees to tigate the effects of 
postulated pipe breaks inside contain ent. Information a•s gathered for three 
groups of plants: the SEP-II plants ( e 10 earliest SEP slants), the SEP-III 
plants, and selectedo,-n--SE plants of ore rec nt licensing'vintage. Since the 
SEP-II plants . fsubjected o a more cen arly 1980s)qC evaluation of 
inside-contain ent pipe-breal4 design, af informatio, regarding additional 
analyses and/or4 lant modifi/ations that \night have been required would be 
useful for compalon to what was done on •e SEP-III plants. The more recently 
licensed (non-SEP)planj•'we• reviewed sin e their pipe break designs had been 

alua-ed by.the NR CCith unifo- accepta e criteria in place.  

The NR s Nucle r Document System (NUDOCS) was used as one of the 
"ources of info ation t complete this task. An important limitation is that 
UDOCS is relat vely co lete only for docketed material dating back to the 

19 9 or 1980 tim rame. does not necessarily contain documentation dated 
earl than 1980. wo updated final safety analysis repots (UFSARs) were 
revie d, but con ined very little substance. The IPSAR NUREGs for SEP-il 
Topics I-I,4.C d III-5.A were also reviewed. All of the SEP-II plants were 
required to p orm some form of engineering evaluation in order to satisfactorily 
address e 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-II 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-Il plants were required to make physical modifications.  
Looking at the SEP-il 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 
determined from review of the SEP-III plant UFSAR and SER information as 
that the discussion of pipe-break effects inside containment continually ireased 
with later construction dates. Discussion of pipe break topics was not ly bsent 
in information for the earlier plants, whereas the later plants provi much ore 
information regarding criteria, evaluations, multiple pipe b ea s for multi le 
systems, and system interactions with other adjacent safety- ated equipment.  

When taken as a whole, the UFSARs for the on-SEP plants contained 
more extensive descriptions of the criteria used to desi ate high- an'd moderate- " 

energy piping systems, the analysis techniques used in heir qualiii ation, how 
the postulated break locations were determined, and the lant ign provisions 
(e.g., pipe whip restraints, physical barrins, etc.) that were e5 loyed to mitigate 
the effects of a pipe break event. In •neral, the most vious conclusion 
determined from all of the non-SEP plant reviews was that little\hanged between 
the later-timeframe SEP-Ill-plants and the n-SEP plants 

Plant Visit 0 r t ) 

Five plant viots were co ucted to btain information from direct 
observation of the relatve locati s of represent tive high- and moderate-energy 
piping stems, equipment i t to plant sa ty, and the measures taken to 
mittf e the 'effects of pip reaks. alkdowns e made to perform qualitative 

gements regardlng the g eral susceptibi~o of the SEP-III plants' equipment 
to a~mage resulting om pip ruptures or jet impingement, and the observations 
a r e re s e n te d b e lo w . g " s u 

4Tte Trojan Nucle r Pow lant is a four-loop PWR using a Westinghouse 
nuclear st am supply sy tem (NSSS). The plant entered commercial operation in 
May 1976 (later-time ame SEP-HI PWR) and operated for approximately 
15 years be re bei permanently closed by the licensee. The plant was 
designed with a gh 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 sepa ion to 
reduce the effects of a high-energy line break (HELB), this )•'k of jet 
impingement shields may not be unusual.  

The Browns Ferry Nuclear Power Plant, Unit i iaGeneralElectric 
BWR-4 design with a Mark I containment. The pit entered com ercial 
operation in March 1977 and operated for approx tely 8 years before ei•ng 
temporarily closed by the licensee. The plant w undergoing regulatory re ew 
for an expected restart of commercial operatioi at the time ,f the visit. e 
observed that this plant was designed with a rmnimum con rtmentalization\ 
inside the drywell. This is a generic design feature o~the I containment in 
that the compactness of the drywel piping layout affpt ls minimal space forO 
compartment walls. This results in any of the high-en gy systems being close 
to each other. Examples of large whib restraints were observed during the plant 
walkdown. We observed that the mi mal amount of ph*sical separation and 
compartmentalizatio owed by the d well physical volume, constraints would 
put more emphason the use f whip re raintsebonservative $sign practices, or 
other measureto mitigate ta l effects of )t-ELB- event. A minimum of jet 
impingement shielding of indiidual item: "e.g., electrietl• boxes or cable trays) 
was observed. *e control/od drive (Cv) piping bundle had no physical 
barriers separatingjt from other high-energ. piping systems in the general area.  
;r-- ýview of pla drawl s showed that the safety-related electrical 
penetrations appeare to have a hgb. deg e of physical separation. Typically, 
these systems 'are redu dant with onr"'train" entering the drywell through a 
separate penetra on whi the other train enters through a separate penetration 

Ncated on the oth r side ( tually about 180 degrees away) of the drywell shell.  
Ths layout shoul help n imize the deleterious effects of a pipe break on 
safeL-related elect cal system functions.  

Tq;e Quad ties Nuclear Power Plant, Unit 2, is a General Electric BWR-3 
design %ýith a ark I containment. The plant entered commercial operation in 
April of 1 (early-timeframe SEP-III BWR). Like Brown's Ferry, Unit 3, the 
plant wa 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.
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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 inside the crane wall near the steam generators. However, thre 
were no targets in the area. The plant was designed with a high degre of 
compartmentalization. A minimum of jet impingement shielding of in idual 
items (e.g., electrical boxes) was observed. This did not seem unWaronte given 
the degree of physical separation, redundancy, and the umbpof supols 
mentioned above. All balance-of-plant piping (excluding tht main steam d 
feedwater lines) and the electrical penetrations entere e containment t 
approximately the same location, rather than spaced ound the containment 
circumference. This design makes it far more likely t at a high-energy line pipe 
break (or leak) at this location would damage electrical nd instrumentation lines.  

The Vermont Yankee plant (BWR/4, Mark I st el c: ainment) was 
visited with an NRC/NRR staff membe who was studyin ipe break effects 
associated with the reactor building close cooling water (R' CCW) system. A 
pipe break associated with the RBCCW system had previously een identified as 
a potential problem by the Millstone I WR licensee. The ortion of the 
Vermont Yankee RBCC in outside co.tainment was forme y classed as 
safety related, but r'recent yea the licehsee., no longer ept up that 
classification. Ther is a single chec valve sepa 'ing the safeý,-related and non
safety-related portio of the RBC W inside dpntainment, and a single motor
operated -valve separat'Wg the tw ortions outsi containment. In the event of a 
HELB within containxient, *,whip or jet pingement could sever the 
RBý e m.\In the e • of a s le failur f one of the isolation valves, 
piessure inside con inment ould rise to'a oh.0 psi and force water outside the 
co tainment through the R• CW system. ince the RBCCW system outside 
cont inment is not cla ified as afety related, this system could rupture, resulting 
in a c tainment-to-at sphere ak. Two bundles of the CRD piping entered the 
contain ent on either s e of t reactor. They were routed rather directly from 
the conta ment wall t the reactor. The piping appeared well supported. One 
recirculatio line riser d the low-pressure coolant injection (LPCI) (or RHR) 
line which nnects ith it were in the vicinity of the CRD lines; however, 
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-Ill 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 pi break 
must begin with the assumed loss of function of the pipe line that bro . With the 
exception of Nine Mile Point Unit 1, all of the BWR plants re or d that pipe 
whip restraints were installed on their recirculation piping. obvi sly helps 
to mitigate recirculation pipe break effects, but insuffi c ?entlnformatiohdid not 
permit the assumption that the recirculation piping was Iequately restrai? d and 
satisfied the criteria contained in the SRP. Therefoppipe breaks were ass med 
to occur in the BWR recirculation piping system O 

Two PWR plants were visited to review th plant layo , the pipe bre 
and jet impingement protection, and the relative lod tion o omponents to one 
another. In .addition to evaluating t pipe break protecti for the specific plant, 
we also attempted to use the plant Ia outs to generalize ossible break locations 
and targets for other plants, for which we did not know th pipe break protection 
history. We did not have access to the lant stress analyses, so we did not know 
the locations of hig~h ss or fatigue u ge > 0.1 that woul;;e used to identify 
pipe break Ic ns usin today's tandare.a In our .ief tours inside 
containment, did not have •he time to su y each high-energy line along its 
entire route, no ng the potentijl break poi ts and targetAut rather we obtained 
a general overall view from ,veral locatio s inside the containment. A number 
of pipe whip restr ints on high-energy line were observed in both plants, but 
k ýWpeared to be o mini 1, if any, je impingement shields, although the 

concrete walls serve is purpose. e t plants were designed by the same 
NSSS vendor; i•everthe ss, we noted s eral major differences: 

SAlthough t e react~o coolant SYstems and major branch piping within the 

secondary ield (cr e) wall were basically the same, the remainder of 
the piping, articularly the branch piping between the crane wall and the 
containmen as well as the electrical and instrumentation routing, were 

eIld run a quite different.  

2. On newer plant that was designed to RG 1.46, the electrical and piping 
p etrations 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 

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 0o 
SEP-III BWRs. Although it is not considered to be one of the SEP-ilI pl s, the 
other two units at this site are SEP-III plants. All three plants sh . a ingle 
USFAR, licensing safety evaluation report (SER), and numerouy ut no all) 

other SERs. The other two plants were older SEP-III BWRs ( WR/3), for w ch 
the documentation on pipe whip and jet impingement Wasnted. A numbers 
pipe whip restraints were observed on the recirculation es of these plants, but 
there appeared to be only minimal, if any, jet impi ement shields, other than 
covers over the vent openings to the torus. The main earn and feeXwater lines 
were not restrained in the upper cylindrical portion of the drywell. T plants had 
energy-absorbing pads attached to sections on the interior ýf the erical portion 
of the drywell. However, the designs of ie pads and the are covered were not 
the same for the plants. In contrast to the PWR plants, th\,BWR plants had 
minimal compartmentalization. Although tpe two plants were' designed by the 
same NSSS vendor, General Electric, we noted several major diffMences: 

1. Most of the r piping 'sstems (fo\ exa e, the recirlation, main 
steam, and f, dwater) are ba ically the s e; howeverthe remainder of 
the piping and e electrical id instrume tation routin were field run and 
quite different. a. /'y t 

2. h • newer plant, e elect I andins mentation lines for different 
#' trains entered the co tainment in nt quadrants 180 degrees apart.  
\ However, in o e of the older plants, it appeared that no attention had been 

given to separat g the di erent trains.  

3. T e main steam nd feed ater lines on the newer plant had pipe whip 
reatits added i the containment penetration area. Such restraints were 
not esent on theblder plants.  Ranking ndi antification of SEP-Il Plant Pipe Breaks In de Containment 

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-tI 

plant layouts. In many cases, a pipe break scenario may not be possible at a 
specific SEP-II 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-I1 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 potental from 
IGSCC. Cost estimates for the following list of corrective actions tl could 
reduce the pipe break probabilities of light-water reactor (LWR) -ýing were 
developed: plant design changes, protective hardware, preveitiv• hardware, 
operating/procedure changes, additional testing and inservicspec ions (ISI), 
and additional analysis. The recommended corrective ac •on*'or this iss e would 
be in the protective hardware and test/ISI categories.  

Our experience in GSI 156-6.1 has shown t a great deal of the bala ce
of-plant piping, as well as the electrical and h raulic instru ent and cont I1 
lines, are field routed in both BWRs and PWR Consequent , the best an 
possibly only way to determine the proximities of1igh-en y lines and their 
potential targets in the event of a Ii e break are by in-pl walkdowns. This is' 
consistent with the SEP-Il plant co rective actions, in that those actions were 
very plant-specific, indicating that a generic plan to c rer all SEP-HI plants 
without evaluating them individually i impractical. Accor ngly, a cost estimate 
was developed for suchwal•,downs.  

Table E-1. Quw fication of minant B R We-break even$inside containment.  
IChange in 9fResultin 'froeipe Break Event 

Pipe Break-tAffeted Fr ency Error 'h Percentile Median 9 5ih Percentile 
System(s) \tsrx-yr) Factor' ventslrx-yr) (events/rx-yr) (events/rx-yr) 

00 _ orFW- 2.0&- 13.5 4.2E-8 5.7E-7 7.7E-6 
Containmeht shell an (2.0E 6)h 36) (3.9E-8) (5.6E-7) (7.6E-6) 
safety system entering 
containment 

, Recirculation RD O.E-6 14.1 9.8E-8 1.4E-6 1.9E-5 
bundle(s) ( 0E-6) (14.3) (8.9E-8) (1.4E-6) (2.OE-5) 

9. \Recirculation- . E-6 13.6 8.4E-8 L.IE-6 1.5E-5 
•ontainment shell d (4.OE-6) (11.8) (8.3E-8) (1.LE-6) (1.3E-5) 
safety systems en ring 
con inment 

10. RHR--_CRD 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 ontainment 4.OE-7 19.8 3.9E-9 7.7E-8 1.5E-6 
shell and safety systems (4.0 E-7) (17.7) (3.9E-9) (7.9E-8) (1.4E-6) 
entering containmentc 

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.OE-6) (1.2E-5) (1.3E-4) 
control 

16. HELB-RBCCW• 2.OE-8 16.8 2.7E-10 4.6E-9 7.7E-8 
(2.OE-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.  
c. 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

Mea
Pipe Break-Affected Freque 

System(s) (events/ 

9. HELB-Containment 7.5E-5 
instrumentation and (7.5E-5)t 
control 

16. MS or FW--Containment 1.4E-9 
shell in free-standing (1.4E-9) 
containmentc 

17. MS orFW-CCWc 1.OE-7
(1.OE-7)

in 

fncy Error 
rx-yr) Factor' 

12.2 
b (12.3)

51h

Percentile Median 
(events/rx-yr) (events/rx-yr) 

1.9E-6 2.4E-5 
(1.8E-6) (2.2E-5)

15.0 2.OE-! 1 
(12.1) (4.6E-11) 

16.8 1.4E-9 
(15.5) (1.3E-9)

9 5 'h Percentile 

(events/rx-yr) 

2.9E-4 
(2.7E-4)

3.7E-10 6.OE-9 

(4.3E-10) (5.2E-9) 

2.3E-8 3.9EI 
(2.2E-8) (3.4 J -7)

a. Error factor = 95th percentile/median 

h Niimhe'r• in n,,rtnihec.•t,, art from .SAPPHI4RF rn•n

c. This event is presented because its containment failure impact is high, gh the core damage frequency 
impact ranking is low. h. 4am ag

iclusions 

The general conclusions reached in t is program are: 

1. No BWR SEP- I plants have L B approval; all SEP- PWR plants 
have LBB "roval lr their rea tor co nt systems. ne SEP-III 
plant h IBB approva for its sur e li 

2. There ha been few t ough-wall I aks of LWR large high-pressure 
piping insi e containment. Therefor , the failure rates have a large 

,-..•u~ncertainty. hemodels whi h have been produced that are 
sophlsticated e ough to es'tiate va i nces in pipe break frequencies 

for diff!ent L materials, fabuI~ation methods, repair methods, or 
stress im oveme methods.  

Most pipe eak freq ency estimates can be traced back to the same 
references, any o which are fairly old. The break frequencies in 
NUREG-l 1 0 (1990), which has undergone fairly extensive reviews, 

ere used r this study.  

4. Onl small number of inspection, procedural, and physical 
m cifications 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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6. 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.  

7. 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 in differeev anners, 
leading us to the conclusion that the field routing pro ably makes 
each plant unique in terms of the proximity ofope reaks and 
potential targets. . • 

8. The main physical barriers for pipe ak protection are whip 
restraints, jet impingement shields, cow inment liners, and con rete 
walls (PWRs only).  

9. The physical separation of componen is much eater in PWRs 
than in the Mark I BWPs.  

10. Based on all the possibl field routing situa ons, we developed a list 
of potential concerns bas d on the systems t at we observed in the 
plants that-were visited.  

11. Six B reap of cont inment ýbell (from S/FW, RHR, or 
r~ec~ulation pipi), damag t D lines (fr recirculation or 
RI4 piping), daage to s ty-related-. jtrument and control 
syst ns (from an HELB)] an two PWR [damage to safety-related 
instruhent and •ontrol system (from any HELB) and breach of 
contai'en from MW piping)] sequences were ranked 
nmedium high with ard to ential increase in CDF.  

12. The CDF an frequency changes for the BWR sequences ranked high r median were on the order of 104 to 10.6 events/rx-yr. The 

CDF ean fre ency change for the two PWR events was on the 
order 10. e ts/rx-yr for one and 10.9 events/rx-yr for the other.  

\t3. For lo s of containment integrity caused by rupture of the PWR 
CC nd the BWR RBCCW systems initiated by a pipe break inside 
c ainment, with valve failure of a single isolation valve, the mean 
requency was estimated to be on the order of 10.9 events/rx-yr.  

14. 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.  

15. 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-I1 plants, for which 
the changes imposed by the NRC varied from plant-to-plant.  
Therefore, a plant-by-plant waikdown 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 I 

Robinson 2 

Point Beach 1 &_2

Monticello 

Dresden 3 

Pilgrim

Quad Cities I 

Surry 1 & 2

Turkey Point 3 & 

Oconee 1, 2, & 3 

Cooper 

Calvert Cliffs 1 

Hatch I

Three Mile Island I 

Trojan

Vermo ankee 

Main Yankee 

Kewaun 1 \ / 
Fort Calhoun 

Zion\,l & 2 

Brown Ferry 1 2 

Indian P *nt 2& 

Peach Bo om2 

Prairie Is nd 1 & 2 

an mold 

ansas I (ANO) 

D. C. Cook I 

FitzPatrick

Brunswick 2 

Millstone 2.

The NRC's assessment involved an initial 
prioritization of the issue to termine whether 
the risk involved was sufficie y high to war
rant assigning it as a Generi afety Issue desig
nated for a more detailed valuation. The initial 
prioritization conside the urrent status of the 
SEP-III plants wit4q"regard to ipe break prob
abilities, prob listic risk asse ments (PRAs), 
pipe breaeffects on the ore Damage 
Frequee (CDF) estimates, a the cost 
estimate for any po!ntial correcti e actions.  
The NRW staff perf med an initi. "draft" 
prioritizati 6n, bu arge uncertaintie were 
recognized (for xample, in the prob ility of 
\ various types pipe failures, in the probability 
\ of subsequent sa ty-related system failures after 
pipe breaks, and " the cost estimates for any 
potential improve nts to reduce the CDF), 

\makin he prioritiz 'on inappropriate for use.  
Thptrfh ore, the pres nt effort seeks to enhance 

t existing' .Araft" prioritization of GSI 
1 6-6.1, reducing the uncertainties as much as 
po ible. A significant effort in gathering 
madd tional information was required to enhance 

t, 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
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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

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.

identifying the measures that should be taken to As part of its plant-specific review between 
protect safety-related systems and equipment 1975 and 1981, the NRC staff used the guide
from the dynamic effects of such breaks. Before lines in RG 1.46 for postulated pipe breaks 
they used these deterministic criteria, the staff inside containment and SRP sections 3.6.1 and 
used nondeterministic guidelines on a plant- 3.6.2 for evaluating postulated pipe breaks out
specific basis. This Draft Safety Guide was side containment. In July 1981 the NRC revised 
subsequently revised and issued in May 1973 as SRP sections 3.6.1 and 3,6.2 (•RC 1981) to be 
RG 1.46 with the same title (AEC 1973b). The applicable to both outside d inside contain
AEC implemented the RG only on a forward-fit ment, eliminating the nee' for further use of 
basis. RG 1.46. Finally, ipJun\ 1987, the NRC 

eliminated all doiamic an environmental 
Regarding pipe break effects outside con- effects resultinjTrom arbitrary i termediate pipe 

tainment, the AEC issued two generic letters ruptures. /•is was accompli'shed through 
(GL): Giambusso 1972, and O'Leary 1973 to all Generic etter 87-11 (USNRC 1987a.  
licensees and Construction Permit or Operating 
License applicants; these are known as the Betwe n 1977 and 987, the NRC System
"Giambusso" and "O'Leary" letters, respec- atic Evaluation ram (SEP) revisi ed the 
tively. These letters extended the pipe break issue of pipe br s inside and outside ontain
concerns to outside containment, and provided ment. The obje tive of the SEP was to determine 
deterministic criteria for break postulation and to what extent t earlier ten plants (i.e., SEP-II) 
evaluation of the dynamic effects of-postulated met the licensin criteria in existence at that 
breaks. The letters requested that a,ýecipients time. These ten plan included: 
submit a report to the staff that sp narized cch 
plant-specific analysis of thi Ssue. All opert- Palies R. E. Ginna 
ing reactor licensees and licen e applicants s - ster Creek "" Dresden 2 
mitted the requested analyses ii separate c re- ,,.  spondence or updated the safety nalysis report Mi ]stone I Yankee Rowe 

for the propose to include the a ysis. Ha am Neck LaCrosse 
November 15, after the AEC had organizede
into the N lear Regulatory •omnl ion, the Aig Rock Point SONGS I 
NRC staff is ed Standard Reiew Pla (SRP) 
sections 3.6.1 and 3.6.2 ( 1975 that This objective was later interpreted to ensure 

slightly revised t two generic le ters disc sed that the SEP also provided safety assessments 

above. Thus, after 1975, the spe fic st ctural adequate for conversion of provisional operating 

and environmental ffects of p e whip, jet licenses to full-term operating licenses. As a 
impingement, floodin , etc. o systems and result of these pipe break reviews, the plants 

components relied on f sa actor shutdown were required to perform engineering 

were considered. evaluations, technical specification or procedural 
changes, and physical modifications both inside

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

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
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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

necessarily 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 peNormed an initial 
"draft" prioritization of thisssue. However, 
because of large uncertainte in certain parts of 
the sequences being gnsi'dered, the resulting 
estimates also conta;Ad very ýUge uncertainties.  
Particularly, th se uncertainti~s concern the 
probability o arious types of pipe failures, and 
the prob 1ities that these pipe flalures would 

cause s sequent failures (e.g., fron pipe whip, 
jet impihgement) of "important equ ment or 
structures.'The NRC so determined t at more 
accurate estfmate f the costs associaItt with 
any potential i provements to reduce the CDF 
would help establish a more well-defined priori
tization. For this eason, the NRC decided that 
additional research ould be performed.
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2. PIPE BREAK FREQUENCY ESTIMATES

2.1 Review of Available Pipe detected when repair efforts such as weld over
Degradation and Failure lays were undertaken. None of the cracks that 

have been detected in BWR feedwater nozzles 

Data from thermal fatigue propagated through the 
wall for a leak to occur. Both the recirculation 

Several of the high-energy lines inside con- line and feedwater nozzle problems have been 
tainments have apparently experienced no deg- the subject of NRC NUREGs,iulletins, Generic 
radation. However, some lines have experienced Letters, and Information N _es (NRC 1980c, 
cracking or wall thinning. In a few cases, sig- 1982c, 1984b and c, 1988 , and are being man
nificant leaks have occurred, but no major aged by NRC and indgtry ograms.  
breaks that damaged critical equipment.  
Instances of large, high-energy line pipe leaks While man Westinghouse and a few Com
inside containments of U.S. nuclear power bustion En eering (CE) plant team generator 
plants, the major degradation mechanisms at the feedwat nozzle-to-piping wel zones have 
locations, and numbers of leaks in piping of experi ced crackin*, actual fai res (leaks) 
diameter greater than 51 mm (2 in.) are listed in have be n relatively ew: D. C. C k Unit 2 
Table 2-1 (Shah et al. 1998, Poloski et al. 1999). (Westing use PWp-7 in 1979, Main• Yankee 

(CE PWR in 983, and Sequoya0 Unit 1 
Extensive cracking has been found in most (Westinghous PWR) in 1992. The Maine 

BWR recirculation systems (133 by 1979, 319 Yankee incide was caused by a water hammer 
by 1983, and more than 1,000 by 1990 have and occurred at \location weakened by fatigue 
been reported), although only a small percentage cracking. Extensiv• erosion-corrosion wall thin
actually developed into leaks. Ane te 6 to ning of iping insid containment was found on 
8% of BWR susceptible pipe Ads have ex_ ri- the ojan plant (,'•estinghouse PWR), but no 
enced cracking. The initial i stances of leaklige s have occrred. A break in the feedwater 
were on smaller lines [less tha\ 8 in. (203 njn)]* e inside the containment penetration occurred 
first reported at Dresden Unit 1 hl 1965, an at a a the Indian Point plant (Westinghouse PWR) in 
safe end location in the Duane Amol t in 19 3. A major leak developed and the 
1980. Later, 982j slight leak urred on p etration was damaged. Leaks have developed 
28-in. (71 -mm safe end at Nine ile Point -,. n the makeup/high pressure injection lines of 
Unit I duri a hydrotest, shwing t t larger two Babcock & Wilcox (B&W) plants, one in 
recirculation ing was also su eptible o leak- the early 1980s and one in 1997. A safety 
age from inter anular stress co osion cr king injection (SI) line developed a leak from thermal 
(IGSCC). A few ther through-w il crac were fatigue at Farley Unit 2 (Westinghouse PWR) in 

Table 2-1. Location, mechani , and number of leaks in piping greater than 51 mm (2 in.) at U.S.  
nuclear power plants in ide c tainment.  

Location 0 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 I 

PWR makeup/high pressure injection Thermal fatigue 2 

PWR safety injection piping Thermal fatigue I
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Pipe Break Frequency Estimates

1988, after 6 years of operation. A similar leak In most cases, the NRC reviewed generic 
occurred at a Belgian plant. These instances of requests and granted approvals for Westing
degradation have been the subject of NRC house (Generic Letter 84-04; Eisenhut 1984), 
Bulletins and Information Notices (NRC 1979c, Combustion Engineering (Richardson 1990), 
1980c, 1984b, 1987b, 1989, 1991b, 1993), and and Babcock & Wilcox (Crutchfield 1985) 
are being managed by industry and NRC plants. Generic letter 84-04 also included the Ft.  
programs. Calhoun plant (Combustion Engineering design) 

because Ft. Calhoun has stainless steel primary 
The degradation mechanisms that caused the coolant piping as do Westingh use plants, rather 

small number of failures are being managed by than carbon steel piping as do a other Combus
industry programs with NRC oversight. There- tion Engineering plants. No 11 Westinghouse 
fore, the present failure rates are expected to be plants were included in eneric Letter 84-04.  
no higher than those that would be calculated Fifteen WestinghouseOants of which 10 were 
using the failures to date. Consequently, the SEP-III plants,\aref'sted in t Generic Letter.  
failure probabilities used in recent PRAs are Although Ge ic Letter 84- accepted the 
relied on in Section 2.3 to give failure technical b for LBB, it stipul ed that plants 
probabilities. These appear consistent with the still ha o demonstrate that an a equate leak 
failure data to date. detectio\ system was perational, th is, that at 

least one leakage detecj *n system mustbe oper
2.2 Leak-Before-Break Status able with\ sensi ity capable of d~tecting 

for SEP-Ill Plants 1 gal/min (gpm) .8 1/m) in 4 hr. The gvf'elines 
for leak dete 'on systems were published in 

Leak-before-break (LBB) technology was RG 1.45 (AEC 973a). Edison's letters (1988 
approved by an amendment to GDC-4 of and 1990) are e mples of NRC approval of 
Appendix A to 10 CFR 50, and bec ,ffeptive licensee submittals or a leak detection system 
November 27, 1987. The tech I proced es that is sufficient t detect leakage from a 
and criteria for LBB are defin" in NUREG/ j- os ted circum rential throughwall flaw 
1061, Volume 3 (NRC I 4b). The balic u ng RG 14504 (with the exception that the 
assumption is that if there is m 'or degrad 'on se smic qualification of the airborne particulate 
in the pipe wail,a- detectable leak will d elop ra dation monitor is not necessary).  
for certain pip er certain loa and 
plant can b shut down before a c tastrophic " utchfield's letter (1985) is the NRC 
failure occu . "`4eneric response to a B&W Owners Group subo i •mittal, and Richardson's letter (1990) is the 

Although th NRC has not ap oved L for generic response to the Combustion Engineering 
any BWR plants all PWR SEP-I plants ave Owners Group. Although there were three main 
LBB approved fo their main olant oops. generic approvals, some plants applied for and 
These have been pr arily conn ted with the were granted LBB individually (Edison 1987; 
resolution of Unres ved Saf Issue A-2, Brinkman 1989; Gamberoni 1992; Chan 1988; 
which dealt with asyretri lowdown loads Perkins 1988), because not all Westinghouse 

resulting from double-end pipe breaks. How- plants were included in Generic letter 84-04. For 
ever, licensees may use B as justification for Indian Point 3, the NRC stated (Varga 1986) that 
the removal of primary loop supports such as the licensee had provided analyses satisfying the 
part of snubber reduction programs, and the requirements of the proposed rule for modifica
removal of pipe whip restraints and jet tion of GDC-4 of Appendix A to 10 CFR 50, but 
impingement barriers. One SEP-III plant (Prairie since the rule had not been issued (it was issued 
Island Unit 1) has had LBB approved for its the following year), they took no action. The 
surge line. This was in conjunction with satis- licensee considers that after the change to the 
fying the requirements of Bulletin 88-11. The CFR in November 1987, the Varga letter (1986) 
LBB status of SEP-III plants as of 1995 is effectively approves LBB for Indian Point 3.  
summarized in Table 2-2.
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Cooper - .  
Arkansas Usetear.One- 1 
Calverrlýiffs-1 
D.C. C k- I 
Hatch-I 
Fitzpatrick 

Three Mile Isl d 
(TMI)-1I 
Brunswick-2 
Trojan 
Millstone-2

GE 
Westinghouse 
Combustion Engineering

System

Table 2-2. Leak-before-break status of SEP-III plants (1995).  

Nuclear Steam Supply 
Plant System (NSSS) vendor 

Nine Mile Point-i General Electric (GE) 
Robinson-2 Westinghouse 

Point Beach-1/2 Westinghouse 
Monticello GE 
Dresden-3 GE 

Pilgrim GE 
Quad Cities-1/2 GE 
Surry- 1/2 Westinghouse 
Turkey Point-3/4 Westinghouse 
Oconee-1,2,3 B&W 
Vermont Yankee GE 
Maine Yankee Combustion Engineering 
Kewaunee Westinghouse 
Fort Calhoun Combustiou Engineering / 
Zion-1/2 Westinghou 

Browns Ferry-1/2 GE 
Indian Point-2/3 Westinghouse 
Peach Bottom-2/3 $GEs')-\ o .  
Prairie Island-1/2 Westi ghouse 
Duane Arnold GE 100

2,f unit 3a)

RCS,' surge line (unit I)' 
None 
None 
RCSc 
RCSb 

RCSa 
None 
None 
RCSe 

None 
RCSi 
RCSb

Eisenhut, 1984 
Richardson, 1990 
Crutchfield, 1985 
Edison, 1990 
Edison, 1987 
Brinkman, 1989

g.  
h 
k.  
j.  
k.  
I.

Gamberoni, 1992 
Dilanni, 1986 
Edison, 1988 
Chan, 1988 
Varga, 1986 
Perkins. 1988
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a.  
b.  
C.  

d.  
e.  
f.

6

None 
Reactor Coolant System (RCS)' 

RCSa 
None 
None
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Pipe Break Frequency Estimates

2.3 Estimation of Pipe Failure 
Rates Applicable to SEP-Ill 
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 
Bums 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 PRA basis 

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 

Limerick BWR EPRI NP-438 

Monticello BWR EPRI NP-438 

Hatch BWR EPRI NP-438 
Shoreham BWR EPRI NP-438

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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Pipe Break Frequency Estimates

The mean pipe-break frequency estimates These failure frequencies are listed in Table 2-9.  
(events/yr) from the references reviewed are There has been less failure information 
listed in Tables 2-4 and 2-6 for PWR and BWR generated for main steam (MS) and feedwater 
plants, respectively. All values are mean except piping than for reactor coolant systems. Based 
for those based on WASH-1400, where they rep- on the limited data in Table 2-8, a mean failure 
resent median values. The tables include probability value of 3 x 10-4 events/yr is 
WASH-1400 (NRC 1975a), NUREG- 1150, and estimated, which is about the same as for the 
Poloski et al. (1999). The latter is a more recent primary system large break frequency.  
study which considered piping history through Therefore, the PWR large break failure 
1997. It recommended frequencies about an frequency will also be assume for the large 
order of magnitude below WASH-1400 and secondary piping. Since there s been more 
NUREG-1 150. The study is very recent and has feedwater system degrada n inside con
not received widespread review. tainment than main steam sy eem degradation, it 

is assumed that 80%,d the requency comes 
Many of the reports do not identify any from the feedw er•(ystem and 20% from the 

uncertainty bounds. For failure probabilities less main steam syst.• 
than 1 0" events/yr, the uncertainty bounds are . "" 

generally considered to be an order of magni- Altho•f the failure studies did n t consider 
tude. Uncertainty ranges from the sources that the age o the piping, t~e failure probability is 

included pipe break uncertainties are listed in undoubtedl• a function ff the pipe agk since 
Tables 2-5 and 2-7 for PWR and BWR plants, one of the major egradation mecha isms, 

respectively. These include WASH-1400 (NRC \fatigue, accumuj~ts with time. Shah t al.  

1975a), NUREG-1 150, and Poloski et al. (1999). \(1998, Figure 3.t~b) show a statistically increas
\ing trend of lea\ events caused by thermal 

Estimates of mean secondary piping rupture \fatigue with plant years of operation. Fatigue 
frequencies for PWR plants (events/yr e lis~ted •egradation will be gi~atest for plants in the life 

in Table 2-8. The failure frequenc o'fr the C - etensio~l~hase, presumably 40 to 60 years, for 

laway plant was based on the dlio of the pipl• whic •4o nuiclear pla/i failure data can be gen

section lengths for that plant •mpared to th• era d at this tiiffe. Another consideration is 

section lengths assumed in WASI 1400. / replacement or repaired pipe. Recirculation lines 

• • \. ...... in al\, SEP-III BWR plants have been repaired or 
Although the i approach was to e replantd. We believe that the values chosen are 

median value•f the stt~dies~evaluat ~, it was con rvative. The mean probabilities are factors 
decided to ie initiating ev~ t valu• from "' 5 and 10 greater than the values in the study 

NUREG-1 150 ince those valuek are the~most performed by Poloski et al. (1999) for BWR and 
accepted and e esiely used Ithe 1R. PWR RCS piping, respectively.
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Pipe Break Frequency Estimates

Table 2-4. Failure frequencies (events/yr) for PWR plant primary system piping.  

Relative Pipe Sizea 

Very Large Large Medium Small Very Small Other Source

4.7E-4 5.8E-3 

1.OE-3 1.OE-3 

4.7E-4 5.6E-3 

-- 1.8E-2

1.2E-2

1.3E-2

-- 5
I.4E-4 3.2E-4 1.OE-• 

3E-4 8E-4 3E-3\

- blo Canyon PRA 

- Comanche Peak PRA Y • allaway PRA 

_ "Be •er Valley PRAb 

Beav Valley PRA' 

S Kafka a d Adrian 19 8 9d 

Kafka and' drian 1989' 

ý Jamali 19ZJ 

WASH-1400

_ 5E-4 IE-3 1E-3 NUREG- o150 

4E- 4E-4 - Poloski et al. 1999 

a. Very large break» n. (152 mm) (for e ample, reactor sel) 

Large break > 6 in. 152 mm) 

.Medium 4<break<6jit(102<bre -< 152mm) 

Small 2. < break _< 4 in. (51 ea - 02mm) 

Very s I break < 2,'n.( 51 m) 

Other single weld.  

b. Isolatab] ortions.  

c. Non-isolata le portions.  

d. Based on 4, plant years of exp rience.m) 

e. Based on large- 'ameter pipe for iblis B.  

f. Analysis of Core nmage Freq cy: Surry Unit I Internal Events, NUREG/CR4550, Vol. 3, Rev. 1, Part 1, Table 4-9.2, 
pag!e 4.9-4.

