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Reference: 1) PLA-5322, R G. Byram (PPL) to USNRC Document Control Desk, “Proposed
Amendment No. 239 to License NPF-14 and Proposed Amendment No. 204 to License
NPF-22: HPCI Automatic Transfer to Suppression Pool Logic Elimination”, dated
June 8, 2001. ‘ ’

2) Letter, NRC to R. G. Byram (PPL), “Susquehanna Steam Electric Station, Units 1 and 2 -
Request for Additional Information Re: Elimination of Automatic Transfer of High-
Pressure Coolant Injection Pump Suction Source (TAC Nos. MB2190 and MB2191) ",
dated December 18, 2001.

The purpose of this letter is to provide supplemental information necessary for the NRC
staff to complete its review of the license amendment proposed in Reference 1.

PLA-5322 proposed deletion from the Unit 1 and Unit 2 Technical Specification Table
3.3.5.1-1 the “High Pressure Coolant Injection (HPCI) System Suppression Pool Water
Level — High” (Function 3e). Implementation of this proposed change eliminates
automatic transfer of the HPCI pump suction source from the Condensate Storage Tank
to the Suppression Pool for a high Suppression Pool level. Implementation of the
proposed change and the associated plant modifications are essential to eliminate a
vulnerability identified by the PPL Susquehanna (PPL) Individual Plant Evaluation (IPE).

ApO!
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The Nuclear Regulatory Commission staff has reviewed Reference 1 and has determined
that additional information is required in order to complete the NRC review. The
additional information requested is documented in a Request for Additional Information
(RAI) dated December 18, 2001, (Reference 2).

Attachment 1 to this letter contains responses to the NRC Request for Additional

- Information (Reference 2), and supplemental support documents referenced in the

TesSponses.

Both Attachments 2 and 3 contain information proprietary and/or confidential to PPL.
Accordingly, it is respectfully requested that the information which is proprietary and/or
confidential to PPL be withheld from public disclosure in accordance with 10 CFR 2.790

- - of the-Commission’s-regulations:—In-addition.-Attachment 3-contains-information-which—— —

should be withheld from disclosure in the interest of national defense and to protect the
security of the Susquehanna Steam Electric Station. This request is supported by an
affidavit which sets forth the basis on which the information may be withheld from public
disclosure by the Commission and addresses with specificity the considerations listed in
paragraphs (a)(1) and (a)(4) of 10 CFR 2.790 of the Commission’s regulations.

A non-proprietary/non-confidential version of calculation EC-RISK-1083, “Risk -
Associated with the Removal of the HPCI Automatic Suction Swap from the CST to the
Suppression Pool” is included as Attachment 4.

We trust that this information is sufficient for NRC to complete its review by

May 1, 2002 to support implementation of the modifications, procedure changes, and
operator training in September 2002. If you have any questlons please contact
Mr.D. L. Fllchner at (610) 774-7819.

Sincerely,

cc: NRCRegionI  w/o attachment
Mr. S. L. Hansell, NRC Sr. Resident Inspector  w/o attachment
Mr. D. §. Collins, NRC Project Manager - w/o attachment
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Licensee, PPL Susquehanna, LLC, hereby files a supplement Proposed Amendment No. 239 in
support of a revision to its Facility Operating License No. NPF-14 dated July 17, 1982.

This amendment involves a revision to the Susquehanna SES Unit 1 Technical Specifications
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Licensee, PPL Susquehanna, LLC, hereby files a supplement to Proposed Amendment
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Attachment 1 — Response to RAI Questions

NRC Question 1a, 1b, 1c, and 1d

The licensee stated that this change would address a potential vulnerability identified in
the individual plant examination that is associated with a specific scenario involving an
anticipated transient without scram. The licensee also indicates that this change would
reduce operator burden during a station blackout event. However, if this automatic
feature were removed, new operator actions may be necessary during a small-break loss-
of-coolant accident (LOCA) to manually transfer the suction from the CST to the SP on

high SP level. Because there are potentially negative as well as positive risk impacts
associated with the proposed change, the Nuclear Regulatory Commission (NRC) staff
requires the following information to support its review:

NRC Question 1a

Provide the plant’s current core damage frequency (CDF) and large early release -
frequency (LERF) and the plant’s revised (i.e. assuming the proposed change is
implemented) CDF and LERF. In addition, the licensee should provide a breakdown .
of the current and revised CDF and LERF contribution by initiating event and needs
to provide a discussion of the impacts of the proposed change on the individual event
sequences/initiating events. :

PPL Response

The current and revised CDF and LERF values are contained in calculation
EC-RISK-1083, which is included as Attachment 4 to this correspondence. The
calculation determines that the CDF and LERF are reduced by 12% (from 4.45 E-7 to
3.92 E-7) and 85% (from 5.52 E-8 to 8.49 E-9) respectively if the automatic suction swap
is changed to a manual suction swap for mean and the upper 95% conﬁdence level
operator error rates.

The calculation determines that CDF reduction decreases from 12% to 7% and the LERF
remains at 85% when the operator error associated with making the manual suction swap
and controlling RPV water level with HPCI is assumed to be 100%.

The breakdown of current and revised CDF and LERF initiating event contributions.are
provided in Attachment 4, Calculation EC-RISK-1083, “Risk Associated with the
Removal of the HPCI Automatic Suction Swap from the CST to the Suppression Pool”,
Section 5.3.
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NRC Question 1b

Provide a description of how the licensee assures that the current probabilistic risk
analysis (PRA) models reflect the as-built, as-operated plant and if the current PRA
has been through an industry peer review certification process. If there was a peer
review, please provide the overall findings of the review (by element) and discuss any
elements rated low (e.g., less than a 3 on a scale of 1 to 4) or any findings that '
potentially affect the sequences impacted by the licensee’s proposed change. The
licensee will need to address any identified weaknesses in the PRA models that might
affect the results associated with this license amendment.

- PPL Response ) -

The PPL approach to risk assessment is to develop an accurate and definitive description
of each accident sequence and to realistically portray the role of human intervention as
defined by Emergency Operating Procedures (EOPs) to terminate accident progression.
The original PRA model was developed under the auspices of the PPL Quality Assurance
Program. The program requires each calculation to be prepared and reviewed by
qualified engineers and approved by qualified supervision. This process assured the
original model was consistent with the as built and as operated plant. A discussion of
how plant changes are incorporated in the model follows. o

There are four ways plant changes can impact the model: design changes, procedure
changes, configuration changes and reliability data changes. Each activity is captured
and its impact reflected in the model.

Risk Management is a design consideration for all plant modifications. The design
engineer is required to evaluate the impact of each design change on the plant risk model
using a screening checklist. The design engineer is required to contact the Risk Analysis
Subgroup for any design changes that do not pass the screening. The Risk Analysis
Subgroup then analyzes the impact of the change on the model. This process ensures that
the model will be consistent with design changes.

The Risk Analysis Subgroup is responsible for the generation of the Emergency
Operating Procedure (EOP) basis, preparation of the 50.59 evaluations, and validation of
the procedure changes in the plant simulator. EOP changes are well understood by the
Risk Analysis Group and have often been motivated by risk reduction initiatives. This
close coupling between the Risk Analysis Subgroup and the plant EOPs ensures that EOP
procedure changes are reflected in the model.
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Changes in plant configuration and reliability data are linked to the risk model through
the Maintenance Rule (10 CFR 50.65). The plant configuration is controlled using an on-
line risk monitor (currently ORAM/SENTENAL but transitioning to EOOS). The
monitor is based upon ensuring defense in depth for both Core Damage (CDF) and Large
Early Release (LERF). The EOOS model under development will include a real time
calculation of both CDF and LERF. Thus, plant configuration is controlled within the
bounds of the risk model using an online monitor.

Finally the reliability and availability criteria used to evaluate the performance of plant

Systems, Structures and Components (SSC) were derived from the PRA study. SSCs

which do not satisfy the criteria are placed into Maintenance Rule Category al where a

recovery plan is developed to restore the SSC to the value consistent with the PRA study.

_ Thus, the reliability database used for the PRA - modehsyahdated.mumplementahonL S
the Maintenance Rule.

The PRA has not been certified through an industry PRA certification program. In
accordance with Reg. Guide 1.174, Section 2.2.3.3, July 1998, “An Approach for Using
Probabilistic Risk Assessment in Risk-Informed Decisions on Plant Specific Changes to
the Licensing Basis”, a peer review or certification process should be used as the basis to
justify PRA adequacy in terms of scope and quality. The PPL IPE received an expert
peer review by Dr. William Vesely. Additionally, the NRC issued a revised SER for the
Susquehanna IPE. The review by Dr. Vesely and the SER are included within this
Attachment.

