UNITED STATES

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

October 6, 2000

years

Mr. J. A. Scalice
Chief Nuclear Officer
and Executive Vice President
Tennessee Valley Authority
6A Lookout Place
1101 Market Street
Chattanooga, Tennessee 37402-2801

SUBJECT: BROWNS FERRY NUCLEAR PLANT, UNIT 2 - REQUEST LICENSEE
COMMENTS ON PRIORITIZATION OF GENERIC SAFETY ISSUE 156.6.1:
“PIPE BREAK EFFECTS ON SYSTEMS AND COMPONENTS INSIDE
CONTAINMENT”

Dear Mr. Scalice:

The Office of Nuclear Regulatory Research (RES) is currently assessing whether the nuclear
power plant units, referred to as the Systematic Evaluation Program Phase llI (SEP-IIl) plants,
will need to be individually reevaluated for the resolution of Generic Safety Issue (GSI1)-156.6.1,
"Pipe Break Effects on Systems and Components Inside Containment.” GSI-156.6.1 deals with
whether the effects of high energy pipe breaks inside containment have been adequately
addressed in the respective designs of these units. The 41 SEP-IlI plants for which this GSI is
applicable are listed in Enclosure 1. Browns Ferry Units 1 and 2, are among the 41 SEP-II|
plants and are thus within the scope of GSI-156.6.1.

As background, in November 1975, the U.S. Nuclear Regulatory Commission (NRC) staff
issued Standard Review Plan (SRP), Section 3.6.1, “Plant Design for Protection Against
Postulated Piping Failures in Fluid Systems Outside Containment” and Section 3.6.2,
“Determination of Rupture Locations and Dynamic Effects Associated with the Postulated
Rupture of Piping.” Prior to issuance of these SRP sections, the Atomic Energy
Commission/NRC staff positions for these technical areas were in a state of evolution.
Therefore, there was a potential lack of uniformity in the pipe break reviews of the SEP-III
plants that may have resulted in some of them not being adequately analyzed and/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 GSl is contained in two documents. The first
document, entitied: “Prioritization of Generic Issue 156.6.1, ‘Pipe Break Effects on Systems and
Components’,” is provided in Enclosure 2. Itis a priority determination analysis by the RES
staff. The second document, provided in Enclosure 3, is Draft NUREG/CR-6395, entitled:
“Enhanced Prioritization of Generic Safety Issue 156.6.1: ‘Pipe Break Effects on Systems and
Components Inside Containment’.” The latter document was prepared by the Idaho National
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J. Scalice -2-

Engineering and Environmental Laboratory (INEEL) and provides extensive and detailed
technical information and analysis information in support of the staff’s priority determination
analysis. The prioritization resulted in the GSI being given a “high” priority for resolution. In
conducting the prioritization study several boiling water reactor (BWR) and pressurized water
reactor (PWR) SEP lll facilities were visited by INEEL. Browns Ferry was one of the BWR
facilities visited by INEEL.

The BWR and PWR SEP-Iil 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 objective of this request is to collect 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 Browns Ferry might show where
and how the prioritization analysis for the BWR SEP-Il plants is overly conservative or
incorrect. Information might also be provided that shows that assuming a break, 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 Browns Ferry. 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-IIl plants are applicable to Browns Ferry Units 1 and 2 from a deterministic
(i.e., engineering analysis) standpoint. For pipe break locations and effects which are
considered not applicable, you may describe the technical basis for your conclusion.

Comments received within 45 days of receipt of this letter will be considered. (Note: Pipe break
scenarios for BWRs designated as Case 4 and Case 5 in Enclosure 2 will not be included in the
technical evaluation of GSI 156.6.1 and, therefore, comments are not requested for these
cases. These scenarios are being evaluated separately in connection with the resolution of
GSI-80, “Pipe Break Effects on Control Rod Drive Hydraulic Lines in the Drywell of BWR Mark |
and Mark Il Containments.”)

If you or your staff have any questions on this request or the enclosures, please feel free to
contact either William Long, E-mail: WOL@NRC.GOV, 301-415-3026 of the Office of Nuclear
Reactor Regulation or Mr. Stuart D. Rubin, E-mail: SDR1@NRC.GOV, 301-415-7480 of the
Office of Nuclear Regulatory Research. Comments should also be forwarded to these
individuals.

Sincerely,

\ 0D,
{M LQ_Q}‘W@ ~
William O. Long, Senior Project Mahager, Section 2
Project Directorate Il
Division of Licensing Project Management
Office of Nuclear Reactor Regulation
Docket No. 50-260
Enclosures: As Stated

cc w/encls: See next page



J. Scalice -2-

Engineering and Environmental Laboratory (INEEL) and provides extensive and detailed
technical information and analysis information in support of the staff’s priority determination
analysis. The prioritization resulted in the GSI being given a “high” priority for resolution. In
conducting the prioritization study several boiling water reactor (BWR) and pressurized water
reactor (PWR) SEP il facilities were visited by INEEL. Browns Ferry was one of the BWR
facilities visited by INEEL.

The BWR and PWR SEP-IIl 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 objective of this request is to collect 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 Browns Ferry might show where
and how the prioritization analysis for the BWR SEP-lIl plants is overly conservative or
incorrect. Information might also be provided that shows that assuming a break, 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 Browns Ferry. 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-IIl plants are applicable to Browns Ferry Units 1 and 2 from a deterministic
(i.e., engineering analysis) standpoint. For pipe break locations and effects which are
considered not applicable, you may describe the technical basis for your conclusion.
Comments received within 45 days of receipt of this letter will be considered. (Note: Pipe break
scenarios for BWRs designated as Case 4 and Case 5 in Enclosure 2 will not be included in the
technical evaluation of GSI 156.6.1 and, therefore, comments are not requested for these
cases. These scenarios are being evaluated separately in connection with the resolution of
GSI-80, “Pipe Break Effects on Control Rod Drive Hydraulic Lines in the Drywell of BWR Mark |
and Mark Il Containments.”)

If you or your staff have any questions on this request or the enclosures, please feel free to
contact either William Long, E-mail: WOL@NRC.GOV, 301-415-3026 of the Office of Nuclear
Reactor Regulation or Mr. Stuart D. Rubin, E-mail: SDR1@NRC.GOV, 301-415-7480 of the
Office of Nuclear Regulatory Research. Comments should also be forwarded to these
individuals.

Sincerely,
/RA/
William O. Long, Senior Project Manager, Section 2
Project Directorate Il
Division of Licensing Project Management
Office of Nuclear Reactor Regulation

Docket No. 50-260
Enclosures: As Stated

cc w/encls: See next page

DISTRIBUTION: PUBLIC PDIl-2 Reading RidsNrrDipmLpdii2
BClayton (Hardcopy) RidsNrrPMWLong SRubin (e-mail) FEltawila (e-mail)
0GC CRS PFredrickson

DOCUMENT NAME: GSI_156revcor.wpd
[ OFFICE PDII-Z:PM' PDI-2:LA T l PDI2;3C |
I NAME WLong BClaytongp™] KCorreia

_DATE | 107700 | __10n2/00___|

2
OFFICIAL RECORD COPY




Nine Mile Point 1
Robinson 2

Point Beach 1 & 2
Monticello
Dresden 3

Pilgrim

Quad Cities 1 &2
Surry1 &2
Turkey Point 3 & 4

Oconee 1,2, & 3

* permanently shutdown

Systematic Evaluation Program Phase Il Plants

Vermont Yankee
Maine Yankee
Kewaunee

Fort Calhoun

Zion 1* & 2*
Browns Ferry 1 & 2
Indian Point 2 & 3
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

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.
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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-1I) met the licensing criteria in
existence at that time. This objective was later interpreted to ensure that the SEP also provided
safety assessments adequate for conversion of provisional operating licenses (POLs) to full-
term operating licenses (FTOLs). As a result of these reviews plants were required to perform
engineering evaluations, technical specification or procedural changes, and physical
modifications both inside and outside containment. Regarding inside containment modifications:
of the two SEP-II plants evaluated for this prioritization (one BWR and one PWR), the BWR was
required to modify four piping containment penetrations and the PWR was required to modify
steam generator blowdown piping supports. This indicates there was a wide spectrum of
implementation associated with the original reviews of these early plants for pipe breaks inside
and outside containment.

As with the above-described evolution of uniform pipe break criteria, electrical systems design
criteria were also in a state of development. Prior to 1974, electrical system designs were
generally reviewed in accordance with the guidelines provided in IEEE-279; however, significant
variations in interpretations of that document 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-IIl plants.

2. Review of Updated Final Safety Analysis Reports and related Safety Evaluation
Reports for SEP-II, SEP-III, and for representative non-SEP 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.
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4. ldentify potential corrective actions and their estimated costs.
Based on the results of the INEL research, the enhanced prioritization is presented below.

Safety Significance

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

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

Recommended Solution

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

PRIORITY DETERMINATIONS

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

BWRs

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

This event involves a BWR with a Mark | steel containment; 15 of the 16 affected BWRs are of
this design. A DEGB of an unprotected (i.e., no pipe whip restraint or containment liner impact
absorber) large reactor coolant recirculation pipe inside containment and near the containment
liner might result in puncturing the liner. The 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.

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

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

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

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

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

Case 2 (INEEL BWR Event 9): Failure of Recirculation Piping Resulting in Pipe Whip and
Containment Impact/Failure, with Resultant Failure of All Emergency Core Cooling Systems

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

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



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

This event is similar to Cases 1 and 2 but involves the RHR System piping. From
NUREG-1150, the RHR DEGB frequency for this material is estimated to be 1 E-4/Rx-Yr. The
fraction of BWR primary piping inside containment that is RHR piping is estimated to be

1.0 E-1. The fraction of RHR piping that can impact the containment metal shell is estimated to
be 5.0 E-1. The mean probability of a recirculation system broken pipe rupturing the
containment metal shell is 1.0 E-1. The mean probability of eventual failure of all ECCS by the
same modes described for Cases 1 and 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-1150, the recirculation loop DEGB frequency for this material is estimated to be

1 E-4/Rx-Yr. The fraction of BWR primary piping inside containment that is recirculation piping
is estimated to be 2.0 E-1. The fraction of recirculation piping that can impact or impinge on the
CRD lines is estimated to be 2.5 E-1. |t 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
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 bundies. An RHR pipe break in this
vicinity would surely impinge and/or impact on both banks simultaneously.

From NUREG-1150, the RHR DEGB frequency for this material is estimated to be 1 E-4/Rx-Yr.
The fraction of BWR primary piping inside containment that is RHR piping is estimated to be

1.0 E-1. The fraction of RHR piping that can impact or impinge on the CRD lines is estimated to
be 2.5 E-1. |t 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.
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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 Qutside Containment for

Mitigation

From NUREG-1150, the Large LOCA frequency is 1.0 E-4/Rx-Yr. All high energy piping inside
containment is considered. The fraction of high energy piping that can impact the 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 iosing 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

GSI1-156.6.1 GSI1-156.6.1 WASH-1400 WASH-1400 Offsite Dose
Event Number dCDF Release Offsite Dose (OSD)
per NUREG/CR- | (Events/Rx-YT) Category (Person-Rem/ (Person-Rem/
6395 Event) Reactor Year)
BWR Event 1 20E-6 BWR-3 5.1 E+6 10.2
BWR Event 5 5.0E-6 BWR-4 6.1 E+5 3.1
BWR Event 9 40E-6 BWR-3 5.1 E+6 20.4
BWR Event 10 25E-6 BWR-4 6.1 E+5 1.5
BWR Event 12 40E-7 BWR-3 5.1 E+6 2.0
BWR Event 14 3.8E-5 BWR-4 6.1 E+5 23.2
BWR Event 16 2.0E-8 BWR-3 5.1 E+6 0.1
Total 60.5

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

60.5 Person-Rem

Reactor-Year

x 17 Average Remaining Years

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

For 20 years of life extension:

60.5 Person-Rem

Reactor-Year

x 37 Average Remaining Years

*(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
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1029 Person-Rem

Reactor
(Offsite)

2239 Person-Rem

Reactor
(Offsite)

16,464 Person-Rem*



Reactor (Total Offsite, All
Affected BWRs)

*(Ranks MEDIUM/LOW in Figure 2 of NUREG-0933)
For 20 years of life extension:
2239 Person-Rem x 16 Affected BWRs = 35,824 Person-Rem*

Reactor (Total Offsite, All
Affected BWRs)

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

PWRs

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

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

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

dCDF/Rx-Yr= 7.5E-5

7/

Case 2 (INEEL PWR Event 16): Failure of Main Steam or Feedwater Piping Resulting in Pipe
Whip and Containment Impact/Failure, with Resultant Failure of All Emergency Core Cooling

Systems

From NUREG-1150, the DEGB frequency in Feedwater (FW) piping is estimated to be

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

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

dCDF/Rx-Yr=-1.4 E-Q



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

Mitigation

From NUREG-1150, the DEGB frequency in Feedwater (FW) piping is estimated to be

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

Based on the above assumptions, the mean value of change in CDF per reactor year is:
dCDF/Rx-Yr= 1.0 E-7

The total change in core damage frequency for the above 3 PWR cases is:
dCDF/Rx-Yr= 7.5 E-5 (Ranks HIGH/MEDIUM in Figure 2 of NUREG-0933)

And, for all 25 affected PWRs:
dCDF/Yr= 1.9 E-3 (Ranks HIGH/MEDIUM in Figure 2 of NUREG-0933)

PWR Offsite Dose Table

GSI-156.6.1 GSI-156.6.1 WASH-1400 - | WASH-1400 Offsite Dose
Event Number dCDF Release Offsite Dose (OSD)
per NUREG/CR- | (Events/Rx-Yr) Category (Person-Rem/ (Person-Rem/
6395 Event) Reactor Year)
PWR Event 9 75E-5 PWR-6 1.5E+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
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:
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
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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. |t is expected that the cost to each plant will be $1M. Therefore, for
the 41 affected plants (16 BWRs and 25 PWRs) the total implementation cost is estimated to be
$41M. This estimate was based on the presumption that the level of effort at the affected plants
would be similar to that which resulted for this issue during the SEP program review of the 10
earliest SEP plants.

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

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

Impact/Value Assessment

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

$42M
21,389 Person-Rem

$1960/Person-Rem* wi/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-III BWR (i.e., one of the 41 plants
potentially affected by this issue) stated that, in the event of a DEGB, the broken pipe
would strike the Mark | Containment and deform it significantly. However, another BWR
of about the same vintage is known to have been required to add energy absorbing

11



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

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

‘Some suspect configurations were observed in the SEP-1I| walkdown plants; for
example, at one BWR a very close proximity exists between a large RHR (unisolable
from R.C.S.) pipe and both banks of the Control Rod Drive piping, and at one PWR it
appeared that a large volume of piping penetrated the containment near where a large
amount of electrical wiring also penetrated the containment. This demonstrates that
even through modest efforts (i.e., sampling walkdowns of a sampling of plants)
configurations of potential concern have been identified.

Readily available plant documentation provides very little insights regarding actual
proximity of high energy piping and potential targets or concern. The potential lack of
adequate separation of redundant system targets (e.g., I&C electrical wiring) is also a
concern.

Uncertainty remains a significant factor because of the large scope of this issue. This is
because of the large number and types of plants, and significant differences in the
specific as-built details applicable to this issue.

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.

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 Commuission is currently assessing
the need to review the 41 older nuclear power plants referred to as the Systematic
Evaluation Program Phase II (SEP-III) plants. Generic Safety Issue (GSI)
156-6.1 deals with whether the effects of pipe breaks inside containment have
been adequately addressed in these plants’ designs. To give a basis for the priori-
tization of this GSI, a research program was performed to evaluate the degree of
pipe protection in the SEP-III plants. This included a review of the earlier SEP-II
and the late SRP plants’ pipe break protection, visits to five plants to view pipe
break protection and locations of potential targets with respect to large piping,
and discussions with the plants’ staffs. First and second levels of concerns were
developed to identify potential pipe break locations, targets, and consequences.
The second-level list of concerns was used to develop a qualitative ranking on
whether each item in the list had a high, medium, or low consequence of affect-
ing the core damage frequency (CDF). Quantitative estimates were made of the
change in CDF for the sequences ranked high and medium based on existing
probabilistic risk assessment studies. Potential plant changes, both physical and
procedural, were identified that could reduce the increase in the CDF due to pipe
breaks inside containment. The costs of these potential changes 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) sections
3.6.1 and 3.6.2 which stated 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.

The 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 that were licensed while the criteria were evolving. Generic
Safety Issue (GSI) 156-6.1 deals with whether the effects of pipe break inside
containment have been adequately addressed in these plants’ designs. The NRC
provided requirements to the industry regarding pipe breaks outside of
containment by issuing the “Giambusso” and “O’Leary” letters. Since these
requirements apply to all the affected plants, pipe breaks outside of containment
are considered a compliance issue and not part of GSI 156-6.1.

The NRC’s assessment involved an initial prioritization of the issue to
determine whether the risk involved was sufficiently high to warrant assigning it
as a Generic Safety Issue designated for a more detailed evaluation. The initial
prioritization considered the current status of the SEP-III plants with regard to
pipe break probabilities, probabilistic risk assessments, pipe break effects on the
Core Damage Frequency (CDF) estimates, and the cost estimates for any
potential corrective actions. The.'NRC staff performed an initial “draft”
prioritization, but large uncertainties were recognized (for example, in the
probability of various types of pipe failures, in the probability of subsequent
safety-related system failures after pipe breaks, and in the cost estimates for any
potential improvements to reduce the CDF), making the proritization
inappropriate for use. Therefore, the present effort seeks to enhance the existing
“draft” prioritization of GSI 156-6.1, reducing the uncertainties as much as
possible.

Pipe Break Frequency Estimates

Several of the high-energy lines inside containments have apparently
experienced no 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-III
plants have LBB approved for their main coolant loops. Licensees may use LBB
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as justification for the removal of primary loop supports such as part of snubber
reduction programs, and the removal of pipe whip restraints and jet impingement
barriers. At least 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 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-1150, issued in 1990, which has had widespread review. The most
recent study is in NUREG/CR-5750, which considered piping history through
1997. It recommended frequencies about an order of magnitude below
WASH-400 and NUREG-1150. This study is very recent and has not received
widespread review. After a review of the failure estimates, it was decided to use
the NUREG-1150 frequencies and uncertainties for reactor coolant system.

Review Of Updated Final Safety Analysis Reports and
Related Safety Evaluation Reports

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

The NRC’s Nuclear Document System (NUDOCS) was used as one of the
sources of information to complete this task. An important limitation is that
NUDOCS is relatively complete only for docketed material dating back to the
1979 or 1980 timeframe. It does not necessarily contain documentation dated
early than 1980. Two UFSARs were reviewed, but contained very little
substance. The IPSAR NUREGs for SEP-II Topics IlI-4.C and III-5.A were also
reviewed. All of the SEP-II plants were required to perform some form of
engineering  evaluation in order to satisfactorily address each topic and
demonstrate adequate safety to the NRC staff. A typical evaluation consisted of
(1) defining a pipe break location, (2) determining the consequences resulting
from pipe whip, jet spray, impingement, or other related pipe break effects, and
(3) 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-II
plants were required to make physical modifications. Looking at the SEP-II
plants either as a group or separately as PWRs and BWRs, no common locations
or reasons for the modifications were determined. It appears that the resulting
modifications display little if any pattem. This reinforces the view that each plant
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has many unique design features and it is those unique aspects (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) of each plant that must be considered in pipe break
evaluations.

Although all of the reviewed SEP-III plant UFSARSs 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 was
that the discussion of pipe-break effects inside containment continually increased
with later construction dates. Discussion of pipe break topics was notably absent
in information for the earlier plants, whereas the later plants provided much more
information regarding criteria, evaluations, multiple pipe breaks for multiple
systems, and system interactions with other adjacent safety-related equipment.

When taken as a whole, the UFSARs for the non-SEP plants contained
more extensive descriptions of the criteria used to designate high- and moderate-
energy piping systems, the analysis techniques used in their 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. In general, the most obvious conclusion
determined from all of the non-SEP plant reviews was that little changed between
the later-timeframe SEP-III plants and the non-SEP plants

Plant Visit Observations

Five plant visits were conducted to obtain information from direct
observation of the relative locations of representative high- and moderate-energy
piping systems, equipment important to plant safety, and the measures taken to
mitigate the effects of pipe breaks. Walkdowns were made to perform qualitative
Judgements regarding the general susceptibility of the SEP-III plants’ equipment
to damage resulting from pipe ruptures or jet impingement, and the observations
are presented below.

The Trojan Nuclear Power Plant is a four-loop PWR using a Westinghouse
nuclear steam supply system (NSSS). The plant entered commercial operation in
May 1976 (later-timeframe SEP-III PWR) and operated for approximately
15 years before being permanently closed by the licensee. The plant was -
designed with a high degree of compartmentalization. This design approach
contributed to the 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

X1ii NUREG/CR-6395



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 separation to
reduce the effects of a high-energy pipe break, this lack of jet impingement
shields may not be unusual.

The Browns Ferry Nuclear Power Plant, Unit 3, is a General Electric
BWR-4 design with a Mark I containment. The plant entered commercial
operation in March 1977 and operated for approximately 8 years before being
temporarily closed by the licensee. The plant was undergoing regulatory review
for an expected restart of commercial operation at the time of the visit. We
observed that this plant was designed with 2 minimum compartmentalization
nside the drywell. This is a generic design feature of the Mark I containment in
that the compactness of the drywell piping layout affords minimal space for
compartment walls. This results in many of the high-energy systems being close
to each other. Examples of large whip restraints were observed during the plant
walkdown. We observed that the minimal amount of physical separation and
compartmentalization 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. A
minimum of jet impingement shielding of individual items (e.g., electrical boxes
or cable trays) was observed. The CRD piping bundle had no physical barriers
separating it from other high-energy piping systems in the general area. Our
review of plant drawings showed that the safety-related electrical penetrations
appeared to have a high degree of physical separation. Typically, these systems
are redundant with one “train” entering the drywell through a separate
penetration while the other train enters through a separate penetration located on
the other side (usually about 180° away) of the drywell shell. This layout should
help minimize the deleterious effects of a pipe break on safety-related electrical
system functions.

The Quad Cities Nuclear Power Plant, Unit 2, is a General Electric BWR-3
design with a Mark I containment. The plant entered commercial operation in
April of 1972 (early-timeframe SEP-III BWR). Like Brown’s Ferry, Unit 3, the
plant was 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 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 nuclear steam supply
system (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 restrained 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, there were no targets in the area. The plant was
designed with a high degree of compartmentalization. A minimum of jet
impingement shielding of individual items (e.g., electrical boxes) was observed.
This did not seem unwarranted given the degree of physical separation,
redundancy, and the number of supports mentioned above. All balance-of-plant
piping (excluding the main steam and feedwater lines) and the electrical
penetrations entered the containment at approximately the same location, 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.

The Vermont Yankee plant (BWR/4, Mark I steel containment) was
visited with an NRC/NRR staff member who was studying pipe break effects
associated with the reactor building closed cooling water (RBCCW) system. A
pipe break associated with the RBCCW system had previously been identified as
a potential problem by the Millstone 1 BWR licensee. The portion of the
Vermont Yankee RBCCW 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. In the event of a
high energy line break within containment, pipe whip or jet impingemert could
sever the RBCCW systemn. In the event of a single failure of one of the isolation
valves, pressure inside containment could rise to about 40 psi and force water
outside the containment through the RBCCW system. Since the RBCCW system
outside containment is not classified as safety related, this system could rupture,
resulting in a containment-to-atmosphere leak. Two bundles of the CRD piping
entered the containment on either side of the reactor. They were routed rather
directly from the containment wall to the reactor. 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; however, because of the physical
separation distances, pipe whip or jet impingement damage to CRD lines from
the LPCI line appeared to be less likely than in the other two BWRs. Steel plates
with corrugated backing had been placed on the lower portions of the drywell
interior. In the areas toured, the lining appeared to be continuous; no portions
were observed to have been removed. )

List of Potential SEP-IIl 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
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the overall layout of structures, systems, and components, and the relative
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 high-energy line break event
would necessarily be a plant-specific list. The only exclusion is for the large-bore
main reactor coolant Joop piping in the PWR plants. Because of the acceptance of
the leak-before-break methodology, these lines will not be considered susceptible
to failure. Therefore, pipe whip effects were excluded from consideration, but jet
impingement effects from a leak were included. The evaluation of a pipe break
must begin with the assumed loss of function of the pipe line that broke. 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 recirculation 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 assumed
to occur in the BWR recirculation piping systems.

Two PWR plants were visited to review the plant layout, the pipe break
and jet impingement protection, and the relative location of components to one
another. In addition to evaluating the pipe break protection for the specific plant,
we also attempted to use the plant layouts to generalize possible break locations
and targets for other plants, for which we did not know the pipe break protection
history. We did not have access to the plant stress analyses, so we did not know
the locations of high stress or fatigue usage > 0.1 that would be used to identify
pipe break locations using today’s standards. In our brief tours inside
containment, we did not have the time to survey each high-energy line along its
entire route, noting the potential break points and targets, but rather we obtained
a general overall view from several locations inside the containment. A number
of pipe whip restraints on high-energy lines were observed in both plants, but
there appeared to be only minimal, if any, jet impingement shields, although the
concrete walls serve this purpose. The two plants were designed by the same
NSSS vendor; nevertheless, we noted several major differences:

1. Although the reactor coolant systems and major branch piping within the
secondary shield (crane) wall were basically the same, the remainder of
the piping, particularly the branch piping between the crane wall and the
containment as well as the electrical and instrumentation routing, were
field run and quite different.

2. On the newer plant that was designed to RG 1.46, the electrical and piping
penetrations 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 adjacent to one another at the same elevation.

3. The smaller piping (for example, spray, letdown, surge, RHR, and
accumulator injection) on the newer plant designed to RG 1.46 had pipe
whip restraints. The restraints on the older plant did not appear to be as
NUMerous.
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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
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 one
another. One of the plants was a newer BWR (BWR/4), which is similar to
SEP-III BWRs. Although it is not considered to be one of the SEP-III plants, the
other two units at this site are SEP-III plants. All three plants share a single
USFAR, licensing SER, and numerous (but not all) other SERs. The other two
plants were older SEP-III BWRs (BWR/3), for which the documentation on pipe
whip and jet impingement was limited. A number of pipe whip restraints were
observed on the recirculation lines of these plants, but there appeared to be only
minimal, if any, jet impingement shields, other than covers over the vent
openings to the torus. The main steam and feedwater lines were not restrained in
the upper cylindrical portion of the drywell. The plants had energy-absorbing
pads attached to sections on the interior of the spherical portion of the drywell.
However, the designs of the pads and the areas covered were not the same for the
plants. In contrast to the PWR plants, the BWR plants had minimal
compartmentalization. Although the two plants were designed by the same NSSS
vendor, General Electric, we noted several major differences:

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 one of the older plants, it appeared that no attention had been
given to separating the different 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 plants.

Ranking And Quantification of SEP-lll Plant Pipe
Breaks Inside 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-III
plant layouts. In many cases, a pipe break scenario may not be possible at a
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specific SEP-III plant because of its physical layout and pipe restraints. The
results are presented in the tables below.

Cost Analysis

Various changes in plant hardware and procedures have been proposed
that could reduce the potential for, or mitigate the consequences of, pipe break.
Some of these changes were required for SEP-II plants, some have been used to
mitigate fatigue cracking such as in PWR feedwater nozzles and surge lines,
while others have been applied to BWRs to reduce the break potential from
IGSCC. Cost estimates for the following list of corrective actions that could
reduce the pipe break probabilities of LWR piping were developed: plant design
changes, protective hardware, preventive hardware, operating/procedure changes,
additional testing and ISI, and additional analysis. The recommended corrective
actions for this issue would be in the protective hardware and tes/ISI categories.

Our experience in GSI 156-6.1 has shown that a great deal of the balance-
of-plant piping, as well as the electrical and hydraulic instrument and control
lines, are field routed in both BWRs and PWRs. Consequently, the best and
possibly only way to determine the proximities of high-energy lines and their
potential targets in the event of a line break are by in-plant walkdowns. This is
consistent with the SEP-II plant corrective 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, a cost estimate
was developed for such walkdowns.

Table E-1. Quantification of dominant BWR pipe-break events inside containment.
Change in CDF Resulting from Pipe Break Event

Mean
Pipe Break—Affected Frequency Emor 5" Percentile Median 95 Percentile
Systenys) (events/rx-yr) Factor® (events/rx-yr) (events/rx-yr) (events/rx-yr)
1. MSorFW— 2.0E-6 135 4.2E-8 5.7E-7 7.7E-6
Containment shell and (2.0E-6)° (13.6) (3.9E-8) (5.6E-7) (7.6E-6)
safety systems entering
containment
5. Recirculation—CRD 5.0E-6 14.1 9.8E-8 1.4E-6 1.9E-5
bundle(s) (5.0E-6) (14.3) (8.9E-8) (1.4E-6) (2.0E-5)
9. Recirculation— 4.0E-6 13.6 8.4E-8 1.1E-6 1.5E-5
Containment shell and (4.0E-6) (11.8) (8.3E-8) (1.1E-6) (1.3E-5)
safety systems entering '
containment
10. RHR—CRD bundle(s) 2.5E-6 115 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—Containment 4.0E-7 19.8 3.9E-9 7.7E-8 1.5E-6
shell and safety systems (4.0E-7) (17.7) (3.9E-9) (7.9E-8) (1.4E-6)
entering containment®
14. HELB—Containment 3.8E-5 11.3 1.1E-6 1.3E-5 1.4E4
instrumentation and (3.8E-5) (10.8)  (1.0E-6) (1.2E-5) (1.3E4)
control -
16. HELB—RBCCW* 2.0E-8 16.8 2.7E-10 4.6E-9 7.7E-8
(2.0E-8) (16.7) (2.6E-10) (4.3E-9) (7.2E-8)

a.  Ermror 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

Mean 5t
Pipe Break—Affected Frequency Error  Percentile Median 95" Percentile
System(s) (events/rx-yr) Factor® (events/rx-yr) (events/rx-yr) (events/rx-yr}
9.  HELB—Containment 7.5E-5 12.2 1.9E-6 2.4E-5 2.9E4
instrumentation and (7.5E-5)° (12.3) (1.8E-6) (2.2E-5) (2.7E4)
control
16. MS or FW—Containment 1.4E-9 15,0  2.0E-11 - 3.7E-10 6.0E-9
shell in free-standing (1.4E-9) (12.1) (4.6E-11) (4.3E-10) (5.2E-9)
containment*
17. MS or FW—CCW* 1.0E-7 16.8 1.4E-9 2.3E-8 3.9E-7

(1.0E-7) (15.5) (13E-9) (2.2E-8) (34E-7)

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

¢. This event is presented because its containment failure impact is high, even though the core damage frequency
impact ranking is low.

Conclusions
The general conclusions reached in this program are:

1. No BWR SEP-1II plants have leak-before-break (LBB) approval; all
SEP-III PWR plants have LBB approval for their reactor coolant
systems. One SEP-III plant has LBB approval for its surge line.

2. 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 no models which have been produced that are
sophisticated enough to estimate variances in pipe break frequencies
for different LWR materials, fabrication methods, repair methods, or
stress improvement methods.

3. Most pipe break frequency estimates can be traced back to the same
references, many of which are fairly old. The break frequencies in
NUREG-1150 (1990), which has undergone fairly extensive reviews,
were used for this study.

4. Only a small number of inspection, procedural, and physical
modifications were required by the NRC for SEP-II plants. The
average was slightly more than two changes per plant. No common
locations or documented reasons for the modifications were
determined.

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

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

Our observations of two PWR and three BWR plants showed that
while the RCS or PCS of these plants are all similar, the branch
piping and electrical conduits are field routed in different manners,
leading us to the conclusion that the field routing probably makes
each plant unique in terms of the proximity of pipe breaks and
potential targets.

The main physical barriers for pipe break protection are whip
restramnts, jet impingement shields, containment liners, and concrete
walls (PWRs only).

The physical separation of components is much greater in PWRs
than in the Mark I BWRs.

Based on all the possible field routing situations, we developed a list
of potential concerns based on the systems that we observed in the
plants that were visited.

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
systems (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 with regard to potential increase in CDF.

The CDF mean frequency changes for the BWR sequences ranked
high or medium were on the order of 10™ to 10 events/rx-yr. The
CDF mean frequency change for the two PWR events was on the
order of 10™ events/rx-yr for one and 10”° events/rx-yr for the other.

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

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

We found that since the field routing of most of the lines is plant-
specific, any corrective actions must also be plant-specific. This is
consistent with the corrective actions for the SEP-II plants, for which
the changes imposed by the NRC varied from plant-to-plant.
Therefore, a plant-by-plant walkdown is recommend to decide what,
if any, corrective actions are needed for each plant.
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APGRMS

B&W
BWR
CCWwW
CDF
CE
CFR
CIS
CIv
Cp
CRD

CVCS
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EPRI
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ESF
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automatic depressurization
system
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Arkansas Nuclear One
air operated valve
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closed cooling water

core damage frequency
Combustion Engineering
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containment isolation system
containment isolation valve
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system
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Electric Power Research
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emergency service water
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LPSI
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feedwater

General Design Criteria
General Electric
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Generic Safety Issue
high-energy line break
high-pressure coolant injection
high-pressure safety injection
heat sink welding

instrument and controls
Initiating event

Institute of Electrical and
Electronic Engineers

intergranular stress corrosion
cracking

Idaho National Engineering and
Environmental Laboratory

individual plant examination

individual plant safety analysis
report

individual heat stress
improvement

inservice inspection

leak before break
loss-of-coolant accident
low-pressure coolant injection

low-pressure safety injection
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LLNL

MK 1
MOV
MS

MSIP

MWe

NIS

NRC

NSSS

NUDOCS

OL

PCS

POL
PORV
PRA

psig

PWR

Lawrence Livermore National
Laboratory

Mark 1
motor-operated valve
main steam

mechanical stress improvement
procedure

" megawatt electric

nuclear instrument system
nominal pipe size

Nuclear Regulatory
Commission

non-regenerative heat exchanger
nuclear steam system supplier

Nuclear Document System (of
the NRC)

operating license

primary coolant system {of a
BWR)

provisional operating license
power operated relief valve
probabilistic risk assessment

pounds per square inch (gage
pressure)

pressurized water reactor
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RBCCW

RCIC

RCP

RCS

RG

RPS
RTD
RWCU
SEP
SER

SI
SLCS

SONGS

SRP
SST
SWS
™I

UFSAR

XX1v

reactor building closed cooling
water

reactor core isolation cooling
reactor coolant pump

reactor coolant system (of a
PWR)

Regulatory Guide

residual heat removal

reactor protection system
resistance temperature detector
reactor water cleanup
Systematic Evaluation Program
safety evaluation report

safety injection

standby liquid control system

San Onofre Nuclear Generating
Station

Standard Review Plan
stainless steel

service water system
Three Mile Island

updated final safety analysis
report

Westinghouse Electric
Corporation



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. Emnt, 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 critenia. The NRC is now
attempting to assess the impact of not having
such criteria in place. The SEP-III plants are:

Nine Mile Point 1 Vermont Yankee

Robinson 2 Maine Yankee
Point Beach 1 & 2 Kewaunee
Monticello Fort Calhoun
Dresden 3 Zionl &2
Pilgrim Browns Ferry 1 & 2
Quad Cities 1 & 2 Indian Point 2 & 3
Sury 1 & 2 Peach Bottom 2 & 3
Turkey Point 3 & 4  Prairie Island 1 &2
Oconee 1,2, & 3 Duane Arnold
Cooper Arkansas 1
~Calvert Cliffs 1 D. C. Cook 1
Hatch 1 FitzPatrick
Three Mile Island 1  Brunswick 2
Trojan Millstone 2.