'7

NUREG/CR-6395

2.7E-7 

2.7E-7

2.OE-4 

5.OE-4 

2.OE-4 

1.OE-4
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Pipe Break Frequency Estimates

Table 2-5. Failure frequency uncertainties (events/yr) for PWR plant primary system piping.  

Pipe Break Probability 
(events/yr) 

Pipe size a Low Mean High Source 

Very large 7.1E-9 2.7E-7 8.1E-7 Diablo Canyon PRA 

Large 6.7E-6 2.OE-4 5.7E-4 Diablo I nyon PRA 

5.OE-5 5.OE-4 5.OE-3 Calla•1 PRA 

1.2E-5 1 .4E-4 7.OE-4 Iyafk\ and Adrian 1 9 8 9 b 

IE-5 3E-4 IE-3 \ "W ASH- 400 

1.9E-5 5E-4 1 .9E-3 NUREG- 50c 

IE-7 4E-6 1 Poloski et al. 999 

Medium 1.9E-5 4.7E-4 1 .4E- ' 'Diablo Canyon RA 

1.OE-4 1.OE-3 I.OE-2\ Callaway PRA 

2.8E-5 3.2E-4 1.6E-3 ý/ Kafka and Adria 19 8 9b 

3E-5 8E-4 3E-3 WASH-1400 

3.8E-5 1E-3 3.8E-3 NUREG-1 150c 

I E-6 3' -5 ;1 014Poloski et al. 1999 
Small 1.1E-4 5.8E .5E-2 Diablo Canyon PRA 

1.OE-4 1.0 3 1 .OE-2 Callaway PRA 

"8.3E-5 E-3 O.E-3 Kafka and Adrian 1989b 

E-4 3E-3 IE-2 WASH-1400 

3.8E-5 ,E-3 3.8E-3 NUREG-1 150c 

E-4 4E-4 1E-3 Poloski et al. 1999 

a. Very large brea » 6 in. (152 mm) (for ex e, reactor vessel) 

Large break 6 in. (152 mm) 

Medium 4 < break 6 in. (102 reak < 152 mm) 

Small 2 < break • in. < break < 102 mm) 

b. Based on large-diameter pi or Biblis B.  

c. Analysis of Core Damage Frequency: Surry Unit I Internal Events, NUREG/CR-4550, Vol. 3, Rev. 1, Part 1, Table 4-9.2, 
page 4.9-4
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Pipe Break Frequency Estimates

Table 2-6. Failure frequencies (events/yr) for BWR plant piping.  

Relative Pipe Sizea 

Very Large Large Medium Small Very Small Other Source

1.OE-4 3.OE-4 3.OE-3 3.OE-2 -- FitzPatrick PRA

3.OE-7 7.OE-4 3.OE-3 8.OE-3 - - Shoreham PRA' 

- 7.OE-3 3.OE-2 2.OE-2 - EPRI NP-438b 

- 4.OE-4 2.OE-3 1.OE-2 - - Limerick PRA 

- 7.OE-4 3.OE-3 8.OE-3 - - Monticello PRA 

- 2.6E-4 7.6E-4 2.3E-3 - - Iatch PRA 

1.8E-8 3.OE-4 3.OE-3 3.OE-2 - - Brua swick PRA 

- 3.OE-4 2.8E-4 1.8E-3 - Jamal 1990 

-- -- 1.5E-10 Lo I 9C 

3E-4 8E-4 -3 - WASH-1400 

-- 1--3E-4 3 3 - - NUREG-1150d 

- 2E-5 '. -5 4E - - Poloski et al. 1999 

a. Very large break >:6 in. (152 mm) (fo example, reac vessel) 

Large break > 6\.a. (> 152 mm) 

Medium 4 < break < n. (102 < break < 152 mm) 

Small 2 < break 5 4 in. ( <brea 102 mm) 

Ve r all break ý,2in. (51 ,.  

b. Large break>4 . (> 102 m) 

Medium I < break < in. (25 < reak < 102 mm) 
Small break <lI in. 25 mm).  

d. AnalyseisWofdcor iae c eu•l°n: c:y: Peach Bottornie" m Unit 2 internal Events, NUREGICR-4550, Vol. 4, Rev. 1, Part 1, 

August 1989, Tbe9-,pg 4.4

NUREG/CR-6395I1I



Pipe Break Frequency Estimates

Table 2-7. Failure frequency uncertainties (events/yr) for BWR plant piping.  

Pipe Break Probability 

Pipe Size Low Mean High Source 

Large 1.OE-5 1.OE-4 1.OE-3 FitzPatrick PRA 

2.5E-5 3.OE-4 1.5E-3 Lo 19 8 9 b 

1E-5 3E-4 IE-3 WASH-1400 

3.8E-6 IE-4 3.8E-4 NUPRG- l 150c 

9E-7 2E-5 9E-5 PoJk et al. 1999 

Medium 3.OE-5 3.0E-4 3.OE-3 III Patrick PRA 

2.3E-5 2.8E-4 I.4E-3 Lo 8 9 b 

3E-5 8E-4 3E-3 WAS -1400 

1. 1E-5 3E-4 1.1 NUREG- 150c 

9E-7 3E-5 9\-5 Poloski et al 1999 

Small 3.OE-4 3.OE-3 3.OE-'Q FitzPatrick PIA 

1.5E-4 1.8E-3 9.OE-3 Lo 19 8 9b 

I E-4 3E-3 I E-2 \ WASH- 1400 

1.1E-5 3E-3 1.11E-3 NUREG-1150c 

I E-4 -4 -4 IE-3 Poloski et al. 1999 

a. Large break > 6 in, (> 52nmm) 

Medium 4 < break < 6 in. (IQ2 < break < l5mm) . , 

Small 2 < break 5 4 in. (51 \break < 102 mm) 

b. Single weld in re" ~an bypass line.  

c. Anal ysis of ý e Damage Frequen4y: PeachBottom Unit 2 t 'trnaU--,ents, NUREG/CR-4550, Vol. 4, Rev. 1, Part 1, 
August 1989. Table 4.9-1, page 4.9-94." \"O

Table 2-8. Failure fr u cie's ets/yr) for PWR plant secondary system piping inside containment.  

I Z 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



Pipe Break Frequency Estimates

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

Break location 

PWR primary 

BWR 

PWR main steam and feedwater

Break Size 

Large Medium Small 

1.9E-5/5E-4/I .9E-3 3.8E-5/IE-3/3.8E-3 3.8E5/1 E-3/3.8E-3 

3.8E-6/1E-4/3.8E-4 1.1E-5/3E-4/1.1E-3 1.1E-5/3E-3/1.1E-3 

Same as PWR primary break frequency (20% reotin steam system 
contribution, and 80% feedwater system contribttion).

a. Large break > 6 in. (152 mm) 

Medium 4 < break < 6 in. (102 < break < 152 mm)

)
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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 The Giambusso and O'Leary letters specifi
was to obtain information regarding the design cally required the applicable BWR and PWR 
efforts made by plant licensees to mitigate the plants to perform pipe break evaluations for 
effects of postulated pipe breaks inside contain- high-energy piping outside containment.  
ment. Information was gathered for three groups However, BWR Mark I pl nts are generally 
of plants. These are: the SEP-II plants (the 10 considered to have two conta' ments, a primary 
earliest SEP plants), the SEP-UI plants, and and a secondary contain t. As applied to the 
selected non-SEP plants of more recent licensing BWR Mark I plants, t e imary containment is 
vintage. Since the SEP-II plants were subjected defined as the dryVflP she and torus while the 
to a more recent (early 1980s) NRC evaluation secondary coI taiment is t reactor building 
of inside containment pipe break design, any that enclos the drywell ar other selected 
information regarding additional analyses and/or equipme . herefore, to ensure hat this review 
plant modifications that might have been effort frectly addressed the pro er BWR pip
required would be useful for comparison to what ing, found it necessary to un erstand the 
was done on the SEP-III plants. The more clear de 'nition of " tside contain ent" as it 
recently licensed (non-SEP) plants were was inten'4ed b e Giambusso and O'Leary 
reviewed since their pipe break designs had been letters and h it was applied to t SEP-III 
evaluated by the NRC with uniform acceptance BWR plants. ost of the NRC-generated SERs 
criteria in place. or the licensee enerated Updated Final Safety 

Analysis Report (UFSARs) reviewed provided 
All of the review results are ba on treadily the necessary clar ication. However, documen

available information. If a spe c design ovi- tatio or three B R units (Vermont Yankee 
sion or consideration was .tot addressed In a a Browns Ferry 1 and 2) lacked the proper 
document, our review coul\ not commenj on larification.A scheduled plant visit (as dis
that missing item. Because rnst of the •sign ssed in Section 3.4 below) or a brief telephone 
documentation generated for thý SEP-Ill plants c nversation provided the needed clarification 
was dated in te 1960s and .y15.s, fo these three units. As uniformly applied by all 
access to t e documents 'was not i ways easily the SEP-III BWR plants, the Giambusso and 
gained. So e documents w e not o tained. In O'Leary letters required a pipe break evaluation 
the cases wh ere we could no\ readilylocate a of the piping outside of the primary contain

document [e. ., a Safety Evaluation Report ment. The result was that only moderate- and 

(SER) about a plant's origina Final atety high-energy piping inside the primary contain

Analysis Report (FSAR)], we ipursuea other ment (drywell) had to be considered for this 

avenues in an effo• to obtain •tleast minimal task.  

input. When we faced signif ant information 

gaps, our efforts in clud- l(although infre- Finally, an important aspect of the mitigation 

quently) telephone cony ations with either the of inside-containment pipe-break effects is the 

licensee or the nucle r steam supply system functionality of the required safety-related 

(NSSS) vendor to ask very specific questions. equipment. The project work scope did not 

Since the object of this project was to obtain include addressing the effects of pipe breaks at 

information that would enhance the prioritiza- specific locations or the survivability of specific 

tion of GSI 156-6.1, the work scope did not equipment when subjected to pipe whip or jet 

include verification of design commitments or impingement loading. However, information on 

the status of current plant evaluations regarding generic concerns such as post-pipe break envi

pipe breaks inside containment. Our reviews ronment or flooding were addressed. The envi

were necessarily based on the information that ronmentai qualification of safety-related electri

we could readily obtain. 
cal equipment for the SEP-flI plants was
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Review of UFSARs and SERs

addressed by the NRC through IE The reason we reviewed the SEP-II plants' 
Bulletin 79-01B (NRC 1980a) for Class IE 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-Il plants were 
documents required all applicable BWR and designed before the SEP-MI plants, any required 
PWR plants to provide the NRC with sufficient changes made by the SEP-Il plants might be 
documentation to justify the functionality of all directly applicable to the SEP-HI 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 The NRC's Nuclear nDocument System 
has Class IE equipment and instrumentation (NUDOCS) was used as on of the sources of 

capable of properly functioning in post-accident information to complete s task. NUDOCS 

conditions. Consideration of flooding effects allows database search to be made on docu

inside containment due to high-energy pipe ments received an•ssu d by the NRC. Key 

breaks or spray from high or moderate-energy word or ph ase parches, ate searches, report • • ". ., ;' .. ... •" searches, an d uthor searche can be perform ed.  
piping was also handled by the NRC in a generic an u s .  
fashion for the SEP-II plants. The resolution of An impo nt limitation is t at NUDOCS is 

Unresolved Safety Issue A-17 (NRC 1989) relativ complete only for d keted material 
includedatin back to the 1979 or 198 timeframe. It inlddipeetn eei etr8- 0 does 'ot necessar~l contain dl umentatlon 
(NRC 1988b) that established the Individual de ot necesary contain dOu Plant Examination (IPE) process. These system dated ea y than 1 
interaction concerns included an assessment of The se es for the UFSA s simply 
internal flooding and other forms of water involved loc:ting the microfiche that contained 
intrusion, including spraying, dripping, and the initial UF Rs and their yearly updates. The S. .... . .\ the intial [F SRs an( h i e y u splashing. Therefore, the proper completion of INEEL .... ..s a copy of the NUDOCS 
the IPE review process should als affirm that microfiche files. d copies of all UFSARs are 
plant safety-related equipmen indeed c able not aintained at e INEEL. All updates were 
of performing their inten functions d ring ated, from he initial 1982 UFSAR submittal 
post-accident flooding cond ions. he at 

.typically the 1994 update). Most of the 
3.1 Revew of SEP- UF Rs !FSARs reviewed did not follow the format of 

an ted SER 1.70 (NRC 1978), but duplicated the plant's 
""N initial FSAR format. This meant that 

The N C initiated the S in Fe uary 1977 information of interest could be located virtually 
to reconfi and document t e safet of older anywhere in the document, which increased the 
operating nu lear plants' de sgns. Th NRC time required for the review effort.  
SEP-II effort r visited the issu of pip reaks 1 Based on experience gained from reviewing 
inside containme t and their r ated effects for Bxgm 
those ten older clear pla The specific an initial sample set of UFSARs, we decided to 

SPItoiselatd to pe breaks inside limit the review of SEP-II UFSARs to a small 
cre opi tCper sample to first confirm whether they could be 
c o n ta in m en t w ere , o p i III4 .C (in tern ally....  

generated missiles) an�ipic II-5.A (effects of expected to provide any significant information 

pipe break on structures, systems, and relevant to GSI 156-6.1. Two of the ten SEP-II 
components inside containment). The SEP-Il UFSARs were reviewed. As expected, these two 
review also provided safety assessments UFSARs contained very little substance.  
adequate for conversion of these plants' Table 3-1 shows the pertinent information 
provisional operating licenses to full-term obtained from this review effort.  
operating licenses.
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Review of UFSARs and SERs

3.1.2 Results From IPSAR NUREGs containment. The modifications consisted of 
(1) installing a new motor-driven auxiliary 

The SEP-II UFSARs referenced the feedwater pump (in addition to the existing 
Integrated Plant Safety Assessment Report steam-driven turbine pumps) outside the turbine 
(IPSAR) NUREGs (NRC 1982b; NRC 1983a pump enclosure, powered by emergency onsite 
through 1983g; NRC 1984a; and NRC 1986) (diesel bus) power, (2) adding more auxiliary 
that specifically dealt with the NRC's entire feedwater piping that discharges from the motor
SEP-II review. These NUREGs referenced and driven pump and connects to the existing 
summarized both the licensee's submittals and auxiliary feedwater piping in the turbine pump 
the NRC's evaluations. Additional NUDOCS enclosure, (3) dedicating .the demineralized 
searches located many of the SERs referenced in water storage tank to the a xiliary feedwater 
the IPSAR NUREGs; however, most did not system, and (4) housing electric auxiliary 
contain any substantial information beyond that feedwater pump, the aut atic initiation support 
contained in the NUREGs. skids, and some gVthe additional auxiliary 

feedwater pi ing fd valves a new seismically Table 3-2 summarizes the results obtained designed encl sure. • 
from the IPSAR NUREGs for SEP-Il deine ,nd ue 

Topics III-4.C and III-5.A. All of the SEP-II The C required the S -II plants to plants were required to perform some form of evalu e the effects of intera generated 
engineering evaluation in order to satisfactorily missile both inside and outside \ontainment 
address each topic and demonstrate adequate (Topic -4.C). Tw fthe SEP-II pla'ts (Ginna 
safety to the NRC staff. A typical evaluation and Hadd m N4 f)had Topic II-4.Cidressed 
consisted of (1) defining a pipe break location, specifically their IPSAR NURGs. Only 
(2) determining the consequences resulting from Ginna had a odification requirement (inside 
pipe whip, jet spray, impingement, or other containment) r ulting from this SEP-II topic.  
related pipe break effects, and (3) deermining if The remainder f the SEP-Il plants were 
the plant operators could still brirThe pllt to a evaluated and no c nges were required. Each of s Gs re •nced NCl tr eln safe operating condition using ernate sysims, the REGs refn NRC letters dealing 
redundant systems, or othe means. As a risult ..h the ealuaaion of Topic III-4.C.  
of these pipe break effects rviews, two SyP-II 
plants (YankeeRowe and Hadam Neckfwere The SEP-II issue of pipe breaks inside 
required to, make inspection cha ges, lant c ntainment for San Onofre Nuclear Generating 
(Palisades) s re•ired to mar Technimf . tton, Unit I (SONGS 1) was never fully 
Specificat n changes, two' ants ( nkee Rowe ý-.resolved because the decision to shut down 
and LaCro e) were.required make rocedural SONGS I was made before the final evaluation 
changes, an six SEP-Il plant (Yank Rowe, was due. NUREG-1443 (NRC 1991a) indicates 
LaCrosse, 0y er Creek, Ginna Hadda Neck, that the licensee was to respond to Topic III-5.A 
and Palisades) ere required t make sical prior to refueling outage 12; however, that 
modifications. T le 3-3 pro des additional outage was never reached due to the decision to 
specific informati on the plant changes decommission SONGS 1.  
resulting from the SE-II revi 

3.1.3 Conclusions 
The Haddam Neck ant provided unique 

information regarding' e resolution of concerns During the course of the SEP, a large number 
over pipe breaks inside containment. The of structures, systems, and components were 
Haddam Neck licensee committed (Wang 1993) evaluated for the effects of pipe break and 
to several physical modifications to improve the internal missile generation inside containment.  
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
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Table 3-1. Review results from search of SEP-II plant UFSARs. X 

Environmental Q~fication Electrical and 
Pipe Rupture Consideration Ir1nrumentation Separation 

Missile/Jet UFSAR 
Protection UFSAR Commitment /UFSAR omitment Commitment 

Specific Physical SRP Other I E IEEE IE Other 
Pipe Rupture Locations Plant RG 3.6.1 Plant 779 279 323 RG Plant RG Other Plant 

Plant Name Considered Considered Identified Protection 1.46 3.6.2 Spec'- 1968 1971 1974 Specific 1.75 Specilic 

Palisades Yesa Yes No Yesh XX \X . X X 

R. E. Ginna Yesdcf Yes No Yes• X V

Notes: 

All SEP-Il plants had to satisfy the NRC regarding RG 1.97 (or the intent of it via GL 82-33) d had to satisfactorily 

a. Missiles only from primary coolant loop mentioned.  

b. UFSAR indicates that no modifications were necessary but. existin ctur s, ba iers, or re'strai ts had to be utilized 

- c. Some recent upgrades per these later criteria. .  
d. Based on information provided in the UFSAR. some systems w e apparently not 4nsidered as miss e sources (main 

reader that all potential missile targets had been considered, especia instrumentatl' and electrical itel s.  

e. Minimal mention of jet spray effects (found for pressurizer surgelineI 

f. No mention located in UFSAR~regar i g effects of inside co tainmen t derate-energy pi -rwal leakae.  

g. Loop compartment barriers exist for mi sile effects. Unclear if e whip r raints and jet impingement shields install 
not all removed via Generic Letter 8 1IA 1I. s om \ 

h. Reviewed to determine if intent satisfi•d. ( r R. E. Ginna, IEEE 3 3-1971 "and 'EE 344-1971 addressed).  

i. Mentioned under cables.  

z 

0.0 
UJi

7 -,
aid to IE-79-01B.

steam, feedwater, etc.). Also, not enough discussion was presented to assure the

led for arbitrary intermediate pipe breaks were only ones and if they were or were

-, 
-Il 

CjL



Table 3-2. Review results from IPSAR NUREGs for SEP-TI plant evaluations.  

Changes Resulting from SEP-TI Evaluation

M6 Plant Name 

Palisades 

R. E. Ginna 

Oyster Creek 

Dresden 2 

Millstone I 

Yankee Rowe 
00 

Haddam Neck 

LaCrosse 

Big Rock Point 

SONGS I

Type 

PWR 
CE 2-Loop 

PWR 
W 2-Loop 

BWR-2 
Mk I 

BWR-3 
Mk I 

BWR-3 
Mk I 

PWR 
W 4-Loop 

PWR 
W 4-Loop 

BWR 
pre-Mk I 

BWR-1 
pre-Mk I 

PWR 
W 3-Loop

NUREG Number Ev 

0820 
and Supplement I 

0821 
and Supplement 1 

0822 
and Supplement 1 

0823 
and Supplement I 

0824 
and Supplement 1 

0825 
and Supplement 1 

0826 and NRC letter 
(Accession 9304200 

0827 
and Supplement I 

0828, ,082rao,443 "

z 

C0

Inspection Procedural Physi 'al Tec 

x 

Nx

Iditional 
aluations 

x 

x 

x 

x 

x 

x

:h Spec 
ianges 

x

x 

x 

x

Combustion Engineering was the NSN 

Westinghouse was the NSSS supplier 

Mark I containment design

x 

x

ý0 
CD 

0 

0

C/) 

C/)

Notes:

CE 

W 

MK I

A(



Table 3-3. Details of SEP-IT plant changes required by IPSAR NUREGs.  

Inspection Changes Procedural Changes 
Resulting from SEP-II Resulting from SEP-I1 

Plant Name Evaluation Evaluation 

Palisades 

PWR 
CE 
2-Loop 

R. E.  
Ginna

PWR 
W 
2-Loop '9

Physical Modificati s Resulting 
from SEP-Jk EvhJuation

The licensee ts red'ied to pr vide protection to 
the instrument I es Fbr steam ge rator pressure 
and level in tion. NRC was conrned about 
chargin letdown lines possibly c sing 
damag

Tech Spec Changes 
Resulting from SEP-I1 

Evaluation

The licensee agreed to 
modify the Technical 
Specifications concerning 
the operability of the leak
detection system, as 
required to monitor 
leakage resulting from 
potential pipe breaks 
inside containment.

The licensee c mitted to reroute nearby 
instrumentation bles so that sufficient required 
nearby instrument ion will be available for 
accident mitigation, ost accident monitoring, and 
safe s~hhtdown monito ing, assuming a single 

psated pipe brea' n the charging line, 
down line, the "A" accumulator tap. In 

\ddition, the l~icensee has committed to install a 
rstraint on valve CV-5738 on the steam 
gerator blowdown system in response to missile 

co cerns.
Oyster Creek 

BWR-2 
Mk I 

Yankee Rowe

PWR 
W 
4-Loop

The licensee codmm ted to 
perform augmentd i ;pections 
of the eight main stca iping 
welds. Also, the licen§ee 
committed to have an aug ented 
inservice inspection (ISI)\ / 
program for welds at the 
steam nozzle at the steam 
generator and at welds on the 
electrical penetration blister 12E.

,fn response to a concern regarding cascading 
breaks, the licensee was required to complete 
installation of its airborne particulate and gaseous 
radiation monitoring system.  

The licensee committed to modify the steam 
generator blowdown piping supports for jet 
impingement loads.

Z

CD 

CD



Inspection Changes Procedural Changes Tech Spec Changes 
Resulting from SEP-I1 Resulting from SEP-I1 Physical Modifications Resulting Resulting from SEP-lI 

Plant Name Evaluation Evaluation from SEP-II Evaluation \ Evaluation

LaCrosse The licensee committed to

Haddam Neck 

PWR 
W 
4-Loop

I.-.  0

establish procedures to 
close the decay heat 
cooling system blowdown 
line valve in the event of 
an accident requiring 
containment isolation.

The licensee committed to 
implement a dedicated 
erosion/corrosion program for the 
piping in the turbine pump 
enclosure to reduce the 
probability of loss of auxiliary 
feedwater and therefore decrease 
the potential reliance on feed
and-bleed.

9

(.D 

'IE 
0 

tTI 

r..  

Ln

C) 
W,

Combustion Engineering was e NSSS supp 

Westinghouse was the NSSS s~upp er 

Mark I containment design

The licensee committed to reroute two braa 
lines connected to the high pressure co ,pray 
(HPCS) line that might be damaged by •t 
impingement from a break in th temat core 
spray line. Also, the licenee cO'mmitted to 
relocate a valve in the dee heat cooling s sy em 
blowdown line.  

The licensee co tted to four physical \, 
modifications wh h increased au1iliary 
feedwater reliabilit These are disussed in the 
text. The licenseeals Is~cmmittto modify the ",wide-range and nairow-ran team generator ,, 
lev• instrumentation sot t• it was either 

r~du~dant and physically sparated or routed 
takin into account pipe .bre• effects. The 
licens• also upgraded the ca ing of the Loop To- atd Core Exit Thermosoueres so that they 

are physically s.•~ated and red dant. Finally, 
Contaqinmen)vater Level and Containment High 
Range•Radition Detect~rs•,ere installed in response toNUREG-0737 and are physically 
separated a ril redundant.

BWR 
pre-Mk I

Notes: 

CE 

W 

MKI

her

Ir



Review of UFSARs and SERs

However, only a small number of inspection, moderate-energy piping systems and equipment 
technical specification, procedural, and physical important to plant safety, and by observing the 
modifications were required. The number of measures taken to mitigate the effects of pipe 
changes resulting from the SEP-I1 reviews aver- breaks. This information would then be 
aged slightly more than two changes per plant. compared to similar data obtained from planned 
These changes did enhance and improve the visits to later vintage (non-SEP) plants. We 
safety of those plants. However, the small num- would then make qualitative judgments 
ber of changes indicate that even though high- regarding the general susce tibility of the 
energy pipe breaks were not explicitly required SEP-III plants' equipment to mage resulting 
to be considered, important features to mitigate from pipe ruptures or jet imp ement. We will 
the effects (e.g., redundancy, separation, rout- describe the observations f these plants in 
ing) were already included in the initial design Section 3.4 below.
of many of the plants. Thus, when the SEP-Il We 
review was concluded, the corrective actions We also dec2ýled that pipe placement and 
required to update the plants to the more recent repair workp"rformed at severa BWRs might 
standards for pipe break concerns inside con- affect thfipe break frequency d thus the 
tainment were minimal. potenti core damage frequency at t ese plants.  

The pip replacemen and repair rograms 
Looking at the SEP-Il plants either as a addressed n indust concern regardi inter

group or separately as PWRs and BWRs, no granular stres cosion cracking (IGS ). In 
common locations or reasons for the modifica- conjunction wi ongoing docket searches, we 
tions were determined. It appears that the \ aalso included a ditional document searches to 
resulting modifications display little if any pat- identify those S -III BWRs that have under
tern. This reinforces the view that each plant has taken pipe replace nt or repair programs. The 
many unique design features andoit s t ose results o this reviewre also described below.  
unique aspects (e.g., plant lay , arrangem nt and construction features of terior walls, tie 3.. Information Gathering Process relative locations of compon ts, equipmot, 

and structures, amount of syst redundghcy We began by using the NRC's NUDOCS 

and separation used in the f e nt sys m. As previously indicated in Section 3.1, 
that must con ered in e break the UDOCS searches were useful for UFSARs.  
evaluations. owever, NUDOCS was not very helpful for 

locating relevant SERs. This was because most 
3.2 Revi w of SEP-I1 UFS s of the SERs containing NRC reviews of inside 

and R lated SER containment pipe break evaluations were written 
for the issuance of the operating license, and 
thus were issued in the 1969 to 1974 timeframe.  

Since the objecpr ti of this res rch program Typically, NUDOCS does not contain docu
was to enhance the pri ritizatio of the SEP-Ill mentation dated earlier than 1979.  
plants regarding inside ont .ent pipe break 
effects, the majority of t effort was spent on The effort to obtain current UFSAR infor
reviewing SEP-III d umentation. Conse- mation was significant. Therefore, we chose a 
quently, information was sought relating to the limited number of SEP-in plant UFSARs for 
effects of pipe breaks inside containment and initial review to determine whether significant 
related topics. infnrmatinn relevrant to STI 1 56- 1 woulld h-

Initial project planning included visits to four 
SEP-Ill 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

obtained. The SEP-M 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-639521



Review of UFSARs and SERs

UFSARs for 12 out of the 41 SEP-Ill 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-rII 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 
UFSARs were distributed throughout the 
group's population. However, the information 
obtained from these UFSARs was inadequate for 
our purposes. Unlike the UFSARs for more 
recent plants, the SEP-III UFSARs reviewed did 
not contain much discussion on insile 
containment pipe breaks. Many of thes 
UFSARs did not address pipe break evaluations at all, while the others contained only minimal\ 

information regarding desi ,cornpiitments 
made for the operating,, ense. Sice the 
UFSAR reviews did n•" provide the Jesired 
information, we decide . to concentrte the 
review on the relevant SER / 

The database cont s litt for
mation at origirated-tefore 79. Since 
initial Rs for the SEP II plan would have
been issu d before 1979, tlre was ome uncer
tainty that the desired inf ation would be 
located in t e NUDOCS tabase. owever, 
searches were erformed in t e attempt to iden
tify any existin available R data. Searches 
were structured or the i ividual plants by 
specifying their d ket ber and limiting the 
database to search fo Rs only. For efficiency, 
searches were pe ormed 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

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

To ensure completeness, a roader search of the 
NUDOCS database w made. General listings 
were obtained of all t e SERs for a representa
tive BWR q( en and PWR (Turkey 
Point 3 & )."liese searc es identified a total of 
172 SE or Dresden 3 "und 221 for Turkey 
Point & 4.. We reviewed '11 of the SERs for 
thl two different plants. 'o SERs were 
lcted that addressed the NRC evaluation of 
insid containme. pipe break eff ts. However, 
two 0the S for the BWR pla• and six of 
the SE or the PWR plant 'did provide 
additional information regarding the environ
mental qualification of equipment and the 
effects of flo ding resulting from high-energy 
line breaks'(HLB). The issue dates and topics 
f hese SERs, listed below: 

For Dresdete3 (BWR): 

6/3/93 Post-accident neutron flux monitoring 
instrumentation 

2/12/86 Environmental qualification of electric 
equipment 

For Turkey Point 3 & 4 (PWR): 

8/12/87 Physical separation and fire protection 
of electrical cables 

10/25/84 Environmental qualification of safety
related electrical equipment 

3/29/83 Environmental qualification of safety
related electrical equipment 

12/13/82 Environmental qualification of safety
related electrical equipment 

5/21/81 Environmental qualification of safety
related electrical equipment 

9/4/79 Susceptibility of safety-related equip
ment to flooding caused by failure of 
nonsafety-related equipment 

Considering the date limitations of the 
NUDOCS database and the scarcity of

NUREG/CR-6395 22



Review of UFSARs and SERs

Table 3-4. SEP-Ill plants selected for UFSAR review.  
Plant Name NSSS Vendor 

Nine Mile Pt. 1 GE 
Indian Pt. 2 W 
Dresden 3 GE 
Turkey Pt. 3 W 
Turkey Pt. 4 W 
Quad Cities 1 GE 
Browns Ferry 1 GE 
Browns Ferry 2 GE 
Robinson 2 W 
Monticello GE 
Quad Cities 2 GE 
Pt. Beach I W 
Oconee 1 B&W 
Oconee 2 B&W 
Vermont Yankee GE 
Peach Bottom 2 GE 
Peach Bottom 3 GE 
Surry I W
Surry 2 W
Prairie Island 1 
Ft. Calhoun 
Indian Pt. 3 
Oconee 3 
TMI I 
Pilgrim 
Zion I 
Cooper 
Pt. Beach 2 
Zion 2 
Kewaunee 
Prairie Island 2 
Maine Yankee 
ANO-1
Cook 1 
Calvert Cliffs I 
Hatch I 
Brunswick 2 

Arnold 

FitzPatrick 

Millstone 2 
Trojan

Reactor Type 
BWR-2, MK I 
PWR 4 Loop 
BWR-3, MK I 
PWR 3 Loop 
PWR 3 Loop 
BWR-3, MK I 
BWR-4, MK I 
BWR-4, MK I 
PWR 3 LooD /
BWR-3,

)

CE 
B&W 
W 
CE 
GE 
GE 
GE 
GE 
CE 
W

9WR-3, MK I 
PWR 4 Loop 
BWR-4, MK I 
PWR 2 Loop 
PWR 4 Loop 
PWR 2 Loop 
PWR 2 Loop 
PWR 3 Loop 
PWR Standard 
PWR 4 Loop 
PWR 2 Loop 
BWR-4, MK I 
BWR-4, MK I 
BWR-4, MK I 
BWR-4, MK I 
PWR 2 Loop 
PWR 4 Loop

Docket Number 
220 
247 
249 
250 
251 
254 
259 
260 
261 
263 
265 
266

278 
280 
281 
282 
285 
286 
287 
289 
293 
295 
298 
301 
304 
305 
306 
309 
313 
315 
317 
321 
324 
331 
333 
336 
344
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Review of UFSARs and SERs

information retrieved, we decided not to SEP-HI PWR plants. As can be seen from these 
continue searching NUDOCS for SER data. tables, much more detailed information was 

obtained than in the review of UFSARs. The 
Instead, we attempted to locate SERs that specifics regarding installation of pipe whip 

were issued before to 1979 or 1980. This search restraints were clarified in much more detail.  
led us to the INEEL Technical Library, where The major design concerns for the earlier 
microfiche copies of documents dating from the SEP-III plants were discussed and the imposed 
1960s and the 1970s were located for many of loadings were more clearly defined. Any further 
the NRC dockets. inside-containment pipe brak information 

(including current status) uld have to be 
Three plants were selected for a brief review obtained by contacting ach specific SEP-III 

of all available older documentation to deter- plant.  
mine if any of it contained NRC review infor- . / e, mation related to pipe break effects inside con- 3.2.3 Con usions S 

tainment. These plants (a total of five units) 
were D. C. Cook 1; Oconee 1, 2, and 3; and In eral, the most obvi us conclusion 
Millstone 2. The reviews for these plants deter ned from review of. the EP-UI plant 
indicated that the licensing SER (the SER writ- UFSA and SER in rmation was at the dis
ten by the NRC supporting the issuance of the cussion pipe-bre effects inside c tainment 
plant's operating license) usually contained the continually inc sed with later co truction 
NRC's only commentary on the plant's design dates. Discu n of pipe break topics was nota
efforts regarding pipe breaks inside containment, bly absent in iformation for the earlier plants, 
missiles, pipe whip, etc. Therefore, we decided whereas the la r plants provided much more 
to pursue only the licensing SERs for informa- information rega ing criteria, evaluations, mul
tion relevant to GSI 156-6.1. pm~nts to tiple pipe breaks multiple systems, and sys
these licensing SERs were ncluded in the ternmteractions th other adjacent safety
review when available. rtually all of the ted equipm nt.  
licensing SERs for the S -III BWRs and 

PWRs were reviewed with t e except' n of Based on the information reviewed, the 
Surry 1 and 2. Neither of the S S• were e ly-timeframe SEP-III BWR plants (May 1969 
available in IN Te hnical ry S t ugh November 1970 licensing SER date) __ aaryqS 
an accept e amount of da had be acquired, ere much more focused on maintaining the 
additional forts to obtain th Surry Rs were integrity of the primary containment. Of course, 
not deemed n cessary. all plants considered the consequences of the n t t •high containment pressure that could potentially 
3.2.2 Result of Reviews be reached during a worst case Loss-Of-Coolant 

Accident (LOCA). However, most of the early
Table 3-5 sum arizes the suits obtained timeframe SEP-III BWR plants also considered 

from the review f the mpled SEP-III jet impingement loadings on the containment 
UFSARs. Although all of t reviewed UFSARs and some even considered pipe whip (impact 
indicated that pipe bre were considered, the loads). For the mid-timeframe (June 1971 
information presented regarding affected sys- through November 1972 licensing SER date) 
tems, design provisions made to mitigate the BWR plants, more systems were typically con
effects of pipe break, and other more detailed sidered as being capable of pipe break. Addi
information was not located. tional provisions were made to address these 

increased number of pipe break concerns 
Tables 3-6 and 3-7 summarize all of the including additional ISI to demonstrate a 

comments contained in the SEP-HI licensing reduced potential for pipe break. However, these 
SERs related to pipe breaks inside containment, plants were still mainly concerned with primary 
Table 3-6 addresses the SEP-III BWR plants, containment integrity. Many of these mid-time
while Table 3-7 provides commentary on the frame plants added protective covers to the
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Table 3-5. Review of SEP-III plant UFSARs.  