NRC Question 1c

Provide a description of the revised PRA modeling and/or assumptions used to reflect
the proposed change. This description should address the specific thermal hydraulic
conditions that are impacted and were analyzed and any changes in success criteria or
sequence / timing events. -

PPL Response

In the PRA model, based on current Susquehanna design, Manual Rod Insertion (MRI) is
assumed failed and HPCI will automatically swap its suction source to the suppression
pool on high pool level. MRI is a relatively slow process to shutdown the reactor and is
only successful if HPCI is available for makeup. If an ATWS occurs, the suppression
pool temperature will rise above 190°F, the short-term HPCI limit, before the reactor can
be brought to Hot Shutdown by MRI. When the automatic suction transfer occurs due to
high suppression pool level, there are not enough rods driven into the core to shut down
the reactor. HPCI is assumed falled shortly after the automatic transfer occurs due to the
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high suction temperature. Without HPCI adding water, the Reactor Pressure Vessel
(RPV) level will drop and the RPV must be depressurized while critical, which will cause
core damage.

In the revised PRA model, applicable after the proposed change to remove the HPCI
automatic suction swap for high suppression pool level, success of MRI is allowed. The

- manual suction swap imposes an operator action for the small liquid LOCAs. With a
small liquid LOCA the suppression pool level rises due to the liquid from the break and
the HPCI exhaust steam. The level will exceed the manual transfer point (25 feet
suppression pool level) in a minimum of 21 minutes. However, the temperature of the
pool does not exceed 140°F. A suppression pool level above 25 feet does not
automatically fail HPCI. HPCI will continue to exhaust steam into the suppression pool
“and the suppression pool level will not exceed the suppression pool load limit. However, -

if the operator does not control RPV level with HPCI, level 8 will be reached and HPCI
will trip. HPCI will automatically restart if the RPV water level reaches level 2. The
restart of HPCI with high suppression pool level permits water to enter the horizontal
portion of the HPCI exhaust line and could cause a waterhammer upon restart of the

system.

The current Emergency Operating Procedure directs the operator to ensure HPCI and
Reactor Core Isolation Cooling (RCIC) are running when the suppression pool reaches
26°. (The 26’ will be changed to 25° in the next revision of the subject procedure.) This
action is not modeled in PPL’s Computerized Fault Tree Analysis (CAFTA) because
there is complete dependence between the operator manually initiating the suction swap
and also assuring that HPCI is running. Therefore, one operator action is sufficient for
modeling this event.

The HPCI level concerns outlined above are addressed in the changes to the fault tree
model as described below: -

An AND Gate, 152-II-N-LVLFAIL was added to the HPCI OR Gate, 152. The AND
Gate has four inputs: a small liquid LOCA initiator, a basic event of an operator error to
control RPV water level, a basic event of an operator error to manually swap the HPCI
suction from the CST to the suppression pool and a switch to defeat this logic for the case
using the automatic transfer. Both operator actions need to fail during a small liquid
break LOCA to fail HPCI. If either RPV level is controlled or the operator transfers the
HPCI suction to the suppression pool, HPCI will not fail due to water intrusion into the
exhaust line. - If the operator controls RPV level below level 8, HPCI will not trip and try
to restart. Continued operation of HPCI when the suppression pool level is above the
automatic suction swap level is not a problem, as the exhaust steam will maintain the
turbine exhaust piping free of water. ' :
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A small hquld break is the only scenario when it is desirable to align the HPCI suction to
the suppression pool. For other initiators, the suppression pool level does not reach the
HPCI suction manual transfer pomt of 25 feet or the pool level is above the manual
transfer point but the suppression pool temperature exceeds 190°F (the ATWS sequence
using MRI).

NRC Question 1d

Provide a description of any new operator actions that are required as a result of the
proposed change (e.g., manual swap-over from the CST to the SP for small-break
LOCA events), including the associated human error probabilities (HEP’s) and the
human reliability analysis bases for the HEP’s (e.g., cause-based versus time-based,
time available, proceduralized, difficulty of diagnosis and implementation, etc.) based

ot NRC Information Notice 97-78; “Crediting of Operator Actions in Place of
Automatic Actions and Modifications of Operator Actions, including Response
Times,” the licensee should provide for each of these operator actions: (1) the
specific operator actions required; (2) the potentially harsh or inhospitable
environmental conditions expected; (3) a general discussion of the ingress/egress
paths taken by the operators to accomplish functions; (4) the procedural guidance for
required actions; (5) the specific operator training necessary to carry out actions,
including any operator qualifications required to carry out actions; (6) any additional
support personnel and/or equipment required by the operator to carry out actions;

(7) description of information required by the control room staff to determine whether
such operator action is required, including qualified instrumentation used to diagnose
the situation and to verify that the required action has successfully been taken; (8) the
ability to recover from credible errors in performance of manual actions, and the '

~ expected time required to make such a recovery; and (9) consideration of the risk

significance of the proposed operator actions.

PPL Response

¢y

New Operator Actions - There are two operator actions credited in the removal of
the HPCI automatic suction transfer modification: (1) RPV level control after a
transient and (2) manual suction transfer. The manual suction transfer is a new
action not currently part of the Emergency Operating Procedures (EOP). This new
action will be added to the procedures in accordance with the administrative
program that governs EOP changes. It is anticipated that the step will read as
follows: When the suppression pool level reaches 25°, ensure HPCI and RCIC are
running. If HPCI is injecting into the RPV and Suppression Pool Temperature can
be maintained less than 140°F, transfer HPCI suction from the CST to the
Suppression Pool. Success of either the RPV level control action or manual
suction transfer will prevent loss of HPCI. :



@
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Q)
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Harsh/Inhospitable Environments - There are no harsh or inhospitable
environments for the new operator action. The new operator action, manual
suction transfer, is accomplished in the control room by turning an existing
electrical switch on panel 1(2) C601, an inner ring panel.

Ingress/Egress - The new operator action is in the control room, therefore, there is
no ingress/egress path. ‘

Procedural Guidance - Guidance for the RPV level control currently exists in the
Emergency Operating Procedures. Also, HPCI manual suction transfer will be
added to the Emergency Operating Procedures when the modification is installed.

Operator Training - This modification will not be implemented prior to training
the operators. A Licensed Reactor Operator will perform the new operator action
in the control room. The operators will require training on the manual suction
transfer. Simulator exercises will be used to validate that a Licensed Reactor
Operator would perform this action properly.

Additional Support - There are no additional support personnel or additional

equipment required for these actions.

Control Room Staff Information - Operators control RPV level by a_ny entry

" condition for the RPV Control or Level/Power Control emergency operating

procedures, step RC/L-4. The cue for initiating the HPCI suction transfer is
suppression pool high level. The suppression pool high level condition is alarmed
in the control room. The level switches that actuate the alarm are safety related
and powered by a Class 1E 125VDC power. A 1E battery powers the control

room annunciator; however, it is via a non-1E electrical panel. There are also two
safety related suppression pool level indicators in the control room on 1/2C601.
The operator will receive indication of a successful suction transfer by the valve -
position indicating lights in the control room.. '

Recovery from Credible Errors - A credible error in implementing the manual
suction transfer is an error closing the suction source from the CST without the
suppression pool suction valve being open. If this error occurs, HPCI will trip on
low suction pressure. If this valve is inadvertently closed and there still is a valid
HPCI initiation signal, this valve will automatically reopen and HPCI will -
automatically restart when the low suction pressure condition clears. The hand
switch, which initiated the close signal, is a spring return to “auto” so the close
signal is not continuous. Hence, the potential operator error of closing the CST
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suction source is of no consequence. The duration of the less than full suction
flow condition is expected to be approximately 27 seconds. Loss of flow for

27 seconds has no impact on core cooling during small break LOCAs where HPCI
is required to operate.

It should be noted that if the HPCI suction valve from the suppression pool is
opened, the 100% open limit switch on this valve will initiate a close signal to the
HPCI suction valve from the CST.

(9)  Risk Significance of Proposed Actions - The proposed operator action, manual

HPCI suction transfer, is not risk significant. There is no change in CDF for the

operator action always being successful and there is only a 5% increase in CDF if

the _op_era_tgr_agtign.alw__ays,“fai_lsl_'[hc_LERE_ﬁis__ins_cns,itiygLo_thgm_aLn_ua_LLE(_lL I
suction transfer. :

NRC Question 2

" The SABRE code is relied upon to assess the impact of the proposed change on the

intermediate — and small-break LOCA and inadvertent main steam isolation valve closure
sequences. This code has not previously been reviewed or approved by the staff. In
order for the staff to complete its review of the proposed change, please submit the code

_ and associated documentation. The submittal should include the source code, available

user documentation, and input data used to evaluate the sequences noted above.