The NRC’s assessment involved an initial
prioritization of the issue to determine whether
the risk involved was sufficiently high to war-
rant assigning it as a2 Generic Safety Issue desig-
nated for a more detailed evaluation. The initial
prioritization considered the current status of the
SEP-III plants with regard to pipe break prob-
abilities, probabilistic risk assessments, pipe
break effects on the Core Damage Frequency
(CDF) estimates, and the cost estimates for any
potential corrective actions. The NRC staff per-
formed an initial “draft” prioritization, but large
uncertainties were recognized (for example, in
the probability of various types of pipe failures,
in the probability of subsequent safety-related
system failures after pipe breaks, and in the cost
estimates for any potential improvements to
reduce the CDF), making the prioritization inap-
propriate for use. Therefore, the present effort
seeks to enhance the existing “draft” priontiza-
tion of GSI 156-6.1, reducing the uncertainties
as much as possible. A significant effort in gath-
ering additional information was required to
enhance the prioritization.

1.1 Background

In 1967, the Atomic Energy Commission
(AEC) published the General Design Criteria
(GDC) for comment and interim use. Untl 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
Inside Containment”. This draft contained one of
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the first documentations of deterministic criteria
that the AEC staff had been using for several
years (to varying degrees) as guidelines for
selecting the locations and orientations of pos-
tulated pipe breaks inside containment, and for
identifying the measures that should be taken to
protect safety-related systems and equipment
from the dynamic effects of such breaks. Before
they used these deterministic criteria, the staff
used nondeterministic guidelines on a plant-
specific basis. This Draft Safety Guide was
subsequently revised and issued in May 1973 as
RG 1.46 with the same title (AEC, 1973b). The
AEC implemented the RG only on a forward-fit
basis. ‘

Regarding pipe break effects outside con-
tainment: in December 1972 and in January
“through July 1973, the AEC issued two generic
letters (Giambusso, 1972 and O’Leary, 1973) to
all licensees and Construction Permit (CP) or
Operating License (OL) applicants; these are
known as the “Giambusso” and “O’Leary”
letters, respectively. These letters extended the
pipe break concerns to outside contamment, 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 that 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. In
November 1975, after the AEC had reorganized
into the Nuclear Regulatory Commission, the
NRC staff issued Standard Review Plan (SRP)
sections 3.6.1 and 3.6.2 (NRC 1975) that
slightly revised the two genenc 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.

The NRC has provided requirements to the
industry regarding pipe breaks outside of con-
tainment by 1issuing the above-mentioned
“Giambusso” and “O’Leary” letters. Since these
requirements apply to all the affected plants,
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pipe breaks outside containment are considered
a compliance 1ssue. Therefore, the concemn of
pipe breaks outside containment for the 41 SEP-
III units is not considered a part of this issue;
only pipe breaks inside containment will be
considered.

As part of its plant-specific review between
1975 and 1981, the NRC staff used the guide-
lines in RG 1.46 for postulated pipe breaks
inside containment and SRP sections 3.6.1 and
3.6.2 for evaluating postulated pipe breaks out-
side containment. In July 1981, the NRC revised
SRP sections 3.6.1 and 3.6.2 (NRC 1981) to be
applicable to both outside and inside contain-
ment, eliminating the need for further use of
RG 1.46. Finally, in June 1987, the NRC
eliminated all dynamic and environmental
effects resulting from arbitrary intermediate pipe
ruptures. This was accomplished through
Generic Letter 87-11 (USNRC 1987a).

Between 1977 and 1987, the NRC System-
atic Evaluation Program (SEP) revisited the
issue of pipe breaks inside and outside contain-
ment. The objective of the SEP was to determine
to what extent the earlier ten plants (i.e., SEP-II)
met the licensing criteria in existence at that
time. These ten plants included:

Palisades R. E. Ginna
Oyster Creek Dresden 2
Millstone 1 Yankee Rowe
Haddam Neck LaCrosse

Big Rock Point SONGS 1

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



complete installation of a radiation monitoring
system and the 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
agamst 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 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
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accomplished. In 1974, RG 1.75 (AEC 1974)
was published, clarifying the requirements.

1.2 NRC Staff Draft
Prioritization

Based on the information above and esti-
mated frequencies of occurrence in each step of
possible accident sequences that would result in
a reasonably conservative estimate of impact on
overall plant safety, the staff performed an initial
“draft” prioritization of this issue. However,
because of large uncertainties in certain parts of
the sequences being considered, the resulting
estimates also contained very large uncertainties.
Particularly, these uncertainties concern the
probability of various types of pipe failures, and
the probabilities that these pipe failures would
cause subsequent failures (e.g., from pipe whip,
Jet impingement) of important equipment or
structures. The NRC also determined that more
accurate estimates of the costs associated with
any potential improvements to reduce the CDF
would help establish a more well-defined priori-
tization. For this reason, the NRC decided that
additional research should be performed.
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2. PIPE BREAK FREQUENCY ESTIMATES

2.1 Review of Available Pipe
Degradation and Failure
Data

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

Extensive cracking has been found in most
BWR recirculation systems (133 by 1979, 319
by 1983, and more than 1,000 by 1990 have
been reported), although only a small percentage
actually developed into leaks. An estimated 6 to
8% of BWR susceptible pipe welds have experi-
enced cracking. The initial instances of leakage
were on smaller lines [less than 8 in. (203 mm)]
first reported at Dresden Unit 1 in 1965, and at a
safe end location in the Duane Amold plant in
1980. Later, in 1982, a slight leak occurred on a
28-in. (711-mm) safe end at Nine Mile Point
Unit 1 during a hydrotest, showing that larger
recirculation piping was also susceptible to leak-
age from intergranular stress corrosion cracking
(IGSCC). A few other through-wall cracks were

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

While many Westinghouse and a few Com-
bustion Engineering plant steam generator feed-
water nozzle-to-piping weld zones have experi-
enced cracking, actual failures (leaks) have been
relatively few: D. C. Cook Unit 2 (Westinghouse
PWR) in 1979, Maine Yankee (Combustion
Engineering PWR) in 1983, and Sequoyah
Unit 1 (Westinghouse PWR) in 1992. The
Maine Yankee incident was caused by a water
hammer and occurred at a location weakened by
fatigue cracking. Extensive erosion-corrosion
wall thinning of piping inside containment was
found on the Trojan plant (Westinghouse PWR),
but no leaks have occurred. A break in the
feedwater line at the inside of the containment
penetration occurred at the Indian Point plant
(Westinghouse PWR) in 1973. A major leak
developed and the penetration was damaged.
Leaks have developed in the makeup/high
pressure injection lines of two B&W plants, one
in the early 1980s and one in 1997. A safety
injection line developed a leak from thermal
fatigue at Farley Unit 2 (Westinghouse PWR) in

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

nuclear power plants inside containment.

Location Degradation mechanism Leaks
BWR recirculation piping Intergranular stress corrosion cracking (IGSCC) 34
BWR feedwater nozzles Thermal fatigue 0
PWR feedwater nozzles Thermal fatigue, water hammer, erosion-corrosion 3
PWR feedwater piping Water hammer, erosion-corrosion 1
PWR makeup/high pressure injection Thermal fatigue 2
PWR safety injection piping Thermal fatigue 1
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Pipe Break Frequency Estimates

1988, after 6 vears of operation. A similar leak
occurred at a Belgian plant. These instances of
degradation have been the subject of NRC
Bulletins and Information Notices (NRC 1979,
1980c, 1984b, 1987b, 1989, 1991b, 1993), and
are being managed by industry and NRC
programs.

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

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

Leak-before-break (LBB) technology was
approved by an amendment to GDC-4 of
Appendix A to 10 CFR Part 50, and became
effective November 27, 1987. The technical
procedures and criteria for LBB are defined in
NUREG/CR-1061, Volume 3 (NRC 1984b).
The basic assumption 1s that if there is major
degradation in the pipe wall, a detectable leak
will develop for certain piping under certain
loads, and the plant can be shut down before a
catastrophic failure occurs.

~ Although the NRC has not approved LBB for
any BWR plants, all PWR SEP-III plants have
LBB approved for their main coolant loops.
These have been primarily connected with the
resolution of Unresolved Safety Issue A-2,
which dealt with asymmetric blowdown loads
resulting from double-ended pipe breaks. How-
ever, licensees may use LBB as justification for
the removal of primary loop supports such as
part of snubber reduction programs, and the
removal of pipe whip restraints and jet
impingement barriers. One SEP-III plant (Prairie
Island Unit 1) has had LBB approved for its
surge line. This was in conjunction with satis-
fying the requirements of Bulletin 88-11. The
LBB status of SEP-III plants as of 1995 is
summarized in Table 2-2.
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In most cases, the NRC reviewed generic
requests and granted approvals for Westing-
house (Generic Letter 84-04; Eisenhut 1984),
Combustion Engineering (Richardson 1990),
and Babcock & Wilcox (Crutchfield 1985)
plants. Generic letter 84-04 also included the Ft.
Calhoun plant (Combustion Engineering design)
because Ft. Calhoun has stainless steel primary
coolant piping as do Westinghouse plants, rather
than carbon steel piping as do all other Combus-
tion Engineering plants. Not all Westinghouse
plants were included in Generic Letter 84-04.
Fifteen Westinghouse plants, of which 10 were
SEP-III plants, are listed in the Generic Letter.
Although Generic Letter 84-04 accepted the
technical basis for LBB, it stipulated that plants
still had to demonstrate that an adequate leak
detection system was operational, that 1s, that at
least one leakage detection system must be oper-
able with a sensitivity capable of detecting
1 gal/min (gpm) (3.8 I/m) in 4 hr. The guidelines
for leak detection systems were published in
RG 1.45 (AEC 1973a). Edison’s letters (1988
and 1990) are examples of NRC approval of
licensee submittals for a leak detection system
that is sufficient to detect leakage from a
postulated circumferential throughwall flaw
using RG 145 (with the exception that the
seismic qualification of the airborne particulate
radiation monitor is not necessary).

Crutchfield’s letter (1985) is the NRC
generic response to a B&W Owners Group sub-
mittal, and Richardson’s letter (1990) is the
generic response to the Combustion Engineening
Ownmers Group. Although there were three main
generic approvals, some plants applied for and
were granted LBB individually (Edison 1987;
Brinkman 1989; Gamberoni 1992; Chan 1988;
Perkins 1988), because not all Westinghouse
plants were included in Generic letter 84-04. For
Indian Point 3, the NRC stated (Varga 1986) that
the licensee had provided analyses satisfying the
requirements of the proposed rule for modifica-
tion of GDC-4 of Appendix A to 10CFR50, but
since the rul€ had not been issued (it was issued
the following year), they took no action. The
licensee considers that after the change to the
CFR in November 1987, the Varga letter (1986)
effectively approves LBB for Indian Point 3.



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

Pipe Break Frequency Estimates

Plant NSSS vendor Svstem
Nine Mile Point-1 GE None
Robinson-2 Westinghouse RCS*
Point Beach-1/2 Westinghouse RCS?
Monticello GE None
Dresden-3 GE None
Pilgrim GE None
Quad Cities-1/2 GE None
Surry-1/2 Westinghouse RCS?
Turkey Point-3/4 Westinghouse RCS™
Oconee-1,2,3 B&W RCS*
Vermont Yankee GE None
Maine Yankee Combustion Engineering RCS®
Kewaunee Westinghouse RCS'
Fort Calhoun Combustion Engineering RCS?
Zion-1/2 Westinghouse - RCS?
Browns Ferry-1/2 GE None
Indian Point-2/3 Westinghouse RCS (unit 2,7 unit 3%
Peach Bottom-2/3 GE None
Praine Island-1/2 Westinghouse RCS," surge line (unit 1)
Duane Amoid GE None
Cooper GE None
Arkansas Nuclear One-1 B&W RCS®
Calvert Chiffs-1 Combustion Engineering RCS®
D. C. Cook-1 Westinghouse RCS*
Hatch-1 GE None
Fitzpatrick GE None
TMI-1 B&W RCs®
Brunswick-2 GE None
Trojan Westinghouse RCS
Milistone-2 Combustion Engineering RCS®

a. Eisenhut, 1984 g Gamberoni, 1992
b. Richardson, 1990 h Dilanni, 1986
c. Crutchfield, 1985 i Edison, 1988
d. Edison, 1990 j- Chan, 1988
e. Edison, 1987 k. Varga, 1986
f. Brinkman, 1989 L Perkins, 1988
7 NUREG/CR-6395
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2.3 Estimation of Pipe Failure
Rates Applicable to SEP-lli
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” s
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 INEEL (Advanced Test
Reactor) reactors.

Most recent PRA reports base their failure
frequencies on previous PRAs, and the previous
PRAs mainly use three basic references:
WASH-1400 (NRC 1975), 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

Beaver Valley PWR PLG-0500

Brunswick BWR EGG-EA-5887

Callaway PWR WASH-1400

Comanche Peak PWR  PLG-0500

Diablo Canyon PWR PLG-0500

FitzPatrick BWR NUREG/CR-4550, Table 4.3-3

PRA basis

Limerick BWR EPRINP-438
Monticello BWR EPRINP-438
Hatch BWR EPRINP-438

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

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

Other sources reviewed, but from which no
pipe-break frequency information was found,
were NUREG-1061 (NRC 1984b), NUREG-
0313 Revision 2 (Hazleton and Koo 1988), and
Generic Letter 88-01 (NRC 1988a).



The mean pipe-break frequency estimates
(events/yr) from the references reviewed are
listed in Tables 2-4 and 2-6 for PWR and BWR
plants, respectively. All values are mean except
for those based on WASH-1400, where they rep-
resent median values. The tables include
WASH-1400 (NRC 1975a), NUREG-1150, and
Poloski et al. (1999). The latter is a more recent
study which considered piping history through
1997. It recommended frequencies about an
order of magnitude below WASH-1400 and
NUREG-1150. The study is very recent and has
not received widespread review,

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

Estimates of mean secondary piping rupture
frequencies for PWR plants (events/yr) are listed
in Table 2-8. The failure frequency for the Cal-
laway plant was based on the ratio of the pipe
section lengths for that plant compared to the
section lengths assumed in WASH-1400.

Although the initial approach was to use the
median values of the studies evaluated, it was

decided to use initiating event values from-

NUREG-1150 since those values are the most
accepted and extensively used by the NRC.

Pipe Break Frequency Estimates

These failure frequencies are listed in Table 2-9.
There has been less failure information
generated for main steam and feedwater piping
than for reactor coolant systems. Based on the
limited data in Table 2-8, a mean failure
probability value of 3 x 10* events/yr is
estimated, which is about the same as for the
primary system large break frequency.
Therefore, the PWR large break failure
frequency will also be assumed for the large
secondary piping. Since there has been more
feedwater system degradation inside con-
tainment than main steam system degradation, it
is assumed that 80% of the frequency comes
from the feedwater system and 20% from the
main steam system.

Although the failure studies did not consider
the age of the piping, the failure probability is
undoubtedly a function of the pipe age, since
one of the major degradation mechanisms,
fatigue, accumulates with time. Shah et al.
(1998, Figure 3.6b) show a statistically increas-
ing trend of leak events caused by thermal
fatigue with plant years of operation. Fatigue
degradation will be greatest for plants in the life
extension phase, presumably 40 to 60 years, for
which no nuclear plant failure data can be gen-
erated at this time. Another consideration is
replacement or repaired pipe. Recirculation lines
in all SEP-III BWR plants have been repaired or
replaced. We believe that the values chosen are
conservative. The mean probabilities are factors
of 5 and 10 greater than the values in the study
performed by Poloski et al. (1999) for BWR and
PWR RCS piping, respectively.
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Table 2-4. Failure frequencies (events/yr) for PWR plant primary system piping.

Relative Pipe Size®

Very Large Large Medium Small Very Small Other Source
2.7E-7 2.0E4 4,7E-4 5.8E-3 — — Diablo Canyon PRA
— — — — 1.2E-2 — Comanche Peak PRA
— 5.0E4 1.0E-3 1.0E-3 1.3E-2 — Callaway PRA
2.7E-7 2.0E4 4.7E-4 5.6E-3 — — Beaver Valley PRA®
— — — 1.8E-2 — — Beaver Valley PRAC
— 1.0E-4 — — — — Kafka and Adrian 1989
— — — — — 5.0E-6 Kafka and Adrian 1989°
— 1.4E4 3.2E4 1.0E-3 — — Jamali 1990
— 3E4 8E-4 3E-3 — — WASH-1400
— SE-4 1E-3 1E-3 — — NUREG-1150"
— 4E-6 3E-5 4E4 — — Poloski et al. 1999
a. Very large break >> 6 in. (152 mm) (for example, reactor vessel)
Large break > 6 in. (152 mm)
Medium 4 < break <6 in. (102 < break < 152 mm)
Small 2 <break <4 in. (51 < break £ 102 mm)
Very small break < 2 in. (£ 51 mm)
Other single weld.

b. Isolatabie portions.
c. Non-isolatable portions.

d. Based on 4,000 plant years of experience.

e. Based on large-diameter pipe for Biblis B.
f. Analysis of Core Damage Frequency: Surry Unit 1 Internal Events, NUREG/CR-4550, Vol. 3, Rev. 1, Part 1, Table 4-9.2,

page 4.9-4.
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Table 2-5. Failure frequency uncertainties (events/yr) for PWR plant primary system piping.

Pipe Break Probability
(events/yr)
Pipe size® Low Mean High Source
Very large 7.1E-9 2.7E-7 8.1E-7 Diablo Canyon PRA
Large 6.7E-6 2.0E4 5.7E4 Diablo Canyon PRA
5.0E-5 5.0E4 5.0E-3 Callaway PRA
1.2E-5 1.4E4 7.0E-4 Kafka and Adrian 1989
1E-5 3E-4 1E-3 WASH-1400
1.9E-5 SE-4 1.9E-3 NUREG-1150°
1E-7 4E-6 1E-5 Poloski et al. 1999
Medium : 1.9E-5 47E4 14E-3 Diablo Canyon PRA
1.0E4 1.0E-3 1.0E-2 Callaway PRA
2.8E-5 3.2E4 1.6E-3 Kafka and Adrian 1989
3E-5 8E-4 3E-3 WASH-1400
3.8E-5 1E-3 3.8E-3 NUREG-1150°
1E-6 3E-5 1E-4 Poloski et al. 1999
Small 1.1IE4 5.8E-3 1.5E-2 Diablo Canyon PRA
1.0E4 1.0E-3 1.0E-2 Callaway PRA
8.3E-5 . 1.0E-3 5.0E-3 Kafka and Adrian 1989°
1E4 3E-3 1E-2 WASH-1400
3.8E-5 1E-3 3.8E-3 NUREG-1150°
1E-4 4E-4 1E-3 Poloski et al. 1999
a. Very large break >> 6 in. (152 mm) (for example, reactor vessel)
Large break > 6 in. (152 mm)
Medium 4 < break < 6 in. (102 < break < 152 mm)
Small 2 <break <4 in. (51 < break £ 102 mm)

b. Based on large-diameter pipe for Biblis B.

¢.  Analysis of Core Damage Frequency: Surry Unit | Internal Events, NUREG/CR-4550, Vol. 3, Rev. 1, Part 1, Table 4-9.2,
page4.94
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Pipe Break Frequency Estimates

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

Relative Pipe Size®

Very Large Large Medium Small Very Small Other Source
_— 1.0E4 3.0E4 3.0E-3 3.0E-2 — FitzPatrick PRA
3.0E-7 7.0E4 3.0E-3 8.0E-3 —_ — Shoreham PRA®
—_ 7.0E-3 3.0E-2 2.0E-2 — — EPRI NP-438°
—_ 4.0E-4 2.0E-3 1.0E-2 — — Limerick PRA
— 7.0E4 3.0E-3 8.0E-3 — — Monticello PRA
—_ 2.6E-4 7.6E-4 2.3E-3 — — Hatch PRA
1.8E-8 3.0E4 3.0E-3 3.0E-2 — — Brunswick PRA
— 3.0E4 2.8E4 1.8E-3 — — Jamali 1990
_ — —_ —_— — 1.5E-10 Lo 1989°
— 3E4 SE-4 3E-3 — — WASH-1400
— 1E-4 3E4 3E-3 — — NUREG-1150*
— 2E-5 3E-5 4E-4 — — Poloski et al. 1999
a. Very large break >> 6 in. (152 mm) (for example, reactor vessel)
Large break > 6 in. (> 152 mm)
Medium 4 <break < 6 in. (102 <break < 152 tm)
Small 2 <break < 4 in. (51 < break < 102thm)
Very small break < 2 in. (51 mm).
b. Large break > 4 in. (> 102 mm)
‘Medium 1 < break < 4 in. (25 < break < 102 mm)
Small break < 1 in. (25 mm).

c. Single weld in recirculation bypass line.

d. Analysis of Core Damage Frequency: Peach Bottom Unit 2 Internal Events, NUREG/CR-4550, Vol. 4, Rev. 1, Part 1,
August 1989, Table 4.9-1, page 4.9-94. )

NUREG/CR-6395
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Table 2-7. Failure frequency uncertainties (events/yr) for BWR plant piping.

Pipe Break Frequency Estimates

Pipe Break Probability
Pipe Size Low Mean High Source
Large . 1.0E-5 1.0E4 1.0E-3 FitzPatrick PRA
2.5E-5 3.0E4 1.5E-3 Lo 1989°
1E-5 3E-4 1E-3 WASH-1400
3.8E-6 1E-4 3.8E4 NUREG-1150¢
SE-7 (2E-5 9E-5 Poloski et al. 1999
Medium 3.0E-5 3.0E4 3.0E-3 FitzPatrick PRA
2.3E-5 2.8E-4 1.4E-3 Lo 1989°
3E-S 8E-4 3E-3 WASH-1400
1.1E-5 3E4 1.1E-3 NUREG-1150°
9E-7 3E-5 9E-5 Poloski et al. 1999
Small : 3.0E4 3.0E-3 3.0E-2 FitzPatrick PRA
1.5E4 1.8E-3 9.0E-3 Lo 1989°
1E4 3E-3 1E-2 WASH-1400
1.1E-5 3E-3 1.1E-3 NUREG-1150°
1E4 4E-4 1E-3 Poloski et al. 1999
a. Large break > 6 in. (> 152 mm)
Medium 4 <break <6 in. (102 < break < 152 mm)
Small 2 <break <4 in. (51 < break < 102 mm)

b. Single weld in recirculation bypass line.

C. Analysis of Core Damage Frequency: Peach Bottom Unit 2 Internal Events, NUREG/CR-4550, Vol. 4, Rev. 1, Part 1,

August 1989, Table 4.9-1, page 4.9-94.

Table 2-8. Failure frequencies (events/yr) for PWR plant secondary system piping inside containment.

Break Location

Steam Line Feedwater Line Source
4.6E4 — Beaver Valley PRA
8.7E-5 2.3E-5 Callaway PRA
4.6E-4 —_ Diablo Canyon PRA
13 NUREG/CR-6395



Pipe Break Frequency Estimates

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

Break Size *

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

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

a. Large break > 6 in. (152 mm)
Medium 4 < break <6 in. (102 < break < 152 mm)
Small 2 < break <4 in. (51 < break £ 102 mm).

NUREG/CR-6395 14



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

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

All of the review results are based on readily
available information. If a specific design provi-
sion or consideration was not addressed in a
document, our review could not comment on
that missing item. Because most of the design
documentation generated for the SEP-III. plants
was dated in the late 1960s and early 1970s,,
access to these documents was not always easily
gained. Some documents were not obtained. In
the cases where we could not readily locate a
document [e.g., a Safety Evaluation Report
(SER) about a plant’s original Final Safety
Analysis Report (FSAR)], we pursued other
avenues in an effort to obtain at least minimal
input. When we faced significant information
gaps, our efforts included (although infre-
quently) telephone conversations with either the
licensee or the nuclear steam supply system
(NSSS) vendor to ask very specific questions.
Since the object of this project was to obtain
information that would enhance the prioritiza-
tion of GSI 156-6.1, the work scope did not
include verification of design commitments or
the status of current plant evaluations regarding
pipe breaks inside containment. Our reviews
were necessarily based on the information which
we could readily obtain.

15

The Giambusso and O’Leary letters specifi-
cally required the applicable BWR and PWR
plants to perform pipe break evaluations for
high-energy piping outside containment. How-
ever, BWR Mark I plants are generally consid-
ered to have two containments, a primary and a
secondary containment. As applied to the BWR
Mark I plants, the primary containment is
defined as the drywell shell and torus while the
secondary containment is the reactor building
that encloses the drywell and other selected
equipment. Therefore, to ensure that this review
effort correctly addressed the proper BWR pip-
ing, we found it necessary to understand the
clear definition of “outside containment” as it
was intended by the Giambusso and O’Leary
letters and how it was applied to the SEP-III
BWR plants. Most of the NRC-generated SERs
or the licensee-generated Updated Final Safety
Analysis Reports (UFSARs) reviewed provided
the necessary clarification. However, documen-
tation for three BWR units (Vermont Yankee
and Browns Ferry 1 and 2) lacked the proper
clarification. A scheduled plant visit (as dis-
cussed in Section 3.4 below) or a brief telephone
conversation provided the needed clarification
for these three units. As uniformly applied by all
of the SEP-III BWR plants, the Giambusso and
O’Leary letters required a pipe break evaluation
of the piping outside of the primary contain-
ment. The result was that only moderate- and
high-energy piping inside the primary contain-
ment (drywell) had to be considered for this
task.

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

NUREG/CR-6395



Review

addressed by the NRC through I[E
Bulletin 79-01B (NRC 1980a) for Class 1E
equipment and Generic Letter 82-33 (NRC
1982a) for instrumentation to comply with RG
1.97 critena (NRC 1980b). These two
documents required all applicable BWR and
PWR plants to provide-the NRC with sufficient
documentation to justify the functionality of all
systems required to mitigate the consequences of
inside containment pipe break. Once completed,
this NRC review process reaffirmed, within the
reasonable limits of backfitting, that each plant
has Class 1E equipment and instrumentation
capable of properly functioning in post-accident
conditions. Consideration of flooding effects
inside containment due to high-energy pipe
breaks or spray from high or moderate-energy
piping was also handled by the NRC in a generic
fashion for the SEP-III plants. The resolution of
Unresolved Safety Issue A-17 (NRC 1989)
included implementing Generic Letter 88-20
(NRC 1988b) that established the Individual
Plant Examination (IPE) process. These system
interaction concems included an assessment of
intemal flooding and other forms of water
intrusion, including spraying, dripping, and
splashing. Therefore, the proper completion of
the IPE review process should also reaffirm that
plant safety-related equipment is indeed capable
of performing their intended functions during
post-accident flooding conditions.

3.1 Review of SEP-Il UFSARs
and Related SERs

The NRC initiated the SEP in February 1977
to reconfirm and document the safety of older
operating nuclear plants' designs. The NRC
SEP-II effort revisited the issue of pipe breaks
inside containment and their related effects for
those ten older nuclear plants. The specific
SEP-II topics related to pipe breaks inside
containment were Topic IH-4.C (internally
generated missiles) and Topic III-5.A (effects of
pipe break on structures, systems, and
components inside containment).. The SEP-I
review also provided safety assessments
adequate for conversion of these plants’
provisional operating licenses to full-term
operating licenses.

NUREG/CR-6395
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The reason we reviewed the SEP-II plants’
UFSARs and any related SERs was to under-
stand the changes that each plant was required to
make to adequately satisfy the NRC’s SEP-II
review. Although the SEP-II plants were
designed before the SEP-III plants, any required
changes made by the SEP-II plants might be
directly applicable to the SEP-III plants.

3.1.1 Information Gathering Process

The NRC’s Nuclear Document System
(NUDOCS) was used as one of the sources of
information to complete this task. NUDOCS
allows database searches to be made on docu-
ments received and issued by the NRC. Key
word or phrase searches, date searches, report
searches, and author searches can be performed.
An important limitation is that NUDOCS is
relatively complete only for docketed material
dating back to the 1979 or 1980 timeframe. It
does. not necessarily contain documentation
dated early than 1980.

The searches for the UFSARs simply
involved locating the microfiche that contained
the initial UFSARSs and their yearly updates. The
Idaho National Engineering and Environmental
Laboratory (INEEL) maintains a copy of the
NUDOCS microfiche files. Hard copies of all
UFSARs are not maintained at the INEEL. All
updates were located, from the initial 1982
UFSAR submittal to the latest available
microfiche update (typically the 1994 update).
Most of the UFSARs reviewed did not follow
the format of RG 1.70 (NRC 1978), but
duplicated the plant’s initial FSAR format. This
meant that information of interest could be
located virtually anywhere in the document,
which increased the time required for the review
effort.

Based on experience gained from reviewing
an initial sample set of UFSARs, we decided to
limit the review of SEP-II UFSARs to a small.
sample to first confirm whether they could be
expected to provide any significant information
relevant to GSI 156-6.1. Two of the ten SEP-II
UFSARs were reviewed. As expected, these two
UFSARs contained wvery little substance.



Table 3-1 shows the pertinent information
obtained from this review effort.

3.1.2 Results From IPSAR NUREGs

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

Table 3-2 summarizes the results obtained
from the IPSAR NUREGs for SEP-II
Topics II-4.C and II-5.A. All of the SEP-II
plants were required to perform some form of
engineering evaluation in order to satisfactorily
address each topic and demonstrate adequate
safety to the NRC staff. A typical evaluation
consisted of (1) defining a pipe break location,
(2) determining the consequences resulting from
pipe whip, jet spray, impingement, or other
related pipe break effects, and (3) 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 (Yankee Rowe and Haddam Neck) were
required to make inspection changes, one plant
(Palisades) was required to make Technical
Specification changes, two plants (Yankee Rowe
and LaCrosse) were required to make procedural
changes, and six SEP-II plants (Yankee Rowe,
LaCrosse, Oyster Creek, Ginna, Haddam Neck,
and Palisades) were required to make physical
modifications. Table 3-3 provides additional
specific information on the plant changes
resulting from the SEP-II review.

The Haddam Neck plant provided unique
information regarding the resolution of concerns
over pipe breaks inside containment. The Had-
dam Neck licensee committed (Wang 1993) to
several physical modifications to improve the
reliability of the auxiliary feedwater system and
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decrease the reliance on feed-and-bleed. The
unique perspective to these modifications is that
all of these changes were made outside
containment. The modifications consisted of
(1) installing a new motor-driven auxiliary
feedwater pump (in addition to the existing
steam-driven turbine pumps) outside the turbine
pump enclosure, powered by emergency onsite
(diesel bus) power, (2) adding more auxiliary
feedwater piping that discharges from the motor-
driven pump and connects to the existing
auxiliary feedwater piping in the turbine pump
enclosure, (3) dedicating the demineralized
water storage tank to the auxiliary feedwater
system, and (4) housing the electric auxiliary
feedwater pump, the automatic initiation support
skids, and some of the additional auxiliary
feedwater piping and valves in a new seismically
designed enclosure.

We need to clarify that the NRC required the
SEP-II plants to evaluate the effects of internally
generated missiles both inside and outside
containment (Topic I1-4.C). Two of the SEP-II
plants (Ginna and Haddam Neck) had
Topic [II-4.C addressed specifically in their
IPSAR NUREGs. Only Ginna had a modifica-
tion requirement (inside containment) resulting
from this SEP-II topic. The remainder of the
SEP-II plants were evaluated and no changes
were required. Each of the NUREGs referenced
NRC letters dealing with the evaluation of
Topic II4.C.

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

3.1.3 Conclusions
During the course of the SEP, a large number
of structures, systems, and components were

evaluated for the effects of pipe break and inter-
nal missile generation. inside containment.
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addressed by the NRC through IE
Bulletin 79-01B (NRC 1980a) for Class 1E
equipment and Generic Letter 82-33 (NRC
1982a) for instrumentation to comply with RG
1.97 criteria (NRC 1980b). These two
documents required all applicable BWR and
PWR plants to provide the NRC with sufficient
documentation to justify the functionality of all
systems required to mitigate the consequences of
inside containment pipe break. Once completed,
this NRC review process reaffirmed, within the
reasonable limits of backfitting, that each plant
has Class 1E equipment and instrumentation
capable of properly functioning in post-accident
conditions. Consideration of flooding effects
inside containment due to high-energy pipe
breaks or spray from high or moderate-energy
piping was also handled by the NRC in a generic
fashion for the SEP-III plants. The resolution of
Unresolved Safety Issue A-17 (NRC 1989)
included implementing Generic Letter 88-20
(NRC 1988b) that established the Individual
Plant Examination (IPE) process. These system
interaction concerns included an assessment of
intemal flooding and other forms of water
intrusion, including spraying, dripping, and
splashing. Therefore, the proper completion of
the IPE review process should also reaffirm that
plant safety-related equipment is indeed capable
of performing their intended functions during
post-accident flooding conditions.

