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U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
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Subject:

Reference:

Crystal River Unit 3 - Response to Request for Additional Information Regarding
Third 10-Year Inservice Inspection Program - Risk-Informed Inservice Inspection
Program for Class 1, ASME Code, Category B-J and B-F Piping Welds - Question 1

PEF to NRC letter dated July 1, 2005, "Crystal River Unit 3 - Response to Request
for Additional Information Regarding Third 10-Year Inservice Inspection Program -
Risk-Informed Inservice Inspection Program for Class 1, ASME Code, Category B-J
and B-F Piping Welds"

Dear Sir:

Florida Power Corporation, doing business as Progress Energy Florida, Inc. (PEF), provided the
Crystal River Unit 3 (CR-3) response to the NRC Request for Additional Information (RAI)
regarding the Risk-Informed Inservice Inspection (RI-ISI) Program for Class 1, Code Category B-J
and B-F piping welds in the referenced letter. The RAI response provided two attachments which
included the CR-3 response to NRC Questions 2 and 3 and replacement pages for the PEF to NRC
letter dated November 10, 2004. The above referenced letter mentioned that based on a June 30,
2005, teleconference with the NRC, Question 1 of the RAI would be submitted separately.

The attachment to this submittal hereby provides the CR-3 response to Question 1 of the RAI.

No new regulatory commitments are made in this submittal.

If you have any questions regarding this submittal, please contact Mr. Sid Powell, Supervisor,
Licensing and Regulatory Programs at (352) 5634883.

Sincerely,

MJ4••J. Annacone
Manager Engineering

MJA/ff

Attachment: Response to Request for Additional Information Regarding Risk-Informed Inservice
Inspection (RI-ISI) Program Plan - Question 1

xc: NRR Project Manager
Regional Administrator, Region II
Senior Resident Inspector O f I

Progress Energy Florida, Inc.
Crystal River Nuclear Plant
15760 W. Powerlinc Street
Crystal River, FL 34428
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Question 1

On Page 4 of your submittal, you describe an industry peer certification review process
that was performed in September 2001 on the Crystal River Unit 3 PSA model. Per
Regulatory Guide 1.178 dated September 2003, please list all Level A and B "Facts and
Observations" from the review and how they have been addressed in the PSA model. If
some of the Level A and B "Facts and Observations" have not been addressed, please state
why they are not expected to result in model changes that could significantly affect the
overall results or conclusions of the RI-ISI consequence evaluation.

Response

The table that follows contains the significant (level A and B) facts and observations (F&Os)
developed during the Babcock & Wilcox Owners Group (B&WOG) peer review performed on
the CR-3 Probabilistic Risk Assessment (PRA) in September 2001. Each of the F&Os has been
addressed and models and documentation updated accordingly. The information was mainly
prepared in 2002 and reflects the references and revisions of that time. Updates to the PRA and
references since that time would be reflected in the formal PRA documentation. However, this
list of F&Os is considered historical and does not get revised. The text of the F&Os has been
extracted from the original document. Below is a listing of the most frequently used acronyms:

AS - Accident Sequence
ASME - American Society of Mechanical Engineers
ATWS - Anticipated Transients Without Scram
BWST -Borated Water Storage Tank
CCF - Common Cause Failure
CET - Containment Event Tree
CDF - Core Damage Frequency
CFTI- Core Flood Tank
CFV-1 Core Flood Valve-i
CFV-3 Core Flood Valve-3
CSET - Containment Systems Event Tree
DHV-5 - Decay Heat Valve-5
DHV-6 - Decay Heat Valve-6
DHR - Decay Heat Removal
EFP-1 - Emergency Feedwater Pump-i
EFP-3 - Diesel Driven Emergency Feedwater Pump-3
EFW - Emergency Feewater
EOOS - Equipment Out of Service
FMEA - Failure Mode and Effects Analysis
FSAR - Final Safety Analysis Report
FWP-7 - Diesel Backed Feedwater Pump
HVAC - Heat Ventilation and Air Conditioning
HRA - Human Reliability Analysis
HPI - High Pressure Injection
IE - Initiating Event
IEEE - Institute of Electrical and Electronic Engineers
ISLOCA - Interfacing system LOCA



U. S. Nuclear Regulatory Commission Attachment
3F0705-09 Page 2 of 24

LER - Licensee Event Report
LERF - Large Early Release Frequency
LOCA - Loss-of-Coolant-Accident
LPI - Low Pressure Injection
MFW - Main Feedwater
MLOCA - Medium Loss-of-Coolant-Accident
SAC - Nuclear Safety Analysis Center
OTSG - Once-Through Steam Generators
PRA - Probabilistic Risk Assessment
PSA - Probabilistic Safety Assessment
PORV - Power Operated Relief Valve
RCP - Reactor Coolant Pump
RCS - Reactor Coolant System
RW - Decay Heat Seawater
SG - Steam Generator
SGTR - Steam Generator Tube Rupture
SRV - Safety Relief Valves
SW - Nuclear Services Closed Cycle Cooling Water
TH - Thermo Hydraulic
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F&O-AS-17 B

Observation:

Several examples were found in which the basis for the success criteria was non-existent
(traceability) or appeared to be incorrect in the AS package. Below are three examples:

- Section 2.2 states that for medium LOCAs, including core flood line breaks, HPI flow alone
should be sufficient to prevent uncovering the core. Table 3 additionally states that only one of
the three HPI pumps is required for medium LOCA. The success criteria in Table 3 is referenced
to Section 14.2.2.5.7 of the FSAR. However, this success criteria is not consistent with the
analysis described in section 14.2.2.5.7.4 of the FSAR, for a core flood line break, which
credited one HPI pump and one core flood tank

- A check was made of the referenced basis for the success criteria for a Medium and Small
Break LOCA for the function of "Control of RCS Inventory". The AS package shows that the
success criteria is 1 BPI pump operating and delivering flow to at least two injection nozzles,
starting about one hour from the initiation of the LOCA. However, the reference (FSAR
14.2.2.5.7) states that the core cooling provided by the 3 unaffected injection lines is adequate
for meeting 10CFR50.46 requirements.

