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EXECUTIVE SUMMARY

Purpose of Evaluation 

This report documents the assessment of the risk significance of 141 issues identified at the Donald C.  

Cook Nuclear Plant, Units I and 2 (Cook 1 and 2) since August 1997. The Operating Experience Risk 

Analysis Branch (OERAB) of the office of Nuclear Regulatory Research (RES) conducted this 

assessment as part of the agency's Accident Sequence Precursor (ASP) Program. In performing this 

assessment, the RES staff applied the ASP methodology to estimate the risk significance associated with 

each issue as well as the integrated risk significance associated with the combined issues.  

Background 

In September 1997, in response to the discovery of potential problems related to the long-term operation 

of the emergency core cooling system (ECCS) and the containment spray (CTS) system, the licensee shut 

down both units at the Donald C. Cook Nuclear Plant site. Subsequent to this discovery, a number of 

other degraded operating conditions were identified during inspections conducted by the Nuclear 

Regulatory Commission (NRC) staff and self-assessments undertaken by the licensee. The RES 

evaluation of the risk significance associated with these issues used information generated by the licensee 

and their vendors and contractors regarding the as-found degraded conditions.  

Approach 

This evaluation employed the following approach: 

* Reviewed the following sources of operational experience to identify issues: 

o All licensee event reports (LERs) issued for Cook 1 and 2 between August 1997 and 

December 1999.  

o NRC inspection reports for Cook I and 2 issued since August 1997.  

o Several condition reports that pertained to open (as of 12/28/99) operability evaluations 

of risk-significant systems.  

o Several licensee self-assessment reports.  

0 Applied the ASP methodology, with the differences identified below: 

o Calculated the estimated change in core damage frequency (ACDF) resulting from the 

issue instead of the conditional core damage probability (CCDP) calculated by the ASP 

Program.  

o An accident sequence precursor was defined as an event or a condition with a ACDF 

greater than 1.0×x I 0/year.
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0 Used the following sources of plant information for determining the impact of these conditions 

on safety functions: 

o Donald C. Cook Nuclear Plant Individual Plant Examination (IPE).  

o Updated Final Safety Analysis Report (UFSAR) for the Donald C. Cook Nuclear Plant.  

o Communications with licensee staff, NRC resident inspectors at the Cook plant site, NRC 

Region III staff, and NRC headquarters staff recognized as experts in specific technical 

areas.  

o Recent reports on operating experience issued by the NRC's former Office for Analysis 

and Evaluation of Operational Data.  

o NRC's Sequence Coding and Search System (SCSS) LER database.  

o Engineering analyses of the as-found plant conditions performed by the NRC staff, the 

licensee, or the licensee's vendors or contractors.  

0 Assessed the risk significance of each individual issue (details found in Section 2.3).  

* Assessed the combined risk significance of multiple issues related through accident sequence 

logic (details found in Section 2.4).  

0 Performed an assessment of containment-related issues (refer to Section 2.5).  

Summary of Findings 

This evaluation assessed the risk significance of 141 issues identified at the Cook plant over the period 

August 1, 1997 to December 31, 1999. Out of the 141 issues analyzed, five issues were identified to be 

precursors. Four of these five issues affected both units.  

The total ACDF resulting from all issues identified at Cook was estimated to be approximately 

4.7x10 4/year. The risk significance of the combined impact of all containment-related issues was 

determined to be small.  

Several high-energy line break (HELB) related issues, degraded seismic capacities, and potential pressure 

locking conditions in two motor-operated valves were the dominant contributors to the CDF increase.  

The postulated HELB scenarios contributed a ACDF of 3.9 x 1 04/year. The CDF increase attributed to the 

degraded seismic capacity of block walls and the degraded seismic capacity of ESW pump backwash 

system was also a dominant contributor, which contributed a ACDF greater than 4.2x 105/year. The 

medium and large loss of coolant-accident (LOCA) sequences associated with the potential pressure 

locking conditions in the motor-operated valves located in the suction path to the RHR pumps from the 

containment recirculation sump contributed a ACDF of 3.6 x 105/year.  

A summary of each of these five precursors is provided below.
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The first issue involved an operating condition that was documented in LER No. 316/98-005. The 

licensee's staff determined that a postulated HELB in a Unit 2 high-energy line could potentially cause 

Cook Unit 2 to suffer a total loss of component cooling water (CCW) event. The ACDF estimated for 

this issue was 3.0x 106/year. Since the Unit 1 CCW systems would not be affected by this postulated 

break, this issue was not a precursor for Cook Unit 1.  

The other four issues are applicable to both units.  

The second issue (LER 315/99-026) involved three potentially significant additional HELB scenarios in 

which safety systems could be affected by HELB events. In one of these scenarios, a HELB in the 

turbine building could potentially fail all auxiliary feedwater (AFW). A second HELB scenario could 

potentially fail both trains of safety-related and non safety-related 600V and lower voltage buses. A third 

scenario could potentially fail both emergency diesel generators (EDGs). The estimated ACDF for this 

issue due to these postulated HELBs is 3.9x 104/year.  

The third issue (LER 315/99-03 1) involved the valves which must open to align the suction path from the 

containment sump to the ECCS pumps and the valves which must open to align residual heat removal 

(RHR) to the upper containment spray header. These valves were found to be susceptible to pressure 

locking following a postulated LOCA. According to the LER, the calculated additional forces due to 

pressure locking were sufficient to exceed the capability of the respective valve actuators. Consequently, 

these valves might be incapable of opening under large LOCA or medium LOCA conditions. As a result, 

analysis of this issue leads to a precursor with dominant contributions from large and medium LOCAs.  

The estimated ACDF due to its identification as potential pressure locking conditions is 3.6x 10-5/year.  

The fourth issue documented in the licensee's condition report CR P-99-14004 pertained to the capability 

of 122 safety-related block walls at the Cook plant. According to the condition report, the licensee 

discovered that the existing calculation treated the junction between the block walls and the in-place 

concrete wall as simply supported, or in some cases, fixed supports. Such treatment is not justified since, 

at these locations, all that is provided are dovetail anchors. Dovetail anchors cannot provide any out-of

plane support for the block walls. As a result, during seismic events, these walls could fail. Since 

seismic fragilities of the block walls in their as-found condition were unavailable at the time this issue 

was analyzed, the seismic CDF associated with this issue could not be calculated. However, as indicated 

in IE Bulletin 80-11, block walls that are not properly anchored can fail during earthquakes whose 

magnitudes are below the design basis earthquake (DBE). For the Cook site, the DBE acceleration is 

0.2g. A bounding calculation was performed to determine the potential significance of this issue, 

assuming that the median capacity of the block walls in their as-found condition is less than 0.2g. That 

calculation indicated that the ACDF associated with this issue could be greater than 1.0 x 1 0 5/year.  

The fifth issue consists of two inspection report findings. During inspections by the NRC staff at Cook in 

December 1997 and May 1999, the inspectors identified a violation in which the licensee failed to treat 

the manual backwashing of the essential service water (ESW) strainers in accordance with quality 

standards commensurate with the importance of the safety functions to be performed. The inspection 

reports concluded that, (1) the licensee did not have a procedure for manually backwashing the ESW 

pump discharge strainers, and (2) the evolution would require tools which were not readily available, and 

(3) the operators had not been trained in how to perform a manual backwash of the strainers. In addition, 

the inspection reports concluded that there were degraded material conditions which could decrease the 

automatic backwash capability during earthquakes and other events. Therefore, the conditions had the
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potential to impact accident sequences relative to seismic and other events requiring ESW. The estimated 

ACDF associated with this issue is 3.2x I 05/year.  

Appendix A describes the analyses of these precursors.  

The ACDF associated with each of the remaining issues, on their own, was determined to be less than 

I.x0 1OI/year. Therefore, they were not classified as precursors. Appendix B documents the analyses of 

each of these issues. Appendix C of the report provides details on the integrated risk assessment 

performed using the NRC's Level I Standardized Plant Analysis Risk (SPAR) model for Cook 1 and 2 

for issues when their impacts were combined. Appendix D provides details on the integrated risk 

assessment of combined issues that could not be assessed using SPAR.  

The results of the evaluation of the precursors as well as the integrated risk significance associated with 

the combined issues are summarized in Table ES-1.
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Table ES -1. Summary of ACDF Results for Individual Initiating Events 

INITIATING EVENT ACDF (per year) Details of Analysis 

1. High-Energy Line Breaks (HELBs): 3.9x 104 (total) 

HELBs in turbine building - 3.9 x101 Appendix A, Section 122 

HELB in pipe chase adjoining CCW 

pump room - 3.0x 101 (Note 2) Appendix A, Section 53 

HELB in startup blowdown flash 

tank room - 2.7x101" Appendix A, Section 1 

2. Seismic Events: >4.2x 10-5 (total) 

Failed ESW automatic backwash 

capability - 3.2x 10-5 Appendix A, Section 61 

Collapsed block walls - >1 .Ox 10-. Appendix A, Section 134 

Failed EDG 7.5 x10-9 Appendix B, Section 3 

3. Medium LOCA 3.2x10-5 Appendix A, Section 135 

4. Large LOCA 4.0x 0-6 Appendix A, Section 135 

5. Loss of offsite power (LOSP) 5.2 x 0-7 Appendix C 

6. Small LOCA 2.6x 10-7 Appendix C 

7. Intersystem LOCA (ISLOCA) 2.Ox iO07 Appendix B, Section 7 

8. Transient [excluded LOCAs and 3.2x 10" Appendix C 

LOSPs, and included loss of power 
conversion system (PCS)] 

9. Steam generator tube rupture 1.0x 10.8 Appendix C 

10. Loss of control room ventilation 7.7x 10-10 Appendix B, Sections 29, 132

11. Anticipated transient without scram 
(ATWS) 

12. Fire Event

negligible

negligible (Note 1)

13. Shutdown Event negligible (Note 1)

14. Spent fuel pool event negligible (Note 1)

15. Loss of dc power
negligible (Note 1)

________________________________________________________ I

Appendix C

Appendix B, Sections 42, 46, 

47, 50, 51 

Appendix B, Sections 9, 15, 40, 
48,85,94,95,124,128,141 

Appendix B, Sections 32, 56 

Appendix B, Sections 55, 58, 

123

No calculations were performed. However, there were no issues that had the potential to 

create sequences that exceed I.Ox 1 0'/year precursor threshold value.  

Applies to Unit 2 Only.

Note 1: 

Note 2:
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List of Acronyms

AEOD Office of Analysis and Evaluation of Operational Data 

AFW auxiliary feedwater 
ASP accident sequence precursor 

ATWS anticipated transient without scram 

CCDP conditional core damage probability 

CCW component cooling water 
CDF core damage frequency 

CDP core damage probability 

CIV containment isolation valve 

CST condensate storage tank 

CTS containment spray 

DBE design basis earthquake 
DC direct current 

ACDF change in core damage frequency 

DRAA Division of Risk Analysis and Applications 

ECCS emergency core cooling system 

EDG emergency diesel generator 

ESW essential service water 

GEM Graphics Evaluation Module 

HCLPF high confidence low probability failure 

HELB high-energy line break 

HPI high pressure injection 
IPE individual plant examination 

ISLOCA inter-system loss-of-coolant accident 

LER licensee event report 
LOCA loss-of-coolant accident 

LOSP loss of offsite power 
NPSH net positive suction head 

NRC U.S. Nuclear Regulatory Commission 

NRR Office of Nuclear Reactor Regulation 

OERAB Operating Experience Risk Analysis Branch 

PCS power conversion system 
PORV power operated relief valves 

PRA probabilistic risk assessment 

RCP reactor coolant pumps 
RCS reactor coolant system 

RES Office of Nuclear Regulatory Research 

RHR residual heat removal 
RWST refueling water storage tank 

SCSS Sequence Coding and Search System 

SGTR steam generator tube rupture 

SLOCA small loss-of-coolant accident 

SPAR Standardized Plant Analysis Risk 

SRV safety relief valve 

SSPS solid state protection system 

TDAFW turbine-driven auxiliary feedwater
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UFSAR updated final safety analysis report 
WOG Westinghouse Owners Group
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1.0 INTRODUCTION

In September 1997, in response to the discovery of potential problems related to the long-term operation 

of the emergency core cooling system and the containment spray system, the licensee shut down both 

units at the Donald C. Cook Nuclear Plant site. Subsequent to this discovery, a number of other degraded 

operating conditions were identified during inspections conducted by the Nuclear Regulatory 

Commission (NRC) staff and self-assessments undertaken by the licensee. The evaluation of the risk 

significance associated with these issues used information generated by the licensee and their vendors 

and contractors regarding the as-found degraded conditions.  

This report documents the assessment of the risk significance of 141 issues identified at the Donald C.  

Cook Nuclear Plant, Units 1 and 2 (Cook 1 and 2) since August 1997. The Operating Experience Risk 

Analysis Branch (OERAB) of the Office of Nuclear Regulatory Research (RES) conducted this 

assessment as part of the agency's Accident Sequence Precursor (ASP) Program. In performing this 

assessment, the RES staff applied the ASP methodology to estimate the risk significance associated with 

each issue as well as the integrated risk associated with the combined issues.  

1.1 Purpose of Evaluation 

The primary objective of the NRC's ASP Program is to identify and rank the risk significance of 

operational events and conditions. Accident sequences of interest to the ASP Program are those that 

would have resulted in inadequate core cooling which could have caused severe core damage, if 

additional failures had occurred. Events or conditions considered to be potential precursors are analyzed, 

and a conditional core damage probability (CCDP) is calculated by mapping failures observed during the 

event onto accident sequences in risk models.  

The objective of this project was to assess the risk significance associated with all issues, identified at 

Cook I and 2 since August 1997, to the extent practical, applying the methodology used in the ASP 

Program. Any accident sequence precursors identified as a result of preliminary analysis by this 

assessment have been documented and provided to the Cook licensee and to the NRC staff for 

review/comment via the ASP Program's normal Peer Review process for individual precursor analyses.  

The final analysis of any precursor(s) was provided to the licensee for information and included in the 

NRC's annual precursor report, as well as in this report.  