3.1 Review of SEP-Il UFSARSs
and Related SERs

The NRC initiated the SEP in February 1977
to reconfirm and document the safety of older
operating nuclear plants' designs. The NRC
SEP-II effort revisited the issue of pipe breaks
mnside containment and their related effects for
those ten older nuclear plants. The specific
SEP-II topics related to pipe breaks inside
containment were Topic III44.C (internally
generated missiles) and Topic III-5.A (effects of
pipe break on structures, systems, and
components inside containment). The SEP-II
review also provided safety assessments
adequate for conversion of these plants’
provisional operating licenses to full-term
operating licenses.
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, The reason we reviewed the SEP-II plants’
UFSARs and any related SERs was to under-
stand the changes that each plant was required to
make to adequately satisfy the NRC’s SEP-II
review. Although the SEP-Il plants were
designed before the. SEP-III plants, any required
changes made by the SEP-II plants might be
directly applicable to the SEP-III plants.

3.1.1 Information Gathering Process

The NRC’s Nuclear Document System
(NUDOCS) was used as one of the sources of
information to complete this task. NUDOCS
allows database searches to be made on docu-
ments received and issued by the NRC. Key
word or phrase searches, date searches, report
searches, and author searches can be performed.
An important limitation is that NUDOCS is
relatively complete only for docketed material
dating back to the 1979 or 1980 timeframe. It
does not necessarily contain documentation
dated early than 1980.

The searches for the  UFSARs simply
involved locating the microfiche that contained
the initial UFSARs and their yearly updates. The
Idaho National Engineering and Environmental
Laboratory (INEEL) maintains a copy of the
NUDOCS microfiche files. Hard copies of all
UFSARs are not maintained at the INEEL. All
updates were located, from the initial 1982
UFSAR submittal to the latest available
microfiche update (typically the 1994 update).
Most of the UFSARs reviewed did not follow
the format of RG 1.70 (NRC 1978), but
duplicated the plant’s initial FSAR format. This
meant that information of interest could be
located virtually anywhere in the document,
which increased the time required for the review
effort.

Based on experience gained from reviewing
an initial sample set of UFSARs, we decided to
limit the review of SEP-II UFSARs to a small
sample to first confirm whether they could be
expected to provide any significant information
relevant to GSI 156-6.1. Two of the ten SEP-II
UFSARSs were reviewed. As expected, these two
UFSARs contained very little substance.



Table 3-1 shows the pertinent information

obtained from this review effort.
3.1.2 Results From IPSAR NUREGs

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

Table 3-2 summarizes the results obtained
from the IPSAR NUREGs for SEP-II
Topics II-4.C and TI-5.A. All of the SEP-II
plants were required to perform some form of
engineering evaluation in order to satisfactorily
address each topic and demonstrate adequate
safety to the NRC staff. A typical evaluation
consisted of (1) defining a pipe break location,
(2) determining the consequences resulting from
pipe whip, jet spray, impingement, or other
related pipe break effects, and (3) 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 (Yankee Rowe and Haddam Neck) were
required to make inspection changes, one plant
(Palisades) was required to make Technical
Specification changes, two plants (Yankee Rowe
and LaCrosse) were required to make procedural
changes, and six SEP-II plants (Yankee Rowe,
LaCrosse, Oyster Creek, Ginna, Haddam Neck,
and Palisades) were required -to make physical
modifications. Table 3-3 provides additional
specific information on the plant changes
resulting from the SEP-II review.

The Haddam Neck plant provided unique
information regarding the resolution of concerns
over pipe breaks inside containment. The Had-
dam Neck licensee committed (Wang 1993) to
several physical modifications to improve the
reliability of the auxiliary feedwater system and
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decrease the reliance on feed-and-bleed. The
unique perspective to these modifications is that
all of these changes were made outside
containment. The modifications consisted of
(1) installing a new motor-driven auxiliary
feedwater pump (in addition to the existing
steam-driven turbine pumps) outside the turbine
pump enclosure, powered by emergency onsite
(diesel bus) power, (2) adding more auxiliary
feedwater piping that discharges from the motor-
driven pump and connects to the existing
auxiliary feedwater piping in the turbine pump
enclosure, (3) dedicating the demineralized
water storage tank to the auxiliary feedwater
system, and (4) housing the electric auxiliary
feedwater pump, the automatic initiation support
skids, and some of the additional auxiliary
feedwater piping and valves in a new seismically
designed enclosure. '

We need to clarify that the NRC required the
SEP-II plants to evaluate the effects of internally
generated missiles both inside and outside
containment (Topic [1I-4.C). Two of the SEP-II
plants (Ginna and Haddam Neck) had
Topic III-4.C addressed specifically in their
IPSAR NUREGs. Only Ginna had a modifica-
tion requirement (inside containment) resulting
from this SEP-II topic. The remainder of the
SEP-II plants were evaluated and no changes
were required. Each of the NUREGS referenced
NRC letters dealing with' the evaluation of
Topic III4.C.

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

3.1.3 Conclusions
During the course of the SEP, a large number
of structures, systems, and components were

evaluated for the effects of pipe break and inter-
nal missile generation inside containment.
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Table 3-1. Review results from search of SEP-I] plant UFSARs.

Environmental Qualification Electrical and

Pipe Rupture Consideration Instrumentation Separation
Missile/Jet UFSAR
Protection : UFSAR Commitment UFSAR Commitment Commitment
Specific  Physical SRP Other IEEE IEEE IEEE Other
Pipe Rupture Locations Plant RG 3.6.1 Plant 279 279 323 RG Plant RG  Other Plant

Plant Name Considered  Considered Identified Protection 146 3.6.2 Specific 1968 1971 1974 1.89 Specific 1.75 Specific
Palisades Yes® Yes No Yes® X X X* X X
R.E.Ginna Yes®*f Yes No Yes® X x" x" X

Notes:

*+ All SEP-11 plants had to satisfy the NRC regarding RG 1.97 (or the intent of it via GI. 82-33) and had to satisfactorily respond to IE-79-01B.
a. Missiles only from primary coolant loop mentioned.

b. UFSAR indicates that no modifications were necessary but existing structures, barriers, or restraints had to be utilized.

¢. Somie recent upgrades per these later criteria.

d. Bascd on information provided in the UFSAR, some systems were apparently not considered as missile sources (main stcam, fcedwater, etc.). Also, not enough discussion was presented to assure the

reader that al} potential missile targets had been considered, especially instrumentation and electrical items.
¢. Minimal mention of jet spray effects (found only for pressurizer surge line).

f. No mention located in UFSAR regarding effects of inside containment moderate-energy piping through-wall leakage.

g. L.oop compartment barriers exist for missile effects. Unclear if pipe whip restraints and jet impingement shields installed for arbitrary intermediate pipe breaks were only ones and if they were or were

not all removed via Generic Letter 87-11.
h. Reviewed to determine if intent satisfied. (For R. E. Ginna, IEEE 323-1971 and IEEE 344-1971 addressed).

i. Mentioned under cables.

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

Changes Resulting from SEP-II Evaluation

Additional Inspection  Procedural ~ Physical  Tech Spec

Plant Name Type NUREG Number Evaluations Changes Changes Mods Changes

Palisades PWR 0820 X ' X X
CE 2-Loop  and Supplement |

R. E. Ginna PWR 0821 X X

‘ W 2-Loop  and Supplement 1

Oyster Creek BWR-2 0822 X X
Mk I and Supplement |

Dresden 2 BWR-3 0823 X
Mk 1 and Supplement 1

Millstone 1 BWR-3 0824 X
Mk 1 and Supplement 1

Yankee Rowe PWR 0825 X X X X
W 4-Loop  and Supplement 1

Haddam Neck PWR 0826 and NRC letter X X X
W4-Loop  (Accession 9304200321)

LaCrosse BWR 0827 X X X
pre-Mk I and Supplement 1

Big Rock Point , BWR-1 0828 X
pre-Mk 1

SONGS 1 PWR 0829 and 1443 X
W 3-Loop

Notes:

CE - Combustion Engineering was the NSSS supplier

w - Westinghouse was the NSSS supplier

MKI - Mark I containment design

MDY
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Table 3-3. Details of SEP-II plant changes required by IPSAR NUREGs. s
Inspection Changes Procedural Changes Tech Spec Changes §~
Resulting from SEP-11 Resulting from SEP-II Physical Modifications Resulting Resulting from SEP-II 3]
Plant Name Evaluation Evaluation from SEP-1I Evaluation Evaluation
Palisades The licensee was required to provide protection to  The licensee agreed to
the instrument lines for steam generator pressure  modify the Technical
PWR and level indication. NRC was concerned about Specifications concerning
CE charging or letdown lines possibly causing the operability of the leak-
2-Loop damage. detection system, as
required to monitor
leakage resulting from
potential pipe breaks
inside containment.
R. E. The licensee committed to reroute nearby
Ginna instrumentation cables so that sufficient required
nearby instrumentation will be available for
PWR accident mitigation, post accident monitoring, and
w safe shutdown monitoring, assuming a single
2-Loop postulated pipe break in the charging line,
letdown line, or in the “A” accumulator tap. In
addition, the licensce has committed to install a
restraint on valve CV-5738 on the steam
generator blowdown system in response to missile
concerns.
Oyster Creek In response to a concern regarding cascading
breaks, the licensee was required to complete
BWR-2 installation of its aitborne particulate and gaseous
Mk 1 radiation monitoring system (APGRMS).

The licensee committed to
perform augmented inspections
PWR of the eight main steam piping
w welds. Also, the licensee

4-Loop committed to have an augmented
inservice inspectjon (ISI)
program for welds at the main
steam nozzle at the steam
generator and at welds on the
electrical penetration blister 12E.

Yankee Rowe

The licensee committed to
modify the procedure for

'visual inspection of the

5-in. (0.13 m) crossover
piping for potential
inservice pipe
degradation.

The licensee committed to modify the steam
generator blowdown piping supports for jet
impingement loads.
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Table 3-3. (continued).

Inspection Changes " Procedural Changes Tech Spec Changes
Resulting from SEP-II Resulting from SEP-11 Physical Modifications Resulting Resulting from SEP-11
Plant Name Evaluation Evaluation from SEP-II Evaluation Evaluation

LaCrosse The licensee committed to  The licensee committed to reroute two branch
establish procedures to lines connected to the high pressure core spray
BWR close the decay heat (HPCS) line that might be damaged by jet
pre-Mk I cooling system blowdown impingement from a break in the alternate core
line valve in the event of  spray line. Also, the licensee committed to
an accident requiring relocate a valve in the decay heat cooling system
containment isolation. blowdown line.
Haddam Neck  The licensee committed to The licensee committed to four physical
implement a dedicated modifications which increased auxiliary
PWR erosion/corrosion program for the feedwater reliability. These are discussed in the
W piping in the turbine pump text. The licensee also committed to modify the
4-Loop enclosure to reduce the wide-range and narrow-range steam generator
probability of loss of auxiliary level instrumentation so that it was either
feedwater and therefore decrease redundant and physically separated or routed
the potential reliance on feed- taking into account pipe break effects. The
and-bleed. licensee also upgraded the cabling of the Loop
" Thior and Core Exit Thermocouples so that they
are physically separated and redundant. Finally,
Containment Water Level and Containment High
Range Radiation Detectors were installed in
response to NUREG-0737 and are physically
separated and redundant.
Notes:
CE Combustion Enginecring was the NSSS supplier
w - Westinghouse was the NSSS supplicr
MK | - Mark [ containment design
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However, only a small number of inspection,
technical specification, procedural, and physical
modifications were required. The number of
changes resulting from the SEP-II reviews aver-
aged slightly more than two changes per plant.
These changes did enhance and improve the
safety of those plants. However, the small num-
ber of changes indicate that even though high-
energy pipe breaks were not explicitly required
to be considered, important features to mitigate
the effects (e.g., redundancy, separation, rout-
ing) were already included in the initial design
of many of the plants. Thus, when the SEP-II
review was concluded, the corrective actions
required to update the plants to the more recent
standards for pipe break concerns inside con-
tainment were minimal.

Looking at the SEP-II plants either as a
group or separately as PWRs and BWRs, no
common locations or reasons for the modifica-
tions were determined. It appears that the
resulting modifications display little if any pat-
tern. This reinforces the view that each plant has
many unique design features and it is those
unique aspects (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) of each plant
that must be considered in pipe break
evaluations.

3.2 Review of SEP-IlIl UFSARs
and Related SERs

Since the objective of this research program
was to enhance the prioritization of the SEP-III
plants regarding inside containment pipe break
effects, the majority of the effort was spent on
reviewing SEP-III documentation. Conse-
quently, information was sought relating to the
effects of pipe breaks inside containment and
related topics.

Initial project planning included visits to four
SEP-III 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
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moderate-energy piping systems and equipment
important to plant safety, and by observing the
measures taken to mitigate the effects of pipe
breaks. This information would then be
compared to similar data obtained from planned
visits to later vintage (non-SEP) plants. We
would then make qualitative judgments
regarding the general susceptibility of the
SEP-III plants’ equipment to damage resulting
from pipe ruptures or jet impingement. We will
describe the observations of these plants in
Section 3.4 below.

We also decided that pipe replacement and
repair work performed at several BWRs might
affect the pipe break frequency and thus the
potential core damage frequency at these plants.
The pipe replacement and repair programs
addressed an industry concern regarding inter-
granular stress corrosion cracking (IGSCC). In
conjunction with ongoing docket searches, we
also included additional document searches to
identify those SEP-III BWRs that have under-
taken pipe replacement or repair programs. The
results of this review are also described below.
3.2.1 Information Gathering Process

We began by using the NRC's NUDOCS
system. As previously indicated in Section 3.1,
the NUDOCS searches were useful for UFSARs.
However, NUDOCS was not very helpful for
locating relevant SERs. This was because most
of the SERs containing NRC reviews of inside
containment pipe break evaluations were written
for the issuance of the operating license, and
thus were issued in the 1969 to 1974 timeframe.
Typically, NUDOCS does not contain docu-
mentation dated earlier than 1979.

The effort to obtain current UFSAR infor-
mation was significant. Therefore, we chose a
limited number of SEP-II plant UFSARs for
initial review to determine whether significant
information relevant to GSI 156-6.1 would be
obtained. The SEP-II 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).



UFSARs for 12 out of the 41 SEP-III units
(roughly 30%) were reviewed. Table 34 lists
the 12 units highlighted in bold print along with
all of the other SEP-III units. Table 34 lists
these SEP-III plants by docket number, which
roughly corresponds to the relative time that the
licensees first applied to the NRC (or its
predecessor organization) for review of
construction permit documentation. The selected
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 UFSARSs reviewed did
not contain much discussion on inside
containment pipe breaks. Many of these
UFSARs did not address pipe break evaluations
at all, while the others contained only minimal
information regarding design commitments
made for “the operating license. Since the
UFSAR reviews did not provide the desired
information, we decided to concentrate the
review on the relevant SERs.

The NUDOCS database contains little infor-
mation that originated before 1979. Since the
initial SERs for the SEP-III plants would have
been issued before 1979, there was some uncer-
tainty that the desired information would be
located in the NUDOCS database. However,
searches were performed in the attempt to iden-
tify any existing available SER data. Searches
were structured for the individual plants by
specifying their docket number and limiting the
database to search for SERs only. For efficiency,
searches were performed with the key word
limitations of “pipe break”, “pipe rupture”, or
“break location”. INEEL personnel experienced
in performing NUDOCS searches obtained no
listings after attempting the searches described
above. To guard against the possibility of mis-
interpretation of how NUDOCS performs its
searches, we consulted with the NRC NUDOCS
personnel in an attempt to better refine our
search parameters. The NRC NUDOCS person-
nel also attempted several searches and also
obtained no findings. In fact, they tried a search
with the key word “pipe” on one of the plants
and again obtained no listings. The NRC
NUDOCS staff indicated that SERs must have
been entered into NUDOCS in an unusual
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fashion not to get any listings for such a
common keyword.

To ensure completeness, a broader search of the
NUDOCS database was made. General listings
were obtained of all the SERs for a representa-
tive BWR (Dresden 3) and PWR (Turkey
Point 3 & 4). These searches identified a total of
172 SERs for Dresden 3 and 221 for Turkey
Point 3 & 4. We reviewed all of the SERs for
these two different plants. No SERs were
located that addressed the NRC’s evaluation of
inside containment pipe break effects. However,
two of the SERs for the BWR plant and six of
the SERs for the PWR plant did provide
additional information regarding the environ-
mental qualification of equipment and the
effects of flooding resulting from HELB breaks.
The issue dates and topics for these SERs are
listed below:

For Dresden 3 (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
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Table 3-4. SEP-III plants selected for UFSAR review.

Plant Name NSSS Vendor Reactor Type Docket Number
Nine Mile Pt. 1 GE BWR-2, MK I 220
Indian Pt. 2 \'% PWR 4 Loop 247
Dresden 3 GE BWR-3, MK 1 249
Turkey Pt. 3 W PWR 3 Loop 250
Turkey Pt. 4 w PWR 3 Loop 251
Quad Cities 1 GE BWR-3, MK I 254
Browns Ferry 1 GE BWR-4, MK 1 259
Browns Ferry 2 GE BWR4, MK I 260
Robinson 2 W PWR 3 Loop 261
Monticello GE BWR-3, MK I 263
Quad Cities 2 GE BWR-3, MK [ 265
Pt. Beach | w PWR 2 Loop 266
QOconee 1 B&W PWR Standard 269
Oconee 2 B&W PWR Standard 270
Vermont Yankee GE BWR-4, MK I 271
Peach Bottom 2 GE BWR-4, MK I 277
Peach Bottom 3 GE BWR4, MK 1 278
Surry 1 w PWR 3 Loop 280
Surry 2 W PWR 3 Loop 281
Prairie Island 1 W PWR 2 Loop 282
Ft. Calhoun CE PWR 2 Loop 285
Indian Pt. 3 W PWR 4 Loop 286
Oconee 3 B&W PWR Standard 287
™I 1 B&W PWR Standard 289
Pilgrim GE BWR-3, MK ] 293
Zion 1 w PWR 4 Loop 295
Cooper GE BWR4, MK 1 298
Pt. Beach 2 w PWR 2 Loop 301
Zion 2 w PWR 4 Loop 304
Kewaunee w PWR 2 Loop 305
Prairie Island 2 w PWR 2 Loop 306
Maine Yankee CE PWR 3 Loop 309
ANO-1 B&W PWR Standard 313
Cook 1 w PWR 4 Loop 315
Calvert Cliffs 1 CE PWR 2 Loop 317
Hatch 1 GE BWR-4, MK 1 321
Brunswick 2 GE BWR4,MK 1 324
Amold GE BWR-4, MK I 331
FitzPatrick GE BWR-4, MK 1 333
Millstone 2 CE PWR 2 Loop 336
Trojan W PWR 4 Loop 344
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information retrieved, we decided not to
continue searching NUDOCS for SER data.

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

Three plants were selected for a brief review
of all available older documentation to deter-
mine if any of it contained NRC review infor-
mation related to pipe break effects inside con-
tainment. These plants (a total of five units)
were D. C. Cook 1; Oconee 1, 2, and 3; and
Millstone 2. The reviews for these plants
indicated that the licensing SER (the SER writ-
ten by the NRC supporting the issuance of the
plant’s operating license) usually contained the
NRC’s only commentary on the plant’s design
efforts regarding pipe breaks inside containment,
missiles, pipe whip, etc. Therefore, we decided
to pursue only the licensing SERs for informa-
tion relevant to GSI 156-6.1. Supplements to
these licensing SERs were included in the
review when available. Virtually all of the
licensing SERs for the SEP-III BWRs and
PWRs were reviewed with the exception of
Surry 1 and 2. Neither of the Surry SERs were
available in the INEEL Technical Library. Since
an acceptable amount of data had been acquired,
additional efforts to obtain the Surry SERs were
not deemed necessary.

3.2.2 Resuits of Reviews

Table 3-5 summarizes the results obtained
from the review of the sampled SEP-III
UFSARs. Although all of the reviewed UFSARs
indicated that pipe breaks were considered, the
information presented regarding affected sys-
tems, design provisions made to mitigate the
effects of pipe break, and other more detailed
information was not located.

Tables 3-6 and 3-7 summarize all of the
comments contained in the SEP-III licensing
SERs related to pipe breaks inside containment.
Table 3-6 addresses the SEP-III BWR plants,
while Table 3-7 provides commentary on the
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SEP-IIT PWR plants. As can be seen from these
tables, much more detailed information was
obtained than in the review of UFSARs. The
specifics regarding installation of pipe whip
restraints were clarified in much more detail.
The major design concerns for the earlier
SEP-III plants were discussed and the imposed
loadings were more clearly defined. Any further
inside-containment pipe break information
(including current status) would have to be
obtained by contacting each specific SEP-III
plant.

3.2.3 Conclusions

In general, the most obvious conclusion
determined from review of the SEP-III plant
UFSAR and SER information was that the dis-
cussion of pipe-break effects inside containment
continually increased with later construction
dates. Discussion of pipe break topics was nota-
bly absent in information for the earlier plants,
whereas the later plants provided much more
information regarding criteria, evaluations, mul-
tiple pipe breaks for multiple systems, and sys-
tem interactions with other adjacent safety-
related equipment.

Based on the information reviewed, the
early-timeframe SEP-III BWR plants (May 1969
through November 1970 licensing SER date)
were much more focused on maintaining the
integrity of the primary containment. Of course,
all plants considered the consequences of the
high containment pressure that could potentially
be reached during a worst case Loss-Of-Coolant
Accident (LOCA). However, most of the early-
timeframe SEP-III BWR plants also considered
jet impingement loadings on the containment
and some even considered pipe whip (impact
loads). For the mid-timeframe (June 1971
through November 1972 licensing SER date)
BWR plants, more systems were typically con-
sidered as being capable of pipe break. Addi-
tional provisions were made to address these
increased mumber of pipe break concerns
including additional ISI to demonstrate a
reduced potential for pipe break. However, these
plants were still mainly concerned with primary
containment integrity. Many of these mid-time-
frame plants added protective covers to the
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Table 3-5. Review of SEP-III plant UFSARSs. g
. . ‘ Environmental Qualification F‘<o'
Pipe Rupture Consideration Electrical and Instrumentation Separation =
Flood Meissile/Jet UFSAR UFSAR UFSAR
Protection Protection Commitment Commitment Commitment
Specific Physical SRP  Other IEEE IEEE IEEE Other Other
Pipe Rupture  Pipe Rupture Locations Plant RG 3.6.1 Plant 279 279 323 RG Plant RG Plant
Plant Name Considered Considercd _ Considered _Identified Protection 146 3.6.2 Specific 1968 1971 1974 1.89 Specific_ 1.75  Specific
Nine Mile 1 No® Yes® Yes™? No No® X X X!
Oconee 1,2 & 3 No® Yes™! Yest ! No Yes X X X x'
Prairie Island 1&2 - Not Yes Yes® ¥ No Yes X X X X X
Ft. Calhoun No™ Yes Yes® No Yes X X X X!
Millstone 2 No# Yesh" Yesd No Yes X X X X
FitzPatrick No™ & No# Yes' Yes® Yes' X X X xhe
D.C. Cook 1 No# Yes®*- Yes*? No Yes X X X XE
Browns Ferry | & 2 No# Yes® Yes' No Ycs' X X X4
Notes:

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

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

b. Limited items considered as missiles.

¢. Not designed for GDC-4 but intent satisfied mainly by containment integrity and redundancy/backup.
d. No specific mention of moderate energy systems having through wall leakage cracks.

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

f. Mentioned under cables.

g. No specific mention located in UFSAR.

h. Limited mention of jet spray cffects or protection.

i. Limited mention of components considered.

j- Mention of barriers for missiles and jet impingement made in UFSAR but only shielded cubicles mentioned for pipe rupture mitigation in UFSAR.
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Table 3-5. (continued).

Environmental Qualification

Pipe Rupture Consideration Electrical and Instrumentation Scparation
Flood Missile/Jet UFSAR UFSAR UFSAR
Protection Protection Commitment Commitment Commitment
Specific  Physical SRP  Other IEEE IEEE IEEE Other Other
Pipe Rupture  Pipe Rupture Locations Plant RG 3.6.1 ° Plant 279 279 323 RG  Plant RG  Plant
Plant Name Considered __ Considered Considered Identified Protection 146 3.6.2 Specific 1968 1971 1974 1.89 Specific 1.75 Specific

Notes {continued):

k. Leak-Before-Break used on main coolant and pressurizer surge lines as generic Westinghouse plant issue.
1. Some vecent upgrades per this later criteria.

m. Submergence mentioned only for electrical equipment.

n. Missiles only from primary coolant loop mentioned.

o. Minimal mention located for engincered safety features systems or ECCS.

p. Limited systems considered.

~
q. Minimal information provided. Pipc whip restraints placed only where convenient. Locations approximated for main stcam and fecdwater lines only. Unclear over differentiation between restraints
for seismic and pipe whip restraints.

t. Mention was only found for pipe whip restraints. No mention of missile or jet impingement barriers found.
s. No mention of jet impingement on items such as electrical equipment, instrumentation, other safety-related piping, etc. Jet impingement discussed only for large structures and barriers.
t. Limited information available

u. Vague mention of plrysical separation. Minimal definitive guidelines provided.
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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
(SER Date) Considered Containment Shell Containment Pen, Recirc. Other
Nine Mile ! Jet impingement Jet impingement adequate
(5-69) adequate and reaction forces OK
Monticello Pipe whip
(3-70) restraints added
Dresden 3 Containment OK Jet impingement Pipe whip Biological shicld OK for pipe
(11-70) adequate restraints added rupture pressurcs.
Vermont Yankee Containment QK Jet impingement Reaction forces QK Pipe whip
(6-71) adcquate and protective restraints added
cover for MS and FW
breaks installed on
lower spherical portion
Quad Cities | Containment OK Protective cover for Pipc whip RHR cannot damage
(8-71) MS, FW, and HPCI restraints added containment. Biological shicld
breaks installed OK for pipe rupture pressures
and jet impingement. Shicld
plugs restrained to not become
missiles.
Quad Cities 2 Containment OK Protective cover for Pipe whip RHR cannot damage
(8-71) MS, FW, and HPCI restraints added containment. Biological shield
breaks installed OK for pipe rupturc pressurcs
and jet impingemcnt. Shicld
plugs restrained to not become
missiles.
Pilgrim Containment OK Jet impingement Pipe whip Biological shicld OK for pipe
8-71) adequate and protective restraints added rupture pressures and jet

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

impingement. Shicld plugs
restrained to not become
missiles. Pipe ruptures in
cylindrical portion of drywell
do not result in impact cnergies
sufficient to perforate the
drywell shell.
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Table 3-6. (continued).

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

Plant Name Missiles Main
(SER Date) Considered Containment Shell Containment Pen. Recirc. Steam Feedwater Other
Browns Ferry | Containment OK- Jet impingement Jet protection barriers Pipe whip More IS] More ISI More ISl on RHR (another
(6-72) Recirculation pumps  adequate and protective provided for large pipe restraints added unrestrained line).
with overspeed cover for MS, FW, and  penetration, reaction forces
prevention make RHR breaks instatled OK
missiles low on lower spherical
probability portion
Browns Ferry2  Containment OK- Jet impingement Jet protection barriers Pipe whip More IS More ISI More ISI on RHR (another
(6-72) Recirculation pumps  adequate and protective provided for large pipe restraints added unrestrained line).
with overspeed cover for MS, FW, and penetration, reaction forces
prevention make RHR breaks installed OK
missiles low on lower spherical
probability pottion
Peach Bottom2  Containment OK Jet impingement Jet protection barriers Pipe whip Biological shield OK for pipe
(8-72) adequatc and protective  provided for large pipe restraints added rupture pressures and jet
cover for MS, FW, penetrations impingement. Shield plugs
RHR, and HPCI breaks restrained to not become
installed on spherical missiles. Pipe ruptures in
portion cylindrical portion of drywell
do not result in impact encrgics
sufficient to perforate the
drywell shell.
Peach Bottom3  Containment OK Jet impingement Jet protection barricrs Pipe whip Biological shield OK for pipe
(8-72) adequate and protective  provided for large pipe restraints added rupture pressures and jet
cover for MS, FW, penetrations impingement. Shicld plugs
RHR, and HPCI breaks restrained to not become
installed on spherical missilcs. Pipe ruptures in
portion cylindrical portion of drywell
do not result in impact energies
sufficient to perforate the
drywell shell,
J. A. Fitzpatrick  Containment OK- Jet impingement Reaction forces OK Pipe whip Pipe whip  Pipe whip  Pipc whip restraints added
(11-72) Recirculation pumps  adequate and protective restraints added restraints restraints where break could result in
with overspeed cover (per UFSAR) added, added, containment impact. More IS]
prevention make more ISI more [S] at locations where restraints

missiles low
probability

not installed. ECCS redundant.
Shield and RV support
structures OK for pipe whip
and jet impingement loads.
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Table 3-6. (continued).

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

Plant Name Missiles Main
(SER Date) Considered Containment Shell Containment Pen. Recire. Stcam Fecdwater Other
Duane Arnold Catcgory I structures Pipe break cvaluations per
(1-73) OK, recirc. pumps proposed RG 1.46.
with overspeed
prevention make
missiles low
probability
Cooper Containment OK- Jet impingement Jet protection barriers Pipe whip Pipe break evaluations per
(2-73) Recirculation pumps  adequate and protective  provided for large restraints added intent of RG 1 .46.
. with overspeed cover for MS, FW, penetrations
prevention make RHR, and HPCI breaks More IS 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 | Recirculation pumps  Jet protection barriers  Jet protection barriers Pipe break evaluations per
(5-73) with overspeed provided for vent provided for pipe intent of RG 1.46.

Brunswick 2
(11-73)

prevention make
missiles low
probability

Category 1 structures
OK but no internal
missiles indicated,
recirculation pumps
with overspeed
prevention reduces
missile probability

Note:

openings inside
drywell to protect vent
system

Containment
foundations, and
concrete supports
designed for DBA
loads, internal
structures OK for
pressure, jet
impingement, and
accident loads

penetrations with bellow
joints

Jet loads should not disable or
degrade essential equipment.

Pipe break evaluations per
RG 1.46.

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

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

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

Robinson 2
(5-70)

Pt. Beach 1
(7/70)

Pt. Beach 2
(7/70)

Indian Pt. 2 Considered missiles from

(11/70) primary system only,
Category I systems and
containment adequate,
RCS pump adequately
designed and appropriate
ISI used so no missile

concern
Oconeel Containment, RCS, and Containment  More restraints
(12/70) associated engineered penetration added, more ISI
safety features OK RCS room exists attention on
pump adequately designed piping whose
and appropriate ISI used failure could
. s0 no missile concern damage
feedwater ring
header
Oconee 2 Containment, RCS, and . Containment  More restraints
- (12/70) associated engineered penetration added, more ISI
safety features OK, RCS room exists attention on
pump adequately designed ’ piping whose
and appropriate ISI used failure could
so no missile concern damage
feedwater ring
header
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Table 3-7. (continued).

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

pipe split

Plant Name Missiles Containment
(SER Date) Considered Containment Shell Pen. RCS Loop Main Steam Feedwater Other
. Oconee 3 Containment, RCS, and Containment  More restraints
(12/70) associated engineered penetration added, more ISI
safety features OK, RCS room exists attention on
pump adequately designed piping whose
and appropriate ISI used failure could
s0 no missile concern damage
feedwater ring
header
Surry 1 Document not available
/1)
Surry 2 Document not available
2/11)
Maine Yankee NSSS protected
(2/72)
Turkey Pt. 3 Yes per Section 5.1.8.3 Shield structure
(3/72) and Appendix SE of designed for
FSAR, RCS pump differential pressure,
adequately designed and  reactor cavity
appropriate I1SI used so no  designed for
missile concern longitudinal RCS
pipe split
Turkey Pt. 4 Yes per Section 5.1.8.3 Shield structure
(3/72) and Appendix SE of designed for
FSAR, RCS pump differential pressure,
adequately designed and  reactor cavity
approptiate IS used so no  designed for
missile concern longitudinal RCS

MI1ATY
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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 Steam  Feedwater Other
Kewaunee Category I structures Jet impingement Jet
(7/72) adequately designed for adequate, internal impingement
missiles compartments OK adequate,
for differential guard pipes
pressure and jet assure that
impingement steam will not
discharge into
annulus if
pipe breaks
Ft. Calhoun NSSS protected Internal
(8/72) compartments OK
. for differential
pressure and jet
impingement
Calvert Cliffs 1 NSSS protected, RCS Internal Containment
(8/72) pump adequately designed compartments OK penetration
and appropriate IST used  for differential rooms exist
so no missile concern pressure and jet
impingement
Prairie Island 1 Category 1 structures Jet impingement Jet Pipe rupture critcria
(9/72) . adequately designed for  adequate, internal impingement provides protcction for
missiles, RCS pump structures OK for adequate, all vital equipment
adequately designed and  differential pressure . guard pipes against both jet

appropriate ISI used so no

missile concern

and jet impingement

assure that
steam will not
discharge into
annulus if
pipe breaks

impingement and pipe
whip. Evaluation
included all high
pressure piping.
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Table 3-7. (continued).

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

MITATY

Plant Name Missiles Containment
(SER Date) Considered Containment Shell Pen. RCS Loop Main Steam _ Feedwater Other
Prairie Island 2 Category I structures Jet impingement Jet Pipe rupture criteria
(9/72) adequately designed for adequate, internal impingement provides protection for
missiles, RCS pump structures OK for adequate, all vital equipment
adequately designed and - differential pressure  guard pipes against both jet
appropriate ISI used so no  and jet impingement  assure that impingement and pipe
missile concern steam will not whip. Evaluation
discharge into included all high
annulus if pressure piping.
pipe breaks
Zion 1 Category I structures Internal structures Pipe whip Pipe whip Pipe whip Evaluation included
(10/72) adequately designed for ~ OK for differential restraints added  restraints restraints RCS, MS and FW.
missiles, RCS pump pressure and jet added added
adequately designed and  impingement
appropriate ISI used so no
missile concern
Zion 2 Category [ structures Internal structures Pipe whip Pipe whip Pipe whip Evaluation included
(10/72) adequately designed for ~ OK for differential restraints added  restraints restraints RCS, MS and FW.
missiles, RCS pump pressure and jet added added
adequately designed and  impingement
appropriate ISI used so no
missile concern
ANO 1 Category I structures and  Internal structures Pipe breaks postulated
(6/73) components are OK for differential in systems operating at

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

pressure, pipe whip,
and jet impingement

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.
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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 RCS Loop Main Steam  Feedwater Other
™I | Protection assured for RCS, MS, and FW Pipe whip Pipe whip Pipe whip Damage to other safety
7/73) containment (and liner) restrained to prohibit restraints added  restraints restraints related systems
and components of the containment damage, added added prohibited by
engineered safety features, internal structures restraining RCS, MS,
RCS pump adequately OK for differential and FW. Protection for
designed and appropriate  pressure vital systems provided
ISI used so no missile by shield walls
concern surrounding pumps and
steam generators and
by routing safety
systems to attain
separation.
Indian Pt. 3 Category I structures Internal Pipe whip Pipe whip  Pipe whip  Pipe break evaluations
(9/73) adequately designed for compartiments OK restraints added  restraints restraints per RG 1.46.
missiles, RCS protected  for differential added added Category | components
by shield wall and floor, pressure, Category 1 and systcms are
RCS pump adequately structures OK for provided in sufficient
designed, and appropriate  accident loads redundancy.
ISI used so no missile
concemn
D. C. Cook 1 Category I structures Internal structures Pipe whip Pipe break evaluations
(9/73) * adequately designed for OK for differential restraints added per RG 1.46,
missiles, RCS pump pressure, pipe whip, Evaluation included
adequately designed and  and jet impingement RCPB, connecting
appropriate ISI used so no systems, and other
missile concern systems,
Millstone 2 Category I structures and  Designed for pipe Pipe break evaluations
(5/74) essential systems and rupture effects, per RG 1.46.