_.Evironmental Qualification 

Pipe Rupture Consideration etrical and Instrumentation Separation 

Flood Missile/Jet UFSAR UFSAR UFSAR 

Protection Protection Commitment Commitment Commitment 

Specific Physical SRP 0 r 'EE IEEE IEEE Other Other 
Pipe Rupture Pipe Rupture Locations Plant RG 3L6.1 lant 279 279 323 RG Plant RG Plant 

Plant Name Considered Considered Considered Identified Protection 1.46 3.6 Secific 1968 971 1974 1.89 Specific 1.75 Specific

Nine Mile I 

Oconee 1, 2 & 3 

Prairie Island 1&2 

Ft. Calhoun 

Millstone 2 

FitzPatrick 

D.C. Cook I 

Browns Ferry I & 2

No' Yes" 

Nog Yesh. h 

Nog Yes 

Non' Yesh 

Nog Yesh. n 

No'- 9 No' 

Nog Yes' 

No' Yes'

Yes .  

Yes". i 

Yes, k 

Yesd 

Yesd 

YesP 

Yesd. p 

Yes'

No 

No 

No 

No 

No 

Yes5 

No 

No

No ~ A x 

Yesi X X X 

Yes X X X 

Yes x x 
Yes X X X 

Yes' x x x 
Cs x x x 

5t x x 

7
/

z 
rrl

t1)

XI 

xf 

X1 

x XI,' 

XI 
X1, o 

Xg 

Xu

0 

V)1 

c/I



Table 3-5. (continued).  
Environmental Qualification 

Pipe Rupture Consideration Electrical and Instrumentation Separation 

Flood Missile/Jet UFSAR UFSAR UFSAR 
Protection Protection Commitment Commitment Commitment 

Specific Physical SRP Ot IEEE IEEE IEEE Other Other 
Pipe Rupture Pipe Rupture Locations Plant RG 3.6.1 Vant 279 279 323 RG Plant RG Plant 

Plant Name Considered Considered Considered Identified Protection 1.46 310.2 ,pccifie, 68 1971 1974 1.89 Specific 1.75 Specific

Notes: 

* All plants had to satisfy the NRC regarding RG 1.97 (or the intent of it via GL 82-33) and hadtosatisfac ily respond to IE 79-01 B.  

a. Flooding of containment was mentioned as potential occurrence during LOCA.  

b. Limited items considered as missiles.  

c. Not designed for GDC-4 but intent satisfied mainly by containment integrity and re1un ancy/backup.  

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

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

f. Mentioned under cables.  

g. No specific mention located in UFSAR. ,9 ,," 

h. Limited mention of jet spray effects or protection.  

i. Limited mention of components considered.  

j. Mention of barriers for missiles t impingebsent tmade in UFS but only shie cubicles ntioned for pipe rupture mitiigatimon in UFSAR.

'7
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Table 3-5. (continued).  
Environmental Qualification 

Pipe Rupture Consideration Elettrical and Instrumentation Separation 

Flood MissilelJet UFSAR UFSAR UFSAR 
Protection Protection Commitment Commitment Commitment 

Specific Physical SRP Other lEE E IEEE IEEE Other Other 
Pipe Rupture Pipe Rupture Locations Plant RG 3.6.1 Plann 279 279 323 RG Plant RG Plant 

Plant Name Considered Considered Considered Identified Protection 1.46 3.6.2 \Spcic 1968 8 971 1974 1.89 Specilic 1.75 Spccific

Notes (continued): 

k. Leak-Before-Break used on main coolant and pressurizer surge lines as generic Westinghouse plant issue.  

I. Some recent upgrades per this later criteria.  

m. Submergence mentioned only for electrical equipment.  

.•lc:l• nvfn nVmr mn!Ia pgnp

o. Minimal mention located for engineered safety features (ESFs) systems or ECCS.  

p. Limited systems considered.  

q. Minimal information provided. Pipe whip restraints placed only where S ient\ocations appr imated for main steam and ?~dwater lines only. Unclear over differentiation betwe 
for seismic and pipe whip restraints. p w 
r. Mention was only found for pipe whip restraints. No mention o missile orjet impinge ent barriers fou " 

s. No mention of jet impingement on items such as electrical equipm tinstrumentat, other safety-rel ed piping, etc. Jet impingement discussed only for large structures and barriers.  

t. Limited information available 

u. Vaeue mention of tohvsical separation. MX 7.definitive ,ilidelines Droved.

en restraints

7
z 

Lt

Ci 

(a 

0 
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Table 3-6. Review results from SEP-III 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. Recirc. Stea Feedwater Other

�Ji

Nine Mile 1 
(5-69) 

Monticello 
(3-70) 

Dresden 3 
(11-70) 

Vermont Yankee 
(6-71)

Jet impingement 
adequate 

Jet impingement 
adequate

Jet impingement 
adequate and protective 
cover for main stream 
(MS) and feedwater 
(FW) breaks installed 
on lower spherical 
portion

Protective cover for 
MS, FW, and high
pressure coolant 
injection (HPCI)/ 
breaks installc,

Jet impingement adequate 
and reaction forces OK 

Reaction forces OK

Pipew ip I More ISI 
restcrawinta dedOO 

Pip ip 
rraints added 

Pipe whip 
\ cstraints added

Pipe whip 
restraints a ed

More ISI More IS[

N

Biological shield OK for pipe 
rupture pressures.

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

Containment OK 

Containment OK 

Containment OK 

Containment OK 

Containment OK Pipe whip 
.restraints added

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.

Pipe whip More ISI More ISI RHR cannot damage 
restraints added containment. Biological shield 

OK for pipe rupture pressures 
and jet impingement. Shield 
plugs restrained to not become 
missiles.

0 

0, 

ITrI

Quad Cities I 
(8-71)

00

Quad Cities 2 
(8-71) 

Pilgrim 
(8-71)



Table 3-6. (continued).  
Design Considerations for Structures, Systems, and Components Subjected to Pipe Break Effects

Containment Shell Containment Pen.

Browns Ferry I 
(6-72) 

Browns Ferry 2 
(6-72) 

Peach Bottom 2 
(8-72)

I'.0

Peach Bottom 3 
(8-72) 

J. A. Fitzpatrick 
(11-72)Z 

05 

ON0

Containment OK
Recirculation pumps 
with overspeed 
prevention make 
missiles low 
probability 

Containment OK
Recirculation pumps 
with overspeed 
prevention make 
missiles low 
probability

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

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

Containment OK 

Containment OK

Jet protection barriers 
provided for large pipe 

penetration, reaction forces 
OK 

Jet protection barriers 
provided for large pipe 
penetration, reaction forces 
OK

/ 
Pipe whip 
restraints added

Pipe whip 
restraints added

Containment OK-\ 
Recirculation pumps 
with overspeed ' 

prevention make 
missiles low 
probability

Pipe whip 
restraints 
added, 
more ISI

Pipe whip 
restraints 
added, 
more ISI

More ISI on RHR (another 
unrestrained line).  

More ISI on RHR (another 
unrestrained line).  

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 energies 
sufficient to perforate the 
drywell shell.  

Pipe whip restraints added 
where break could result in 
containment impact. More ISI 
at locations where restraints 
not installed. ECCS redundant.  
Shield and RV support 
structures OK for pipe whip 
and jet impingement loads.

Plant Name 
(SER Date)

Missiles 
Considered

Other

CD, 
0.  

Cd 

C,,

Other



Table 3-6. (continued).
Z 

ON 

m 

C) 

70

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

Plant Name Missiles Main 
(SER Date) Considered Containment Shell Containment Pen. Recirc. Ste Feedwater Other 

Duane Arnold Category I structures Pipe break evaluations per 
(1-73) OK. recirc. pumps , 9 proposed RG 1.46.  

with overspeed 

\ • ' 

prevention make 
missiles low 
probability 

Cooper Containment OK- Jet impingement Jet protection barriers ipe whip Pipe break evaluations per 
(2-73) Recirculation pumps adequate and protective provided for large straints added intent of RG 1.46.  

with overspeed cover for MS, FW, penetrations 
prevention make RHR, and HPCI breaks More ISI at locations where 
missiles low installed on cylindrical restraints not installed. ECCS 
probability and spherical portions, redundant.  

internal structures 
designed for jet 
impingement and 
differential pressure 

E. I. Hatch I Recirculation pumps Jet protection barrie Je't prd ction batrie Pipe break evaluations per 

(5-73) with overspeed provided for veg€" provid for pipe\ intent of RG 146 
prevention make openings insi peneirati ns with bellow Jet loads should not disable or 

probability system 

Brunswick 2 Category I structures Containment Pipe break evaluations per 
(11-73) OK but no internal ations, and RG 1.46.  

missiles indicated concre e supports 
recirculatiop, pu ps designed for A 'Ile 
with overspe• loads, internalna 
prevention reduces structures OKfor 
missile probabilfty pressure, jet 

"mpingement, andr 
"a "cident loadsr 

Note: 

a. Containment designs are all free-standing steel primar ntainments with a surrounding concrete reactor building except for Brunswick 2 which is a steel-lined concrete 
primary containment with a surrounding concrete'reac building.
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Table 3-7. Review results from SEP-III PWR plant SERs.  

Design Considerations for Structures, Systems, and 6Qmponents Subjected to Pipe Break Effects 

Plant Name Missiles Containment 
(SER Date) Considered Containment Shell Pen. RCS Loop \ Main Steam Feedwater Other

Considered missiles from 
primary system only, 
Category I systems and 
containment adequate, 
RCS pump adequately

Robinson 2 
(5-70) 

Pt. Beach I 
(7/70) 

Pt. Beach 2 
(7/70) 

Indian Pt. 2 
(11/70) 

Oconee I 
(12/70) 

Oconee 2 
(12/70)

/ 
K

I')

Containment 
penetration 
room exists

so no missile

Mo restraints 
added, more ISI 
attention on 
piping whose 
failure could 
damage 
feedwater ring 
header 

More restraints 
added, more IS] 
attention on 
piping whose 
failure could 
damage 
feedwater ring 
header

designed and appropriate 
ISI used so no missile 
concern 

Containment, RCS, and 
associated engineered. N 
safety features OK RCS', 
pump adequately designed 
and app Ca I used 
so n issile concern

0'
C-) 

CL

/0"



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 Main 3iam Feedwater Other

Surry I 
(2/71) 

Surry 2 
(2/71) 

Maine Yankee 
(2/72) 

Turkey Pt. 3 
(3/72) 

Turkey Pt. 4 
(3/72)

Containment 
penetration 
room exists

z 

('TI 

61 More restraints 
added, more ISI 
attention n 00 
piping wh 'e 
failureuld 
da e 

fj dwater ring 
he'

Oconee 3 
(12/70)

C, 

ri

z:: 
(jl'

Document not available 

Document not available

Containment, RCS, and 
associated engineered 
safety features OK, RCS 
pump adequately designed 
and appropriate ISI used 
so no missile concern 

NSSS protected 

Yes per Section 5.1.8.3 
and Appendix 5E of 
FSAR, RCS pump 
adequately designed and 
appropriate ISI used so no 
missile concern 

Yes per"Sec ton 5.1.8.3 

and Appehdix E of 
FSAR, RC ,pu 
adequately desig d and 
appropriate ISIuse so no 
missile concernI

C



Table 3-7. (continued).  

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

Plant Name Missiles Containment 
(SER Date) Considered Containment Shell Pen. RCS Loop Mai eanam Feedwater Other

Category I structures 
adequately designed for 
missiles

Jet impingement 
adequate, internal 
compartments OK 
for differential 
pressure and jet 
impingement

Ft. Calhoun 
(8/72) 

Calvert Cliffs I 
(8/72)

NSSS protected 

NSSS protected, RCS 
pump adequately designed 
and appropriate ISI used 
so no missile concern

Prairie Island I 
(9/72)

Category I struetwwrý., 
adequately d ned for 
missiles•'RC pump 
adequatelydes'pned and 
appropriate IS Ied so no 
missile concetu

Pipe rupture criteria 
provides protection for 
all vital equipment 
against both jet 
impingement and pipe 
whip. Evaluation 
included all high 
pressure piping.

Kewaunee 
(7/72)

Jet 
impingement 
adequate, 
guard pipes 
assure that 
steam will not 
discharge into 
annulus if 
pipe breaks

z 

t7 

1/,n

(D~ 
:.< 

0" 
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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 Main 5dam Feedwater Other

Prairie Island 2 
(9/72)

0 

&I 

W

Jet impingement Jet 
adequate, internal impingement 
structures OK for adequate, 
differential pressure guard pipes 
and jet impingement assure that 

steam will not 
discharge into 
annulus if 
pipe breaks 

Internal structures 
OK for differential 
pressure and jet 
impingement

"O Pipe whip Pip hip 
d restraints restraints 

added added

Pipe rupture criteria 
provides protection for 
all vital equipment 
against both jet 
impingement and pipe 
whip. Evaluation 
included all high 
pressure piping.  

Evaluation included 
RCS, MS and FW.

Pipe whip 
restraints 
added

Category I structures 
adequately designed for 
missiles, RCS pump 
adequately designed and 
appropriate ISI used so no 
missile concern 

Category I ctures and 
components re 
adequately'de ned for 
missiles, RC$ p mp 
adequately design d and 
appropriate ISI 'use so no 
missile concern

Pipe whip 
restraints 
added

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 ISI 
at locations where 
dynamic analyses 
required by staff 
indicates additional 
protection required.

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

Zion I 
(10/72)

ItJ 

L.

Zion 2 
(10/72) 

ANO I 
"-(6/73)



Table 3-7. (continued).  

Design Considerations for Structures, Systems, and Compo2nnts Subjected to Pipe Break Effects 

Plant Name Missiles Containment ,' 
(SER Date) Considered Containment Shell Pen. RCS Loop MainOefam Feedwater Other

Protection assured for 
containment (and liner) 
and components of the 
engineered safety features, 
RCS pump adequately 
designed and appropriate 
ISI used so no missile 
concern

Category I structures 
adequately designed for
-n;-cal-c PC" nrn ,trltpij

RCS, MS, and FW 
restrained to prohibit 
containment damage, 
internal structures 
OK for differential 
pressure 

Internal 
compartments OK., Mo ýNfr •

Pipe whip 
restraints a

;ipe hip Pipe whip 
restraint restraints
added

Pipe whip, P 
restraints added re

by shield wall and floor, pres Category I 
RCS pump adequately 'stru tures OK for , 
ISI used so no missile ) 
concern , \ 
Category I stru res Internal st ures Pipe whip 
adequateIy igned for OK or diffe, x ntial " restraints added 
missiles, RC ump press.e, pipe hip, an adequately yesi*ned and and~jet mpi nge nt 
appropriate ISI u d so no 
missile concern 

Category I structures nd Desi~ne for pipe 
essential systems and rupture fects, 
components adequately intern structures 
designed for missiles, 0 r differential 
RCS pump adequately ssure and jet 
designed and appropriate impingement 
ISI used so no missile 
concern

added

ipe whip 
straints 
dded

Pipe whip 
restraints 
added

TMI I 
(7/73)

Damage to other safety 
related systems 
prohibited by 
restraining RCS, MS, 
and FW. Protection for 
vital systems provided 
by shield walls 
surrounding pumps and 
steam generators and 
by routing safety 
systems to attain 
separation.  

Pipe break evaluations 
per RG 1.46.  
Category I components 
and systems are 
provided in sufficient 
redundancy.  

Pipe break evaluations 
per RG 1.46.  
Evaluation included 
RCS, connecting 
systems, and other 
systems.  

Pipe break evaluations 
per RG 1.46.

E'l 0.  

r'.,

Indian Pt. 3 
(9/73) 

D. C. Cook 1 
(9/73)

Millstone 2 
(5/74)

110 

%A 
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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 Main 5dam Feedwater Other

C) 

61 Designed for pipe 
rupture effects, 
internal structures 
OK for differential 
pressure and jet 
impingement

Pipe break evaluations 
per RG 1.46.

ISI used so no missile 
concern, pump overspeed 
a concern 

Note: 

a. Containment designs are all concrete with steel liners except for Kewaunee and Prairie Island 1 2 which are free-standing eel containments and a concrete shield building with an annular space 
between them.

) *1

I

Category I structures (and 
systems and components 
located inside these 
structures) adequately 
designed for missiles, 
RCS pump adequately 
designed and appropriate

Trojan 
(10/74)

(5 

(5r 

0•

\



Review of UFSARs and SERs

inside surface of the primary containment at later-timeframe PWR plants started to explicitly 
locations of specific concern to reduce pipe address internal structures and some plants 
break loadings. Only the later-timeframe discussed protecting surrounding essential or 
(January 1973 through November 1973 licensing safety-related equipment. As the pipe break 
SER date) BWR plants appeared to consider evaluations progressed, so did consideration of 
pipe-break effects inside containment in a the imposed loadings. The earlier plants 
fashion similar to current criteria. All these typically considered just jet impingement loads, 
plants indicated that their evaluation of pipe whereas the later plants explicitly considered jet 
breaks met the intent of, or satisfied RG 1.46. impingement, differential pressures, reaction 
The surrounding essential or safety-related loads, and pipe whip. Table 3-9 lists the PWR 
equipment were finally included in the design SEP-III plants by the timeframes &dined herein 
evaluation process. The pipe break evaluations and by the date of the licensing SE .  
also progressed such that many of the mid- and 
later-timeframe BWR plants started to explicitly The later-timeframe BWjR a PWR SEP-III 
address internal structures. As the pipe break plants that satisfieq (a potenti ly those that 
evaluations progressed, so did consideration of satisfied the intent o' I.G 1.46 are ot expected 
the imposed loadings. The early-timeframe to require any f er evaluation of ipe-break 
plants typically considered just jet impingement effects inside tainment.  
or pipe whip (impact) loads, whereas the later- V" 
timeframe plants explicitly indicated the 3.2.4 BW Pipe Repidcement 
consideration of jet impingement, differential i len t h 

pressures, reaction loads, and pipe whip. NUREG-053 (N 1979b) states that e!s 
Table 3-8 lists the BWR SEP-III plants by the early as 1965, cra had been observed in the 
timeframes defined herein and by the date of the eat-affected zones \of welds joining austenitic 
licensing SERs. s inless steel 1iping and associated 

co ponents. These cr cks were attributed to 
The information contained in theyMARsI IG CC because of the codbination of high local 

and SERs for the early-timeframe ay 1970) stre es, ssitization of.Ae materials, and the 
through March 1972 licensin( SER date) I high o gen content f coolant used during the 
SEP-III PWR plants also did not\ddress pipeJ early •ears of operlion in many BWRs. Mate
break effects in much detail. Of ,urse, thef. rial sesitization in the heat-affected zones of a 
documents did indicate that the con(inmms, weld is produced during the time after welding 
were designed for pr ssure• due to orst when t material is slowly cooled through the 

case LOCA. Thtwas typically tlN only s nifi- "te.trature range of 1600 to 800OF (871 to 
cant pipe break c nsideration discu ed. Fo the 4770C). This slow cooling allows the precipita
mid-timeframe (fri July 1972 th ough J y tion of chromium-rich carbides along grain 
1973 licensing SER date) PWR P1 ts, morx boundaries. The formation of these carbides can 

systems were typicall ,discussed and tescribed deplete the chromium levels below that needed 

as containing postulate• pip~e break locations. for corrosion protection in other adjacent grain 

Typically, pipe whip restr nts were a led to the boundaries. These depleted zones along the 

Reactor Coolant System •RCS) i~p, main grain boundaries become susceptible to attack 

steam, and feedwater systenms. l~y the later- by a corrosive environment. If a high tensile 

timeframe (September 197 hrough October stress also exists, this attack may take the form 

1974 licensing SER date) PWR plants appeared of IGSCC.  

to consider pipe-break effects inside contain
ment in a fashion similar to current criteria. All In January 1988, the NRC issued Generic 

of these plants indicated that their evaluation of Letter 88-01 (NRC 1988a) which required all 

pipe breaks met the intent of or satisfied operating BWRs and holders of construction 

RG 1.46. The pipe break evaluations also permits for BWRs to state their intention to 

progressed such that many of the mid- and follow recommended staff positions or propose
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Review of UFSARs and SERs

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. I Early 8/69 5/69 

Monticello Early 9/70 3/70 

Dresden 3 Early 1/71 11/70 

Vermont Yankee Mid 3/72a 6/71 

Quad Cities I Mid 10/71 

Quad Cities 2 Mid 4/72 2177 

Pilgrim Mid 6/72 8/71 

Browns Ferry I Mid 12/73 6/72 

Browns Ferry 2 Mid 8/74 6/7S 

Peach Bottom 2 Mid 8/73 

Peach Bottom 3 Mid 7/74 8/2 

FitzPatrick Mid 10/,74 11/72 

Duane Arnold Late- /74 \/73 Met proposed 

Cooper te 74 2/ Met intent 

Hatch I Late 8/74 5/73 Met intent 

Brunswick 2 Late 12/ 11/73 Met RG 1.46 

Note: 

a. Issuance oA iowet license was dela/d so the mi criticalit te was used.  

Table 3-9.istin of PWR P-Ill nts by timeframe and initial date of licensing SER.  

Plant NSSS -D ined Operating Licensing RG 1.46 
Name Vendor] Timeframe License SER Date Used 

Robinson 2 W Early 7/70 5/70 

Pt. Beach I W Early 10/70 7/70 

Pt. Beach 2 ;ý) Early 5/72 7/70 

Indian Pt. 2 W Early 5/73a 11/70 

Oconee I B&W Early 2/73 12/70 

Oconee 2 B&W Early 10/73 12/70 

Oconee 3 B&W Early. 7/74 12/70 

Surry 1 W Early 5/72 2/71 

Surry 2 W Early 1/73 2/71 

Maine Yankee CE Early 10/72a 2/72
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Review of UFSARs and SERs

Table 3-9. (continued)..  

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

Turkey Pt. 3 W Early 7/72 3/72 

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

Kewaunee W Mid 12/73 7/72 

Ft. Calhoun CE Mid 5/73 8/72 

Calvert Cliffs 1 CE Mid 7/74 /7 

Prairie Island 1 W Mid 8/73- 1"9/72 

Prairie Island 2 W Mid 10/74 g92 

Zion I W Mid 47 10/72 

Zion 2 W Mid 1 73 10/72 

ANO-1 B&W Mid 517 /73 

TMI 1 B&W Mid 4/74 7/73 / 
Indian Pt. 3 W Late 12/75 9/73 Met RG 1.46 

D. C. Cook I W Late 10/74 9/73 Met proposed 
Millstone 2 CE _ Late \8/75 5/74 Met RG 1.46 

8 Nat:/75 5 10/74 Met RG 1.46 

a. Issuance of fulI power licene , so e initial criticr, date was used.  

alterna *nsti n's on\ e miti tion ofIG• CC €•'weld overlav. or "MSIP. the acronym for

effects ear weldments. \ though he effectsof''* 
IGSCC ere known and cogniz for many 
years pre vous to Generic Letter 8-01, the 
responses to his Generic Let r conta' d a sig
nificant amou t of data of terest. Since the 
presence of IGSKC and so of the mitigation 
methods discusseV in Gene c Letter 88-01 and 
Supplement I might af the pipe break fre
quency, and thus the tential core damage fre
quency at these pl nts, 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,"

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-III 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
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Mý0 Table 3-10. Response of SEP-III BWR plants to IGSCC concerns (1995).  0 
Response To IGSCC Concerns 

Systems Using MSIP (M) 

Docket or induction heat stress improvement o 
"Plant Name Number Piping Systems Replaced Systems With Wel yverlas (IHSI) (I) 

Nine Mile Point 1 220 Recirculation and associated safe ends and 
Emergency Condenser Steam Nozzle 5-NB 

Dresden 3 249 Recirculation and reactor water cleanup (RWCU) Core Spray (M) and Isolation 
(entire system) Condenser Steam Supply (RPV to 

outboard isolation valve) (M) 

Quad Cities 1 254 ecirculation ýad Core Spray 

Browns Ferry 1 259 
R Rirculatio HR, RWCU, Re -irculation (I) " 

Core Spr 

Browns Ferry 2 260 Recirculation (risers and inlet nozzles), WCU (from Recirc lation, RWCU, and Recirculation (1) RHR (I), 
penetration to first elbow inclusive), and t Pump Core Spp -y RWCU (I)*, and Core Spray (1) 

nozzle s "Monticello 263 Recirculation and asso e. d s e ends and HR 
(small portion to fa u tate pipe r moval)', 

Quad Cities 2 265 RWCU (inboariolation valve tc drywell, Recirculition and RHR Recirculation (M&I) 
penetration) and return) 

Vermont Yankee 271 Recirculation and R1R (stainle steel portions) 

Peach Bottom 2 277 .lation. RHR (sucti , re and reactor h ad RWCU 
0pray), WCU (from R tee in dry 11 to bey d 
2nd isolation va ye MO- ).and Core Spray^ and 
"B" (Only 5 noc nform.in welds from 4 systems) 

Peach Bottom 3 278 " ecirculation (i0ýcl ing 4,noP le safe ends), RHR RWCU and Jet Pump 
(pply and retun), nd RWC (portion) Instrumentation Nozzle 

Pilgrim 293 Rec culation Jet Pump Instrumentation 
"I Nozzle 

Cooper 298 ReciKcu tion, RH,, RWCU, and Core Spray (All RWCU and Core Spray Recirculation (I) and Core Spray safe 
IGSCC su cept' e piping welds replaced including ends (1) 
associated s ends and Jet Pump Instrumentation
safe



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 (]'verlays (IHSI) (I)

Hatch I 321 RWCU (From RHR connection in drywell to RecirculationR, an Recirculation (1) 
penetration) RWCU 

Brunswick 2 324 RWCU (From RHR connection in drywell to Recirc tion and Jet Pump Recirculation (M&I), Recirculation 
outboard isolation valve 2-G3 I -F004) Ins mentation Penetration RPV Nozzles (M), RHR (I), Core 

•al pray (M), and Jet Pump 
* In rumentation (M) 

Duane Arnold 331 R!erculation Rect culation (1) 

FitzPatrick 333 Core Spray "B" and safe end (in drywell) Recirculat' and "B" Jet Rec'ulation (I) 
Pump I rumentation Nozzle 

Notes: 

Only inside containment (inside drywell) responses considered where possi to disnguish.  

MSIP: Mechanical Stress Improvement Process-"uses a hydra i system to unifo nly compress e entir p.e at a location the weld joint. It also causes slight plastic strain, and the residual 

stresses remaining after the treatment are compressive in the Iloca 'susceptible to )GS C hecause %of wel nsitizatio'n,." 

IHSI: Induction Heating Stress Improvement-"consists of hea ng the outside of/c pipe by inducti n coils to controlled temperatures [-800"F (427"C) while cooling water is circulated inside the 
pipe. The high gradients produce the same effect as HSW. The inside the pipe is plItically strained in t 'sion during the process, causing residual compressive stresses after the process is 
completed." 

"HSW: Heat Sink Welding-"a method utt wel pipes or fittings which the a ikportion of I eld is produced with cooling water inside the pipe. The cooling effect of the water 
minimizes the sensitization causedby th elding process, and i addition, pduces a steep ten•, ratu•.radient through the pipe wall during welding. This steep temperature gradient causes tensile 
thermal stresses on the insid o e o pipe exceed the yield streng of the ma rial. After the weldaifris completed and the weldment is cooled, the inner portion of the weld is under high compressive 
residual stress. This is the opposite of , hat* caused by normal welhg. The hi compressive stresses are maintained through about half the wall thickness. The combination of reduced sensitization 
and high beneficial residual stresses provides •gnificant resistance to PSC'."B ed on the available documentation, this was utilized on the Browns Ferry Unit 2 RWCU system only.  

Quoted definitions are from NUREG-03 I Zev 
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Review of UFSARs and SERs

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-Ill 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-\ 

The non-SEP plants were.O.cnsed fader the 
SEP-Ill plants and are •€nerally of a later 
design. Plants representink, each of the najor 
NSSS vendors and their cbntainment )signs 
were selected-for a data se\ach and review.  
Similar to Ie-.proach used pr ous 
groups, sought info'oration lating to t 
effects o\ pipe breaks insi e cont inment and 
related to 'cs. The units eviewe were as 
follows: 

Diablo Canyon (Westin ouse SSS, dry 
)ambient ontainment) 

Crystal River 3 (B& NSSS, dry ambi
e"containment) 

Arkansas Nuclear 2 (Combustion Engineering 
NSSS, dry ambient con
tainment) 

McGuire I (Westinghouse NSSS, ice 
condenser containment)

Millstone 3 (Westinghouse NSSS, 
subatmospheric contain
ment)

Browns Ferry 3 (GE NSSS, Mark I con
tainment)

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

The non-SEP plays ae similar to the SEP-III 
plants, but were aluatedby the NRC using an 
early versio of the Standar Review Plan (SRP) 
as the u 'rm acceptance cteria. We hoped 
that r ewing the available !.SAR and SER 
des ptions of the design provis!Sns utilized by 
these newer plant might provi e additional inform jon re ting possible differences 

between The ?pte recently licensed lants and 
the older S F'-III plants.  

3.3.1 Infor ation Gathering Process 

Because of tN more recent timeframe that 
thehriginal non- EP FSARs were generated, 

th the, UFARs and relevant SERs for the 
selected plants were reviewed. Experience 

\gained from the SEP-III reviews (Section 3.2) 
Vndicated that obtaining the latest version of the 

,?FSAR from the NUDOCS microfiche was a 
"o, 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
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.
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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 mitigate the effects of a 
pipe break event. S 

Tables 3-12 and 3-13 lummarize all •f the 
comments related to pipe b ,aks inside cjntain
ment contained in the licensig SERs or. this 
group of plan Table 3-12 addressprTh"WR 
plants, w Table 3-13 provid commentary 
on the R plants. Exc.14ing Br wns Ferry 3 '-,..* 
(due to its early evaluation "nefram\, virtually 
all of the n -SEP plants use 1 RG 1.4 criteria.  
The only ne comments wer associa d with 
the PWR SER Statements re mad in two 
licensing SERs hat the con ete foundations 
were designed r high-e rgy line break 
(HELB) loads. An furthe nside-containment 
pipe-break information luding current status) 
would have to be ined by contacting each 
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.

3.4 Plant Visit Observations 

The planned work scope for this project 
included a number of visits to SEP-III plant 
sites. The purpose of the lant visits was to 
obtain information from d* ct observation of 
the relative locations of resentative high- and 
moderate-energy piin systems, equipment 
important to plant ety, nd the measures taken 
to mitigate the-effects o ipe breaks. Walk
downs wo be made and, here possible, pic
tures t to document the o ervations made.  
Qu itive judgements regardig the general 
susc tibility of th SEP-III plan s' equipment 
to da ge resuitip from pipe ru ures or jet 
impinge ent w d then be made.  

The crit 'a used to select plants for possible 
visits includ d a number of factors. These 

included: 

nt availabili based on scheduled outages 

Plant licoing date (a distribution of SEP-III 
plants was desired) 

SPlant 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 MFARS.

Pipe Rupture Consideration

z 

&-I 

1.0 
t'r

Flood 
Protection 

Pipe Rupture 
Considered 

Yes 
No (b) 
Yes (c) 
No 
No 
Yes (c)

Missile/Jet 
Protection 

Pipe Rupture 
Considered 

Yes 
Yes (c) 
No (0 
Yes (c) 
Yes (c) 
Yes

Considered 

Yes 
Yes 
Yes 

Yes 
Yes 
Yes

Specific 
Locations 
Identified 

Yes 
No 
Yes 
Yes 
Yes 
Yes

Physical 
Plant 

Protection 

Yes 
Yes (d) 
Yes 
Yes (d) 
Yes 
Yes

UFSAR 
Commitment 

SRP Other 
RG 3.6.1 PIaq/ 
1.46 3.6.2 \ Spheric 

x x 

X(g) 
x 

X(

Environmental Qualificationa Electrical 
and Instrumentation 

UFSAR 
Commitment 

IE)SE IEEE IEEE Other 
279\ 279 323 RG Plant 
1968 1971 1974 1.89 Specific 

x x 
x 
x 
x 

(hý) 
X (h)

Separation 
UFSAR 

Commitment 

Other 
RG Plant 
1.75 Specilic 

x 
X (e) 
X (C) 
X (e) 
X (e) 

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 ha, 

b. No specific mention found in UFSAR 

c. Minimal information provided. UFSAR did not address impingement ctriIand mecim 

d. Minimal information provided.  

e. Vague mention of physical separation. Minimal definitive-gui lines provided. J 
f. Section 3.5 of the UFSAR states that catastrophic failure of piping eading to mi se generati.  

g. Used criteria in Westinghouse AP-80 4 to determine RCS bre ocation hese I 
by the RG 1.46 criteria. Used R; 1.46 f l other sys ms inie contain ent. t 

h. Used IEEE 323-197 1.  

i. Special criteria used for RCS only. this r ulted in break location similarto at would hay

t IE-79-01B.

credible event.

pre subsequently compared (and shown equivalent to) those that would have been determined

e been determined by using RG 1.46 criteria. Used RG 1.46 for all other systems inside containment.

7

Plant Name 

Millstone 3 
Browns Ferry 3 
Diablo Canyon I 
Crystal River 3 
ANO 2 
McGuire I

(5 

0 

-ri 
cd� 

C,, 

C,.' 
tI'

,f

Table 3-11. Review of non-SEP plant UFSARs.
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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 Steamo Feedwater Other 

Browns Ferry 3 Containment OK. Jet impingement Jet protection Pipe whip More IS"', More ISI More ISI on RHR 
(6-72) Recirculation pumps adequate and barriers provided restraints (another 

with overspeed protective cover for for large pipe added unrestrained line).  
prevention make MS, FW, and RHR penetration, 
missiles low probability breaks installed on reaction forces 

lower spherical portion OK 

Hatch 2 No missile can penetrate Jet impingement Pipe break 
(5-78)' containment, separation adequate, internal evaluations per 

and redundancy used for Category I structures RG 1.46. Effects 
safety related systems adequate for jet 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 effect considered.  
missile shields, 
recirculation pumps 
without decoupler 
makes missiles a 
concern 

Notes: 

a. Containment designs are all free standing s el primary containm ts with a, urrounding concrete reactor building.  

b. Not SER but NRC report to the Advisory Cor ittee on Reactor Sa eguards ( RS).