1.2 Scope of Issues 

The documentation of the issues which were evaluated in this effort came from the following four 

sources: 

* All licensee event reports (LERs) issued for Cook 1 and 2 between August 1997 and December 

1999.  

* NRC inspection reports for Cook I and 2 issued since August 1997.  

* Several condition reports that pertained to open (as of 12/28/99) operability evaluations of risk

significant systems.  

* Several self-assessment reports performed by the licensee.
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This evaluation considered two major types of issues - those that affected the plant's estimated core 

damage frequency (CDF) and those that affected containment performance. It considered issues affecting 

Cook 1 as well as Cook 2.  

1.3 Organization of Report 

This report is organized as follows. The main report has three major parts. The first part (Section 1) 

contains introductory material, discusses the purpose and scope of the RES evaluation and describes the 

organization of this report.  

The second part (Section 2) documents the evaluation process used in this assessment. Section 2.1 

identifies the sources used to identify issues for analysis and the evaluation approach used in the ASP 

Program. Section 2.2 lists sources of input information for analyses. Sections 2.3 and 2.4 discuss the 

process used to analyze the issues. Section 2.3 addresses the analysis of the increase in core damage 

frequency associated with the individual issues. The approach used to analyze the increase in core 

damage frequency associated with the combined issues is explained in Section 2.4. Sections 2.5 and 2.6 

discuss the evaluation of the containment-related issues. The analysis of the individual containment

related issues is described in Section 2.5. Section 2.6 explains how the combined containment-related 

issues were analyzed. Section 2.7 is a discussion of the peer review process that is being employed to 

obtain licensee and NRC staff comments on the draft report of this evaluation.  

Section 3, the third part of the main report, documents the results of the evaluation. Section 3.1 presents 

the accident sequence precursors at Cook which were identified in this evaluation. Non-precursor issues 

are discussed in Section 3.2. Section 3.3 describes the combined precursor evaluation with respect to 

core damage frequency.  

The report also contains four appendices. Appendix A provides the analysis of the accident sequence 

precursors that have been identified at Cook 1 and/or Cook 2 over the period 1997-1999. Those issues 

identified at the Cook plant during the same period that did not satisfy the ASP Program's criteria for 

accident sequence precursors are identified in Appendix B. Appendix C of the report provides details on 

the integrated risk assessment performed using the NRC's Level 1 Standardized Plant Analysis Risk 

(SPAR) model for Cook I and 2 for issues when their impacts were combined. Appendix D provides 

details on the integrated risk assessment of combined issues that could not be assessed using SPAR.
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2.0 EVALUATION PROCESS 

This section discusses the process employed in the evaluation of the issues at the Cook plant. The 

following phases of the process are described: 

0 Selection of issues for analysis.  

* Sources of information used in the analyses.  

0 Process for estimating ACDF for individual issues.  

0 Process for estimating ACDF for combined issues.  

0 Process for qualitative evaluation of individual containment-related issues.  

* Analysis of combined containment-related issues.  

* Peer Review process.  

2.1 Selection of Issues for Analysis 

In this evaluation, the staff relied on four sources to identify specific issues: 

All licensee event reports (LERs) issued for Cook 1 and 2 between August 1997 and December 

1999.  

* NRC inspection reports for Cook 1 and 2 issued since August 1997.  

* Several condition reports that pertained to open (as of 12/28/99) operability evaluations of 

several risk-significant systems.  

Several self-assessment reports performed by the licensee.  

The ASP Program employs the following three-phase process in its review and analysis of operational 

experience for precursors: 

0 Screening of reports (primarily LERs, but other sources, such as inspection reports, are used as 

well) of operational events or conditions against a set of screening criteria to identify those which 

should be reviewed as candidate precursors.  

0 Engineering review of the available documentation of the operational event or condition 

identified in the previous phase to determine whether it qualifies for detailed analysis as a 

potential precursor.  

* Detailed analysis of the event or condition, including quantification using SPAR models, with the 

conditional probability of core damage being the figure of merit, and documentation of results 

which satisfy the ASP Program's criterion for a precursor [conditional core damage probability 

(CCDP)Ž I.Ox 10-6].
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This ASP process was followed with the exception of the following differences:

0 Calculated the estimated change in core damage frequency (ACDF) resulting from the issue 

instead of the conditional core damage probability (CCDP) calculated by the ASP Program.  

0 An accident sequence precursor was defined as an event or a condition with a ACDF greater than 

1.0x I 10/year.  

When the risk significance of each Cook issue was analyzed, the analysis phase estimated the ACDF 

instead of the CCDP. This approach was taken because all of the issues selected for review in this 

evaluation involved conditions and most of conditions existed over a multi-year period. In comparison, 

most of the conditions analyzed under the ASP Program existed for a duration of less than one year. In 

fact, since all the issues evaluated involved conditions, in the remainder of this report, the term 
"condition" will be used interchangeably with "issues." 

In addition to the risk of core damage, this evaluation also considered containment-related conditions that 

potentially could affect the availability of containment functions.  

Table 2.1-1 lists the issues for the Cook plant that were selected for review.
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Table 2.1-1 Issues Identified at Cook Plant during 1997-99 Reviewed in this Evaluation 

No. Issue (Condition) 

1 Postulated HELB in the startup blowdown flash tank room could expose the motor control center to 

steam environment affecting AFW system. (Interim Cook 2 LER 316/98-007) 

2 The AFW suction strainers are not sized properly. (LER 315/98-046) 

3 Seismic event requires ESW supply to AFW when the suction strainers are undersized.  

(LER 315/98-046) 

4 During surveillance interval both component cooling water (CCW) system trains may be inoperable.  

(LER 315/98-041) 

5 RWST level instrument uncertainty was not considered in the process used to select setpoint value 

listed in TS surveillance resulting in possibility of vortexing in RWST.  

(Design Inspection Report El. 1.1.2A(2)) 

6 Restricted ice condenser flow passages. (Interim LER 315/98-004) 

7 Piping code violation due to oversight in valve control requirement could lead to ISLOCA sequence 

via the CCW system. (LER 315/97-022) 

8 Ice condenser weights do not comply with TS. (Interim LER 315/98-007) 

9 Potential for over-pressurization of control air headers resulting in multiple equipment failures.  

(LER 315/97-026) 

10 Use of the design basis fouling factor as the acceptance criterion can cause ESW/CCW heat 

exchanger to exceed fouling limit. (Design Inspection report E1.2.1.2H) 

11 CCW may not provide adequate cooling for SI, charging, RHR pump seals. (LER 315/97-012) 

12 ESF actuation and start of EDG Unit 1 "CD" and Unit 2 "CD" due to faulted underground cable 

results in increased potential to cause a partial loss of offsite power. (LER 315/98-040) 

13 Offsite power breaker testing not performed in accordance with Technical Specifications results in 

increased frequency of loss of offsite power. (LER 315/98-044) 

14 Use of reactor coolant pump seals as an alternate boron injection path potentially results in an 

unanalyzed condition and potential for seal damage. (LER 315/98-018)

Operating both RHR trains while reactor coolant system is open to atmosphere could result m tailure 

of both trains. (LER 315/97-016) 

Potential single failure (loss of air) could result in failure of both ESF ventilation system trains.  

(LER 315/97-023)

Single failure (single RHR train) could result in failure of all high and medium head injection during 

sump recirculation. (LER 315/97-021) 

EOP procedure 01 (02)-OHP 4023 ES 1.3, "Transfer to Cold Leg Recirculation," was revised to raise 

the containment water level action setpoint without a proper 10 CFR Part 50.59 safety evaluation.  

(Design Inspection Report E1.5.2 A(l))
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Table 2.1-1 Issues Identified at Cook Plant during 1997-99 Reviewed in this Evaluation

19 12-OHP-4021.019.001, "Operation of the ESW System," was revised to reduce the maximum ESW 

operating temperature without a proper 10 CFR Part 50.59 safety evaluation.  

[Design Inspection Report E1.5.2 A(2)] 

20 Procedure 2-OHP-4021.016.003, "Operation of the CCW System During Reactor Startup and 

Normal Operation," was revised to delete a provision that allowed the licensee to operate CCW 

above the UFSAR maximum temperature without a proper 10 CFR Part 50.59 safety evaluation.  

[Design Inspection Report E1.5.2 A(3)] 

21 RHR pump miniflow line motor-operated valve potential failure due to cycling during a medium 

LOCA. (LER 315/98-031) 

22 Postulated HELB could cause failure of AFW instruments. (LER 315/98-058) 

23 Impact of the CST floating bladder design on calculations. (AFW SSFI self assessment) 

24 CST floating bladder outer seal is deteriorating. (AFW SSFI self assessment) 

25 Lack of direct freeze protection for the CST. (AFW SSFI self assessment)

26 Vortexing and air entrainment leading to the failure of RHR pumps when they take suction from the 

containment (cont.) recirculating sump. (LER 315/97-011-entrance loss factor & LER 315/97-017

inactive containment area trap water, containment and containment sump level instrument loop 

uncertainty) 

27 Failure to maintain 1/4" particulate retention requirement can result in high pressure injection system 

failures leading to sump recirculation failure. (LER 315/97-018; LER 315/98-012) 

28 Material discovered in containment could degrade recirculation capability by clogging up sump 

screens and creating NPSH problems during sump recirculation.  

(LER 315/97-024; LER 315/98-017) 

29 Control room emergency ventilation system capability to maintain control room temperature within 

Technical Specification limit is affected by high ESW temperatures. (LER 315/97-014) 

30 Adverse impact on plant cooldown analysis (requirement to enter cold shutdown in 36 hours with 

only one train of CCW). (Design Inspection Report El.2.1.2B) 

31 Containment peak pressure may be exceeded during a LOCA or MSLB due to high ESW 

temperature. (LER 315/97-010-02).  

32 Spent fuel pool cooling operating outside design basis during full core offloading in 1996.  

(Design Inspection Report El.2.1.2.C) 

33 Reactor coolant pump (RCP) thermal barrier is cooled by CCW at elevated temperature and the RCP 

seals do not get the flow specified in the UFSAR. (LER 315/98-047; Design Inspection Report 

315/316/97-201) 

34 Potential for single failure (operator closing suction from the RWST prematurely or hot short) to 

isolate ECCS suction paths. (LER 315/98-038) 

35 Degraded seismic ruggedness of master relay covers. (LER 315/98-002)

NUREG-XXXX6



Table 2.1-1 Issues Identified at Cook Plant during 1997-99 Reviewed in this Evaluation

36 Apparent failure to consider vortexing in the RWST due to not being able to complete transition 

before RWST level goes too low. (Cumulative impact of instrument uncertainty, drip catch, velocity 

correction factor.) (Design Inspection Report El. 1.1..2A) 

37 Equipment (steam generator level transmitters and RVLIS) in containment rendered inoperable due 

to faulted flood-up tubes. (Cook 1 LER 315/ 97-006) 

38 A wrong indicator ( the heat exchanger outlet temperature) used to trend the performance of the EDG 

heat exchanger. (Design Inspection Report El .2.1.2H) 

39 UFSAR/Technical Specifications inconsistencies with RWST volume may result in inadequate water 

in RWST. (Design Inspection Report El.4.2B) 

40 UFSAR states that the NPSH required for RHR at maximum flow rate is 11 ft.  

[Design Inspection Report El.4.2.C(3)] 

41 Improper splice configuration for pressurizer power-operated relief valve (PORV) limit switches.  

(LER 315/98-013) 

42 Appendix R borated water requirement not met. (Design Inspection Report El.3.2.2A).  

43 Inconsistencies with ECCS level instrumentation and allowed outage times can lead to excessive 

outage times for the level transmitters. (Design Inspection Report E1.4.2D) 

44 Two pressurizer safety valves fail to lift within setpoint tolerance. (Cook 2 LER 316/98-03).  

45 Pressurizer power-operated relief valve (PORV) inoperability due to inoperability of the backup 

emergency air supply system. (Cook 2 LER 316/98-002) 

46 CVCS cross-tie flow indicator not calibrated to meet Technical Specifications. (LER 315/98-036)

Cable train separation issue. (Retracted LER 315/98-023) 

RHR autoclosure interlock (ACI) defeated in Modes 4 and 5. (LER 315/97-019) 

Westinghouse integral fuel burnable absorber fuel rods. (LER 315/97-027-01) 

Oil drip pans not installed on reactor coolant pump motors results in Appendix R non-compliance.  

(LER 315/98-021) 

Appendix R non-compliance - combustible material within 20 foot separation in auxiliary building.  

(LER 315/97-028) 

Ice condenser bypass potentially exceeded design basis limit. (Cook 2 LER 316/98-004).  

Potential for HELB to degrade CCW system. A postulated crack in a Unit 2 high-energy line may 

degrade the ability of CCW pumps of both units to perform their function.  

(Cook 2 Interim LER 316/98-005) 

Equipment in containment rendered inoperable due to faulted flood-up tubes.  

(Cook 2 LER 316/97-006) 

Inadequate justification to demonstrate operability of the Unit 2 250V dc "CD" battery train.  

(Design Inspection Report E1.3.1.2)

NUREG-XXXX
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Table 2.1-1 Issues Identified at Cook Plant during 1997-99 Reviewed in this Evaluation

56 Dual CCW/ESW train outage during Unit 2 refueling inconsistent with design basis.  

(Design Inspection Report E 1.2.1.2D) 

57 02-OHP 4021.082.003 Rev. 3, "Feeding 600V Buses through Bus Tie Breakers," was not 

appropriate, since under some circumstances it allowed placing excessive loads on the emergency 

diesel generators. (Inspection Report # 97-018) 

58 02-OHP 4021.082.013 Rev 2, "Isolating, Transferring and Restoring a 250VDC Load," was not 

appropriate, since under some circumstances battery crossties could be overloaded.  