- No basis exists for the success criteria for Small Break LOCA in relation to the Decay Heat
Removal Function and the system requirements for success.

Resolution:

A review has been conducted of the accident sequence success criteria, and each is now
referenced to the FSAR or a plant-specific analysis. Criteria which are consistent with single
failure criteria are not separately referenced or justified, since the criteria is consistent with the
plant design basis. The specific examples cited were resolved by plant-specific thermal-
hydraulic analyses for CFT operation, and plant-specific analyses for small LOCA decay heat
removal. The example for HPI for medium and small LOCAs was incorrectly documented, in
that injection to three of four lines by one HPI pump was the success criteria, consistent with the
FSAR. A provision is made to allow for injection by two HPI pumps into only two of four lines,
which provides equivalent flow to the FSAR criteria based on a design calculation, which is now
referenced. In addition computer program MAAP runs have been run to assess the need for
CFTs for the range of MLOCAs (RSC-01-61).
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F&O-AS-24b B

Observation:

Throughout the AS package the text depicts the system response and other phenomenological
related issues associated with the various sequences. However, in many cases, no references exist
for the material presented. This lack of references, cast some doubt on the validity of the
material.

Resolution:

A review of the AS success criteria references has been completed and references to FSAR,
calculations, or plant-specific analyses provided.
F&O-AS-9 A

Observation:

The success criteria for transients without scram takes credit for successful termination of
sequences in which stable plant conditions have not been achieved. Examples are sequences TK
and TKB 1 in which reactor subcriticality via HPI boration has not been achieved. Successful
termination of ATWS should not be assumed unless there is stable plant conditions including
long term management of core reactivity. TKB1Q is not an issue because HPI is successful and
this provides emergency boration. In a related example, for SG tube rupture, successful
termination is declared for sequences with failure to isolate the SG with successful long term
cooling without any evidence that stable plant conditions including inventory control and
containment functions have been achieved. The lack of plant specific thermal hydraulics
analysis tends to reinforce this comment. Discussion of this issue with the PRA group indicated
that they had already identified the need to modify the treatment of these sequences as part of a
future update.

Resolution:

For SGTR, the event tree has been re-evaluated and restructured to assure a stable end state
exists for all sequences which do not lead to core damage. For cases where the ruptured OTSG is
not isolated and the RCS cannot be fully depressurized by using the DHR system, makeup to the
BWST for continued inventory control is required. All sequences require some means of heat
removal (secondary cooling, DHR, or recirculation cooling) and inventory control (isolation of
the ruptured SG or long term HPI with BWST makeup or recirculation). When HPI is not active,
the sequence has been revised to require all of the following: secondary cooling, bleed-and-feed
cooling, isolation of the ruptured SG and eventual DHR cooling. The ATWS sequence has been
revised to require emergency boration to achieve subcriticality in all cases.
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F&O-DA-15 B

Observation:

A review of the internal flood initiating event frequencies results in several observations: The
piping system failure rates appear to be reasonable, but the failure rate assigned to circulating
water expansion joints appears to be too low and on the order of the frequency of small RCS pipe
breaks. Condenser expansion joint failures have occurred in similar plants and therefore, these
low frequencies are unjustified. In addition, the contribution to flooding from maintenance
induced causes has not been adequately considered. Service experience with flooding indicate
that more than 99% of serious floods are not the result of passive pipe breaks but are more likely
the result of human errors in maintenance. These issues suggest that internal flood contributions
to CDF in the current model may be significantly understated.

Resolution:

The existing expansion joint failure probability of 2.55E-8 per hour per expansion joint is based
on the Duke Power experience identified in NSAC-60 (Oconee PRA). A review of available data
sources identified NERC (1.14E-6 per hour per plant) based on nuclear industry data through
1981, WASH-1400 (3E-7 per hour per joint) with no specific basis, and IEEE 500-1984 (1E-6
per hour) based on 3 inch corrugated steel piping. The IEEE data was not directly applicable to
CR-3 expansion joints, and the WASH data was considered dated and without a firm basis. The
NERC data was applied along with the NSAC data for Duke, adjusted for an assumed ten
expansion joints per unit (CR-3 actually has twenty). The result was a failure probability of
8.69E-8 per hour per expansion joint. See IE-13A for disposition of maintenance induced
flooding events.
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F&O-DE-10 B

Observation:

The assumptions and ground rules for screening the internal flooding analysis listed in Section
1.0 of the Internal Flooding notebook are questions. Item 5 has no practical impact because all
external tanks have pipes routing water flows into the major plant buildings, and hence flow
paths from the tank into the buildings can be easily be postulated for all cases. Also item 7 is
suspect and may screen out potentially important scenarios because if a flood occurs that
damages systems needed to support critical functions but that does not cause a plant trip, if the
technical specifications force a manual shutdown the plant when shutdown is still practically as
vulnerable as it would be if a sudden plant trip does not occur. Also the 3.03b Technical
Specification would require a fairly quick shutdown.