PPL Response:

Included in Attachment 1 to PLA-5425 are PPL Calculations EC-ATWS-0505, Rev. 8;
EC-052-0593, Rev. 0; EC-SIMU-0501, Rev. 0; and EC-SATH-1007, Rev. 1 which -
provide software QA documentation for the SABRE computer code. Also supplied are
Calculations EC-052-1018, Rev. 2 and EC-052-1025, Rev. 2 which support the proposed
Technical Specification change to delete automatic HPCI suction transfer on high
suppression pool level. :

The SABRE source code and SABRE input files are considered proprietary and are
provided on 4mm tape along with instructions for code installation and execution in

Att_achment 2.



——Dear Mr. Byram:

PLA-5425

UNITED STATES ‘ T1
NUCLEAR REGULATORY Commission ATTACHMEN

WASHINGTON, D.C. 20855-0001
August 11, 1998

B 6 21
Mr. Robert G. Byram ' | AUG 17 198
Senior Vice President-Generation ,
and Chief Nuclear Officer
* Pennsylvania Power and Light Company N f\Q(‘ ' QIODART
2 North Ninth Street VP- ‘UC E”~' 3. & SHRPIRT)

Allentown. PA.18101
SUBJECT: REVIEW OF THE SUSQUEHANNA STEAM ELECTRIC STATION UNITS 1 AND

2, INDIVIDUAL PLANT EXAMINATION SUBMITTAL - INTERNAL EVENTS (T AC

NOS. M74478 AND M74479)

Enclosed is the NRC staff's supplement to the October 27, 1997, staff evaluation report (SER) of
. the Susquehanna Steam Electric Station (SSES), Units 1 and 2, Individual Plant Examinatlon
(IPE) submittal for internal events, including internal flooding. . :

On October 27, 1997 the NRC forwarded to Pennsylvania Power & Light Company (PP&L) an
SER stating that the NRC staff could not conclude that the SSES IPE submittal met the intent of
Generic Letter (GL) 88-20. In response, you submitted additional information and on .

February 27, 1998, briefed the staff on revisions made to address the issues identified i in the
SER. On April 1, 1998, the staff audlted the SSES IPE at your offices in Allentown.
Pennsylvania . o -

The enclosed SER supplement addresses the final resolution of the issues raised by the staff in

its original SER. In the revised IPE, the calculated mean core damage frequency (CDF) is about S

7E-7Ireactor-cycle of 15 months (or about SE-7/reactor-year), which is about a factor of seven
higher than the original IPE CDF of 1E-7/reactor-cycle, .Anticipated transient without scram
contributes about 63% to the CDF, loss of decay heat removal contributes about 23%, intemal
flooding contributes about 10%, station blackout contributes about 2%, and transients contribute

about 2%. The contribution of Ioss—of-coolant-accudent (LOCA) and interfacmg systems LOCA is

less than 1%.

You have |mplemented all of the plant improvements identified in the onglnal IPE, as well as

additional improvements. On the basis of the information provided, the staff concludes that the _

revised SSES IPE process i$ adequate to meet the following four objectlves of GL 88-20: -

(1)  To develop an appreciation for severe accident behavior. '
(2) To understand the most likely severe accident sequences that could occur at the plant,

- (3)  To gain a more quantitative understanding of the overall probabilities of core damage ‘and '

, fission product releases, and
4) If necessary, to reduce the overall probabilltles of core damage and fission product
' releases by-modifying, where appropriate, hardware and pnooedures that would help-
prevent or mmgate severe accldents
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Therefore, the staff concludes that the SSES IPE submittal, as supplemented, meets the intent
of GL 88-20. The staff notes your commitment to identify instances of plant improvements in
~ order to maintain a low CDF or further decrease the CDF, at SSES. The staff also notes PP&L's

. strong in-house PRA capability. The SSES IPE was performed almost entirely in-house; also,

according to PP&L, it is.continually using and updating the SSES PRA. Although the NRC staff

- had several concemns about the original SSES IPE approach, because of the revisions

performed in the front-end portion, the ongoing use of the PRA in conjunction with PP&L's
defense-in-depth approach, and the ongoing identification and implementation of improvements,
the staff believes that the current front-end analysis of the SSES IPE presents an exemplary
analysis. The staff encourages you to continually confirm the IPE’s reliability of equipment and
operator performance ensuring that it portrays SSES plant capability under severe accident
conditions. -

--However;-some weaknesses still remain in the IPE's back-end analysis. The staff believes that it

is unlikely that these remaining weaknesses have affected the overall conclusion from the o
revised analysis or the capability of identifying vulnerabilities; it may, however, limit its usefulness -
in other regulatory applications, especially in applications related to containment performance.

weaknesses discussed in the enclosed SER supplement.

- The staff believes that PP&L can enhance the usefulness of the SSES IPE by addressing the

It should be noted, that the staff focused its review primarily on your ability to examine SSES
Units 1 and 2 for severe -accident vulnerabilities. Although certain aspects of the IPE were
explored in more detail than others, the review is not intended to validate the accuracy of the
detailed findings (or quantification estimates) that stemmed from the examination. Therefore,
this SER does not constitute NRC approval or endorsement of any IPE material for purposes
other than those associated with meeting the intent of GL 88-20. . o

If you have any questions regarding the encloéed SER supplement, please contact me at '
(301) 415-1484. ‘ : : '

Sincerely,

Victor Nerses, Senior Project Manager
Project Directorate -2 _ .
Division of Reactor Projects - Vil
_ - Office of Nuclear Reactor Regu{ation
Docket Nos. 50-387/50-388 S
Enclosure: As stated

_cc wiencl: See next page
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UNITED STATES | |
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 205550001 .

STAFF EVALUATION REPORT SUPPLEMENT

SUSQUEHANNA STEAM ELECTRIC STATION, UNITS 1 AND 2

INDIVIDUAL PLANT EXAMINATIO

(INTERNAL EVENTS ONLY) -

I. INTRODUCTIC

On December 13, 1991, Pennsyivania Power & Light Company (PP&L) (the licensee) submitted
the Susquehanna Steam Electric Station (SSES), Units 1 and 2, Individual Plant Examination
(IPE) in response to Generic Letter (GL) 88-20 and associated supplements. On November 4,
1992, and on December 17, 1996, the staff met with the licensee to discuss the Nuclear -
Regulatory Commission's (NRC) concems regarding the SSES IPE. On January 11, 1993, the,
licensee submitted Volume 6 of the IPE and on June 23, 19897, the licensee provided additional
information regarding issues raised by the_staff e

The staff performed a "Step 1" review of the SSES IPE submittal and was supported by the
Brookhaven National Laboratory. On October 27, 1997, the staff sent its evaluation report to the
licensee in which it was stated that the staff could not conclude that the SSES IPE met the intent

of GL 88-20. In response to this staff eva
February 27, 1998, the licensee briefed th

luation report (SER), the licensee revised its IPE. On
e staff on the revisions it had made and on April 1,

1998, the staff audited the SSES IPE at the licensee’s headquarters in Allentown, Pennsyivania.
The staff's audit focused on whether the licensee addressed the concerns documented in the

October 27, 1997, SER. This supplement, therefore, documents the staff's findings and
conclusions regarding the licensee’s resolution of its concems. :

In accordance with GL 88-20, PP&L had proposed in its original IPE to resolve Unresoived Safety

Issue (USI) A-45, "Shutdown Decay Heat Removal Requirements.” The licensee had also

proposed to resolve US| A-17, "System In

teractions,” as part of its IPE. No other specific US!s or

. generic safety issues were proposed for resolution as partof the IPE.

. Il. EVALUATION

In the revised IPE, the licensee calculated & core damage frequency (CDF) of about

7E-TIreactor-cycle, which is about a factor of seven larger than the CDF of 1E-7/reactor ¢ycle of
the original submittal. Anticipated transients without scram (ATWS) contribute about 63% to the

CDF, loss of decay heat removal (DHR) contributes about 23%, intemal flooding contributes
about 10%, station blackout (SBO) contributes about 2%, transients contribute about 2%. The -

contribution from loss-of-coolant-accident
less than 1%. '

In the SER of October 27, 1997, the staff
was noted that the licensee did not provid

(LQCA) and interfacing systems LOCA (ISLOCA) is

xpressed concems in several areas. ‘In particular, it
e sufficient evidence for the staff to conclude that the

following areas were appropriately treated: common-cause failures (CCFs), human reliabllity
analysis (HRA), plant-specific failures, and back-end (i.e., containment performance) analysis,
including the lack of sensitivity analyses. The licensee addressed these concems by revising its
'CCF, HRA, and plant-specific data analysis, and performing a sensitivity study for the back-end’

analysis.” '



2.