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

internal structures
OK for differential
pressure and jet
impingement

MITADY
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Table 3-7. (continued).

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

=
Plant Name Missiles Containment f<‘j_
(SER Date) Considered Containment Shell Pen. RCS Loop Main Steam  Feedwater Other %’
Trojan Category I structures (and Designed for pipe Pipe break evaluations
(10/74) systems and components  rupture effects, ’ per RG 1.46.
located inside these internal structures
structures) adequately OK for differential
designed for missiles, pressure and jet

RCS pump adequately impingement
designed and appropriate

ISI used so no missile

concern, pump overspeed

a concem

Note:

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




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

The information contained in the UFSARs
and SERs for the early-timeframe (May 1970
through March 1972 licensing SER date)
SEP-TIIT PWR plants also did not address pipe
break effects in much detail. Of course, the
documents did indicate that the containments
were designed for high pressures due to a worst
case LOCA. That was typically the only signifi-
cant pipe break consideration discussed. For the
mid-timeframe (from July 1972 through July
1973 licensing SER date) PWR plants, more
systems were typically discussed and described
as containing postulated pipe break locations.
Typically, pipe whip restraints were added to the
Reactor Coolant System (RCS) loop, main
steam, and feedwater systems. Only the later-
timeframe (September 1973 through October
1974 licensing SER date) PWR plants appeared
to consider pipe-break effects inside contain-
ment in a fashion similar to current criteria. All
of these plants indicated that their evaluation of
pipe breaks met the intent of or satisfied
RG 1.46. The pipe break evaluations also
progressed such that many of the mid- and
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later-timeframe PWR plants started to explicitly
address internal structures and some plants
discussed protecting surrounding essential or
safety-related equipment. As the pipe break
evaluations progressed, so did consideration of
the imposed loadings. The earlier plants
typically considered just jet impingement loads,
whereas the later plants explicitly considered jet
impingement, differential pressures, reaction
loads, and pipe whip. Table 3-9 lists the PWR
SEP-III plants by the timeframes defined herein
and by the date of the licensing SERs.

The later-timeframe BWR and PWR SEP-III
plants that satisfied (and potentially those that
satisfied the intent of) RG 1.46 are not expected
to require any further evaluation of pipe-break
effects inside containment.

3.2.4 BWR Pipe Replacement

NUREG-0531 (NRC 1979b) states that as
early as 1965 cracks had been observed in the
heat-affected zones of welds joining austenitic
stainless  steel piping and  associated
components. These cracks were attributed to
IGSCC because of the combination of high local
stresses, sensitization of the materials, and the
high oxygen content of coolant used during the
early years of operation in many BWRs. Mate-
rial sensitization in the heat-affected zones of a
weld is produced during the time after welding
when the material is slowly cooled through the
temperature range of 1600 to 800°F (871 to
477°C). This slow cooling allows the precipita-
tion of chromium-rich carbides along grain
boundaries. The formation of these carbides can
deplete the chromium levels below that needed
for corrosion protection in other adjacent grain
boundaries. These depleted zones along the
grain boundaries become susceptible to attack
by a corrosive environment. If a high tensile
stress also exists, this attack may take the form
of IGSCC.

In January 1988, the NRC issued Generic
Letter 88-01 (NRC 1988a) which required all
operating BWRs and holders of construction
permits for BWRs to state their intention to
follow recommended staff positions or propose

NUREG/CR-6395
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Table 3-8. Listing of BWR SEP-III plants by timeframe and initial déte of licensing SER.

Plant " Defined Operating Licensing RG 1.46
Name Timeframe License Ser Date . Used
Nine Mile Pt. | Early 8/69 5/69
Montice_llo Early 9/70 3/70
Dresden 3 Early 1/71 11770
Vermont Yankee Mid 3/72% 6/71
Quad Cities 1 Mid 10/71 8/71
Quad Cities 2 Mid 4/72 8/71
Pilgrim Mid 6/72 8/71
Browns Ferry 1 Mid 12/73 ' 6/72
Browns Ferry 2 Mid 8/74 6/72
Peach Bottom 2 Mid 8/73 8/72
Peach Bottom 3 Mid 7/74 8/72
FitzPatrick Mid 10/74 11/72
Duane Arnold Late 2/74 1/73 Met proposed
Cooper Late 1/74 2/73 Met intent
Hatch 1 Late 8/74 5/73 Met intent
Brunswick 2 Late 12/74 11/73 Met RG 1.46

Note:

2. Issuance of full power license was delayed, so the initial criticality date was used.

4

Table 3-9. Listing of PWR SEP-III plants by timeframe and initial date of licensing SER.

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

Robinson 2 w Early 7/70 5/70

Pt. Beach 1 w Early 10/70 7/70

Pt. Beach 2 A Early 5/72 7/70

Indian Pt. 2 w Early 5/73* 11/70

Oconee 1 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 5172 2/71

Surry 2 W Early 1/73 2/71

Maine Yankee CE Early 10/72? 2/72
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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 12/73 772"
Ft. Calhoun CE Mid 5/73 8/72
Calvert Cliffs 1 CE Mid 7/74 8/72
Prairie Island 1 w Mid 8/73 9/72
Prairie Island 2 w Mid 10/74 9/72
Zion 1 W Mid 4/73 10/72
Zion 2 W Mid 11/73 10/72
ANO-1 B&W Mid 5/74 6/73
T™I 1 B&W Mid 4/74 7/73 :
IndianPt.3 W Late 12/75 9/73 Met RG 1.46
D.C. Cook 1 w Late 10/74 9/73 Met proposed
Millstone 2 CE Late 8/75 5/74 Met RG 1.46
Trojan W Late 11/75 10/74 Met RG 1.46

Note:

a. Issuance of full power license was delayed, so the initial criticality date was used.

alternative positions on the mitigation of IGSCC
effects near weldments. Although the effects of
IGSCC were known and recognized for many
years previous to Generic Letter 88-01, the
responses to this Generic Letter contained a sig-
nificant amount of data of interest. Since the
presence of IGSCC and some of the mitigation
methods discussed in Generic Letter 88-01 and
Supplement 1 might affect the pipe break fre-
querncy, and thus the potential core damage fre-
quency at these plants, 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,”
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“weld overlay,” or “MSIP,” the acronym for
mechanical stress improvement process. As a
result of these searches, various documents were
identified and reviewed. Along with these
identified documents, we obtained input
regarding another stress improvement process,
induction stress heating improvement (ISHI).

The results of this document review are con-
tained in Table 3-10. Various mitigation options
were used, but general observations can be made
for the 16 BWR SEP-III units reviewed. The
recirculation piping was clearly affected by
IGSCC 1in 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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Table 3-10. Response of SEP-III BWR plants to IGSCC concerns (1995).

Response To IGSCC Concerns

: Docket Systems Using MSIP (M)
Plant Name Number Piping Systems Replaced Systems With Weld Overlays or IHSI (1)
Nine Mile Point | 220 Recirculation and associated safe ends and '
Emergency Condenser Steam Nozzle 5-NB
Dresden 3 249 Recirculation and RWCU (entire system) Core Spray (M) and Isolation
Condenser Steam Supply (RPV to
outboard isolation valve) (M)
Quad Cities 1 254 Recirculation and Core Spray
Browns Ferry 1 259 Recirculation, RHR, RWCU,  Recirculation (I)
Core Spray
Browns Ferry 2 260 Recirculation (risers and inlet nozzles), RWCU (from Recirculation, RWCU, and Recirculation (I) RHR (1),
penetration to first elbow inclusive), and Jet Pump Core Spray RWCU (I)', and Core Spray (1)
nozzle safe ends :
Monticello 263 Recirculation and associated safe ends and RHR
(small portion to facilitate pipe removal)
Quad Cities 2 265 RWCU (inboard isolation valve to drywell Recirculation and RHR Recirculation (M&I)
penetration) (suction and return)
Vermont Yankee 271 Recirculation and RHR (SST portions)
Peach Bottom 2 277 Recirculation, RHR (suction, return, and reactor head RWCU
spray), RWCU (from RHR tee in drywell to beyond
2nd isolation valve MO-18), and Core Spray “A” and
“B” (Only 5 nonconforming welds from 4 systems)
Peach Bottom 3 278 Recirculation (including 4 nozzle safe ends), RHR RWCU and Jet Pump
(supply and return), and RWCU (portion) Instrumentation Nozzle
Pilgrim 293 Recirculation Jet Pump Instrumentation
Nozzle
Cooper 298 Recirculation, RHR, RWCU, and Core Spray (All RWCU and Core Spray Recirculation (I) and Core Spray safe
IGSCC susceptible piping welds replaced including ends (I)

associated safe ends and Jet Pump Instrumentation

safe ends)

MY
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Table 3-10. (continued).

Respons‘e To IGSCC Concerns

Docket Systems Using MSIP (M)
Plant Name Number Piping Systems Replaced Systems With Weld Overlays or IHSI ()
Hatch 1 321 RWCU (From RHR connection in drywell to Recirculation, RHR, and Recirculation (I)
penetration) . RWCU
Brunswick 2 324 RWCU (From RHR connection in drywell to Recirculation and Jet Pump Recirculation (M&I), Recirculation
outboard isolation valve 2-G31-F004) ‘ Instrumentation Penetration ~ RPV Nozzles (M), RHR (1), Core
Seal Spray (M), and Jet Pump
Instrumentation (M)
Duane Arnold 331 Recirculation Recirculation 4))]
FitzPatrick 333 Core Spray “B” and safe end (in drywell) Recirculation and “B” Jet Recirculation (1)

Pump Instrumentation Nozzle

Notes:
Only inside containment (inside drywell) responses considered where possible te distinguish.
~

MSIp: Mechanical Stress Improvement Process—"uses a hydraulic system to uniformly compress the entire pipe at a tocation near the weld joint. It also causes slight plastic strain, and the residual
stresses remaining after the treatment are compressive in the location susceptible to IGSCC because of weld sensitization.”

THSI: Induction Heating Stress Improvement—"consists of heating the outside of the pipe by induction 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 of the pipe is plastically strained in tension during the process, causing residual compressive stresses after the process is
completed.” '

‘HSW:  Heat Sink Welding—"a method of bult welding pipes or fittings in which the major portion of the weld is produced with cooling water inside the pipe. The cooling effect of the water
minimizes the sensitization caused by the welding process, and in addition, produces a steep temperature gradient through the pipe wall during welding. This steep temperature gradient causes tensile
thermal stresses on the inside of the pipe to exceed the yield strength of the material. Afier the welding is completed and the weldment is cooled, the inner portion of the weld is under high compressive
residual stress. This is the opposite of what is caused by normal welding. The high compressive stresses are maintained through about half the wall thickness. The combination of reduced sensitization
and high beneficial residual stresses provides significant resistance to IGSCC."” Based on the available documentation, this was utilized on the Browns Ferry Unit 2 RWCU system only.

Quoted definitions are from NUREG-0313, Rev 2.

MITATY
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including residual heat removal (RHR), reactor
water cleanup (RWCU), core spray, and jet
pump instrumentation nozzles, have also
demonstrated IGSCC concerns at various plants.
Some units replaced these piping systems (or
portions thereof) while other units made repairs
using weld overlays. Many of the previously
mentioned piping systems have also undergone
stress improvement techniques, either IHSI or
MSIP, at one or more of the SEP-III 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 licensed after the
SEP-III plants and are generally of a later
design. Plants representing each of the major
NSSS vendors and their containment designs
were selected for a data search and review.
Similar to the approach used with previous
groups, we sought information relating to the
effects of pipe breaks inside containment and
related topics. The units reviewed were as
folows:

Diablo Canyon 1 (Westinghouse NSSS, dry
. ambient containment)

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

ent containment)

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

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

NUREG/CR-6395
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Browrs 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 review information dis-
cussed below.

The non-SEP plants are similar to the SEP-III
plants, but were evaluated by the NRC using an
early version of the Standard Review Plan (SRP)
as the uniform acceptance criteria. We hoped
that reviewing the available UFSAR and SER
descriptions of the design provisions utilized by
these newer plants might provide additional
information regarding possible differences
between the more recently licensed plants and
the older SEP-III plants.’

3.3.1 Information Gathering Process

Because of the more recent timeframe that
the original non-SEP FSARs were generated,
both the UFSARs and relevant SERs for the
selected plants were reviewed. Experience
gained from the SEP-II reviews (Section 3.2)
indicated that obtaining the latest version of the
UFSAR from the NUDOCS microfiche was a
significant time investment. That experience
also indicated that the information in the latest
version of the UFSAR typically did not change
substantially from the first UFSAR version.
Therefore, we decided to review hard-copy ver-
sions of the UFSARs (though not necessarily the
latest update).

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



3.3.2 Results of Reviews

Table 3-11 summarizes the results obtained
from the review of the non-SEP UFSARs.
Except for the Crystal River 3 and Browns
Ferry 3 plants, the information presented in the
UFSARs reviewed was in a format consistent
with the Standard Review Plan. This reduced the
amount of searching required to obtain informa-
tion. As one would expect, the extent of this
information varied from plant to plant, with the
desired information being sparse or difficult to
find in a few cases. However, when taken as a
whole, the UFSARs for this group contained
more extensive descriptions of the criteria used
to designate high- and moderate-energy piping
systems, the analysis techniques used in their
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.

Tables 3-12 and 3-13 summarize all of the
comments related to pipe breaks inside contain-
ment contained in the licensing SERs for this
group of plants. Table 3-12 addresses the BWR
plants, while Table 3-13 provides commentary
on the PWR plants. Excluding Browns Ferry 3
(due to its early evaluation timeframe), virtually
all of the non-SEP plants used RG 1.46 criteria.
The only new comments were associated with
the PWR SERs. Statements were made in two
licensing SERs that the concrete foundations
were designed for high-energy line break
(HELB) loads. Any further inside-containment
pipe-break information (including current status)
would have to be obtained 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.
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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 plant visits was to
obtain information from direct observation of
the relative locations of representative high- and
moderate-energy piping systems, equipment
important to plant safety, and the measures taken
to mitigate the effects of pipe breaks. Walk-
downs would be made and, where possible, pic-
tures taken to document the observations made.
Qualitative judgements regarding the general
susceptibility of the SEP-III plants’ equipment
to damage resulting from pipe ruptures or jet
impingement would then be made.

The criteria used to select plants for possible
visits included a number of factors. These
included:

Plant availability based on scheduled outages

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

Plant data availability.

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

One general observation resulting the review
of UFSAR and SER information is that not all
plants defined high-energy systems the same.
Some plants used minimum values for both
temperature and pressure [e.g., 200°F and
275 psig (93°C and 1.9 MPa)] while other plants
used minimum values of only one parameter
fe.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 CRD
piping in a BWR.
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Table 3-11. Review of non-SEP plant UFSARs..

Environmental Qualification® Electrical

Pipe Rupture Consideration and Instrumentation Separation
Flood Missile/Jet ~UFSAR UFSAR UFSAR

Protection Protection Commitment Commitment Coinmitment

Specific Physical SRP  Other IEEE IEEE IEEE Other Other

Pipe Rupture  Pipe Rupture Locations Plant RG 361 Plant 279 279 323 RG Plant RG Plant

Plant Name Considered Considered  Considered Identified  Protection 146 3.6.2 Specific’ 1968 1971 1974 1.89 Specific 1.75 Specific
Millstone 3 Yes Yes Yes Yes Yes X X . X X X

Browns Ferry3  No (b) Yes (c) Yes No Yes (d) X X X (e)
Diablo Canyon 1  Yes (c) No (f) Yes Yes Yes X(g) X X (¢)
Crystal River3  No Yes (c) Yes Yes Yes (d) ’ X X X (e)
ANO2 No Yes (c) Yes Yes Yes X X (h) " X (e)
McGuire | Yes (c) Yes Yes Yes Yes X (i) X (h) X (¢)

Notes:

a. All plants had to satisfy the NRC regarding RG 1.97 (or the intent of it via GI. 82-33) and had to satisfactorily respond to H:-79-01B.

b. No specific mention found in UFSAR

¢. Minimal information provided. UFSAR did not address impingement on clectrical and mechanical equipment in detail.

d. Minimal information provided.

. Vague mention of physical separation. Minimal definitive guidelines provided.

f. Section 3.5 of the UFSAR states that catastrophic failure of piping leading to missile gencration is an incredible event.

g. Used criteria in Westinghouse WCAP-8082 report to determine RCS break locations. These locations were subsequently compared (and shown cquivalent to) those that would have been determined

by the RG 1.46 criteria.’'Used RG 1.46 for all other systems inside containment.

h. Used 1EEE 323-1971.

i. Special criteria used for RCS only. This resulted in break locations similar to what would have been determined by using RG 1.46 criteria. Used RG 1.46 for all other systems inside containment.
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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 Effccts

Plant Name Missiles Containment Containment
(SER Date) Considered Shell Penetration Recirc. Main Steam 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
(5-78)°

No missile can penetrate
containment, separation
and redundancy used for
safety related systems
and components, no
special missile barriers
necessary, standard
plant Category I
structures still utilized as
missile shields,
recirculation pumps
without decoupler
makes missiles a
concern

Notes:

Jet impingement
adequate, internal
Category I structures
adequate for jet
impingement,
differential pressure,
reaction forces, and
pipe whip

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

b. Not SER but NRC report to ACRS.

Pipe break
evaluations per
RG 1.46. Effects
from pipe breaks
and crack,
including pipe
whip, jet effect,
and environmental
effect considered.
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Table 3-13. Review results from non-SEP PWR.SERs.

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

Plant Name Missiles Main
(SER Date) Considered Containment Shell Cont. Pen. RCS.Loop Steam Feedwater Other
Millstone 3 Category I structures and  Jet impingement adequate, RCS evaluated per Pipe break
(3-74) components adequately internal structures OK for WCAP 8082 evaluations per
designed for missiles with missile impact and jet cquivalent to RG 1.46.
no loss of function of impingement RG 1.46
safety related systems and
components in such
structures
Crystal River 3 Category I structures Containment designed for Criteria used for
(7774) adequately designed for accident induced loads, RCS breaks

Diablo Canyon 1
(10/74)

St. Lucie 2
(11/74)

missiles with no loss of
function of safety related
systems and components
protected by such
structures

Category I structures,
systems, and components
adequately designed for
missiles with no loss of

* function, RCS pump
‘adequately designed and

appropriate ISI used so no
missile concern

Plant structures and
components adequately
designed for missiles with

. no loss of function of

safety related systems and
components in such
structures

internal structures OK for
differential pressure and
accident induced loads

Containment designed for
pipe rupture effects
including reaction, jet
impingement, and pipe
whip, internal structures OK
for differential pressure,
reaction loads, pipe whip,
and jet impingement,
concrete foundations
designed for HELB loads

Containment designed for
pipe rupture effects,
containment vessel
protected by Category I
secondary shield wall,
internal structures OK for
pressure and jet
impingement

acceptable to staff.
Breaks assumcd at
any location.
Piping restraints
applied to RCS.

Pipe break
evaluations
equivalent to
RG 1.46.

Pipe break
evaluations per
RG 1.46.

MITAY




Ly

S6£9-JO/TINN

Table 3-13. (continued).

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 Steam Feedwater Other
ANO2 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 CENPD-168 " 1.46. ANSI-N176
missiles with no loss of differential pressure, (draft 3) also
function of safety related  reaction loads, pipe whip, referenced.
systems and components  and jet impingement,
in such structures concrete foundations
designed for HELB loads
McGuire 1 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

Note:

a. Containment designs are all concrete with steel liners except for St. Lucie 2 and McGuire 1 which are free-standing steel containments with a concrete shicld building,
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3.4.1 Trojan Nuclear Power Plant

This plant is a four-loop PWR using a West-
inghouse nuclear steam supply system (NSSS).
The general arrangement of the NSSS is as
shown in Figure 3-1. The plant 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 late in the
group of plants included in the SEP-III
category; therefore, the consideration of
pipe break effects was more complete
than that in some earlier SEP-III plants.
This provided a good baseline for com-
parison to other PWRs that would be
reviewed during this research program.

Before visiting the plant, we reviewed the
UFSAR, the SER, and a subsequent supplement
to obtain an overall understanding of the pipe
break considerations contained in the plant’s
licensing basis. '

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

Stmilarly, these same measures were used to .
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limit the effects of jet impingement and pipe
whip subsequent to a postulated break.

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

1. Main steam piping from the containment
penetration area to the steam generators
(A and D loops)

2. Feedwater piping from the containment
penetration area to the steam generators
(A and D loops)

3. RHR supply and return piping at the con-
tainment penetration area (penetrations
P-9, P-46, and P47, respectively)

4. Accumulator injection piping near the A,
B, and C accumulators )

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

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

7.  Pressurizer surge piping from the pres-
surizer to the connection with the RCS
hot leg in the B loop cubicle

8. Pressurizer spray piping in the pressurizer
cubicle

9.  Pressurizer safety and relief discharge
piping in the area at the top of the pres-
surizer and pilot operated relief valve
(PORYV) accumulators, PORYV, and block
valve piping
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Pressurizer

Review
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Crossover Leg

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

49

NUREG/CR-6395



Review

10.

1.

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

Electrical cable penetrations in the north-
west quadrant of the containment wall.

The general walkdown methodology that we

followed was to go to the selected area or piping
system and follow the system to the desired end
point. As the system was being followed, obser-

vations

were made regarding the system

restraints, nearby systems and/or equipment, jet
impingement shielding, etc. The major observa-
tions resulting from this effort can be summa-
rized as follows:

1.

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

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

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

We observed a minimum of jet impinge-
ment shielding of individual items (e.g.,
electrical boxes). This did not seem
unwarranted given the degree of physical
separation, redundancy, and the number
of supports mentioned above. However,
components were observed in the pres-
surizer compartment that appeared sus-
ceptible to jet loads from pipe breaks in
that part of the compartment. Two exam- .
ples are electrical boxes that are mounted
on the walls near the elevations of the
pressurizer safety valves, and the PORV
accumulators that are mounted to struc-
tural steel supports near the top of the
pressurizer compartment. Later we per-
formed an additional review of informa-
tion contained in the licensee’s UFSAR.
This analysis indicated that the piping was
sufficiently restrained to meet their crite-
ria for limiting the propagation of damage
that would prevent a reactor shutdown in
the event of a high-energy pipe rupture.

Our review of the plant drawings showed
a concentration of electrical penetrations
in the northwest quadrant of the contain-
ment (near the “D” RCS loop). During the
in-plant walkdown, we -observed these
electrical penetrations and the general
area of the containment. We noted that the
main steam and feedwater piping for the
“A” and “D” loops were also routed in
this area. Few pipe whip restraints existed
in this area. It appeared that the possibility
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. Section 3.6.4.2 of the UFSAR
only states that the containment wall and
liner plate are not protected from the
effects of a steam or feedwater break;
however, the steam/feedwater lines to
each loop are physically separated by a
concrete slab so that they could not
impact each other. This would satisfy the
criterion of not allowing the effects of a



break in one loop 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 con-
tainment from postulated breaks are insuf-
ficient to damage structures or safety-
related piping to preclude a safe shut-
down.” 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 redun-
dant elements designed to provide reliable
power for all necessary equipment during
even the most severe emergency situa-
tions, including jet impingement. Electric
1solation 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 penetrations.

6. We observed a minimal number of jet
impingement shields installed in the areas
of the containment that were examined
during our walkdown. Given the licen-
see’s stated approach (e.g., UFSAR Sec-
tion 3.6.1.1) of using whip restraints, bar-
riers, and physical separation to reduce
the effects of a high-energy pipe break,
this lack of jet impingement shields may
not be unusual.

3.4.2 Browns Ferry Nuclear Power
Plant, Unit 3

This plant is a General Electric BWR4
design with a Mark I containment. A general
arrangement elevation view of the NSSS is
shown in Figure 3-2. The plant entered commer-
cial operation in March 1977 and operated for
approximately 8 years before being temporarily
closed by the licensee. At the time of the plant
visit, the plant was undergoing regulatory review
for an expected restart of commercial operation
in early 1996. A number of considerations
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influenced the selection of this plant for
visitation. These included:

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

2. The plant is representative of the combi-
nation of the BWR-4 NSSS and Mark I
containment design that comprise the
majority of the population of BWR plants
currently in operation.

3. While Browns Ferry Unit 3 is listed as a
non-SEP-III plant, its design and con-
struction are sufficiently similar to
Browns Ferry Units 1 and 2 (which are
SEP-III plants) and other SEP-III BWRs
that it provides a good baseline for
comparison to other BWRs that will be
reviewed during this research program.

Before visiting the plant, we reviewed the
UFSAR, the licensing SER, and two supple-
ments to obtain an overall understanding of the
pipe break considerations contained in the
plant’s licensing basis.

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

Before 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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. Figure 3-2. General arrangement of 2 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
systems, equipment, and general containment

areas for direct observation. The systems and -

equipment that we
walkdown included:

observed during the

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

2. The feedwater system beginning at pene-
tration X-9A up to the horizontal runs at
the 584-ft (178-m) elevation. The three
12-in. (0.3 m) nsers ascending from the
horizontal run in the area of the 30-150°
plant azimuth range were also observed.
This also included several pipe whip
restraints that were mounted on the
system.

3. Energy absorbing pads mounted to the
drywell wall were observed in several
locations. They were not continuous.

4.  Portions of the recirculation system (loop
located in the plant azimuth range of
0—180°) were examined. This included the
28-in. (0.7 m) suction line in the area of
the reactor vessel nozzle and the header
and riser pipes above the 584-ft (179-m)
elevation. Whip restraints associated with
this system were examined.

5. Electrical junction boxes located near the
piping systems of interest were included
in the walkdown.

6.  The locations of cable trays relative to the
high-energy systems mentioned above
were observed.

7. The CRD piping bundle at approximately
the 300° azimuth in the vicinity of the
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“A” recirculation pump and discharge
piping was examined.

The general walkdown methodology that we
followed was to go to the selected area or piping
system and, to the extent possible, follow the
system to the desired end point. As the system
was being followed, observations were made
regarding the system restraints, nearby systems
and/or equipment, jet impingement shielding,
etc. Due to the limitations of physical space and
certain radiological access restrictions, some
parts of systems of interest could not be walked
down in their entirety; however, most of the
inaccessible areas could be viewed from a dis-
tance. This still allowed for general observations
of structures, systems, and components in close
enough proximity to be potential targets of pipe
whips and/or jet loads from a pipe rupture event.
The major observations resulting from this effort
can be summarized as follows:

1. During the review of the drawings and the
walkdown itself, we observed that this
plant was designed with a minimum com-
partmentalization inside the drywell. This
is a generic design feature of the Mark I
containment in that the compactness of
the drywell piping layout affords minimal
space for compartment walls. This results
in many of the high-energy systems being
close to each other.

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

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

4, A minimum of jet 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 l-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 same general area
as the CRD bundle. Since multiple CRD
piping bundles are used to complete the
total system, some level of damage or loss
of individual lines can be sustained before
the ability to shut down the reactor would
be compromised. Further investigation
will be needed to ascertain the level of
separation in the individual pipes within
each bundle to assess whether effective
physical separation is achieved and what
level of damage could be sustained.

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

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

previously selected for wvisitation. These
included:
1. The plant was shut down for a refueling

outage and thus provided flexibility in
access and opportunities for close obser-

vation of systems, structures, and
components.
2. The plant is representative of an early

vintage of the BWR NSSS and Mark I
containment design.

3. The plant’s design and construction fea-
tures are sufficiently similar to other SEP-
11T BWRs that it provides a good base line
for comparison to other BWRs that will
be reviewed during this research program.

Prior to visiting the plant, the UFSAR and
licensing SER were reviewed prior to the visit 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 bréak.



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

I. The main steam system from the drywell
penetrations up to the horizontal runs.

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

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

4, Portions of the recirculation system were
examined. This included the 28-in.
(0.7m) suction line in the area of the
reactor vessel nozzle and the header and
riser pipes. Whip restraints associated
with this system were examined. ’

5. Electrical junction boxes located in
proximity to 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 control rod drive (CRD) piping bun-
dles were examined. In several locations
additional supports had been added to the
bundles from what we had observed on
the Browns Ferry plant. One vertical run
of the bundle was location in very close
proximity to RHR piping.

The general walkdown methodology that was
followed was to go to the selected area or piping
system and, to the extent possible, follow the
system to the desired end point. As the system
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was being followed, observations were made
regarding the system restraints, nearby systems
and/or equipment, jet impingement shielding,
etc. Due to the limitations of physical space and
certain radiological access restrictions, some
parts of systems of interest could not be walked
down in their entirety; however, most of the
inaccessible areas could be viewed from a dis-
tance. This still allowed for general observations
of structures, systems, and components in close
enough proximity to be potential targets of pipe
whips and/or jet loads from a pipe rupture event.
The major observations resulting from this effort
can be summarized as follows:

1. During the review of the drawings and the
walkdown itself, it was observed that this
plant was designed with a minimum com-
partmentalization inside the drywell. This
is a generic design feature of the Mark I
containment in that the compactness of
the drywell piping layout affords minimal
space for compartment walls. This results
in many of the high-energy systems being
in relatively close proximity to each other.

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

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

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

6. 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.

3.4.4 H. B. Robinson Nuclear Power
Plant, Unit 2

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

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

2. The plant was undergoing a scheduled
shutdown, providing us the opportunity
for close observation of systems, struc-
tures, and components.

3. The plant’s design, construction, and
licensing review occurred early in the
group of plants included in the SEP-III
category; therefore, the consideration of
pipe break effects was more incomplete
than that in some later SEP-III plants.
This provided a good base line for com-
parison to other PWRs that would be
reviewed during this research program.

Before visiting the plant, the UFSAR, the
SER, and a subsequent supplement 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
H. B. Robinson UFSAR as any piping that
contains a fluid having a pressure of 275 psig
(1.9 MPa) or greater, or a temperature of 200°F
(93°C) or greater. The need to consider the
effects of pipe breaks in the RCS have been
eliminated at the H. B. Robinson plant by the
application of  leak-before-break (LBB)
technology.

Before the inside-containment walkdown,
licensee personnel provided drawings showing
the layout of high-energy piping systems and the
restraints that were installed to mitigate the
effects of a postulated high-energy pipe break.
In addition, the licensee had a training video of
inside containment, which we viewed for about
two hours before entering the containment. A
subcontractor had filmed much of the area, and
by manipulating the computer, the operator was
able to select components for visual review from
different camera angles. A hard copy of the
image on the computer screen could readily be



made by punching a button. This allowed us to
view some piping that we would not have been
able to view otherwise since it was covered with
lead shielding during our visit. Qur time inside
containment was probably reduced because of
the video images. Discussions regarding the
location of safety-related equipment and
electrical equipment were also conducted. These
discussions enabled us to select representative

piping systems, equipment, and general contain-

ment areas for direct observation. The systems
and equipment that were observed during the
walkdown included:

1. Reactor coolant system

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

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

4. RHR supply and return piping at the con-
tainment penetration area

5. Accumulator injection piping

6. Pressurizer surge piping

7. Normal charging piping

8. Steam generator blowdown lines

9. Chemical and volume control system
' 10.  Electrical cable penetrations.

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

1. 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
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system was restrained from pipe 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).

In contrast to the Trojan plant,
H.B.Robinson Unit 2 had no whip
restraints on the main steam and feedwa-
ter lines inside the crane wall near the
steam generators. However, there were no
targets in the area.

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

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

Most importantly, the inside-containment
walkdown provided the opportunity to
observe first-hand the relative placement
of piping, components, and other equip-
ment to obtain a sense of the potential for
damage due to a postulated pipe break.
We observed that the physical separation
provided by the high degree of
compartmentalization combined with the
pipe restraints near postulated break
locations should be effective in reducing
the severity of the effects of a postulated
pipe break.
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6. A minimum of jet impingement shielding
of individual items (e.g., electrical boxes)
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 1
steel containment) was visited with an
NRC/NRR staff member who was studying pipe
break effects associated with the reactor building
closed cooling water (RBCCW) system. A pipe
break associated with.the RBCCW system had
previously been identified as a potential problem
by the Millstone 1 BWR licensee.

The following observations were made dur-
ing the subject trip.

1. The RBCCW system is a low-tempera-
ture, low-pressure system that supplies
cooling water to the drywell cooling sys-
tem, the recirculation pumps seals, and
the sump drains. We were informed that
after a loss of RBCCW, the pump seals
would rupture, resulting in a small-break
loss-of-coolant accident (SBLOCA) in
about 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.
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In the event of a high-energy line break
within containment, pipe whip or jet
impingement could sever the RBCCW
system. In the event of a single failure of
one of the isolation valves, pressure inside
containment could rise to about 40 psi and
force water outside the containment
through the RBCCW system. Since the
RBCCW system outside containment is
not classified as safety related, this system
could rupture, resulting in a containment-
to-atmosphere leak.

This problem had previously been identi-
fied at Millstone 1. From a discussion
with the Millstone 1 licensing staff, the
potential problem was identified when the
plant was at 100% power (indicating that
no new physical observation was made),
during a design assessment of the drywell
coolers. To ensure a containment-to-
atmosphere leak could not occur through
the RBCCW system, two remote isolation
valves were placed on the RBCCW sys-
tem outside containment to provide dou-
ble valve isolation. Milistone 1
LER 89-003 and NRC Inspection
Report 89-04 (May 11, 1989) document
the Millstone discussion.