(Inspection Report # 97-018) 

59 The 2AB EDG experienced a number of electrical and mechanical failures since May 1997.  

(Inspection Report No. 97-018) 

60 The licensee physically and electronically blocked three control room annunciators without 

performing a safety evaluation. (Inspection Report No. 97-024) 

61 The licensee did not have a procedure for manually back washing the ESW pump discharge strainers, 

a support system needed for ESW system operability. (Inspection Report No. 97-024) 

62 Potential for CCF of EDGs due to improper bolting in the exhaust manifold.  

(Inspection Report No. 98-008) 

63 Failure of the turbine-driven AFW pump manual loader and single failure in motor- driven AFW 

train can put AFW outside of design basis. (LER 315/98-052) 

64 Public address equipment inside the Unit I and Unit 2 ice condensers was not installed to withstand a 

design basis accident. (LER 315/98-050).  

65 Defective and missing welds in ice condenser baskets. (LER 315/98-032) 

66 Ice condenser lower inlet door shock absorber equipment found damaged due to poor work practices.  

(LER 315/98-035) 

67 Ice condenser bypass leakage exceeds design basis limit. (LER 315/98-037) 

68 Screws missing from ice condenser ice basket coupling rings. (LER 315/98-005) 

69 Procedure allows up to 60 ice baskets to be unpinned. (Interim LER 315/98-006)

Damaged ice baskets cannot withstand operating basis earthquake and dead weight loadings.  

(LER 315/98-008) 

Missing, damaged, or improperly installed shims, washers, bushings, and bolts could have created a 

potential for some of the intermediate deck doors to become misaligned. (LER 315/98-010) 

Ice weight requirements potentially not met due to non-conservative assumption in software program.  

(LER 315/98-015) 

Debris recovered from ice condenser. (LER 315/98-017) 

Allegations concerning accuracy of 74 ice basket weights. (LER 315/98-024) 

Technical Specification surveillance requirement not met while weighing ice baskets.  
(LER 315/98-026)
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Table 2.1-1 Issues Identified at Cook Plant during 1997-99 Reviewed in this Evaluation

76 Debris of unknown origin found in west containment spray header. (LER 315/98-027).  

77 Flow rates to CST headers are potentially lower than design basis values. (LER 315/98-034) 

78 Incorrect installation of CTS header heat exchanger. (LER 315/98-030) - Retracted LER since 

functionality unaffected.  

79 Containment air locks testing not performed in accordance with Technical Specifications.  

(LER 315/98-043) 

80 Low air flow conditions in at least one localized portion of the containment. (LER 315/98-001) 

81 Pitting resulted in thickness of the containment structure liner to be less than 0.250 inches.  

(LER 315/98-011) 

82 Missed surveillance of hydrogen recombiner. (LER 315/98-009) 

83 Technical Specification surveillance requirement on hydrogen recombiner not met.  

(LER 315/98-019) 

84 Hydrogen recombiner watt meter circuit Technical Specification surveillance requirement not met.  

(LER 315/98-033) 

85 Contrary to UFSAR Section 9.6.3.2, 2 RHR pumps run with the unit depressurized.  

(LER 315/98-042) 

86 Use of inoperable substitute subcooling margin monitor. (Interim LER 315/98-053) 

87 Main steam safety valve not reset as required by Technical Specifications.  

(Interim LER 315/98-054) 

88 Potential for condition outside design bases for rod control system. (Interim LER 315/98-055) 

89 Hot leg nozzle gaps - unanalyzed condition. (Interim LER 315/98-056) 

90 Auxiliary feedwater valves not tested in accordance with Inservice Testing Program.  

(LER: 315/98-057) 

91 Failure to perform Technical Specification surveillance analyses of reactor coolant chemistry with 

fuel removed. (LER 315/99-004-01)

Reactor trip breaker manual actuations during rod drop testing not previously reported.  

(LER 315/99-005)

Fuel crane loads lifted over spent fuel pool could impart impact energies greater than Technical 

Specification limits. (LER 315/99-006) 

Residual heat removal piping vibrations could potentially cause RHR piping failures.  

(LER 315/99-008) 

As-found Residual Heat Removal safety relief valve lift setpoint greater than Technical Specification 

limit. (LER 315/99-009) 

Auxiliary Building ESF Ventilation System may not be capable of maintaining ESF room 

temperature post-accident. (LER 315/99-012) 

9 
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Table 2.1-1 Issues Identified at Cook Plant during 1997-99 Reviewed in this Evaluation 

97 Safety Injection and Centrifugal Charging Throttle Valve cavitation during LOCA could lead to 

ECCS pump failure. (LER 315/99-013) 

98 Technical Specifications requirements for Source Range Neutron Flux Monitors not met.  

(LER 315/99-016) 

99 Distributed Ignition System - whether DIS required beyond DBA; DIS initiating signals; requirement 

for EQ; possible CTS impingement; drawing discrepancies.  

[Inspection Report 50-315/316/98007(DRP) - 023] 

100 Hydrogen recombiner inadequate surveillance procedure; preconditioning of equipment prior to 

surveillance test. [Inspection Report 50-315/316/98007(DRP) - Ml .2] 

101 Distributed Ignition System surveillance testing - need for visual verification and igniter temperature 

measurement. [Inspection Report 50-315/316/98007(DRP) - M 1.3] 

102 General Electric HFA Relays installed in EDGs may not meet seismic qualification.  

(LER 315/99-001) 

103 Failure to perform Technical Specification surveillance test for Pressurizer Power Operated Relief 

Valves. (LER 315/99-002) 

104 Control Room Pressurization System surveillance test does not test system in normal operating 

Condition. (LER 315/99-003) 

105 Calculations show that the divider barrier between upper and lower containment volumes may be 

over-stressed. (LER 315/99-007) 

106 RCS Leak Detection System sensitivity not in accordance with design requirements.  

(LER 315/99-010) 

107 Air system for EDGs may not support long term operability due to original design error.  

(LER 315/99-011)

Requirements of Technical Specification 4.0.5 not met for Boron Injection Tank bolting.  

(LER 315/99-014) 

Degraded CCW flow to containment Main Steam Line penetrations.  

(LER 316/99-001) 

"Requirements of Technical Specifications 4.0.5 were not met due to improperly performed test." 

(LER 316/99-002) 

Improperly installed Fuel Oil Return Relief Valve renders EDG inoperable due to personnel error.  

(LER 315/99-017) 

Radiation Monitoring System not tested in accordance with Technical Specification surveillance 

requirements. (LER 315/99-015) 

RWST suction motor operated valves inoperable due to inadequate design. (LER 315/99-018) 

All four Emergency Diesel Generators (EDGs) declared inoperable but functional - may not 

withstand the effects of a tornado-generated missile. (LER 315/99-020) 

Electric Bus degraded voltage set points too low for safety related loads. (LER 315/99-022)
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Table 2.1-1 Issues Identified at Cook Plant during 1997-99 Reviewed in this Evaluation

116 Victoreen Containment High Range Radiation Monitors not environmentally qualified to withstand 

post-LOCA Conditions. (LER 315/99-019) 

117 GL 96-01 requirements not met in surveillance tests. (LER 315/99-021): 

118 Inadequate Technical Specification surveillance testing of Essential Service Water pump Engineered 

Safety Feature Response Time. (LER 315/99-023) 

119 Literal Technical Specification requirement not met by Accumulator valve surveillance.  

(LER 315/99-024) 

120 Fuses not installed for cable passing through containment penetration. (LER 316/99-003) 

121 Technical Specification surveillance requirements for Auxiliary Building Crane not met.  

(LER 315/99-025) 

122 High-Energy Line Break programmatic inadequacies result in Unanalyzed Conditions.  

(LER 315/99-026) 

123 Underrated Fuses Used in 250 VDC System Could Result in Lack of Protective Coordination.  

(LER 315/99-027) 

124 A broken support bracket to RHR s ow indicator line. (Inspection Report 315/98-027) 

125 Two electrical faults leading to the failures of MCC 2-AM-B and 12-TSC-S.  

(Inspection Report 50-315/316/99011 (DRS)) 

126 Operability of the ESW strainers. (Inspection report 50-315/99-010)

Improperly installed strainer drain valve. (Inspection Report 315/99-017) 

RHR system cavitation and vibration on both units. (Inspection report 315/99-001) 

Foreign material identified in the CVCS. (Inspection report 315/99-004) 

4 KV room rollup doors and penetrations protect the electrical switchgear rooms from HELB.  

(CR P-99-04336) 

Questions operability of flood up issues in light of known degraded/failed flood up tubes.  

(CR P-99-10713) 

Startup flash tank normal discharge runs between normal and emergency air intakes for the control 

room. A line break would feed directly into the control room. (CR P-99-12962) 

RWST over-flow line will be submerged following a main feed line break and render RWST 

inoperable. (CR P-99-13790) 

Discrepancies with the calculation and physical condition of block walls. (CR P-99-22089) 

A technical report identified that valves I1-ICM-305/306 will need to be modified to eliminate 

potential to pressure lock. (LER 315/99-03 1) 

The ESW pumps may be missing seismic supports that prevent the pump column shaft from moving 

during a seismic event. (CR P-99-25334) 

Tracking CR on the evaluation of safety related masonry walls. (CR P-99-27505) 
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127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137

NUREG-XXXX11



Table 2.1-1 Issues Identified at Cook Plant during 1997-99 Reviewed in this Evaluation

NUREG-XXXX

138 Inservice Valve Testing Program requirements for stroke timing testing of Containment Purge 

Isolation Valves does not appear to be captured in any procedure. (CR P-99-22489) 

139 Add radiation shield wall for N-Train Battery Room and equipment. (CR P-99-27312) 

140 Inadequate safety evaluation performed on CCW feed-and-bleed procedure. (CR P-99-08324) 

141 The operating discharge pressure of motor driven auxiliary feedwater pump can be in excess of the 

discharge piping design pressure. (CR P-99-25065)
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2.2 Sources of Input Information for Analyses 

The following sources of information about plant equipment performance and the frequency of initiating 

events were used in performing the analyses in this evaluation: 

* All LERs submitted by Cook 1 and 2 between August 1, 1997 and December 31, 1999.  

0 The Donald C. Cook Nuclear Plant Individual Plant Examination (IPE) (Ref. 1).  

* The Donald C. Cook Nuclear Plant Updated Final Safety Analysis Report (UFSAR) (Ref. 2).  

* Initiating event frequencies and equipment failure probabilities were updated from recent studies 

of operating experience published by the NRC (e.g., Ref. 4).  

0 IPEs for plants that are similar to the Cook plant.  

0 NRC requests for additional information from the Cook licensee.  

0 The corresponding responses by the licensee to the above requests.  

0 Discussions with the NRC's resident inspectors at the Cook site.  

* Discussions with NRC staff experts in specific technical areas/issues.  

0 In some cases where the analysis did not use the NRC's Level 1 SPAR model directly, the default 

input values to the SPAR model for the Cook plant regarding functional/equipment failure 

probabilities were used as input to the analysis.  

2.3 Process for Estimating ACDF for Individual Conditions 

This section describes the process which was used to estimate the ACDF for individual conditions. The 

first step in this process consisted of defining the core damage sequences associated with the degraded or 

failed condition of interest. These were those sequences whose frequencies underwent a significant 

change as a result of the identified degraded condition.  

This evaluation used the following approach to identify the core damage sequences of interest: 

0 The system or function whose failure probability was expected to change was identified.  

0 After identifying the affected system or function, the initiating events that were relevant were 

identified.  

* Functional level core damage sequences with the affected system or function were identified for 

analysis.  

a Frequencies and probabilities needed for quantification were identified.
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0 Frequencies and probabilities were quantified using data sources such as NRC's initiating event 

frequencies report (NUREG/CR-5750) (Ref. 4), SPAR model, Cook IPE (Ref. 1), and SCSS.  

* The SPAR models and methods from the ASP Program were used, along with operating 

experience, to estimate or to bound the ACDF.  

* Use of bounding analysis: 

If detailed information regarding a specific parameter(s) needed in order to make a realistic 

assessment was unavailable, bounding assumptions were made for the parameter(s) of interest. If 

the estimated ACDF was below I.Ox 1 0"/year, no further evaluations were made.  

* Conditions with potential ACDF >1.Ox 10-/year were then subjected to a thorough, detailed ASP 

analysis.  

For the Cook plant, there were five conditions whose individual ACDF exceeded I.Ox 10O-/year.  

2.4 Analysis of ACDF for Combined Issues 

This section describes the approach used to estimate the ACDF associated with combined issues.  

0 Mapped each issue to the systems or functions.  

* Determined initiators whose mitigation were affected by the system or functions.  

0 Identified issues by initiators and sequences affected.  

0 Modified the SPAR model to account for synergistic impacts in those sequences.  

Table 2.4-1 summarizes the key aspects of the process used to evaluate the risk significance of degraded 

conditions when the synergistic effects (combined effect of multiple degraded conditions on the 

functionality of a system) within a system, or among systems, were considered.

NUREG-XXXX14



Table 2.4-1 Process for Analyzing the Risk Associated with the Combined Conditions 

Nature of Issue 
Interaction Modeling Method Example 

A single degraded Used the identical basic event Cook Issue No. 9, in which the 

condition affects multiple identifier in all affected system fault failure of a 20 psig pressure 

mitigating systems. trees in the SPAR model. regulator in the open position 
would affect the RHR as well as 

the AFW functions.  

Multiple degraded Examined individual issues to Multiple issues related to the ice 

conditions affect the determine whether a given condition condenser such as ice weight, 

performance of a system. could exacerbate a second condition. flow paths, and door blockages.  

If an engineering analysis was 
available, that analysis was used to 
make this determination.  

Two different systems The SPAR model accounts for these Degraded conditions in some 

support a function needed hardware interactions, systems affecting Auxiliary 

to mitigate a core damage Feedwater (e.g., Issue No. 9) 

initiator, and Feed-and-Bleed functions 
(e.g., Issue No. 54).  

Two different systems After assessing the impact by Issues associated with the 

support a function needed individual systems, evaluated whether containment spray system and 

to prevent containment the combined effect could cause the ice condenser could 

failure. realistic acceptance criteria to be combine to impact peak 

exceeded. containment pressure.  