(-'I

Z 

&I

CL~



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

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

Plant Name Missiles. Main 
(SER Date) Considered Containment Shell Cont. Pen. RCS Loop Stlim Feedwater Other

Crystal River 3 
(7/74) 

Diablo Canyon 1 
(10/74) 

St. Lucie 2 
(11/74)

z 

'0 &I

Jet impingement adequate, 
internal structures OK for 
missile impact and jet 
impingement

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

RCS evaluated perj 
WCAP 8082 
equivalent t 
RG 1.46 

2

Category I structures, Containmen) 
systems, and components pipe rupt*Ef 
adequately designed for including .a 
missiles with no loss of impingemefý 
function, RCS pump whip, interna 
adequately designed and for differenti; 
appropriate ISI used no reactio'• loadý 
missile concerni and jet i in 

concrete for 
designed for 

Plant structures and',, Containment 
components adequately pipe rupturlg 
designed for missiles with containmest' 
no loss of function of rotected by 
safety related systems and s ondary s• 
components in such interal as 
structures press and

(b 

0 

071 

cin 1-'l

Pipe break 
evaluations per 
RG 1.46.

Criteria used for 
RCS breaks 
acceptable to staff.  
Breaks assumed at 
any location.  
Piping restraints 
applied to RCS.  

Pipe break 
evaluations 
equivalent to 
RG 1.46.

Pipe break 
evaluations per 
RG 1.46.

Category I structures and 
components adequately 
designed for missiles with 
no loss of function of 
safety related systems and 
components in such 
structures 

Category I structures 
adequately designed for 
missiles with no loss of 
function of safety related 
systems and components 
protected by such 
structures

Millstone 3 
(3-74)



Table 3-13. (continued).  

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

Plant Name Missiles n 
(SER Date) Considered Containment Shell Cont. Pen. RCS Loop am Feedwater Other 

ANO 2 Category I structures, Containment designed for RCS evaluated Pipe break 
(11/77) systems, and components pipe rupture effects, internal per CE report evaluations per RG 

adequately designed for structures OK for CENPI16" 1.46. ANSI-N 176 
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 I 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 reaction loads, and jet 
systems and components impingement 

N o te: n s ct l000t 
o mhtd 

a. Containment designs are all concrete with steel liners exc t or St. Luciera I Zicharefresa~tgselcnanet ihacnnesil ulig

/
N.  

N

0 

C, 
oTz 

rri 

'4'



Review of UFSARs and SERs

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 entered 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, construction, and 
licensing review occurred ae 'in the 
group of plants include in the S1-III 
category; therefore, • consideratio• of 
pipe break effects ws more comilete 
than that in some earli• SEP-HI u~ants.  
This provided a good baseline fior com
parison we PWRs that ould 'be 
revi eed during thi'research ogram.  

Before v iting the plant, we revilwed the 
UFSAR, the R, and a subsequent suppiement 
to obtain an o rall understanding of t l pipe 
break consideratins contained in the plant's 
licensing basis. )

High-energy pipink is pied in the Trojan 
UFSAR as any piping t4 contains a fluid hav
ing a pressure of 275 1rsig (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

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 install to mitigate the 
effects of a postulated Il-energy pipe break.  
Discussions were alsj codiducted regarding the 
location of safety-ated e ipment and electri
cal equipmen These discus~ions enabled us to 
select repre tative piping sysems, equipment, 
and 'gen containment areas for direct obser
vatior. The systems and equip ent that we 
observ during the alkdown inclu d: 

1. Mai ste piping from the co ainment 
penetr on area to the steam generators 
(A and loops) 

2. Feedwater piping from the containment 
penetration "\rea to the steam generators 

AA and D loo~s) 

R susply 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 
(PORV) accumulators, PORV, and block 
valve piping
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Crossover Leg

Figure 3-1. General arrangement of a Westinghouse four-loop NSSS.
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Review of UFSARs and SERs

10. Normal charging piping near containment 
penetration P-8 and the regenerative heat 
exchanger

severity of the effects of a postulated pipe 
break.

4. We observed a minimum of jet impinge
11. 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, redunda ,nd the number 
followed was to go to the selected area or piping of supports meni ned ove. However, 
system and follow the system to the desired end components re erved in the pres
point. As the system was being followed, obser- surizer co part nt that appeared sus
vations were made regarding the system ceptibl to *oa f mf pipe breaks in 
restraints, nearby systems and/or equipment, jet that art f the comp rtrent. Two exam
impingement shielding, etc. The major observa- es aeelectrical box t t are mounted 
tions resulting from this effort can be summa- On . walls near the e tions of the 
rized as follows: essurizer saf y valves, n the PORV 

mulato t t are mou te to struc
1. During the review of the drawings and the a st su rts near the to of the 

walkdown itself, it was observed that thi p s izer ompartment. Late e per
plant was designed with a high degree o fo d additional review of informa
compartmentalization. This design tion nt med in the licensee's UFSAR.  
approach contributes to the physical sepa- This an ly indicated that the piping was 
ration of systems and equi en at help s icien strained to meet their crite
mitigate the effets of po ed ipe ri t linmru n the propagation of damage 
break in any one o of RC r he a o d ent a reactor shutdown in 
high-pressure pipi g nneted t y the v t a high-energy pipe rupture.  
loop.  

5. Our review of the plant drawings showed 
2. Exam lar a a concentration of electrical penetrations 

d wte di wer erv in the northwest quadrant of the contain
rim e plant al ow were the ment (near the "D" RCS loop). During the 

ot r atures of it es ide ifi d by the in-plant walkdown, we observed these 
dra n review. Alth g thi w not a electrical penetrations and the general 
detail lkdown to v ri exa s port area of the containment. We noted that the 
configu ti ns or locati ns the I ons main steam and feedwater piping for the 
and con0 tions of t eupports were "A" and "D" loops were also routed in 
observed t b in gene I reement with this area. Few pipe whip restraints existed 
those shown n e wi • . in this area. The possibility existed for jet 

3rant, iimpingement loads and/or impact loads to 
3. Most importa nside-containment occur on either some of the electrical 

walkdown provi ed 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 observed that the physical separation steam or feedwater break; however, the 
provided by the high degree of compart- steam/feedwater lines to each loop are 
mentalization combined with the pipe physically separated by a concrete slab so 
restraints near postulated break locations 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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Review of UFSARs and SERs

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 this 
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 penetra 

6. We observed a min al number of jet 
impingement shields in tailed in the #eas 
of the containment tha were exa ined 
during our walkdown. Given icen
see's pe roach (e.g., SAR S 
tio(I.6.1.1) of using\\whip re raints, bar
riers, and physical se aration o reduce 
the ef cts of a high-er•rgy pi break, 
this lac of jet impinge nt shiel may 
not be un ual.

3.4.2 Browns 
Plant, Ui

Power

This plant is a GýPral Electric BWR-4 
design with a Mark ITcontainment. 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

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 representakive of the combi
nation of the BWR-4 SSS and Mark I 
containment desi 'that comprise the 
majority of the op lation of BWR plants 
currently in gratio 

3. While rowns Ferry U t 3 is listed as a 
no EP-Ill plant, its d ign and con

ruction are sufficient] similar to 
rowns Fe Units I and (which are 

S -I1 plant and other SEIII BWRs 
tha it p ides a good bas ine for 
comparn to other BWRs t will be 
review during this research program.  

Before visiti the plant, we reviewed the 
UFSAR, the lice ing SER, and two supple
ment 0o obtain an~verall understanding of the 
pjI break considerations contained in the 
lant's licensing basis.  

High-energy piping is defined in the Browns 
F y UFSAR as any piping that contains a fluid 

v•viing 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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Feedwater 
line 

RHR 
line 

Pipe whip Drywell 
restrint'vent 

Rercirculation shield 
metaint sil 

J960040.cdr 
(3-96) 

Figure 3-2. General arrangement of a General Electric NSSS with Mark I drywell.
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safety-related mechanical and electrical equip
ment were also conducted. These discussions 
enabled us to select representative piping

"A" recirculation pump and discharge 
piping was examined.

systems, equipment, and general containment The general walkdown methodology that we 
areas for direct observation. The systems and followed was to go to the selected area or piping 
equipment that we observed during the system and, to the extent ssible, follow the 
walkdown included: system to the desired d p p t. As the system 

was being followe , ob vations were made 
1. The main steam system from the drywell regarding the s em s ints, nearby systems 

penetrations X-7A and X-8A up to the and/or equi m nt t *m 'ngement shielding, 
horizontal runs at the 584-ft (178-m) ele- etc. Due th li itation o hysical space and 
vation. The two main steam risers located certai rad ogical acces r strictions, some 
in the area of the 90° azimuth (plant coor- pa of tems of interest c ul not be walked 
dinates) were also observed and d wn n their entirety; how er,- most of the 
photographed. This also included several ma ce ible rea Id be vie e rom a dis
pipe whip restraints that were mounted on tanc T s stia llo d for gener o ervations 
the system. of stru tu ,Sy s, and compon t in close 

enough rox ty to be potential tar ts of pipe 
2. The feedwater system beginning at pene hips an r t loads from a pipe rupture event.  

tration X-9A up to the horizontal runs at Thmajo vations resulting from this effort 
the 584-ft (178-m) elevon e three c b umm i as follows: 
12-in. (0.3 m) risers sce fr the 
horizontal run in e ar of the 500 ri th iew of the drawings and the 
plant azimuth ra e ere also o ser ed. w o itself, we observed that this 
This also include vera pi hip plant s designed with a minimum com
restraints that we o o" the partmentalization inside the drywell. This 

syst is a generic design feature of the Mark I 
containment in that the compactness of 

3. n absorbi ds o ted to the the drywell piping layout affords minimal 
11 wall wer o erv d several space for compartment walls. This results 

ti s. They were o ont u s. in many of the high-energy systems being 
close to each other.  

4. Portio s the recircu ati n sys (loop 
located in the plant azi uth range of 2. Examples of the large whip restraints 
0180) er examind is included the indicated on the drawings were observed 
28-in. (0.7 ) u "on e in the area of during the plant walkdown as were the 
the reactor ss I n le and the header other features of interest identified by the 
and riser pipe ye the 584-ft (179-m) drawing review. Although this was not a 
elevation. Whip restraints associated with detailed walkdown to verify exact support 
this system were examined, configurations or locations, the locations

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 3000 azimuth in the vicinity of the

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 impingement 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 ]-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 e rat,•rea 
as the CRD bundle. Sin multiple C D 
piping bundles are us" to complete tje 
total system, some level N damage or lss 
of individual lines can be stained b ore 
the ability to shut down the reactr ld 
be coromisd. Further i estigatiotI.  
will needed to ascertain thi level of 
separa •on in the indiviual tpi within 
each bu die to assess w ether e ective 
physical aration is achi ved and hat level of da ge could be su tained.  

6. Our review of ant drawin s showed that 
the safety-relate electr" I penetrations 
appeared to have a h• degree of physi
cal separation. T )cally, 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 1800 away) of the 
drywell shell. This layout should help 
minimize the deleterious effects of a pipe 
break on safety-related electrical system 
functions.

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 c mercial opera
tion in April 1972. The s considerations 
influenced the selection ofis plant as for those 
previously selected or visitation. These 
included: 

1. The p t was shut down or a refueling 

cess and opportunities for lose obser
va on of , W tems, struct es, and 
corn onents.  

2. The p1 is representative of an early 
vintage o( the BWR NSSS and Mark I containme design.  

\3. The plant's d sign and construction fea
res are suffi ntly similar to other SEP

III BWRs at it provides a good base line 
for comtarison to other BWRs that will 
Ibe reviewed during this research program.  

efore visiting the plant, the UFSAR and 
).censing 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.
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Before the inside-containment walkdown, was being followed, observations were made 
licensee personnel provided drawings showing regarding the system restraints, nearby systems 
the layout of high-energy piping systems and the and/or equipment, jet impingement shielding, 
restraints that were installed to mitigate the etc. Due to the limitations of physical space and 
effects of a postulated high-energy pipe break. certain radiological access restrictions, some 
Discussions regarding the location of safety- parts of systems of interest could not be walked 
related mechanical and electrical equipment down in their entirety; however, most of the 
were also conducted. These discussions enabled inaccessible areas could be viewed from a dis
us to select representative piping systems, tance. This still allowed for g eral observations 
equipment, and general containment areas for of structures, systems, ando ponents in close 
direct observation. The systems and equipment enough proximity to be p ential targets of pipe 
that were observed during the walkdown whips and/orjet loads ro a pipe rupture event.  
included: The major observ _ ns res ting from this effort 

can be sum ized as follows 
I. The main steam system from the drywell 

penetrations up to the horizontal runs. 1. D ng the review of the d wings and the 
alkdown itself, we obse ed that this 

2. The feedwater system beginning at the ant was desi' ned with a mi 'mum com
drywell penetration up to the horizontal pa tmentaliz n inside the d eli. This 
runs. is a gene ' design feature of t Mark I 

contai ent in that the comp,?ctness of 
3. A continuous section of energy-absorbing the dry ell piping layout affords minimal 

pads mounted to the drywell wall were space for ompartment walls. This results 
observed. in many oft\he high-energy systems being 

4 r su tin relativelylose proximity to each other.  4. Portions of the recircula i system eree.•..  

eaie Thsi ded she 2 in 

examined. This i ded the 2,-in. Examples of the large whip restraints 
(0.7 m) suction line the area of the indicate on the drawings were observed 
reactor vessel nozzle a the heady and during the plant walkdown as were the 
riser pipes. Whip restr 'nts associated other features of interest identified by the 
with thi m were examine drawing review. Although this was not a 

5. E " ic jni .. oxes cted detailed walkdown to verify exact support 5. Ele rical junction oxe cate dl in . ...  

it• y teping. t stems in configurations or locations, the locations prox it ity to t hae p ip ig stem s interestt. 
. . .  

p�ro�xi tand configurations of the supports were 
were in luded in the wal own. observed to be in general agreement with f)r thos shoen on tne waraowngs.  

6. The locati s of cable tra relativxto the 
high-energy systems mi tioned above 
were observe 3. The inside-containment walkdown pro

vided the opportunity to observe first 
7. The CRD piping b es were examined, hand the relative placement of piping, 

In several loca ns additional supports components, and other equipment to 
had been added to the bundles from what obtain a sense of the potential for damage 
we had observed on the Browns Ferry due to a postulated pipe break. It was 
plant. One vertical run of the bundle was observed that the minimal amount of 
location in very close proximity to RHR physical separation and compartmentali
piping. zation allowed by the drywell physical

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

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 A number of considerations influenced the 
of individual items (e.g., electrical boxes selection of this plant for visitation. These 
or cable trays) was observed, included: 

5. The CRD piping bundles observed during 1. The plant is representative of a three-loop 

the walkdown had no physical barriers Westinghouse NSSS.  

separating them from other high-energy The plant was underg ng a scheduled 
piping systems in the general area. At one s. hutdwn, p..rovi ng u she o un.t • . shutdown, providilng up ne opportunity 

location, CRD bundles were directly next o co obto o s t 
to, and on either side of a section of RHR tor , compo n 

piping. Each CRD pipe is 1-in. (25-mm) ture- a "n.  

nominal size, which would exempt it from 3. The, pla . .. and 
consideration of pipe break locations licensi review occurre early in the 
under the RG 1.46 guidelines. However, ro 

gro of plants included i the SEP-III 

our concern was that one of the CRD egory; therefore, the con 'deration of 
bundles could be a target for a larger pipe. piebreak effe ts was more complete 
Portions of the recirculation pump tha that in s e later SEP-I plants.  
discharge and RHR piping are in the same This\rovid.a• good base line ocom 
general area as the CRD bundle. Since parison other PWRs that uld be 
multiple CRD piping bundles are used to reviewe during this research program.  
complete the total system, some level of 
damage or loss of individual -lines can be Before visitin the plant, the UFSAR, the 
sustained before the ability to hut lown SER, and a sub equent supplement were 
the reactor would be! mpromi ed. eview•d to obtain a overall understanding of 
Further investigation be needed to the pe bieak con iderations contained in the 
ascertain the level of eparation in ttie p nt's licensin asis.  
individual pipes within ach bundl° to 
assess whether effect've physical 4igh-energy piping is defined in the 
separatio .achieved and wh ev f Hl. Robinson UFSAR as any piping that 
dama�ould be'sustained. c ains a fluid having a pressure of 275 psig 

1-0-16.9 MPa) or greater, or a temperature of 200°F 
6. The sa ty-related electri al pen ations (93°C) or greater. The need to consider the 

were spa d around the ci umfere ce of effects of pipe breaks in the RCS have been 
the drywe We did not ve suffient eliminated at the H. B. -Robinson plant by the 
information o determine whether the application of LBB technology.  
redundant tra s had be sufficiently 
physically separ ted. Before the inside-containment walkdown, tr / licensee personnel provided drawings showing 

34 4cler the layout of high-energy piping systems and the 
H. B. Robinso uclear Power restraints that were installed- to mitigate the 

effects of a postulated high-energy pipe break.  
In addition, the licensee had a training video of 

This plant is a three-loop PWR using a inside containment, which we viewed for about 
Westinghouse NSSS. The plant has been two hours before entering the containment. A 
operating over 20 years. The containment is a subcontractor had filmed much of the area, and 
prestressed concrete, large-dry design, with the by manipulating the computer, the operator was 
inside surface of the containment lined with steel able to select components for visual review from 
plates. 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
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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

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).

electrical equipment were also conducted. These 2. In contrast to the Trojan plant, 
discussions enabled us to select representative H. B. Robinson Unit 2 had no whip 
piping systems, equipment, and general contain- restraints on the main team and feedwa
ment areas for direct observation. The systems ter lines inside the che wall near the 
and equipment that were observed during the steam generators. ever, there were no 
walkdown included: targets in the.ra.  

1. Reactor coolant system 3. During e review of t drawings and the 
walk n itself, we o erved that this 

2. Main steam piping from the containment pD was designed with a igh degree of 
penetration area to the steam generators ompartmentalization. is design riproach conti'butes to the p ,sical sepa

3. Feedwater piping from the containment ra'on of syst s and equipmen that help 
penetration area to the steam generators mitigate t effects of a postul4ted pipe 

break *'any one loop of the R'S or the 
4. RHR supply and return piping at the con- high-pressure piping connected to any 

tainment penetration area loop. \\ 

5. Accumulator injection pipin 4. Examples o the large whip restraints 
ndicated on e drawings were observed 

6. Pressurizer surge pipi during te plant walkdown as were the 
7. N a c n . / other f~tures of interest identified by the 

• Normal charging ping\ •drawing review. Although this was not a 
detailed walkdown to verify exact support 8. Steam or blowdown lin configurations or locations, the locations 

9•. hu' o eand configurations of the supports .were 9 h e p i ca l a d v o l u m on tro s ste m ", 9 C cal and volume\ r s stem " observed to be in general agreement with 

10. Electri I cable penetrati s. those shown on the drawings.  
The ge l lkdon e 5. Most importantly, the inside-containment The general Ikdown meth ology Ahat we u,,,,4,, ,, ,,,,ea W I ~ ,,. , •kt ddwalkdown provided the opportunity to 

followed was to g to the )selecte area or piping wldw rvddteopruiyt idf o ,, oobserve first-hand the relative placement system and follow system t the desired end of pipig, components, and other equp
point. As the system s be' followed, obser- m toaasefh tnlo 

. .. .I 7. .m en t to o b tain a sen se o f th e p o ten tial fo r vations were made r rding the system 
er ing t damage due to a postulated pipe break.  

restraints, nearby syste s and/or equipment, jet We observed that the physical separation 
impingement shielding, etc. The major observa- provided by the high degree of 
tions resulting from this effort can be summa- compartmentalization combined with the 
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

pipe restraints near postulateu oreaK 
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) s mtn. A\ ripe 
break associated with the RB 6WVsystem ad 
previously been identified as potential probi n 
by the Millstone 1 BWR licens< / 

The following observations wereq,,tade 
during the sub' n, ", !, 

1. The BCCW syste is low
tempera re, low-pressu syste that 
supplies ooling water t the drwell 

cooling sy em, the recirc lation •mps 
seals, and t e sump drai s. We were 
informed that ter a loss o RBCCW, the 
pump seals wo t ruptur , resulting in a 
small-break loss-of- olant accident 
(SBLOCA) in -a 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.

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 sýtem. Since the 
RBCCW system outsiq containment is 
not classified as'saf related, this system 
could rupture, rpulti in a containment
to-atmo heVreak.  

3. This lem had previou y been identi
fie at Millstone 1. From a discussion 

ith the Millstone 1 licensi staff, the 
po ntial proble• was identifie when the 
plan was'at I v power (indica ng that 

nof o new p~lical observation wa ade), 
during esign assessment of the drywell 
c°olers. o ensure a containment-to
atmosphe leak could not occur through 
the RBCC ystem, two remote isolation 
valves were p ced on the RBCCW sys

m outside tainment to provide dou
ble valve isolation. Millstone I 
LER 89-003 and NRC Inspection 
Report 89-04 (May 11, 1989) document 
the Millstone discussion.  

"'O,#. 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.  

6. 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.  

7. 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 wepe mo Itlnger 
needed. We observed o; restraint xpich 
had been partially r oved. It appe red 
that the recirculation lines could ,nly 
cause damage from tet imnpingdn.ent

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

8. 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, a main ýeam and a main 
feedwater line wereor proximity. The 
main steam line s restrained at this 
location, and hile we did not notice a 
restraint oný,Aie mai feedwater line, it 
was blked from imp ting the RBCCW 
line y the main earn line. Jet 
i ngement from the in steam line 

rough a longitudinal brea could impact 
t e RBCCW \ine at this cation. At 
elI vation 23,8#e RBCCW wa routed to 
the uumn als and the sumprains. A 
large .s(tion was routed along a portion 
of th recirculation piping. This 
recirculaM on piping had pipe whip 
restraints, ut jet impingement through a 
longitudinal break could impact the 

CCW li . The recirculation pumps 
,e appeare'!to be well anchored; movement 

of the -umps 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-Ill CONCERNS

4.1 Introduction 

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 concerns regarding inside containment 
pipe failures for the SEP-HI plants.  

Pipe failure, as defined herein, includes 
circumferential breaks in pipe greater than N-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 41an'.2% of 
the time) result in through-w !eakage cr cks, 
not breaks. Therefore, th consequence f a 
moderate-energy pipe failure *s a fluid spr or 
dripping concern, which other RC efforthave 
addressed. Consequently, moderate-en~gy line 
failures were id red herein. of, 

The in task pla cat ed for ntifying 
those SEP- I plant pipe br k loca ions that 
would have en expected to e post ated if 
adequately revi wed in accorda e with t cur
rent SRP criter . However, t e bac ground 
information obtain and revie d did not con
tain the necessary I el of det I to completely 
identify specific pipe eak I ations of concern.  
Some locations without ipe whip restraints, ,sUnit se m o 
such as the Browns Fe '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-HI plants.

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 disc ge without pipe 
severance in 4-in. (102-m pipe and larger.  
Circumferential pipe bre include more piping 
[high-energy lines eate than 1-in. (25-mm) 
NPS] and mo re ef 1ts (flui jet discharge, reac
tion loads,an pipe whip). refore, longitudi
nal breaks e covered by th circumferential 
pipe br evaluations.  

To btain an ini 'al indication what was 
not covered in the S s, we reviewe the tables 
in Sectiori',3 (w present the items isted in 
the SERs tha ve been addressed). om these, 
Tables 4-I1 through 4-4 were developed.  
Tables4-1 an 4-2 present an evaluation of 
early-, mid-, and ater-timeframe SEP-III BWRs 
and PWRs, respe ively. These tables give an 
overuiw of items issing from the commentary 
ipfhe SERs.lables 4-3 and 4-4 give plant
specific comrients for each BWR and PWR 
SkEP-III plant.  

4 Criteria 

The following criteria were used to develop 
the potential list of SEP-IfI 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.
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Table 4-1. Summary of commentary missing from SEP-III BWR SERs.  
Were These Design Provisions Made for Those Systems and Components subjected to Pipe Break Effects? 

Plant Missiles Main 
Name Considered Cont.Shell Cont. Pen. Recirc. Steam Fmgater Other

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

Are all Category I 
structures, systems, 
and components 
considered? 
Recirculation 
pumps with 
overspeed 
prevention?

Jet impingement OK? Jet pr 
barrie

z 

r'l 

C
0•D

otection 
ers provided? 
ion forces

Only Nine Mile 
Point I does not 
have whip 
restraints.

More ISI?

otection 
ers provided? 
ion forces

Protective cover for React 
containment? OK? 

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

Jet impingement OK? Jet pr 
barrie 

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

Pipe whip Pipe hip 
restraints ,•straillts added?

Pipe break effects disable or degrade 
essential equipment?

Biological shield OK (including shield 
plugs as missiles)? RV support structure 
OK? Should pipe whip restraints be on 
other HELB lines? More ISI at locations 
where restraints not installed? Can RHR 

ýdamage containment? ECCS redundant? 
Con pipe ruptures in cylindrical portion 
of rywell perforate it? 

Pipe break effects disable or degrade 
essential equipment?

Biological shield OK (including shield 
plugs as missiles)? RV support structure 
OK? Should pipe 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?

Later- Are all Category I Jet inp ment OK? Jet tec' \ 
timeframe structures, systems, rriers'proviad 2

N 

plant and components',. rotective cover for 
considered? \ ntainment? Rea tion forces 

oK? 
\Jet otection barriersnfor 

v t s stem? Internal 
strictur s OK for jet 
impinge nt, differenti al 
pressuire, r ction forces, 
and pipe,\whi ? 

Note: 

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

N A )

Early
timeframe 
plant

Recirculation 
pumps with 
overspeed 
prevention?

Mid
timeframe 
plant

"1" 

CD 

0 

0" 

CD 

=._.  

C)r 

03 
0 
C.-



Table 4-2. Summary of commentary missing from SEP-III PWR SERs.  
Were These Design Provisions Made for Those Systems and Components Subjecte~to Pipe Break Effects? 

Plant Missiles Main 
Name Considered Cont. Shell Cont. Pen. RCS Loop Steam Feedwate\ Other

Are all Category I 
structures, systems, 
and components 
considered as well 
as all appropriate 
sources? Is the 
RCS pump a 
missile concern? 

Are all Category I 
structures, systems, 
and components 
considered as well 
as all appropriate 
sources? Is the 
RCS pump a 
missile concern? 

Are all Category I 
systems and 
components

Jet impingement or pipe 
whip OK? 

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

Jet impingement or pipe 
whip OK? 

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

Jet impingement or pipe 
whip OK?

Reaction forces 
OK?

Jet impingement 
OK? 

Reaction forces 
OK? , 

Jet impingement 
OK? 

caction forceS 
K?m e 

J impingement/

Pipe whip 
restraints added? 

More ISI? 

Pipe whip 

~str *nts added? 

Moire I I?

Pipe whip Pipe ip' Were all high-energy systems 
restraints \re. raints added? considered for pipe break? Were pipe 
added? . ' , reak effects considered on other 

More ISI? tegory I structures, systems, and 
Mo SI? co onents? Is there sufficient 

redu dancy or separation? 

Pipe wip Pi whip Were all h h-energy systems 
restraints straints added? consider for pipe break? Were pipe 
added? , break effects considered on other 

More ISI? Category I structures, systems, and 
More ISI? components? Is there sufficient 

redundancy or separation?

considered? Internal structures OK for 0KY( J 
jet impingement, reaction N 
forces, and ip ) 

Note: 

a. Containment designs are all concrete with st I liners except for waunee a Prairie Island I & 2, which are free-standing steel containments and a concrete shield building 
with an annular space between them. for I

Early
timeframe 
plant 

Mid
timeframe 
plant

tN) Later
timeframe 
plant

-4.  

t" 

0 

0 

-ni 

"0 
C)

3t:kI



Table 4-3. Commentary missing from SEP-III BWR SERs (plant specific).
Were These Design Provisions Made for Those Systems and Com nents Subjected to Pipe Break Effects? 

Plant Name , 
(SER Date) Missiles Considered Cont. Shell Cont. Pen. Recirc. Main Sta eedwater Other

INine Mile Point I 
(5-69)

Monticello 
(3-70)

Dresden 3 
(11-70)

z 
C'r 

¢J-

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

Recirculation pumps 
with overspeed 
prevention?

Are all Category I 
structures, systems,

Protective cover for 
containment?

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

Jet impingement OK?

Pipe whip ipe ,lip 
restraints rStraints 
added? dded? 

More I . More ISI?

Pip whip 
restra ts 
added?

Jet protect n 
barriers

and components Protective coverfp'• . " provided.? 
considered? containment? eaction, 

rces OK? 
Recirculation pumps Jet protectio barriers for ) 
with overspeed vent system? ternal 
prevention? structures OK f jet 

impingement, di rentia 

ssure, reaction for, 
danand pipe ip? 

Are all Cawgo I Protective co r for Jet protection 
structures, sys •, containment? barriers 
and componenis provided? 

L~~iers for'• Rieaio 

considered? Jet protection ba *ers for Reaction 
Recirculation pump vent system? inte nal forces OK? 
with overspeed ructures OK fo et 
prevention? i inngement, d* erential 

pre ure, reac n forces, 
and pipew ?

Pipa\whip Pipe break effects disable or degrade 
restr .nts essential equipment? 
added.  

Biological shield OK (including shield 
More ISI. plugs as missiles)? RV support 

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

"ore ISI at locations where restraints 
t 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?

017

Pipe whip 
restraints 
added? More 

ISI?

Pipe whip 
restraints 
added? More 

ISI?

Biological shield OK (including shield 
plugs as missiles)? RV support 
structure OK? Should pipe 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 break effects disable or degrade 
essential equipment? 

Biological shield OK (including shield 
plugs as missiles) for other than pipe 
rupture pressures? RV support 
structure OK? Should pipe 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?

V) 
C, 

0 

0 

t"1 
n 

"0' 
0



Table 4-3. (continued).
Were These Design Provisions Made for Those 

Plant Name 
(SER Date) Missiles Considered Cont. Shell Cont. Pen. Recirc.

Vermont YanKee 
(6-71)

Are all Category I 
structures, systems, 
and components 
considered? 
Recirculation pumps 
with overspeed 
prevention?

Quad Cities I Are all Category 1 
(8-71) structures, systems, 

and components 
considered? 
Recirculation pumps 
with overspeed 
prevention? 

Quad Cities 2 Are all Category 1 
(8-71) structures, systems, 

and components 
considered? 
Recirculation pumps 
with overspeed
prevention? : , 

Pilgrim Are all Category 
(8-71) structures, systems, 

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

Jet impingement K? Jet 
protection barriers r vent 
system? Internal stru tures 
OK for jet impingerne 
diff tial pressure, 

ofraction`forces,-.and pipe 
whip? I \ \

protection barr 
nt system? Inter 
,ctures OK forj 
f~gement, diffi 
ess. e, reaction 
, pil whip?

Jet protection 
barriers 
provided?

Jet protectio 
barriers 
provided? 

Reaction.  
forces OK?

Reaction 
forces OK?

Systems and Components Subjected to Pipe Break Effects?
z 

&I

0 

0 

0 
0D

Main Steam Feedwate Other 
Pipe whip Pipe w Pipe break effects disable or degrade 
restraints restr ts essential equipment? 
added'? .0ded.  

Biological shield OK (including shield 
Mor l More ISI. plugs as missiles)? RV support 

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

ore ISI at locations where restraints 
sinstalled? Can RHR damage 

cohtainment? ECCS redundant? Can 
pipe ptures in cylindrical portion of 
pe"drywe perforate it? 

Pipe wh* Pipe whip Pipe ak effects disable or degrade 
restra ls restraints essential equipment? RV support 
added added? 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 whp Pipe whip Pipe break effects disable or degrade 
restrai fts restraints essential equipment? RV support 
added? added? 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 whip Pipe whip Pipe break effects disable or degrade 
restraints restraints essential equipment? RV support 
added? added? structure OK? Should pipe whip 

restraints be on other HELB lines? 
More ISI? More ISI? More ISf at locations where restraints 

not installed? Can RHR damage 
containment? ECCS redundant?



Table 4-3. (continued).

Plant Name
(SER Date)

Browns Ferry I 
(6-72) 

Browns Ferry 2 
(6-72) 

Peach Bottom 2 
(8-72) 

Peach Bottom 3 
(8-72)

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

Cont. Shell Cont. Pen. Recirc. Main Steam Feedwater Other
Pipe whip 
restraints 
added?

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

Missiles Considered 

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

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

Are all Category I 
structures, systems, 
and components 
considered? 
Recirculation p pips 
with overspeed 
prevention? " \ 
Are all Category'l 
structures, systems,.  
and components 
considered? 
Recirculation pumps 
with overspeed 
prevention?

OK?

andI

Pipe w *p Pipe break effects disable or degrade 
restr 's essential equipment? 
a d? 

BBiological shield OK (including shield 
Yes at plugs as missiles)? RV support 
pene ation structure OK? Should pipe whip 

restraints be on other HELB lines? 
More ISI at locations where restraints 
nnot installed? Can RHR damage 
containment? ECCS redundant? Can 
pipe ruptures in cylindrical portion of 
rywell perforate it? 

Pipe whip P e break effects disable or degrade 
restraints e ntial equipment? 
added?

Biological shield OK (including shield 
Yes t Yes at plugs as missiles)? RV support 
penet tion penetration structure OK? Should pipe 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 whip Pipe break effects disable or degrade 
restraints restraints essential equipment? RV support 
added? added? structure OK? Should pipe whip 

restraints be on other HELB lines? 
More ISI? More ISI? More ISI at locations where restraints 

not installed? Can RHR damage 
containment? ECCS redundant? 

Pipe whip Pipe whip Pipe break effects disable or degrade 
restraints restraints essential equipment? RV support 
added? added? structure OK? Should pipe whip 

restraints be on other HELB lines? 
More ISI? More ISI? More ISI at locations where restraints 

not installed? Can RHR damage 
containment? ECCS redundant?

c.  

UJ

2=1 

4.< 

cI" 

0 

0 

0" 
0 

c-,

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



Table 4-3. (continued).  
Were These Design Provisions Made for Those S 

Plant Name 
(SER Date) Missiles Considered Cont. Shell Cont. Pen. Recirc.

Are all Category I 
structures, systems 
and components 
considered?

Are all Category I 
structures, systems 
and components 
considered? 

Are all Category I 
structures, systems 
and components 
considered?

Brunswick 2 Are internal missil 
(11-73) considered on all 

Category I structur 
systems, and 
components? 

Note:

z 

LO

Jet protection 
barriers 
provided?

ystems and Components Subjected to Pipe Break Effects? 

Main Steam Feedwate Other 

Pipe break effects disable or degrade 
essential equipment? Biological shield 
and RV support structure OK for pipe 

A "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?

Jet protection 
barriers 
provided? 
Reaction 
forces OK?

res,

Reaction 
forces OK?

forces'

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

F•rzpatrick 
(11-72)

Duane Arnold 
(1-73)

Cooper 
(2-73) 

Hatch I 
(5-73)

I-m 

0 

0 

(.5 

CfJ 
0 

C" 
M 

,-

Jet protection barriers for 
s, vent system? Internal 

structures OK for jet 
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 barriersf 
s, vent system? Inte er s 

structures OK for eaction 
forces and pipe wh ? 

Jet impingement OK\ 
Protective cover for 
c m7ent? Internal 
tructureSOK fQr jet 

impingement, diifrential 
pressure, reaction rtces," 
and pipe whip? \ 

es. tective cover



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

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

Plant Name 
(SER Date) Missiles Considered Cont. Shell Cont.Pen. RCS Loop Main Stm..0r Other

Are all

Category I structures, 
systems, and 
components considered 
as well as all 
appropriate sources?

z 

70'

Is the RCS pump a 
missile concern? 

Pt. Beach I Are all Category I Jet impingement or pipe 
(7/70) structures, systems, and whip OK? 

components considered

Reaction forces 
OK? 

Jet impingement 
OK'? 

"aOtWi forces 
OK'?