Resolution:

A note has been added to item 5 identifying that no tanks satisfy the criteria. For item 7, there are
five zones which have a flood potential without an initiating event but with PSA equipment in
the zone (and therefore the potential for a required plant shutdown without a trip). Two zones,
AB-75-5 and -4, are the decay heat pits A and B, and these are modeled as flood scenarios. One
zone is the EFP-3 pump house, and this zone would not require a shutdown. The remaining two
zones are in the control complex and would result in failure of HVAC in the control room.
While this would likely require a plant shutdown, the effects would be limited to instrumentation
and control systems which could be mitigated by operator action, and so would not be expected
to be a significant contributor to core damage due to flooding. Item 7 has been revised to
indicate how it has been applied.
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F&O-HR-19 A

Observation:

The time available for human actions is in most cases not based on any documented analysis.
Some human events were applied to sequences although the time windows were based on other
sequences with less restrictive timing. Additionally, in some cases the time windows are not
consistent for similar actions. This is considered a significant observation because the total core
damage frequency for several sequences should increase by a large factor if the timing is
corrected. The following are examples of event timing that significantly impacts the calculated
human event probability: The sequence TBLU is defined in the accident sequence notebook as
an extended loss of heat removal via the SG and failure of feed and bleed cooling. The dominant
human action for this sequence is QHUFWP7Y which represents actions to establish feed flow to
the steam generators. However, the time window for this human action of 120 minutes is based
on more long term sequences with the success of HPI. Human events QHUEFP1Y and
QHUFWP7Y and both represent actions to establish feed flow to the steam generators.
However, event QHUEFP1Y is based on a time window of 480 minutes and QHUFWP7Y is
based on a time window of 120 minutes. Neither of these time windows is consistent with the
time to initiate feedwater that is documented in the accident sequence notebook of 30 minutes.
Additionally, due to the difference between the time windows the core damage frequency for cut
sets involving these pumps goes down by four orders of magnitude when FWP-7 is taken out of
service. The following two cut sets illustrate this problem: Cut set number 12 has a value of
3.432E-8 and is identical to cut set number 10972 with a value of 2.737E-12 except cut set
10972 represents the case where FWP-7 is not available due to maintenance (event
QPMFWP7M is added to cut set 10972). Despite the addition of a significant component out of
service the frequency goes down due to the more favorable HPE assigned to QHUEFP1Y.
Human event RUCOOLY represents the failure of operators to initiate cooldown after a SGTR
and is evaluated with a negligible value based on the long time available before the BWST is
depleted. However, this event is also applied in the RU sequence where the timing is based on
initiating cooldown in a time window that ensure the cooldown can be completed before the core
uncovers. This time window is not considered in the HRA worksheet.

Resolution:

A revision of the HRA has been completed. All of the HRA events have been reviewed by PSA
and Operations personnel. References for timing have been included based on existing CR-3
calculations/reports or by performing MAAP runs specifically for the PSA. In cases where the
same event can be applied to multiple sequences which have different timing, the bounding (or
worst case) time windows were used for the base case. The following specific changes were
made to address the examples provided, although all HRA events have been reviewed and
revised as necessary: The time window for event QHUFWP7Y has been changed to 60 minutes
based on based on MAAP analysis and the assumption that HPI is not operating. The same time
window of 60 minutes was applied to QHUFWP7Y and QHUEFP1Y based on MAAP analyses.
The AS reference was also changed to 60 minutes. RHUCOOLY has been reviewed as part of
the described above. For the RUC sequence it is given that the affected OTSG has been isolated
and that OTSG cooling is available. Therefore, the core damage timing is a long term issue
associated with EFW inventory which is > 12 hours.
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F&O-HR-26a B

Observation:

The dependence between actions to mitigate flooding events and other human actions is not
formally evaluated in the HRA documentation. In a number of cutsets flooding mitigation
actions are considered to be independent of manual actions taken outside the control room. In
particular event QHUEFWMR was considered independent of flooding initiators although the
time available was short and the working environment was considered "good" for the evaluation
of this event.

Resolution:

The flooding events were all considered integral to the initiating events, and therefore
independent. A review of ex-control room HRA events was conducted, and fault tree logic
changes made to preclude crediting HRA events which would be affected by flood initiators.
Statements reflecting this discussion have been added to the HRA dependency study.
QHUEFWMR is a control complex action in the EFIC or switchgear rooms to remove power
from the EFW control valves. The event is related to a long-term loss of HVAC, and would not
be precluded by flood initiators.
F&O-HR-26b B

Observation:

The method for evaluation of dependencies was developed for the base case PSA quantification.
When different cases are quantified with other components out of service different combinations
of human actions will potentially become significant.

Resolution:

The dependency analysis is complete and relevant to the current CR-3 models. Alternate
equipment alignments were considered and dependencies were developed. Most PSA
applications are extensions of the base case, and thus the current analysis would be applicable.
Unique applications of the PSA models would have to consider impacts to the baseline analysis
assumptions, including the scope of the HRA dependency analysis. This F&O does not appear to
be appropriate for the scope of this peer review. Without specifics, no further action is justified.
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F&O-HR-26c B

Observation:

The steam generator tube rupture sequence RQX involves failures of isolation, makeup to the
BWST and establishment of DHR. These events would normally be considered dependent in
that they are all mitigating the same event and have similar timing, but this dependency was not
identified. Adding this dependency would result in a significant increase to the frequency of
sequence RQX.