The change in a critical The path of the affected fluid was Changes in the lake water 

parameter of a fluid that followed to ensure that the temperature might affect ESW, 

passes through multiple degradation of the multiple systems CCW, CTS, ECCS pump seals, 

systems may affect the that would be affected by it was and RCP pump seals.  

function of each system properly considered in the analysis of 

individually, the issue.  

Several issues affecting Issues were binned according to Issue Nos. 3, 35, 45, 62, 64, 70, 

different systems impact "Seismic," "Fire," and "Shutdown," 102, 107, 113, 126, 134 and 136 

the risk significance and then the combined impact was had the potential to affect the 

associated with fires, examined. CDF associated with a seismic 

seismic events, and event.  

shutdown.
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2.5 Qualitative Evaluation of Individual Containment-Related Issues

The qualitative evaluation of individual containment-related issues is summarized as follows: 

* Investigated system functionality - The analyst reviewed the LER or the inspection report 

discussion of the issue in order to determine whether the degraded condition affected the 

functionality of the system.  

0 Used realistic criteria - This evaluation used realistic criteria rather than design basis criteria to 

determine the impact of an issue on containment performance. Rather than the design basis value 

of 12 psig, the analysis used the High Confidence Low Probability Failure (HCLPF) value of 36 

psig for containment failure due to overpressure from the IPE as the criteria for performance.  

2.6 Analysis of Combined Containment-Related Issues 

The following is a brief outline of the process used in the evaluation to assess the combined impact of 

multiple containment-related issues on anticipated containment performance.  

0 Grouped issues by specific containment system - All containment-related issues that affected a 

specific system were grouped together (e.g., all issues that affected the ice condenser, all issues 

that affected the containment spray system, all issues that affected hydrogen combustion, all 

issues that affected the distributed ignition system, etc.).  

0 Considered combined effect of individual issues - The evaluation used engineering analysis of 

the specific condition or information provided in the LERs to determine whether the combined 

impact of individual issues could have failed the system.  

* Mapped issues .to individual containment failure modes - After grouping issues by system and 

analyzing the combined impact by system, the next step was to combine issues by containment 

failure mode.  

0 Determined the overall impact of issues on a given containment failure mode using the nature 

and magnitude of all issues affecting systems which impacted that failure mode. Used realistic 

criteria (see HCLPF above) to determine the impact on the failure mode.  

Section 3 contains a detailed discussion of the results of the analyses.  

2.7 Peer Review Process 

This report will be subjected to a peer review by the licensee and by the NRC staff. Specifically, it will 

be sent for review/comment to the Probabilistic Safety Assessment Branch in the NRC's Office of 

Nuclear Reactor Regulation (NRR) and the Probabilistic Risk Analysis Branch in the Office of Nuclear 

Regulatory Research (RES), to the NRC's resident inspectors at the Cook plant, to the NRC's Region III 

office, to other cognizant branches in the NRC's program offices, and to the Union of Concerned 

Scientists. The report will also be sent to the licensee for review and comment. Each peer review 

comment received will be evaluated and resolved, with the resolution documented in an appendix to the 

report.

NUREG-XXXX16



3.0 RESULTS

This section presents the results of the analyses described in Section 2.  

This evaluation assessed the risk significance of 141 issues at the Cook plant. Of that number, five issues 

were identified as accident sequence precursors. The remaining Cook issues reviewed and analyzed in 

this evaluation, when evaluated on their own, had an e6timated ACDF<1.Ox I06/year. Therefore, they did 

not satisfy the criteria for an accident sequence precursor.  

The results of the evaluation of the precursors as well as the integrated risk significance associated with 

the combined issues are summarized in Table 3-1.
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Table 3-1. Summary of ACDF Results for Individual Initiating Events

INITIATING EVENT ACDF (per year) Details of Analysis 

1. High-Energy Line Breaks (HELBs): 3.9x 10-4 (total) 

HELBs in turbine building - 3.9xlO×4 Appendix A, Section 122 

HELB in pipe chase adjoining CCW 

pump room - 3.0x 10' (Note 2) Appendix A, Section 53 

HELB in startup blowdown flash tank 

room - 2.7x 1011 Appendix A, Section 1 

2. Seismic Events: >4.2 x10-1 (total) 

Failed ESW automatic backwash 

capability - 3.2 x 10-5 Appendix A, Section 61 

Collapsed block walls - >1 .Ox 10.5 Appendix A, Section 134 

Failed EDG 7.5 x 10-9 Appendix B, Section 3 

3. Medium LOCA 3.2x 105 Appendix A, Section 135 

4. Large LOCA 4.0x10.6 Appendix A, Section 135 

5. Loss of offsite power (LOSP) 5.2 x 10-7 Appendix C 

6. Small LOCA 2.6x 10-7 Appendix C 

7. Intersystem LOCA (ISLOCA) 2.Ox iO7 Appendix B, Section 7 

8. Transient [excluded LOCAs and 3.2x 10- Appendix C 

LOSPs, and included loss of power 
conversion system (PCS)] 

9. Steam generator tube rupture 1.Ox 10-8 Appendix C 

10. Loss of control room ventilation 7.7x 10-10 Appendix B, Sections 29, 132 

11. Anticipated transient without scram negligible Appendix C 
(ATWS) 

12. Fire Event negligible (Note 1) Appendix B, Sections 42, 46, 
47, 50, 51 

13. Shutdown Event negligible (Note 1) Appendix B, Sections 9, 15, 40, 
48, 85, 94, 95, 124, 128, 141

14. Spent fuel pool event 

15. Loss of dc power

negligible (Note 1)

1 4

negligible (Note 1) Appendix B, Sections 55, 58, 
123

No calculations were performed. However, there were no issues that had the potential to 

create sequences that exceed 1.0×x 1 06/year precursor threshold value.  

Applies to Unit 2 Only.

Note 1: 

Note 2:

I

Appendix B, Sections 32, 56
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3.1 Accident Sequence Precursors

A summary of each of the five precursors follows: 

0 A potential loss of all component cooling water pumps at Cook Unit 2 resulting from the 

effects of a postulated HELB in a Unit 2 piping chase - On July 15, 1998, with both units in 

cold shutdown, the licensee's staff determined that a postulated crack in a Unit 2 main steam line 

could degrade the ability of the component cooling water (CCW) pumps to perform their design 

function (LER No. 316/98-005) (Ref. 3). The CCW pumps for both units are located adjacent to 

one another in a semi-enclosed area in the Auxiliary Building. Next to the area where the pumps 

are located is a pipe chase enclosing two Unit 2 main steam lines and a main feedwater line. This 

pipe chase can be accessed through any one of three doors.  

Although the pipe chase walls provide a qualified HELB barrier, the doors are not designed to be 

watertight or pressure-retaining. The CCW pump motors and other equipment are not qualified 

for a high temperature/high humidity environment. As a result, if the postulated HELB were to 

occur, the potential would exist for Unit 2 to suffer a total loss of CCW. Even though the Unit I 

CCW pumps are also located in this area, a fire barrier that is 7 feet tall would prevent damage to 

the Unit I CCW pumps from the harsh environment. The ACDF estimated for this condition was 

3.0x 101/year.  

* A potential loss of all AFW pumps, EDGs, and safety-related and non safety-related 600V 

and lower voltage buses resulting from postulated HELBs in the turbine building - Cook 

LER 315/99-026 (Ref. 6), pointed out three potentially significant additional HELB scenarios in 

which critical systems can be affected by HELB events. In one of these scenarios, a HELB in 

the turbine building could potentially fail all AFW. A second HELB scenario could potentially 

fail both trains of safety-related and non safety-related 600V and lower voltage buses. A third 

scenario could, potentially fail both emergency diesel generators (EDGs). The estimated ACDF 

for this issue due to these postulated HELBs was 3.9x 1 0"/year.  

0 A potential loss of sump recirculation and alternative containment spray function resulting 

from pressure locking of several motor-operated valves - In LER 315/99-031 (Ref. 7), the 

licensee reported that a preliminary calculation review determined that valves which provide a 

suction path from the containment sump to the emergency core cooling system (ECCS) pumps 

and the valves which align RHR to the upper containment spray (CTS) header were susceptible to 

pressure locking following a postulated LOCA. According to the LER, the calculated additional 

forces due to pressure locking were sufficient to exceed the capability of the respective valve 

actuators. Consequently, these valves may be incapable of opening under accident conditions.  

The estimated ACDF due to this potential pressure locking condition was 3.6 x 0-5/year.  

0 A potential loss of multiple safety related systems due to 122 block walls whose anchorage 

may have inadequate out-of-plane support - An issue documented in the condition report CR 

P-99-14004 (Ref. 8) pertained to the capability of 122 safety-related block walls at the Cook 

plant. According to the condition report, the licensee discovered that the existing calculation 

treated the junction between the block walls and the in-place concrete wall as simply supported, 

or in some cases, fixed supports. Such treatment is not justified since, at these locations, all that 

is provided are dovetail anchors. Dovetail anchors cannot provide any out-of-plane support for 

the block walls. As a result, during seismic events, these walls could fail.
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Since seismic fragilities of the block walls in their as-found condition were unavailable at the 

time this issue was analyzed, the seismic CDF associated with this issue could not be calculated.  

However, as indicated in IE Bulletin 80-11, block walls that are not properly anchored can fail 

during earthquakes whose magnitudes are below the design basis earthquake (DBE). For the 

Cook site, the DBE is 0.2g. A bounding calculation was performed to determine the potential 

significance of this issue, assuming that the median capacity of the block walls in their as-found 

condition is less than 0.2g. That calculation indicated that the seismic ACDF associated with this 

issue could be greater than I x 0"5/year.  

0 A potential loss of all ESW pumps during an earthquake due to degraded conditions in the 

ESW strainer backwash system which is not seismically qualified - During inspections by the 

NRC staff at Donald C. Cook Nuclear Plant, Units 1 and 2 (Cook 1 and 2) in December 1997 and 

May 1999, the inspectors identified a violation in which the licensee failed to treat the manual 

backwashing of the essential service water (ESW) strainers in accordance with quality standards 

commensurate with the importance of the safety functions to be performed. The inspection 

reports (Ref. 9, 10) concluded that: (1) the licensee did not have a procedure for manually 

backwashing the ESW pump discharge strainers, (2) the evolution would require tools which 

were not readily available, and (3) the operators had not been trained in how to perform a manual 

backwash of the strainers. In addition, the inspection reports concluded that there were degraded 

material conditions which could decrease the automatic backwash capability during earthquakes 

and other events and therefore had the potential to impact CDF sequences relative to seismic and 

other events that require ESW. The estimated ACDF associated with this issue was 

3.2 x 10-5/year.  

Analogous to the ASP Program, precursors with ACDFŽ 1.0x 10-/year would be considered "important." 

The estimated ACDF associated with Issue Nos. 53, 61, 134, and 135 are less than the threshold for an 

"important" precursor. The estimated ACDF associated with Issue No. 122 is greater than the threshold 

for an "important" precursor.  

3.2 Non-Precursor Issues 

All issues except those discussed in section 3.1 above did not meet the ASP Program criteria for an 

accident sequence precursor. The estimated ACDF for each of these issues was less than 1.0x I 06/year.  

Appendix B contains a detailed discussion of each of these issues.  

3.3 Combined Precursor Evaluation 

Each of the 141 issues identified for analysis was examined to determine how it affected the sequences 

associated withi different initiators. Section 2.4 summarizes the approach used to analyze the ACDF 

associated with combined issues. This analysis showed that, the combined impact of the all issues other 

than those identified as precursors do not lead to core damage sequences whose frequency exceed the 

precursor threshold value of I x I 06/year. The combined impact of all containment-related issues was 

analyzed using the approach described section 2.6. This analysis concluded that even when all of the 

impacts of the containment-related issues were combined, the risk significance was negligible. Appendix 

D provides details on the integrated risk assessment of combined issues.
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53.0 LER No. 316/98-005

Event Description: Potential for High Energy Line Break to Degrade Component 
Cooling Water System 

Date of Event: July 1998 

Plant: Donald C. Cook Nuclear Plant, Units 1 and 2 

Note: Issue #53, which concerns the potential for a high energy line break (HELB) in a pipe chase 
adjoining the component cooling water (CCW) pump room to degrade the CCW system, is not included 
for comment because the issue is a final analysis that has incorporated peer review and licensee 
comments. The abstract for the issue is included below.  

A potential loss of all component cooling water pumps at Cook Unit 2 resulting from the effects of a 

postulated HELB in a Unit 2 piping chase - On July 15, 1998, with both units in cold shutdown, the 
licensee's staff determined that a postulated crack in a Unit 2 main steam line could degrade the ability of 

the CCW pumps to perform their design function (LER No. 316/98-005). The CCW pumps for both 
units are located adjacent to one another in a semi-enclosed area in the Auxiliary Building. Next to the 
area where the pumps are located is a pipe chase enclosing two Unit 2 main steam lines and a main 
feedwater line. This pipe chase can be accessed through any one of three doors.  

Although the pipe chase walls provide a qualified HELB barrier, the doors are not designed to be 
watertight or pressure-retaining. The CCW pump motors and other equipment are not qualified for a high 
temperature/high humidity environment. As a result, if the postulated HELB were to occur, the potential 
would exist for Unit 2 to suffer a total loss of CCW. Even though the Unit 1 CCW pumps are also 

located in this area, a fire barrier that is 7 feet tall would prevent damage to the Unit I CCW pumps from 

the harsh environment. The change in core damage frequency (ACDF) estimated for this condition is 3.0 

x 10"/year.  

Reference: Interim LER 316/98-005, "Potential for High Energy Line Break to Degrade Component Cooling Water 
System," August 14, 1998.