Specific note was taken of the RBCCW
system inside containment. Portions of the
recirculation system, the main steam and
feedwater systems, the 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.

Two bundles of the CRD l-in. (25-mm)
diameter pipes entered the containment on
either side of the reactor. They were
routed rather directly from the contain-
ment wall to the reactor, as compared
with the Quad Cities and Browns Ferry
BWRs previously toured. The piping
appeared well supported. One recircula-
tion line riser and the LPCI (RHR) line
which connects with it were in the vicin-
ity of the CRD lines. The RHR. line was
clamped so that pipe whip would not



occur. The LPCI line was supported but
not clamped as well as the recirculation
line. The recirculation line was about 10
to 15 ft (3 to 4.6 m) away from the CRD
lines, in contrast to the Quad Cities design
where the two systems were in virtual
contact. Pipe whip or jet impingement
damage to CRD lines from the LPCI line
appeared to be less likely than in the other
two BWRs.

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

The Vermont Yankee recirculation system
was replaced several years ago because of
IGSCC concerns. At that time, General
Electric reanalyzed the piping from a SRP
standpoint, and concluded some of the
pipe whip restraints were no longer
needed. We observed one restraint which
had been partially removed. It appeared
that the recirculation lines could only
cause damage from jet impingement
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(which might result from longitudinal
breaks through fishmouth openings).

We observed the RBCCW system at the
252 and 238 elevations. At elevation 252,
RBCCW was routed to the drywell
coolers. Only at one location did it appear
tc be adjacent to high-energy piping. At
this location, a main steam and a main
feedwater line were in proximity. The
main steam line was restrained at this
location, and while we did not notice a
restraint on the main feedwater line, it
was blocked from impacting the RBCCW
line by the main steam line. Jet
impingement from the main steam line
through a longitudinal break could impact
the RBCCW line at this location. At
elevation 238, the RBCCW was routed to
the pump seals and the sump drains. A
large section was routed along a portion
of the recirculation piping. This
recirculation piping had pipe whip
restraints, but jet impingement through a
longitudinal break could impact the
RBCCW line. The recirculation pumps
appeared to be well anchored; movement
of the pumps could shear the RBCCW
lines at the junction to the pump seal.
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4. IDENTIFICATION OF A FIRST-LEVEL LIST
OF POTENTIAL SEP-lIl CONCERNS

4.1

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

Introduction

Pipe failure, as defined herein, includes cir-
cumferential breaks in pipe greater than l-in.
(25 mm) 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 oth-
ers use “or”). Moderate-energy pipeline (those
piping systems not high-energy, including sys-
tems which are high-energy less than 2% of the
time) failures result in through-wall leakage
cracks, not breaks. Therefore, the consequence
of a moderate-energy pipe failure is a fluid spray
or dripping concern, which other NRC efforts
have addressed. Consequently, moderate-energy
line failures were not considered herein.

The initial task plan called for identifying
those SEP-III plant pipe break locations that
would have been expected to be postulated if
adequately reviewed in accordance with the cur-
‘rent SRP criteria. However, the background
information obtained and reviewed did not con-
tain the necessary level of detail to completely
identify specific pipe break locations of concern.
Some locations without pipe whip restraints,
such as the Browns Ferry’s Unit 3 main steam or
feedwater lines at the reactor vessel nozzles
(terminal ends), could be easily identified, but
other locations could not be identified without
the aid of the calculated design stresses. There-
fore, by necessity, a systems approach rather
than a specific-location approach was used to list
the “first-level” inside-containment pipe-break
concerns for the SEP-III plants.
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Since a systems approach was to be used for
pipe-break evaluations and not specific loca-
tions, the consideration of potential longitudinal
breaks became unnecessary. Longitudinal pipe
breaks result in fluid jet discharge without pipe
severance in 4-in. (102-mm) pipe and larger.
Circumferential pipe breaks include more piping
[high-energy lines greater than 1-in. (25-mm)
NPS] and more effects (fluid jet discharge, reac-
tion loads, and pipe whip). Therefore, longitudi-
nal breaks are covered by the circumferential
pipe break evaluations.

To obtain an initial indication of what was
not covered in the SERs, we reviewed the tables
in Section 3 (which present the items listed in
the SERs that have been addressed). From these,
Tables 4-1 through 4-4 were developed.
Tables 4-1 and 4-2 present an evaluation of
early-, mid-, and later-timeframe SEP-IIl BWRs
and PWRs, respectively. These tables give an
overview of items missing from the commentary
in the SERs. Tables 4-3 and 4-4 give plant-
specific comments for each BWR and PWR
SEP-II plant.

4.2 Criteria

The following criteria were used to develop
the potential list of SEP-IIT concems 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 nominal pipe size
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?
Q Plant Missiles ‘ Main
(73 Name Considered Cont.Shell Cont. Pen. Recirc. Steam Feedwater Other
é b?arly- Are all Category ! Jet impingement OK? Jet protection Only Nine Mile  Pipe whip  Pipe whip Pipe break effects disable or degrade
5 timeframe  structures, systems, barricrs provided?  Point | does not  restraints  restraints added?  essential equipment?
W plant and components Protective cover for Reaction forces have whip added? .
considered? containment? OK? restraints. More IS1? Biological shield OK (including shicld
o ‘ ' . More ISI1? plugs as missiles)? RV support structure
Recirculation Jet protection barriers for More IS1? OK? Should pipe whip restraints be on
pumps with vent system? Internal other HELB lines? More IS1 at locations
overspeed structures OK for jet where restraints not installed? Can RHR
prevention? impingement, differential damage containment? ECCS redundant?
pressure, reaction forces, Can pipe ruptures in cylindrical portion
and pipe whip? : of drywell perforate it?
Mid- Are all Category 1 Jet impingement OK? Jet protection Pipe whip  Pipe whip Pipe break effects disable or degrade
timeframe  structures, systems, barriers provided? restraints  restraints added? essential equipment?
plant and components Jet protection barriers for  Reaction forces added?
considered? vent system? Internal OK? More ISI? Biological shield OK (including shicld
Recirculation structures OK for jet More ISI? plugs as missiles)? RV support structure
& pumps with impingement, differential OK? Should pipe whip restraints be on
overspeed pressure, reaction forces, other HEL.B lines? More IS1 at locations
prevention? and pipe whip? 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 impingement OK? Jet protection
timeframe  structures, systems, barriers provided?
plant and components Protective cover for
considered? containment? Reaction forces
0K?
Jet protection barriers for
vent system? Internal
structures OK for jet
impingement, differential
pressure, reaction forces,
and pipe whip?
Note:

a. Containment designs are all free-standing steel primary containments with a surroun

primary containment with a surrounding concrete reactor building.

ding concrete reactor building, except for Brunswick 2, which is a steel-lined concrete
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Table 4-2. Summary of commentary missing from SEP-III PWR SERs.

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

Plant Missiles Main
Name Considered Cont. Shell Cont. Pen. RCS Loop Steam Feedwater Other
Early- Are all Category I Jet impingement or pipe Reaction forces Pipe whip Pipe whip  Pipe whip Were all high energy systems considered
timeframe  structures, systems, whip OK? OK? restraints added? restraints  restraints added? for pipe break? Were pipe break effects
plant and components added? considered on other Category |
considered as well  Internal structures OK for  Jet impingement ~ More ISI? More IS1? structures, systems, and components? Is
as all appropriate  jet impingement, OK? More 1SI? there sufficient redundancy or .
sources? Isthe ~  differential pressure, separation?
RCS pump a reaction forces, and pipe
missile concern? whip?
Mid- Are all Category 1 Jet impingement or pipe Reaction forces Pipe whip Pipc whip  Pipe whip ‘Were all high energy.systems considered
timeframe  structures, systems, whip OK? OK? restraints added? restraints  restraints added? for pipe break? Were pipe break effects
plant and components added? considered on other Category |
considered as well  Internal structures OK for  Jet impingement  More ISI1? More IS1? structures, systems, and components? Is
as all appropriate  jet impingement, reaction oK? More 1SI? there sufficient redundancy or
sources? Is the forces, and pipe whip? scparation?
RCS pump a
missile concern?
Later- Are all Category I Jet impingement or pipe Reaction forces
timeframe  systems and whip OK? OK?
plant components Jet impingement
considered? Internal structures OK for  OK?
jet impingement, reaction
forces, and pipe whip?
Note:

a. Containment designs are all concrete with stecl liners except for Kewaunee and Prairie Islan

with an annular space between them.

d 1 & 2, which are fiee-standing stecl containments and a concrete shicld building
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Table 4-3. Commentary missing from SEP-III BWR SERs (plant specific).

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. Recirc. Main Steam Fcedwater Other
Nine Mile Point 1  Are all Category | Protective cover for Pipe whip Pipe-whip Pipe whip Pipe break cffects disablc or degrade
(5-69) structures, systems,  containment? restraints restraints restraints essential equipment?
and components added? added? added?
considered? Jet protection barriers for Biological shicld OK (including shield
vent system? Internal More IS1? More IS1? More IS1? plugs as missiles)? RV support
Recirculation pumps  structures OK for jet structurc OK? Should piPe whip
with overspeed impingement, differential restraints bc on other HELB lines?
prevention? pressure, reaction forces, More ISI at locations where restraints
and pipe whip? not installed? Can RHR damage
containment? ECCS redundant? Can
pipe ruptures in cylindrical portion of
drywell perforate it?
Monticello Are all Category | Jet impingement OK? Jet protection Pipe whip Pipe whip Pipe break effects disable or degrade
(3-70) structures, systems, barriers restraints restraints esscntial equipment?
and components Protective cover for provided? added? added? o .
considered? containment? Reaction Biological shield OK (including shicld
forces OK? plugs as missiles)? RV support
Recirculation pumps  Jet protection barriets for structure OK? Should pipe whip
with overspeed vent system? Internal restraints be on other HELB lincs?
prevention? structures OK for jet More ISI at locations where restraints
impingement, differential not installed? Can RHR damage
pressure, reaction forces, containment? ECCS redundant? Can
and pipe whip? pipe ruptures in cylindrical portion of
drywell perforate it?
Dresden 3 Are all Category | Protective cover for Jet protection Pipe »yhip Pipe Whip Pipe bfcak cffects disable or degrade
(11-70) structures, systems, containment? barriers restraints restraints essential equipment?
and comp'onents provided? added? More  added? More
considered? Jet protection barriers for Reaction Biological shicld OK (including shicld
Recirculation pumps  vent system? Internal forces OK? 1S1? IS1? plugs as missiles) for other than pipe

with overspeed
prevention?

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

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?
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Table 4-3. (continued).

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

Plant Name . )
(SER Date) Missiles Considered Cont. Shell Cont. Pen. Recirc. Main Steam Feedwater Other
Vermont Yankee  Are all Category | Jet protection barriers for Jet protection Pipe _\f/hip Pipe v'vhip Pipe b.rcak ef.fecls disable or degrade
(6-71) structures, systems,  vent system? Internal barriers restraints rcstrallnts cssential equipment?
and components structures OK for jet provided? added? added? . . . . ' .
considered? impingement, differential Biological _sh!cld OK (including shicld
Recirculation pumps  pressure, reaction forces, More IS1? More ISI? plugs as missiles)? RV support
with overspeed and pipe whip? structure OK? Should pipe whip
prevention? 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?
Quad Cities 1 Are all Category | Jet impingement OK? Jet Jet protection Pipe whip Pipe v.vhip Pipe b.rcak effects disable or degrade
(8-71) structures, systems,  protection barriers for vent  barriers restraints restraI’nQS essential equ}pmcnt! RV support
and components system? Internal structures  provided? added? added? structure OK?" Should pipe Whlp '
considered? OK for jet impingement, restraints be on o.thcr HELB Imcs.{
Recirculation pumps  differential pressure, Reaction More ISI at !ocatlons where restraints
with overspeed reaction forces, and pipe forces OK? g:); ;r:zrtlllﬁg S’ Eiﬁsmrgglcl:ldsggl (Ejnar(\) .
i in?
prevention? whie? drywell perforate it?
Quad Cities 2 Are all Category | Jet impingement OK? Jet Jet protection Pipe \yhip Pipe whlp Pipe bfcak ef.fccls dj’sablc or degrade
(8-71) structures, systems,  protection barriers for vent  barriers restraints rcstral;ns essential equ!)pmcn(. RY support
and components system? Internal structures  provided? added? added? structure OK? Should pipe whlp ‘
considered? OK for jet impingement, Reaction restraints be on ofhcr HELB lmcs?_
Recirculation pumps  differential pressure, forces OK? MO(c IST at !)oc‘anons where rcs':ra‘mts
with overspeed reaction forces, and pipe nf)t installed? .ECCS. rcd.undant.. Can
revention? whip? pipe ruptures in C).ll.mdrlcal portion of
P drywell perforate it?
Pilgrim Are all Category | Jet protection barriers for Jet protection Pipe v_vhip Pipe \fvhip Pipe b.reak cf' fects d!’sablc or degrade
(8-71) structures, systems, vent system? Internal barriers restraints restral't;ts essential cqutr,pmcnt. RY support
and components structures OK for jet provided? added? added? structure OK? Should pipe whip ,
considered? impingement, differential ' restraints be on o!hcr HELB lines ?
Recirculation pumps  pressure, reaction forces, Reaction More 1S1? More ISI? Mor.e ISI at Iqocauons where restraints
with overspeed and pipe whip? forces OK? not installed? Can RHR damage

prevention?

containment? ECCS redundant?

SW20U0Y) [[-dIS [enus10d




S6£9-4D/OTANN

99

Table 4-3. (continued).

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

Recirculation pumps
with overspeed
prevention?

and pipe whip?

Plant Name
(SER Date) Missiles Considered Cont. Shell Cont. Pen. Recirc. Main Stcam __Feedwater Other
Browns Ferry | Are all Category ! Internal structures OK for Pipe yyhip Pipe ».vhip Pipe break cf. fects disable or degrade
(6-72) structures, systems,  jet impingement, differential I'CSlfm’mS restraints essential equipment?
and components pressure, reaction forces, added? added? S . _ . .
considered? and pipe whip? Biological shield OK (including shicld
Yes at Yes at plugs as missiles)? RV support
penctration penctration 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?
Browns Ferry 2 Are all Category { Internal structures OK for Pipe \yhip Pipe \.vh|p Pipe b.reak cffects d!,sable or degrade
(6-72) structures, systems,  jet impingement, differcntial restraints restraints essential equipment?
and components pressure, reaction forces, added? added? ) . ) ) ] )
considered? and pipe whip? Biological shield OK (including shicld
i Yes at Yes at plugs as missiles)? RV support
penctration  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?
. Peach Bottom2  Are all Category [ Jet protection barriers for ~ Reaction Pipe whip Pipe whip Pipe break effects d'i)sable or degrade
(8-72) structures, systems,  vent system? Internal forces OK? restraints restrallms essential cquipment? RY support
and components structures OK for jet added? added? structure OK? Should pipe whip
considered? impingement, differential ' restraints be on other HELB lmcs’.{
Recirculation pumps  pressure, reaction forces, More 1SI? More ISI? Mor‘e 1S1 at locations where restraints
with overspeed and pipe whip? not m.slallcd? Can RHR damagle
prevention? . cc?nlalnlnent? ECCS redundant?
Peach Bottom3  Areall Category | Jet protection barriers for ~ Reaction Pipewhip  Pipewhip  Pipe break cffects d!)sable or degrade
(8-72) structures, systems,  vent system? Internal forces OK? restraints restraints esscntial equ!’pmcnt. RY support
and components structures OK for jet added? added? structure OK? Should pipe whip
considered? impingement, differential ' restraints be on other HELB llncs'."
pressure, reaction forces, More ISI? More ISI? More IS1 at locations where restraints

not installed? Can RHR damage
containment? ECCS redundant?
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Table 4-3. (continued).

'

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

Plant Name
(SER Date) Missiles Considered Cont. Shell Cont. Pen. Recirc. Main Stcam __ Feedwater Other
Fitzpatrick Are all Category | Jet protection barriers for Jet protection Pipc break effects disable or degrade
(11-72) structures, systems,  vent system? Internal barriers essential equipment? Biological shield
and components structures OK for jet provided? and RV support structure OK for pipe

considered?

Duane Arnold

(1-73)

Cooper Are all Category |

(2-73) structures, systems,
and components
considered?

Hatch ! Are all Category |

(5-73) structures, systems,
and components
considered?

Brunswick 2 Are internal missilcs

(11-73) considered on all
Category I structures,
systems, and
components?

Note:

a. Containment designs are all free-standing steel primary containments with

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

Jet impingement OK?
Protective cover for
containment?

Jet protection barriers for
vent system? Internal
structures OK for jet

impingement, differential " .

pressure, reaction forces,
and pipe whip?

Jet protection barriers for
vent system? Internal
structures OK for reaction
forces and pipe whip?
Jet impingement OK?
Protective cover for
containment? Internal
structures OK for jet
impingement, diffcrential
pressure, reaction forces,

and pipe whip?

Protective cover for
containment?

Jet protection barriers for
vent system? Intcrnal
structures OK for reaction
forces and pipe whip?

Jet protection
barriers
provided?
Rcaction
forces OK?

Reaction
forces OK?

Reaction
forces OK?

Jet protection
barriers
provided?

Reaction
forces OK?

) a surrounding concrete reactor building, except for Brunswick 2, which is a steel-lined concrete primary containment with a

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

surrounding, concrete reactor building.
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Table 4-4. Commentary missing from SEP-IIT PWR SERs (plant specific).

'

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
Robinson 2 Are all Jet impingement or pipe Reaction forces  Pipe whip Pipe whip Feedwater ~ Were all high energy systems
(5-70) whip OK? OK? restraints restraints considered for pipe break? Were
Category | structures, added? added? pipe break effects considc‘rcd on
systems, and Internal structures OK for  Jet impingement other Category 1 structures, systems
components considered  jet impingement, OK? More 1817 More ISI? and components? Is there s’uf)(,'ncicnt'
as well as all differential pressure, redundancy or scparation?
appropriate sources? reaction forces, and pipe .
whip?
Is the RCS pump a
missile concern?
Pt. Beach | Are all Category [ Jet impingement or pipe Reaction forces  Pipe whip Pipe whip Pipe whip Were all high cnergy systems
(7/70) structures, systems, and  whip OK? OK? restraints restraints restraints considered for pipc break? Were
components considered added? added? added? pipe break effects considered on
_as well as all Internal structures OK for  Jet impingement other Catcgory I structurcs, systems
appropriate sources? jet impingement, OK? More 1S1? More ISI? More ISI? and components? Is there suf ﬁcienl,
differential pressure, redundancy or separation?
Is the RCS pump a reaction forces, and pipe
missile concern? whip?
Pt. Beach 2 Are al! Category | Jet impingement or pipe Reaction forces  Pipe whip Pipe whip Pipe whip Were all high energy systems
(7/70) structures, systems, and  whip OK? OK? restraints restraints restraints considered for pipe break? Were
components considered added? added? added? pipe break cffects considered on
as well as all Internal structures OK for  Jet impingement other Category 1 structures, systems
appropriate sources? jet impingement, OK? More 1S1? More I1S1? More ISI? and components? Is there s,ufﬁcicnt)
differential pressure, redundancy or separation?
Is the RCS pump a reaction forces, and pipe :
missile concern? whip?
Indian Pt. 2 Are all Category | Jet impingement or pipe Reaction forces  Pipe whip Pipc whip Pipe whip Were all high energy systems
(11/70) structures, systems, and whip OK? : OK? restraints restraints restraints considered for pipe brcak? Were
components considered added? added? added? pipe break cffects considered on
as well as all Internal structures OK for  Jet impingement other Category I structures, systems
appropriate sources? jet impingement, OK? More 1S1? More ISI? More 1S1? and components? Is there sufficient ’

differential pressure,
reaction forces, and pipe
whip?

redundancy or scparation?
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Table 4-3. (continued).

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

Plant Name
(SER Date) Missiles Considered Cont. Shell Cont. Pen. Recirc. Main Stcam __ Feedwater Other
Fitzpatrick Are all Category | Jet protection barriers for Jet protection Pipe break effects disable or degrade
(11-72) structures, systems, vent system? Internal barriers essential equipment? Biological shield
and components structurcs OK for jet provided? and RV support structure OK for pipe

Duane Arnold
(1-73)

Cooper
(2-73)

Hatch |
(5-73)

Brunswick 2
(11-73)

considered?

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

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

Are internal missiles
considered on all
Category [ structures,
systems, and
components?

Note:

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

Jet impingement OK?
Protective cover for
containment?

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

Jet protection barriers for
vent system? Internal
structures OK for reaction
forces and pipe whip?

Jet impingement OK?
Protective cover for
containment? Internal
structures OK for jet
impingement, diffcrential
pressure, reaction forces,
and pipe whip?
Protective cover for
containment?

Jet protection barriers for
vent system? Internal
structures OK for reaction
forces and pipe whip?

Jet protection
barricrs
provided?
Reaction
forces OK?

Reaction
forces OK?

Reaction
forces OK?

Jet protection
barriers
provided?

Reaction
forces OK?

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

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 primary containment with a

surrounding concrete reactor building.
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Table 4-4. Commentary missing from SEP-III PWR SERs (plant specific).

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
Robinson 2 Are all Jet impingement or pipe Reaction forces  Pipe whip Pipe whip Feedwater ~ Were all high energy systems
(5-70) whip OK? OK? restraints restraints considercd for pipe break? Were
Category | structures, added? added? pipe break cffects considered on
systems, and Internal structures OK for  Jet impingement other Category I structures, systems,
components considered jet impingement, OK? More IS1? More IS1? and components? Is there sufficient
as well as all differcntial pressure, redundancy or separation?
appropriate sources? reaction forces, and pip¢
whip?
Is the RCS pump a
missile concern?
Pt. Beach | Are all Category [ Jet impingement or pipe Reaction forces Pipc whip Pipc whip Pipe whip Were all high encrgy systems
(7/70) structures, systems, and whip OK? OK? restraints restraints restraints considered for pipc break? Were
components considered . added? added? added? pipe break effects considered on
as well as all Internal structures OK for  Jet impingement other Category I structures, systems,
appropriate sources? jet impingement, OK? More 1817 More ISI? More 1S1? and components? {s there sufficient
differential pressure, redundancy or scparation?
Is the RCS pump a reaction forces, and pipe
missile concern? whip?
Pt. Beach 2 Are all Category | Jet impingement or pipe Reaction forces  Pipe whip Pipe whip Pipe whip Were all high energy systems
(7/70) structures, systems, and whip OK? OK? restraints restraints restraints considered for pipe break? Were
components considered added? added? added? pipe break effects considered on
as well as all Internal structures OK for  Jet impingement other Category | structures, systems,
appropriate sources? jet impingement, OK? More ISI? More ISI? More IS1? and components? Is there sufficient
differentiat pressure, redundancy or separation?
Is the RCS pump a reaction forces, and pipe
missile concern? whip?
Indian Pt. 2 Are all Category | Jet impingement or pipe Reaction forces  Pipe whip Pipe whip Pipe whip Were all high energy systems
(11/70) structures, systems, and whip OK? 0oK? restraints restraints restraints considered for pipe break? Were
components considered added? added? added? pipe break effects considered on
as well as all Internal structures OK for  Jet impingement other Category | structures, systems,
appropriate sources? jet impingement, 0K? More ISI? More [81? More ISI? and components? Is there sufficient

differential pressure,
reaction forces, and pipe
whip?

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

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

Plant Name
(SER Date) Missiles Considered Cont. Shell Cont.Pen. RCS Loop Main Stm. Other
Oconee | Are all Category | Jet impingement or pipe Reaction forces Pipe whip Pipe whip Were all high encrgy systems
(12/70) structures, systems, and whip OK? OK? restraints restraints considered for pipe break? Were
components added? added? pipe break effects considered on
considered? Internal structures OK for  Jet impingement : other Category [ structures, systems,
jet impingement, OK? More ISI? More IS1? and components? Is there sufficient
diffcrential pressure, . redundancy or scparation?
reaction forces, and pipe
whip?
Oconee 2 Are all Category | Jet impingement or pipe Reaction forces Pipe whip Pipe whip Were all high cnergy systems
(12/70) structures, systems, and  whip OK? OK? restraints restraints considered for pipe break? Were
components added? added? pipe break cffects considered on
considered? Internal structures OK for  Jet impingement other Category  structurcs, systems,
jet impingement, OK? More IS{? More ISI? and components? Is there sufficicnt
differential pressure, redundancy or separation?
reaction forces, and pipe
whip?
Oconce 3 Are all Category | Jet impingement or pipe Reaction forces Pipe whip Pipe whip Were all high energy systems
(12/70) structures, systems, and  whip OK? OK? restraints restraints considered for pipe break? Were
components added? added? pipe break effects considered on
considered? Internal structures OK for  Jet impingement other Category I structurcs, systems,
jet impingement, OK? Morc 151? More ISI1? and components? Is there sufficient
-differential pressure, redundancy or separation?
reaction forces, and pipe
whip?
Surry 1 Document not available
2/71)
Surry 2 Document not available
Q@)
Maine Are all Category | Jet impingement or pipe Reaction forces  Pipe whip Pipe whip Pipe whip Were all high encrgy systems
Yankee structures, systems, and  whip OK? OK? restraints restraints restraints considercd for pipe break? Were
/12 components considered added? added? added? pipe break cffects considered on
as well as all Internal structures OK for  Jet impingement other Category [ structures, systems,
appropriate sources?  jet impingement, oK? More IS1? More IS1? More IS1? and components? Is there sufficicnt

Is the RCS pump a
missile concern?

differential pressure,
reaction forces, and pipe
whip?

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

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

Plant Name
(SER Date) Missiles Considered Cont. Shell Cont.Pen. RCS Loop Main Stm. Other
Turkey Pt. 3 Jet impingement or pipe Reaction forces  Pipe whip Pipe whip Pipe whip Were all high encrgy systems
(3/72) whip OK? OK? restraints restraints restraints considered for pipe break? Were
added? added? added? pipe break effects considered on
All internal structures OK  Jet impingement other Category [ structures, systems
for jet impingement, OK? More ISI? More ISI? More ISI? and components? Is there sufficient ,
differential pressure, redundancy or separation?
reaction forces, and pipc
whip?
Turkey Pt. 4 Jet impingement or pipe Reaction forces  Pipe whip Pipe whip Pipe whip Were all high encrgy systems
(3/72) whip OK? OK? restraints restraints restraints considered for pipe break? Were
added? added? added? pipe break effects considered on
All internal structures OK  Jet impingement other Category I structures, systems,
for jet impingement, OK? More ISI? More ISI? More ISI? and components? Is there sufficient
differential pressure, redundancy or scparation?
reaction forces, and pipe
whip?
Kewaunee Are all Category [ Pipe whip OK? Reaction forces  Pipe whip Pipe whip Pipe whip Were all high energy systems
(7/72) systems and OK? restraints restraints restraints considered for pipe break? Were
components All internal structures OK added? added? added? pipe break effects considered on
considered? for jet impingement, other Category 1 structures, systems,
reaction forces, and pipe More [S1? More ISI? More ISI? and components? Is there sufficient
Is the RCS pump a whip? redundancy or separation?
missile concern?
Ft. Calhoun Are all Category [ Jet impingement or pipe Reaction forces  Pipe whip Pipe whip Pipe whip Were all high energy systems
(8/72) structures, systems, and  whip OK? OK? restraints restraints restraints considered for pipe break? Were
components considered added? added? added? pipe break effects considered on
as well as all All internal structures OK  Jet impingement other Category I structures, systems,
for jet impingement, OK? More 1817 More ISI1? More ISI? and components? Is there sufficient

appropriate sources?

Is the RCS pump a
missile concern?

reaction forces, and pipe
whip?

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

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

Plant Name
(SER Date) Missiles Considered Cont. Shell Cont.Pen. RCS Loop Main Stm, Other
Calvert Cliffs 1 Are all Category | Jet impingement or pipe Reaction forces  Pipe whip Pipe whip Pipe whip Were all high energy systems
(8/72) structures, systems, and whip OK? OK? restraints restraints restraints considered for pipe break? Were
components considered added? added? added? pipe break effects considered on
as well as all All internal structures OK  Jet impingement other Category I structures, systems,
appropriate sources? for jet impingement, OK? More ISI? More ISI? More ISI? and components? Is there sufficient
reaction forces, and pipe redundancy or separation?
whip?
Prairie Island | Are all Category 1 Pipe whip OK? Reaction forces  Pipe whip Pipe whip Pipe whip High pressure not defined in SER
9/72). systems and OK? restraints restraints restraints nor UFSAR. What about high
components All internal structures OK added? added? added? temperature pipe? Were pipe break
considered? for reaction forces and pipe cffects considered on other Category
whip? More ISI? More ISI? More ISI? I structures, systems, and
components?
Prairie Island 2 Are all Category | Pipe whip OK? Reaction forces  Pipe whip Pipe whip Pipe whip High pressure not defined in SER
9/72) systems and OK? restraints restraints restraints nor UFSAR. What about high
components All internal structures OK added? added? added? temperature pipe? Were pipe break
considered? for reaction forces and pipe effects considered on other Category
whip? More ISI? More 1S1? More IS1? I structures, systems, and
components?
Zion | Are all Category | Jet impingement or pipe Reaction forces Pipe whip Were all high energy systems
(10/72) systems and whip OK? OK? restraints considered for pipe break? Were
components added? pipe break effects considered on
considered? Internal structures OK for  Jet impingement other Category I structures, systems,
reaction forces and pipe OK? More ISI? and components? Is therc sufficient
whip? -redundancy or separation?
Zion 2 Are all Category | Jet impingement or pipe Reaction forces Were all high energy systems
(10/72) systems and whip OK? OK? considered for pipe break? Were
components , pipe break effects considered on
considered? Internal structures OK for  Jet impingement other Category { structures, systems,
reaction forces and pipe OK? and components? Is there sufficient
whip? redundancy or separation?
ANO'1 Jet impingement or pipe - Reaction forces  Pipe whip Pipe whip What about high temperature pipc?
6/73) whip OK? OK? restraints restraints Were pipe break cffects considered
added? added? on other Category I structures,
Internal structures OK for  Jet impingement systems, and components? Is there
reaction forces? OK? More ISI? More ISI? sufficient redundancy or separation?
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Table 4-4. (continued).

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

Cont. Shell

Cont.Pen.

RCS Loop

Main Stm.

Other

Plant Name
(SER Date) Missiles Considered

T™I | Are all Category |

(7/73) structures, systems, and
components considered
as well as all
appropriate sources?

Indian Pt. 3 Are all Category |

9173) systems and

' components

considered?

D. C. Cook | Are all Category |

(9/73) systems and
components
considered?

Millstone 2

(5/74)

Trojan

(10/74)

Note:

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?

Jet impingement or pipe
whip OK?

Internal structures OK for
reaction forces?

Internal structures OK for
reaction forces and pipe
whip?

Internal structures OK for
reaction forces and pipe
whip?

Reaction forces
OK?

Jet impingement
OK?

Reaction forces
OK?

Jet impingement
OK?

Reaction forces
OK?

Jet impingement
OK?

Reaction forces
OK?

Jet impingement
OK? .

Reaction forces
OK?

Jet impingement
OK?

Pipe whip
restraints
added?

More ISI?

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

a. Containment designs are all concrete with steel liners except for Kewaunce and Prairie Island ) & 2, which are frce-standing steel containments and a concrete shicld building with an annular space

between them.
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Table 4-4. (continued).

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

Plant Name
(SER Date) Missiles Considered Cont. Shell Cont.Pen. RCS Loop Main Stm. Other
Calvert Cliffs | Are all Category [ Jet impingement or pipe Reaction forces  Pipe whip Pipe whip Pipe whip Were all high energy systems
(8/72) structures, systems, and whip OK? OK? restraints restraints restraints considered for pipe break? Were
components considered added? added? added? pipe break effects considered on
as well as all All internal structures OK  Jet impingement other Category I structures, systems,
appropriate sources? for jet impingement, OK? More 1SI? More ISI? More ISI? and components? Is there sufficient
reaction forces, and pipe redundancy or separation?
whip?
Prairie Island 1 Are all Category | Pipe whip OK? Reaction forces  Pipe whip Pipc whip Pipe whip High pressure not defined in SER
9/72) systems and OK? restraints restraints restraints nor UFSAR. What about high
components All internal structures OK added? added? added? temperature pipe? Were pipe break
considered? for reaction forces and pipe cffects considered on other Category
whip? More ISI? More 1S1? More ISI? I structures, systems, and
components?
Prairie Island 2 Are all Category | Pipe whip OK? Reaction forces  Pipe whip Pipe whip Pipe whip High pressure not defined in SER
(9/72) systems and OK? restraints restraints restraints nor UFSAR. What about high
components All internal structures OK added? added? added? temperature pipe? Were pipe break
considered? for reaction forces and pipe effects considered on other Category
whip? More IS1? More ISI? More IS1? I structures, systems, and
. i components?
Zion | Are all Category | Jet impingement or pipe Reaction forces Pipe whip Were all high energy systems
(10/72) systems and whip OK? OK? restraints cgnsidered for pipe break? Were
components added? pipe break effects considered on
considered? Internal structures OK for  Jet impingement other Category ! structures, systems,
reaction forces and pipe OK? More 1S1? and components? Is there sufficient
whip? redundancy or separation?
Zion 2 Are all Category | Jet impingement or pipe Reaction forces Were all high energy systems
(10/72) systems and whip OK? OK? cgnsidercd for pipe break? Were
components ) pipe break effects considered on
considered? Internal structures OK for  Jet impingement other Category I structures, systems,
reaction forces and pipe OK? and components? Is there sufficient
whip? redundancy or separation?
ANO 1 Jet impingement or pipe Reaction forces  Pipe whip Pipe whip What about high temperature pipe?
(6/73) whip OK? OK? restraints restraints Were pipe break effects considered
added? added? on other Catcgory I structurcs,
Internal structures OK for  Jet impingement systems, and components? Is there
reaction forces? OK? More 1S1? More 181? sufficient redundancy or separation?
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Table 4-4. (continued).

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

Plant Name
(SER Date) Missiles Considered Cont. Shell Cont.Pen. RCS Loop Main Stm. Other
T™MI 1 Are all Category | Jet impingement or pipe Reaction forces Pipe whip Were all high energy systems
(7173) structures, systems, and whip OK? OK? restraints considered for pipe break? Were
components considered added? pipe break cffects considered on
as well as ali Internal structures OK for  Jet impingement other Category I structures, systems
appropriate sources? jet impingement, reaction ~ OK? More ISI? and components? Is there sufficicnt ’

Indian Pt. 3 Are all Category |

(9/73) systems and
components
considered?