Resolution:

The SGTR event tree has been restructured to separate these events. Subsequent to this, a review
and revision of the HRA dependency analysis has been completed, and dependencies among
SGTR mitigating actions have been accounted. Although they are widely separated by time, a
dependency has been added to the Y (BWST) event and the Q (isolation) event.
F&O-IE-1Oa A

Observation:

The team found no evidence a structured approach (such as a system by system review for
initiating event potential, or an FMEA or fault tree) was used to assess and document the
possibility of an initiating event resulting from support system failures.

Resolution:

A system-by-system review has been completed. Documentation of this review has been
enhanced by adding a summary of the evaluation to each system notebook. Two new initiating
events, loss of raw water and loss of makeup, have been added to the initiating events.
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F&O-IE-lOb A

Observation:

An initiating event for the failure of all five raw water pumps was not included or discussed in
the initiating event notebook and was not included in the PSA fault trees. This failure was
neglected despite the fact that the common cause failure of all five raw water pumps
(SCCPMRWF) dominated the frequency of initiating event T10. Initiating event T10 represents
only the loss of the nuclear services seawater system and the event SCCPMRWF was
inappropriately applied to this initiating event. The value of SCCPMRWF corrected to a yearly
frequency is 1.05E-03, as documented in the attachment of the initiating event notebook. The
HEP for the operators failing to trip RCP, given no seal injection and cooling is 6.OE-03.
Therefore, if SCCPMRWF were applied properly a new cut set with a frequency of 6.3E-06
would be generated. This would be a significant addition to the base core damage frequency.

Resolution:

The 5/5 CC failure of the RW pumps was a incorrectly applied to the T1O model. The event
should have been 3/3 RW-SW pumps. The 5/5 event is actually a loss of intake event. A re-
evaluation of common cause failures in the raw water system has been completed by ERIN
Engineering and documented in their report Estimation of Loss of Intake Structure Event
Frequency at Crystal River 3, S0218010002-1879-121901, December 2001. A new initiating
event for loss of raw water, IE-T1 1, has been added to the CR-3 PRA model with a frequency
calculated as 1.61E-7 per year. The common cause failure evaluation of the raw water pumps
over the mission time of 24 hours has been revised to be consistent with this evaluation.
F&O-IE-13a B

Observation:

The initiating event frequencies calculated in the Internal Flooding Analysis notebook were
calculated only using pipe and component failure rates without considering industry experience.
Industry experience is necessary to include the impact of maintenance flooding events, which
can in some cases contribute significantly to initiating event frequency. This omission could be
significant due to the spatial dependencies of important equipment at the plant.

Resolution:

Maintenance events have now been considered and added to the flooding initiating event
frequencies. Maintenance is considered for all the valves, pumps and heat exchanger shells
identified in the flooding study. Isolation failures during maintenance as well as restoration
errors have been incorporated.
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F&O-IE-13b B

Observation:

NUREG/CR-5750 includes three small break LOCA initiators which are not considered for
plant: random failure of the RCP seals (2.2E-3/yr), spurious operation of the primary side
PORVs (9E-4/yr), and spurious operation of the primary side safety valves (9E4/yr).

Resolution:

The relevant sections of NUREG-5750 were reviewed. The frequency numbers identified could
not be verified in the report. The following dispositions the three items. 1. Spurious RCP Seal
LOCA. The engineering analysis of the RCP seal LOCA identified that no catastrophic seal
failures have occurred since 1980, while the frequency calculated is based on all data since 1969.
The report identified industry efforts to improve seal performance since the 1970s. RCP seal
cooling is already included in the plant PRA model as a required safety function following a non-
LOCA transient. Based on the lack of recent events (22 years), the plant considers that the
NUREG-5750 frequency estimate for this event of 2.5E-3 per year (Table 3-1 and Table D-12),
calculated using all industry data including the failures prior to 1980, would be overly
conservative and would skew the overall PRA results too heavily to this type of LOCA. 2.
Spurious Operation of Primary PORV. The events involve a PORV opening and causing a
reactor trip. No events have been observed since 1987. In the PWR events, the valves re closed
after opening and after the reactor trip, and therefore the probability of the PORV failing to re
close may be considered in calculating the frequency of this event, since if the valve re closes or
is isolated by the block valve, then the event is just a simple reactor trip initiator which is already
included in the PRA model. The frequency of a PORV spuriously opening and causing a reactor
trip is identified as 1E-3 per year (Table 3-1 and Table D-12); the probability of a PORV failing
to re close is 1.26E-2, and the probability of failure of the PORV block valve to close is 4.65E-3
(from plant basic events file). Thus, the frequency of a spurious PORV opening and failure to re
close is 5.9E-8 per year, which is insignificant compared to the small LOCA frequency of 5E-4
per year. Therefore, a spurious PORV opening is not considered to require separate consideration
in the plant PRA model. 3. Spurious Operation of Primary SRV. (Note: NUREG-5750 is
somewhat vague on whether this event is analyzed. Section 4.4.5 states that the scope of SRVs
included in the study are PWR PORVs and BWR safety and ADS valves only. The events
discussed include a pressurizer code safety valve at Fort Calhoun (a PWR). A separate line item
is provided for PWR safety relief valves (separate from PORVs) in Table 3-1, with a frequency
of 5E-3 per year (Table 3-1 and Table D-12). The relief valve challenges include events
involving an initiating transient which challenged the valve and then allowed it to stick open.
This scenario is already addressed in the fault tree model, and so directly including a spurious
SRV opening would be "double-counting" to some degree. Spurious operation of a safety relief
valve during steady-state operations, without re closure of the valve, has not occurred in PWRs
(Table I-1), and is not considered credible during steady-state operations as an initiating event.
Combining the 5E-3 per year frequency with the failure to re close of 1.26E-2 yields a frequency
of spurious stuck open SRV of 6.3E-5. This number is conservatively high since it includes
transient-induced failures which are already included in the model. The number would increase
the small LOCA initiator frequency from SE4 to 5.63E4, a 12.6% increase. The small LOCA
frequency from Table 3-1 is an order-of- magnitude estimate (range 1E-3 to 1E-4 per year), and
so including an additional conservative 12.6% increase in the frequency is not considered to be
necessary.
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F&O-IE-14b A