NRC Inspection Report No. 50-315/316/97-024, Finding E1.1.b and Inspection 
Report No. 50-315/316/99010, Findings M.2.1.b and O1.2.b.1 

61.0 NRC Inspection Report No. 50-315/316/97-024, Finding EI.1.b and Inspection 
Report No. 50-315/316/99010, Findings M.2.1.b and O1.2.b.1 

Event Description: Lack of a procedure for manually backwashing the ESW pump 

discharge strainers 

Date of Event: December 1997 and May 1999 

Plant: Donald C. Cook Nuclear Plant, Units I and 2 

61.1 Event Summary 

During inspections by the NRC staff at Donald C. Cook Nuclear Plant, Units 1 and 2 (Cook 1 and 2) in 
December 1997 and May 1999, the inspectors identified a violation in which the licensee failed to treat 
the manual backwashing of the essential service water (ESW) strainers in accordance with quality 
standards commensurate with the importance of the safety functions to be performed. The inspection 
reports concluded that (1) the licensee did not have a procedure for manually backwashing the ESW 
pump discharge strainers, and (2) the evolution would require tools which were not readily available, and 
(3) the operators had not been trained in how to perform a manual backwash of the strainers. In addition, 
the inspection reports concluded that there were degraded material conditions that decreased the 
automatic backwash capability during earthquakes and other events and therefore had the potential to 
impact CDF sequences relative to seismic and other events.  

The estimated change in core damage frequency (CDF) associated with this issue is 3.2 x I 05/year.  

61.2 Event Description 

The NRC staff conducted an inspection at Cook 1 and 2 from November 8, 1997 through December 27, 

1997 (Ref. 1). During the inspection, the team questioned the adequacy of the licensee's basis for the 

ESW system strainers not being a support system required for ESW system operability. Consistent with 

this treatment, the licensee had classified the ESW strainer backwash system as a non-safety-related 
system. However, it was possible for the strainers to be manually backwashed if the air system or the 

relays were to fail, in order to support the continued operability of the ESW system. The licensee 

supplied additional information to the inspectors, who in turn requested that the NRC's Office of Nuclear 

Reactor Regulation (NRR) review the licensee's design basis, and reach a conclusion about the need for 

operable strainers to support an operable ESW train.  

In their response to the inspector's request, NRR concluded that the licensee should consider any 

procedures for manually backwashing the ESW strainers to be safety-related. NRR also concluded that 

the licensee should ensure that the emergency procedures for responding to a loss of offsite power 

(LOSP) contain appropriate actions to take if the plant lost the capability to automatically backwash the
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strainers. However, the inspectors subsequently determined that no procedure for manually backwashing 

the strainers existed, the evolution would require tools which were not readily available to the operators, 
and the operators had not been trained in how to perform a manual backwash of the strainers.  

As a result of NRR's conclusion, the inspectors determined that the licensee had failed to comply with the 
basis for Technical Specification 3/4.7.4 for the Cook plant, which states in part, "The OPERABILITY of 

the essential service water system ensures that sufficient cooling capacity is available for continued 

operation of safety-related equipment during normal and accident conditions." Consequently, this meant 

that the licensee was in violation of Criterion V of Appendix B to Title 10 CFR Part 50, which requires in 
part, "That activities affecting quality shall be prescribed by documented instructions, procedures, or 
drawings, of a type appropriate to the circumstances and shall be accomplished in accordance with these 
instructions, procedures, or drawings." 

An NRC inspection report issued in 1999 (Ref. 2) noted that the licensee did not perform an operability 
evaluation to determine the aggregate impact of multiple degraded conditions relating to the ESW 

strainers. The inspection report identified the following events and conditions: 

"* Failure of the Unit I West left strainer to backwash due to a failed backwash valve; 

"* Degraded gate seal on the inlet gate of the Unit 1 strainer; 

"* Rounded key on the motor operator on the inlet gate of the Unit I strainer; 

"* Cracked support pads for both of the Unit 1 strainers; 

"* Improperly supported air lines to the backwash valves of all four ESW strainers; 

"* Improperly supported instrument lines to all four ESW strainers; and 

"* Jerky operation of Unit 2 East ESW strainer basket backwash valve 2-WRV-773 

In light of the above, the risk associated with the following three degraded conditions was examined: 

"* Lack of a procedure of for manually backwashing the strainers; 

"* Degraded capability of the automatic backwashing system (which is not seismically qualified); in 

case of a seismic event and 

"* Potential decrease in the backwash capability due to degraded material conditions.
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61.3 Additional Event Related Information 

The ESW system at Cook consists of four ESW pumps. Two pumps are sufficient to supply all service 

water requirements for both units. The ESW system provides cooling water to the component cooling 

water (CCW) heat exchangers, the residual heat removal system (RHR) heat exchangers, the containment 

spray (CTS) heat exchangers, and the emergency diesel (EDG) coolers. The CCW is used cool a large 

number of loads, including high pressure injection (HPI) lube oil. Therefore, in the event of a loss of 

both trains of ESW, all safety-related systems except the auxiliary feedwater (AFW) system could fail.  

The AFW system at each of the Cook units consists of three trains; two motor-driven and one turbine

driven. Two motor-driven trains are powered from safety-related 4 KV buses. The third train is a 

turbine-driven auxiliary feedwater pump (TDAFP) that does not rely on AC power, except for its room 

ventilators. The TDAFP room of each unit has doors which are open to the turbine building. The 

turbine-driven pumps are capable of running for several hours without ventilation. Therefore, even 

during a station blackout scenario, the turbine-driven auxiliary feedwater pump would remain available.  

61.4 Modeling Assumptions 

The conditions identified in the inspection reports (lack of procedure to perform manual backwash, 

degraded material conditions that decreased the automatic backwash capability during events other than 

earthquakes, degraded material conditions that decreased the automatic backwash capability during an 

earthquake) had the potential to impact CDF sequences relative to seismic events or events other than 

earthquakes. The risk associated with events other than earthquakes was determined to be negligible due 

to the following: 

"* During normal plant operation, in the absence of stormy weather, the strainers plug up at a relatively 

low rate. In the absence of stormy weather conditions on the ultimate heat sink (Lake Michigan), the 

ESW pumps may run for weeks before a strainer plugs (Ref. 3).  

"* Even if the strainers plug, unless the automatic backwash capability fails, manual backwash is not 

needed. The inspection reports (Refs. 1, 2) identify one failure of the automatic backwash capability 

for each Unit and several other degraded conditions. Given that this system is normally running, if 

these degraded conditions are significant enough to affect the functionality of the system, they will be 

self-revealing unless the accident condition imposes additional stresses compared to the normal 

operation.  

" The ESW system is shared by both units. The system has many redundancies and capabilities to 

share ESW pumps between the two units as shown in figure 1. The two Cook units are equipped with 

four ESW pumps. Only two of the pumps are needed to support normal operation or accident loads 

of both units. The heat exchangers for the two diesel generator sets on each unit are served by both 

ESW headers of that unit. As a result of this configuration, any of the four ESW pumps can be 

aligned to cool a given EDG.  
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Lack of a procedure did not eliminate the capability to perform backwashing of strainers in the event 

of losing automatic backwashing capability. According to discussions with the senior resident 

inspector at the Cook plant (Ref. 3), because there was no procedure, it may require about 2 hours for 

the operators to perform manual backwashing. Even if a procedure were available, the backwashing 

is expected to take 15-30 minutes (Ref. 3).  

To illustrate the fact that the CDF increase associated with this issue due to events other than earthquakes 

is less than 1 x 10", the following sequence was considered. Sequence I below is considered limiting, 

since the initiating event (severe weather induced loss of offsite power) leads to the stormy condition that 

challenges the automatic backwashing capability. In this analysis, it was conservatively assumed that one 

of the ESW pumps in each of the two ESW headers is dedicated to the Unit I EDGs (i.e., capability 

to share ESW pumps among units was not credited): 

Sequence 1: Loss of offsite power (LOSP) due to stormy conditions 

"* LOSP from stormy conditions (no earthquake); 

"* Automatic backwash capability of a train of ESW fails; 

"* The second ESW train fails to continue to run prior to recovery of the first ESW train by manual 

backwashing; and 

"* Loss of ESW leads to core damage.  

There are other method of failing two ESW pump trains which could lead to loss of two ESW pump 

trains after a LOSP beyond the failures considered in Sequence 1 above (e.g., probability of failing to 

start ESW pumps, ESW pump out of service). However, these failure combination are not considered 

here since they are not impacted by the degraded condition (lack of a procedure to perform manual 

backwashing). For example, the probability of both trains of ESW trains failing due to pumps in both 

trains failing to start after a LOSP is independent of the availability of a procedure to manually backwash 

the strainers.  

LOSP due to stormy conditions (no earthquake) - From Table B-4 of Reference 4, the mean frequency of 

severe weather-related LOSP events at the Cook site is 5.2 x 10"/calendar year 

Automatic backwash capability of a train of ESWfails -Since the postulated initiating event is assumed to 

fail offsite power and associated with stormy conditions, it was assumed that automatic backwashing 

capability of ESW would be challenged. The Cook Individual Plant Examination (IPE) does not provide 

a failure probability for automatic backwash. Based on the description of the automatic backwash 

system, in consideration of its reliance on pressure switches, pressure transmitters, relays, and air

operated valves and the typical failure probabilities for these components (See Table 3.3-1 of Ref. 5), the
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approximate failure probability of the automatic backwashing system of an ESW train was assumed to be 

less than 1.0 x 10.2.  

The second ESW train fails to continue to run prior to recovering the first ESW train by manual 

backwashing - Even though the ESW train that failed may be recovered in spite of the fact that a 

procedure did not exist, there is insufficient basis to credit that capability. Moreover, the ASP program 

does not credit recovery actions unless a procedure exists to support those recovery actions.  

Consequently, the second ESW train would be expected to run for its entire mission time of 24 hours.  

The running train of the ESW may fail due to a variety of reasons. The dominant failure modes of the 

running train are (a) ESW pump fails to run, and (b) ESW train fails due to plugging of the strainer and 

the automatic backwashing (of the second train) fails. Based on Cook IPE (Ref. 5), the probability of the 

ESW pump failing to run is 3.0 x 105/hour. The Cook IPE does not provide a failure probability for the 

automatic backwashing system. Given that the automatic backwash capability has failed several times 

(six failures between August 1996 and June 1999 in four ESW strainers), the failure rate based on these 

known failures is about 0.5 failures/strainer/year. Using Bayesian updating with a non-informative prior, 

and conservatively assuming 1.0 failures/strainer/year, the failure rate is estimated to be approximately 

1.7 x 10"4/hour (= 1.5/8760).  

In the absence of a procedure to perform manual backwashing, the probability of failure of the second 

train of ESW to run over its mission time of 24 hours is 4.8 x 10' (= 24 hours x 2.0 x 104/hour).  

Loss of ESWfailure leads to core damage - The ESW system provides cooling water to the component 

cooling water (CCW) heat exchangers, the residual heat removal system (RHR) heat exchangers, the 

containment spray (CTS) heat exchangers, and the emergency diesel (EDG) coolers. The CCW is used 

cool a large number of loads, including high pressure injection (HPI) lube oil. Therefore, in the event of 

a loss of both trains of ESW, all safety-related systems except the auxiliary feedwater (AFW) system 

could fail. When both ESW pump trains supporting a unit fail (one train fails due to strainer plugging 

and failure to backwash and the other train fails while running before the first train is recovered), the 

EDGs cannot be cooled. As a result, the EDGs must be stopped or they would fail. As a result, the plant 

will not have motive power to run its ESW pumps. Once the ESW pumps stop, the strainers cannot be 

backwashed (pumps must be running to perform the backwash automatically or manually). Therefore, 

ESW cannot be recovered. Consequently, the EDGs cannot be recovered.  

Even though AFW is initially available, unless the ESW and EDGs can be recovered within several 

hours, AFW will fail due to loss of ventilation. Therefore, conservatively, this probability was assumed 

tobe 1.0.  

Using the above frequencies and probabilities (some of which are conservative upper bounds), the 

frequency of Sequence I was estimated as follows: 

(Frequency of LOSP from stormy conditions (no earthquake): 5.2 x 10 3/calendar-year) x 
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(Criticality factor: 0.79) x 

(Probability of failure of the automatic backwash capability of a train of ESW: 1.0 x 10"2) x 

(Probability the second ESW train fails to continue to run prior to recovering the first ESW train by 

manual backwashing over 24 hours: 4.8 x 10"') x 

(Probability of loss of ESW failure leading to core damage: 1.0) = 2.5 x 107/year.  

Since there are two sequences similar to Sequence 1 (one in which West ESW train fails first and the 

other in which East ESW train first), the increase in frequency is 5 x 10"7/year. The above calculation 

does not credit the capability to share ESW pumps among the two units. When that capability is credited, 

the increase in frequency will be less than 5 x 1 07/year.  

The frequency estimated above is less than I x 1 06/year. Therefore, this sequence is excluded from 

further analysis.  

The automatic backwashing capability of the ESW strainers is not seismically qualified. In addition, the 

inspection reports documented several material conditions that indicated degradations in the system (e.g., 

improperly supported air lines to the backwash valves of all four ESW strainers, improperly supported 

instrument lines to all four ESW strainers). As a result, it was reasonable to assume that the automatic 

backwash capability would fail after an earthquake. Two scenarios were considered: (a) an earthquake 

that failed the automatic backwash capability of both ESW trains, and fails offsite power, and (b) an 

earthquake that affected the automatic backwash capability without affecting offsite power. Of the 

above, scenario (a) in which both offsite power and ESW would be affected was limiting, and was 

analyzed. Probabilistically, scenario (b) is less likely, considering the relatively low seismic fragility of 

switchyards. In addition, scenario (b) is lower in risk significance compared to (a) since, if offsite power 

were available, emergency diesel generators (EDGs) that need ESW within minutes would not be needed 

to mitigate the accident. If offsite power were available, both the turbine-driven and motor-driven AFW 

pumps could be used to remove decay heat from the core.  

The sequence of actions that would lead to a non-recoverable station blackout (SBO)consists of of the 

following. As a result of a postulated earthquake, offsite power would be lost. Simultaneously, the ESW 

strainers would plug. The automatic backwashing capability would be expected to fail since that system 

is not seismically qualified and was in a degraded condition. The manual backwashing capability could 

not be established, since there was no procedure. The EDGs would fail due to the degraded ESW flow, 

and consequently an SBO would occur.  

The non-recoverable SBO described above would lead to core damage.  