Pipe whip Pipew 
restraints rest nts 
added? aadded? 

More IS More ISI? 

Pipe whip ipe whip 
restraints restraints 
added? dded?

as well as all Internal structures OK for Jet impinge ent 
appropriate sources? jet impingement, OK? " More ISI? 

differential pressupi.  
Is the RCS pump a reaction forces pipe 
missile concern? whip?,.  

Pt. Beach 2 Are all Category I Jet impingem nt or pipe action forces Pipe whip 
(7/70) structures, systems, and whip OK? ,K? \ restraints 

components considered added? 

as well as all ternal structures OK "mpingement 
appropriate soure jet mpn~mnOK. . ore ISI? 

differentia ressuoe, 
Is the RCS pum a reaction forc , and pip 
missile concern? whip? 

Indian Pt. 2 Are all Category! Jet impingement r pipe Reaction forces Pipe whip 
(11/70) structures, systemsan whip OK? K? restraints 

components considered added? 
as well as all ternal struciure OK for Jet impingement 
appropriate sources? \ je impingement OK? More ISI? 

"dif ential pr . ure, 
reaction fo s, and pipe 
whip?

M M SI?

Feedwater Were all high-energy systems 
considered for pipe break? Were 
pipe break effects considered on 
other Category I structures, systems, 
and components? Is there sufficient.  
redundancy. or separation?

Pipe whip Were all high-energy systems 
restraints considered for pipe break? Were 
added? pipe break effects considered on 

other Category I structures, systems, 
More ISI? and components? Is there sufficient 

redundancy or separation?

"Pipe whip Pipe whip Were all high-energy systems 
restraints restraints considered for pipe break? Were 
added? added? pipe break effects considered on 

other Category I structures, systems, 
More ISI? More ISI? and components? Is there sufficient 

redundancy or separation? 

Pipe whip Pipe whip Were all high-energy systems 
restraints restraints considered for pipe break? Were 
added? added? pipe break effects considered on 

other Category I structures, systems, 
More ISI? More ISI? and components? Is there sufficient 

redundancy or separation?

CD 

rt 

0 

(CD 

t-n 

4I4 

0 

CD

Jet impingement or pipe 
whip OK? 

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

Robinson 2 
(5-70)



Table 4-4. (continued).  

Were These Design Provisions Made for Those Systems and Comp 

Plant Name 
(SER Date) Missiles Considered Cont. Shell Cont.Pcn. RCS Loop Main Stm.

)onents Subjected to Pipe Break Effects?

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

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

0 

ON 
W3 Reaction forces 

OK? 

Jet impingement 
OK? 

Reaction forces 
OK?

S~Other 
ip hip Were all high-energy systems 

'straints considered for pipe break? Were 

a led? pipe break effects considered on 

.\ other Category I structures, systems, 

Mor Sl? and components? Is there suffcient 

ra 
tr reedundancy 

or separation? 

Pipe whiip , Were all high-energy systems 

restraints c\ ,onsidered for pipe break? Were 

added? \ :pe break effects considered on 

\ .•ther Category I structures, systems, 

More ISI? and components? Is there sufficient 

redundancy or separation?

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

Are all Category I 
structures, systems, and 
components considered 
as well as all 
appropriate sources? 

Is the RCS pump a 
missile concern?

Pipe whiR Pipe whip Were all high-energy systems 
restrainp restraints considered for pipe break? Were 
add d? added? pipe break effects considered on 

other Category I structures, systems, 
More ISI? More ISI? and components? Is there sufficient 

redundancy or separation?

Document not available 

Document not available 

Pipe whip Pipe whip Were all high-energy systems 
restraints restraints considered for pipe break? Were 
added? added? pipe break effects considered on 

other Category I structures, systems, 
More ISI? More ISI? and components? Is there sufficient 

redundancy or separation?

whip?

Jet impingement or pipe 
whip OK? 

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

Jet impingement or pipe 
whip OK?

Oconee I 
(12170)

Oconee 2 
(I 270)

00
Oconee 3 
(I 2/70)

�1 

cj.� 

Cs 

0 

0 
CS 

C2 

0 

0

Surry I 
(2n I) 

Surry 2 
(2/7m) 

Maine 
Yankee 
(2/72)



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

Turkey Pt. 3 
(3/72)

Turkey Pt. 4 
(3/72) 

Kewaunee Are all Category I 
(7/72) systems and 

components 
considered?

Jet impingement or pipe 
whip OK? 

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

Jet impingement or pipe 
whip OK?

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

Reaction forces 
OK? 

Jet impingement 
OK? 

Reaction forces 
OK?

Jet impingement 
OK? , I

Pipe whip OK?

All internal stru 
for jet impin en
reaction forces,, 

Is the RCS pump a whip? 
missile concern?

Pipe whip Pipe whip Pipe p Were all high-energy systems 
restraints restraints re ints considered for pipe break? Were 
added? added? ad d? pipe break effects considered on 

heother Category I structures, systems, 
More ISI? Mo rSI/9 ,*More I? and components? Is there sufficient / predundancy or separation? 

Pipe whip Pipe whip Pipe whip, Were all high-energy systems 
restraints restraints restraints nsidered for pipe break? Were 
added? added? added? pi e break effects considered on 

.oth Category I structures, systems, 
More ISI? More More ISI? ancomponents? Is there sufficient 

redundancy or separation?

Pipe whip Were all high-energy systems 
restraints considered for pipe break? Were 
added? pipe break effects considered on 

other Category I structures, systems, 
More ISI? and components? Is there sufficient 

redundancy or separation?
Mrq~Al?

PiMe vkJip Pipe whip Pipe whip Were all high-energy systems 
restrts restraints restraints considered for pipe break? Were 
,ed? added? added? pipe break effects considered on 

other Category I structures, systems, 
More ISI? More ISI? More ISI? and components? Is there sufficient 

redundancy or separation?
Is the RCS pump a 
missile concern?

Ft. Calhoun 
(8/72)

components

61 
UJ

CD 

.D 

0 

tI

0 

CD



Table 4-4. (continued).  

Were These Design Provisions Made for Those Systems and Comp 

Plant Name 
(SER Date) Missiles Considered Cont. Shell Cont.Pen. RCS Loop Main Stm.

Are all Category I 
structures, systems, and 
components considered 
as well as all 
appropriate sources?

Prairie Island I Are all Category 1 
(9/72) systems and 

components 
considered?

z 
ni 

•1D

Reaction forces 
OK? 

Jet impingement 
OK? 

Reaction forces 
OK?

All internal structures OK 
for reaction forces a ipe 
whip? 

ry I Jet impingemrent r pipe Rea ion forces 
whip OK? 01 

,olm*tal structures.OK for Jet i ngement 
reaction forceq and pipe OK? 
wthip? 

ry I Jet impingement pipe. Reaction forces "whip OK? . ? 

".cttermal structurls 0 for J mpingcmcnt 
wrre tion forces and p e OK? 
whi ? 

Jet im 'ngement ipe Reaction forces 
whip, 0 ? OK? 
Internal " )ctures OK for Jet impingement 

reaction forces? OK?

Pipe whip Pipe whip 

restraints restraints 
added? addedi? , 

More IS[? re ISl?

Jet impingement or pipe 
whip OK? 

All internal structures OK 
for jet impingement, 
reaction forces, and pipe 
whip? 

Pipe whip OK? 

All internal structures OK 
for reaction forces and pipe 
whip? 

Pipe whip OK?

Pipe whip Pipe whip 
estraints restraints 
added? added? 

More 1SI? More ISI?

Calvert Cliffs I 
(8/72)

Pipe w i Pipe whip 
restraints restraints; 
added?, added? 

More IS[? ISI? 

Pipe whip Pip whip 
restraints restr ants 
added? addled.  

Mor ? More I

oonents Subjected to Pipe Break Effects? 

~Other 

ipe whip Were all high-energy systems 
straints considered for pipe break? Were 

, eded? pipe break effects considered on 
S other Category I structures, systems, 

Mor ,Sl? and components? Is there sufficient 

es,,\\ 
redundancy 

or separation? 

Pipe whip High pressure not defined in SER 
restraines nor UFSAR. What about high 
added? temperature pipe? Were pipe break 

effects considered on other Category 
More ISI? s structures, systems, and 

components? 

Pipe whip High perealhi- not defined in SER 
restraints nor UFSAR. What about high added? temperature pipe? Were pipe break 

effects considered on other Category 
More ISI? I structures, systems, and 

components? 

Pipe whip Were all high-energy systems 
restraints considered for pipe break? Were 
added? pipe break effects considered on 

other Category I structures, systems, 
More ISI? and components? Is there sufficient 

redundancy or separation? 

Were all high-energy systems 
considered for pipe break? Were 

pipe break effects considered on 
other Category I structures, systems, 
and components? Is there sufficient 
redundancy or separation? 
What about high temperature pipe? 
Were'pipe break effects considered 
on other Category I structure~s, 
systems, and components? Is there 
sufficient redundancy or separation?

'ry IPrairie Island 2 
(9/72) 

Zion I 
(10/72) 

Zion 2 
(I 0/72)

-. t

Are all Catego 
systems and 
components 
considered? 

Are all Catego 
systems and 
components 
considered? 

Are all Catego 
systems and 
components 
considered?

ANO 1 
(6/73)



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

Are all Category I 
structures, systems, and 
components considered 
as well as all 
appropriate sources? 

Are all Category I 
systems and 
components 
considered?

Jet impingement or pipe 
whip OK? 

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

Jet impingement or pipe 
whip OK? 

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

Reaction forces 
OK? 

Jet impingement 
OK? 

Reaction forces 
OK? 

Jet impingement 
OK?

Pipe p re ints 

,a d d? 
'-More I?

Were all high-energy systems 
considered for pipe break? Were 
pipe break effects considered on 
other Category I structures, systems, 
and components? Is there sufficient 
redundancy or separation?

D. C. Cook I Are all Category I Jet impingement or pipe Reaction 
(9/73) systems and whip OK? OK? 

components 
considered? Internal structures OK for Jet impin, 

reaction forces? OK? 

Millstone 2 Internal structures OK R"acti' 
(5/74) reaction forces and e OK? 

whip? I 
Jet impijj 
OK? 

Trojan Internal structures OK f R n 
(10/74) etjonfrces and pipe K? 

whip? 

et impin, 

Note:

steel containments and a concrete shield building with an annular space

TMI 1 
(7/73)

Indian Pt. 3 
(9/73)

z 

�J1

21 

-t 

"0 

C/)I 

0 

0 
CD 
.-t



First-Level List of Potential SEP-III Concerns 

4.3 First-Level List 

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.  

Since the scope of this project does not 
include the extensive effort that would be 
required to obtain and evaluate plant-specifio, 
information, a more general systems approach\ 
was decided upon to develop a list of potential 
concerns. It is possible to express These concerns 
as a series of questions that c ,ap+lied to 
each individual structure, sy m, or com onent 
of interest. The proposed t of screening ques
tions includes the following.  

1. Is containment integrity intaind? 

2. ufficient coo ant path to shut dow 
th reactor maintaine ? 

3. Is the integrity of el trical a instru
mentati n systems d co onents 
needed o shut do n the reactor 
maintaine 

4. Are other sa ty-re ed structures, sys
tems, or compo s isolated or protected 
from impact b a whipping pipe? 

5. Are other safety-related structures, sys
tems, or components isolated or protected 
from jet impingement damage resulting 
from the postulated break? 

6. Will the propagation of the break to 
another safety-related structure, system, 
or component be prevented or limited to

acceptable levels (i.e., cascading damage 
prevented)? 

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, t n the answers to the 
screening questions above would be "yes." 
Plants not committed t he requirements of 
RG 1.46 could, use th screening process to 
eliminate system rom further concern. For 
example, tlh ce¢ spray pi ing observed in the Browns Fe Unit 3 plant apeared to be suffi
ciently ote from other sa ty-related equip

men fiat a postulated break in one of the two 

reduhdant system laths would n be expected 

to darr ge th e o ther ath o r an o th er stem .  

The bac ound information c~arly indi

cated that 
3 e early-and mid-timeframe 

BWR 

\ and PWR pl1 ts may not have completely con

sidered all the quired high-energy systems and 

all of the pote fial loadings and interaction 

effePs of a high-' ergy pipe break inside con

\ fment There re, as a first-level list of con

("cerns, the ac~mption was made that any high

\energy line is susceptible to a potential failure.  
The only exclusion is for the large-bore main 

pactor coolant loop piping in the PWR plants.  

tBecause of the acceptance of the leak-before

Sbreak methodology, 
these lines will not be con

sidered susceptible• to failure. Therefore, pipe 

whip effects will be excluded, but jet impinge

ment from a leak will be included. Table 4-5 

lists the high-energy piping systems that are 

considered potential pipe failure candidates for 

BWR and PWR SEP-III plants.  

Obviously, the evaluation of a pipe break 

must begin with the assumed loss of function of 

the pipeline that broke. The mitigation goal is to 

be able to bring the plant down to a cold shut

down condition. Typically, the existence of 

alternate or redundant core cooling methods are 

considered. However, the assumption that other 

alternate or redundant systems exist should not 

be automatically made, especially for the early

timeframe plants. The existence of these 

alternate or redundant systems must be verified.

NUREG/CR-639572



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 remov supply 

Core spray Residual heatro al return 

Containment spray Low- ess:;e safety i ection 

Residual heat removal supply and return High essure safety inj tion 

Emergency condenser supply and return essurizer spray 

Control rod drive hydraulic ormal charg g 

Liquid poison / standby liquid control A iliary s y 

Relief valve discharge Alternm charging 

Shutdown cooling Resista ce temperature detector bypass 

Head spray Normal le own 

Reactor water cleanup (RWCU .,xcess letdo n 

Reactor core isolation coo * g (RCIC) N Reactor coo ant drain 

High-pressure coolant injecft'n (HPCI) / Shutdown cooling 

Low pressure-coolant injection LPCI) Pressurizer safety and relief 

Steam sup to CI \ Main steam (possibly main steam drains) 

Reactor ?ýains\ Feedwater 

Main steam rains Steam generator blowdown 

Isolation con nser 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)

NUREG/CR-6395 73



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 Consequences 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-relatedd 
equipment including mechanical electrical, 
instrumentation, cabling, etc., (3 the contain
ment shell, and (4) other i" ma st' ctures.  
Most of the concerns re ding the po ntial 
functional loss of internal tructures is c ered 
by (1) and (2) above. Pipih, instrume ation, 
cabling, or other electrical uipment can be 
supported fr internal struc ure ever, 
certain in • struttures\support g the reac 
vessel, (eam generators, b\ other arge equip
ment mus be considered ex icitly.  

Generatin a list of spec ic safet related 
equipment (in luding mecha ical, ectrical, 
instrumentation,( cabling, etc. that could be 
affected by a high- nergy pipe reak would have 
been a monument tasklherefore, it was 
assumed that a high-e gy pipe break could 
cause the loss of fuZ ion 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

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 Poi t Unit I plant staff 
considered various pipe im cts on the drywell 
containment shell [a 24J . (0.6 m) main steam 
line breaking from its V nozzle attachment, a 
10-in. (0.3 m) fe ater ine breaking from its 
RV nozzle\att hment, a d a 28-in. (0.7-m) 
recirculatio~ line breaking nd impacting the 
spheric ortion of the dryw l1]. Their analyti
cal •4'uation indicated no rup re of the con
tainrhnt. However other BWR ants installed 
protec icve covers o the inside of t drywell to 
"rmitigate\,pipe b concerns and o er plants 
added pipe ip restraints on the ain steam, 
feedwater, nd other high-energy pipe lines.  
Therefore, r this "first-level" list, it was 
assumed that ontainment rupture could occur 
after a pipe pt. If this assumption is made, 
ther secondary oncern is the potential buckg that may ccur in certain free-standing 

containmentsesurrounded by another building.  
For example, the BWR Mark I drywell contain
Stents have an annular region between the dry

)ell and the surrounding reactor building. If this 
P 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 Arnold 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.  

In summary, the potential consequences of a 
high-energy pipe break occurring 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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First-Level List of Potential SEP-HI Concerns

1. Loss of critical electrical system(s) (e.g., 
reactor protection system [RPS]) due to 
either a whipping pipe impact or jet 
impingement 

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

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

4. Loss of another safety-related piping 
system

5. Loss of a safety-related structure (e.g., 
seismic bracing, safety-related system 
snubber) 

6. Loss of safety ated mechanical 
equipment (e.g control or isolation 
valve).  

Flow dia ms that could b\used to evaluate 
the cons ences of a single pipe break inside 
containment are shown in x\Jigures 4-1 
throug 43
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First-Level

Using a system-by-system evaluation process

NOTE: PIPE BREAK INCLUDES 
BOTH CIRCUMFERENTIAL AND 
LONGITUDINAL BREAKS IN 
HIGH -ENERGY SYSTEMS.  

NOTE: ASSUME CONTAINMENT 
ISOLATION DESIGN, CIS VALVES, 
AND GUARD PIPES ARE ADEQUATE 
PER ASME CODE AND MEB 3-1.

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.

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

In light of Generic Letter 88-20, 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.
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First-Level List of Potential SEP-III Concerns

Using a system-by-system evaluation process

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 HE-REIN 
SINCE ADEQUATELY COVERED IN 
PAST.

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-Ill 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 rest nt on high-energy 
routing of the piping, electrical conduits, and lines were observed i ot lants, but there 
instrumentation due to field routing within the appeared to be y imal, if any, jet 
containment, some items that are not a concern impingement s i Ids Ith ugh the concrete 
for the plants visited may be concerns for other walls discuss i ne p agraph serve this 
SEP-Ill plants. The second-level lists of purpose i an areas.  
potential concerns for PWR and BWR plants are 
discussed separately in Sections 5.1 and 5.2. e t PWRs we visited a a number of 

con re walls that offer suppo d serve as 

5.1 PWR Plants missi , pe whip n•jet impin m t shields 
as wel( ur -1 Z- d 5-2). The ut barrier 
is the co ta en all. Concentricall i ard is 

Two PWR plants were visited to review th is the crn wall 
plant layout, the pipe break and jet impingement he sepl rs In the area between the con
protection, and the relative location of compo- n nt and ec ndary shield walls are located 
nents to one another. The new he two taPlants was a Westinghouse 4-1asdpigedt RG WR equ m tsucashe accumulators, pressurizer~n.so ayo h ih 

thants was d estingne tou RG .4 nda h reli tank, and or ions of many of the highter p in Sys s [these systems include 
other, a Westinghouse 3 o ant, was ne f steam, water, RHR, safety injection, 
the older SEP-III PWRs or which the oand control system (CVCS).  
mentation on pipe whip a t imp ge nt T electrical and instrumentation lines also 

was td, w nthnt r the containment and are distributed in this 
the darcl uset. lata lus. There is another concentric concrete 
the arc tect inmeer( a n h late 1960s all within the secondary shield wall which 
that the a or coolant sy e ma s am, and surrounds the reactor vessel. In the area between 
feedwater ip g were to b rain d r pipe the reactor shield wall and the secondary shield 
whip. Twhes I s appeared t t exc t fed wall, the reactor coolant loops (including the 

forpewhip n is pt ctin o pumps and steam generators) are separated from 
the steam gene at area, in hi we not each other by concrete walls in the older plant 
note any targets). (Figure 5-1). The pressurizer and in-core 

d tio e instrumentation are surrounded by additional In addition to ev ua •ng~i pipe break pro- concrete walls.  

tection for the specifi p , 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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Reactor 
shield

Containment 

I I G96-0070 

Accumulator Main steam and 
"A' feedwater piping 

penetration area 

Figure 5-1. Older SEP-III PWR (Westinghouse 3-loop) inside containment plan view.
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Second-Level List of Potential SEP-II Concerns

Containment

Retclo r 
V.ohssla

$team 
gertera"or 

AVcumu Iator 

odl dry 
•h•.Id

Figure 5-2. Newer SEP-Ill PWR (Westinghouse 4-loop) inside containment plan view.

NUREG/CR-639581



Second-Level List of Potential SEP-HI Concerns

Figure 5-3. Newer SEP-III PWR (Westinghouse 4-loop) separation of main steam and feedwater lines 
inside containment.
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Second-Level List of Potential SEP-III Concerns

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 othe 
loops (Figure 5-3). There were pipe whit 
restraints in the steam generator area. On 
the older plant the mai am and 
feedwater lines had no estraints 'n the 
steam generator are. H . ver, atthis 
level (an upper inva' i the la t),

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.  

Table 5-1 lists the pe containments for 
the SEP-III PWR ants. he four basic types 
are shown in igu -4 hrough 5-7. Most 
(16) are re d c nc te atmospheric 
designs t 2 psig (-7 kPA) internal 
pres rry Units I an 2 e reinforced 

cre with subatmospheric to -10 psig 
(-3to 9 kPA) int al pressur d igns; D.C.  

o nt I in e concre th an ice 
conden r gn; -waunee and ir Island 
Units 1 d 2 cylindrical metal d gns; and 

[aine Ya e and Indian Point Units 2 and 3 
•re reinfor d oncrete atmospheric designs.  

Ils of es essed and reinforced concrete 
desi* a sho " Figures 5-8 and 5-9. They 
a. ty ,14 ft- i (1.4 m) thick (this varies) 
wilJa4? 4o 2- . (6- to 13-mm) thick steel

Table 5-1.

ainment Tvye
Robin, n-2 N 
Point B c 1/2 

Surry-1/2 

Turkey Poin -3 
Oconee-1,2,3 

Maine Yankee 

Kewaunee 

Fort Calhoun 

Zion- 1/2 

Indian Point-2/3 

Prairie Island-1/2 

Arkansas Nuclear One-I 

Calvert Cliffs-I 

D. C. Cook-1 

TMI-1 

Trojan 

Millstone-2

Prestressed concrete, atmospheric

;house 
'ouse

Fowmbustion Engineering Westinghouse 
Combustion Engineering 
Westinghouse 
Westinghouse 
Westinghouse 
B&W 
Combustion Engineering 
Westinghouse 
B&W 
Westinghouse 
Combustion Engineering

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, metal 
Prestressed concrete, atmospheric 
Prestressed concrete, atmospheric 
Reinforced concrete, ice condenser 
Prestressed concrete, atmospheric 
Prestressed concrete, atmospheric 
Prestressed concrete, atmospheric
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Ring gide 
(tendon qc, " 

anchorage) 
Steel liner 

42.7m 

Polar crane 

g nStteam " ,64.7 p 
generato)rs 4g 

Prestressed 
reinforcing 

Seal table 

.Grade" 

In-core instrument____________ 
guide tubes 215 

Reactor vessel Reactor cavity 

N92 0229 

Figure 5-4. PWR prestressed concrete atmospheric design.
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instrumentation N92 0230

Figure 5-5. PWR reinforced concrete subatmospheric design.
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Second-Level List of Potential SEP-III Concerns

Ice 
condenser 

oJ •~Missile 

s hield 

Upper 
floor 

Lower 
floor Reactor 

Figure 5-6. PWR prestressed concrete ice condenser design.
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'Secondary 
shielding

f-I L Basemnat 

.7 K7. .T;+ 9 
N92 0192 

Figure 5-7. PWR cylindrical metal design.
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Second-Level List of Potential SEP-IlI Concerns

Cover concrete -- d
- Vertical deformed 

steel bars at 6 or 12 in.  
spacing* 

- Liner anchors 
(studs or embedded 
steel shapes) 

"1/4-in. carbon 
steel liner plate 

* Vertical prestressing 
tendon (in ducts) 

-4-ft 6-in. thick 
(varies) 

Inside Containment

a. Wall section

Conventional

L .anchorage plate 
Horizontal* 

hoop tendons . Buttress 
(in uct)reinforcing 

(conventional 

Vertical

reinforcing 
(conventional •. . ."° \.. .  bars)(.et- Liner anchors T Metal liner 

"To simplify the drawing, neither horizontal bars nor vertical tendons are shown.  

b. Buttress N92 0152 

Figure 5-8. Typical PWR prestressed concrete containment wall section.
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Cover 
concrete 

Construction 
joint 

PVC 
waterstop 

Grout 

Portland 
cement 

concrete

Horizontal deformed 
bars (2 layers on each face)

- Liner anchors 
(studs or embedded 
steel shapes) 

"1/4n. carbon 
steel liner plate 

Inside containment 

4-ft 6-in. thick 
(varies) 

N92 0151

Figure 5-9. Typical PWR reinforced concrete containment wall section.
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Second-Level List of Potential SEP-Ill Concerns 

liner plate. The ice-condenser design has a metal 
containment typically 0.75 to N-in. (19 to 
25-mm) thick surrounded by a shield building 
with a 6-ft (1.8-m) annulus. The cylindrical

plant, and that the pipe break documentation for 
that plant also applies to the SEP-III plant. Both 
plants have Mark I containments.

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',Ae also attempted 
hemispherical dome. A reactor building to use the plant layouts t ge teralize possible 
surrounds the metal containment, with a 6-ft break locations and tar ts f other plants, for 
(1.8-m) annular region between the cylinder and which we did not k th ipe break protection 
the building. We have not evaluated the capacity history. We did ot e ccess to the plant 
of the various types of containment walls for stress analys s did ot now the locations 
absorbing impacts from pipe whip. of high s ss fatigue us e eater than 0.1.  

In our rief rs inside cotar nt, we did not 
Table 5-2 lists potential pipe break areas ha th me to survey each ig -energy line 

(without regard to stress level or fatigue usage) alo i entire route noting e o ntial break 
and possible targets that we observed on one or point an targets ut ther we o ai ed a gen
both PWRs visited. Since the newer plant had eral ov ra f several loca'o inside 
been designed to RG 1.46, all of these areas ha the con i A number of ' whip 
been evaluated and accepted based on analyses. straints er observed on the recirculation 
However, since the piping and electrical pene- in of bot p nts, but there appeared to be 
trations appear to be field routed o ach plant 0 nimal, if ny, jet impingement shields, 
so that the proximity differs fro plant tllant, othe th cove er the vent openings to the 
a walkdown of each high-e gy esendW nthe to in a and feedwater lines were 
possible break points fro the ess and I e ot r t th pper cylindrical portion of 
analysis is needed to rm an ad qu te t rywell. plants have energy-absorbing 
evaluation of pipe break e ec . Altho h e p s attached to sections on the interior of the 
component co g ter (C W in wer t sp erical portion of the drywell. However, the 
on the l o Ii tha were b erv es s of the pads and the areas covered were 
the two ant w d ns, he are adde n e same for the two plants.  
based e observati s of e RBCCW 
system in th third BWR an wa d n (see In contrast to the PWR plants, the BWR 
section 3.4. plants had minimal compartmentalization.  

Figure 5-10 shows the drywell design. Most of 
5.2 -F nt the inside containment piping is housed between 

the drywell and the biological shield, which sur
Thre BWR pl t were site to review the rounds the reactor pressure vessel. In the annu

plant layout, the pip b an t impingement lus between the containment and biological 
protection, and the ative ation of compo- shield are located the recirculation system, 
nents to one another. .irst of the plants was 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-III 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-III 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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Second-Level List of Potential SEP-III Concerns

* Table 5-2. PWR pipe break locations and potential targets based on observations from two plant visits.  
Pipe Break Location Target 

Pressurizer safety/relief Spray line, pressurizer instrumentation 
Spray line Pressurizer instrumentation 
Steam generator blowdown DP level instrumentation (same loop) 
Reactor coolant system (leak) Loop instrumentation (same loop) (leak) or bran iping (break) 
Reactor coolant system Connecting smaller piping in same loop (e.g., ray, safety 

injection) • .  

Main steam, feedwater, or any other Any plant electrical and instrumenatio Circuit is ssible (except 
high energy line -core strumentaon) depe n line routing 
RHR/safety injection CVCS, accumulator tank (on 
Safety injection (break) reactor Reactor coolant pump (RC seal (one loop) 
coolant system (leak) 
Main steam Feedwater (same loop) 
Main steam, feedwater Containment *hell, CCW

at/ i Embedded 
shell region 

Concrete embedment 

-111 ft diameter
N93 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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Second-Level List of Potential SEP-III Concerns

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 
Mark I steel designs with 
Brunswick Unit 2, which* 
design (Table 5-3). A reinr 
4to 6-ft (1.2 to 1.8-m) th 
secondary shies 
(Figure 5-10y. he e is 
76-mm) g bqoten t sei

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 m gerial may cause 
corrosion of the drywell e.ri• surface. The 
filler material may dere, a the aggressive 
chemicals in the mat ial corrode the out
side surface of the 'ryw•,9\

Table break areas

on one or 
\had pipe

ons f aNeciroation piping..Io'Xever, 
recirc a"on ing is not restrainlh ýn at 

one o er EP-III plant. Although both 
had en rg -absorbing pads mounted on 

on of the si surface of the drywell, not 
-1 - lants o amn such pads. The piping 
seccapen tra 'ons appear to be field 

f nt that the proximity differs 
plant to ; therefore, a walkdown of 
high-energy line noting the possible break 

•s from the stress and fatigue analysis is 
to perform an adequate evaluation of 

reak effects.
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Table 5-3. Containment types for BWR SEP-III plants.  

BWR Containment 
Plant Type Type 

Nine Mile Point-I 2 Mark I, steel 

Monticello 3 Mark I, steel 

Dresden-3 3 Mark I, steel 

Pilgrim 3 Mark I, steel 

Quad Cities-I/2 3 Mark I, steel 

Vermont Yankee 4 Mark I, steel 

Browns Ferry-1/2 4 Mark I, steel 

Peach Bottom-2/3 4 Mark steel 

\se 
Duane Arnold 4 Mark I, teel 

Cooper 4 Mark I, s el 

Hatch-] 4 "park I, st I 

Fitzpatrick 4 •ark I, steele 

Brunswick-2 4\ 1lark I, conc~te

Fill 
Fill Material Removed 

Fiberglass fo/ 

Polyethyene trips yes 

olyithylene fo0• no 

thafoam yes 

Polyethylene foam no 

S Styrofoan no 

C.Pol ethane no 

lyethylene strips no 

P yurethane foam yes 

Uret ane foam no 

Ethafo yes 

Eaafoam yes

visits.

Main steam/fe 

Recirculation

RHR 

Main steam 

Main steam, feedwater, recirculation, 
or any other high-energy line

Containment shell, RHR, RCIC, RWCU in penetration area, 
core spray, RBCCW 

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
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6. RANKING AND QUANTIFICATION OF SEP-Ill PLANT PIPE 
BREAKS INSIDE CONTAINMENT

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 

Pipe break events were red ccor°,•ng to
impact on core aamage rr~uency It.UF) con
tainment failure, and offsi• consequences The 
ranking categories are the folowing: / 

1. High tial to increase or site 
/ conseq'uenc6s by m 7than 10 %, 

(or containm t failur probability /.4 
is nearly 1.0) 

2. Medium tential to incre e CDF o offsite 
co sequences by I to 0% (or 
con inment failte probability is 
in the ange 0.01 o nearly 1.0) 

3. Low Potential t ncrease offsite conse
quences y 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

fourth plant was not available at the time, and 
the fifth plant visit was several years after the 
analysis was completed.) Te matrix presented 
in Table 6-1 was used thelp in the ranking 
process for offsite cons uences.  

Table 6.-R. Ra ng sche e that illustrates the 
impact that ontainment faieure and CDF have 
on offsit• onseuences.  

Containment ure Impact 

Co Damage High 
Im act (Di Failure) Medih Low 

High \ High High Medium 

Medium High Mediun Low

Low Medium Low Low

similar effort, documented in 
N 4'tG/CR-60 Ware et al. 1993), was used 

flfr guidanceP this effort.  

Results of the ranking effort for BWRs are 
]resented in Table 6-2. Of the 16 BWR pipe 
,reak events, one was ranked high in terms of 

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 = (IE)(PIPETYPE)(TYPEFRAC) 
(RUPTPROB)(SYSTFAIL)
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Table 6-2. Ranking of BWR pipe break eyents inside containment.  

Offsite 
Pipe Break-Affected CDF Containment Consequences 

System(s) Impact Failure Impact Impact Comments

1. MS or FW
Containment shell and 
safety systems entering 
containment

2. MS orFW-RHR' 

3. MS or FW-RCIC or 
RWCU3 

4. MS orFW-Core 
spray' 

5. Recirculation-CRD 
bundle(sia 

6. Recircula on - standt 
liquid cont I system 
(SLCS) " 

7. Recirculation et 
pump instrumentiation 

8. Recirculation- n

N

steam supply to HPCIa 

9. Recirculation
Containment shell and 
safety systems entering 
containment

Medium High 

Low Medium 

Low Low 

\•edium )edium

Medium High

High 

Low 

Low 

LO 

Mediu m 

Low 

Low 

Low

High

Causes scrat(large LOCA); 
breaches (pi whip) containment 
shell; fai'containment buckling) all 
coolt it ection safety systems 

n~ed fo arge LOCA response > core spray LPCI) 

Causes scram arge LOCA); fails 
(pipe whip) I L I loop (other LPCI 
loop and core spra available) and, 
therefore, 1 of 2 loops (RHR 
also mportant for co ainment 

rpressure/ overtemp rature 
protection) 

Causes scram (large LOCA); fails 
(pipe whip) RCIC or RWCU (not 
nIeeded for large LOCA response or 

r containment protection) 

C ses scram (large LOCA); fails 
( ipe whip) I 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)
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Ranking and Quantification of SEP-III Plant Pipe Breaks Inside Containment

Table 6-2. (continued).  
Offsite 

Pipe Break-Affected CDF Containment Consequences 
System(s) Impact Failure Impact Impact Comments

10. RHR--CRD bundle(s)a Medium

11. RHR-Single 
recirculation linea 

12. RHR - Containment 
shell and safety systems 
entering containment 

13. MS-Feedwater 
(I ring)' 

14. HELB - Containment 
instrumentation and 
control 

15. HELB ontainment 
electric power 

16. HELB-RBCC 

Note:

Low 

Medium 
or Low

Medium 

Medium 

High

Low Low 

Medim

High

Medium Causes scram (large LOCA); fails 
(pipe whip or jet impingement) 
affected control. ods (fail to insert 
because of loss o CRD flow and loss 
of PCS prissur•lue to LOCA), 
resulting in lure to scram 

Low Causepram~large LOCA); fails 
\(pitrwhip) re tor coolant system Siping that can afect coolant 

injection if dischar e valves do not 
close 

High Causefscram (large L CA); 
breache (pipe whip) co ainment 
shell ils (containment b kling) all 
c ant injection safety sys ms helleeded for large LOCA response 

core spray or LPCI) 

Low uses scram (large LOCA); fails 
(pi whip) part of FW (not needed 
for I aze LOCA response) 

\Hig Cauls scram (large LOCA, 
S. sumed); fails (pipe whip or jet 

impingement) actuation for all 
coolant injection systems needed for 
large LOCA response (core spray or 
LPCI)

Medium

Causes scram (large LOCA, 
assumed); fails (pipe whip or jet 
impingement) power to recirculation 
pump discharge valves (they fail 
open)(valves must close only for 
recirculation line breaks) 

Causes scram (large LOCA); 
breaches containment through 
RBCCW piping and renders RHR 
heat exchangers ineffective

a. These multiple pipe breaks are or may be beyond design basis. It is not known if safety systems can handle such events without core damage or 
containment damage. If the safety systems are ineffective, then the CDF impact should be changed to "High". (Because containments can usually 
withstand much higher pressures than their design pressures, the containment impact is unchanged.)
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Table 6-3. Ranking of PWR pipe break events inside containment.  