Regarding the CCF analysis, the staff found that the original submittal treated CCFs inadequately
for active components (e.g., diesels, valves, pumps, and batteries); did not examine single
failures to identify those that have a potential for common coupling; did not treat cross-system
CCFs, particularly between the high-pressure coclant injection (HPCI) and the reactor coré
isolation cooling (RCIC) pumps; and did not consider CCFs due to test and maintenance.

In response to these concems, the licensee reviewed the SSES operational history and revised -
its approach to CCF by incorporating in the IPE model CCFs for active components of important
- systems (residual heat removal (RHR), emergency service water (ESW), RHR service water
(RHRSW), and diesel generators); examining single failures for common éoupling; and including
CCFs for RCIC and HPCI and CCFs due to test and maintenance. (The licensee identified a.
single failure with common-coupling potential, an ESW pump failure due to end bell erosion; it
inspected the other pumps and indeed identified end bell erosion in those pumps as well,

although they were in operable condition. The licensee accounted this failure as 8. CCF for e

ESW.) Overall, it appears that the licensee performed a reasonable search for CCFs.

In order to address the. concem regarding low CCF values, the licensee used generic data
(NUREG-1150) instead of plant-specific data (estimated on the basis of examining SSES’s
procedures and practices). In a similar manner, in order to address the concemn for the-low
plant-specific failure rates, the licensee substituted them with generic values. The licensee did
not provide a justification as fo why these values are appropriate for SSES; therefore, although
the licensee demonstrated the impact of the use of higher values on the IPE’s results, they did
not demonstrate their applicability to SSES. The staff believes that this is a weakness of the
revised IPE approach. The licensee, however, performed uncertainty analysis throughout the
IPE. Therefore, the staff believes that it is unlikely that this weakness has affected the licensee’s .
overall conclusion from its revised analysis or its capability for identifying vulnerabilities. It may,
however, have limited its ability to gain insights. :

Regarding the IPE's HRA, the staff found that the revisions in the treatment of both routine
human actions (pre-initiator human events) and actions in response to an initiating event (post- -
" initiator human events) are appropriate. co : S o :

Pre-initiator human events were explicitly modeled in the revised IPE and were segregated from -
random equipment failures to allow a better assessment of the contribution of human reliability to
CDF and, therefore, the development of a better understanding of the role of human reliability on
plant safety. According to licensee document EC-RISK-1063, “the maintenance records were re--
examined to identify specific instances of undetected system unavailabilities caused by pre-
initiator human errors” (PP&L Calculation, pg. 34) for the period from July 1987 to January 1990.
This search uncovered three instances of post-maintenance restoration errors. As a result, the
licensee revised its IPE model to include post-maintenance restoration human errors in specific
components of the systems: HPCI, RCIC, low-pressure coolant injection (LPCI), diesel
generators, alternate control rod drive pump, and standby liquid control system. A human emor
probability (HEP) mean value was estimated on the basis of plant-specific data. e
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The licensee treated miscalibration errors, which have a common-cause potential, using, as
mentioned above, generic, NUREG-1150, data. The staff notes that even a generic treatment of
miscalibration is better than no treatment at all because it allows the performance of sensitivity
analyses for deriving insights regarding the importance of miscalibration. But, as noted above,
the generic treatment of miscalibration is a weakness in the licensee’s HRA. -

~ Regarding post-initiator human actions, the licensee revised its IPE model to explicitly include
them on the event trees. The licensee's document, EC-RISK-1063, gives a detalled description

of the process used to identify and quantify these actions. Accordingly, the licensee identified -
post-initiator human actions through a review of emergency procedures and its defense-in-depth
criteria that provide a reliable and updated source of actions performed in response to an :
initiating event. The licensee used two different approaches to quantify these actions. For those
actions that could be quantified using plant-specific data docurnented in *Susquehanna Operator
Response Data for Actual Events,” or in *“Susquehanna Operator Response Data From Simulated

Events,” an HEP was estimated.on.the-bases-of these data. For the remaining-actions; data

~ from NUREG/CR-4835 were used "because the method generation and its application are
generally consistent with the approach being pursued at Susquehanna.” - -

The staff finds the licensee’s approach of using plant-specific data for estimating HEPs a
strength of the licensee’s HRA. In general, the staff found that the licensee appropriately
considered critical factors, such as the layout and accessibility of manipulated components,
‘operator training for a specifi¢ action, the potential for confusion and misinterpretation of an
emergency operator procedure entry condition, and time needed versus time available to perform
an action. Furthermore, the dependencies between human actions and the influence of the
accident progression on human performance appear to have been treated appropriately.

On the basis 6f these findings, the staff concludes that the front-end analysis of the fevised
SSES IPE is reasonable. . ' . - .

In the original submittal, the licensee presented an approach to resolve US| A-45, “Decay Heat
Removal Reliability.” Taking into consideration the changes in the licensee’s front-end analysis
and quantitative results, its review of SSES plant-specific features, and the strategy it developed.
- and implemented regarding this issue, the staff concludes that the licensee's IPE process used
to search for DHR vulnerabilities is reasonable. _ S

The licensee also proposed to resolve US| A-1 7, "System Interactions,” as part of the IPE. The
licensee did not identify any vulnerabilities with respect to A-17. According to GL 88-20, if a
licensee concludes “that no vulnerability exists at its plant that is topically associated with any
USI or generic safety issue (GSI), the staff will consider the USI or GSI resolved for a plant upon
review and acceptance of the results of the IPE.* The staff concludes, therefore, that the
licensee has resolved USis A-45 and A-17. . : :

Regarding the back-end analysis, the licensee conducted limited sensitivity studies to investigate
. the conditional probability of containment failure given conditions of vessel breach at high
pressure. With the combination of core damage and vessel failure not at high pressure, the
licensee calculated.a conditional probability of containment failure of 9 percent. By contrast, the
combination of core damage and vessel failure at high pressure resulted in a conditional
probability of containment failure of 54 percent. This result appears to be reasonable.
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" One specific aspect of the SSES IPE is the credit taken for preventing vessel failure with the core
damaged under station blackout conditions through local operator actions focusing on providing
alternate power (ac) or restoring ac power. According to EC-RISK-1063, the licensee relies on
operators stationed locally for performing these actions and the actions are well proceduralized
and practiced. In estimating pertinent HEPs, plant conditions and time needed versus time
available to perform these actions were taken into consideration. The staff notes that it was the
intent of GL 88-20 for licensees to identify all potential means of accident mitigation. Therefore,
the staff finds this aspect as a strength.of the SSES IPE. It is noted however, that these actions
contribute to a high probability of vessel failure prevention. Therefore, the staff encourages the
licensee to continually confirm the reliability of operator performance used in the IPE, ensuring
that the IPE porirays SSES performance under severe accident conditions. '

In general, the licensee indicated that core debris is 14 times more iikefy to be quenched in-

vessel if-core-damage progresses-in-a-manner consistent with the core relocation model used in
the BWRSAR code, which the licensee used in the IPE, compared to the core blockage model
employed in the industry-developed MAAP code. The staff believes that code input assumptions,

. Such as success criteria, may play a role in the reduction of vessel breach likelihood at SSES

~ compared to other Mark |l piants. : S

Regarding the containment performance improvement (CPI) program recommendations, the
SSES design includes a 30-day supply of compressed nitrogen for safety-relief valve actuation.
The licensee has also installed a mobile diesel generator to recharge the 125-volt dc batteries.
These plant capabilities provide enhanced depressurization system reliability. '

Th‘e}licensee has also provided threaded connections on the RHR service water system, which

allow for alignment of the diesel-driven fire protection system pumps to the RHR system, thus
providing an alternate water source for injection. -

The licensee examined the issue of venting using an existing soft vent (i.e., the heating,
ventilation, and air conditioning (HVAC) ducts). The HVAC piping will fail at expected vent -
pressures, now estimated at approximately 60 psig (based on the revised venting procedure)
instead of at the 15 psig vent pressure proposed in the original IPE. The licensee indicated that
it has developed procedures to maintain core cooling in the event that most reactor building
equipment is lost by aligning systems external to the reactor building. In addition, the licensee is-
evaluating a conceptual venting strategy that will provide a framework, based upon input such as-
the estimated source term and combustible gas challenges, to help decide if venting is a viable:
option. This appears reasonable. o o "

On the basis of this review, the staff concludes that the licensee’s response to the CPI progra
recommendations is reasonable and consistent with the intent of GL 88-20. o

Some weaknesses exist, however, in the licensee’s back-end analysis:

1. Inthe licensee’s analysis, the accident sequence progression was terminated if the
. containment failed prior to core damage; all sequences were then assumed to go to core
damage in the reported CDF. 'Radionuclide releases were not calculated for these
_containment failures nor was a detailed understanding of plant response obtained.