Therefore, the second sequence of interest is as follows: 

Sequence 2: Loss of Offsite Power and ESW due to earthquake and AFW failure 

* An earthquake capable of failing offsite power and automatic backwashing capability of ESW occurs; 
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"* Automatic backwashing capability is demanded due to earthquake stirring up the lake intake with 

sand and debris and it fails; 

"* Manual backwashing fails, leading to EDG unavailability; and 

"* Core damage occurs due to SBO.  

Earthquake capable offailing offsite power and ESfi zutomatic backwash capability occurs - The 

automatic backwash system of ESW is not seismically qualified in that it relies on relays, pressure 

switches, and air-operated valves which are not qualified. In addition, there were degraded conditions 

that could have affected the seismic capability (improperly supported air lines to the backwash valves, 

improperly supported instrument lines). The seismic fragility of the automatic backwash system in this 
"as-found" condition is unknown.  

The seismic fragility of the switchyard is dependent upon the fragility of ceramic insulators. According 

to Table 3 of the licensee's seismic Individual Plant Examination of External Events (IPEEE) (Ref. 6), 

the median capacity of the ceramic insulators is 0.2g. Table 5 of Reference 6 and the hazard curves (also 

in Ref. 6) were used to calculate the frequency of occurrence of an earthquake at the Cook site. The table 

below shows the contribution of individual earthquake acceleration groups to the seismically induced 

LOSP frequency. The total LOSP frequency (summation of frequencies from all seismic groups) was 

approximately 4.0 x 1 05/year 

Earthquake 0.15-0.25 0.25-0.30 0.30-0.35 0.35-0.40 0.40-0.45 >0.45 

acceleration 
range in 
'g's 

Frequency z4.0 x 10' 8.6 x 10' 5.1 x 10' 2.97 x 10' 1.75 x 10' 2.50 x 10' 

(per year) 

Prob. of 0.5 0.82 0.90 0.96 0.99 1.00 

LOSP in the 
range 

Frequency 2.0 x 10' 7.1 x 10- 4.6 x 10' 2.9 x 10' 1.7 x 10- 2.5 x 10' 

of 
seismically 
induced 
LOSP 

Automatic backwashing capability is demanded due to the earthquake stirring up the lake intake with 

sand and debris and it fails - The automatic backwashing capability may or be challenged in the 
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aftermath of an earthquake. During an earthquake, due to the ground movement, energy will be added to 

the lake. It was assumed that the energy added by this means would generate waves and turbulence in the 

lake similar to those induced during stormy weather conditions and this would result in a challenge to the 

automatic backwash capability of both ESW trains. From Reference 3, when the licensee last vacuumed 

out the sand deposited near the pumps, there were sand dunes and piles of sand 10 feet high near the 

pumps. A likely scenario would be an earthquake causing the sand dunes near the pump to collapse and 

push a slug of sand into the suction of the pumps (Ref. 3, 7).  

Since the automatic backwash capability was not seismically qualified and was degraded, it was assumed 

to fail. Since the large number of air lines in the plant were not seismically qualified, and since these air 

lines could fail by themselves or could fail due to objects that fall on them during an earthquake, this is a 

reasonable assumption. This assumption is used in the IPEEE and other licensing based seismic analyses 

[e.g., resolution of Unresolved Safety Issue (USI) A-46)]. Therefore, the probability of demanding the 

automatic backwash system and its subsequent failure was conservatively assumed to be 1.0.  

Manual backwashingfails, leading to EDG unavailability - Since there was no procedure to implement 

manual backwashing of ESW strainers, no credit was given for this action. As a result, EDGs would 

become unavailable and the ESW pumps would stop running. Therefore, the probability of this event 

was assumed to be 1.0.  

Core damage occurs due to SBO - If a SBO occurs as a result of ESW pumps failing leading to failure of 

the EDGs and if the ESWs failed due to plugged strainers, the ESWs could not be recovered. The ESW 

strainer cleaning (automatic or manual) relies on ESW pumps and since the EDGs would be unavailable 

the strainers could not be recovered. Therefore, the probability of this event was assumed to be 1.0.  

Using frequencies and probabilities above, the frequency of Sequence 2 was calculated as follows: 

(Frequency of earthquake causing LOSP and failing ESW: 4.0 x 10"5/calendar-year) x 

(Criticality factor: 0.79) x 

(Probability of automatic backwashing failure: 1.0) x 

(Probability of manual backwashing failure leading to EDG failure: 1.0) x 

(Probability of core damage given non-recoverable SBO: 1.0) = 3.2 x 10"'/year.  

61.5 Analysis Results 

The estimated total increase in the core damage frequency (ACDF) associated with this issue is the sum 

of frequencies of sequences I and 2 above which is 3.2 x 10'/year. It is dominated by Sequence 2. In 

Sequence 2, core damage results due to an earthquake which fails offsite power and ESW due to the 

degraded automatic backwash capability that is not seismically qualified. The manual backwash 

capability was not credited due to lack of a procedure to perform that function.
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LER No. 315/99-026 

122.0 LER No. 315/99-026 

Event Description: High Energy Line Break Programmatic Inadequacies Result in 

Unanalyzed Conditions 

Date of Event: October 22, 1999 

Plant: Donald C. Cook Nuclear Plant, Units I and 2 

122.1 Event Summary 

Cook LER 315/99-026 (Reference 1), reported the discovery that a number of locations in the plant 
should be considered unprotected from the effects of postulated high-energy line break (HELB) events.  
This LER described the following HELB scenarios: 

"* A HELB in the turbine building that may fail all auxiliary feedwater (AFW) pumps; 

"* A HELB in the turbine building near the switchgear room that may fail both trains of safety-related 
and non-safety-related electrical equipment (buses, transformers, motor control centers) in the 
switchgear room; 

"* A HELB in the turbine building that may fail emergency diesel generators (EDGs); and 

"* A HELB in the steam generator blow-down line potentially failing the turbine-driven AFW pump 
(TDAFPs) (This scenario is applicable to Unit 2 only).  

Another HELB scenario in which a pipe break could potentially fail all component cooling water (CCW) 
pumps was reported in LER 316/98-005 (Reference 2). The risk associated with the additional HELB 
issues described in LER 315/99-026 (Reference 1) on the HELB scenario described in LER 316/98-005 
(and vice versa) was considered. That impact was determined to be negligible. That is, breaks 
postulated in this analysis in the turbine building have negligible impact on the CCW pumps and the 
break postulated in Reference 2 has minimal impact on the analysis of conditions described here.  
(Analysis of the condition reported in LER 316/98-005 was documented as issue #53. Licensee has 
already provided their comments on the analysis of this LER report).  

The estimated increase in the core damage probability (CDP) over a one-year period (i.e., the importance) 
due to these postulated conditions is 3.9 x 1 0"/year. The uncertainty associated with this frequency 
results from the lack of HELB calculations that show the subset of HELBs in the turbine building that 
could fail the different targets (safety-related equipment that is not qualified for harsh environments).
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122.2 Event Description 

Potential adverse effect of a HELB in turbine building on AFW 

Figure 1 is a simplified schematic of the AFW rooms of both Units. Figure 2 shows the ventilation inlets 
and outlets for each of the AFW rooms. As shown in figure 1, the door between the AFW pump room 
corridor (pump room vestibule) and the turbine building is maintained open. During a fire, when the 
temperature reaches 375 degrees F, the fusible link on this door actuates to close it. A HELB is not 
expected to cause a temperature as high as 375 degrees F in this area. Therefore, this door (door between 
the turbine building and the pump room vestibule) is not expected to close following a HELB event in the 
turbine building.  

In addition, the door between the TDAFPs of each unit and the pump room vestibule is kept open due to 
the following reasons. The TDAFP rooms of the two units are structurally designed to withstand an 
internal pressure of 2 psig. There is a 4-inch steam supply line in each of the two TDAFP rooms. If this 
line breaks while the TDAFP room door is closed, the room pressure would rise quickly and challenge 
the structural integrity of the TDAFP room. As shown in figure 1, each unit's TDAFP room shares walls 
with the other unit's TDAFP room and both of the associated unit's motor-driven AFW pump (MDAFP) 
rooms. Therefore, failure of the TDAFP room may cause damage to three other auxiliary feedwater 
pump rooms. In order to eliminate this accident scenario, doors between the pump room vestibule and 
the TDAFP rooms are maintained open. These doors are equipped with a fusible thermal link designed to 
close during a HELB or a fire. However, these doors are not expected to close during a HELB in the 
turbine building since the high temperatures needed to actuate the fusible link will not be reached during 
a HELB. As a result, during a HELB in the turbine building, steam can enter the TDAFP rooms of both 
units via the three doors (door between the pump room vestibule and the affected turbine building and the 
doors to the TDAFP rooms) that are maintained open.  

The doors to the MDAFP rooms are maintained closed. Therefore, during a HELB, steam cannot enter 
these two rooms through the doors. However, as shown in figure 2, the MDAFP room ventilation 
systems take their suction from the turbine building. Each room takes in 10,000 cubic feet per minute 
(CFM) from the turbine building. The ventilation system of each MDAFP room actuates when that 
MDAFP starts. Therefore, after a HELB, when the MDAFPs start, steam will be drawn into the MDAFP 
rooms via the ventilation system. The dampers installed in the ventilation duct work MDAFPs are 
curtain-style fire dampers with thermal fusible links. But, they are not designed to close while flow is 
occurring through the ventilation ducts. Therefore, after a HELB event in the turbine building, steam will 
enter the MDAFP rooms.  

As discussed above, after a HELB, steam will enter the TDAFP rooms of both units through the doors 
that are left in the open position and MDAFP rooms of the affected unit thorough the ventilation ducts.  
Since the auxiliary feedwater pumps are not qualified for a harsh environment, all AFW pumps may fail 
when exposed to steam.
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Potential adverse effect of a HELB in safety and non-safety-related switchgear 

There is one switchgear room for each Cook plant. Figure 3 is a simplified schematic that shows the 
relative location of the Unit I switchgear room with respect to the turbine building. The switchgear room 
of each unit is supplied by a supply-only ventilation system. The exhaust occurs through the switchgear 
room roll-up door. As a result, the door is maintained open. During a fire, upon carbon dioxide 
actuation, the roll-up door to the switchgear room will close automatically. During a HELB, the roll-up 
door does not automatically close. A past computer calculation had shown that the switchgear rooms 
would remain in a mild environment post-HELB with the doors open. However, that calculation did not 
identify a high-energy source (a high-pressure feedwater heater) located near the open door.  

The switchgear room contain safety-related 600 VAC and lower voltage buses. These buses were not 
designed for harsh environments. After a HELB, both trains of safety-related, safe shutdown, and vital 
equipment or instruments powered from these buses may not function as designed. Even though the 4KV 
buses power the risk-significant safety-related pumps, all motor operated valves (MOVs) rely on power 
from the 600V buses.  

Potential adverse effect of a HELB on Emergency Diesel Generators 

The EDG room ventilation system exhausts to the turbine building. This exhaust air path is equipped 
with fire dampers in the wall penetration. But these dampers do not automatically close when a HELB 
occurs in the turbine building. Steam could flow into the EDG rooms when the fans are not operating.  
The fans will operate when the EDGs are running. That is, if a HELB occurs after a loss of offsite power 
event while the EDGs are in operation, steam would not enter the EDG rooms. However, if a HELB 
occurs in the vicinity of the EDG ventilation exhaust ducts while the EDGs are not running and the 
ensuing sequence of events results in a loss of offsite power, the EDGs may not function since the EDG 
equipment is not rated for a harsh environment.  

Potential adverse effect of a HELB on the Unit 2 Turbine-Driven Auxiliary Feedwater Pump Battery 
Train 

The 250 VDC N-train and associated support equipment supplies power for the operation of the turbine
driven AFW (TDAFW) system. The supporting components of this system such as the battery charger 
and power distribution cabinet are located inside the steam generator blow-down flash tank room, which 
is outside the battery room. If a HELB occurs in the blow-down line, the battery support components 
stated above will be exposed to a harsh environment. These components are not qualified for a harsh 
environment. This condition applies to Unit 2 only. Similar components for Unit I are located in an area 
protected by effects from HELBs.
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122.3 Modeling Assumptions 

Multiple equipment that is vulnerable to harsh environments and lack of appropriate isolation from 
HELBs in the turbine building create the potential for risk-significant HELB scenarios. In light of the 
conditions described above, the following five scenarios (A, B, C, D, and E) are considered in the risk 
analysis: 

A. HELBs in pipe chase adjoining the component cooling water (CCW) pump area (This scenario was 
already analyzed as issue #53. It is included here to determine whether there are any synergistic 
effects between this and the other HELB scenarios); 

B. HELBs in the high pressure heaters or the associated piping in the vicinity of the switchgear room 

door; 

C. HELBs in turbine building (other than those near switchgear room doors); 

D. HELBs near the EDG ventilation exhaust; and 

E. HELBs in the steam generator blow-down lines near the TDAFP DC power supply.  

A. HELBs in Ripe chase adjoining the CCW pump area 

Reference 3 (ASP report for 1998 precursors) documents the risk-significance associated with a break in 
the pipe chase adjoining the CCW pump area. The calculated change in core damage frequency (ACDF) 
associated with this break is 3.0 x 1O0/year. If a break occurs in this area, in addition to failing the Unit 2 
CCW pumps, steam may also enter the turbine building and challenge the other components in the 
building (e.g., auxiliary feedwater pumps) which are not qualified for harsh environments. However, 
since the core damage frequency (CDF) calculated above is simply the product of the pipe break 
frequency and the potential to fail reactor coolant pump (RCP) seals in the event of loss of all CCW 
pumps, the risk associated with a break in the pipe chase (LER 316/98-005) will not change due to the 
additional equipment vulnerable to harsh environment.  

B. HELBs in the high pressure heaters or the associated piping in the vicinity of the switchgear room 
door 

A HELB in the vicinity of the high pressure heater or the associated piping may fail both trains of 
600VAC and lower voltage buses as well as the motor control centers supporting both trains of safety
related equipment. In addition, steam from that HELB may enter the elevation below and fail all of the 
AFW pumps.  