Observation:

Several factors contribute to the underestimation of the interfacing system LOCA frequency.
Although these factors would not have a significant impact of CDF, ISLOCA is a significant
contributor to LERF.- Events LCVOO1VJ and LCV003VJ have exposure time based on one year.
However, the exposure time for these events should be based on the frequency of tests that verify
no back leakage through these valves. The initiating event analysis of an interfacing system
LOCA in the LPI injection line only considers the possibility of a LOCA due to internal rupture
of DHV-5 or DHV-6. However, the analysis fails to evaluate the possibility that the valves are
opened for the quarterly test and fail to close. This scenario would have a frequency at least an
order of magnitude greater than the internal rupture that was considered. The analysis
considered only that failures of CFV-1 or CFV-3 could initiate the ISLOCA. However, failures
of DHV-1 and DHV-2 would also initiate the event if CFV-1 or CFV-3 were already failed.

Resolution:

The plant ISLOCA was reanalyzed using current industry standards by ERIN Engineering and
the results documented in their report. The results of this evaluation have been incorporated into
the plant model and the above issues are no longer applicable.
F&O-IE-17 B

Observation:

The team found no evidence that a systematic evaluation was performed to identify the need for
and application of techniques such as plant-specific models or FMEAs, to quantify initiating
event frequencies and recovery.

Resolution:

A system-by-system review has been completed. Documentation of this review has been
enhanced by adding a summary of the evaluation to each system notebook.
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F&O-L2-1 A

Observation:

There was work in progress to update the Level 2 PRA at the time of the certification. The IPE
included a very well documented containment performance analysis which was consistent with
the state of the art of industry Level 2 PRA in the early 1990's when that work was performed.
Since that period of time there has been very little change in that state of the art. Hence, the
primary drivers for the need for updating the Level 2 analysis is the need to interface with an
updated Level 1 analysis which includes the need for plant specific thermal hydraulics analysis,
incorporation of design changes and the need for consistency between the tools used for the
Level 1 and Level 2 thermal hydraulics analyses. Draft documentation was provided for the
current Level 2 update which was sufficient to support review of the methodology but did not
include the results. Hence the review team was unable to assign a grade to the Level 2 element as
a completed updated and documented LERF analysis was not available. In order to support risk
informed applications may impact LERF and that reflect the current as-built and as operated
plant, it is very important that the Level 2 update be completed. The methodology for the
treatment of the Level I/Level 2 interface and the treatment of severe accident phenomena in the
IPE should provide a good foundation for completing this update.

Resolution:

LERF quantification and evaluations have been completed and are documented in the model of
record calculation.
F&O-L2-11 B

Observation:

The fault tree models for the containment safeguards tree were either not yet completed or
othervise not provided in the containment safeguards event tree document. There was no
evidence in the writeup however to indicate that adverse effects of severe accident phenomena
on the operability of the fan coolers or containment sprays had been considered.

Resolution:

Only safety-related equipment qualified for the post-accident containment environment are
credited in the CSET. The functioning of the containment safeguards components at the point of
onset of core damage, and prior to breach of the reactor vessel, is used to establish the
containment conditions at the beginning of the level two containment evaluation. The
containment event tree analysis implicitly considers the limited mitigating capability of the
containment safeguards systems, depending upon the overall phenomenological response for a
particular level two sequence. The development of the CSET and the CET reviewed the physical
layout and characteristics of the containment building to verify there were no unique equipment
vulnerabilities which needed to be addressed in the analysis. This is consistent with the treatment
of such environmental dependencies in other PGN plant PRA models.
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F&O-L2-21 B

Observation:

The IPE version of the Level 2 analysis includes a reasonably complete definition of release
categories that can be used to support the current Level 2 update. The draft update
documentation does not include any material on release categories, but the IPE treatment is still
adequate to support applications. However, there needs to be developed a mapping of release
categories into an accepted industry definition of LERF when the update is completed. A
spreadsheet was provided that suggests how this will be done but this has not been sufficiently
documented to provide a definitive grade. The spreadsheet that was provided suggests that small
containment isolation failures is being considered for LERF. However, small isolation failures
are excluded from accepted industry definitions such as those in ASME PRA standard Draft 14.

Resolution:

The Containment Safeguards Event Tree documentation includes section 5.0, which identifies
release categories and their mapping to LERF. The definitions of LERF are consistent with the
ASME draft standard as regards the small isolation failures. LERF quantification and evaluations
have been completed and are documented in the model of record calculation.
F&O-L2-7 B

Observation:

The logic rules for binning core damage cutsets provide an adequate basis for interfacing the
Level 1 and Level 2, however a consistent application of these rules will require completion of
the ongoing MAAP analyses in support of both the Leve] 1 success criteria and the Level 2
severe accident treatment.