~ containment boundary.-

The impact on conditional containment failure probability of some severe accident
phenomena and resulting containment failure modes appear to have been understated. As a
result, all early and late containment failures, other than the containment failures resulting
from loss of DHR discussed in item 1 above, are reported by the licensee to occur in less
than one percent of core damage events, including ATWS and station blackout.

Appendix 1 to GL 88-20 recommended that licensees consider a maximum coolable debris
bed to be 25 cm. For depths in excess of that (as proposed in the SSES IPE) both coolable
and noncoolable outcomes should be considered and documented, even in the presence of a _
water layer provided by the drywell sprays, because of the possibility of the formation of a
noncoolable debris crust. Noncoolable outcomes may lead to the occurrence of phenonema
such as containment overpressure failure from noncondensible gas generation due to core-

concrete interaction or containment failure from corium attack on the drywell liner/concrete

The licensee assumed, however, that core debris released from the vessel post-accident will
always be quenched on the drywell floor and, consequently, core-concrete interactions with

the drywell floor, steel liner, or concrete containment will be prevented, as long as the drywell -
sprays provide a water pool on the drywell floor. Similarly, core debris attack on other '
structures, such as the downcomer vents, resulting in suppression pool bypass or loss of

. pool scrubbing, would not be possible, according to the licensee, given spray operation.

Additionally, the licensee did not consider the possible negative effects of water on the
drywell floor, such as containment pressurization due to ex-vessel steaming resulting from
fuel-coolant interactions. . ‘

The treatment of ISLOCA wés characterized as limited in the staff's October 27; 1997, SER.
The licensee has not revised its ISLOCA analysis and, consequently, it remains a weakness.

Iit. CONCLUSION

On the basis of the information submitted by the licensee through either direct discussion with _
the staff or in writing, the staff concludes that the licensee's IPE is complete with regard to the

. information requested by GL 88-20 (and associated NUREG-1 335), and that the licensee's IPE |

process is adequate to meet the objectives of the IPE program as stated in GL 88-20:

1.
2.
3.

To understand the most likely severe accident 'sequences that could occur at the plant. .
To develop an appreciation for seyeré accident behavior. | |

To gain a more quantitative understanding of the overall probabilities of core damége and
fission product releases. : R .

If nece#saiy. to reduce the overall probabilities of core damage and fission product réleéses
by modifying, where appropriate, hardware and;procedure_s that would help prevent or

- mitigate severe accidents,



. .

Therefore, the staff now concludes that the SSES IPE submittal meets the intent of GL 88-20.
The staff notes PP&L’s commitment to identify instances of plant improvements in order to
maintain a low CDF or further decrease the CDF, at SSES. The staff also notes PP&L's strong
in-house PRA capability. The SSES IPE was performed almost entirely in-house; also, according
to PP&L, its staff is continually using and updating the SSES PRA. Although the staff had
several concerns about the original SSES IPE approach, because of the revisions performed in
the front-end portion, the ongoing use of the PRA in conjunction with PP&L’s defense-in-depth
approach, and the ongoing identification and implementation of improvements, the staff believes
that the current front-end analysis of the SSES IPE presents an exemplary analysis. The staff
encourages the licensee to continually confirm the IPE's reliability of equipment and operator
performance ensuring that it portrays SSES plant capability under severe accident conditions.

. Howevér, some weaknesses still remain in the IPE’s back-end analysis. The staff believes that it
is unlikely that these i'emaining_weaknesseshave.affected-the4licensee!sov_erall-eonclusionfr_om"-

its revised analysis or its capability of identifying vulnerabilities; it may, however, limit its
usefulness in other regulatory applications, especially in applications related to containment
performance. The staff believes that the licensee can enhance the usefulness of its IPE by
addressing these issues, discussed in this document, - : )

It should be noted, that the staff focused its review primarily on the licensee's ability to examine
SSES Units 1 and 2 for severe accident vuinerabilities. Although certain aspects of the IPE were

. explored in more detail than others, the review is not intended to validate the accuracy of the

licensee's detailed findings (or quantification estimates) that stemmed from the examination.
Therefore, this SER does not constitute NRC approval or endorsement of any IPE material for
purposes other than those associated with meeting the intent of GL 88-20. R

Principal Contributors: E. Lois
J. Lane

Date: "July 15, 1998
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REVIEW OF THE SUSQUEHANNA IPE

~

W. E. Vesely

My conclusion overall is that the SSES IPE is a very detailed and competent analysis.
Based on my review of the accident secjuences and based on my discussions with the chief
engineer responsible for the IPE, I am convinced 'tha»t'the IPE models are thorough,

detailed, and accurate. The accident sequences that are defined are developed to-the detail

required to include all the contributing component failures and human errors. Th_e -

accident sequences are not binned as in the usual PRA, but instead each individual
sequence is followed in the evaluations and cjuantiﬁcati,ons to determ’ine the consequences .
of the sequence. The plant damage stat'e} éésdciated with each sequence is d_etérmined
from the thermai-hydmulics of the sequence. Seqﬁénces resulﬁng in similar consequences
which result in the same damage state are combined to give the total ﬁ'eqﬁency of the
damage state. This detailed analysis was neéessary bécause_ of the defense-in-depth
criteria utilized in the SSES IPE which rquired that specific, multilplev'equipment be

identified which could mitigate each accident sequence.

In carrying out its detailed treaUnerits;- the SSES IPE uses modeling approaéim and
quantification approaches which are different from those used in the usual PRA. Instead
of focusing on the physical consequehces and events which are associated thh tile
accident'sequgncé, the focus is on the plant damage staté associated with the s‘equence.‘
" The éomprghensive set of plant damage states defined in the SSES IPE are: (1) core

damage from inadequate cooling, (2) mechanical cladding damage, (3) core melt with

1



reactor vessel breach, (4) coxitaimnent failure with core damage in-vessel, (5) containment
failure with mechanical cladding damage in-vessél, (6) core melt with reactor vessel breacil
and containment failufe, (7) wetwell vénting without core damage, and (8) containment
overpressure failure without prior core damage, and (9) core -damage'from inadequate
cooling with vessel failure and containment overtemperature failure. The IPE focus on the
plant damage states is done at the expense of a de-emphasis of the physical event and
consequence descriptions. For example, direct containment heating (DCH) is not

explicitly evaluated in the SSES IPE. This makes the review of the sequences difficult

with regard to the physical variables and events associated with the sequences, however

the event bases for the sequences can be found in the IPE.

The results of the SSES IPE are different from other PRAs and IPEs in that very low

frequencies are calculated for core damage (1.1 X 107 per year), for core damage plus

vessel failure (3.7 x 10? per year) and for core damage, vessel failure, and containment

breach (7.9 x.10™ per year). These calculated values are of the order Qf a factor of 50 to

100 lower than the corresponding values calculated in other PRAs and IPEs. Specific

accident sequence frequencies for transients, ATWS, and LOCAs calculated in the SSES
IPE are also low, rangihg from one to several orders of magnitude lower than for other

PRAs and IPEs.

The very low accident frequencies reflect the significant design and procedure :

improvements that have been incorporated in the SSES plant. These significant

improvements include:



Controlling the water level in the RPV within a wider band ( from -60 to -161) during
an ATWS as opposed to the narrow band used in other BWRs. This more flexible
water level control not only reduces operator error but frees one operator for manual

insertion of the rods which can significantly reduce the contribution from ATWS.

Adding an RCS bypass switch to allow immediate manual rod insertion which
significantly reduces the contribution from ATWS which otherWise' would be

significant as it is in other BWRs.

Installation of a fifth, self-contained swing diesel which has its own DC system and
which can be linked to any of the four ESS buses when other power sources fail. This
significantly reduces the frequencies of accidents from loss of emergency poWef,

which are signiﬁcant contributors in other BWRs.

Eliminating the requirement to depressurize RPV qﬂ HCTL or PCPL which allows

the. operator approximately forty minutes to initiate SLCS in zi_ full ATWS and -
approximately sixty minutes in a partial ATWS. This large time window sigﬁﬁMy
- reduces the probability of an operator error of failing to initiate SLCS. In other BWks '-
the time_window is significantly shorter, on the order of a factor of ten shorter;
resulting in a significantly | highelf operator error probability whlch importantly

contributes to the accident frequencies in other BWRs.



Using the RWCU in the blowdewn mode to remove decay heat from the containment
which .signiﬁeantly»' reduces the requirement for venting the eontainment and

significantly reduces the probability of containment failure given core damage.