D. C. Cook ! Are all Category |

(9/73) systems and
components
considered?

Millstone 2

(5/74)

Trojan

(10/74)

Nole:

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?

Internal structures OK for
reaction forces?

Internal structures OK for
reaction forces and pipe
whip?

Internal structures OK for
reaction forces and pipe
whip?

Reaction forces
OK?

Jet impingement -

OK?

Reaction forces
OK?

Jet impingement
OK?

Reaction forces
OK?

Jet impingement
OK?

Reaction forces
OK?

Jet impingement
OK?

redundancy or separation?

a. Containment designs are all concrete with steel liners except for Kewaunce and Prairie Island 1 & 2, which are frce-standing stcel containments and a concrete shield building with an annular space

between them.
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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-specific
information, a more general systems approach
was decided upon to develop a list of potential
concerns. It is possible to express these concemns
as a series of questions that can be applied to
each individual structure, system, or component
of interest. The proposed list of screening ques-
tions includes the following:

1. Is containment integrity maintained?

2. Are sufficient coolant paths to shut down
the reactor maintained?

3 Is the integrity of electrical and instru-

mentation systems and components
needed to shut down the reactor
maintained?

4, Are other safety-related structures, sys-
tems, or comporients isolated or protected
from impact by 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
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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, then the answers to the
screening questions above would be “yes.”
Plants not committed to the requirements of
RG 1.46 could use the screening process to
eliminate systems from further concern. For
example, the core spray piping observed in the
Browns Ferry Unit 3 plant appeared to be suffi-
ciently remote from other safety-related equip-
ment that a postulated break in one of the two
redundant system paths would not be expected
to damage the other path or another system.

The background information clearly indi-
cated that the early- and mid-timeframe BWR
and PWR plants may not have completely con-
sidered all the required high-energy systems and
all of the potential loadings and interaction
effects of a high-energy pipe break inside con-
tainment. Therefore, as a first-level list of con-
cerns, the assumption was made that any high-
energy line is susceptible to a potential failure.
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 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-6395



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 Restdual heat removal supply
Core spray Residual heat removal return

Containment spray
Residual heat removal supply and return
. Emergency condenser supply and return
Control rod drive hydraulic
- Liquid poison / standby liquid control
Relief valve discharge
Shutdown cooling
Head spray
Reactor water cleanup (RWCU)
Reactor core isolation cooling (RCIC)
High pressure coolant injection (HPCT)
Low pressure coolant injection (LPCI)
Steam supply to HPCI
Reactor drains
Main steam drains

Isolation condenser

Low-pressure safety injection
High-pressure safety injection
Pressurizer spray

Normal charging

Auxiliary spray

Alternate charging

RTD bypass

Normal letdown

Excess letdown

Reactor coolant drain

Shutdown cooling

Pressurizer safety and relief

Main steam (possibly main steam drains)
Feedwater

Steam generator blowdown

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

NUREG/CR-6395
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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 the
pipe break could potentially impact or load
(1) other safety-related piping, (2) safety-related
equipment including mechanical, electrical,
instrumentation, cabling, etc., (3) the contain-
ment shell, and (4) other internal structures.
Most of the concerns regarding the potential
functional loss of internal structures is covered
by (1) and (2) above. Piping, instrumentation,
cabling, or other electrical equipment can be
supported from internal structures. However,
certain internal structures supporting the reactor
vessel, steam generators, or other large equip-
ment must be considered explicitly.

Generating a list of specific safety-related
equipment (including mechanical, electrical,
instrumentation, cabling, etc.) that could be
affected by a high-energy pipe break would have
been a monumental task. Therefore, it was
assumed that a high-energy pipe break could
cause the loss of function 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
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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 Point Unit 1 plant staff
considered various pipe impacts on the drywell
containment shell [a 24-in. (0.6 m) main steamn
line breaking from its RV nozzle attachment, a
10-in. (0.3 m) feedwater line breaking from its
RV nozzle attachment, and a 28-in. (0.7-m)
recirculation line breaking and impacting the
spherical portion of the drywell]. Their analyti-
cal evaluation indicated no rupture of the con-
tainment. However, other BWR plants installed
protective covers on the inside of the drywell to
mitigate pipe break concerns and other plants
added pipe whip restraints on the main steam,
feedwater, and other high-energy pipe lines.
Therefore, for this “first-level” list, it was
assumed that containment rupture could occur
after a pipe impact. If this assumption is made,
then a secondary concern is the potential buck-
ling that may occur in certain free-standing
containments surrounded by another building.
For example, the BWR Mark I drywell contain-
ments have an annular region between the dry-
well and the surrounding reactor building. If this
annular region can be pressurized by a high-
energy pipeline that has ruptured the drywell
containment shell, then the free-standing steel
drywell containment can be loaded by an exter-
nal pressure which could cause buckling. Com-
mentary in the Hatch and Duane Amold 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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Loss of critical electrical system(s) (e.g.,
RPS) due to either a whipping pipe

Loss of a safety-related structure (e.g.,
seismic bracing, safety-related system

impact or jet impingement snubber)
2. Loss of critical instrumentation (e.g., RCS 6. Loss of safety-related mechanical
hot leg temperature, pressurizer level) equipment (e.g., a control or isolation
valve).
3. Loss of containment integrity due to the

impact of a large pipe Flow diagrams that could be used to evaluate

the consequences of a single pipe break inside
containment are shown in Figures 4-1
through 4-3.

4. Loss of another safety-related piping
system
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Using a system~by—system evaluation process

Can a single pipe break inside the containment eliminate any
safety—related equipment or accident mitigation process?

w0y

Is the minimum ESF
required to shut down

ACCEPABLE
without mod

YES

the plant still available?
is containment NO Should source be
YES -§— ntegrity stil YES restrained or pipe
maintained? . ‘jet shield installed?
ynNo _
Should source be NO
restrained or pipe
jet shield instalied?
jot shiold insta Should target(s) —P
NO be protected? YES
Iscontainment
integrity still
maintained?

7’

with mod
e :
CONTAINMENT

NOTE: PIPE BREAK INCLUDES

BOTH CIRCUMFERENTIAL AND
LONGITUDINAL BREAKS IN
HIGH -ENERGY SYSTEMS.

NOTE. CONSEQUENCES DUE TO FLOODING o

. CLUDES SUBMERGENCE. SPRAYING, ,
N rion: DaaE. |, CONTAINMENT SPLASHING) AND ENVIRONMENTAL CONDITIONS (IN-
A ARD Praba s pets VALVES. CLUDES PRESSURES, TEMPERATURES, HUMIDITY,
R e CODEEfN%RMEE‘gDEQUAh AND RADIATION) PREVIOUSLY CONSIDERED VIA OTH-
3t ER NRC PROGRAMS AND NOTICES.

Figure 4-1. Consequences of a single pipe break inside containment.
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Using a system—by—system evaluation process

Can a single pipe leak inside the containment eliminate any
safety-related equipment or accident mitigation process?

NO YES

Is scope covered: |

by jetimpingement
effacts of HELB?

ACCEPTABLE
without mod

NO

YES Is safety—relatad
equipment adequate
tor spray effects?

ACCEPTABLE
with mod

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- NOTE: PIPE LEAK INCLUDES
CLUDES SUBMERGENCE, SPRAYING, DRIPPING, CR BOTH CIRCUMFERENTIAL
SPLASHING) AND ENVIRONMENTAL CONDITIONS (IN- AND LONGITUDINAL LEAKS
CLUDES PRESSURES, TEMPERATURES, HUMIDITY, INMODERATE-ENERGY SYS-
AND RADIATION) PREVIOUSLY CONSIDERED VIA OTH- TEMS.

ER NRC PROGRAMS AND NOTICES.

Figure 4-2. Consequences of a single pipe leak inside containment.
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Using a system—by-system evaluation process

Single pipe break occurs inside the containment

Y
A 4 4
JET PIPE REACTION DIFFERENTIAL MISSILE
IMPINGEMENT IMPACT LOADS PRESSURE IMPACT
Y
Affects items Affects itoms Affects tems Aftects internal Typically covered
including: including: including: companments and by pipe impact
other pipe, other pipe, equipment nozzles, annular regions of but some . mis-
loose items, cascading pipe breaks] | containment, containment siles are capabie
equipment, locse items, foundatiens, of penetrating
containment, equipment, penetrations, and smaller areas
penetrations, and containment, internal structures
internal structures penetrations. and
internal structures

NOTE: PIPE BREAK INCLUDES
BOTH CIRCUMFERENTIAL AND
LONGITUDINAL BREAKS IN
HIGH-ENERGY SYSTEMS.

NOTE: CONSEQUENCES DUE TO FLOODING (IN-
CLUDES SUBMERGENCE, SPRAYING, DRIPPING, OR
SPLASHING) AND ENVIRONMENTAL CONDITIONS (IN-
CLUDES PRESSURES, TEMPERATURES, HUMIDITY,
- AND RADIATION) PREVIOUSLY CONSIDERED VIA OTH-

ER NRC PROGRAMS AND NOTICES.

NOTE: ASSUME CONTAINMENT
ISOLATION DESIGN, CIS VALVES,
AND GUARD PIPES ARE ADEQUATE
PER ASME CODE AND MEB 3-1.

NOTE: CONSIDERATION OF HIGH
PRESSURE LOADINGS, DUE TO
LOCA, ON THE CONTAINMENT
SHELL AND PENETRATIONS NOT
EXPLICITLY ADDRESSED HEREIN
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-lll CONCERNS

Based on the first-level of concerns and the
plant visits, a second list of potential concems
was developed. The lists were begun as plant-
specific, but since there are differences in the
routing of the piping, electrical conduits, and
instrumentation due to field routing within the
containment, some items that are not a concem
for the plants visited may be concerns for other
SEP-IIl plants. The second-level lists of
potential concerns for PWR and BWR plants are
discussed separately in Sections 5.1 and 5.2.

5.1 PWR Plants

Two PWR plants were visited to review the
plant layout, the pipe break and jet impingement
protection, and the relative location of compo-
nents to one another. The newer of the two
plants was a Westinghouse 4-loop SEP-III PWR
that was designed to RG 1.46 standards. The
other, a Westinghouse 3-loop plant, was one of
the older SEP-III PWRs for which the docu-
mentation on pipe whip and jet impingement
was limited. However, on the older plant, the
NSSS designer (Westinghouse) had informed
the architect-engineer (Ebasco) in the late 1960s
that the reactor coolant system, main steam, and
feedwater piping were to be restrained for pipe
whip. These lines appeared to be well protected
for pipe whip on this plant (with the exception of
- the steam generator area, in which we did not
note any targets).

In addition to evaluating the pipe break pro-
tection for the specific plant, we also attempted
to use the plant layouts to generalize possible
break locations and targets for other plants, for
which we did not know the pipe break protection
history. We did not have access to the plant
stress analyses, so we did not know the locations
of high stress or fatigue usage >0.1 that would
be used to identify pipe break locations using
today’s standards. In our brief tours inside con-
tainment, we did not have the time to survey
each high-energy line along its entire route,
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noting the potential break points and targets, but
rather we obtained a general overall view from
several locations inside the containment. A
number of pipe whip restraints on high-energy
lines were observed in both plants, but there
appeared to be only minimal, if any, jet
impingement shields, although the concrete
walls discussed in the next paragraph serve this
purpose in many areas.

The two PWRs we visited had a number of
concrete walls that offer support and serve as
missile, pipe whip, and jet impingement shields
as well (Figures 5-1 and 5-2). The outer barrier
is the containment wall. Concentrically inward is
the secondary shield wall (called the crane wall
in some plants). In the area between the con-
tainment and secondary shield walls are located
equipment such as the accumulators, pressurizer
relief tank, and portions of many of the high-
energy piping systems (for example, main
steam, feedwater, RHR, safety injection,
CVCS). The electrical and instrumentation lines
also enter the containment and are distributed in
this annulus. There is another concentric con-
crete wall within the secondary shield wall
which surrounds the reactor vessel. In the area
between the reactor shield wall and the secon-
dary shield wall, the reactor coolant loops
(including the pumps and steam generators) are .
separated from each other by concrete walls in
the older plant (Figure 5-1). The pressurizer and
in-core instrumentation are surrounded by addi-
tional concrete walls.

The two plants were designed by the same
NSSS vendor; nevertheless, we noted several
major differences:

1. Although the reactor coolant systems and
major branch piping within the secondary
shield (crane) wall were basically the
same, the remainder of the piping, par-
ticularly the branch piping between the
crane wall and the containment as well as
the electrical and instrumentation routing,
were field run and quite different.
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Figure 5-1. Older SEP-III PWR (Westinghouse 3-loop) inside containment plan view.
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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 physical
(concrete) barriers from the lines in other
loops (Figure 5-3). There were pipe 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),

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

Devélopmem

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
steamn generators.

Table 5-1 lists the types of containments for
the SEP-III PWR plants. The four basic types
are shown in Figures 5-4 through 5-7. Most
(16)are prestressed concrete  atmospheric
designs [-1 to +2 psig (-7 to 15 kPA) internal
pressure). Surry Units 1 and 2 are reinforced

_ concrete with subatmospheric [-5 to -10 psig

(-34 to -69 kPA) internal pressure] designs; D.C.
Cook Unit 1 is reinforced concrete with an ice
condenser design; Kewaunee and Prairie Island
Units 1 and 2 are cylindrical metal designs; and
Maine Yankee and Indian Point Units 2 and 3
are reinforced concrete atmospheric designs.
The walls of prestressed and reinforced concrete

* design are shown in Figures 5-8 and 5-9. They

are typically 4 ft-6 in. (1.4 m) thick (this varies)
with a 1/4- to 1/2-in. (6- to 13-mm) thick steel

Plant NSSS Vendor Containment Type
Robinson-2 Westinghbuse Prestressed concrete, atmospheric
Point Beach-1/2 Westinghouse Prestressed concrete, atmospheric
Surry-1/2 Westinghouse Reinforced concrete, subatmospheric

- Turkey Point-3/4 Westinghouse Prestressed concrete, atmospheric
Oconee-1,2,3 B&W Prestressed concrete, atmospheric
Maine Yankee Combustion Engineering Reinforced concrete, atmospheric
Kewaunee Westinghouse Cylindrical, metal
Fort Calhoun Combustion Engineering Prestressed concrete, atmospheric
Zion-1/2 Westinghouse Prestressed concrete, atmospheric
Indian Point-2/3 Westinghouse Reinforced concrete, atmospheric
Prairie Island-1/2 Westinghouse Cylindrical, metal
Arkansas Nuclear One-1 B&W Prestressed concrete, atmospheric
Calvert Cliffs-1 Combustion Engineering Prestressed concrete, atmospheric
D. C. Cook-1 Westinghouse Reinforced concrete, ice condenser
TMI-1 B&W Prestressed concrete, atmospheric
Trojan Westinghouse Prestressed concrete, atmospheric
Millstone-2 Combustion Engineering Prestressed concrete, atmospheric
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liner plate. The ice-condenser design has a metal
containment typically 0.75- to l-in. (19- to
25-mm) thick surrounded by a shield building
with a 6-ft (1.8-m) annulus. The cylindrical
metal containments have a 2-in. (51-mm) thick
cylinder capped by a 1l-in. (25-mm) thick
hemispherical dome. A reactor building
surrounds the metal containment, with a 6-ft
(1.8-m) annular region between the cylinder and
the building. We have not evaluated the capacity
of the various types of containment walls for
absorbing impacts from pipe whip.

Table 5-2 lists potential pipe break areas
(without regard to stress level or fatigue usage)
and possible targets that we observed on one or
both PWRs visited. Since the newer plant had
been designed to RG 1.46, all of these areas had
been evaluated and accepted based on analyses.
However, since the piping and electrical pene-
trations appear to be field routed on each plant
so that the proximity differs from plant to plant,
a walkdown of each high-energy line noting the
possible break points from the stress and fatigue
analysis is needed to perform an adequate
evaluation of pipe break effects. Although the
component cooling water (CCW) lines were not
on the lists of lines that were observed during
the two PWR plant walkdowns, they are added
based on the observations of the RBCCW
system in the third BWR plant walkdown (see
section 3.4.5).

5.2 BWR Plants

Three BWR plants were visited to review the
plant layout, the pipe break and jet impingement
protection, and the relative location of compo-
nents to one another. The first of the plants was
a newer BWR (BWR/4), which is similar to
SEP-III BWRs. Although it is not considered to
be one of the SEP-III plants, the other two units
at this site are SEP-III plants. All three plants
share a single USFAR, licensing SER, and
numerous (but not all) other SERs. The second
plant that we visited was one of the older
SEP-II BWRs (BWR/3), for which the
documentation on pipe whip and jet
impingement was limited. The licensee
considers that the plant is very similar to one of
its other plants, Dresden 2, which was an SEP-II
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plant, and that the pipe break documentation for
that plant also applies to the SEP-III plant. Both
plants have Mark I containments.

In addition to evaluating the pipe break pro-
tection for the specific plant, we also attempted
to use the plant layouts to generalize possible
break locations and targets for other plants, for
which we did not know the pipe break protection
history. We did not have access to the plant
stress analyses, so we did not know the locations
of high stress or fatigue usage greater than 0.1.
In our brief tours inside containment, we did not
have the time to survey each high-energy line
along its entire route, noting the potential break
points and targets, but rather we obtained a gen-
eral overall view from several locations inside
the containment. A number of pipe whip
restraints were observed on the recirculation
lines of both plants, but there appeared to be
only minimal, if any, jet impingement shields,
other than covers over the vent openings to the
torus. The main steam and feedwater lines were
not restrained in the upper cylindrical portion of
the drywell. Both plants have energy-absorbing
pads attached to sections on the interior of the
spherical portion of the drywell. However, the
designs of the pads and the areas covered were
not the same for the two plants.

In contrast to the PWR plants, thet BWR
plants had minimal - compartmentalization.
Figure 5-10 shows the drywell design. Most of
the inside containment piping is housed between
the drywell and the biological shield, which sur-
rounds the reactor pressure vessel. In the annu-
lus between the containment and biological
shield are located the recirculation system,
including pumps, and portions of many of the
high-energy piping systems (for example, main
steam, feedwater, RHR, core spray). The electri-
cal and instrumentation lines also enter the con-
tainment and are distributed in this annulus. Fig-
ure 5-11 is a plan view of this region, showing
the relatively large amount of piping in the
rather confined space.

Although the two plants were designed by
the same NSSS vendor, General Electric, we
noted several major differences:



Development

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

Steam generator blowdown
Reactor coolant system (leak)
Reactor coolant system

Main steam, feedwater, or any other
high energy line

RHR/safety injection

Safety injection (break) reactor
coolant system (leak)

Main steam

Spray line, pressurizer instrumentation

Pressurizer instrumentation

DP level instrumentation (same loop)

Loop instrumentation (same loop) (leak) or branch piping (break)
Connecting smaller piping in same loop (e.g., spray, safety
injection)

Any plant electrical and instrumentation circuit is possible {except
in-core instrumentation) depending on line routing

CVCS, accumulator tank (one)

RCP seal (one loop)

Feedwater (same loop)

Main steam, feedwater Containment shell, CCW
]
Concrete Refueling
shield plug platform
L Reactor
- - A% P -1 building
- quipment pool e r.
. | ~.] Refueling cavity £ Fuel 8 ;
1 Dryweli head == . - storage pool | :
by o ’ WA I
- Drywell flange —_{ 0 '.Q.‘ 44— Refueling [ .
NN R T PR e bulkhead "
g _ . NPT S Y :
# B o
Free-standing f:ﬁ::;?:’y e
1 siol sif:e::lst:u::l':e" shield wal .
-1151 | >1009 : A
‘1 HURELPSS AN -—-—-L,———-—
$ * - =, r
-1 Radial beam 81-in.
: diameter vent b |
4 Jet deflector . -
-] = Expansion .
3 - — 7 bellows ;
] Vent - ;
_.- r
| Y T~ vent
—1 hesd A '] header
Water .
] B
# b
IRy ST Ik fn e SF TEANL
Downcomer . Basemat’ \— Embedded . ~ Pressure
pipe ! shell region | suppression
Sand pocket Concrete embedment - chamber .
] .
- —————————
| np—————————  ~111 ft ciameter . 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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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, 1n
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-II BWR containments are
Mark I -steel designs with the exception of
Brunswick Unit 2, which is a Mark I concrete
design (Table 5-3). A reinforced concrete wall,
4- 10 6-ft (1.2~ to 1.8-m) thick and called the
secondary shield wall, surrounds the drywell
(Figure 5-10). There is a 2- to 3-in. (S51- to
76-mm) gap between the secondary shield wall
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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 material may cause
corrosion of the drywell exterior surface. The
filler material may degrade, and the aggressive
chemicals in the material may corrode the out-
side surface of the drywell.

Table 5-4 lists potential pipe break areas
(without regard to stress level or fatigue usage)
and possible targets that we observed on one or
both BWRs visited. The two plants had pipe
whip restraints on both suction and discharge
portions of the recirculation piping. However,
the recirculation piping is not restrained on at
least one other SEP-III plant. Although both
plants had energy-absorbing pads mounted on
portions of the inside surface of the drywell, not
all SEP-TII plants contain such pads. The piping
and electrical penetrations appear to be field
routed on each plant so that the proximity differs
from plant to plant; therefore, a walkdown of
each high-energy line noting the possible break
points from the stress and fatigue analysis 1s
needed to perform an adequate evaluation of
pipe break effects.
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Table 5-3. Containment types for BWR SEP-III plants.

BWR Containment Fill
Plant Type Type Fill Material Removed
Nine Mile Point-1 2 Mark I, steel Fiberglass foam —
Monticello 3 Mark I, steel Polyethylene strips yes
Dresden-3 3 Mark I, steel Polyethylene foam no
Pilgrim 3 Mark I, steel Ethafoam ves
Quad Cities-1/2 3 Mark I, steel Polyethylene foam no
Vermont Yankee 4 Mark [, steel Styrofoam no
Browns Ferry-1/2 4 Mark 1, steel Polyurethane no
Peach Bottom-2/3 4 Mark I, steel Polyethylene strips no
Duane Amold 4 Mark ], steel Polyurethane foam yes
Cooper 4 Mark I, steel Urethane foam no
Hatch-1 4 Mark I, steel Ethafoam yes
Fitzpatrick 4 Mark I, steel Ethafoam yes
Brunswick-2 4 Mark I, concrete — —

Table 5-4. BWR pipe break locations and potential targets based on observations from three plant visits.

Source

Target

Main steam/feedwater

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 HPC], containment shell (if piping is not restrained),
RBCCW

CRD bundle, single recirculation line, containment shell
Feedwater (one ring)

Any electrical or instrumentation line is possible depending on
line routing

NUREG/CR-6395
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6. RANKING AND QUANTIFICATION OF SEP-Iil PLANT PIPE
BREAKS INSIDE CONTAINMENT

In Section 5, lists of potentially significant
pipe break events inside containment were gen-
erated for both BWRs and PWRs. In Section 6.1,
the pipe break events were ranked such that only
the most significant need to be considered in
detail. The significant events were then quanti-
fied in more detail in Section 6.2 to provide
quantitative estimates of the change in core
damage frequency resulting from such events.
The quantification was performed conserva-
tively, using the worst possible effects of the
pipe break based on a general knowledge of the
SEP-III plant layouts. In many cases, a pipe

break scenario may not be possible at a specific.

SEP-III plant because of its physical layout and
pipe restraints. '

6.1 Event Ranking

Pipe break events were ranked according to
impact on core damage frequency (CDF), con-
tainment failure, and offsite consequences. The
ranking categories are the following:

1. High Potential to increase CDF or offsite
consequences by more than 100%
(or containment failure probability
is nearly 1.0)

2. Medium Potential to increase CDF or offsite
consequences by 1 to 100% (or
containment failure probability is
in the range 0.01 to nearly 1.0)
3.Low Potential to increase offsite conse-
quences by less than 1% (or con-
tainment failure probability is less
than 0.01).

The rankings were performed qualitatively;
no sophisticated probabilistic risk assessment
model was run to quantitatively determine
impacts on CDF, containment failure, and offsite
consequences. However, the Individual Plant
Examination (IPE) studies for three of the five
plants visited were used for guidance in the
qualitative ranking process. (The IPE for the
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fourth plant was not available at the time, and
the fifth plant visit was several years after the
analysis was completed.) The matrix presented
in Table 6-1 was used to help in the ranking
process for offsite consequences.

Table 6-1. Ranking scheme that illustrates the
impact that containment failure and CDF have
on offsite consequences. :

Containment Failure Impact

Core Damage High .

Impact (Direct Failure) Medium Low
High High High Medium
Medium High Medium Low
Low Medium Low Low
A similar  effort, documented in

NUREG/CR-6027 (Ware et al. 1993), was used
for guidance in this effort.

Results of the ranking effort for BWRs are
presented in Table 6-2. Of the 16 BWR pipe
break 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 events inside containment.

Offsite
Pipe Break—Affected CDF Containment  Consequences
System(s) Impact  Failure Impact Impact Comments
1. MSorFw— Medium  High High Causes scram (large LOCA);

Containment shell and ) breaches (pipe whip) containment

safety systems entering shell; fails (containment buckling) all

containment coolant injection safety systems
needed for large LOCA response
(core spray or LPCI)

2. MSorFW -RHR? Low Medium Low Causes scram (large LOCA); fails
(pipe whip) 1 LPCI loop (other LPCI
loop and core spray available) and,
therefore, 1 of 2 RHR loops (RHR
also important for containment
overpressure/ overtemperature
protection)

3. MSorFW—RCICor Low Low Low Causes scram (large LOCA); fails

RWCU? (pipe whip) RCIC or RWCU (not
needed for large LOCA response or
for containment protection)

4. MSorFW - Core Low Low Low Causes scram (large LOCA); fails
spray® (pipe whip) 1 core spray loop (other

core spray loop and LPCI available)

5. Recirculation—CRD Medium  Medium Medium Causes scram (large LOCA); fails
bundle(s)* (pipe whip or jet impingement)

affected control rods (fail to insert
because of loss of CRD flow and loss
of PCS pressure due to LOCA),
resulting in failure to scram

6. Recirculation—- SLCS* Low Low Low Causes scram (large LOCA); fails
(pipe whip) SLCS (not needed for
large LOCA response)

. 7. Recirculation—Jet Low Low Low Causes scram (large LOCA); fails
pump instrumentation (pipe whip) instrumentation (not
needed for large LOCA response)

8. Recirculation—Main Low Low Low Causes scram (large LOCA); fails
steam supply to HPCI* (pipe whip) HPCI (not needed for

large LOCA response)

9. Recirculation— Medium  High High Causes scram (large LOCA);
Containment shell and breaches (pipe whip) containment
safety systems entering shell; fails (containment buckling) all
containment coolant injection safety systems

needed for large LOCA response
(core spray or LPCI)

10. RHR—CRD bundie(s)* Medium  Medium Medium Causes scram (large LOCAY); fails
(pipe whip or jet impingement)
affected control rods (fail to insert
because of loss of CRD flow and loss
of PCS pressure due to LOCA),
resulting in failure to scram
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Table 6-2. (continued).
Offsite
Pipe Break—Affected CDF Containment  Consequences
System(s) Impact  Failure Impact Impact Comments

11. RHR—Single Low Medium Low Causes scram (large LOCA); fails

recirculation line’ (pipe whip) reactor coolant system
piping that can affect coolant
injection if discharge valves do not
close

12. RHR - Containment Medium  High High Causes scram (large LOCA);
shell and safety systems or Low breaches (pipe whip) containment
entering containment shell; fails (containment buckling) all

coolant injection safety systems
needed for large LOCA response
(core spray or LPCI)

13. MS—Feedwater Low Low Low Causes scram (large LOCA); fails
(1 ring)* (pipe whip) part of FW (not needed

for large LOCA response)
14. HELB - Containment  High Medium High Causes scram (large LOCA,
instrumentation and assumed); fails (pipe whip or jet
control impingement) actuation for all
coolant injection systems needed for
large LOCA response (core spray or
LPCI)
. 15. HELB—Containment = Low Low Low Causes scram (large LOCA,

electrical power assumed); fails (pipe whip or jet
impingement) power to recirculation
pump discharge valves (they fail
open)(valves must close only for
recirculation line breaks)

16. HELB—RBCCW Low High Medium Causes scram (large LOCA);

breaches containment through
RBCCW piping and renders RHR
heat exchangers ineffective

" 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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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— Low Low Low Causes scram (small LOCA);
Pressurizer spray : fails (pipe whip) pressurizer
: ' spray (not needed for small
LOCA response)
2. Pressurizer safety or relief— Low Low Low Causes scram (small LOCA);
Pressurizer instrurnentation fails (pipe whip or jet
' impingement) pressurizer
instrumentation and PORV
control
3. Pressurizer spray— Low Low Low Causes eventual scram (turbine
Pressurizer instrumentation trip initiator category); fails (pipe
whip or jet impingement)
pressurizer instrumentation and
PORY control
4. SGblowdown—SGdplevel Low Low Low Causes scram (turbine trip
instrumentation (same loop) initiator category); fails (pipe
in 3- or 4-loop plant whip or jet impingement) SG
instrumentation (other 2 or 3 SGs
and feed and bleed available for
decay heat removal)
5. SGblowdown—SG dp level Low Low - Low Causes scram (turbine trip
instrumentation (same loop) initiator category); fails (pipe
in 2-loop plant whip or jet impingement) SG
instrumentation (other SG and
feed and bleed available for
decay heat removal)
6. RCS (leak) or branch pipe— Low Low Low Causes scram (small LOCA);
RCS loop instrumentation fails (pipe whip or jet
(same loop) impingement) RCS loop
instrumentation (not needed for
small LOCA response)
7. RCS (leak)—SI Low Low Low Causes scram (small LOCA);
fails (jet impingement) 1 SI loop
(other loop and other systems
available)
8. RCS (leak)—Pressurizer Low Low Low Causes scram (small LOCA);
spray ' fails (jet impingement)
: pressurizer spray (not needed for
small LOCA response)
9. HELB—Containment High High High Causes scram (LOCA or other
instrumentation and control 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. (cbntinued).

Offsite
CDF Containment  Conseguences
Pipe Break—Affected System(s)  Impact  Failure Impact Impact Comments
10. HELB—Containment Low Medium Medium Causes scram (LOCA or other
electrical power type of initiator); fails (pipe whip
or jet impingement) power to
PORVs and CFCUs
11. RHR—Safety-related piping Low Medium . Medium Causes scram (large LOCA);
(smaller size than RHR) in fails (pipe whip) 1 of 4 RHR
same loop injection paths
12. SI—Safety-related piping Low Low Low Causes scram (medium LOCA);
(smaller size than SI) in fails (pipe whip) 1 of several SI
same loop . loops
13. MS—FW (same loop) in Low Low Low Causes scram (steamline break
3- or 4-loop plant® inside containment); fails (pipe
whip) feedwater (same loop),
resulting in loss of affected SG
(other SGs and feed and bleed
available for decay heat removal)
14. MS—FW (same loop) in2- Low Low Low Causes scram (steamline break
loop plant® inside containment); fails (pipe
whip) feedwater (same loop),
resulting in loss of affected SG
(other SG and feed and bleed
available for decay heat removal)
15. MS or FW—Containment Low Low Low Causes scram (steamline or
shell in reinforced concrete feedwater break inside
containment containment); impacts (pipe
whip) containment but only
causes cracks in concrete
16. MS or FW—Containment Low High Medium Causes scram (steamline or
shell in free-standing steel feedwater break inside
containment containment); fails (pipe whip)
containment
17. MS or FW—CCW Low High Medium Causes scram (steamline or
feedwater break inside
containment); breaches
containment through failed CCW
piping and renders RHR heat
exchangers ineffective

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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where
CDF = 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 impingement

RUPTPROB probability of pipe whip or jet
impingement causing another

system failure

SYSTFAIL

probability of additional sys-
tem(s) failing randomly (not
caused by the pipe break)
such that core damage occurs.

All of the events in the above equation were
modeled as lognormal events (typical in most
probabilistic risk assessments), each character-
ized by a mean value (frequency or probability)

- and an error factor (95th percentile/median). The

frequency for the initiating event, IE, was

. obtained from Section 2 in this document.

PIPETYPE, TYPEFRAC, and RUPTPROB
were estimated based on general knowledge of
PWRs and BWRs and 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:
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1.  Given X and Y with mean values (Ms)
and error factors (EFs), find the mean and
error factor of XY.

2. Determine the mean value of XY
Mxy =Mx My
3.  Determine the variances (Vs) of X and Y

VX oY = (MX or Yz) {CXP[((ln EFX or Y)/
1.645)"] - 1}

4, Determine the variance of XY
ny = sz Vy + Myz Vx + Vx Vy
5. Convert the variance to an error factor

exp{l.645[ln (1 + Vxy /
Mxy2)]**}

6. Given the mean and error factor of XY,
determine the percentiles of the
distribution
Median (50th percentile) = Mxy

{exp[-0.5[((In EFxy)/1.645)°]}

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 1000 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.



Ranking and Quantification

Table 6-4. Quantification of dominant BWR pipe-break events inside containment.

Change in CDF Resulting from Pipe Break Event

Mean 95t
Pipe Break—Affected Frequency ’ 5" Percentile Median Percentile
System(s) (events/rx-yr)  Error Factor®  (events/rx-yr)  (evemts/rx-yr)  (events/rx-yr)

1. MS or FW—Containment  2.0E-6 13.5 4.2E-8 5.7E-7 7.7E-6
shell and safety systems (2.0E-6)° (13.6) (3.9E-8) (5.6E-7) (7.6E-6)
entering containment

5. Recirculation—CRD 5.0E-6 14.1 9.8E-8- 1.4E-6 1.9E-5
bundle(s) (5.0E-6) (14.3) (8.9E-8) (1.4E-6) (2.0E-5)

9. Recirculation - 4.0E-6 13.6 8.4E-8 1.1E-6 1.5E-5
Containment shell and (4.0E-6) (11.8) (8.3E-8) (1.1E-6) (1.3E-5)
safety systems entering
containment

10. RHR—CRD bundle(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—Containment shell  4.0E-7 19.8 3.9E-9 7.7E-8 1.5E-6
and safety systems (4.0E-7) 17.7) (3.9E-9) (7.9E-8) (1.4E-6) -
entering containment

14. HELB—Containment 3.8E-5 11.3 1.1E-6 1.3E-5 1.4E-4
instrumentation and (3.8E-5) (10.8) (1.0E-6) (1.2E-5) (1.3E4)
control

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

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

Notes:

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. , .