Resolution:

MAAP analyses to support the PRA models for both level one and two have been completed.
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F&O-L2-8 B

Observation:

The CR-3 containment event tree and it documentation does not address the potential for
thermally induced steam generator tube ruptures which have been identified in previous PWR
Level 2 PRAs as a contributor to large early release type of scenarios. Discussion with the
B&WOG team members indicates that there may be some potential for induced heating of the
SG tubes if loop seals are cleared during a high pressure core damage sequence with no SG heat
removal. Loop seal clearing may occur as a result of operator actions to try and restore core
cooling or due to thermal hydraulic phenomena that are not within the capabilities of MAAP to
predict. The basis for excluding this event in the IPE models refers to IPE Reference 4.5-1 as the
justification that this event was too low in probability to consider. There are two issues with this
statement, first the quoted reference provides a very significant probability of this event for Surry
that was sufficient to provide a basis for including this event in the APET. So the IPE mistates
the information in the reference. Second, the reference is for a Westinghouse PWR and the basis
for how that applies to this B&W plant with different steam generator and loop piping is not
provided.

Resolution:

The revised level two analysis addresses induced SGTR in section 3.3.4. The basis for not
evaluating this phenomenon is the physical design of the steam generators compared to the U-
tube generators in Westinghouse plants. Engineering judgment of the level two consultant who
prepared the analysis is used to determine that the probability of the tube failing compared to the
probability of the hot leg weld is not as likely, and so it is not separately considered. A review of
industry literature (prior PRAs documented by the NRC in NUREGs) revealed that this
phenomenon is evaluated qualitatively as to its probability by expert elicitation, and so there is
no thermal-hydraulic basis available. Engineering judgment is therefore appropriate to
disposition this item.
F&O-MU-1 B

Observation:

While there was some guidance provided in CR-3 PSA-02 Guideline for PSA Model Changes
and "Updates to PSA Models," ADM-NGGC-0004, Revision 1, this guidance was judged to be
very high-level and not very useful to a PRA engineer to implement an update process.

Resolution:

Procedure ADM-NGGC-0004 has been enhanced to add more detail.
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F&O-MU-11 B

Observation:

There was no guidance provided for the re-evaluation of previously performed PRA applications.
Nor is there any evidence that, even without guidance, that such a re-evaluation was performed.
For these reasons, no grade could be given for these sub-elements. However, the notable
exceptions were explicitly referenced in "Updates to PSA Models," ADM- NGGC-0004, were
making changes to the EOOS model (as would be evidenced by a new engineering calculation),
and Maintenance Rule Analyses ... though no guidance is provided to determine what impacts
are significance.

Resolution:

Progress Energy does not agree with this item. Procedure ADM-NGGC-0004 identifies the
specific prior analyses (i.e., maintenance rule analyses) which requires disposition following a
model update. Other applications do not have requirement for being living models, and as such
are not specifically required to be revised.
F&O-MU-13a B

Observation:

As pointed, the ability to review the documentation, independent review, and basis for provide
traceable results will depended on the development and implementation of a detailed update
process. in F&O-MU-1, the guidance provided in CR-3 PSA-02 Guideline for PSA Model
Changes and "Updates to PSA Models," ADM-NGGC-0004, Rev. 1 (CP&L procedure) was
judged to be very high-level and not very useful to a PRA engineer. In addition, there does not
appear to an "update process" in place. Accordingly, these sub-elements could not be graded.

Resolution:

Procedure ADM-NGGC-0004 has been enhanced to add more detail.
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F&O-MU-13b A

Observation:

This F&O is intended to be a cross-cutting F&O summarizing the impact of the lack of a detailed
maintenance and update process. As has been pointed out in other F&O, the guidance provided
is high-level and not very useful for implementation. In addition, even in the absence of
guidance, there are not mechanisms being used by CR-3 to ensure that the update process can
proceed in a systematic, logical, and documented fashion. The primary concern resulting from
this over-arching F&O is that the inability to perform a defensible PRA update or recognize
when one is needed could impact the ability to use an updated PRA for future application. The
Certification Process includes the Maintenance and Update element to ensure that when changes
are made (e.g., as recommended in the other elements), that the PRA will continue to be robust
and that the host utility will have confidence in the ability to use the PRA results. Without a
definitive update process, this can not occur.

Resolution:

Progress Energy disagrees with this item. CR-3 requirements for model updates are being
changed to use the existing Progress Energy corporate procedures. Because the current model is
a significant revision to the existing model, and is being processed at the same time the new
requirements are taking effect, it is not possible for CR-3 to "demonstrate" application of the
update process. There is no evidence that the CR-3 model is not current with the plant
configuration, and plant-specific data is also current through 1999. The procedures for model
updates are in place, and will be followed going forward from this point. There is no action
which can be taken to satisfy this finding, short of actually performing an update.
F&O-MU-2 B

Observation:

The general description of guidance provided in CR-3 PSA-02 Guideline for PSA Model
Changes and "Updates to PSA Models," ADM-NGGC-0004, Revision 1, represented only a
general, high-level adherence to accepted industry approaches. See "Possible Resolution" for
some specific guidance that should help provide a reasonable basis for performing the
maintenance and update process.

Resolution:

Progress Energy does not agree with this item. A specific update frequency is not provided, but
each refueling ADM-NGGC-0003 requires a review and disposition of the model and
outstanding changes, documented in accordance with corrective action program, to be conducted
and approved as an evaluation. Requirement to document model changes and errors per the
corrective action program are in place. A "separate but equal" system for the PRA models is not
being implemented.
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F&O-MU-4 B

Observation:

While the guidance related to the update process does not specifically identify information
sources that should be used, a process exists at CR-3 for some information to be forwarded to the
PRA engineer. These are system modification (via NEP-210A, Rev. 6) and procedure changes
(via AI-400F). However, there are other change "information sources" for which there is not
formal mechanism to transmit information to the PRA engineer, or to require (e.g., by procedure)
the PRA engineering to seek this information. These information sources include: operational
experience (e.g., LERs), Tech. Specs., revised engineering calculations, emergency plan, and
industry studies (e.g., outside of CR-3).