Early controlled RPV depressunzatton to allow operatton of the ﬁre main if HPCI and
RCIC fail, and early connection of the fire main using installed threaded attachments

for RPV/PC injection. This significantly reduces the contribution from HPCI/RCIC

failure which is an important contributor in other BWRs;

Controlling the RPV water level so that it is in the TAF +5 feet range and hence
above the ADS set point. This basically eliminates the human. errors of failing to
inhibit the ADS and failing to initiate the ADS when there is a loss of high pressure

injection. These human errors are significant contributors in other BWRs.

In all, more than a dozen significant '.deeign and precedure imhrovements have been
instituted at the SSES plant. compared to other BWRs. The NRC has iesued a number of
letters recommendihg that the SSES iniprevements be instituted at other plants. As A pat't_
of this review, a sepat'ate evaluation was earried out to determine the benefits of the SSES

~ improvements by re-evaluatiné the P.each Bottom 1150 PRA assuming the SSES
improvements were in place. The Peach Bottom CDF was detenmned to be 4. 51 x 10“
 per year in the 1150 PRA and hence was already low For the re-evaluauon, the Peach- )
Bottom 1150 data were used Where apphcable and SSES data were used for those events |
not covered by the Peach Bottom ana]yses With the SSES 1mprovements in place, the

'domlnant accldent sequence contributlons to CDF in the Peach Bottom PRA were

.



reduced by a factor of 10 to a factor of greater than 1000. This again confirms that the
improvements instituted at the SSES plant are significant from a CDF redliction and risk

reduction standpoint. The 1150 PRA re-evaluations that were performed are attached.

In spite of its many good points, however, the SSES IPE poses a quantification problem.
The diﬁculty lies with the iow CDF and low accident frequency values calculated in the
SSES IPE. These low values have little_ credibility in the way they are presented because

they seemingly don’t incorporate present PRA experience. The PRAs and IPEs which -

“ have been condtic;ed to d;te have priwided a databaseof equipment fallure rates, human
error rates, ccf probabilities, and resulting system failure probabilities and_ accident
sequence frequencies. Because of the different moiieling used in the SSES 1IPE, this :
experience data base has not been accessed to the degres it could have been. | The extra
tinie allowed for post-initiator eperator actions and the less demanding, but diﬁ'erent,
responses required ﬁ'oin the operator result in human error probabilities which are not
directly relatable to human error pfobabilities_ used for other BWRs It is thus difficult to
differentiate design and procedure differences from modeling diﬂ’erences. The SSES IPE
presents best estimates -of the human errer probabilities based on lmowledgeahle "
assessments. However, these estimates need to recognize the possibility for higher humaii
error probabilities existing, based on the experience data bese to .date.' This dees not
necessarily involye changing the point estimates but instead assignihg ranges to cover the
possibility of havihg higher human error probabilities. These ranges will also account for
quaniiﬁcation uncertainties in postfinitiatof scenarios. These ‘ranges can then be used to

calculate adjusted results in sensitivity analyses and uncertainty analyses.

5



The very low accident frequencies oalculated in the SSES IPE also increase the potential
dominance of cef contn’bdttons. The added equipment redundancies in the SSES pla‘mt'
result in low probabilities from multiple equipment failures. However, because of the low
failure probabilities, there is a greater sensitivity to ccf contributions and to failure
dependencies. | The SSES IPE included particular ccf contributions when these
contributions were assessed to be compatible with SSES plant data. Hotve‘ver tﬁe SSES -

- nlant data which was used to show compatibility with independent failure aswmpﬁons can

also be used to show compatibility with a ‘potential ccf probability existing, - This potentia.l
for ccf probabilities, although it is low, will significantly increase the ranges the accident
frequencies can have. The lowA faiiure rntes used for certain equipment wxll also have
wider ranges when data uncertamtles are considered. Based on reviews of the SSES IPE
quantifications, I believe the above adjustments when mcorporated in the evaluauons will
provide a basis for the quantifications and will significantly increase the credibility of the

SSES IPE numerical values_.

As an additional consideraﬁon, in the SSES IPE rnodeling of the accident sequences to

determme the plant damage state, the range of events considered is truncated since only

the most likely events are selected. The selection of the most likely events glves the most -

hkely responses and most likely system success states. However, this most llkely event
- analysis neglects other less likely events which can result in greater consequences and
greater demands on the system and on the operator. The accident sequences therefore

need to be reviewed to check for these variations in events. For example, as a sensitivity -



study the results from the MAAP code should be compared with the results of tﬁe SSES
IPE which utilized the BWRSAR code.

The above issues with the SSES IPE quantification should not be tﬁe cause for the_ IPE

being redone. Rejection of the IPE models and engineering analyses would lose the

valuable and valid infonn_ation in the IPE. The SSES IPE rebr&sents a state éf -
advancement of plant design and procedures to reduce core damage frequency, to reduce

the frequency of vessel failure and to reduce the frequency of containment failure. The

SSES IPE also represents a valuable tool for risk management applications. The SSES

IPE should not be redone.

To address the difficulties with the SSES IPE, the quantiﬁcatibn needs to be extended to
include uncertainties and to recogniie the different possibilities in fhe present 'exp'eniencg
| dat.a base. It is not the point values in themsél§es which provide confidence in the
quantification, but their bases and the assigned ranges which account fbr uncertamtles m
the values. These uncertainties can be used to define adjusted values and to determine the
ranges and adjusted values fof the results. The re-evaluation of ﬁe numerical values is not |
a majof effort and should entail appfoximatel_y six man months worth of eﬁon. This work
will be worthwhile since it will upgrade tﬁe quantifications performed in the SSES IPE so
that they have increased credibility. This will in turn upgrade the credibility of the SSES
4 - y S



® ANALYSIS OF THE PEACH BOTTOM NUREG-1150 PRA
" WITH THE SSES MODIFICATIONS INCORPORATED

The following pages present a re-analysis of the Peach Bottom NUREG-I 150 PRA! with
‘the SSES modlficauons mcorporated. The re-analysis was done in two ways 1) incorporating the
SSES equipment and procedure modifications but using the 1150 models and data and 2) also
incorporating and taking credit for the SSES IPE differences in models and data. These a_nalyses
were requested from the chief engineer responsible for the SSES IPE and have been reviewed.
The first two tables’presen‘t the summary results from the re-analysis. The accident sequence

~ indices are those used in the NUREG-1150... The. .'.!Delta....for_.Methodst_,represengwagg;; .............

difference due to differing methods and the "Delta for Modifications" represents the factor =
difference due to SSES equipment and procedure modifications. The subsequent pagéé giire the
analyses of the individual sequences. Additional sensitivity analyses are also carrwd out for the
probability of failing to actuate SLCS.

® ! " Analysis of Core Damage Frequency: Peach Bottom, Unit 2 Internal Events”, NUREG/CR-4550, August 1989.



‘ " No Credit for Modeling Differences

Accident NUREG- Delta New Delta With PP&L

Sequence 1150  Methods Frequency Modifications Mods note
1 1.64E-06 1 1.64E-06  0.0001824 2.99E-10. | See Sensitivity 2
2 1.40E-06 ) 1.40E-06 0.001 © 1.40E-09 | See Sensitivity 1
3 2.79E-07 1 279E07 028 7.81E-08 | See Sensitivity 3
4 2.12E-07 1 2.12E-07 0.01 2.12E-09 | See Sensitivity 4
5 1.90E-07 1 1.90E-07 1  1.90E-07 | Do ses buiccs rom eitheruait
6 1.30E-07 1 1.30E-07 0.0001824 2.37E-11 | See Sensitivity 2
7 1.25E-07 1 125E-07 00001824  2.28E-11 | See Sensitivity 5
8 1.14E-07 1 1.14E-07 . 0.001 1.14E-10 | See Sensitivity 1 -
7 9 '873E08 1  S873E08 001 . 8.73E-10 | See Sensitivity4
10 5.72E-08 1. 572608 001 5.72E-10 | See Sensitivity 4
11 6.41E-08 1 641E-08 001 6.41E-10 | See Sensitivity 4
12 4.63E-08 1 4.63E-08 0.01 4.63E-10 | See Sensitivity 4
13 4.37E-08 1 4.37E-08 0.001 4.37E-11 | See Sensitivity 1
o 14 3.29E-08 1  329E-08 © 0001 .  3.29E-11 | See Sensitivity 1
‘ 15 2.69E-08 1 2.69E-08 0.001 -~ 2.69E-11 | See Sensitivity 1
16 245E-08 1 2.45E-08 0.01 2.45E-10 | See Sensitivity 4
17 2.20E-08 1 2.20E-08 0.28 6.16E-09 | See Sensitivity 3 ,
18 170E-08 1 170E-08 1 _ 1.70E-08 | DOe ue benien from ether it