_Table 6-5. Quantification of dominant PWR pipe-break events inside containment.
Change in CDF Resulting from Pipe Break Event

Mean Frequency Error 5" Percentile Median 95™ Percentile
Pipe Break—Affected System(s) (events/rx-yT) Factor® (events/rx-yr) (events/rx-yr) (events/rx-yr)
9. HELB—Containment 7.5E-5 12.2 1.9E-6 2.4E-5 29E-4
instrumentation and control (7.5E-5)° (12.3) (1.8E-6) (2.2E-5) (2.7E-4)
16. MS or FW — Containment shell 1.4E-9 15.0 2.0E-11 3.7E-10 6.0E-9
in free-standing containment®  (1.4E-9) (12.1) (4.6E-11) (4.3E-10) (5.2E-9)
17. MS or FW—CCW* 1.0E-7 16.8 1.4E-9 2.3E-8 3.9E-7
(1.0E-7) (15.5) . (1.3E-9) (2.2E-8) (3.4E-7)

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

¢. This event is presented because its containment failure impact is high, even though the core damage frequency impact ranking is low.
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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 (between the containment
shell and the containment concrete structure) fails all coolant injection systems (whose piping penetrate
the containment shell) required for a large LOCA response. Cooling injection failure could be caused
either by displacements of the containment crimping or shearing the piping, or by steam escaping into the
auxiliary areas failing the supporting systems (e.g., pump failure for EQ reasons). The equation for CDF
is the following:

CDF = (IE)PIPETYPE)XTYPEFRAC)(RUPTPROB,)RUPTPROB;)

The equation factors are as follows:

Lower Bound | Upper Bound
Mean Value (5th percentile) | (95th percentile)
Factor (events /rx-yr) | Error Factor | (events/rx-yr) | (events/m-yr) Factor Description

IE 1.0E4 10 3.8E-6 3.8E4 Large LOCA (DEGB) in BWR primary
piping inside containment

PIPETYPE '} 4.0E-1 1.25 Assumed {3.2E-1 5.0E-1 Fraction of BWR primary piping inside
containment that is MS or FW

TYPEFRAC | 2.5E-1 1.5 Assumed 1.6E-1 3.6E-1 Fraction of MS or FW piping that can
impact containment shell from pipe ~
whip

RUPTPROB, |2.5E-1 3 Assumed 6.7E-2 6.0E-1 Probability of pipe whip rupturing
containment shell

RUPTPROB, | 8.0E-1 1.25 Assumed | 6.4E-1 1.0 Probability of overpressure in
containment annulus failing injection
system piping penetrating containment

Results of the quantification of the core damage frequency are as follows:

Mean = 2.0E-6/rx-yr
EF = 135

5th percentile = 4 2E-8/rx-yr
Median = 5.7E-7/mx-yr
95th percentile = 7.7E-6/rx-yr
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BWR Event 5

Ranking and Quantification

This event involves a rupture of the recirculation piping inside containment. Pipe whip causes failure
of a number of CRD bundles by crimping of the insert/withdraw lines. The result is a large LOCA with
failure to scram the reactor. This was assumed to lead directly to core damage. The equation for CDF is
the following:

CDF

The equation factors are as follows:

(IE)(PIPETYPE)(TYPEFRAC)(RUPTPROB)

Lower Bound | Upper Bound
Mean Value (5th percentile) | (95th percentile)
Factor (events/rx-yr) | Error Factor | (events/rx-yr) | (events/rx-yr) Factor Description
{E 1.0E4 10 3.8E-6 3.8E4 Large LOCA in BWR primary piping inside
containment
PIPETYPE |2.0E-1 2 Assumed | 9.2E-2 3.7E-1 Fraction of BWR primary piping inside
containment that is recirculation
TYPEFRAC | 2.5E-1 3 Assumed |6.7E-2 6.0E-1 Fraction of recirculation piping that can
[ impact CRD(s) lines by pipe whip or jet
impingement
RUPTPROB | 1.0 1 1.0 1.0 Probability of pipe whip or jet impingement

failing CRD(s) lines

Results of the quantification of the core damage frequency are as follows:

Mean

EF

5th percentile

Median

95th percentile

5.0E-6/rx-yr

14.1

9.8E-8/rx-}fr-’
1.4E-6/mx-yr

1.9E-5/mx-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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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 between the contain-
ment shell and the containment concrete structure fails all coolant injection systems (whose piping pene-
trate the containment shell) required for a large LOCA response. Cooling injection failure could be caused
either by displacements of the containment crimping or shearing the piping, or by steam escaping into the
auxiliary areas failing the supporting systems (e.g., pump failure for EQ reasons). The equation for CDF
is the following:

CDF

The equétion factors are as follows:

(IEXPIPETYPE)(TYPEFRAC)(RUPTPROB;)(RUPTPROB,)

Lower Bound | Upper Bound
Mean Value (5th percentile) | (95th percentile)
Factor (events/rx-yr) | Error Factor | (events/rx-yr) | (events/rx-vr) Factor Description

IE 1.0E4 10 3.8E-6 3.8E4 Large LOCA in BWR primary piping
inside containment

PIPETYPE | 2.0E-1 2 Assumed 9.2E-2 3.7E-1 Fraction of BWR primary piping inside
containment that is recirculation

TYPEFRAC |5.0E-1 2 Assumed 2.3E-1 9.2E-1 Fraction of recirculation piping that can

! impact containment shell from pipe whip |

RUPTPROB, | 5.0E-1 2 Assumed 2.3E-1 9.2E-1 Probability of pipe whip rupturing
containment shell (for plants with no
restraints on recirculation lines

RUPTPROB,; | 8.0E-1 1.25 Assumed | 6.4E-1 1.0 Probability of overpressure in
containment annulus failing injection
system piping penetrating containment

Results of the quantification of the core damage frequency are as follows:

Mean

EF

5th percentile =

Median

95th percentile =

NUREG/CR-6395

4.0E-6/rx-yr
13.6

8.4E-8/rx-yr
1.1E-6/rx-yr

1.5E-S/rx-yr
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BWR Event 10

Ranking and Quantification

This event involves a rupture of the RHR piping inside containment. Pipe whip causes failure of a
number of CRD bundle(s). The result is a large LOCA with failure to scram the reactor by crimping of the
insert/withdraw lines. This was assumed to lead directly to core damage. The equation for CDF is the

following:

CDF

The equation factors are as follows:

(IE)(PIPETYPE)TYPEFRAC)(RUPTPROB)

Lower Bound | Upper Bound
Mean Value {5th percentile) { (95th percentile)
Factor (events/rx-yr) | Error Factor | (events/rx-vr) | (events/rx-yr) Factor Description

IE 1.0E-4 10 3.8E-6 3.8E4 Large LOCA in BWR primary piping
inside containment

PIPETYPE | 1.0E-1 2 Assumed | 4.6E-2 1.8E-1 Fraction of BWR primary piping inside
containment that is RHR

TYPEFRAC | 2.5E-1 1.5 Assumed | 1.6E-1 3.6E-1 Fraction of RHR piping that can impact

' CRD lines by pipe whip or jet impingement
RUPTPROB | 1.0 1 1.0 1.0 Probability of pipe whip or jet impingement

failing CRD lines

Results of the quantification of the core damage frequency are as follows:

Mean

EF

5th percentile

Median

95th percentile

2.5E-6/rx-yr

115

7.3E-8/rx-yr

8.3E-T/rx-yt

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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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 between the containment
shell and the containment concrete structure fails all coolant injection systems (whose piping penetrate the
containment shell) required for a large LOCA response. Cooling injection failure could be caused either
by displacements of the containment crimping or shearing the piping, or by steam escaping into the aux-
iliary areas failing the supporting systems (e.g., pump failure for EQ reasons). The equation for CDF is
the following:

CDF = (IE)(PIPETYPE)(TYPEFRAC)RUPTPROB;)(RUPTPROB:)

The equation factors are as follows:

Lower Bound | Upper Bound
Mean Value (5th percentile) | (95th percentile)
Factor (events/rx-yr) | Error Factor | (events/rx-yr) | (events/rx-yr) Factor Description
IE 1.0E4 10 3.8E-6 3.8E4 Large LOCA in BWR primary piping
: inside containment

PIPETYPE | 1.0E-1 2 Assumed 4.6E-2 1.8E-1 Fraction of BWR primary piping inside
containment that is RHR

TYPEFRAC | 5.0E-1 2 Assumed 2.3E-1 9.2E-1 Fraction of RHR piping that can impact
containment shell from pipe whip

RUPTPROB, | 1.0E-t 5 Assumed 1.2E-2 3.1E-1 Probability of pipe whip rupturing

‘ containment shell

RUPTPROB; | 8.0E-1 1.25 Assumed | 6.4E-1 1.0 Probability of overpressure in
containment annulus failing injection
system piping penetrating containment

Results of the quantification of the core damage frequency are as follows:

Mean = 4.0E-T/rx-yr
EF = 19.8

5th percentile = 3.9E-9/rx-yr
Median = 7.7E-8/rx-yr
95th percentile = 1.5E-6/x-yr
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BWR Event 14

This event involves a high-energy line break (HELB) inside containment. Pipe whip causes failure of
containment instrumentation and control. This was assumed to lead to failure of accident-mitigating
injection systems and eventual core damage. The equation for CDF is the following:

CDF (IE)(PIPETYPE)(TYPEFRAC)(RUPTPROB)

The equation factors are as follows:

Lower Bound | Upper Bound
Mean Value " | (5th percentile) | (95th percentile)
Factor (events/rx-yr) | Error Factor | (events/rx-yr) | (events/rx-yr) Factor Description

IE 1.0E4 10 3.8E-6 3.8E4 Large LOCA in BWR primary piping
inside containment

PIPETYPE | 1.0 1 1.0 1.0 All BWR primary piping inside
containment is considered

TYPEFRAC | 5.0E-1 2 Assumed 2.3E-1 9.2E-1 Fraction of BWR primary piping inside
containment that can impact
instrumentation and control cables

RUPTPROB | 7.5E-1 1.33 Assumed | 5.6E-1 9.8E-1 Probability of pipe whip or jet

‘ impingement failing instramentation and

control cables

Results of the quantification of the core damage frequency are as follows:

Mean = 3.8E-5/rx-y1
EF = 11.3

5th percentile = 1.1E-6/rx-yr
Median = 1.3E-5/mx-yr
95th percentile = 1. 4E-4/rx-yr

This event is discussed in more detail in Section 6.3.2.
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BWR Event 16

This event involves a high-energy line break (HELB) inside containment. Pipe whip causes failure of
the reactor building closed cooling water (RBCCW) system. Containment systems on some BWRs have
double valve isolation protection, which would make the probability of a containment-to-atmosphere leak
very low. However, in some plants there may be only single valve isolation. This case was evaluated
below, assuming the supply and return lines had a check and a motor-operated valve isolation, respec-
tively. Assumed valve failure probabilities are summarized in Table 6.6. If one or both of these parallel
valves should fail, it was assumed that water in the system would drain into the containment, eventually
leading to a containment-to-atmosphere leak path through the system surge line vent. It was also assumed
that loss of the system would cause inoperability of the RHR heat exchangers, which would lead to even-
tual core damage. The equation for CDF is the following:

CDF = (IEXPIPETYPE)TYPEFRAC)(RUPTPROB)(VALVEFAIL)

The equation factors are as follows:

Lower Bound | Upper Bound
Mean Value (5th percentile) | (95th percentile)
Factor | (events/rx-yr) | Error Factor | (events/rx-yr) (events/rx-yr) Factor Description

IE 1.0E4 10 3.8E-6 3.8E4 Large LOCA in BWR primary piping
inside containment

PIPETYPE 1.0 1 1.0 1.0 All BWR primary piping inside
containment is considered

TYPEFRAC | 1.0E-] 2 Assumed | 4.6E-2 1.8E-1 Fraction of BWR primary piping inside
containment that can impact RBCCW lines

RUPTPROB | 5.0E-1 2 Assumed | 2.3E-1 9.2E-1 Probability that impact or inpingement will
rupture RBCCW lines

VALVEFAIL | 4.0E-3 3.7 7.9E-4 1.1E-2 Combined probability that check valve or

: motor-operated valve will fail

Results of the quantification of the core damage frequency are as follows:

Mean = 2.0E-8/rx-yr
EF = 16.8

5th percentile = 2.7E-10/rx-yr
Median = 4.6E-9/mx-yr
95th percentile = 7.7E-8/rx-yr

This event is discussed in more detail in Section 6.3 .4.
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PWR Event 9

Ranking and Quantification

This event involves an HELB (MS, FW, or primary coolant system) inside containment. Pipe whip or
jet impingement causes failure of containment instrumentation and control, leadmg to failure of

accident-mitigating systems. The equation for CDF is the following:

CDF

The equation factors are as follows:

(IE)(PIPETYPE)(TYPEFRAC)(RUPTPROB)

Lower Bound | Upper Bound
Mean Value (5th percentile) | (95th percentile)
Factor (events/rx-yr) | Error Factor | (events/rx-yr) | (events/rx-yr) Factor Description

IE 1.5E-3* 10 5.6E-5 5.6E-3 HELB (RCS, MS, or FW) inside
containment

PIPETYPE {1.0 1 1.0 1.0 All RCS, MS and FW piping is considered

TYPEFRAC | 1.0E-1 2 Assumed | 4.6E-2 1.8E-1 Fraction of RCS, MS, or FW piping that can
impact containment instrumentation and
control cables from pipe whip or jet
impingement

RUPTPROB | 5.0E-1 2 Assumed | 2.3E-1 9.2E-1 Probability of pipe whip or jet impingement
failing instrumentation and control cables

Results of the quantification of the core damage frequency are as follows:

Mean

EF

5th percentile

Median

95th percentile

7.5E-5/tx-yr

12.2

1.9E-6/rx-yr

2.4E-5/tx-yr

2.9E-4/rx-yr

This event is discussed in more detail in Section 6.3.3.

a. This is the sum of the RCS small LOCA, MS rupture, and FW rupture frequencies. The entire large LOCA frequency
(SE-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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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 I&C and ECCS systems) occur and
result in core damage. The equation for CDF is the following:

CDF = [(TErw)(TYPEFRACsw)SYSTFAILy) +
(IEws)(TYPEFRACys)(SYSTFAILys)l(RUPTPROB)

The equation factors are as follows:

Lower Bound | Upper Bound
Mean Value (5th percentile) | (95th percentile)
Factor (events/rx-yr) | Error Factor | (events/rx-yr) | (evenis/rx-yr) Factor Description
IErw 4.0E-4 10 1.5E-5 1.5E-3 FW piping rupture inside containment
| [Exs 1.0E-4 10 3.8E-6 3.8E4 MS piping rupture inside containment
TYPEFRACky | 1.0E-1 2 Assumed |4.6E-2 1.8E-1 Fraction of FW piping that can impact
containment shell from pipe whip
TYPEFRACys | 1.0E-1 2 Assumed | 4.6E-2 1.8E-1 Fraction of MS piping that can impact
: containment shell from pipe whip
SYSTFAILpw - | 4.8E-5 5 Assumed | 6.0E-6 1.5E4 Probability of additional system failures
given FW rupture initiator
SYSTFAILys | 9.8E-5 5 Assumed | 1.2E-5 3.0E4 Probability of additional system failures
given MS rupture initiator
RUPTPROB | 5.0E-1 2 Assumed | 2.3E-1 9.2E-1 Probability of pipe whip rupturing
containment shell

Results of the quantification of the core damage frequency are as follows:

Mean = 14E-9/mx-yr
EF = 15.0

5th percentile = 2.0E-1V/rx-yr
Median = 3.7E-10/rx-yr
95th percentile = 5.6E-9/rx-yr
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Ranking and Quantification

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 the component cooling
water (CCW) system. Containment systems on some PWRs have double valve isolation protection, which
would make the probability of a containment-to-atmosphere leak very low. However, in some plants there
may be only single valve isolation. This case was evaluated below, assuming the supply and return lines
had a check and a motor-operated valve isolation, respectively. Assumed valve failure probabilities are
summarized in Table 6.6. If one or both of these parallel valves should fail, it was assumed that water in
the system would drain into the containment, eventually leading to a containment-to-atmosphere leak path
through the system surge line vent. It was also assumed that loss of the system would cause inoperability
of the RHR heat exchangers, which would lead to eventual core damage. The equation for CDF is the
following: '

CDF = (IE)PIPETYPEXTYPEFRAC)RUPTPROB)(VALVEFAIL)

The equation factors are as follows:

Lower Bound | Upper Bound
Mean Value (5th percentile) (95" percentile)
Factor (events/rx-yr) | Error Factor | (events/rx-yr) | (events/rx-yr) Factor Description

IE S.0E4 10 3.8E-6 3.8E4 Large LOCA in PWR mean steam or
feedwater piping inside containment

PIPETYPE 1.0 1 1.0 1.0 All main steam and feedwater piping inside
containment is considered

TYPEFRAC | 1.0E-i 2 Assumed | 4.6E-2 1.8E-1 Fraction of PWR primary piping inside
containment that can impact CCW lines

RUPTPROB | 5.0E-01 2 Assumed | 2.3E-1 9.2E-1 Probability that-impact or inpingement will
rupture RBCCW lines

VALVEFAIL | 4.0E-03 3.7 7.9E4 1.1E-2 Combined probability that check valve or
motor-operated valve will fail

Results of the quantification of the core damage frequency are as follows:

Mean = 1.0E-7/rx-yt
EF = 16.8

5th percentile = 1.4E-9/rx-yr
Median = 2.3E-8/mx-yr
95th percentile = 3.9E-7/rx-yr

This event is discussed in more detail in Section 6.3.3.
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6.3 Additional System
Considerations

After the initial rankings, additional
evaluations were conducted on several systems:

1. CRD lines (BWR events 5 and 10). BWR
event S is the subject of GSI-80.

2. PWR and BWR containment instrument
and control 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 concerns after the
initial investigation.

The results are summarized below.

6.3.1 CRD Lines

The effect of pipe breaks on boiling water
reactor (BWR) control rod drive (CRD) lines
was posed as a concern by the Advisory Com-
mittee on Reactor Safeguards (ACRS) in 1982-
83. Based-on ACRS concerns with MARK I and
II containments, the NRC designated this inves-
tigation as Generic Safety Issue-80 (GSI-80)
(Emrit et al., 1993).

This issue is similar to BWR Event 5. All of
" the BWR plants within the scope of GSI 156-6.1
are of the MARK I containment 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-III) 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
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(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 documents a study that was per-
formed to support NRC's assessment of the
impact of not having those criteria in place. The
study addresses safety-related electrical and
instrumentation and controls (I&C) circuits
within the containment that must function either
during a postulated high energy line beak
(HELB), after the break, or both. The primary
issue, for this study, is the whether the circuits
are designed to be adequately protected against
the effects of missiles, pipe whip, and discharg-
ing fluids. Two primary methods employed to
protect electrical circuits are to separate redun-
dant circuits with either diverse routes or by
providing physical barriers such that a single
event would not impact all redundant circuits for
a function that must remain operable. A third
alternate, not pursed by this study, is for a plant
to show that the probability for a fluid system
rupture to affect unprotected circuits is
extremely low.

This study examines the regulatory environ-
ment and requirements for these plants, identi-
fies representative functions that are required to
remain operable during and subsequent to an
HELB, and presents a cursory review of two
PWR and two BWR plants from the list of 41
SEP-III = 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, Units 3&4. 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 based upon being some of
the oldest of the SEP-II plants and on the
availability of UFSAR information.

6.3.2.2 Regulatory Requirements for
SEP-lll Plants. Development of regulatory
requirements and guidance for dynamic effects
of HELBs within the containment was in its
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infancy when the SEP-III plants received their
construction permits. A proposed general design
criteria (GDC) was published in the Federal
Register July 11, 1967. The proposed GDC
served as interim guidance until the GDC were
finalized July 7, 1971. The Institute of Electrical
and Electronics Engineers issued IEEE 279,
“Criteria for Protection Systems for Nuclear
Power Generating Stations,” in 1968 and revised
it in 1971, but it was not required until
10CFR50.55a was published June 12, 1971.
However 10CFR50.55a did not require adher-
ence to IEEE 279 for plants with construction
permits prior to January 1, 1971. As develop-
ment of regulatory requirements and guidance
matured, internal guidance was issued in the
form of a November 9, 1972, Rodgers letter,
“Safety Guides,” that proposed a Draft Safety
Guide, “Protection Against Pipe Whip Inside
Containment.” This Draft Safety Guide was sub-
sequently issued in May 1973, as RG 1.46. This
RG was withdrawn in 1985 after revision of
Standard Review Plan (SRP) 3.6.2,
“Determination of Rupture Locations and
Dynamic Effects Associated with the Postulated
Rupture of Piping,” provided more current
information concerning these matters. In
addition, RG 1.53, “Application of the Single-
Failure Criterion to Nuclear Power Plant
Protection Systems,” was issued in June 1973,
(it endorsed IEEE 379-1972); and RG 1.75,
“Physical Independence of Electrical Systems,”
was issued in February 1974, (it contained an
~ appendix that later became IEEE 384-1974).

The above discussion shows that the only
formal requirements regarding HELB effects
within containment for the SEP-III plants are the
interim GDC and possibly IEEE 279-1968. One
SEP-II plant, Trojan, was issued a construction
permit February 8, 1971, and could have been
required to adhere to IEEE 279-1971. However
Trojan has shut down and is no longer an oper-
ating nuclear plant. UFSARs for the selected
plants show results that are consistent with the
above conclusion. Three of the four plants com-
pare their designs to the proposed GDC of
July 11, 1967, and three of the four indicate they
are designei to comply with IEEE 279-1968 or
the intent of IEEE 279-1968. None of these
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plants claim to comply with the final GDC or
Jater versions of [EEE 279.

The proposed GDC issued July 11, 1967, did
not contain all the requirements pertaining to the
dynamic effects of HELB that are contained in
the final GDC. Proposed Criterion 20,
“Protection  Systems  Redundancy  and
Independence,” required that redundancy and
independence be designed in protection systems
such that no single failure or removal from
service of any component or channel will result
in loss of the protection function. Criterion 21
states that multiple failures resulting from a
single event shall be treated as a single failure.
Criterion 23, “Protection Against Multiple
Disability for Protection Systems,” requires that
effects of adverse conditions to which redundant
channels or protection system might be exposed
in common shall not result in loss of the
protection function. Accident conditions are
specifically included in this requirement. And
Criterion 40, “Missile Protection,” requires
protection of engineered safety features from
missiles and dynamic effects that might resuit
from plant equipment failures. While these
criteria would apply to pipe whip and the effects
of discharging fluids, they are not specifically
mentioned. Current GDC 4 was added after
publication of the proposed GDC. GDC 4,
“Environmental and Dynamic Effects Design
Bases,” requires, among other things, that
structures, systems and components important to
safety be appropriately protected against
dynamic effects, including the effects of mis-
siles, pipe whipping, and discharging fluids that
may result from equipment failures.

Since the effects of pipe whip and fluid dis-
charge were not specifically included in the pro-
posed GDC that was in effect when the SEP-III
plants received their construction permits, and
additional regulatory guidance had not yet been
developed, compliance with the requirements
was subject to interpretation that varied from
plant to plant.

The result of this inconsistency in interpreta-
tion by both the plant designers and the regula-
tors is 41 plants with varying degrees or meth-
ods of compliance with requirements that could
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be applied to pipe whip and fluid discharge
resulting from an HELB. This will be discussed
in more detail in a later section.

6.3.2.3 Functions Required to be
Operable During and After an HELB
Within Containment. Identification of elec-
trical circuits within the containment that are
required to be functional throughout an 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 assure 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 and hot

leg)
. Pfessurizcr pressure
. Pressurizer level
. Steam generator levels
) Containment temperature
. Containment cooling and filtering
- 1&C
- Fan moto.rs
. Containment isolation valves
- Actuation
- Valve' position indication
o Containment sump pump
. Containment sump pump level
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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 connect the transmitters to the
parameter being measured. These sensing lines
need to be designed to provide adequate
protection and separation for missiles, pipe
whip, and fluid discharge.

The situation with BWRs is different than for
PWRs. The design of older BWRs, such as
Dresden, Unit 2 and Pilgrim, minimizes the
number of sensors and transmitters inside the
primary containment (drywell) by routing
sensing lines from within the drywell to
transmitters located inside the secondary
containment. This is particularly true for
measurements of pressure, flow, and level. The
only 1&C and electrical circuits located inside
the drywell that are necessary for mitigating
accidents such as HELB are for sensors that
must be located at the process, 1&C for critical
valves such as isolation valves, and power for
actuating motor operated isolation valves. As
with PWRs, the list of functions required for
mitigating an 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:



J Reactor vessel pressure

o Reactor vessel water level

. Drywell pressure

6.3.2.4  Plant Design Considerations.

A cursory review of two PWR and two BWR
plants from the list of 41 SEP-III plants was per-
formed to determine how the plants were
designed to protect against missiles, pipe whip,
and fluid discharge as a result of HELBs inside
the primary containment. 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, Units 3&4. 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 based upon being some of
the oldest of the SEP-III plants and on the avail-
ability of UFSAR information. A discussion of
each plant is presented below followed by a
summarization of the four plants. The level of
detail that is presented in the various UFSARSs
related to protecting electrical and I&C func-
tions against the effects of HELBs within con-
tainment varies considerably among the four
plants that were reviewed. This is reflected in
the information presented in following
discussions.

Dresden, Unit 2: Dresden, Unit 2 is a 794
MWe BWR located in a MK-I containment and
received its construction permit January 10,
1966. A review of chapters 7 and 8 of the
UFSAR shows the following design
considerations:

The UFSAR indicates that the design is in
general compliance with IEEE 279-1968 for
single failure and separation requirements but no
indication that the design is in compliance with
the proposed GDC of July 11,1967.

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
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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:

. Cables through drywell penetrations are
grouped such that failure of all cables in a
single penetration cannot prevent a scram.

. Routing of cables is such that damage to
any single cable tray cannot disable the
protective function.

. Sensors are arranged so that no single
failure or process sensing line failure in
any mode can disable the scram function.

. The four subchannels of each protective
function are electrically isolated and
physically separated.

. Electrical isolation and mechanical sepa-

ration provide independence of the sen-
sors for each variable in the core spray,
HPCI, and ADS systems.

. Sensors for channels A and C have a
common process tap, which is widely
separated from the corresponding tap for
sensors in channels B and D.

. Cable penetrations are located in the four
geographical quadrants of the drywell.
ESF systtms and the Primary
Containment Isolation System (PCIS) are
divided so that one division is in
penetrations in one quadrant and the other
division is in penetrations in a different
quadrant.

. Division I and Division II cable/tubing
trays follow different, physically sepa-
rated routes. Where they are in close
proximity, consideration is given to
whether external potential sources of fire
or missiles are present.
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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 dis¢harge resulting
from a HELB within the primary containment.
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 2 670 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 is
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 design complies with
the intent of IEEE-279 and the proposed GDC.

. Circuitry involving common devices in
the RPS has been designed to assure that
no single failure (short, open, or ground)
can disable a safeguards function.

. Nuclear system pressure and reactor ves-
sel water level are tapped from the reactor
vessel at two separate locations. A pipe
from each tap is routed outside the pri-
mary containment to a pair of transmit-
ters. The two pairs of transmitters are
physically separated. The physical sepa-
ration and the signal arrangement assure
that no single physical event can prevent
the required safety function.

. Channels are physically and electrically

separated to assure that a single physical
event c: nnot prevent isolation.
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. 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 barriers, or concrete walls and
floors are used to assure maximum physi-
cal separation and independence for
cables and components of redundant
circuits.

. For engineered safeguards systems,
redundant cables are separated by either a
fire boundary having a 3-hour fire rating,
or horizontal separation of 20 ft (6.1-m),
or enclosure of one train of redundant
cables and associated circuits by a 1-hour
rated fire barrier.

. Drywell electrical penetrations are physi-
cally grouped at four locations separated
at approximately right angles around the

drywell.

. 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.

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
HELB.

H. B. Robinson: H. B Robinson is a
665 MWe 3-loop PWR reactor supplied by
Westinghouse that received its construction
permit April 13, 1967. A review of the UFSAR
shows the following design considerations:

The UFSAR evaluates the plant with respect
to the proposed GDC published July 11, 1968,
and the proposed IEEE 279-1968. The following
information is provided to support the evalua-
ton:

) Regarding protection systems redundancy
and independence (GDC 20): the RPS and
I&C are designed to meet all presently
defined RPS criteria in accordance with
the proposed IEEE 279-1968

. Regarding protection against multiple
disability for  protection  systems
(GDC 23):
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- 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 and through contain-
ment penetrations to the analog
racks. Physical separation is used to
the maximum practical extent to
achieve isolation of redundant
transmitters. Isolation of field wir-
ing is achieved using separate
wireways, cable trays, conduit runs,
and containment penetrations for
each redundant channel.

Protection against dynamic effects associ-
ated with the postulated rupture of piping
deals with pipe restraints, structures, con-
tainment integrity, size of pipes, equip-
ment supports, etc. It does not address
protection of redundant electrical and
I&C channels from effects such as pipe
whip. The 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, NIS, and ESF
channels are never routed through the
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same penetration. RPS penetrations are
separated by a minimum center-to-center
distance of three feet, NIS penetrations
are separated by a minimum center-to-
center distance of six feet (0.9-m), 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 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 cable
routing details being provided. The UFSAR
describes a concrete wall which separates one
complete redundant channel from the other
channels for each in-containment safety related
function. However, the drawings in the UFSAR
show a wall at the outside of containment but
_ not on the inside. Therefore the potential exists
for redundant channels to be routed near each
other inside containment and be susceptible to
the effects of a single HELB.

Turkey Point, Units 3&4: Turkey Point,
Units 3&4 are 728 MWe 3-loop PWR reactors
supplied by Westinghouse that received their
construction permits April 27, 1967. A review of
the UFSAR shows the following design consid-
erations:

. Channel. independence (GDC 20) is car-
ried throughout the system extending
from the sensor to the relay actuating the
protective function.
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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.

- Physical separation is used to
maximum practical extent to
achieve separation of redundant
transmitters.

- Separation of field wiring is
achieved using separate wireways,
cable trays, conduit runs and con-
tainment penetrations for each
channel.

Some design considerations for Missile
Protection (GDC 40) are:

- The primary missile protection is
through prevention of missiles
rather than missile shielding.

- Protection is also provided by lay-
out of equipment or by missile
barriers. '

- 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 assure 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.

The design of Turkey Point, Units 3&4 pro-
vides for considerable separation of redundant
electrical and I&C circuit inside containment.
Drawings show two penetration assemblies
being about 60 degrees apart with redundant
cable runs travelling along widely separated
routes, for the most part. There are segments of
circuits where the cable runs are in the same
vicinity. Whereas there may not be pipe whip
problems in those areas, this is not stated.

6.3.25 Summary. Forty-one older nuclear
plant units referred to as the Systematic Evalua-
tion Program Phase HI (SEP-III) plants received
construction permits prior to the time when
documented acceptance criteria were established
regarding the effects of pipe break inside con-
tainment. The only published criteria were pro-
posed general design criteria (GDC) that were
published in the Federal Register July 11, 1967.
The -proposed GDC served as interim guidance
until the GDC were finalized July 7, 1971.
_ While an interpretation of the GDC could
require designs that protect against the effects of
missiles, pipe whip, and fluid discharge from
-HELBs, pipe whip is not specifically mentioned
and guidance to provide for uniform application
of the GDC was not issued until 1971, or later.
Although the NRC reviewed these plants, there
is a potential lack of uniformity in those reviews
due to the absence of documented acceptance
criteria.

The UFSARs of four SEP-HII plants, two
PWRs and two BWRs, were reviewed to assess
the plant designs with regard to providing ade-
quate protection against the effects of missiles,
pipe whip, and fluid discharge resulting from
HELBs inside the primary containment. These
plants were selected based upon being some of
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the oldest of the SEP-III plants and on the avail-
ability of UFSAR information.

There are considerable differences in the
plant designs related to protection against the
effects of missiles, pipe whip, and fluid dis-
charge resulting from HELBSs 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-
tions. One PWR facility, Turkey Point,
Units 3&4 has two containment penetrations
separated by approximately 60 degrees and the
other PWR, H. B Robinson has only one
penetration area with a concrete wall separating
redundant channels from the other channels.
Because the drawings show a wall only on the
outside of containment, it is not clear that a wall
provides separation for the in-containment
portion of the channels. Only one plant, Turkey
Point, Units 3&4 indicated channel routings on
drawings included in the UFSAR. These
drawing showed that some segments of the
channels have minimal separation. However, it
is not clear that these segments are vuinerable to
the dynamic effects of a HELB.

It is concluded, therefore, that the variety and
significance of the SEP-II plant design differ-
ences precludes reaching a general statement
regarding the adequacy of protection against the
effects of missiles, pipe whip, and fluid dis-
charge resulting from HELBs inside the primary
containment. While some plant designs provide
the basic capability to provide adequate protec-
tion, plant specific designs must be reviewed in
greater detail than that found in the UFSARSs to
determine whether there is adequate protection
against the effects of missiles, pipe whip, and
fluid discharge resulting from HELBs inside the
primary containment.

6.3.3 CCW System

6.3.3.1  Introduction. This section
describes the normal operation and post-accident
functional requirements of Component Cooling
Water (CCW) systems, and the effects of CCW
pipe breaks inside containment. Although the
basic functions of CCW are the same for various
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designs of PWRs, there are significant
differences in design, classification, and the
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 umit. Other system
designs provide a separate, dedicated CCW
system for each unit, each system with
redundant safety-related trains.

Newer plant designs meet 10CFR50,
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 10CFR50, Appendix A,
GDC or NUREG-0800 requirements. Two major
differences between the draft GDC of 1967 and
the final GDC published in 10CFR50 in 1976
are in the requirements for primary containment
isolation and cooling water systems.