According to the LER (Reference 1), if steam enters the switchgear room, all 600V and lower voltage 
buses (safety- and non-safety-related) of both trains become vulnerable to the harsh environment.  
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Therefore, the conditional core damage probability (CCDP) associated with a break in this area can be 
high. However, since the roll-up door opening is used as a ventilation outlet, minor cracks or small steam 
leaks are not expected to challenge safety-related equipment in the switchgear room. Even though the 
switchgear room is at elevation 609' and the auxiliary feedwater pumps are located in the lower elevation, 
a break that is capable of forcing steam against the ventilation output through the switchgear room door is 
assumed to be capable of forcing steam through the floor grating and into the lower elevation as well.  
Although the buoyancy forces tend to force steam to upper floors, the 10,000 cubic feet/minute (CFM) 
intake by the AFW ventilation system may cause entry of steam from this break into the AFWP rooms.  

The impact of this break on the EDGs at next lower elevation (587' level) is negligible since both trains of 
safety-related electrical buses are affected. This makes availability of the EDGs of the affected unit 
irrelevant. Therefore, the two sequences that dominate the risk are: 

Sequence 1 (HELB Scenario B): 

"* HELB occurs in the high-energy equipment in the vicinity of the switchgear room door; 

"* Manual or automatic trip occurs and loss of main feedwater occurs (MFW); 

"* AFW from the affected unit fails; 

"* MDAFP cross-tied from the unaffected unit fails; and 

"* Feed-and-bleed cooling fails.  

Sequence 2 (HELB Scenario B): 

"* HELB occurs in the high-energy equipment in the vicinity of the switchgear room door; 

"* Manual or automatic trip occurs and loss of MFW occurs; 

"* AFW from the affected unit fails; 

"* MDAFP cross-tied from the unaffected unit is successful; 

"* RCP seals fail due to loss of seal cooling and lead to a small LOCA; 

"* Chemical and volume control system (CVCS) cross-tie from the unaffected unit fails; and 

"* High-pressure injection fails.
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B. 1: HELB occurs in the high-energy equipment in the vicinity of the switchgear room door. See figure 
4. Only the breaks that occur in zone 3 or large ruptures in zone 8 were assumed to be capable of forcing 
steam into the switchgear rooms. High-energy line failures in high-energy equipment near the switchgear 
room door (feedwater heaters and associated piping) are capable of forcing steam into the switchgear 
room. Twenty-five steam line and main feedwater line failure events were identified for consideration to 
calculate the frequency of this event. These events occurred between 1985-1999. These events were 
identified using the Sequence Coding and Search System (SCSS)(Reference 4). Year 1985 was chosen 
as a cutoff year since full texts for most LERs were unavailable for years prior to that. The descriptions 
of these 25 LERs were reviewed to determine whether the events described in the LER had the potential 
to force steam into the switchgear room through the door in spite of the fact that the door was used as a 
ventilation outlet. To this end, when screening events, the following criteria were used: 

"* Ruptures or leaks in large pipes (at least two inches in diameter) were included.  

"* Even if a leak required a trip or a controlled shutdown of the reactor, it was not included. Several 
leak events were found in the operating experience that pertained to stuck open 3/4" valves, pin hole 
leaks, and leaks through valve packings. These events were excluded under this criteria. Since the 
switchgear room door is used as a ventilation outlet, the assumption is that steam leaks cannot force 
sufficient steam into the switchgear room to challenge safety-related equipment.  

"* Due to the same reason given above, leaks were not included even if they lasted over a relatively long 
period (of the order of 15 minutes or higher).  

"* Only breaks in similar types of components and associated piping located near the switchgear room 
door are considered potentially important. Therefore, leaks or ruptures that occurred in components 
not located near the switchgear room doors were screened out.  

"* Large main steam line or main feedwater line breaks were included irrespective of their locations.  

When the above criteria were used, twleve events (References 7, 8, 9, 14, 15, 17, 19, 23, 24, 25, 27, 29) 
were screened in. Based on References 30, 31, 32, and 33, and using approximate values for 1998 and 
1999, there were approximately 1200 critical years between 1985 and 1999. Therefore, using the 
Bayesian update, the frequency of HELB events is estimated to be 1.0 x 103/critical-year (=12.5/1200).  

Only a break in the vicinity of the switchgear room door is capable of forcing steam into the switchgear 
room. As shown in figure 3, the switchgear room is located on the east side of the turbine building. The 
condensers are located in the middle of the turbine building. Therefore, line ruptures in the higher or the 
lower elevations or ruptures in the area west of the condensers that are assumed to be incapable of forcing 
steam into the switchgear room against the ventilation. Since the twelve ruptures may have occurred in 
any one of the three elevations on the west or east side of the turbine building (see figure 4), the above 
frequency is reduced by a factor of six (averaging among three elevations and two sides). Even though 
the exact lengths of pipes or other components that failed during the twelve events considered in the 
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frequency calculations are not known, since the location of key components that are vulnerable to failure 
is spread out within the turbine building is as shown below (also see figure 4), and since most of the 
twleve failures are associated with components located in one of the six zones (zones 1-6 in figure 4), 
dividing by a factor of six was deemed as appropriate: 

"* Elevation 633', East Side: High pressure feedwater heaters 6A and 6B; 

"* Elevation 633', West side: Moisture separator-reheater; 

"* Elevation 609', East: High pressure feedwater heaters 5A and 5B, Low pressure feedwater heaters 2A 
and 2B; 

"* Elevation 609', West: Low pressure feedwater heaters IA, 1 B, and 1 C; 

"* Elevation 587', East: Low pressure feedwater heaters 3A, 3B, 4A, and 4C; and 

"* Elevation 587', West: Drain coolers.  

Therefore, the frequency of HELB events capable of sending steam into the switchgear rooms is 

estimated to be 1.7 x 1 0 3/critical-year (= 1.0 x 10/6).  

B.2: Manual or automatic trip occurs and loss of MFW occurs. During eight of the twelve events used to 

estimate the frequency, the operators manually tripped the plant or brought the plant to a control 
shutdown. In two other events, there were automatic plant trips. Therefore, it is reasonable to assume 
that as a result of the HELB, the plant will either trip automatically or the operators will trip the plant.  
Therefore, the probability of this event is assumed to be 1.0.  

B. 3: AFW from the affected unit fails. The postulated HELB has the potential to force steam into the 587' 

elevation. Since the doors to the TDAFPs of both units are open (See Figure 1), both of them are 
assumed to fail. The MDAFPs of the affected unit take suction at a rate of 10,000 CFM from the turbine 

hall that has steam, and since these pumps are not qualified for harsh environments, both MDAFPs of the 
affected unit are assumed to fail. The probability of this event is assumed to be 1.0.  

B. 4: MDAFP cross-tied from the unaffected unit fails. The HELB that affects the switchgear room of 

one unit cannot affect the switchgear room of the other unit due to a wall between the units. However, 

since both doors to the AFW room vestibule are maintained open, and doors to the Unit 1 and Unit 2 

TDAFP are maintained open, the TDAFP of the unaffected unit is assumed to be unavailable. (Note: The 

availability of TDAFP of the unaffected unit is irrelevant since it cannot supply the AFW cross-tie).  

However, there is a good possibility that at least one or possible both MDAFPs of the unaffected unit will 

be available. The basis for this conclusion is as follows: 

9 The path that steam must follow in order to enter the MDAFP rooms of the unaffected unit is tedious.  

Steam must travel through the AFW pump vestibule and cross over to the turbine building of the 
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unaffected unit and be available at the intake supply of the MDAFP rooms of the unaffected unit.  
(Note: The doors of the MDAFP rooms are normally closed.) 

"* Even if steam enters the turbine building of the unaffected unit, unless the MDAFPs of the unaffected 
unit are operating or begin operating at the same time the HELB occurs in the affected unit, 
ventilation fans will not be taking in air from the turbine building.  

"* When the MDAFPs start operation in order to supply the feedwater to the steam generators of the 
affected unit via the cross-tie, most likely the rupture is isolated and the turbine building of the 
unaffected unit is clear of steam.  

"* Due to the inventory available in the steam generators, after a reactor trip, the plant can operate for 
approximately 50 minutes without any feedwater (IPE Table 3.3-3 of Reference 34).  

Since the MDAFPs of the unaffected unit will most likely be available, one or both MDAFPs of that unit 
may be available to inject feedwater. The human error probability associated with failing to establish the 
AFW cross-tie, according to Table 3.3-3 of Cook IPE is 0.098. Based on Reference 38, Cook has 
procedures to implement the AFW cross-ties (operating procedure 1/2 OHP 4025.001.001). The 
functionality of the cross-tie valves is assured by periodic surveillances (tests for full cycle of the cross
tie isolation valves) performed on the cross-tie valves using the surveillance procedure 1/2 OHP 
4025.STP.045. Since the feedwater inventory available in the steam generators provide about 50 minutes 
before steam generator dry out, there is adequate time to establish the cross-tie by cycling the cross-tie 
valves. Therefore, the human error probability of 0.098 used by the IPE was determined to be 
reasonable. Compared to this probability, the probability of random mechanical failures (e.g. pumps 
failing to start, pumps failing to run) will be negligible. Therefore, a reasonable probability of the cross
tie failure is 0.1.  

B.5: MDAFP cross-tied from the unaffected unit is successful. Since the probability of failure is 0.1 (see 
above), the probability of success is 0.9 (1.0-0.1).  

B.6: Feed-and-bleed cooling fails. Since the HPI pumps are powered from 4 KV buses, the pumps may 
be available to feed the reactor coolant system (RCS). However, due to the loss of both trains of 600V 
and lower power safety-related buses as a result of the postulated HELB, the functionality of all other 
equipment (e.g., PORVs, capability to throttle HPI flow) cannot be assured. Therefore, the probability of 
this failure is 1.0.  

B. 7: RCP seals fail due to loss of seal cooling and lead to a small LOCA. Due to the loss of all AC power 

to the 600V and lower voltage buses, the behavior of the normally operating CCW and charging pumps is 
unknown. As a result, the RCP seal cooling may fail and the seals may fail. Based on the RCP seal 
failure models suggested by NUREG/CR-4550 (Reference 35), for new high temperature seals, the 
failure probability when seal cooling is lost for a period exceeding 1 1/ hours is 0.19. The likelihood that 
seal cooling will be restored within 1 '/2 hours is assumed to be zero.  
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B.8: Chemical and volume control system (CVCS) cross-tie from the unaffected unit fails. Since all 600V 
and lower power buses are lost as a result of the HELB, thermal barrier cooling from the CCW pumps 
and seal injection from the charging pumps will become adversely affected. It may be possible to provide 
cooling to the affected unit's RCP seals using a cross-tie from the unaffected unit. However, the CVCS 
cross-tie was not credited during a HELB (i.e., failure probability was assumed to be 1.0) in this analysis 
due to several uncertainties associated with its availability. They are: 

"* Guidance on re-initiation of seal injection. The Westinghouse emergency response guidelines 
caution against re-initiation of seal injection if the RCP seals have heated up. Consistent with this 
guidance, the licensee's procedure will not reinitiate seal injection if the RCP Seal I Outlet 
Temperature alarms are LIT. Given that the thermal barrier is lost immediately after the break, and 
seal injection has degraded, these alarms may light before the actual RCP seal failure. As a result, 
even if the CVCS cross-tie is established, the operators may opt to starve the RCP seals.  

"* Procedural Guidance. Reference 37 provides guidance on how to establish the CVCS cross-tie in the 
event of a loss of CCW. After a HELB, the time at which the procedure on loss of CCW would be 
entered is unknown. Whether this procedure can be implemented prior to RCP seal I outlet 
temperature alarms light up is unknown. (Based on Reference 35, seal failure will start at 1 hour.) 

"* Material condition of the CVCS cross-tie. Based on Inspection Report 50-315/99004 (Reference 36), 
small particulate foreign material was found inside the cross-tie header. The exact amount of 
particulates is unknown and may be insufficient to fail the seal cooling. However, in combination 
with other factors mentioned above, the presence of particulates adds a new failure mode.  

B.9: High-pressure injection fails. Even if the seals fail, if HPI is available core-damage can be averted.  
Since the 4 KV buses are available, the HPI pumps will be available. However, since all auxiliaries 
supporting the HPI function (control power, valve throttle capability) may be affected due to steam in the 
switchgear room, the probability of this failure is assumed to be 1.0.  

Using the frequencies and probabilities, the frequency of Sequence 1 of HELB scenario B can be 
calculated as follows: 

(Frequency of HELBs in the high-energy equipment near the switchgear room door: 1.7 x 1 0.3/critical
year) x 
(Criticality factor: 0.79 critical-year/reactor calendar-year) x 
(Probability of automatic or manual reactor trip and loss of MFW occurs: 1.0) x 
(Probability of failing AFW from the affected unit: 1.0) x 
(Probability of failing AFW cross-tied from the unaffected unit: 0.1) x 
(Probability of failing feed-and-bleed cooling: 1.0) = 1.3 x 104/year.  

Using the frequencies and probabilities, the frequency of Sequence 2 of HELB scenario B can be 
calculated as follows: 
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(Frequency of HELBs in the high-energy equipment near the switchgear room door: 1.7 x 10- /critical
year) x 
(Criticality factor: 0.79 critical-year/reactor calendar-year) x 
(Probability of automatic or manual reactor trip and loss of MFW occurs: 1.0) x 
(Probability of failing AFW from the affected unit: 1.0) x 
(Probability of successful AFW cross-tied from the unaffected unit: 0.9) x 
(Probability of RCP seal failure: 0.19) x 
(Probability of failing CVCS cross-tie to prevent RCP seal failure: 1.0) x 
(Probability of failing high pressure injection: 1.0) = 2.3 x 104/year.  

C. HELBs in turbine building (other than those near switchgear room doors) 

It is assumed that HELBs in any of the zones 1-9 (see figure 1) are capable of affecting AFW pumps.  
However, in order to prevent double counting, frequency associated with zone 3 (area near the entrance 
to the switchgear room) and zone 5 (area near the ventilation exhaust ducts to EDGs) are excluded.  