Totals 451E06 ~ 451E06 |  2.98E-07

Delta due to modifications =-(2.98E-7)/(4.51E-6) = 0.06608239



' ’ Credit for Modeling Differences and Modifications

Accident NUREG-  Delta New Delta With PP&L

Sequence 1150 Methods Frequency Modifications Mods note

1 1.64E-06 1 1.64E-06.  0.0001824 2.99E-10 | See Sensitivity 2
2 1.40E-06 1 1.40E-06 0.001 1.40E-09 | See Sensitivity 1

3 2.79E-07 0.055  1.53E-08 0.28 4.30E-09 | See Sensitivity 3 & 7
4 212E07 © 1 2.12E-07 0.01 2.12E-09 | See Sensitivity 4
5 1.90E-07 0.1 1.90E-08 1 1.90E-08 | Sec Sensitivity 6
6 1.30E-07 1 1.30E-07  0.0001824 2.37E-11 | See Sensitivity 2
7 1.25E-07 1 1.25E-07  0.0001824 2.28E-11 | See Sensitivity 5
8 1.14E-07 1 1.14E-07 0.001 1.14E-10 | See Sensitivity 1

o 9 873E08 1  T873E08 001 = 8.73E-10 | SeeSensitivityd = =
10 5.72E-08 1 5.72E-08 0.01 5.72E-10 | See Sensitivity 4
11 641E08 . 1 6.41E-08 001  -641E-10 | See Sensitivity 4
12 4.63E-08 1 4,63E-08 .0.01 4.63E-10 | Sec Sensitivity4
13 4.37E-08 1 4.37E-08 0.001 4.37E-11 | See Sensitivity 1
. 14 3.29E-08 1 3.29E-08 0.001 3.20E-11 | See Sensitivity 1
‘ 15 2.69E-08 1 2.69E-08 0.001 2.69E-11 | See Sensitivity 1
. 16 - 2.45E-08 1 2.45E-08 0.01 2.45E-10 | See Sensitivity 4
17 2.20E-08 1 2.20E-08 0.28 6.16E-09 | See Sensitivity 3
18 1.70E-08 0.1 1.70E-09 1 1.70E-09 | See Sensitivity 6
Totals 4.51E-06 = 406E-06 3.80E-08

Delta due‘ to modifications = (3.80E-8)/(4.51E-6) = 0.009363433



Sens:tmty 1

Impact of Manual Rod Insertlon and ATWS Procedure Changes on ATWS CDF

NUREG . Point
1150 Cut St NUREG  Estimate
# 1150 PE  Frequency Cut Set . - SLCS sensitivity -
: _ 0.005  0.001

1 8.00E-07  7.98E-07 T3A*RPSM*SLCS8 7.98E-07. 7.98E-07
2 5.00E-07 5.00E-07 T3A*RPSM*SLCS9 ~ 1.25E-07 2.50E-08
6 8.50E-08  8.50E-08 T3A*RPSM*SLCS10 8.50E-08 8.50E-08
9 6.10E-08  6.06E-08 T3C*RPSM*SLCS8 6.06E-08 6.06E-08
13 3.80E-08  3.80E-08 - T3C*RPSM*SLCS9 9.50E-09 1.90E-09

NS-1 "~ 6.46E-09 T3C*RPSM*SLCS10 6.46E-09 - 6.46E-09

— o J49E-06. ...,,_J.O8Eeﬂﬁ.ﬂ

PP&L Modifications designed to mitigate these sequences

976E-07. . -

1. AddRSCS bypass switch to allow immediate manual rod insertion
Change level control band to —60 to —161 — Frees operator to insert rods.
B BWROG procedures requires one operator to control pressure and one to control level .
3. Eliminate requirement to depressurize on HCTL & PSP — avoids unnecessary and
potentially core damaging depressurization during MRI. Operator has at least 40 minutes
mftﬂland60mmutesmpamalATWStostartSLCS
These modifications to the eqmpment and procedurm allow the operator to suocssfully complete MRL



~ Sensitivity 2
Impact of Susquehanna Modes on Accident Sequence #1

NUREG Point
- 1150 Cut Sett NUREG Estimate
# 1150 PE  Frequency
14 370E08  3.70E-08
P(CD/SBO)= 0.001832
Modificati

1. Eariy controlled RPV depmsuxizaﬁon to allow success of fire main should HPCI/RCIC fail to un.
- (EO-1/200-030). . -

2. Early connection of the ﬁre main, using mstalled threadcd attachment for RPV/PC mjecnon (ES-013-

001).

3. Early connection of 100kw generator to supply DC power to DC bussw (EO-1/200—030 & BS-002
001).

4. Elimination of HPCI suction swap from CST to the Suppression Pool on lngh pool water level,
prevents failure of HPCI on high water temperature. -

5. Early alignment of HPCI in pressure control mode to reduce chance of SORV & multiple starts HPCI
and RCIC (EO-1/200-030).

6. Installation of a maintenance swing diesel generator that can be substltuted into any of the 4 ESS _
busses (OP-024-004). E diesel has self-contained DC system.

7. Modified Emergency Service Water System so that 4 diesel must fml for SBO rather than two -
combinations of two diesel.

‘We have two self-contained diesel driven fire puntps and over 12 hours to connect fire mam

NUREG-1150 Cut Set 14

T1 | ESW-XHE- | ACP-DGE- | ACP-DGE-

INJFails | DGHWN | LOSPNRISH |
FO-EHS | FR-EDGB | FR-EDGC. | B

- R12HR R

INJ-Fatls HPCI and RCIC 0.5, dueto elther harsh environment or loss of battenes

Modifications and procedure changes 1, 2, 4, S significantly reduce the loss injection.

" Based upon these mod INJ-Fails becomes:

NJ—Fails HPCI andRCICfailtorun24hours) and(Both diesel drivenﬁr_epumps fail to start and run
23 hours) : ~ _ :
INJ-Fails (0 1x0.1) x {(0.003 + 0. 016) x (0. 067 +0.01+ 0 016)}) = : : 1.77E-05



Sensntmty 2
Impact of Susquehanna Modes on Accident Sequence #1 (contmued)

Modification 3 signiﬁcantly reduces the chance of loss of DC power.
Using NUREG 1150 numbers for the charger diesel we get 0.003 + 0.016 = 0.019°

These modifications change the NUREG 1150 sequence by replacing the term INJ-Fails with failure:
failure of either the charge diesel or the new injection capability, or (0.019 + 1.80E-05) = 0.019

Therefore the NUREG 1150 sequence becomes:

P(cd cut set 14) = (3.70E-8/0.5) x 0.019 = 1.41E-09

~ Risk reduction from these- models = 2.07E-09/3:70E-08-=-0:037959 - -- -

Modification 6 allows onsite AC pewer to be recovered in less th;m 2 hours.

Lighting is available to perform the mampulauon of these breakers

P(swing diesel) = 0.3

Risk reduction from this diesel becbmes a straight multiplier of 0.3

P(cd cut set 14) = (3.70E-08/0.5) X 0.019 X 0.3 = 4.22E-10'

Risk reduction from 1, 2, 3, 4, 5‘&6=001138-8 '

~ Modification 7 result in the requxrement that all four diesel fail for SBO. :
NUREG 1150 does not report common causefailure of 4 diesel to run. Therefore, m assume a oommon '

causecmpleoflOforﬂlefmrthglventhettnrd. :

Risk reduction for third and fourth diesel = 0.016 (NUREG-1150 diesel fails to run)

P(cd cut set 14) = 3.70E-08/0.5) x 0.028 X 03 % 0.016 = 6.75E-12

Risk reduction from 1, 2, 3,4, 5, 6 & 7 = 0.000182



Sensitivity 3
Impact of Susquehanna Design on Accident Sequence #3

Analysis of Susquehanna plant scram data shows that the loss of feedwater given plant trip with the
MSIVs open is 0.28. In NUREG-1150 a value of 1.0 was used since the water level is lowered below the
MSIV isolation. Susquehanna procedures keep the water level above the level 1 isolation; plus a bypass
switch has been installed that bypaséw the MSIV isolation on level 1. The MSIV isolation on high
drywell pressure has also been removed. Therefore credit for feedwater is appropriate. '

Maodifications
1. Level control band target above MSIV isolation set point.

2. Installation of a bypass switch that bypasses MSIV isolation on Level 1.
3. Removal of MSIV isolation on high drywell pressure.

Note: Susquehanna modeling would have all low pressure ATWS events with uncontrolled LPI proceed
to core damage. ' :

Risk Reduction from modifications = 0.28



~ Sensitivity 4
Impact of Modifications on Accident Sequence #4

Modifications;

1. Installation of a bypass switch that allows the operator to bypass the low pressure permissive
change to the Aux Load shed (LOCA load shed) scheme that allows the operator to reload the
D condensate pump and inject water into the RPV. Failure of the low pressure petmlsswe has no
" impact on the ability of the coridensate pump to inject to the vessel.