Offsite 
CDF Containment Consequences 

Pipe Break-Affected System(s) Impact Failure Impact Impact Comments

1. Pressurizer safety or relief
Pressurizer spray 

2. Pressurizer safety or relief
Pressurizer instrumentation 

3. Pressurizer spray
Pressurizer instrumentation 

4. SG blowdown-SG dp level 
instrumentation (same loop) 
in 3- or 4-loop plant

5. SG blowdown-SG dp le• 
instrumentation (same loop, 
in 2-loowotmu,

6. RCS (l ) or branch pip 
RCS loo instrumentatioi 
(same loop 

7. RCS (leak)--sa ty in* 
(SI) 

8. RCS (leak)-Pressurizer

Low 

Low

Low 

Low

Low 

Low

Low Low

Low Low 

Low )Low Low 

LowLow

Low Low Low

Low Low Low
spray

9. HELB-Containment 
instrumentation and control

High High High

Causes scXam (small LOCA); 
fails (pi, , hip) pressurizer 
spra ot needed for small 
•QCresponse) 

/Causes cram (small LOCA); 
fails (pipwhip or jet 
impingeme' t) pressurizer 
instrumentat n and PORV 

control 

auses eventual ram (turbine 
p initiator categ ); fails (pipe 

whip or jet impinge ent) 
pressurizer instru ntation and 
PORV control 

Causes scram (turbine trip 
initiator category); fails (pipe 
whip or jet impingement) SG >winstrumentation (other 2 or 3 SGs 
"and feed and bleed available for 

..• decay heat removal) 

Causes scram (turbine trip 
initiator category); fails (pipe 
whip or jet impingement) SG 
instrumentation (other SG and 
feed and bleed available for 
decay heat removal) 

Causes scram (small LOCA); 
fails (pipe whip or jet 
impingement) RCS loop 
instrumentation (not needed for 
small LOCA response) 

Causes scram (small LOCA); 
fails (jet impingement) I SI loop 
(other loop and other systems 
available) 

Causes scram (small LOCA); 
fails (jet impingement) 
pressurizer spray (not needed for 
small LOCA response) 

Causes scram (LOCA or other 
type of initiator); fails (pipe whip 
or jet impingement) actuation for 
safety systems needed for LOCA 
or other type of initiator response 
and CFCUs and containment 
spray
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Table 6-3. (continued).  

Offsite 
CDF Containment Consequences 

Pipe Break-Affected System(s) Impact Failure Impact Impact Comments

10. HELB-Containment 
electrical power 

11. RHR-Safety-related pi 
(smaller size than RHR) 
same loop 

12. SI-Safety-related pipin 
(smaller size than SI) in 
same loop 

13. MS-FW (same loop) i 
3- or 4-loop plant' 

14. MS-FW (same loop) ir 
loop planta

15. MS or FW-Containme 
shell in Wq concr 
contarment 

16. MS or ontainme 
shell in free standing st 
containment 

17. MS or FW-CC 

,7

Low Medium

iping 
)pin

Low Medium

ig Low Low 

n Low Low 

n 2- Low Low 

nt Low HLhow 
rete ;0 

;nt Low High 
eel

2Low High

Medium 

Medium 

Low 

Low 

Low 

SLow 

Medium 

Medium

Note:

a. These multiple pipe breaks are or may be beyond design basis. It is not known if safety systems can handle such events without core damage or 
containment damage. If the safety systems are ineffective, then the CDF impact should be changed to "High". (Because containments can usually 
withstand much higher pressures than their design pressures, the containment impact is unchanged.)
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Causes scram (LOCA or other 
type of init tor); fails (pipe whip 
or jet impipment) power to 
PORV, d CFCUs 

C1ses cram (large LOCA); 
, ils (pip whip) I of 4 RHR 

> injection p hs 

Causes scram medium LOCA); 
fails (pipe whi I of several ST 
loops 

C C ses scram (stea line break 
* side containment); ils (pipe 
whip) feedwater (s loop), 
resulting in loss of a fected SG 
(other SGs and feed and bleed 
available for decay heat removal) 

Causes scram (steamline break 
"i side containment); fails (pipe 

,•hip) feedwater (same loop), 
resulting in loss of affected SG 
"(other SG and feed and bleed 
available for decay heat removal) 

Causes scram (steamline or 
feedwater break inside 
containment); impacts (pipe 
whip) containment but only 
causes cracks in concrete 

Causes scram (steamline or 
feedwater break inside 
containment); fails (pipe whip) 
containment 

Causes scram (steamline or 
feedwater break inside 
containment); breaches 
containment through failed CCW 
piping and renders RHR heat 
exchangers ineffective



Ranking and Quantification of SEP-III Plant Pipe Breaks Inside Containment

where 

CDF

IE

= core damage frequency 
resulting from the pipe rup
ture event in question 

= pipe rupture (or leak) initiat
ing event frequency

PIPETYPE = fraction of piping considered 
in IE that is from the system 
in question (i.e., RHR, SI, 
other) 

TYPEFRAC = fraction of system piping (i.e., 
RHR, SI, other) that can cause 
another system failure from 
pipe whip or jet impingemen 

RUPTPROB = probability of pipe whip or jet 
impingement causing another 
system fail\ie 

SYSTFAIL = probab•rity of additio I sys
tem(s) qiling randor y (not 
caused b\,\ the pip),break) 
such that core da r,,ccurs.  

All events in the abov e uation wer'e,, 

modele \as lognormal e nts (typ'cal in most 
probabilis c risk assessme ts), eac characterized by a an value (frequ cy or ptbability) 

and an error ctor (95th perc ntile/m ian). The 
frequency for the initiatin event, IE, was 
obtained from ection 2 this document.  
PIPETYPE, TY iFRA and RUPTPROB 
were estimated based general knowledge of 
PWRs and BWRs information from actual 
plant visits. Finally, SYSTFAIL (if needed) was 
estimated from the IPEs for the Pilgrim and 
Trojan nuclear power plants.  

Quantification of the above equation was per
formed by multiplying the mean values of the 
events in the equation. The uncertainty bounds 
were estimated by using the method of moments 
(PRA Procedures Guide, USNRC 1983h). The 
method is explained below:

1. Given X and Y with mean values (Ms) 
and error factors (EFs), find the mean and 
error factor of XY.  

2. Determine the me value of XY 

= Mx MY 

3. Determine v *ances (Vs) of X and Y 

Vx ý y = (Mx or y {exp[((ln EFx or y)/ 

55)2]_11 

4. Determine the variance o XY 

Vx +M y2 Vx+ y 

5. Coer th ert the variance to an error factor 

. EFxy = exp{l.645[ln (1 + Vxv / 

Mxy2)] 5 

7:• Given tl mean and error factor of XY, --de::terutine the percentiles of the 

dish +Mbution ~

Median (50th percentile) 
{exp[-0.5[((ln EFxy)/1.645)2])

= Mxy

95th percentile = (Medianxy)(EFxy) 

5th percentile = (Medianxy) / EFxy.  

A formal uncertainty analysis was also per
formed using the SAPHIRE code suite and 
Monte Carlo sampling. A Latin hypercube was 
used with 1,000 samples. Both methods resulted 
in essentially the same results, as can be seen in 
Tables 6-4 and 6-5.  

The events quantified in Tables 6-4 and 6-5 
are not events included in representative prob
abilistic risk assessments (PRAs) of nuclear 
power plants. Therefore, the event CDFs can be 
considered to be additional contributions to a 
plant's base CDF (from its IPE).  

Quantification of each pipe break event with 
a high or medium CDF impact (from Tables 6-2 
and 6-3) is presented below.
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Table 6-4. Quantification of dominant BWR pipe-break events inside containment.

Change in CDF Resulting from Pipe Break Event

Pipe Break-Affected 
System(s) 

1. MS or FW-Containment 
shell and safety systems 
entering containment 

5. Recirculation-CRD 
bundle(s) 

9. Recirculation 
Containment shell and 
safety systems entering 
containment 

10. RHR-CRD bundle(s) 

12. RHR-Containment shell 
and safety systems 
entering containmentc 

14. HELB-Containment 
instrumentation and 
control 

16. HELB-RBCCWc

Mean 
Frequency 

(events/rx-yr) 

2.0E-6 
(2.0E-6)b 

5.OE-6 
(5.OE-6) 

4.OE-6 
(4.0E-6) 

2.5E-6 

(2.5E-6) 

4.OE-7 
(4.0 E-7) 

3.8E-5 

((3.8E-5 
.OE-8 
2OE-8)

Error Factora 

13.5 
(13.6) 

14.1 
(14.3) 

13.6 
(11.8) 

11.5 
(11.2) 

19.8 
(17.7) 

11.3 
(10.8)

N\

5 th Percentile 

(events/rx-yr) 

4.2E-8 
(3.9E-8) 

9.8E-8 
(8.9E-8) 

8.4E-8 
(8.3E-8) 

7.3 8 
(7.3E- ) 

3.9E-9 
(3.9E-9)

Median 
(events/rx-yr) 

5.7E-7 '\ 
(5.6E-7) .)

L.IE-6 1.3E-5 
(L.OE-6) 1.2E-5) 

•7E-10 .6E-9 S(2.6E-10) / (4.3E-9))16.7)
Notes:

a. Error factor = 95 ntile/median. e • \ 

b. Numbers in .entheses are fromSAPHIR runs." 
c. This event is resented because its'•ntainme failure impact is'1gh, even though the core damage frequency impact ranking 
is low.

Table 6-5. Quant ication of domriant Pý pipe-break events inside containment.

Pipe Break-Affected S stem.(/ý 

9. HELB-eContainment c S 
instrumentation and control 

16. MS or FW - Containment shell 
in free-standing containmentc 

17. MS or FW-CCWC 

Notes:

I Change in CDF Resulting from Pipe Break Event 
Mean Frequency Error 5h Percentile Median 9 5th Percentile 

(events/rx-yr) Factora (events/rx-yr) (events/rx-yr) (events/rx-yr) 

7.5E-5 12.2 1.9E-6 2.4E-5 2.9E-4 
(7.5E-5)b (12.3) (1.8E-6) (2.2E-5) (2.7E-4) 

1.4E-9 15.0 2.OE-11 3.7E-10 6.OE-9 
(1.4E-9) (12.1) (4.6E-1 1) (4.3E-10) (5.2E-9) 

1.0E-7 16.8 1.4E-9 2.3E-8 3.9E-7 
(1.OE-7) (15.5) (1.3E-9) (2.2E-8) (3.4E-7)

a. Error factor = 95th percentile/median.  

b. Numbers in parentheses are from SAPHIRE runs.  

c. 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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9 5 th 

Percentile 
(events/rx-yr) 

7.7E-6 
(7.6E-6)

1.9E-5 
(2.OE-5) 

1.5E-5 
(1.3E-5)

I.4E-4 
(1.3E-4) 

7.7E-8 
(7.2E-8)
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6.2.1 BWR Event 1 

This event involves a rupture of the MS or FW piping inside containment. Pipe whip causes failure of 
the containment metal shell. Resulting overpressure in the containment annulus (betwe, the containment 
shell and the containment concrete structure) fails all coolant injection systems (wh ' piping penetrate 
the containment shell) required for a large LOCA response. Cooling injection fure could be caused 
either by displacements of the containment crimping or shearing the piping, or y sham escaping into the 
auxiliary areas failing the supporting systems (e.g., pump failure for , ipmen qualification [EQ] 
reasons). The equation for CDF is the following:

CDF = (IE)(PIPETYPE)(TYPEFRAC)i 

The equation factors are as follows:

5th percentile = 4.2E-8/rx-yr

Median

95th percentile

= 5.7E-7/rx-yr 

= 7.7E-6/rx-yr
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6.2.2 BWR Event 5 

This event involves a rupture of the recirculation piping inside containment. Pip whip causes failure 
of a number of CRD bundles by crimping of the insert/withdraw lines. The result is large LOCA with 
failure to scram the reactor. This was assumed to lead directly to core damage. r equation for CDF is 
the following: 

CDF = (IE)(PIPETYPE)(TYPEFRAC)(RUPTPROB) \ 
The equation factors are as follows: ;\ 

Lower Bound Upper Bo d Mean Value (5th percentile) (95th percent e) 
Factor (events/rx-yr) Error Factor (events/rx-yr) (events/rx- tr) Factor Descri tion 

IE L.OE-4 10 3.8E-6 3.8E-4 e LOCA in BWR primary lping inside 
Kntainment 

PIPETYPE 2.OE-1 2 Assumed 9.2E-2 3.7E-1 Fra tion of BWR primary piping inside 
. cont nment that is recirculation 

TYPEFRAC 2.5E-1 3lý 6.77E-2 0E-1 Fractio of recirculation piping that can 
impact D(s) lines by pipe whip or jet 

N_ _ impingment 
RUPTPROB 1.0 1.0) 1.ai P ability of pipe whip or jet impingement 

___________________ 
failing CRD(s) lines 

Results of e quan Ification of th ore dama freque are as follows: 
Mean = 5.0 6/rx-yr 

EF 4 

5th percentile = 9.8E-8/rx-yr 

Median 1 1.4E-6/rx-yr 

95th percentile 1= 1.9E-5/rx-yr 

This is a simplified analysis of CRD failure. A more comprehensive analysis was conducted as part of 
GSI-80 (Emrit et al., 1993).
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6.2.3 BWR Event 9 

This event involves a rupture of the recirculation piping inside containment. Pipe whip causes failure 
of the containment metal shell. Resulting overpressure in the containment annulus be ween the contain
ment shell and the containment concrete structure fails all coolant injection systems hose piping pene
trate the containment shell) required for a large LOCA response. Cooling injection $ilure could be caused 
either by displacements of the containment crimping or shearing the piping, or y s am escaping into the 
auxiliary areas failing the supporting systems (e.g., pump failure for Q rVa•ons). The equation for CDF 
is the following: 

r 

CDF = (IE)(PIPETYPE)(TYPEFRAC)(RUPTPROB UPTPROB 2) 

The equation factors are as follows: 

Lower Bound Upper Boun.  
Mean Value (5th perce ile) (95th percentile) 0" ," 

Factor (events/rx-yr) Error Factor (events/rx- r) (events/rx-yr) Factor Description 

IE I.OE-4 10 3.8E-6 3.8E-4 Lave LOCA in BWR primary piping 
"___ ...... �_ _ insi& containment 

PIPETYPE 2.OE-1 2 Assu:p -, 0 '•E-2 3.7E-1 Fracti of BWR primary piping inside 
_________,_contai ent that is recirculation 

TYPEFRAC 5.OE-I 2,ssumed 2.3-1 9 -I F ction of recirculation piping that can 
"______Y' ;mpact containment shell from pipe whip 

RUPTPROB, 5.0&,- 2 Ass med 2. E-I 9. -1 Probability of pipe whip rupturing 
containment shell (for plants with no 
restraints on recirculation lines 

RUPTPRO 2 8.OE-1 1,25 Assurd 6.4E-1 I . Probability of overpressure in 
containment annulus failing injection 
system piping penetrating containment 

Results of the qu tification of t core amage frequency are as follows: 

Mean O= .E-6/rx-yr 

EF - 13.6 

5th percentile = 8.4E-8/rx-yr 

Median = 1.1 E-6/rx-yr 

95th percentile = 1.5E-5/rx-yr
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6.2.4 BWR Event 10

This event involves a rupture of the RHR piping inside containment. Pipe whi causes failure of a 
number of CRD bundle(s). The result is a large LOCA with failure to scram the react by crimping of the 
inseri/withdraw lines. This was assumed to lead directly to core damage. The ation for CDF is the 
following: 

CDF = (IIE)(PIPETYPE)(TYPEFRAC)(RUPTPROB) 7'/ 
The equation factors are as follows: 

Lower Bound Upper B und 
Mean Value (5th percentile) (95th perce tile) 

Factor (events/rx-yr) Error Factor (events/rxyr) (events/rx-y " Factor Description 

IE L.OE-4 10 3.8E-6 3.8E-4 ge LOCA in BWR primar. Siping 
nside containment 

PIPETYPE L.OE-I 2 Assumed 4.6E-2 1.8E-1 F 'ction of BWR primary piping inside 
_....... _ con inment that is RHR 

TYPEFRAC 2.5E-1 1.5 Ass l.j 1,6E-I 3.6E-1 Fracti of RHR piping that can impact 

____'_ _ .0__, CRD i is by pipe whip or jet impingement 

RUPTPROB 1.0 1.0 1.0 Probability of pipe whip or jet impingement 
_f_ ,ing CRD lines 

Results of th tification of t e e ge frequenc are as follows: 

Mean -- 2. -6/rx-yr .v 

EF 
= 11.5- -/x r 

5th percenti = 7.3E-8 x-yr 

Median = 8.3E-7/rx-yr 

95th percentile 9.6E-6/rx-yr 

This is a simplified analysis of CRD failure. A more comprehensive analysis was conducted as part of 
GSI-80 (Emrit et al., 1993).
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6.2.5 BWR Event 12 

This event involves a rupture of the RHR piping inside containment. Pipe whip causes failure of the 
containment metal shell. Resulting overpressure in the containment annulus betwee' the containment 
shell and the containment concrete structure fails all coolant injection systems (whose ping penetrate the 
containment shell) required for a large LOCA response. Cooling injection failure ould be caused either 
by displacements of the containment crimping or shearing the piping, or by swam \scaping into the aux
iliary areas failing the supporting systems (e.g., pump failure for EQ reas•fs). The 'quation for CDF is 
the following: 

CDF = (IE)(PIPETYPE)(TYPEFRAC)(RUPTPROB UPTPROB 2) 

The equation factors are as follows: 

Lower Bound Upper Boun 
Mean Value (5th perce ile) (95th percenti'le) 

Factor (events/rx'y Error Factor (events/rx-Vr) (events/rx-yr) Factor Description 

IE L.OE-4 10 3.8E-6 3.8E-4 l e LOCA in BWR primary piping 
i.nsi c•ontainment 

PIPETYPE L.OE- 1 2 Assugor- 4>. E-2 l.8E-1 Fracti• of BWR primary piping inside 
SII" contai ent that is RHR 

TYPEFRAC 5.OE- 1 2 ssumed 2.3 1 9 , ~ction of RHR piping that can impact 
f containment shell from pipe whip 

RUPTPROB, 1.OE-1 5Assmed I -A2 3. 1 Probability of pipe whip rupturing 
__T containment shell 

RUPTPROB2 .dOE-I -. 1.25 Assuod 6.4E- 1. Probability of overpressure in 
"containment annulus failing injection 

________ __ _ _ nsystem piping penetrating containment 

Results of the \qntification of t core d age frequency are as follows: 

Mean O= .E-7/rx-yr 

EF 19.8 

5th percentile = 3.9E-9/rx-yr 

Median = 7.7E-8/rx-yr 

95th percentile = 1.5E-6/rx-yr
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6.2.6 BWR Event 14 

This event involves a high-energy line break (HELB) inside containment. Pipe ip causes failure of 
containment instrumentation and control. This was assumed to lead to failure of ccident-mitigating 
injection systems and eventual core damage. The equation for CDF is the followi 

CDF = (JE)(PIPETYPE)(TYPEFRAC)(RUPTPROB) 

The equation factors are as follows: 

Lower Bound Upper ound 
Mean Value (5th percentile) (95th pe entile) 

Factor (events/rx-yr) Error Factor (events/rx-yr) (eventslr -,r) Factor Descri t n 

IE 1.OE-4 10 3.8E-6 3.8E-4 Lar OCA in BWR prima iping 
ide containment 

PIPETYPE 1.0 1 1.0 1.0 All BWR primary piping inside 

S•ntainment is considered 

TYPEFRAC 5.0E-l 2 Assumed- 2.3E-1 9.2E-1 Fr tion of BWR primary piping inside 
cont nment that can impact 
instru entation and control cables 

RUPTPROB 7.5E- Assumed 5.I 9. Probliy ofpipe whiporjet 
Stpingement failing instrumentation and 

_ K control cables 

Results of)qu~' iification of th .oore dama frequen are as follows: 
Mean = 3.8 5Irx-yr 

EF = 11.31.  

5th percentil = 1.1 E-6/rx-yr 

Median = 1.3E-5/rx-yr 

95th percentile - 1.4E-4/rx-yr 

This event is discussed in more detail in Section 6.3.2.
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6.2.7 BWR Event 16 

This event involves a HELB inside containment. Pipe whip causes failure of the reactor building 
closed cooling water (RBCCW) system. Containment systems on some BWRs Nve double valve 
isolation protection, which would make the probability of a containment-to-atmos•pre leak very low.  
However, in some plants there may be only single valve isolation. This case as evaluated below, 
assuming the supply and return lines had a check and a motor-operated v e i olation, respectively.  
Assumed valve failure probabilities are summarized in Table 6.6. If ne qroth of'these parallel valves 
should fail, it was assumed that water in the system would drain into t containment,'tventually leading 
to a containment-to-atmosphere leak path through the system sur inme vent. It was a~Iso assumed that 
loss of the system would cause inoperability of the RHR heat e angers, which would tad to eventual 
core damage. The equation for CDF is the following: 

CDF = (IE)(PIPETYPE)(TYPEFRAC)(RUPTPROB) ,ALVEF ) 

The equation factors are as follows:

Results of the quan icationof t e core damage frequency are as follows: 

Mean = 2.OE-8/rx-yr

--- I0.•

5th percentile 

Median 

95th percentile

= 2.7E-1 0/rx-yr 

= 4.6E-9/rx-yr 

= 7.7E-8/rx-yr

This event is discussed in more detail in Section 6.3.4.

NUREG/CR-6395

\ Factor Description
Large L96A in BWR primary piping 
insije containment 

,,IBWR primary piping inside 
containment is considered 

Fraction of BWR primary piping inside 
containment that can impact RBCCW lines 

Probability that impact or inpingement will 
rupture RBCCW lines 

Combined probability that check valve or 
motor-operated valve will fail

0 i-j

Er
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6.2.8 PWR Event 9

This event involves a HELB (MS, FW, or primary coolant system) inside contaigment. Pipe whip or 
jet impingement causes failure of containment instrumentation and control, le ing to failure of 
accident-mitigating systems. The equation for CDF is the following: 

CDF = (IE)(PIPETYPE)(TYPEFRAC)(RUPTPROB) 

The equation factors are as follows: 

Lower Bound Upper B nd 
Mean Value (5th percentile) (95th perce tile) 

Factor (events/rx-yr) Error Factor (events/rx-yr) (events/rx-" ) Factor Descriptio 

IE 1.5E-3a 10 5.6E-5 5.6E-3 HEL CS, MS, orFW) inside \ 1 c o nm ent, 

PIPETYPE 1.0 1 1.0 __1_0 _ RCS, MS and FW piping is considered 

TYPEFRAC L.OE-I 2 Assumed 4.6E-2 1.8E-1 Fra ion of RCS, MS, or FW piping that can 
impa containment instrumentation and 

• contro ables from pipe whip or jet 
a¢" _••, mpinge ent 

RUPTPROB 15.OE-I ssumed 2 9.2E Probabity of pipe whip or jet impingement 7__ __ _ f!•gg instrumentation and control cables

Results of the ntification of the c age frequenc, 

Mea =, 7. -5/rx-yr-',.$ 

EF = 12.2 

5th percenti = 1.9E-6k-yr 

Median = 2.4E-5/rx-yr 

95th percentile - 2.9E-4/rx-yr 

This event is discussed in more detail in Section 6.3.3.

are as follows:

a. This is the sum of the RCS small LOCA, MS rupture, and FW rupture frequencies. The entire large LOCA frequency 
(5E-4/rx-yr) was used for the main steam and feedwater rupture. The large LOCA probability was not included because of leak

before-break.
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6.2.9 PWR Event 16 

This event involves a rupture of the MS or FW piping inside containment. Pipe whip causes failure of 
the containment metal shell. Additional random system failures (in instrumentation andcontrol [I&C] and 
ECCS systems) occur and result in core damage. The equation for CDF is the followi 

CDF = [(IE )(TYPEFRAC~ w)(SYSTFAILFw) + 
(IEMs)(TYPEFRACMs)(SYSTFALLMs)](RUPTPR B) 

The equation factors are as follows: 

Lower Bound - Upper Bund 
Mean Value (5th percentile) (95th perce ile) 

Factor (eventslrx-cr) Error Factor (events/rx-yr) (events/rx- Factor Descri tion 

IEw 4.OE-4 10 1.5E-5 1.5E-3 FWA ing rupture inside contai nent 

IEMs 1.OE-4 10 3.8E-6 3.8E-4 tS piping rupture inside containment 

TYPEFRACE v L.OE-1 2 Assumed 4.6E-2 1.8E-1 Fr ction of FW piping that can impact 
_ _......___ _con inment shell from pipe whip 

TYPEFRACMs 1.OE-1 2 As,, 4.6E-2 .l8E-I Fracti of MS piping that can impact 
0E__ ____contain ent shell from pipe whip 

SYSTFAILFw 4.8E-5 sumed 6.E ?.5E " Probab lity of additional system failures 
K\ gj ,*n FW rupture initiator 

SYSTFAIL.s 9.8E-5 5 sumed 1.2Y5 3.-4 Probability of additional system failures 
_......\ ,_ .... _ given MS rupture initiator 

RUPTPROB 0% , 2 Assume 2.3 , 9.2-2 Probability of pipe whip rupturing 
_________ 19______ containment shell 

Results of the uantification of e core mage frequency are as follows: 

Mean = .4E-9/r -yr 

EF = 5.0 

5th percentile - 2.OE-I l/rx-yr 

Median 3.7E-10/rx-yr 

95th percentile = 5.6E-9/rx-yr
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6.2.10 PWR Event 17 

This event involves a main steam or feedwater line (HELB) inside containment (primary system 
LOCAs are excluded because of leak-before-break). Pipe whip causes failure of th omponent cooling 
water (CCW) system. Containment systems on some PWRs have double valve is ion protection, which 
would make the probability of a containment-to-atmosphere leak very low. How er, in some plants there 
may be only single valve isolation. This case was evaluated below, assu the upply and return lines 
had a check and a motor-operated valve isolation, respectively. As, md]" valve fai re probabilities are 
summarized in Table 6-6. If one or both of these parallel valves sh d fail, it was as med that water in 
the system would drain into the containment, eventually leading a containment-to-atm sphere leak path 
through the system surge line vent. It was also assumed that s of the system would ca te inoperability 
of the RHR heat exchangers, which would lead to evenitual ore damag equation r CDF is the 
following: mage. \

CDF = (IE)(PIPETYPEXT 

The equation factors are as follows:

Results of the quanti icatio f the core damage frequency are as follows: 

Mean = 1.OE-7/rx-yr

EF = 16.8

5th percentile 

Median 

95th percentile

= 1.4E-9/rx-yr 

= 2.3E-8/rx-yr 

= 3.9E-7/rx-yr

This event is discussed in more detail in Section 6.3.3.
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Table 6-6. Proposed failure rates of various types of water/steam nuclear plant valves to open and close.  
Valve Failure 
Type Mode EGG-SSRE-8875a ASEPb BNLc IEEE STD 500 d Seabrook PRA' WASH 1400' 

Manual Fail to 5.OE-04 /D - 2.OE-07 /H - -

open/close 
Motor- Fail to 3.OE-03 /D 3.OE-03 /D 1.OE-05 /H 6.OE-03 /D 4.3E-03 /D I .2E-03 /D 
operated open/close 
Pneumatic Fail to I.OE-03 /D 1.OE-03 /D 1.OE-05 /H 2.OE-03 /D ,1.5E3 3.8E-04 /D 

open/close 

Solenoid Fail to 5.OE-04 /D I .OE-03 /D 2.OE-06/H -/ .4 03 /D i .2E-03 /D 
open/close 

Check Fail to open 5.OE-05 /D 1.OE-04 /D 2.OE-07 /H 6.0E-0 D 2.7E-04 1.2E-04 /D 
Fail to close 1.OE-03 /D 1.OE-03 /D 2.OE-06 /H 2.7E-04 -

Notes: 

/D per demand 
/H per hour 

a. Eide, Chmielewski, and Swantz 1990.  

b. Drouin, Harper, and Camp 1987.  

c. Bar 1985.  

d. IEEE 1983.  

e. Public Service Company of New Hampshire 1983 

f. NRC 1975a.

NUREG/CR-6395112



Ranking and Quantification of SEP-III Plant Pipe Breaks Inside Containment

6.3 Additional System 
Considerations 

After the initial rankings, additional 
evaluations were conducted on several systems: 

1. Control rod drive (CRD) lines (BWR 
events 5 and 10). BWR event 5 is the 
subject of GSI-80.  

2. PWR and BWR containment 
instrumention and control (I&C) systems.  
The changes in CDF as a result of failure 
from a pipe break were ranked high for 
both BWRs and PWRs.  

3. PWR CCW and BWR RBCCW systems.  
These systems were -identified by 
NRC/NRR as possible co ms #fter the 
initial investigation.  

The results are summari edbelow. ) 
6.3.1 CRD-Lines / 

The e tf pipe breks onB R CRD li 
was pos•l as a concern by the A visory Com- .# 

mittee on Reactor Safeguar (ACR in 1982
83. Based o\ACRS concerns with I and 
II containmenrs, the NRC desi nated th inves
tigation as Ge eric Safety I ue-80 GSI-80) 
(Emrit et al., 199\.  

This issue is sirnRar to R Event 5. All of 
the BWR plants within scope of GSI 156-6.1 
are of the MARK I c ainment variety, whereas 
GSI-80 is concerned with both MARK I and 
MARK II containments. Thus the two issues are 
not identical in scope, but overlap.  

6.3.2 I&C Systems 

6.3.2.1 Introduction. Forty-one older nuclear 
plant units referred to as the Systematic 
Evaluation Program Phase III (SEP-II) plants 
received construction permits prior to the time 
when documented acceptance criteria was 
established regarding the effects of pipe break 
inside containment. Construction permit dates 
for these plants range from April 12, 1965, 
(Nine Mile Point 1) to February 8, 1971

(Trojan). Although the NRC reviewed these 
plants, there is a potential lack of uniformity in 
those reviews due to the absence of documented 
acceptance criteria.  

This section documelsoa study that was per
formed to support .R s assessment of the 
impact of ot h, g thos criteria in place. The 
study addres es safety-relate, electrical and I&C 
circuits thin the contai ent that must 
functi either during a postu ted high-energy 
line Sreak (HELB), after the brea , or both. The 
prima• issue for t is study is tch whether the 
circuits •re desi~l to be adequatel protected 
against the ef ts• of missiles, pipe hip, and 
discharging fluids. Two primary methods 
employed t0 protect electrical circuits are to 
separate redu ~ant circuits with either diverse 
routes or by pr ding physical barriers such that 
a sin gle event w uld not impact all redundant 

ci~etsf'or a funqdon• that must remain operable.  
, third alterriate, not pursed by this study, is for 
aplant to show that the probability for a fluid 
systern rupture to affect unprotected circuits is 

•' This study examines the regulatory environ
ment and requirements for these plants, identi
fies representative functions that are required to 
remain operable during and after a HELB, and 
presents a cursory review of two PWR and two 
BWR plants from the list of 41 SEP-Ill plants.  
Information presented in UFSARs for the 
selected plants was used as the basis for the 
plant-specific reviews. The selected PWRs are 
H. B. Robinson Unit 2 and Turkey Point 
Units3&h4. Construction permits for these 

plants were issued April 13, 1967, and April 27, 
1967, respectively. The selected BWRs are 
Dresden Unit 2 and Pilgrim. Construction 
permits for these plants were issued January 10, 

1966 and August 26, 1968, respectively. These 
plants were selected because they are some of 
the oldest of the SEP-r plants and UFSAR 
information was available.  

6.3.2.2 Regulatory Requirements for 
SEP-ill Plants. Development of regulatory 
requirements and guidance for dynamic effects 
of HELBs within the containment was in its 
infancy when the SEP-rII plants received their
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construction permits. A proposed general design The proposed GDC issued July 11, 1967, did 
criteria (GDC) was published in the Federal not contain all the requirements pertaining to the 
Register July 11, 1967. The proposed GDC dynamic effects of HELB that are contained in 
served as interim guidance until the GDC were the final GDC. Propose Criterion 20, 
finalized July 7, 1971. The Institute of Electrical "Protection Systems )Edundancy and 
and Electronics Engineers issued IEEE 279, Independence," requiredhat redundancy and 
"Criteria for Protection Systems for Nuclear independence be des' ed\.n protection systems 
Power Generating Stations," in 1968 and revised such that n si, failur'• or removal from 
it in 1971, but it was not required until service of an componenitor hannel will result 
10 CFR 50.55a was published June 12, 1971. in loss of protection funct n. Criterion 21 
However 10 CFR 50.55a did not require states t multiple failures re lting from a 
adherence to IEEE 279 for plants with singl event shall be treated as a *ngle failure.  
construction permits prior to January 1, 1971. As Criteri 23, ,'Pro ction Again Multiple 
development of regulatory requirements and Disabilit for Prot on Systems,"y re ires that 
guidance matured, internal guidance was issued effects of dverlconditions to which undant 
in the form of a November 9, 1972, Rodgers channels or tection system might be exposed 
letter, "Safety Guides," that proposed a Draft in common all not result in loss of the 
Safety Guide, "Protection AgainsL Pipe Whip protection fun ion. Accident conditions are 
Inside Containment." This Draft Safety Guide specifically inclu ed in this requirement. And 
was issued in May 1973, as RK . Th> RG Criterion 40, " sile Protection," requires 
was withdrawn in 1985 er revisior of pro idon of en eered safety features from 
Standard Review . Plait (SRP) 3 6.2, jffssiles and 4-namic effects that might result 
"Determination of Ruptur, Locations and lrom plant equipment failures. While these 
Dynamic Effects Associated wi' the Post lated c~iteria would apply to pipe whip and the effects 
Rupture of pi ng," provided moi ent ot discharging fluids, they are not specifically 
information ionceing \ these ¢atters. In. r~ntioned. Current GDC 4 was added after 
addition, G 1.53, "Application of\,he Single--,,/publication of the proposed GDC. GDC 4, 
Failure C- erion to Nucl r Poer Plant "Environmental and Dynamic Effects Design 
ProtectionS tems," was issu .d in Jui 1973, Bases," requires, among other things, that 
(it endorsed EE 379-1972);\and RG\ 1.75, structures, systems and components important to 
"Physical Indep dence of Electical S ems," safety be appropriately protected against was issued in Fe ary 1974, t contained an dynamic effects, including the effects of mis
appendix that later b came IEE 84-1974). siles, pipe whipping, and discharging fluids that 

The above discussion ows that the only may result from equipment failures.  

formal requirements arding HELB effects Since the effects of pipe whip and fluid dis
within containment for the SEP-III plants are the charge were not specifically included in the pro
interim GDC and possibly IEEE 279-1968. One posed GDC that was in effect when the SEP-III 
SEP-III plant, Trojan, was issued a construction plants received their construction permits, and 
permit February 8, 1971, and could have been additional regulatory guidance had not yet been 
required to adhere to IEEE 279-1971. However developed, compliance with the requirements 
Trojan has shut down and is no longer an oper- was subject to interpretation that varied from 
ating nuclear plant. UFSARs for the selected plant to plant.  
plants show results that are consistent with the 
above conclusion. Three of the four plants corn- The result of this inconsistency in interpreta
pare their designs to the proposed GDC of tion by both the plant designers and the regula
July 11, 1967, and three of the four indicate they tors is 41 plants with varying degrees or meth
are designed to comply with IEEE 279-1968 or ods of compliance with requirements that could 
the intent of IEEE 279-1968. None of these be applied to pipe whip and fluid discharge 
plants claim to comply with the final GDC or resulting from a HELB. This will be discussed in 
later versions of IEEE 279. more detail in a later section.
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6.3.2.3 Functions Required to be 
Operable During and After a HELB 
Within Containment. Identification of elec
trical circuits within the containment that are 
required to be functional throughout a HELB 
depends upon specific plant design and which 
systems the FSAR assumes are available for 
accident mitigation. However, for PWRs there 
are some electrical circuits, with the exception 
of those specifically required by RG 1.97, that 
are generally required. Measurements specifi
cally required by RG 1.97 have been installed 
and reviewed by the NRC in recent times and 
sufficient guidance existed to ensure that
installations met independence, single failure 
and physical separation requirements. Those 
PWR in-containment circuits that are generally 
required are: 

* Neutron flux detectors ? 