Resolution:

Although there is no formal PRA required review for some of these items, a PRA review can and
is used when the responsible party is unsure of PRA impacts. Since the PRA is a controlled
document, cross references exist to other controlled documents such that potential impact should
be recognizable. As stated above, formal review is required when a plant change is made. In
addition, items such as LERs are generally mass communicated providing ample opportunity for
the PRA engineer to recognize potential model impacts.
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F&O-QU-10 A

Observation:

Review of the cutsets indicates that operator actions were quantified with little or no
consideration of the dependence of the human action error rate on the sequence specific
conditions including the impact of the initiating event on performance shaping factors. The first
action picked to investigate this issue was event QHUFWP7Y which involves operator actions to
start pumps FWP 7 and EFP 1 that was quantified with the error rate of 2.8E-2. A review of the
cutsets where this event and error rate is applied indicates that it appears for sequences
associated with the following initiating events: T1, T2, T4, T8, T9, T1O, and T15 and several of
the internal flood sequences which spans such diverse initiating events as SGTR, total loss of
service water, loss of offsite power, reactor trip, internal flooding, and loss of electrical buses.
The assumption that this action is independent of the intiating event is incredible and is believed
to contribute to the low CDF calculated for this PRA. In addition there is one cutset where this
same action is applied independently in which there are operator actions to fail to isolate the
flood. The treatment of dependence of operator actions not only on concurrent human actions
but also on the sequence dependent performance shaping factors is questioned. Because this
particular action is the most important in terms of F-V ranking, it is believed that inadequate
treatment of human dependencies just for this action alone has resulted in a significant
underestimation of CDF.

Resolution:

CR-3 has a very robust secondary cooling capability which includes not only MFW and three
diverse EFW pumps, but a manually actuated, 100% capacity, diesel-backed AFW pump train
(FWP-7). Following any loss MFW and the automatic EFW, the operators are instructed by
EOPs to use the backup AFW pump FWP-7, regardless of why EFW was lost or what the
initiating transient event was. Because FWP-7 has an independent diesel generator power
source, it is also useful for loss of offsite power scenarios including station blackout. Since
secondary cooling is required for small LOCAs and SGTRs, FWP-7 can also be used for those
scenarios. Timing is based on the loss of EFW for the most limiting case, and so is conservative
for some initiating events. CR-3 recognizes that FWP-7 is risk significant, and the operators are
trained in its use. Regarding the flood sequences, if the operators isolate the flood before the
critical depths are reached, then there is no need for EFW. There are several floods identified
which will fail FWP- 7. Since FWP-7 is controlled from the control room, the operator actions
are not inhibited by the flood. A review of local operator actions was conducted, and the fault
tree logic was revised to assure no credit was taken when the flood would impeded the other
action. The HRA dependency analysis has been revised and consistently applied to all sequences.
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F&O-QU-11 A

Observation:

While all the reviewed cutsets make physical sense, the top ranking cutsets presented in the
current CR-3 PRA update are very rarely seen in other PRAs for PWR plants. For example, the
first ranking cutset from SG tube rupture goes to core damage because of failure to insert control
rods. There is insufficient justification provided that this can be fully explained by plant-
specific and unique plant features. It appears that many cutsets that more often dominate PWR
PRAs have been suppressed by unusual and unjustified modeling assumptions. In a related F&O
under AS, sequences involving failure to establish long term negative reactivity were not
modeled, for example. In a related F&O under IE, a cutest involving common cause failure of 5
service water pumps was included in the calculation of the initiating event frequency but was not
included in the sequence quantification. In another F&O for QU the treatment of human action
dependencies was found to be inadequate. As a result of all these comments the review team
lacks confidence that the current PRA results have successfully identified the most important
sequences for CR-3 and that the CDF and LERF estimates reflect the as-built and as-operated
plant.

Resolution:

Upon incorporation of all A and B issues related to the actual model, the quantified results are
typical of plants with similar features, given that CR-3 has diverse secondary cooling capabilities
and robust RCP seals. While further sensitivities and benchmarking may be done in the future,
there is no apparent reason to consider the PRA results to be unacceptable for current
applications. No further action is required.
F&O-QU-8 B

Observation:

Review of the cutsets from the SG tube rupture initiating event reveals a number of curiosities.
The top ranking SGTR cutset is an ATWS sequence! This does not make sense. It is uncommon
for the top ranking cutsets from this initiating event be dominated by hardware contributions and
not human errors. It appears that cutsets involving operator actions to fail to control pressure and
isolate the leaking steam generator have been suppressed by optimistic treatment of operator
actions.

Resolution:

The SGTR event tree has been revised, and the ATWS sequence has been eliminated based on
successful HPI. The existing event tree conservatively treated ATWS by not crediting any
emergency boration from ECCS. A quantitative evaluation showed that the ATWS top sequence
had a frequency below lE-10. All of the operator actions have been reviewed and updated based
on the new T-H and increased sensitivity to sequence timing. A revision to the HRA
dependency analysis has also been completed, resulting in increasing the frequency of some
SGTR sequence cutsets involving multiple HRA events.
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F&O-ST-1 B

Observation:

There was no guidance and essentially no documentation to justify assumptions made in the PRA
regarding structural issues including capability to mitigate pressure spikes from ATWS,
capability and response of low pressure piping to ISLOCA scenarios, and capability of flood
barriers to support flood propagation pathway assumptions. An exception to this was the
structural evaluation of the containment pressure capacity which was well done.