NOTE: The low pressure permissive circuit consists of two division which forms a one out of two taken
twice logic. Division I uses Barksdale pressure sensors, which uses a bordon tube for pressure
measurement. Division II uses a Barton pressure sensor which uses a diaphragm for pressure
measurement. Since different instruments are used for pressure measurement, one would anticipate a less-

- likelyincident rate for CCF. - - o« ommo L

Medium break LOCA calculations demonstrate that the operator has at least 648 seconds after the RPV
pressure decays to the HPCI low pressure trip. This provides the operator ample time to establish vessel
injection from either condensate of 1 of 8 low pressure ECCS pumps. Two different operators control
condensate and ECCS flow.  With 10 minutes to establish flow the operator is at least as likely to initiate
injection flow as to inject SLCS. Therefore a conservative value of 0.01 is applied.

Risk reduction from Modifications > 0.01



. Sensitivity 5
Impact of modifications on Accident #7.

This sensitivity is just like Sensitivity 2 except in this case HPCI is already failed. Therefore no credu is
taken for the risk reduction associated with continued HPCI operation.

INJ-Fails (1.0 x 0.1) x {(0.003 + 0.016) x (0.067 + 0.01 + 0.016)} = 0.000177

These modifications change the NUREG 1150 sequence by replacing the term INJ-Fails with failure:
failure of either the charger diesel or the new injection capability, or (0.019 + 1.70E-04) = 0.019

Early failure of HPCI has little impact on the injection success rate due to the diversity on injection
systems provided by the modifications. Therefore the risk reduction is the same as Sensitivity #2. '




' Sensit_ivity 6
Treatment of Battery Common Cause Failure

Development of the battery failure rates used in the Susquehanna IPE are discussed in volume 3 Section
C.7.2.3. The analysis was based upon a review of LER through 6/31/87 and NPRDS data from 1/1/84
through 12/31/89. Based upon this data a battery failure rate on demand was estimated to be 2.40E-7/hr.
The authors of NUREG/CR-3831 report following values for battery failure from their investigations:

3.80E-08/hr. (low), 6.40E-07 (recommended) and 3.00E-06/hr (high). Clearly the Susquehanna value is

within this range. A value of 3.00E-06 was used in NUREG-1150. Susquehanna did not include a
common cause couple for batteries. A common cause couple of 0.0023 was applied for failure of 4
batteries given failure of the first. “This common cause couple is based upon work in NUREG-0666, and

is largely attributed to common maintenance errors. The diesel generators at Susquehanna can utilize DC

power from either unit. Maintenance is generally performed on the batteries during refueling outages due

to the 2 hour AOT associated with a battery being inoperable. Therefore this common cause couple -
‘should not apply across units. The batteries used to start the diesel are selected using a selector switch in

the diesel bay. Upon LOOP with failure of the diesel to start a non-licensed operator (NPO) will be
dispatched to the diesel bayes in alphabetical order to manually initiate the diesel EO-1/200/030). Time
studies show that no more than 10 minutes is required for the control room operator to observe the SBO,.

dispatch the NPO to the diesel bays and have the NPO at the A diesel panel. BWRSAR calculations

show that given power uprate conditions, core damage will occur in 79 minutes following reactor trip and
a high pressure boil off. ‘Therefore the NPO has 69 minutes to jdentify the loss of DC on the engine
panel, change the position of the DC power selector switch, place the engine in local and push the start
button. The failure to recover offsite power in 68 minutes is estimated to be 0.1 in NUREG-1150. This is
considered a conservative estimate for diesel recovery since there are many causes of loop that require
many hours to restore, where this recovery acnon reqmm posmomng two selector switches and pushing
the start button.

Based upon this evaluation the NUREG-1150 common mode failure is applied to only one unit and an '

operator error of 0.1 is applied to the selection of the alternate battery supply.



~ Sensitivity 7
: Impact of Modeling Differences and
Low Pressure ECCS Control Logic on Accident Sequence 3.

Susquehanna ATWS calculations, as well as BWROG EPG documentation, identify the potential for
severe core damage if the reactor is depressurized while either unborated or slightly borated. In the case
where SLCS is successful, but low pressure injection cannot be controlled, the injection flow may flush
the boron out of the core and cause a power excursion. For this reason without modification to the ECCS.
control logic, all low pressure ATWS events which rely on ECCS for core cooling -result in core damage.
PP&L has modified the ECCS control logic in a manner that allows the operatortooonuolthelow
pressure ECCS flow within the requirements of 'ATWS. Therefore with success of SLCS, the operator
can feed the vessel with 2-3000 gpm using LPCL Prior to this modification the operator had to either
lockout ECCS flow for five minutes or stop and start pumps. This modification was required to satisfy
defense in depth. The operator has about 300 seconds in full ATWS and 460 seconds in partial ATWS to .

initiate a rapid depressurization to-avoid core damage.. .An error rate. of 0.001 was assigned. tofailureto. .

depressurize the reactor during ATWS based upon the time allowed. The operator can either feed with
condensate or LPCI given installation of the control circuit modification. The probability of failure to '
control low pressure injection is assxgned at 0.01, glven the ablhty to control flow and the 101 inch
control band.

Crediting the operator for mmatmg rapid blowdown has allowed us to uncover additional potennal
significant operator errors during ATWS. Discovery of this error has led to a plant modification to allow
the operator to control low pressure flow and a level control band that assures core cooling and reactivity
control, while providing the operator with a procedure that can be implemented. o

Replace NUREG-1150 operator error - ESF- XHE-FO-DATWS = 0.2 with

{operator fails to depressurize or operator fails control low pressure mjecnon} [0 001 +O. 01] 0 011
' Risk Reduction becomes: 001102 =0.055

This risk reduction is placed in the modelmg column due to the different treatment in low pressure ATWS
operation. ) A



Comparison of NUREG-1150 and Susquehanna Analysis

Failure to recover offsite power at 18 hours

Peach |

Ttem - Description : Bottom | Susquehanna | note .

T3A Transient with PCS initially available 2.5 2

T3C IORV 0.19 -0.01 1

RPSM Mechanical ATWS 1.00E-05 | 1.80E-05 2

SLCS-XHE-RE- | ' : .

Driver | Operator fails to restore SLCS after test 3.19E-02 | 2.00E-03 3

SLCS-XHE-FO- o | ' ‘

Driver Operator fails to initiate SLCS 2.00E-02 | 2.00E-03 3
‘| SLC-SYS-TE- » ‘ '

SLC SLCS system unavailable due to test 3.40E-03 3

ESF-XHE-FO- . ' ‘

DATWS . |Operator fails to depressutize during ATWS |~ 02~ |- ~

HCI-TDP-FS- - : ' ' ‘

20837 Turbine Driven Pump Fails to start 3.00E-02 | 1.70E-02

T1T Loss of Offsite Power 0.079 0.071

ESW-XHE-FO- ‘ ’

EHS Operator fails to start Emergency heat Sink 0.9 na

ACP-DGE-FR- | - | |

EDGB Emergency Diesel Generator fails to run 0.016 0.024

ACP-DGE-FR- | - . : ‘

EDGC Emergency Diesel Generator fails to run 0.016 0.024

INJ-Fails Failure of Injection Systems 0.5 1

DGHWN v | ,

R12HR Failure to recover Diesel at 12 hours 055 | 1

LOSPNR18HR 0.0074 0.069
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159, 160, 163- | 5.8 X Reran SABRE Case 08.
172 )
REVISION TYPE: (J SUPERSEDED BY CALCULATION NUMBER EC-
(check one) [ FULL REVISION Bd PAGE FOR PAGE

FORM NEPM-QA-0221-2, Revision 2, ELECTRONIC FORM




PPL, Inc

ENGINEERING CALCULATION STUDY
REVISION DESCRIPTION SHEET

REVISION NO: 8

CALCULATION NUMBER:

EC-ATWS-0505

This form shall be used to record the purpose or reason for the revision, indicate the revised pages and / or affected sections and give a
short description of the revision. Check ( x ) the appropriate function to add, replace or remove the affected pages.

A R R Description /
Revised Affected I,
d .
Pages Sections g ll) ? Purpose of Revision
179, 181-185 | 5.10 X Reran SABRE Case 10. Reduced max step size from 100 msec to 50 msec.
188, 189 5.1 X Reran SABRE Case 11. '
191, 194, 195- | 5.12 X Reran SABRECase12. - o
199 :
203-212 5.13 X Reran SABRE Case 13.
213,214,216, | 5.14 X Reran SABRE Case 14.
217,218, 219,