"• Reactor coolant temperature (cold a d hot 
leg) 

" Pres Jssure 

"* Pr surizer level 

S eam enerator levels 

* Containm nt temperatur 

"* Containmentooling a filtering 

- I&C 

Fan motors 

"* Containmenl isolation valves 

- Actuation 

- Valve position indication 

"* Containment sump pump 

"* Containment sump pump level.  

In addition, some parameters such as steam 
generator pressure and containment pressure are 
needed during LOCA events, but the

transmitters are located outside containment.  
Sensing lines that exit the containment through 
penetration assemblies con ect the transmitters 
to the parameter being mea red. These sensing 
lines need to be design to provide adequate 
protection and 'sep ra 'on for missiles, pipe 
whip, and fluid di arge.  

The sit on with BWRs is different than for 
PWRs. e design of older BWRs, such as 
Dre n Unit 2 and Pilgrim, minimizes the 
num er of sensor and transmittrs inside the 
primar contain t (drywell) \y routing 
sensing \lines fm within the 6ywell to 
transmitters ocated inside the secondary 
containmen This is particularly true for 
measurement of pressure, flow, and level. The 

"only I&C and lectrical circuits located inside 
the drywell tha are necessary for mitigating 
accjepnts such a HELB are for sensors that 

st be located t the process, I&C for critical 
"valves such.'s isolation valves, and power for 
actuating motor operated isolation valves. As 

ith PWRs, the list of functions required for ) itigating a HELB inside primary containment 
depends upon the plant-specific design and 
analysis; however, the following list is generally 
applicable for electrical and I&C circuits: 

* Neutron flux detectors 

* Containment isolation valves (20 or more 
lines) 

- Actuation 

- Valve position indication 

* Drywell Radiation 

* Reactor vessel temperature 

Automatic depressurization system (ADS) 
valve actuation.  

Sense lines that must be adequately protected 
against missiles, pipe whip, and fluid discharge 
include: 

"* Reactor vessel pressure 

"* Reactor vessel water level 

"* Drywell pressure.
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6.3.2.4 Plant Design Considerations. * Cables through drywell penetrations are 
A cursory review of two PWR and two BWR grouped such that failure of all cables in a 
plants from the list of 41 SEP-III plants was per- single penetration cannot prevent a scram.  
formed to determine how the plants were 
designed to protect against missiles, pipe whip, * Routing of cables is h that damage to 
and fluid discharge as a result of HELBs inside any single cable t y cannot disable the 
the primary containment. Information presented protective fun in. a 
in UFSARs for the selected plants was used as .  
the basis for the plant specific reviews. The * Sensors are arranged o that no single 
selected PWRs are H. B. Robinson Unit 2 and fail or process sensin line failure in 
Turkey Point Units 3 & 4. Construction permits mode can disable the s am function.  
for these plants were issued April 13, 1967, and S 
April 27, 1967, respectively. The selected BWRs e four subc annels of eac protective 
are Dresden Unit 2 and Pilgrim. Construction fu ti~on ar electrically iso ted and 
permits for these plants were issued January 10, physical, eparated.  
1966, and August 26, 1968, respectively. These 
plants were selected based upon being some of \ Electric isolation and mechanical sepa
the oldest of the SEP-III plants andon the avail- ration pr ide independence of the sen
ability of UFSAR information. A discussion of sors for ea h variable in the core spray, 
each plant is presented below,e fdwed\by a PCI, and A't•S systems.  
summary of the four plants. -e level of dtail 
that is presented in the vari us UFSARs rel ted Sensorsor channels A and C have a 
to protecting electrical an I&C func ons common process tap, which is widely 
against the effects of HELBs w hin contaiAment separated from the corresponding tap for 
varies considerabl among the ur q tat. sensors in channels B and D.  
were revie d. s is reflecfd in the,,, 
informatin presented in fol"owing d cussions. "•-/ Cable penetrations are located in the four 

Dresden, Unit 2: Dresden, U 2 .a79 geographical quadrants of the drywell.  
te ,• mde!. .n.\ it• " , ESF systems and the Prim ary 

MWe BWR I ated in a MK-I 'ontainm nt and ES.ytms ad te .rmr S.t. \ C . . \ . .o n tain m en t Iso latio n S y ste m (P C ISa ) are 
received its c struction pe t Janul' 10, Ctn tsli StmP .  S.. . . ,, • .I . . .divided so that one division is in 
1966. A review f chapters 7 and 8 of the d e tis 

SI.. , .penetrations in one quadrant and the other urSAR shows the roll wing design U .. AR shows t foll division is in penetrations in a different considerations: quadrant.  

The UFSAR indicate at the design is in 
general compliance h IEEE 279-1968 for * Division I and Division II cable/tubing 
single failure and separation requirements, but trays follow different, physically sepa
no indication that the design is in compliance rated routes. Where they are in close 
with the proposed GDC of July 11,1967. proximity, consideration is given to

The UFSAR states that the single failure cri
terion of IEEE 279-1968 is not directly applica
ble to ADS and HPCI because HPCI and ADS 
are diverse functional backups to each other as 
far as depressurization is concerned. However, 
there is some consideration for compliance with 
single failure criteria, separation requirements, 
and channel independence for electrical and I&C 
inside primary containment. The following 
statements indicate this:

whether external potential sources of fire 
or missiles are present.  

The design of the Dresden Unit 2 drywell 
includes four widely separated penetration 
assemblies, and the design philosophy provides 
for independent routing of redundant cables and 
sensing lines inside the drywell. This indicates 
that the design has the potential to protect 
safety-related functions against the effects of 
missiles, pipe whip, and fluid discharge resulting 
from a HELB within the primary containment.
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However, electrical cable and sensing line 
routing is not shown on any of the drawings, and 
pipe whip is not specifically discussed.  
Therefore, is not possible to judge how well the 
actual design protects against missiles, pipe 
whip, and fluid discharge resulting from a 
HELB.  

Pilgrim: Pilgrim is a 670 MWe BWR reactor 
located in a MK-I containment and received its 
construction permit August 26, 1968. A review 
of Chapters 7 and 8 of the UFSAR shows the 
following design considerations: 

The UFSAR indicates that the RPS I 
designed to comply with the intent of IEEE-279 
and the proposed GDC. The following informa
tion is presented in the UFSAR-to support the 
conclusion that the plant designc(mplies with 
the intent of IEEE-279 and th roposed \C.  

"* Circuitry involving 'ommon deviis in 
the RPS has been designed to ens e that 
no single failure (short,\9pen, or ground) 
can di .safeguards fun n.  

"* N lear system pres re an eactor ves- 400 

sel ater level are tap d from he reactor vesse at two separate ocation A pipe at two epara e atio 

f r o \ h 
' o t t t i d 

from e h tap is route outside e pri
mary co ainment to a air of transmit
ters. The o pairs of transmitters are 
physically s arated. e physical sepa
ration and the sign arrangement ensure 
that no single p ical event can prevent 
the required sa ety function.  

"* Channels are physically and electrically 
separated to ensure that a single physical 
event cannot prevent isolation.  

"* The physical events that accompany a 
loss-of-coolant accident (LOCA) shall not 
interfere with the ability of the core 
standby cooling system (CSCS) controls 
and instrumentation to function properly.  

The two core spray loops are physically 
and electrically separated so that no single 
physical event makes both loops 
inoperable.

"* ADS is arranged so that a single failure 
will not prevent or impair the operation of 
essential station safety~functions.  

"* Space, fire barrier r concrete walls and 
floors are used to nsure maximum physi
cal separao n a independence for 
cable ad compo ents of redundant 
Circ 

'm 

* or engineered safe ds systems, 
redundant cables are separa d by either a 
ire bounda aving a 3-hoi fire rating, 

rhoizo separation of 20 It (6.1 -m), 
or en sure of one train redundant 
cable and associated circuits by a 1-hour 
rated e barrier.  

* Drywell e ectrical penetrations are physi
cally grouped at four locations separated 
at approxifiately right angles around the 
dryw~e•.  

"* Spatial separation and the natural protec
tion afforded by the biological shield are 
used to preserve the independence of 
redundant sensors and sensing lines.  

In addition to the design descriptions the 
following criteria have been applied to the 
design of the plant: 

* The arrangement of components or the 
use of protective barriers are such that no 
locally generated missile can prevent 
independent safety system components 
from performing their design safety 
function. This criterion is applied to pro
vide physical separation and protection 
against concurrent failure of safety sys
tems sensors, sensing lines, process lines, 
and electrical cables required to initiate 
and control a system to meet its design 
safety function during single events of 
mechanical damage (missile). However, 
missiles are limited to valve stems and 
thermowells.  

Cables, control mechanisms, and valve 
operators of isolation valves inside the 
drywell are required to be functional in a 
LOCA environment.
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The design of the Pilgrim drywell includes 
four widely separated penetration assemblies 
and the design philosophy provides for inde
pendent routing of redundant cables and sensing 
lines inside the drywell. This indicates that the 
design has the potential to protect safety-related 
functions against the effects of missiles, pipe 
whip, and fluid discharge resulting from a 
HELB within the primary containment. How
ever, electrical penetrations and the cable and 
sensing line routing is not shown on any of the 
drawings and pipe whip is not specifically dis
cussed. Therefore, is not possible to judge how 
well the actual design protects against missiles, 
pipe whip, and fluid discharge resulting from a 

H. B. Robinson: H. B. Robinson is a 
665 MWe 3-loop PWR reactor supplied by 
Westinghouse that received i•'cnsti~ction 
permit April 13, 1967. A revA of the UJAR 
shows the following design .onsiderations: ) 

The UFSAR-evaluates the ant with rpsPect 
to the proposed GDC published July ,.968,.  

and the prop d MEE 279-1968. followi 
informati is provided to\'support he evaluann h 

Regardi protection sys ms redun dancy 
and indep dence (GDC 2 )1: the PWS and 
I&C are d igned to me t all presently 
defined RPScriteria in cordance with 
the proposed IE 279- 68 

* Regarding prot ion against multiple 
disability for protection systems 
(GDC 23):

The components of the protection 
system are designed and laid out so 
that the mechanical and thermal 
environment accompanying any 
emergency situation does not inter
fere with a required function.  

The physical arrangement of all 
elements associated with a system 
reduces the probability of a single 
physical event impairing the vital 
functions of the system.

- Isolation of the redundant analog 
channels originates at the process 
sensors and continues along the 
field wiring, an kthrough contain
ment penetrat s to the analog 
racks. Physia separation is used to 
the mam"u practical extent to 
chiýý isola ion of redundant 

nsmitters. Iso tion of field wir
.• nsnutte 

s. tso j 

ng is achieved using separate 
wireways, cable tra , conduit runs, 
and containment pe trations for 
each re dndant channel.  

Prot tio gainst dynamic effe associ
ated ' the postulated rupture of piping 
deals w h pipe restraints, structures, containme egrity, size of pipes, equip

ment supp rts, etc. It does not address 
rotection redundant electrical and 

I&C chann from effects such as pipe 
whip. T~e UFSAR focuses more on trying 
to show that it will not happen.  

*\ A jet impingement shield has been 
installed to protect the steam system pres
sure transducers from a postulated crack 
in the feedwater line.  

* The protective systems are redundant and 
independent for all vital inputs and func
tions. Each channel is functionally inde
pendent of every other channel and 
receives power from two independent 
sources.  

Cables from different RPS, nuclear 
instrument system (NIS), and ESF 
channels are never routed through the 
same penetration. RPS penetrations are 
separated by a minimum center-to-center 
distance of 3 ft (0.9 in), NIS penetrations 
are separated by a minimum center-to
center distance of 6 ft (1.8 in), and ESF 
channels are separated by a horizontal 
distance of approximately 14 ft (4.3 m).  
Additional separation is provided by 
placing one complete channel consisting 
of penetrations on one side of a concrete 
wall separating the electrical penetrations 
into two groups. However, the drawings
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show a wall only on the outside of 
containment.  

When safety-related circuits have been 
modified, new wiring and components 
have been installed so that, as a minimum, 
the separation requirements of RG 1.75 
are met.  

The design philosophy for H. B. Robinson 
provides for separation of redundant circuits to 
minimize vulnerability to the effects of missiles, 
pipe whip, and fluid discharge resulting from a 
HELB. However, the drawings show only one 
containment penetration area with no cabld 
routing details provided. The UFSAR describes 
a concrete wall that separates one complete 
redundant channel from the otheirchannels for 
each in-containment safety-rý -'d f nction.  
However, the drawings in t "_ UFSAR sow a 
wall at the outside of contafiment, but not n the 
inside. Therefore, the I tential exist for 
redundant channels to be routd near eai other 
inside containment and be sxs cepti to the 
effects of a i¶fTh" LB.  

Turk Point, Units 3 & 4: rkey Point 
Units 3& •,are 728 MWe 3- oop PWI reactors 
supplied by Westinghouse t t recei d their 
construction p mits April 27, 967. A iew of 
the UFSAR sho s the followi g design consid
erations: 

" Channelrindepend e (GDC 20) is car
ried througho the system extending 
from the sensor to the relay actuating the 
protective function.  

Regarding protection against multiple 
disability for protection systems 
(GDC 23): 

- Separation of redundant analog 
protection and ESF channels origi
nates at the process sensors and 
continues through the field wiring 
and containment penetrations to the 
analog racks.

0

- Physical separation is used to 
maximum practical extent to 
achieve separtion of redundant 
transmitters.  

- Separation of field wiring is 
achi~ed usi g separate wireways, 

\ca . e trays, c6 duit runs and con
" ,Atainment penetations for each 

0/0, channel.  

Some desi consideratiot for Missile 
rotection )C 40) are:,.  

, ]e primary missile ltection is 
1through prevention of missiles 

r•%ther than missile shielding.  

- Pro ction is also provided by lay
out 'bf equipment or by missile 
"barrirs.

- Dynamic effects of postulated pri
mary loop pipe ruptures have been 
eliminated from the Turkey Point 
design basis based on the resolution 
of GL 84-04.  

- Redundancy and segregation of 
instrumentation and components 
are incorporated to ensure that 
postulated malfunctions will not 
impair the ability of the system to 
meet the design objectives for 
GDC 44.  

"* There are two penetration enclosures for 
each containment that are approximately 
60 degrees apart, thus providing many 
feet of separation.  

"* One penetration enclosure cares for the 
train "A" circuits and the other handles 
redundant train "B".  

"* No more than two protection channels go 
through a given penetration enclosure.  

"* The two channels passing through a 
penetration enclosure are widely sepa
rated vertically and horizontally.
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The design of Turkey Point Units 3 & 4 pro- tions. One PWR facility, Turkey Point 
vides for considerable separation of redundant Units 3 & 4, has two containment penetrations 
electrical and I&C circuits inside containment, separated by approximately 60 degrees and the 
Drawings show two penetration assemblies other PWR, H. B Robinsj, has only one 
about 60 degrees apart with redundant cable runs penetration area with a con. te wall separating 
travelling along widely separated routes, for the redundant channels frorthe other channels.  
most part. There are segments of circuits where Because the drawinsh a wall only on the 
the cable runs are in the same vicinity. Whereas outside of co tai nt, itis otclear that a wall 
there may not be pipe whip problems in those provides sep ation for t in-containment 
areas, this is not stated. portion of channels. Only e plant, Turkey 

•Point U s 3 & 4, indicated chan el routings on 
6.3.2.5 Summary. Forty-one older nuclear drawi gs included in the UIAR. These 
plant units referred to as the Systematic Evalua- drawin showed th t some segmnnts of the 
tion Program Phase III (SEP-III) plants received channels Iave mi a*l separation., wever, it 
construction permits prior to the time when is not clea1 that' ese segments are vul rable to 
documented acceptance criteria were established the dynamic ects of a HELB.  
regarding the effects of pipe break inside con
tainment. The only published criteria were pro- It is conclud , therefore, that the variety and 
posed general design criteria (GDC) that were significance of t SEP-III plant design differ
published in the Federal Registep .l 1,'1967. ences precludes ching a general statement 
The proposed GDC served nterim guiance re ing the adeqcy of protection against the 
until the GDC were fina zed July 7, 1)71. ects of 'mniiles, pipe whip, and fluid dis
While an interpretation of the GDC ckuld harge resulting from HELBs inside the primary 
require designs that protect aga st the eff ts of ntainment. While some plant designs provide 
missiles, pipe whip, and fluid isch rom th basic capability to provide adequate protec
HELBs, pip ",nipnot specificall, mentioned. ý, plant specific designs must be reviewed in 
and guidaie to provide foauniform application ,"/greater detail than that found in the UFSARs to 
of the GD( was not issued til 197 or later. determine whether there is adequate protection 
Although the RC reviewed tese pla s, there against the effects of missiles, pipe whip, and 
is a potential la k of uniformity rn those r views fluid discharge resulting from HELBs inside the 
due to the abse ce of docume ~ted ac, t•Sance primary containment.  
criteria.  

"• ] 6.3.3 CCW System 
The UFSARs of our S -III plants, two 

PWRs and two BWRs, w ~reviewed to assess 6.3.3.1I Introduction. This section 
the plant designs with gard to providing ade- describes the normal operation and post-accident 
quate protection against the effects of missiles, functional requirements of Component Cooling 
pipe whip, and fluid discharge resulting from Water (CCW) systems, and the effects of CCW 
HELBs inside the primary containment. These pipe breaks inside containment. Although the 
plants were selected based upon being some of basic functions of CCW are the same for various 
the oldest of the SEP-Ifi plants and on the avail- designs of PWRs, there are significant 
ability of UFSAR information, differences in design, classification, and the

There are considerable differences in the 
plant designs related to protection against the 
effects of missiles, pipe whip, and fluid dis
charge resulting from HELBs inside the primary 
containment. The two BWR plants have four 
penetrations, one in each quadrant, that provide 
the capability for adequate physical separation 
of redundant channels of safety-related func-

system licensing bases from one facility to the 
next. For example, some multi-unit facilities 
operate with a "shared" CCW system that can be 
divided into separate trains for each unit in the 
event of an abnormal or emergency condition, 
with a redundant trains capable of supplying 
cooling water to either unit. Other system 
designs provide a separate, dedicated CCW
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system for each unit, each system with 
redundant safety-related trains.  

Newer plant designs meet 10 CFR 50, 
Appendix A, General Design Criteria (GDC) 
and NUREG-0800 (Standard Review Plan) 
requirements for containment isolation, cooling 
water system design, and classification (safety, 
quality, and ASME Code). However, most older 
plants were designed and licensed based on the 
designer's "interpretation of the intent" of the 
draft GDC published in 1967, and may not be 
licensed to meet all 1OCFR50, Appendix A, 
GDC or NUREG-0800 requirements. Two major 
differences between the draft GDC of 1967 and, 
the final GDC published in IOCFR50 in 1976\ 
are in the requirements for primary containment 
isolation and cooling water systems.  

GDC 54 requires tha piping s stems 

penetrating containment e provided with 
redundant and reliable isola ion and contai] ment 
capabilities. GDC 57 re uires .tha/ lines 
penetrating- primary containme t that are neither 
connected reactor coo pr ure 
bounda nor connected dirr tlv to te.  
containmm ,nt atmosphere provi ed with at 
least one locked-closed, mote- nual, or 
automatic-is lation valve outs e conta ment (a 
simple check valve cannot e used~n this 
application). A ough GDC 5 allows the use 
of only one conta ment isolaf n valve for each 
CCW line penetra ing cont ment, redundant 
barriers are required. Per G-0800, Section 
6.2.4, paragraph 11.1. the use of a closed 
system inside contai ent as an isolation barrier 
is acceptable provided it satisfies the following 
requirements: 

"* The system does not communicate with 
either the RCS or the containment 
atmosphere 

"* The system is protected against missiles 
and pipe whip 

" The system is designated Seismic 
Category I 

"* The system is classified Safety Class 2 
(equivalent to ASME Code, Class 2)

* :The system is designed to withstand 
temperatures at least equivalent to 
containment design temperature 

* The system is de ned to withstand the 
external press re from the containment 
structure a tanc test 

e The stem is design d to withstand a 
A transient and envfronment.  

In lieu of the isolatio capability 
require ents of C 54 and 5 for CCW 
systems. kome e~r plants credit the se of one 

containmen isolation valve loca d outside 
containmen combined with a closed system 
outside containment to provide redundant 
isolation bar*ers. While NUREG-0800, Section 6.2.4, do s not discuss the acceptability 

ofa msscenario r closed loop cooling water 

stems, closed syste" "ms outside containment are 
(discussed iff"paragraph II.6.e as a possibly 

acceptable alternative for compliance with the 
ouble containment isolation valve requirements 

jfGDC 55 and 56. (GDC 55 and 56 apply to 
S. lines penetrating containment that are either part 

of the reactor coolant pressure boundary or 
connect directly to containment atmosphere, i.e., 
ECCS or containment atmosphere control 

systems.) This paragraph states that a single 
isolation valve will be acceptable if it can be 
shown that system reliability is greater with only 

one isolation valve in the line, the system is 
closed outside containment, and a single failure 
can be accommodated with only one isolation 

valve in the line. The closed system outside 
containment should be protected from missiles, 

designed to Seismic Category I standards, 
classified Safety Class 2, and should have a 
design temperature and pressure rating at least 
equal to that of the containment.  

GDC 44 and NUREG-0800, Section 9.2.2, 
for auxiliary cooling water systems, require 
(among many other things) that CCW systems 
have sufficient redundancy so that system safety 
functions can be performed assuming a single 

active component failure coincident with the 
loss of off-site power, and the capability to 
isolate components, systems and piping as
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necessary so that system safety function will not designs segregate cooling loads to vital and 
be compromised. nonvital headers. Vital components are those 

that are required to bring the plant to safe 
For purposes of comparison, the typical shutdown or to mitigate the consequences of 

functions for normal and post-accident CCW accidents and are supplied f redundant trains 
system operation are outlined below for typical of CCW. Typical vita cooling loads may 
later vintage Westinghouse PWRs, followed by include: 
specific differences noted at a SEP-III plant. The 00 
selected SEP-III plant used for comparison is the 0 Residua heat remo 1 (RHR) heat 
Point Beach Nuclear Plant, Units I and 2, which exch gers 
is an older two-loop Westinghouse PWR design.  

A simplified schematic of a typical PWR plant * R/low-pressure safety inj ction (LPSI) 
CCW system is shown in Figure 6-1. Although a d high-press e safety injec on (HPSI) 
the "typical" CCW system design and the pu and se oolers 
specific design differences of the SEP-III PWR 
are noted in this report, the specific current • Letdoheatexchanger 
licensing bases for each SEP-Ill facility were not 
researched in detail. 9 Reactor c olant pump (RCP) seal water S......... heat exchan' ers 

6.3.3.2 Normal System 0)r atiot, The \ 
primary operational function a CCW stem • eactor containment fan coolers 
is to transfer heat from van uis equipment tc the ".0 
service water system duri• the coursf of Containment penetration coolers (some 
normal plant operations. CCWis a close)-iloop containment designs do have penetration 
cooling system that provides, an iwface cooling) 
between e men ~coolers andplant hýa.  
exchanger and the envirdnment. Raw service "\f. Spent fuel pool cooling heat exchangers 
water often resents corrosio probleks (due to (may be vital or nonvital depending on 
salt water) or rosion and valve eating ooblems licensing basis) 
(due to silt a d debris). The probleh s are 
minimized by use of a inter ediate * Centrifugal charging pump coolers.  
demineralized w er cooling stem (CCW).  
Additionally, an 'ntermediat closed loop The nonvital components may not be 
cooling system lesse the lii'hood of release required to meet the above classification and 
of radioactive contaminati o the environment, qualification requirements provided adequate 
The majority of the co rs and heat exchangers isolation capability exists. Typical nonvital 
served by CCW have radioactive fluid on the cooling loads include: 
primary side.

The CCW system provides cooling to 
components both inside and outside primary 
containment. The CCW system (or portions of 
the system) that perform cooling functions 
important to safety for emergency core cooling, 
post-accident containment heat removal, reactor 
shutdown, residual heat removal and spent fuel 
cooling are classified and qualified Seismic 
Category I, safety-related, ASME Class 3 
(Quality Group C). However, portions of the 
system penetrating primary containment would 
be ASME Class 2 (Quality Group B). Some

* Excess letdown heat exchanger

* Reactor coolant drain tank heat exchanger
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"* Liquid waste evaporators and waste gas 
compressors 

"* Primary sample heat exchangers

Redundant trains are equipped with separate 
surge tanks or a single surge tank separated into 
two halves by baffles that prevent a leak or 
rupture in one train from disabling both trains.

"* Boron recycle system components In the event of a LOCA, all CCW pumps are 
placed into service and vi loops, if cross

" Positive displacement charging pump connected, are separat (r uires operator 
coolers action). A high-hi pary containment 

pressure (conta me• t isolation signal) 
" RCP motor, bearing, and thermal barrier automatically is ate , o vital cooling loads 

coolers inside contt neit.CC to the RCPs, RCP 
hm a and the e ce letdown heat 

Spent fuel pool cooling heat exchangers exh ger n nvital and n t be protected 
(may be vital or nonvital depending on f nr siles, but are not r ir d for post
licensing basis). acci n cooling. e exces ow heat 

excha e nd t C oolers are ec sary for 
Surge tanks provide a means of chemic normal la pe n but are not q red to 

addition, provide surge volume in the event o mitigate e c quences of an acci t or to 
system temperature changes, and provide bg the n to the safe shutdown condition.  
inventory in the event of small system leaks. o ver, C ystems are designed such that 
Heat from CCW cooling loads iic ged to a as .e fa ur of these nonvital CCW 
the service water system v tf heat com e insi e ntainment would not result 
exchangers. . the s f v a component cooling. The 

C vital up and return lines penetrating 
6.3.3.3 Post-Accide LB c ntainment e containment fan coolers) are 
Functional Re uiremen e de n sis e ipped with containment isolation valves 
for CCW sy ms is rovid gc g er "C C s). These CIVs are typically remote manual 
requiredfr n er n d a ecessa ot r-operated valves (MOVs) that do not 
under 1 tr sient a nt tu tions. For eive an automatic containment isolation 
dual un s tems, the d i is d uate to closure signal. However, the vital CCW piping 
mitigate t onsequences f d i basis and components inside containment are 
LOCA in on unit coin 'd t th safe protected from missiles (piping and components 
shutdown of t oer unit. are located behind the missile barrier).  

Alarms in t e ain nt I1 room are Loss of CCW to the RCP thermal barrier 
provided to indic e ow o low pressure, contributes to RCP seal failure (seal injection 
high/low surge tan v , hi emperature, and provides some cooling to the seals; seal injection 
high radiation level (i i ng in-leakage to the comes from the CVCS and the RCP seal 
CCW system). System ow pressure results in injection coolers are cooled by CCW). However, 
auto-start of the redundant pump. this is not typically considered a safety-related

The CCW system is designed to perform its 
required functions given an active or passive 
failure. Makeup may be provided from the 
demineralized water and/or primary makeup 
water systems, but may require manual 
initiation. Surge tanks are not sized to 
accommodate large leaks or system pipe breaks.  
However, all vital components in each unit are 
supplied by redundant trains of CCW.

function, especially if the loss of coolant due to 
seal failure is within the capacity of normal 
makeup (see the exclusion criteria of 
10 CFR 50.55a(c)(2), also NUREGs-0718 and 
0737). The CCW system is designed such that 
any leakage would be within the primary 
containment. In the event of a failure of the 
thermal barrier cooler, a check valve in the 
thermal barrier cooling supply line and an 
automatically operated power-operated valve in

NUREGICR-6395124



Ranking and Quantification of SEP-III Plant Pipe Breaks Inside Containment

the return line are designed to provide isolation.  
In the event of significant in-leakage from the 
thermal barrier, high flow would be sensed in 
the CCW return line resulting in auto closure of 
the return line isolation valve inside 
containment. All CCW piping and components 
between the thermal barrier cooling supply 
check valve and the return isolation valve are 
designed for full RCS pressure and temperature.  
In the event that the automatic valve failed to 
close, leakage would be detected by high CCW 
radiation levels and rising surge tank level (both 
annunciated in the control room). The redundant 
CCW return line outboard isolation valve would, 
then provide a means of leak isolation.  

Since the older CCW systems designs 
typically do not have a safety-related makeup 
source and the system surge tan - not sized to 
accommodate a significant l of fluid, dCCW 
pipe break inside conta *ment would likely 
result in the loss of CCW 1'tnction if the reak 
inside containment is not ridly isolatejf. This 
would cause--a loss of cooling to numerous 
components r d for accident aigatio-"rnd 
safe shut wn of the reac r.  

6.3.3.4 Significant D erences 
Between int Beach N lear P nt and 
Newer Plan CCW Syste s. Poi Beach Nuclear Plant, Units I and 2, •ere selected for 
comparison from'the list of •EP-III plants to 
illustrate the differ ces that ay exist between older SEP-III plant•CWystem designs and 

newer plant CCW sy designs. Significant 
differences at Point ach are: 

* Containment fan coolers and the spent 
fuel cooling heat exchangers are supplied 

with cooling water by the service water 
system in lieu of CCW. CCW vital 

cooling loads include: the RHR heat 
exchangers, the RHRILPSI pump seal 
water heat exchangers, and the HPSI 
pump-seal-water heat exchangers, and the 
containment spray pump seal water 
coolers.  

* Nonvital loads include: the letdown heat 
exchangers, sample coolers, boric acid 
evaporators, RCP seal water heat

exchangers, radwaste system component 
cooling, RCP motor and bearing coolers, 
RCP thermal barn coolers, and the 
excess letdown heat e hanger.  

* Neither RCP se• injection or thermal 
barrier co g ai• considered safety
erelate ftifctions at int Beach; instead, 

they y on these re ndant non-safety
rtted means to ensur integrity of the 
rreactor coolant pressure undary at the 
RCP seals.  

* P P~nt Be has no licensing re uirements 
for t apability to achieve r maintain 
cold "hutdown using only safety-related 
equipm'ent as outlined in NRC Reactor 
"Systems "ranch Position RSB 5-1 for 
cold shutk.wn capabilities. Point Beach 

j* maintains ýthat their licensed safe 
shutdown condition is for hot shutdown.  
Theref~re, the shutdown cooling function 

Sof the RHR system is not considered 
safety-related. However, FSAR Chapter 
14 credits the shutdown cooling function 
"of RHR in mitigation of main steam line 
break and steam generator tube rupture 
accidents.  

* The Point Beach CCW system design 
provides a dedicated CCW system for 
each unit. Each unit's CCW system 
contains two pumps and two heat 
exchangers. The Unit I and 2 CCW 
systems may be cross-connected via 
normally closed manual isolation valves at 
the pump suction and discharge, and one 
heat exchanger in each system may be 
aligned to the opposite unit. However, the 
CCW systems do not meet the separability 
and redundancy requirements of GDC 44 
and NUREG-0800, Section 9.2.2, as the 
CCW pumps, CCW heat exchangers, and 
vital loads share common supply and 
return lines.  

Nonvital cooling loads do not have remote 
isolation capability. Nonvital component 
isolation valves consist of manual gate or 
globe valves at the component suction and 
discharge.
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The CCW supply and return lines (three 
each) inside containment to the excess 
letdown heat exchanger and the RCP 
motor, bearing, and thermal barrier 
coolers are not missile protected. The 
supply lines to the RCPs contain a MOV 
outside containment and a check valve 
inside containment. However, only the 
MOVs are designated as containment 
isolation valves. The RCP return lines 
have a single MOV containment isolation 
valve located outside containment. The 
excess letdown heat exchanger supply line 
contains a single check valve inside 
containment. The return line contains a 
fail-closed air-operated valve (AOV) for 
containment isolation. None of the 
containment isolation valves-are capable 
of auto closure. In lieu of redundant 
containment isolation valv ,Point "leach 
credits the CCW ystem ouside 
containment as a "cled- system outide 
containment." Therefre, the tire 
system outside containmn t, excludi g the 
branch liW o the radwast coý ds, 
are .Ansideied ,an ex _nsion 
continment and are\Seismic Category I 
and \SME Class 2. is not nown if 
leakag testing is perfo d on th system 
outside ctainment.tn 

Common co~tainment su ly and return 
headers con'in addiinal isolation 
capability to is late a eak in the lines 
inside containment OV on the supply 
line and check ve on the return line).  
However, operator action would be 
required to isolate a break. The CCW 
lines inside containment range in size 
from I to 4 in. (25 to 102 mm). Loss of 
system inventory due to a line break 
inside containment would result in a loss 
of system safety function if the lost 
inventory exceeded the volume of the 
surge tank without makeup. The normal 
volume of the surge tank (middle of the 
high-low level band) is 1,000 gallons 
(4,546 L). Point Beach relies on redundant 
non-safety-related makeup sources to the 
CCW system, one from the plant

demineralizers and one from the reactor 
makeup tank. Leakage from a line break 
in excess of the surge tank volume could.  
also jeopardize contain ent integrity due 
to the potential of in ased containment 
atmospheric leakage from the loss of a 
water seal in)e ýCW system outside 
contai men/ 

6.3.3.5 onclusions. older nuclear 

rapid los\ of syste p•inventory. A C •W break 
Sinside prim containment woul require 

\ operator acti n to isolate the break- . Plant
specific analyt s would be required to determine 

withe allowable orrator response time for closure 

\of the CIVs. Al wable isolation time would 

depend on surge ta k volume, system pressure, 
qu~f~d .makeup ources (if any), and break 
te. Failure b isolate the break in a timely 

X anner woul result in a loss of CCW system 

flnction. A loss-of-system function would be 

sipnificant as it would result in a loss of cooling 

ther towsafety-related components necessary for 

"-,,ofaccident mitigation and safe shutdown, 

including: 

d Residual heat removal heat exchangers 

* RHRiLPSI and HPSI pump and seal 

coolers 

* Letdown heat exchanger 

I Reactor coolant pump seal water heat 

exchangers 

* Reactor containment fan coolers 

* Containment penetration coolers (some 

containment designs do have penetration 

cooling) 

L Spent fuel pool cooling heat exchangers 

(may be vital or nonvital depending on 

licensing basis) 

* Centrifugal charging pump coolers.
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In lieu of double containment isolation 
valves, some plants credit a single containment 
isolation valve and a "closed system outside 
containment" as the redundant barriers. Where 
only one containment isolation valve is provided 
and the second barrier is provided by a "closed 
system outside containment," failure of the 
power operated valve to close (either due to 
valve failure or operator inaction), or loss of 
valve power (MOVs fail "as is") could also 
result in loss of containment integrity due to 
voiding of piping outside containment and a loss 
of a water sealing.  

Additionally, older plant CCW systems ma' 
not provide the redundancy, separability, or 
isolation capabilities of later plant designs; 
therefore, they may not be- capable of 
performing required safety fu &Qns given ar 
passive failure of piping or c onents.  