GDC 54 requires that piping systems
penetrating containment be provided vith
redundant and reliable isolation and containment
capabilities. GDC 57 requires that lines
_ penetrating primary containment that are neither
connected to the reactor coolant pressure
boundary nor connected directly to the
containment atmosphere be provided with at
least one locked-closed, remote-manual, or
automatic-isolation valve outside containment (a
simple check valve cannot be used in this
application). Although GDC 57 allows the use
of only one containment isolation valve for each
CCW line penetrating containment, redundant
barriers are required. Per NUREG-0800, Section
6.2.4, paragraph IL.l.o, the use of a closed
system inside containment as an isolation barrier
is acceptable provided it satisfies the following
requirements:
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. 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 1

. The system is classified Safety Class 2
(equivalent to ASME Code, Class 2)

o  The system is designed to withstand
temperatures at least equivalent to
containment design temperature

. The system is designed to withstand the
external pressure from the containment
structure acceptance test

. The system is designed to withstand 2a
LOCA transient and environment

In lieu of the isolation capability
requirements of GDC 54 and 57 for CCW
systems, some older plants credit the use of one
containment isolation valve located outside
containment combined with a closed system
outside containment to provide redundant
isolation  barriers. While NUREG-0800,
Section 6.2.4, does not discuss the acceptability
of this scenario for closed loop cooling water
systems, closed systems outside containment are
discussed in paragraph IL.6.e as a possibly
acceptable alternative for compliance with the
double containment isolation valve requirements
of GDC 55 and 56. (GDC 55 and 56 apply to
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
necessary so that system safety function will not
be compromised.

For purposes of comparison, the typical
functions for normal and post-accident CCW
system operation are outlined below for typical
later vintage Westinghouse PWRs, followed by
specific differences noted at a SEP-III plant. The
selected SEP-III plant used for comparison is the
Point Beach Nuclear Plant, Units 1 and 2, which
is an older two-loop Westinghouse PWR design.
A simplified schematic of a typical PWR plant
CCW system is shown in Figure 6-1. Although
the “typical” CCW system design and the
specific design differences of the SEP-III PWR
are noted in this report, the specific current
licensing bases for each SEP-III facility were not
researched in detail.

6.3.3.2 Normal System Operation. The
primary operational function of a CCW system
is to transfer heat from various equipment to the
" service water system (SWS) during the course of
normal plant operations. CCW is a closed loop
cooling system which provides an interface
between equipment coolers and plant heat
exchangers and the environment. Raw service
water often presents corrosion problems (due to
salt water) or erosion and valve seating problems
(due silt and debris). These problems are
minimized by use of an intermediate
demineralized water cooling system (CCW).
Additionally, an intermediate closed loop
cooling system lessens the likelihood of release
of radioactive contamination to the environment.
The majority of the coolers and heat exchangers
served by CCW have radioactive fluid on the
primary side.
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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
designs segregate cooling loads to vital and non-
vital headers. Vital components are those that
are required to bring the plant to safe shutdown
or to mitigate the consequences of accidents and
are supplied from redundant trains of CCW.
Typical vital cooling loads may include:

. Residual heat removal heat exchangers

. RHR/LPSI and HPSI pump and seal
coolers

. Letdown heat exchanger

. Reactor coolant pump (RCP) seal water
heat exchangers

. Reactor containment fan coolers

. Containment penetration coolers (some
containment designs do have penetration
cooling)

. Spent fuel pool cooling heat exchangers
(may be vital or non-vital depending on
licensing basis)

. Centrifugal charging pump coolers

The non-vital components may not be
required to meet the above classification and
qualification requirements provided adequate
isolation capability exists. Typical non-vital
cooling loads include:

. Excess letdown heat exchanger

. Reactor coolant drain tank heat exchanger

NUREG/CR-6395 -
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) Liquid waste evaporators and waste gas
COmpressors

o Primary sample heat exchangers
. Boron recycle system components

o Positive displacement charging pump
coolers

) RCP motor, bearing, and thermal barrier
coolers

. Spent fuel pool cooling heat exchangers
(may be vital or non-vital depending on
licensing basis)

Surge tanks provide a means of chemical
addition, provide surge volume in the event of
system temperature changes, and provide
inventory in the event of small system leaks.
Heat from CCW cooling loads is discharged to
the service water system via the CCW heat
exchangers.

6.3.3.3 Post-Accident/HELB

Functional Requirements. The design basis
for CCW systems is to provide cooling water as
required for normal operation and as necessary
under all transient and accident situations. For
dual unit systems, the design is adequate to
mitigate the consequences of a design basis
LOCA in one unit coincident with safe

shutdown of the other unit.

Alarms in the main control room are
provided to indicate low flow, low pressure,
high/low surge tank level, high temperature, and
high radiation level (indicating in-leakage to the
CCW system). System low pressure results in
auto-start of the redundant pump.

The CCW system is designed to be capable
of performing 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.
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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.

In the event of a LOCA, all CCW pumps are
placed into service and vital loops, if cross-
connected, are separated (requires operator
action). A high-high primary containment
pressure  (containment  isolation  signal)
automatically isolates the non-vital cooling loads
inside containment. CCW to the reactor coolant
pumps (RCPs), RCP thermal barriers, and the
excess letdown heat exchanger are non-vital and
may not be protected from missiles, but are not
required for post-accident cooling. The excess
flow heat exchanger and the RCP coolers are
necessary for normal plant operation but are not
required to mitigate the consequences of an
accident or to bring the plant to the safe
shutdown condition. However, CCW systems
are designed such that a passive failure of these
non-vital CCW components inside containment
would not result in the loss of vital component
cooling. The CCW vital supply and return lines
penetrating containment (to the containment fan
coolers) are equipped with containment isolation
valves (CIVs). These CIVs are typically remote
manual motor-operated valves (MOVs) that do
not receive an automatic containment isolation
closure signal. However, the vital CCW piping
and components inside containment are
protected from missiles (piping and components
are located behind the missile barrier).

Loss of CCW to the RCP thermal barrier
contributes to RCP seal failure (seal injection
provides some cooling to the seals; seal injection
comes from the CVCS and the RCP seal
injection coolers are cooled by CCW). However,
this is not typically considered a safety-related
function, especially if the loss of coolant due to
seal failure is within the capacity of normal
makeup (see the exclusion criteria of
10CFR50.55a(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
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the retun 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 retumn line resulting in auto closure of
the return line isolation wvalve 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 tank is not sized to
accommodate a significant loss of fluid, a CCW
pipe break inside ‘containment would likely
result in the loss of CCW function if the break
inside containment is not rapidly isolated. This
would cause a loss of cooling to numerous
components required for accident mitigation and
safe shutdown of the reactor.

6.3.3.4  Significant Differences
Between Point Beach Nuclear Plant and
Newer Plant CCW Systems. Point Beach
Nuclear Plant, Units 1 and 2, were selected for
comparison from the list of SEP-III plants to
illustrate the differences that may exist between
older SEP-III plant CCW system designs and
“newer plant CCW system designs. Significant
differences at Point Beach are:

. Containment fan coolers and the spent
fuel cooling heat exchangers are supplied
with cooling water by the service water
system in liew of CCW. CCW wital
cooling loads include: the RHR heat
exchangers, the RHR/LPSI pump seal
water heat exchangers, and the HPSI
pump seal water heat exchangers, and the
containment spray pump seal water
coolers.

. Non-vital loads include: the letdown heat

exchangers , sample coolers, boric acid
evaporators, RCP seal water heat
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exchangers, radwaste system component
cooling, RCP motor and bearing coolers,
RCP thermal barrier coolers, and the
excess letdown heat exchanger.

Neither RCP seal injection or thermal
barrier cooling are considered safety-
related functions at Point Beach; instead,
they rely on these redundant non-safety-
related means to assure integrity of the
reactor coolant pressure boundary at the
RCP seals.

Point Beach has no licensing requirements
for the capability to achieve or maintain
cold shutdown using only safety-related
equipment as outlined in NRC Reactor

. Systems Branch Position RSB 5-1 for’

cold shutdown capabilities. Point Beach
maintains that their licensed safe
shutdown condition is for hot shutdown.
Therefore, the shutdown cooling function
of 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 1 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.

Non-vital cooling loads do not have
remote isolation capability. Non-vital
component isolation valves consist of
manual gate or globe valves at the
component suction and discharge.



The CCW supply and return lines (three
each) inside containment to the excess
letdown heat exchanger and the RCP
motor, bearing, and thermal barner
coolers are not missile protected. The
supply lines to the RCPs contain an MOV
isolation valve outside containment and a
check valve inside containment. However,
only the MOVs are designated as a
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
AOV for containment isolation. None of
the containment isolation valves are
capable of auto closure. In lieu of
redundant containment isolation valves,
Point Beach credits the CCW system
outside containment as a “closed system
outside containment.” Therefore, the
entire system outside containment,
excluding the branch lines to the radwaste
cooling loads, are considered an extension
of containment and are Seismic
Category I and ASME Class 2. It is not
known if leakage testing is performed on
the system outside containment.

Common containment supply and retumn
headers contain additional isolation
capability to isolate a break in the lines
inside containment (MOV on the supply
line and check valve on the retumn line).
However, operator action would be
required to isolate a break. The CCW
lines inside containment range in size
from 1 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 1000 gallons
(4546 L). Point Beach relies on redundant
non-safety-related makeup sources to the
CCW system, one from the plant
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demineralizers and one from the reactor
makeup tank. Leakage from a line break
in excess of the surge tank volume could
also jeopardize containment integrity due
to the potential of increased containment
atmospheric leakage from the loss of a
water seal in the CCW system outside
containment.

6.3.3.5 Conclusions. In older nuclear
plants where CCW systems were not designed
with separable redundant trains, a break of a
CCW line inside containment would result in a
rapid loss of system inventory. A CCW break
inside primary containment would require
operator action to isolate the break. Plant-.
specific analyses would be required to determine
the allowable operator response time for closure
of the CIVs. Allowable isolation time would
depend on surge tank volume, system pressure,
qualified makeup sources (if any), and break
size. Failure to isolate the break in a timely
manner would result in a loss of CCW system
function. A loss-of-system function would be
significant as it would result in a loss of cooling
water to safety-related components necessary for

accident mitigation and safe shutdown,
including:
. Residual heat removal heat exchangers

. RHR/LPSI and HPSI pump and seal

coolers

. Letdown heat exchanger

° Reactor coolant pump seal water heat
exchangers

. Reactor containment fan coolers

. Containment penetration coolers (some
containment designs do have penetration
cooling)

. Spent fuel pool cooling heat exchangers
(may be vital or non-vital 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
systemm 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 may
not provide the redundancy, separability, or
isolation capabilities of later plant designs;
therefore, they may not be capable of
performing required safety functions given a
passive failure of piping or components.

6.3.4 RBCCW System

A simplified schematic of a typical reactor
building closed cooling water (RBCCW) system
is shown in Figure 6-2. RBCCW is a closed loop
cooling system which provides an interface
between equipment coolers and plant heat
exchangers and the environment. Raw service
water often presents corrosion (salt water) or
erosion (silt and debris) problems. These
problems are minimized by use of an
intermediate  demineralized water cooling
system (RBCCW). Additionally, an intermediate

"closed loop cooling system lessens the
likelihood of release 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 non-safety-related
at others. The system design and containment
isolation provisions may meet 10CFR50,
Appendix A, General Design Criteria (GDC) at
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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 10CFR50 in 1976 are in the
requirements for primary containment isolation
and cooling water systems. The list of SEP-III
plants includes one BWR/2, four BWR/3, and
eleven BWR/4 reactors. The typical functions
for normal and post-accident RBCCW system
operation are outlined in the below, followed by
specific differences noted at the SEP-III plants.
Although the “typical” RBCCW system design
and the specific design differences of the
SEP-IIIl BWRs are noted in this report, the
specific current licensing bases for each facility
were not researched.

6.3.4.1  Normal System Operation. The
reactor building closed cooling water (RBCCW)
system provides cooling to components in the
reactor building and drywell. Typical cooling
loads include: ’

1. Drywell sump heat exchangers (non-
safety-related)

2. 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 non-regenerative heat
exchanger (NRHX) (non-safety-related)

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 heat

exchanger (non-safety-related)

10. Control rod drive pump coolers (non-
safety-related)

11.  Post accident sample coolers (non-safety-
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 loads
inside containment are non-safety related. The
drywell coolers, sump heat exchangers, and
recirculation pump coolers are necessary for
normal plant operation but are not required to
mitigate the consequences of an accident or to
bring the plant to the safe shutdown condition.
Loss of RBCCW to recirculation pump seals
may result in seal failure; however, providing
cooling water to recirculation pump seals is not
typically credited as a safety-related function,
especially if the loss of coolant is within the
capacity of normal makeup [see the exclusion
criteria of 10CFR50.55a(c)(2)]

The RBCCW supply and return lines pene-
frating containment are equipped with contain-
ment isolation valves (CIVs). However, these
CIVs are typically remote manual motor-
operated valves (MOVs) that do not receive an
" automatic containment isolation closure signal.
Additionally, the isolation provisions may meet
the requirements of GDC 54, and 56 or 57, of
10CFRS50 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 Iso-
lation System, Paragraph 1.6.0., requires (among
other things) that closed systems inside con-
tainment 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 por-
tion of the system inside containment may not
be Seismic Category I or ASME Code Class 2.
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This is because the older plants were licensed to
10CFR50, Appendix A, and NUREG-0800
requirements. Although the RBCCW CIVs do
not typically close automatically in response to a
containment isolation signal, some designs
Incorporate isolation valves that close automati-
cally in response to a low RBCCW system pres-
sure signal to isolate non-essential cooling loads.

RBCCW cooling loads outside containment
are typically considered non-safety-related at
older plants, although there are licensing differ-
ences between facilities. Loads that may be con-
sidered safety-related would be: the spent fuel
pool cooling heat exchangers; the RHR pump
bearing coolers, pump seal coolers, and room
coolers. Many plants have re-analyzed the need
for the RHR pump and room coolers and have
determined that they are not necessary to
mitigate the consequences of an accident or to
bring the plant to safe shutdown.

The RBCCW systems typically do not have a
safety-related makeup source and the system
surge tank is not sized to accommodate a
significant 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/Ss: Nine
Mile Point 2, LaSalle 1&2, WNP-2, and
BWR/6s: Clinton, Perry 1&2, River Bend, and
Grand Guif) 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



safety-related components (e.g., the spent fuel
pool heat exchangers, ECCS pump and room
coolers, control room coolers, and RHR pump
seal coolers) during normal operation. However,
in abnormal or emergency situations, these
cooling loads are automatically or manually
aligned to a safety-related cooling water system.
At LaSalle 1&2, the licensing basis for RBCCW
is that the system performs no safety-related
functions since it is not necessary for safe plant
shutdown during or after a design basis LOCA.
All the newer plant designs comply with the
containment isolation requirements of GDC 54
and 57. All the newer BWRs have remote man-
ual CIVs and, except at Grand Gulf and LaSalle,
all the RBCCW CIVs close automatically upon
receipt of a safety injection signal. It is also
interesting that the FSARs of some newer plants
(River Bend) specifically state the recirculation
pump seal coolers are not safety-related, while
others (WNP-2) specifically state that providing
cooling water to the recirculation pump seal
coolers is a safety-related function. Even among
the newer plants, the licensing basis differs from
one facility to the next.

6.3.4.4 BWR/2 Plants. Nine Mile Point 1
is the only SEP-III plant that is a BWR/2. Sig-
nificant differences from the “typical” RBCCW
system design are as follows:

1. RBCCW supplies cooling to the shut-
down cooling heat exchangers. It is not
Imown whether shutdown cooling is
safety-related; however, it typically is not
considered safety-related at older plants
such as Nine Mile Point 1. Nine Mile
Point 1 has separate LPCI and shutdown
cooling systems. For later vintage BWR
plants with RHR systems, the RHR
pumps also perform ECCS functions
(LPCI).

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 con-
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tainment provides primary containment
isolation for the return lines. It is not
known whether these MOVs close
automatically in response to low system
pressure or for containment isolation.

6.3.4.5 BWR/3 Plants. Monticello, Dres-
den 3, and Quad Cities 1 and 2 are the BWR/3,
SEP-III plants. Significant differences from the
“typical” RBCCW system design are as follows:

1. There are two RBCCW lines that pene-
trate containment. There are two CIVs for
each piping penetration, one outside con-
tainment and one inside containment. The
CIVs are MOVs except that the inside
CIV on the RBCCW supply line is a
check valve. The MOVs do not close
automatically in response to low system
pressure or for containment isolation.

2. At Quad Cities, RBCCW does not supply
the RHR pump coolers.

6.3.46 BWR/4 Plants. The BWR/4,
SEP-HI plants are: Pilgrim, Vermont Yankee,
Browns Ferry 1, 2, and 3, Peach Bottom 3 and 4,
Duane Arnold, Cooper, Hatch 1, Fitzpatrick, and
Brunswick 2. Significant differences from the
“typical” RBCCW system design are as follows:

1. At Pilgrim, RBCCW supplies RCIC area
coolers, HPCI area coolers, core spray
pump thrust bearing coolers, and the RHR
heat exchangers (safety-related cooling
loads are normally supplied directly by
service water). Cooling loads are split
between two independent trains of
RBCCW. Two normally closed manual
valves isolate the supply and return cross-
ties between trains. The containment
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 cool-
ing loads (including containment). It is
not known whether these MOV isolation
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valves receive an automatic closure signal
in response to system low pressure.

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.

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 return
line from containment is equipped with
two CIVs, both MOVs located outside
containment. RBCCW does not supply
the RHR coolers.

At Peach Bottom, the drywell air coolers,
drywell sump cooler, and the recirculation
pump motor coolers are cooled by a sepa-
rate chilled water system which may be
cross connected to RBCCW in an emer-
gency. RBCCW supplies the recirculation
seal coolers and oil coolers. The four
chilled water lines that penetrate primary
containment (two supply lines and two
return lines) are equipped with a single
MOV CIV located outside containment
on each line. There are two RBCCW lines
that penetrate containment (one supply
and one return). Both RBCCW penetra-
tions are equipped with a single MOV
CIV located outside 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. :

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.

At Cooper, RBCCW (called the reactor
equipment cooling system) supplies
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HPCI, core spray, and RHR pump area
coolers which are required post-accident.
The containment isolation valves (MOV
outside and check valve inside on the
supply line, MOV outside on the return
line) do not receive an automatic closure
signal from the containment isolation
system; however, an isolation valve in
each supply line to non-critical cooling
loads closes automatically in the event of
low system pressure. The RBCCW
system may supplied directly from service
water. All non-critical portions of the
RBCCW system are non-seismic (Seismic
Category II), including piping inside the
drywell, and supply piping to the RWCU,
CRD, fuel pool, and sample heat
exchangers.

At Brunswick, 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.

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.

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
AOQV isolation valve located outside con-
tainment. It is not known whether the
CIVs receive an automatic closure signal.



However, emergency service water
(ESW) may also be used for cooling.
ESW ties into the RBCCW supply and

return lines outside of the CIVs. Each
ESW supply line is normally isolated by a
closed MOV. ESW also supplies the RHR
pump coolers.

6.3.4.7
RBCCW line inside containment would result in
a rapid loss of system inventory. Typically,
CIVs on the RBCCW supply and return lines to
containment do not close automatically. Failure
to isolate the break in a timely manner would

result in a loss of RBCCW system function. A .

loss of system function would not be significant
at facilities where RBCCW performs no safety-
related cooling functions. ECCS area room cool-
ers, ECCS pump and seal coolers, and spent fuel
pool cooling heat exchangers may perform
safety-related cooling functions, depending on
plant specific analyses and licensing require-
ments. Plant specific reviews of the licensing
bases would be required to determine whether
these cooling for these components is safety-
related.

Typically, an RBCCW break inside contain-
ment would require operator action to isolate the
break. Plant specific analyses would be requifed
to determine the allowable operator response
time for closure of the containment isolation
valves. Allowable isolation time would depend
" on surge tank volume, system pressure, qualified
makeup sources (if any), and break size.

Conclusions. A break of an
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Many RBCCW system designs do not incor-
porate double containment isolation valves.
Where only one isolation valve is provided, a
single failure (valve failure to close or loss of
power to MOVs which fail “as is”) could result
in loss of system function due to inventory loss
and a loss of containment integrity. Where dou-
ble CIVs are provided, but the valves do not
close automatically, operator action would be
required to assure containment integrity. Where
containment cooling loads are supplied by a
separate chilled water system, the same concerns
exist (single containment isolation valves that
may not auto-close). All CIVs should be tested
in the Inservice Testing Program to verify clo-
sure capability and the Appendix J Program to
verify leak-tight integrity.

The Pilgrim RBCCW system cools numerous
safety-related components; however, the plant
RBCCW system differs from the typical design
in that there are two independent trains with
safety-related cooling loads split between trains.
All drywell cooling loads are supplied by train
«B”. Therefore, a break inside containment
would not result in a total loss of system func-
tion, although loss of containment integrity may
still be a concern.

6.3.5 Valve Failure Probabilities

The valve fajlure rates in Table 6.6 were
taken from the first source listed below.
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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-8875°  ASEP® BNL®  IEEE STD 500° Seabrook PRA® WASH 1400°

Manual Fail to 5.0E-04 /D — 2.0E-07 H — — —
open/close

Motor- Fail to 3.0E-03 /D- 3.0E-03/D 1.0E-05/H 6.0E-03 /D 43E-03/D 1.2E-03/D

operated  open/ciose

Pneumatic  Fail to 1.0E-03/D " 1.OE-03/D 1.0E-05/H 2.0E-03/D 1.5E-03 /D 3.8E-04/D
open/close _

Solenoid  Failto 5.0E-04/D 1.0E-03/D 2.0E-06 /H -— 24E-03/D 1.2E-03 /D
open/close

Check Fail to open 5.0E-05 /D 1.0E-04/D 2.0E-07/H 6.0E-05 /D 2.7E-04 /D 1.2E-04 /D
Fail to close 1.0E-03/D 1.0E-03/D 2.0E-06 /H — 2.7E-04 D —_

Notes:

D per demand

/H per hour

a. Eide, Chmielewski, and Swantz 1990.

b. Drouin, Harper, and Camp 1987.

c. Bart 1985.

d. IEEE 1983.

e. Public Service Company of New Hampshire 1983.

f. NRC 1975a.
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7.

Various changes in plant hardware and pro-
cedures have been proposed that could reduce
the potential for, or mitigate the consequences
of, pipe break. 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 LWR piping follow.

7.1 Possible Corrective

Actions
7.1.1 Plant Design Changes

Plant design changes can be made to mitigate
degradation or to enhance plant protection for
accident sequences involving pipe breaks.

a. Install additional auxiliary feedwater
pump (PWR)

Adding a separate/redundant feed pump
would increase reliability of the protective
system and decrease reliance on feed and
bleed.

b. Install auxiliary feedwater pump recircu-
lation line (PWR)

A recirculation line would allow operators
to control auxiliary feedwater flow more
precisely and reduce temperature swings
on the feedwater 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 allow the plant to be
shut down for repair more quickly once a
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leak develops. Otherwise the leak may
grow until there is a pipe break. However,
there is an economic benefit to keeping
the plant on line as long as possible until
the technical specification leakage limit is
reached. This would depend on the length
of time into the operating cycle, the util-
ity’s load, and the availability of other
plants in the system. Based on these
highly variable considerations, there may
be no overall cost advantage in this
change. Consequently, no costs were
estimated for 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-
gets. The cost estimate assumes eight
large whip restraints would be required.

NUREG/CR-6395



w

Cost Analysis

Install impact absorbers (PWR and BWR)

Impact absorbers deform to absorb energy
from a whipping pipe before it contacts a
safety-significant target. An example is a
network of crushable plates placed at
strategic locations on the interiors of some
BWR Mark I containments. The cost
estimate assumes that impact absorbers of
the same design used on current BWRs
that have already been analyzed and
tested for impact absorbing capability will
be used. Limited areas of the containment
interior vulnerable to specifically identi-
fied pipe break locations would be
shielded. The cost estimate assumes that
an existing impact absorber design is
used. No costs associated with develop-
ing, analyzing, and testing new designs
were assumed.

7.1.3 Preventive Hardware

Localized piping modifications can be made

to prevent pipe rupture.

a.

Install pipe clamps (PWR and BWR)

Pipe clamps could be installed on either
side of a weld and tied together by
bolts/studs. In the event of a pipe bretk,
the clamping device would hold the two
ends of the pipe in place. Since Generic
Letter 88-01 (NRC 1988c, 1992)
approved this modification only as a tem-
porary measure, it will not be costed for
potential  permanent pipe  break
mitigation.

Provide pipe weld overlays (BWR)

A weld overlay strengthens the pipe weld
to reduce the probability of failure. This
procedure has been used on BWR piping
such as recirculation systems to mitigate
the effects of IGSCC (Generic Let-
ter 88-01, NRC, 1988c, 1992). Weld
overlays could result in lengthening
IGSCC cracks along the circumference of
the pipe. If the crack grows to the overlay
material  interface, there would be a
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significant weakening of the pipe. The use
of weld overlays also brings into question
the ability of UT surveillance techniques
to find cracks before they reach a critical
flaw size. Because of these negative
aspects of weld overlays, they will not be
costed for potential pipe break mitigation.

c. Conduct stress improvement process

(BWR)

Stress improvement processes have been
developed that place the surface of the
metal in compression and thereby reduce
" the potential for crack growth. The cost
estimate assumes that an existing tech-
nique is used.

7.1.4 Operating/Procedure Changes

Plant operating and/or procedure changes can
be made that will mitigate the effects of degra-
dation mechanisms that may cause pipe breaks.

a, Improve water chemistry (PWR secon-
dary piping and BWRs)

An improvement in the water chemistry
could reduce the potential for stress corro-
sion cracking, erosion-corrosion, and
fatigue. An example is Hydrogen Water
Chemistry in BWRs. The cost estimate
assumes that an existing (previously
developed) treatment plan is used. No
costs are associated with developing new
plans.

b.  Use procedural changes to reduce surge
line thermal stratification and auxiliary
feedwater/heatup thermal cycling (PWR)

Using auxiliary feedwater in the auto-
matic mode may result in numerous on-
off cycles that shock the feedwater piping
and nozzles, whereas a continuous manual
feed significantly reduces the number of
thermal shock cycles. During plant
heatup, the bubble drawing procedure and
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.

"7.4.5 Test/ISI

Inservice test and inspection procedures can

be changed to assist in identifying impending
pipe breaks.

a.

Conduct more frequent inspections (PWR

and BWR)

More frequent inspections of critical areas
would alert plant personnel if a crack or
some other type of degradation were
developing. This would allow preventa-
tive measures to be undertaken before
significant degradation occurs. The esti-
mate is based on using current inspection
methods on a large system such as the
feedwater system.

Enhance inspection techniques (PWR and
BWR)

Using enhanced inspection methods on

critical areas would 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 familianize
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.

Conduct monitoring prograins (PWR and
BWR)

Programs that monitor potential degrada-
tion areas and mechanisms can give early
warning of potential pipe breaks so that
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preventative measures can be undertaken.
An example is the placement of coupons
made of the same material as the compo-
nent to be monitored, and with implanted
defects, that can be placed near the com-
ponent to be monitored and periodically
examined to estimate the rate of crack
growth.

7.1.6 Analysis

Although analysis by itself has no effect on

the actual probability of core damage, a
reanalysis could lower the calculated pipe break
frequency and CDF, on which the off-site dose
is based.

a.

Update stress analysis (PWR and BWR)

The existing stress analysis may contain
conservative assumptions that result in
high stresses that, aithough 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.

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
may be identified causing the calculated
break probability for a system to be
reduced. This would in turn reduce the
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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 (Claiborne, 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 potential
changes. It is assumed that all modifications will
take place during scheduled plant outages and
will not extend those outages. The cost estimates
for potential improvements that would reduce
the CDF caused by pipe breaks are listed in
Table 7-2.

7.3 Plant Walkdowns

Our experience in GSI 156-6.1 has shown
that a great deal of the balance-of-plant piping,
as well as the electrical and hydraulic instrument
and control lines, are field routed in both BWRs
and PWRs. Consequently, the best and possibly
only way to determine the proximities of high-
energy lines and their potential targets in the

- event of a line break are by in-plant walkdowns.

This is consistent with the SEP-II 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
1. The pipe break scenarios and targets, both
piping and electrical, have been identified

" through contractor PRA studies and
agreed upon by the NRC/RES staff.
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2. Contractor and NRC/RES staff members,
both electrical and piping disciplines, will
develop and review the plan.

3. A report on the project will be prepared
separately, and the implementation plan is
simply added to the report (no additional
report from contractor).

4, Contractor and NRC/RES staff members
will instruct the NRC/NRR staff on
implementation, and resolve NRC/NRR
comments/questions.

5. NRC/NRR staff and/or contractor person-
nel will conduct the walkdowns with
licensees.

6.  NRC/Resident Inspectors will assist the
NRC/NRR staff at the plants. However, it
is assumed that this is part of their normal
duties (their normal work station is at the
plant), so no extra cost was added.

7. NRC/NRR will enter any required
changes into Bulletins, regulations, etc.

8.  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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Table 7-1. Applicability of NUREG/CR-4627 categories.

NUREG/CR-4627
Abstract Number Subject Applicable

2.1 Impacts associated with physical modifications

2.1.1 Startup and shutdown costs NA

2.1.2 Replacement energy costs NA

2.13 Reactor defueling, primary system drainage, and recovery NA

2.14 Radioactive waste disposal Yes

2.1.5 Anti-contamination clothing . Yes

2.1.6 Health physics services ' Yes

2.1.7 Labor costs for the installation of hardware, materials, and structures Yes

2.1.8 Labor costs for the removal of hardware, materials, and structures Yes

2.19 Greenfield costs for piping and piping-related commodities Yes

22 Impacts associated with procedural, administrative, and analytical

_ requirements

221 Licensee costs for technical specification change ' Yes

2.2.2 Industry costs for writing or rewriting procedures Yes

2.2.3 Industry costs for training or retraining staff and writing or rewriting Yes
training manuals

2.2.4 Industry costs for changes in recordkeeping and/or reporting require- Yes
ments

23 Task-specific costs

2.3.1 Steam generator replacement NA

232 Steam generator tube inspection NA

233 Steam generator tube repair NA

234 Centrifugal pump shaft seal replacement costs . NA

4.1 Typical system-average dose rates Yes

42 Occupational radiation exposure for specific repair/modification Yes
activities

43 Occupational radiation exposure for physical modification activities Yes

5.1 NRC costs for technical specification change Yes

5.2 NRC labor rates Yes

6.1 Estimation of nuclear plant radioactive waste generation volumes Yes

6.2 Industry labor rates Yes

6.3 Time-related cost adjustments (accounts for inflation and escalation Yes
costs.) _

6.4 Engineering and quality control cost factors (the engineering/ quality Yes

assurance cost factor (%) is 25-33% for requirements affecting
structures/systems already in place.
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Table 7-2. Cost summary.

Radiation
Involved® Cost

I.  Plant design changes

a. Install additional auxiliary feedwater pump No $400K/plant

b. Install auxiliary feedwater pump recirculation line No $200K/plant

c. Preheat auxiliary féedwater No $500K/plant

d. Enhance leak detection Possible $500K/plant

e. Replace piping with alternate material Yes $120M/recirc line
. Protective hardware

a. Install additional jet shields Yes $75K/shield

b. Install additional whip restraints Yes $150K/restraint

¢. Install impact absorbers Yes $250K/plant
III. Preventive hardware

a. Install pipe clamps Yes NA®

b. Provide pipe weld overlays Yes $750K/line®

¢. Conduct stress improvement process Yes $25K/weld
IV. Operating/procedure changes

a. Improve water chemistry Possible $5M/plant (installation)

b. Procedural changes to reduce surge line thermal No $100K/plant

stratification and shocks from aux. feed

V. TesvISI

a. Conduct more frequent inspections Yes $120K/line

b. Enhance inspection techniques Possible - $150K/line’

c. Conduct monitoring programs Possible $300K/plant
VL. Analysis

a. Update stress analysis (PWR and BWR) No $100K/plant®

b. Update fatigue analysis (PWR and BWR) No $75K/plant’
Notes:

a. Sections 2.4 through 2.6 and Section 4 of Table 7-1.
b. Not recommended for permanent pipe break mitigation. '

¢. 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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Table 7-3. Plant walkdown cost estimate.

Cost Analysis

Part Performer Cost
1 Contractor $36K
2 NRC staff $34K
3 Licensee $22K/plant
4 NRC staff/Contractor ~ $33K/plant
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8. CONCLUSIONS

The general conclusions reached in this

program are:

L.

No BWR SEP-III plants have leak-before-
break (LBB) approval (1995).

All SEP-l PWR plants have LBB
approval for their reactor coolant systems.
One SEP-II plant has LBB approval for
its surge line (1995).

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 no
models which have been produced that
are sophisticated enough to estimate vari-
ances in pipe break frequencies for differ-
ent LWR materials, fabrication methods,
repair methods, or stress improvement
methods.

Most pipe break frequency estimates can
be traced back to the same references,
many of which are fairly old. The break
frequencies in NUREG-1150 were used
for this study. :

Only a small number of inspection, pro-
cedural, and physical modifications 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 modifica-
tions were determined.

Early-timeframe 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.

Later-timeframe SEP-II plants
considered inside-containment pipe-break
effects in a fashion similar to current
criteria. All of these plants indicated that
their eveluation of pipe breaks met the
intent or satisfied RG 1.46. The inside-
containment pipe-break protection in
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10.

11.

12.

13.

these plants appears to be the same as for
SRP plants.

Our observations of two PWR and three
BWR plants showed that while the RCSs
or PCSs of these plants are all similar, the
branch piping and electrical conduits are
field routed in different manners, leading
us to the conclusion that the field routing
makes each plant unique in terms of the
proximity of pipe breaks and potential
targets.

The main physical barriers for pipe break
protection are whip restraints, jet
impingement shields, containment liners,
and concrete walls (PWRs only).

The physical separation of components is
much greater in PWRs than in the Mark I
BWRs.

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.

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.

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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14.

15.

16.

The CDF mean frequency changes for the
BWR sequences ranked high or medium
were on the order of 10 to 10°° events/rx-
yr. The CDF mean frequency change for
the two PWR events was on the order of
10* events/rx-yr for one and 107
events/rx-yr for the other.

BWR Event 5 (see page 105) is a part of
GSI-80.

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”° events/rx-yr.
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17.

18.

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

We found that since the field routing of
most of the lines is plant-specific, any
corrective actions must also be plant-spe-
cific. This is consistent with the corrective
actions for the SEP-II plants, for which
the changes imposed by the NRC varied
from plant-to-plant. Therefore, a plant-by-
plant walkdown is recommended to
decide what, if any, corrective actions are
needed for each plant.
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