Resolution:

For ATWS, the top logic is based on generic analyses for B&W plants which is applicable to
CR-3. For ISLOCA, a detailed analysis of piping capabilities has been completed and
documented. For internal flooding, the PRA is based on the plant design basis flooding analyses.
F&O-SY-llb B

Observation:

The system notebooks have only limited discussions of the effects that accident sequences can
have on the operation of systems and components. For example, the Decay Heat Removal
System Notebook does not provide a discussion of the effects of operating the LPI pumps in the
recirculation mode. Other PRAs have discussed such effects as direct heating of the LPI pumps
because of the hot fluid passing through them and the effect that elevated temperature of water in
the sump can have on NPSH. The discussions that are provided typically do not provide a
traceable reference to basis documents or calculations.

Resolution:

Operation of the DH pump in recirculation is a normal design basis function. A review of all
other systems identified the RCS PORV as a non safety-related component required to operate in
a post-accident containment environment. A review and justification of the PORV design and
capability to function has been provided in the system notebook.
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F&O-SY-17 B

Observation:

Each system notebook contains a section that discusses success criteria used in developing the
model. However, the criteria tend to be very general, and there is no discussion of, or reference
to, supporting bases. For example, one of the criteria cited in the Decay Heat Removal System
Notebook is, "The success criterion for the DH system is defined based on the need to provide
makeup and negative reactivity to the RCS. Flow from one DH train during both the injection
phase and the recirculation phase is required. .

Resolution:

A review was conducted on all front-line system success criteria to assure either consistency with
the plant design basis (and so stated), justified by plant-specific analyses and reference provided,
or otherwise traceable to a justifiable basis document or calculation.
F&O-SY-21 A

Observation:

The system notebooks do not contain any discussion of initiating events that may be caused by
failures of the system. No systematic review of system failures for initiating events impact is
evident

Resolution:

All system notebooks have been revised in section 11 to include a discussion of the impact of
system failure and spurious system operations on continued plant operation, and disposition of
why an initiator is not included or identification of the initiators which are included.
F&O-SY-22b B

Observation:

The assumptions for the system logic model are identified; however, the supporting basis is not
always provided. For example, Section 7 of the AC System notebook identifies modeling
assumptions but does not discuss (or provide a link to) the rationale for those assumptions.

Resolution:

A review of all system assumptions was made to assure traceability to a source document, or
otherwise to provide a detailed basis for engineering judgment applied.
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F&O-SY-5a B

Observation:

System notebooks do not contain discussion of generic industry nor plant-specific operating
experience. Specific discussion of past problems with the system and performance (e.g., from
discussions with system engineer) would be useful, and related to this a discussion of failure
modes included/excluded. There is some industry data (CCF only) in the CCF notebook, but
none included in system notebook.

Resolution:

A section has been added to each notebook for OE. The use of industry OE is reflected in the
generic data, initiating events data, and in general in the plant system design and operations,
which are reflected in the model. Plant-specific experience is already contained in the failure
data as well as the initiating events. A review of prior CR-3 LERs through 1994 has been also
been added to this section.
F&O-TH-1 A

Observation:

A review of the TH element of the PSA Certification checklist against the Crystal River PSA
model revealed a lack of documentation and basis for the assumption in the Accident Sequence
analysis and the HRA timing. There is documentation to support the IPE, but this information
needs to be updated. This issue appears to be cross cutting throughout all of the elements of the
TH analysis. It is for this reason that the grade is primarily based upon the IPE documentation
and not the most recent packages. It is critical that this supporting documentation is completed in
order to defend the PSA for any risk informed applications and to complete a level 2 PSA
model. Examples: Table 5 - one hour to start injection from the initiation of the LOCA has no
reference. Analysis is lacking. No Plant specific analysis for CFT success criteria, Feedwater
flow timing, or feed and bleed timing.

Resolution:

Plant-specific TH analyses have been completed and incorporated into the success criteria for
accident sequences and in the timing analyses for the HRA.
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F&O-TH-4a B

Observation:

Section 2.1 of the Accident Sequence Notebook provides a justification assumption that only one
core flood tank is required for a large LOCA. This assumption is based on methods applied at
other B&W plants. However, the analysis cited in section 2.1 (Reference 4) was not found to be
defensible using a previous certification and the other assessment cited (Reference 5) was not
based on any analysis. See related F&O TH-1.

Resolution:

Plant-specific analyses were conducted using MAAP for a spectrum of break sizes to determine
the appropriate CR-3 success criteria for the core flood tanks (RSC 01-61, MAAP run SC-4).
This analysis verified one of two CFIs are adequate for the largest LOCAs, and confirmed that
CFl's are not required for medium and small LOCAs. An appropriate reference was provided in
the accident sequence notebook.
F&O-TH-4b B

Observation:

In section 2.4.2 of the Accident Sequence Notebook, the description of event U states that HPI
may not be needed after a SGTR if the RCS can be cooled down quickly. No analysis was
referenced to defend this statement. See related F&O TH-1.

Resolution:

The plant response to a SGTR without HPI, but with successful secondary cooldown and
isolation of the ruptured OTSG, differs from a small LOCA in that the break flow is significantly
reduced by cooldown and terminated when the OTSG is isolated. Long term cooling via the
DHR system has been added as a requirement for this scenario.