6.3.4 RBCCW System , 
A simplified schematic o,4\a typical reactor 

building clo'oling water (RB tern 
is shown$"Figure 6-2. RBCCW i a closed loP.  
cooling stem which p vides n interface 
between uipment coole and lant heat 
exchangers nd the environ ent. Ra service 
water often esents corrosio (salt w ter) or 
erosion (silt d debris) oblems¶ These 
problems are inimized 

use of an 

intermediate de nneralized water cooling 
system (RBCCW). A dditi ly, an intermediate 
closed loop coolin system lessens the 
likelihood of ease of radioactive 
contamination to the environment. The majority 
of the coolers and heat exchangers served by 
RBCCW have radioactive fluid on the primary 
side. Although the basic functions of RBCCW 
are the same for BWR/2, BWR/3, and BWR/4 
reactor plants, there are significant differences in 
design, classification, and the system licensing 
bases from one facility to the next. For example, 
the spent fuel pool cooling system is safety
related at some facilities and nonsafety-related at 
others. The system design and containment 
isolation provisions may meet 10 CFR 50, 
Appendix A, General Design Criteria (GDC) at 
some plants. However, most older plants were 
designed and licensed based on the designer's

"interpretation of the intent" of the draft GDC 
published in 1967. Two major differences 
between the draft GDC of 1967 and the final 
GDC published in 10 CFR in 1976 are in the 
requirements for prima containment isolation 
and cooling water syst s. The list of SEP-III 
plants includes op(BW 2, four BWR/3, and 
eleven B 4"qeactors. e typical functions 
for norma nd post-accide RBCCW system 
operati are outlined in the below, followed by 
spe4c differences noted at the SEP-III plants.  
Aith gh the "typi al" RBCCW stem design 
and t specific Resign differe es of the 
SEP-III WRe re noted in this port, the 
specific cu t licensing bases for ch facility 
were not re arched.  

"6.3.4. 1 N mal System Operation. The 
RBCCW syst provides cooling to 
co Qnents in th reactor building and drywell.  

pical cooling oads include: 

1. Drywell sump heat exchangers (non

safety-related) 

Drywell coolers (non-safety-related) 

3. Drywell compressor heat exchangers 
(non-safety-related) 

4. Recirculation pump seal, motor, and 
pump bearing coolers (non-safety-related)

5. CVCS system nonregenerative 
exchanger (non-safety-related)

heat

6. Reactor water cleanup system pump cool
ers (non-safety-related) 

7. Spent fuel pool cooling system heat 
exchangers (may or may not be safety
related) 

8. RHR/shutdown cooling pump bearing 
coolers and pump seal coolers (may or 
may not be safety-related)
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9. Reactor building drain tank 
exchanger (nonsafety-related)

heat

10. Control rod -drive pump coolers 
(nonsafety-related)

11. Post accident sample coolers (nonsafety
related).  

Heat from the RBCCW is typically dis
charged to the service water system via the 
RBCCW heat exchangers.  

6.3.4.2 Post-Accident/HELB Func-.
tional Requirements. The cooling 14 
inside containment are nonsafety related.  
drywell coolers, sump heat exchangers, 
recirculation pump coolers are necessary 
normal plant operation, but ar not r ire 
mitigate the consequences an nden c 
bring the plant to thei s e s#lown cid 
Loss of RBCCW to r ir lation pum s 
may result in seal failur . wever, 0iov 

cooling wat t irculati n mpeals2 
typically ited as *safe -r ted 1 
especi i'fl e~& o cool t 'f within 
capac normalm ineu [se t exclu 
criteria f QCFR50.55a( (2

The supply an rAurn line\pene
trating cont n ent a eq *d wiVCIVs.  
However, th \CIVs arel t ically remote 
manual motor-eer led val es OVs) that do 
not receive an a o ti co inment isolation 
closure signal. d itio y, the isolation 
provisions may mee t requirements of GDC 
54, and 56 or 57, o IOCFR50 Appendix A.  
GDC 57 allows a single containment isolation 
valve outside for isolation of closed systems 
inside containment. However, NUREG-0800, 
Section 6.2.4, Containment Isolation System, 
Paragraph 1.6.o., requires (among other things) 
that closed systems inside containment be 
protected against missiles and pipe whip, be 
Seismic Category I, and be Safety Class 2 
(ASME Code Class 2). In many older BWRs, 
there may be only one isolation valve since the 
system may be considered a closed system 
inside containment, even though the portion of 
the system inside containment may not be 
Seismic Category I or ASME Code Class 2. This

is because the older plants were licensed to 
10 CFR 50, Appendix A, and NUREG-0800 
requirements. Although the RBCCW CIVs do 
not typically close autom *ca in response to a 
containment isolatio .si , some designs 
incorporate isolati val that close automati
cally in respon to w BCCW system pres
sure signal is non es ntial cooling loads.  

R C Cooling loads ut Wde containment 
a ty o lly considered n s ety-related at 
o er ants, although there ar 1ic nsing differ

enc tween f it s. Loads t t ay be con
sider fet ela would be: e ent fuel 
pool c ol g h exchangers; the pump 
bearing ool s, pump seal coolers, and room 

olers. n lants have re-analyzed the need 
r e RH p p and room coolers and have 

re't, ed t at they are not necessary to 
nitfgate e co ,se ences of an accident or to 
ri hla to shutdown.  

The RBC systems typically do not have a 
fety-related makeup source and the system 

s ge tank is not sized to accommodate a 
s ificant loss of fluid. Therefore, an RBCCW 

,pipe break inside containment would likely
result in the loss of RBCCW function if the 
break inside containment is not automatically 
isolated. Loss of RBCCW cooling would not be 
significant if no cooling loads are safety-related.  
However, depending on the facility, a loss of 
RBCCW could result in loss of cooling to some 
safety-related components. These cases are spe
cifically identified in the following sections. For 
facilities where RBCCW is not equipped with 
redundant CIVs, an RBCCW pipe break inside 
containment could result in a loss of contain
ment integrity if a single containment isolation 
valve failed to close in response to remote 
manual operation.

6.3.4.3 Comparison to RBCCW 
Systems in Newer Plants. A cursory review 
of newer BWR plant designs (BWR/5s: Nine 
Mile Point 2, LaSalle 1&2, WNP-2, and 
BWR/6s: Clinton, Perry l&2, River Bend, and 
Grand Gulf) was performed for the purposes of 
comparison to the older plant designs. Except 
for LaSalle 1&2, the RBCCW systems at all 
plants provide cooling water to some
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2. There are four RBCCW lines that pene
trate containment, two lines (supply and 
return) for the recirculation pump coolers, 
and two lines (supply and return) for the 
drywell coolers. A single check valve out
side containment provides primary con
tainment isolation for the supply lines. A 
single DC-powered MOV outside

loads are normally supplies from train 
"B." There are two RBCCW lines that 
penetrate containment with one CIV in 
each line. The supply line CIV is a check 
valve located outside containment. The 
return line CIV is an MOV located out
side containment. There are also MOV 
isolation valves for the non-critical 
cooling loads (including containment). It

NUREG/CR-6395

safety-related components (e.g., the spent fuel containment provides primary 
pool heat exchangers, ECCS pump and room containment isolation for the return lines.  
coolers, control room coolers, and RHR pump It is not known whether these MOVs 
seal coolers) during normal operation. However, close automatically in response to low 
in abnormal or emergency situations, these system pressure for containment 
cooling loads are automatically or manually isolation.  
aligned to a safety-related cooling water system.  
At LaSalle l&2, the licensing basis for RBCCW 6.3.4.5 ant% Monticello, Dres
is that the system performs no safety-related den 3, and Q d Cities I ant are the BWR3, 
functions since it is not necessary for safe plant SEP-rn p1 s. Significantifrences from the 
shutdown during or after a design basis LOCA. "typica" CCW system design\,are as follows: 
All the newer plant designs comply with the 
containment isolation requirements of GDC 54 1. wo RBCC lines pe trate the 
and 57. All the newer BWRs have remote man- co tainment.iere are two'CI¾ for each 
ual CIVs and, except at Grand Gulf and LaSalle, pipig lpftration, one gutse con
all the RBCCW CIVs close automatically upon tainmeand one inside containment. The 
receipt of a safety injection signal. It is also CIVs ar MOVs except that the inside 
interesting that the FSARs of somenewer plants CIV on he RBCCW supply line is a 
(River Bend) specifically state the recirculation check val . The MOVs do not close 
pump seal coolers are not safet e a ed, while automaticall in response to low system 
others (WNP-2) specifically te that prov ing pressure or containment isolation.  
cooling water to the recir ulation pump real I 

coolers is a safety-related funtion. Even along . At Qud Cities, RBCCW does not supply 
the newer plants, the licensing basis differ from the RHR pump coolers.  
one facility to the next. 64 tI as. h B •~~ ~ -jf-4 " • .4.6 BWR/4 Plants. The BWR/4, 
6.3.4.4 BWR/2 Plantk Nine ile Point 1 '. EP-III plants are: Pilgrim, Vermont Yankee, 

is the only EP-III plant tha is a B R/2. Sig- Browns Ferry 1, 2, and 3, Peach Bottom 3 and 4, 
nificant diffe nces from the pical" BCCW Duane Arnold, Cooper, Hatch 1, Fitzpatrick, and 
system design e as follows: Brunswick 2. Significant differences from the e -as i I"typical" RBCCW system design are as follows: 

1. RBCCW s plies coolin to the shut
down coolin heat exch gers. It is not 1. At Pilgrim, RBCCW supplies RCIC area 
known wheth shut wn cooling is coolers, HPCI area coolers, core spray 
safety-related; how r, it typically is not pump thrust bearing coolers, and the RHR 
considered safet elated at older plants heat exchangers. These safety-related 
such as Nine Mile Point 1. Nine Mile cooling loads are normally supplied 
Point I has separate LPCI and shutdown directly by service water. Cooling loads 
cooling systems. For later vintage BWR are split between two independent trains 
plants with RHR systems, the RHR of RBCCW. Two normally closed manual 
pumps also perform ECCS functions valves isolate the supply and return cross
(LPCI). ties between trains. The containment
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is not known whether these MOV 
isolation valves receive an automatic 
closure signal in response to system low 
pressure.  

2. At Vermont Yankee, the CIV on the 
RBCCW supply line is a single check 
valve outside containment. The CIV on 
the return line is a single MOV outside 
containment.  

3. At Brown's Ferry, the RBCCW supply 
line to containment is equipped with two 
CIVs, an MOV and a check valve, both 
outside containment. The RBCCW retu 
line from containment is equipped withh 
two CIVs, both MOVs located outside 
containment. RBCCW does not supply 
the RHRcoolers.  

4. At Peach Bottom, t ,drywell air c lers, 
drywell sump cooler, and ýthhe recirci ation 
pump motor coolers cooled by sepa
rate chilled water syste , which may be 
cross- 'ted to RBCCW an er
gear. RBCdW sipplies th'ereciculai"k 
se• coolers and o coole . The four 40 
chil] d water lines tha penetr e primary 
contai ment (two sup y lines nd two 
return es) are equip d with single 
MOV C V located out ide co tainment 
on each lin There are t o RBCCW lines 
that penetra contain ent (one supply 
and one retur). B RBCCW penetra
tions are equip with a single MOV 
CIV located o side containment. None of 
these MOV CIVs receive automatic clo
sure signals. RBCCW does not supply the 
RHR coolers. RBCCW may provide spent 
fuel pool cooling via removable spool 
pieces.  

5. Duane Arnold has one MOV CIV on the 
supply line to primary containment and 
one CIV on the return line from primary 
containment, both located outside the 
penetration. Both valves receive an auto
matic isolation signal in the event of low 
reactor vessel water level. RBCCW does 
not supply the RHR pump coolers.

6. At Cooper, RBCCW (called the reactor 
equipment cooling system) supplies 
HPCI, core spray, aid RHR pump area 
coolers which are re ired post-accident.  
The containment*lation valves (MOV 
outside and cshei valve inside on the 
supply linvOV outside on the return 
line) o fot receive n automatic closure 
Sign from thecon ainment isolation 
s em; however, an i lation valve in 
each supply line to noncritical cooling 
loads closes utomatically il the event of 
10w syste pressure. Th\ RBCCW 
system supplied directly frm service 
water 11 non-critical portin's of the 
RBC W system are non-seismic (Seismic 
Catego II), including piping inside the 
drywell, nd supply piping to the RWCU, 
CRD, fu pool, and sample heat 
exchangersý 

7. At Brtfswick, the RBCCW supply line to 
containment has an MOV CIV outside 
and a check valve inside. The check valve 
is not considered a CIV. The RBCCW 
return line has an MOV CIV outside 
containment. The MOVs do not receive 
an auto closure signal. There are also two 
2-in. (51-mm) RBCCW sample lines that 
penetrate primary containment. Each 
sample line has a single AOV CIV, which 
does not receive an automatic closure 
signal. The RHR pumps are not supplied 
by RBCCW.  

8. At Hatch, RBCCW does not supply the 
RHR pump coolers or the drywell coolers.  
The drywell air coolers are cooled by a 
separate chilled water system. Both the 
drywell chilled water system and 
RBCCW have a single MOV CIV located 
outside containment for each primary 
containment penetration. It is not known 
whether the CIVs receive an automatic 
closure signal.  

9. At Fitzpatrick, the drywell cooling loads 
are normally supplied by RBCCW via 
four supply lines and four return lines.  
Each primary penetration has a single 
AOV isolation valve located outside con-
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tainment. It is not known whether the on surge tank volume, system pressure, qualified 
CIVs receive an automatic closure signal. makeup sources (if any), and break size.  
However, emergency service water 
(ESW) may also be used for cooling. Many RBCCW system dekgns do not incor
ESW ties into the RBCCW supply and porate double containme isolation valves.  
return lines outside of the CIVs. Each Where only one isolationvalve is provided, a 
ESW supply line is normally isolated by a single failure (valvefilu~ to close or loss of 
closed MOV. ESW also supplies the RHR power to M Vs _fch fail'"as is") could result 
pump coolers. in loss of sys m function du to inventory loss 

and a loss containment inte ity. Where dou
6.3.4.7 Conclusions. A break of an ble C are provided, but the valves do not RBCCW line inside containment would result in close •utomatically, operator act.I ~n would be a rapid loss of system inventory. Typically, require tto ensure co tainment in'te ,lity. Where 
ClVs on the RBCCW supply and return lines to containm ent cooli loads are supp'•ed by a 
containment do not close automatically. Failure " .. separate c l'led, ter system, the sam. oncerns 
to isolate the break in a timely manner would \ exist (single o•ntainment isolation valves that 
result in a loss of RBCCW system function. A \ may not auto- lose). All CIVs should be tested 
loss of system function would not be significant \ in the Inservice Testing Program to verify clo
at facilities where RBCCW performs" no safety- \ sure capability a, the Appendix J Program to 
related cooling functions. EGGS a "ooncool- \ verify leak-tight int~~rity.  
ers, EGGS pump and seal coo s, and spen fuel .
pool cooling heat exchafft~ers may per0/rm •qhe Pilgri•.BCCW system cools numerous 
safety-related cooling functiob-is, dependinj on \afetY-related components; however, the plant 
plant-specific analyses and li~ensing r~uire- !1•BCC•W system differs from the typical design 
ments. Plant-specific reviews o'" the sing, in\ that there are two independent trains with bases woul erqired .to deter e whet'h S et~y-related cooling loads split between trains.  
cooling fothese componenits is safel.-related. "...#All drywell cooling loads are supplied by train 

•x " \ •"B". Therefore, a break inside containment 
Typically," an RBCCW bre•! inside ,ontain- would not result in a total loss of system func

ment would reuire operator act tn to iso/•te the tion, although loss of containment integrity may 
break. Plant-spe fic analyses w uld be r~uired still be a concern.  
to determine the' llowable operator response 
time for closure o\f xthe conta ment isolation valves. Allowable isaol a e would depend 

RBC ieisd otanetwudrsl n ls tmtcly peao-cnwudb
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7. COST ANALYSIS

Various changes in plant hardware and pro
cedures 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. A list of corrective 
actions that could reduce the pipe break prob
abilities of light-water reactor (LWR) piping 
follow.  

7.1 Possible Corrective 
Actions 

7.1.1 Plant Design Changes 

Plant design changes can be tM mitigate 
degradation or to enhance ptd[ protectio\ for 
accident sequences involvin pipe breaks.) 

a. Install additional auxiiry fee ater 
pump (PWR) 

Addi a separate/redundan feed pum 
wo d increase reliab Ity of th protective 
syste and decrease re iance o feed and 
bleed.  

b. Install au*liary feedwate pump circu
lation line ( WR) 

A recirculation ine wou allow operators 
to control auxil'iary dwater flow more 
precisely and re e temperature swings 
on the feedwate nozzle, which is a cause 
of nozzle fatigue cracking.  

c. Preheat auxiliary feedwater (PWR) 

Preheated auxiliary feedwater would 
reduce thermal shocks on feedwater noz
zles and piping and would slow the accu
mulation of fatigue damage at these 
locations.

d. Enhance leak detection (PWR and BWR) 

This action would all6  the plant to be 
shut down for repair re quickly once a 
leak develops. Ot rwise, the leak may 
grow until theris a ipe break. However, 
there i a conomi benefit to keeping 
the pla online as lon as possible until 
the nical specificatio leakage limit is 
r ched. This would depen on the length 

f time into the operating c cle, the util
s load, an the availabili of other 

pI ts in t system. Based on these 
high y v ble considerations, re may 
be n overall cost advantage in this 
change. Consequently, no costs were 
estimate or this action.  

e. Replace piping with alternate material 
BWR) / 

Alternate materials which are more resis
tant to IGSCC and fatigue than the exist
ing piping material would reduce the 
probability of pipe break. The use of 
solution heat treatment or heat sink 
welding would upgrade the material 
(NRC, 1988c). Portions of systems con
taining pipe break locations would be 
affected.  

7.1.2 Protective Hardware 

Plant modifications can be made to prevent 
or minimize damage to other (target) compo
nents in the event of a pipe break or major leak.  

a. Install jet shields (PWR and BWR) 

Jet shields provide barriers that protect 
potential targets from jet impingement 
caused by large leaks. The cost estimate 
assumes two large jet shields per plant 
would be required.  

b. Install whip restraints (PWR and BWR) 

Whip restraints limit travel of a ruptured 
pipe so that it cannot impact adjacent tar-
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gets. The cost estimate assumes eight IGSCC cracks along the circumference of 
large whip restraints would be required. the pipe. If the crack grows to the overlay 

material interface, there would be a 
c. Install impact absorbers (PWR and BWR) significant weakening of the pipe. The use 

of weld overlays also bI ngs into question 
Impact absorbers deform to absorb energy the ability of ultrason' est techniques to 
from a whipping pipe before it contacts a find cracks befor ey reach a critical 
safety-significant target. An example is a flaw size. Be aus of these negative 
network of crushable plates placed at aspects of oIdover s, they will not be 
strategic locations on the interiors of some costed r potential pip break mitigation.  
BWR Mark I containments. The cost 
estimate assumes that impact absorbers of c., C duct stress improv ent process 
the same design used on current BWRs WR) 
that have already been analyzed and 
tested for impact absorbing capability will St ss impro ent processes ave been 
be used. Limited areas of the containment dev lope at place the surfa of the 
interior vulnerable to specifically identi- metal 'ompression and ther y reduce 
fied pipe break locations would be the pot ntial for crack growth. The cost 
shielded. The cost estimate assumes that estimate ssumes that an existing tech
an existing impact absorb-er design is nique is us d.  
used. No costs associatedorth develop
ing, analyzing, and te --g new de igns 7.1. Operatin rocedure Changes 
were assumed.  

m Plant opeirling and/or procedure changes can 
7.1.3 Preventive Hardwa / made that will mitigate the effects of degra

d tion mechanisms that may cause pipe breaks.  
Localied I odifications be mn e 

to prevent. pe rupture.Ln s. Improve water chemistry (PWR secon
dary piping and BWRs) 

a. Instal ipe clamps (PW and B R) 
a. IAn improvement in the water chemistry 

Pipe cla s could be in anled o ither could reduce the potential for stress corro
side of a weld and ti toget er by sion cracking, erosion-corrosion, and 
bolts/stu~ds. the event a pipe break, fatigue. An example is Hydrogen Water 
the clamping evice w d hold the two Chemistry in BWRs. The cost estimate 
ends of the pip in ce. Since Generic assumes that an existing (previously 
Letter 88-01 C 1988c, 1992) developed) treatment plan is used. No 
approved this odification only as a costs are associated with developing new 
temporary measure, it will not be costed plans.  
for potential permanent pipe break 
mitigation. b. Use procedural changes to reduce surge 

line thermal stratification and auxiliary 
b. Provide pipe weld overlays (BWR) feedwater/heatup thermal cycling (PWR) 

A weld overlay strengthens the pipe weld Using auxiliary feedwater in the auto
to reduce the probability of failure. This matic mode may result in numerous on
procedure has been used on BWR piping off cycles that shock the feedwater piping 
such as recirculation systems to mitigate and nozzles, whereas a continuous manual 
the effects of IGSCC (Generic Let- feed significantly reduces the number of 
ter 88-01, NRC, 1988c, 1992). Weld thermal shock cycles. During plant 
overlays could result in lengthening heatup, the bubble drawing procedure and
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limits on the difference in temperatures of 
the pressurizer and reactor coolant system 
can limit the thermal stratification stresses 
in the pressurizer surge line and thus 
reduce the fatigue usage in the surge line 
piping and nozzles. The estimated costs 
include document changes and training, 
but assumes that no additional time is 
required to perform plant operations. No 
hardware modifications are included in 
the cost estimate.  

7.1.5 Test/ISI 

Inservice test and inspection (ISI) procedures 
can be changed to assist in identifyin 
impending pipe breaks.  

a. Conduct more frequent inspections (PWR 
and BWR) 

More frequent inspe tions of critical areas 
would alert plant pekonnel if a cr ck or 
some other type of \,degradatioi were 
developing. This would\allow.prgventa
tivevasu to be und een b re 
si ,~ficant degraddton 

occ s. he esti-',, 

ma is based on usi currerW inspection 
meth ds on a large s stem sth as the 
feedw er system. .  

b. Enhance ispection tech iques (PWR and 
BWR) 

Using enhanc d i ection methods on 
critical areas w d allow better degrada
tion detection, particularly for hard-to
detect cracks such as those caused by 
thermal fatigue. The estimate is based on 
training the plant staff to familiarize 
themselves with an existing enhanced 
technique. No development costs for new 
techniques are included. After the initial 
inspection, subsequent inspection costs 
are judged to be half the initial cost. The 
estimate is based on inspecting a large 
system such as the feedwater system.  

c. Conduct monitoring programs (PWR and 
BWR)

Programs that monitor potential degrada
tion areas and mechanisms can give early 
warning of potential pipe breaks so that 
preventative measure can be undertaken.  
An example is the cement of coupons 
made of the sam aterial as the compo
nent to be mnigito d, and with implanted 
def tst can be laced near the com
ponen" to be monito d and periodically 
ex • ned to estimate he rate of crack 

ýow th.  

7.1.6 Analysis 

Altho'hgh ysis by itself has n effect on 
the actual probability of core damage, a 
reanalysis c Id lower the calculated pipe break 
frequency an CDF, on which the off-site dose 
is based.  

a. Update str analysis (PWR and BWR)

The ,eisting stress analysis may contain 
conservative assumptions that result in 
high stresses that, although they meet 
ASME Code stress criteria, identify points 
as break locations. If the stress analysis 
was redone in an attempt to reduce the 
stresses, fewer break points may be iden
tified causing the calculated break prob
ability for a system to be reduced. This 
would in turn reduce the CDF. Addition
ally, there would be fewer targets and 
fewer mitigation actions would be 
required. An estimated four systems per 
plant could benefit. The cost estimate 
assumes that no fatigue monitoring sys
tems would be added. The cost of install
ing a fatigue monitoring system is esti
mated at $250K per plant.

b. Update fatigue analysis (PWR and BWR) 

The existing fatigue analysis may contain 
conservative assumptions that result in a 
Cumulative Usage Factor (CUF) that is 
less than the ASME Code criterion of 1.0, 
but identifies points as break locations 
because the CUF is greater than 0.1. If the 
fatigue analysis was redone in an attempt 
to reduce the CUF, fewer break points
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may be identified, causing the calculated 
break probability for a system to be 
reduced. This would in turn reduce the 
CDF. Additionally, there would be fewer 
targets and fewer mitigation actions 
would be required. An estimated four 
systems per plant could benefit. The cost 
estimate assumes that no fatigue moni
toring systems would be added. The cost 
of installing a fatigue monitoring system 
is estimated at $250K per plant.  

7.2 Cost Estimates 

The applicability of cost factors from.  
NUREG/CR-4627, Rev. 2 (Claibome, 1989) 
were reviewed. The various categories, using 
their NUREG/CR-4627 abstract section num
bers, are summarized in Table 7-1._Not every 
category is applicable to each of the pNtential 
changes. It is assumed that all ificatiorN will 
take place during schedulet Pant outages\and 
will not extend those outage The cost estirnrtes 
for potential improvements t at would r9fuce 
the CDF caused by pipe brea s are listed in 
Table 7-2.  

7.3 Plant Walkdo~vns 
Our exper nce in GSI 15 6.1 has shown 

that a great dea of the balance f-plant 'ping, 
as well as the ele rical and hydr ulic instrument 
and control lines, a, field route in both BWRs 
and PWRs. Consequ ntly, the est and possibly 
only way to determin6 the oximities of high
energy lines and their tential targets in the 
event of a line break ate by in-plant walkdowns.  
This is consistent with the SEP-Il plant correc
tive actions, in that those actions were very 
plant-specific, indicating that a generic plan to 
cover all SEP-III plants without evaluating them 
individually is impractical. Accordingly, the 
following cost estimate has been developed for 
such walkdowns.  

7.3.1 Assumptions 

I. The pipe break scenarios and targets, both 
piping and electrical, have been identified 
through contractor PRA studies and

agreed upon by the NRC/Office of 
Nuclear Reactor Research (RES) staff.  

2. Contractor and NRC/RES staff members, 
both electrical and piping disciplines, will 
develop and review the lan.  

3. A report on the p ect will be prepared 
separately, ande terplementation plan is 
simply add o the port (no additional 
report j•m contractor).  

4. Co actor and NRC/RE staff members 
• instruct the NRC/Of e of Nuclear 
'eactor Regulation (N staff on 
ii~aplementatio and resolve RC/NRR 
co smentstions.  

5. NRC/ staff and/or contrac or person
nel wi4 conduct the walkdowns with 
licensees.  

6. NRC/Resi nt Inspectors will assist the 
•RC/NRR st ff at the plants. However, it 

is assumed at this is part of their normal 
duties. (ýWeir normal workstation is at the 
plant), so no extra cost was added.  

7. NRC/NRR will enter any required 
changes into Bulletins, regulations, etc.  

08. Estimates do not include costs for the 
resolution of findings (changes to proce
dures, physical plant changes, etc.).  

7.3.2 Costs 

The cost estimate is listed in Table 7-3. The 
assumption is that a contractor would develop a 
walkdown plan, have it reviewed by the NRC 
staff and incorporate comments, and have a 
meeting with the NRC staff to discuss how to 
implement the plan (Part 1). This would be done 
once. The NRC staff would review the plan, 
meet with the contractor on implementation, and 
transmit requirements to licensees and NRC 
field offices (Part 2). This would be done once 
for an estimated cost of $70K.  

A walkdown would be performed for each 
affected plant. Resources would be required 
from both the licensee (Part 3) and the NRC 
staff or contractor (Part 4) for each plant. The 
estimated cost for the walkdowns is $55K per 
plant. This does not include any corrective 
actions resulting from the walkdowns.
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Cost Analysis

Table 7-1. Applicability of NUREG/CR-4627 categories.  

NUREG/CR-4627 
Abstract Number Subje:ct

NUREG/CR-6395

Applicable

2.1 Impacts associated with physical modifications 

2.1.1 Startup and shutdown costs 

2.1.2 Replacement energy costs 7 
2.1.3 Reactor defueling, primary system drainage, a recovery 

2.1.4 Radioactive waste disposal 

2.1.5 Anti-contamination clothing 

2.1.6 Health physics services 
2.1.7 Labor costs for the installation of hardware, ate• and structures 
2.1.8 Labor costs for the removall f hardware, materIs, and structures 

2.1.9 Greenfield costs for piping a d piping-related corrmodities 
2.2 Impacts associated with proedural, administrative, and analytical 

requirem \ 

2.2.1 Licen costs for tec nical sp efica n changege 
2.2.2 Indust costs for wri ng or rewri ng proceduree 

2.2.3_____ Industry osts for tr/-ning or retrai ing staff and writing or rewriting 
training m nual 

2. Industry cost for chang in recor eeping and/or reporting require
ments 

2. Task-s cific c ts 

2.3.1 Steam ge erator re lacement 

2.3.2 Steam ge rator t e inspection 

2.3.3 Steam ge rator tube repair 

2.3.4 Centrif a pump shaft seal replacement costs 

4.1 Ty i I system-average dose rates 
4.2 ccupational radiation exposure for specific repair/modification 

activities 

4.3 Occupational radiation exposure for physical modification activities 
5.1 NRC costs for technical specification change 

5.2 NRC labor rates 

6.1 Estimation of nuclear plant radioactive waste generation volumes 

6.2 Industry labor rates 
6.3 Time-related cost adjustments (accounts for inflation and escalation 

costs.) 

6.4 Engineering and quality control cost factors (the engineering/ quality 
assurance cost factor (%) is 25-33% for requirements affecting 
structures/systems already in place.

NA 

NA 

NA 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

NA 

NA 

NA 

NA 

Yes 
Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes
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Cost Analysis

Table 7-2. Cost summary.

1. Plant design changes 

a. Install additional auxiliary feedwater pump 

b. Install auxiliary feedwater pump recirculation line 

c. Preheat auxiliary feedwater 

d. Enhance leak detection 

e. Replace piping with alternate material 

II. Protective hardware 

a. Install additional jet shields 

b. Install additional whip restraints 

c. Install impact absorbers 

III. Preventive hardware 

a. Install pipe clamps 
b. Provide pipe weld erlays 

c. Conduct stress impro ment proce 

IV. Operating/procedure changm 

a. Im e wat r chemistry 

b. Pr4 edural changes t reduce urge line ther"x 
stratification and shoc, from ax. feed 

a. Conduct nOre freqUent i sPeCtilonts b. Enhance in et ie tec iqu 

c. Conduct m i ri 

VI. Analysis 

a. Update stress analysis (PWR and BWR) 

b. Update fatigue analysis (PWR and BWR)

No 

No 

No 

Po le 

es 

Yes 

Yes
\ 

Yes 

O 
Yes 

Possible 

No

Yes 

Possible 

Possible 

No 

No

$ • plant pant 

$ 00K/plantn 

$50 K/plant 

$500 lant 

$120M/r irc line 

$75K/shield 

$150K/restra t 

$250K/plant 

NAb 

$750K/lineb 

$25K/weld

$5M/plant (installation) 

$1 00K/plant 

$120K/line 

$150K/linec 

$300K/plant 

$100K/plantd 

$75K/plante

Notes:

a. Sections 2.4 through 2.6 and Section 4 of Table 7-1.  

b. Not recommended for permanent pipe break mitigation.  

c. Includes training on enhanced technique.  

d. Does not include any fatigue monitoring.  

The recommended corrective actions for this issue would be in the II (protective hardware) and V (test/ISI) 
categories.
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Cost Analysis

Table 7-3. Plant walkdown cost estimate.  

Part 

I Cont 

2 NRC 

3 Licei

Performer 

ractor 

staff 

nsee

)\

NUREG/CR-6395

Cost 

$36K 

$34K 

$22K/p 

$33Zplant

44>
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8. CONCLUSIONS

The general conclusions reached in this 
program are: 

1. No BWR SEP-III plants have leak-before
break (LBB) approval (1995).  

2. All SEP-rn PWR plants have LBB 
approval for their reactor coolant systems.  
One SEP-III plant has LBB approval for 
its surge line (1995).  

3. There have been few through-wall leaks 
of LWR large high-pressure piping inside 
containment. Therefore, the failure rates 
have a large uncertainty. There are n 
models which have been produced that 
are sophisticated enough to estimate vari
ances in pipe break frequencies for differ
ent LWR materials, fab ibn inethods, 
repair methods, or-ess impro ment 
methods.J 

4. Most pipe break frequ cy estima/es can 
be traced back to the ame ences, 
man w h are fairly .Theb k 
frluencies in N G-1l were use 
forhis study.  

5. Only small number inspect n, pro
cedural, nd physical m dificatijs were 
required the NRC f r SEP-II plants.  
The averag was slight more than two 
changes per ant. N ommon locations 
or documente re ns for the modifica
tions were dete ned.  

6. Early-timeframe SEP-HII 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.  

7. 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.  

8. Our observations o o PWR and three 
BWR plants sho d that while the RCSs 
or PCSs of tje pants are all similar, the 
bran h po$iig and ectrical conduits are 
field uted in differ t manners, leading 
us the conclusion 'ath the field routing 

rakes each plant uniqu in terms of the 
proximity of pipe breaks and potential 
fargets.  

9. The m physical barriers for ipe break 
prot ,on are whip restraints, jet 
impin ement shields, containment liners, 
"and con ete walls (PWRs only).  

10. The physic 1 separation of components is 
'much great in PWRs than in the Mark I 
BWRs ,

11. Based on all the possible field routing 
situations, we developed a rather large 
first-level list of potential concerns. The 
list was considerably narrowed to a sec
ond-level list based on the systems that 
we observed in the plants that were 
visited.  

12. A qualitative ranking of high, medium or 
low was applied to the pipe break 
sequences identified in the second-level 
list. The rankings were based on the 
potential to increase the CDF or offsite 
consequences. No sophisticated PRA 
analyses were used.  

13. Six BWR [breach of containment shell 
(from MS/FW, RHR, or recirculation 
piping), damage to CRD lines (from 
recirculation or RHR piping), damage to 
safety-related instrument and control sys
tems (from any HELB)] and two PWR 
[damage to safety-related instrument and 
control systems (from any HELB) and 
breach of containment shell (from 
MW/FW piping)] sequences were ranked 
medium or high.
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Conclusions

14. The CDF mean frequency changes for the 
BWR sequences ranked high or medium 
were on the order of 10-4 to 10-6 events/rx
yr. The CDF mean frequency change for 
the two PWR events was on the order of 
10-4 events/rx-yr for one and 10'9 
events/rx-yr for the other.  

15. BWR Event 5 (see pagel03) is a part of 
GSI-80.  

16. For loss of containment integrity caused 
by rupture of the PWR CCW and the 
BWR RBCCW systems initiated by a pipe 
break inside containment, with valve fail
ure of a single isolation valve, the mean 
frequency was estimated.to be on the 
order of 10-9 events/rx-yr.

17. A number of corrective actions are avail
able to reduce the risk. Protective 
hardware and incre sed ISI are the 
recommended cho s. In some cases, 
rerouting of el trical/pneumatic lines 
may be th alt mative.e 

18. We f nd that since e field routing of 
m of the lines is ant-specific, any 

rrective actions must a o be plant-spe
cific. This is consistent wit the corrective 
ctions for t SEP-Il plan , for which 

t lchang mposed by the RC varied 
from p -to-plant. Therefore plant-by
plant walkdown is recommended to 
decide what, if any, corrective actions are 
needed r each plant.

xx',
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