It is possible to have a HELB in the turbine building in locations other than near the switchgear room 
door that would disable the AFW pumps. The scenarios discussed above pertains to HELBs in the 
feedwater heaters or associated piping near the switchgear room at elevation 609'. These breaks were 
assumed to be capable of forcing steam to the switchgear room as well as the floor below (elevation 587') 
and fail the AFW pumps as well. There can be other HELBs which are incapable of forcing steam into 
the switchgear room (since this door is a ventilation exhaust), and yet capable of forcing steam into the 
auxiliary feedwater pump rooms at elevation 587' via the intake ventilation ducts of the auxiliary 
feedwater pump rooms.  

Since loss of auxiliary feedwater without losing charging pumps or component cooling water does not 
result in a seal LOCA, the sequence in which AFW is successful and yet the RCP seals fail is not 
considered dominant. Therefore, the dominant HELB sequence of interest associated with these breaks is 
as follows.  

Seauence 3 (HELB Scenario C): 

"* HELB occurs in locations other than near the switchgear room door; 

"* Manual or automatic trip occurs and loss of MFW occurs; 

"* HELB causes significant harsh environment in the auxiliary feedwater pump rooms and fails AFW of 
the affected unit; 

"* MDAFP cross-tie from the unaffected unit fails; and 

"* Feed-and-bleed cooling fails.  
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C. 1: HELB occurs in locations other than near the switchgear room door. As discussed previously in 

sequences I and 2, twelve HELB events were identified as capable of affecting both the switchgear room 
and the auxiliary feedwater pumps.  

In addition to these, seven other HELB events were identified from References 5-29 as having the 

potential to affect auxiliary feedwater pumps. These included a) ruptures in smaller lines (e.g., excess 

steam vent lines, 2" extraction steam lines) as well as breaks in locations other than heaters or similar 

components (e.g., MFW pump suction) and leaks that lasted for extended periods (nearly an hour or 

more). Therefore, a total of 19 failures was identified as having the potential to affect the auxiliary 

feedwater pumps without affecting the switchgear room. With 19 failures over 1200 critical-years, using 

the Bayesian update, the frequency of these events is 1.6 x 102/critical-year. (=19.5/1200). However, in 

order prevent double counting, the frequencies associated with zone 3 (HELB scenario discussed in under 

section B and zone 5 (HELB scenario discussed in section D below) has to be subtracted. Therefore, the 

frequency of this event is 1.3 x 102/critical-year = 1.6 x 102 - 1.7 xl0"3 -1.7 x 103).  

C.2: Manual or automatic trip occurs and loss of MFW occurs. Due to reasons discussed earlier, the 
probability of this failure is assumed to be 1.0.  

C.3: HELB causes significant harsh environment in the auxiliary feedwater pump rooms and fails 

auxiliary feedwater pumps of the affected unit. Only a subset of HELBs considered above is capable of 

creating a harsh environment inside the auxiliary feedwater pump rooms. For example, even though 

steam may enter AFW room elevation 587' from HELBs at elevations 609' and 633' through gratings and 

stairwells, due to buoyant forces steam may not be available in sufficient quantities at elevation 587' 

where the auxiliary feedwater pump rooms are located. However, in the absence of any analysis, 

conservatively, it is assumed that all auxiliary feedwater pumps of the affected unit and the TDAFP of the 

unaffected unit would fail with a probability of 1.0.  

C.4: MDAFP Cross-tie from the unaffected unit fails. Due to reasons discussed earlier, the probability of 

this failure is estimated to be 0.1.  

C.5: Feed-and-bleed cooling fails. From the Cook standardized plant analysis risk (SPAR) model, the 

overall failure probability of feed-and-bleed cooling is 2.9 x 10-2.  

Using the frequencies and probabilities, the frequency of Sequence 3 can be calculated as follows: 

(Frequency of HELBs in locations other than near the high-energy equipment near the switchgear room 

door for both turbine building: 1.3 x 102 /critical-year) x 

(Criticality factor: 0.79 critical-year/reactor calendar-year) x 

(Probability of automatic or manual reactor trip and loss of MFW occurs: 1.0) x 

(Probability of failing AFW due to harsh environment: 1.0) x 

(Probability of failing AFW cross-tie from the unaffected unit: 0.1) x 

(Probability of failing feed-and-bleed cooling: 2.9 x 10-2) = 3.0 x 103 /year.  
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D. HELBs near the EDG ventilation exhaust 
HELBs in zone 5 (see figure 4) are considered in this scenario.  

Unlike in the case of the auxiliary feedwater, EDGs are needed if a loss of offsite power occurs after a 
HELB event. If a loss of offsite power event occurs before the HELB event, the EDG exhaust fans would 
be running during the HELB and the EDGs will not be affected. However, if a HELB occurs in the 
vicinity of the EDG ventilation exhaust ducts while the exhaust fans are not running (i.e., EDGs are not 
running), steam may enter the EDG rooms and affect their functionality. If the ensuing events result in a 
loss of offsite power, the EDGs may not be available to mitigate it. Therefore, the following sequence 
was considered to estimate the risk-significance for this HELB scenario: 

Sequence 4: 

"* HELB occurs in the vicinity of EDG exhaust ducts; 

"* EDGs fail as a result of HELB; 

"* Manual or automatic trip occurs; 

"* Offsite power is lost; and 

"* Core damage occurs given station blackout due to loss of AFW, loss of RCP seal cooling, or loss of 
all DC power.  

D. 1: HELB occurs in the vicinity of EDG exhaust ducts. Since the EDG ventilation fans exhaust (rather 
than intake from) the turbine building, only ruptures in the vicinity of the exhaust ducts are assumed to 
force enough steam to the EDG rooms. Since the EDG rooms are located underneath the switchgear 
room and the sources of HELB are similar, the frequency used for the HELB events that had the potential 
to affect the switchgear rooms (1.7 x 10"3/critical-year) is used here as well.  

D.2: Manual or automatic trip occurs. Due to the HELB, the plant will either trip automatically or the 
operators will trip the plant. Therefore, the probability of this event is assumed to be 1.0.  

D.3:Offsite power is lost. Even if the EDGs fail, unless the plant loses offsite power after the HELB, 
there is no impact. According to table D-3 of Reference 31, 16 of a total of 33 loss of offsite power 
events that between 1987-1995, occurred after a reactor trip event. Therefore, the probability of a loss of 
offsite power after a reactor trip is 8.3 x 10' (=16.5/1985.5) where 1985 is the total number of trips.  

D.4: EDGsfail as a result of HELB. The EDGs are not qualified for the harsh environment introduced 
during a HELB. Therefore, they are assumed to fail. A probability of 1.0 is assumed.  

D.5: Core damage occurs given station blackout. When a station blackout (SBO) has resulted from the 
loss of the EDGs and offsite power, core damage can result due to loss of auxiliary feedwater, loss of 
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RCP seal cooling and core uncovery due to loss of injection, or loss of all DC power (as a result of 
battery depletion). The probabilities of each of these events can be estimated as follows: 

Loss ofAFW: The EDGs and AFW pumps are located in elevation 587'. As a result, the TDAFPs of 
both units could be affected by the HELB that failed the EDGs. The MDAFPs of the affected unit 
will be unavailable due to loss of power. Even if power was recovered before steam generator dry 
out, steam in the turbine building may disable the MDAFPs of the affected unit. However, due to 
reasons discussed earlier in this report, the MDAFPs of the unaffected unit will most likely be 
available. As a result, AFW may be available from the cross-tie. The probability of failing AFW 
from the cross-tie of the unaffected unit is approximately 0.1 (See sequence 3 above).  

Loss of RCP seal Cooling: If the offsite power is not recovered within one hour, since the EDGs are 
unavailable, the RCP seals will start failing (ref. 35). In 1 hours, the probability of failing the RCP 
seals reaches its maximum value of 0.19 (Ref. 35). Based on Reference 39 (Figure 3-4), the 
probability of failing to recover offsite power before 1 '/2hours is approximately 0.2. Therefore, the 
probability of failing the RCP seals during the above scenario is approximately 0.0 19 (= 0.2 x 0.19 a 
V/ ). (The factor of 2 is used to accommodate the fact that the RCP seal failure probability changes 
from zero to 0.19 between 11/2 hours and 2 hours) 

Even if RCP seals fail, if injection can be recovered before core uncovers, core damage can be 
averted. For Cook, based on SPAR model, 0.5 hours is expected to elapse after a seal LOCA prior to 
core uncovery. Based on Reference 39 (Figure 3-4), the probability of recovering offsite power 
before 2 hours given that offsite recovery did not take place within 1 'Ahours is approximately 0.75.  
Therefore, the probability of core-damage due to failing RCP seals is .015 (0.75 x 0.019).  

Loss of DCpower: Even if loss of AFW and RCP seal failure are averted, if offsite power is not 
recovered before the batteries deplete, decay heat removal and reactor coolant injection will become 
unavailable and this will lead to core uncovery. The Cook SPAR model uses a probability of 0.0065 
for failing to recover either offsite power or either of the EDGs within 4 hour. Based on Reference 
39, the probability of failing to recover offsite power within 4 hours for plant-centered loss of offsite 
power events is approximately 0.075. If steam enters the emergency rooms, most likely, the EDGs 
will fail as result of shorts in components such as bushings, diodes, transformers, or similar 
components. Even though such failures would be easily recognizable, there is significant uncertainty 
on whether they can be repaired within 4 hours (Ref. 40). Therefore, only recovery of offsite power 
is credited and the probability of 0.075 is used.  

Therefore, the probability of core damage in the event of a station blackout is approximately 0.19 (=0.0 15 
+ 0.075 + 0.1).  

Using the frequencies and probabilities, the frequency of Sequence 4 can be calculated as follows: 

(Frequency of HELB in the vicinity of EDG exhaust ducts: 1.7 x 10"S/critical year) x 
(Criticality factor: 0.79 critical year/reactor calendar year) x 

13



LER No. 315/99-026 

(Probability of automatic or manual reactor trip: 1.0) 
(Probability of losing offsite power within 24 hours after HELB: 8.3 x 10-3) x 
(Probability of failing both EDGs as a result of HELB: 1.0) x 
(Probability of core damage occurs given station blackout: 0.19) = 2.1 x 10"/year 

E. HELBs in the steam generator blow-down lines near the TDAFP DC power supply 

The 250 VDC N-train and associated support equipment supplies power for the operation of the TDAFW 
system. The supporting components of this system, such as the battery charger and power distribution 

cabinet, are located inside the steam generator blow-down flash tank room, which is outside the battery 
room. If a HELB occurs in the blow-down line in the area of concern, the battery support components 

stated above will be exposed to a harsh environment. These components are not qualified for a harsh 
environment. (This condition applies to Unit 2 only.) If the HELB in the area of concern results in a 
manual or an automatic trip and fails the turbine-driven auxiliary feedwater pump, the decay heat removal 
may be accomplished by MDAFPs. Since a HELB has occurred, it is conservatively assumed that MFW 
is unavailable. In the event of all AFW failure, feed-and-bleed cooling can be used to remove decay heat.  
Since only the TDAFP is affected, the risk-significance associated with this condition, by itself, is 
determined to be negligible. In order to demonstrate that the sequence is not risk-significant, the 

following sequence is considered: 

Sequence 5: 

"* HELB occurs in near steam generator blow-down flash tank room; 

"* Manual or automatic trip occurs and loss of MFW occurs; 

"* HELB causes failure of TDAFP; 

"* MDAFPs of the affected unit fail; 

"* MDAFP cross-tie from the unaffected unit fails; and 

"* Feed-and-bleed cooling fails.  

E. 1: HELB occurs in near steam generator blow-down flash tank room. The frequency of a HELB 

occurring near the steam generator blow-down room flash tank room would be a fraction of the total 

frequency of a HELB in the turbine building. Therefore, using the frequency used in sequence 2 (1.6 x 
102/year) will be a conservative upper bound.  

E. 2: Manual or automatic trip occurs and loss of MFW occurs. Conservatively, this probability is 

assumed to be 1.0.  
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E.3: HELB causes failure of TDAFP. The TDAFP battery train and auxiliaries are not qualified for a 

harsh environment. Therefore, conservatively, this fraction is assumed to be 1.0.  

E.4: MDAFPs of the affected unit fail. From the Cook SPAR model, the failure probability of AFW 

when TDAFP is unavailable is 3.3 x 10"'.  

E.5: MDAFP cross-tie from the unaffected unit fails. For reasons discussed under sequence 3, this 

probability is 0.1.  

E. 6: Feed-and-bleed cooling fails. From the Cook SPAR model, the overall failure probability of feed

and-bleed cooling is 2.9 x 10.2.  

Using the frequencies and probabilities, the frequency of Sequence 5 can be calculated as follows: 

(Frequency of HELBs near steam generator blow-down flash tank room: 1.7 x 10"2/critical year) x 

(Criticality factor: 0.79 critical year/reactor calendar year) x 

(Probability of manual or automatic trip occurs and loss of MFW occurs: 1.0) x 

(Probability of failing TDAFP due to HELB: 1.0) x 

(Probability of failing MDAFPs: 3.3 x 10") x 

(Probability of failing AFW from the cross-tie of the unaffected unit: 0.1) 

(Probability of failing feed-and-bleed cooling: 2.9 x 10.2) = 1.2 x I 0 8/year 

The frequency of this sequence is significantly lower than the other sequences and therefore, it can be 

screened out.  

122.4 Analysis of Results 

The risk associated with this issue is dominated by Sequences #1, #2 of HELB scenario B, #3 of HELB 

scenario C, and #4 of scenario D discussed in the previous section. Sequence 1 (HELB in feedwater 

heater or associated piping failing both trains of 600V safety-related electrical equipment in the 

switchgear room and AFW pumps) has a ACDF of 1.3 x I 0'/year. Sequence 2 (HELB in feedwater 

heater or associated piping failing both trains of 600V safety-related electrical equipment in the 

switchgear room and RCP seal failure) has a ACDF of 2.2 x 10'/year. A critical assumption in calculating 

this frequency is that any HELB near the switchgear room door capable of forcing steam into the 

switchgear room against ventilation air flow through the switchgear room door is also capable of sending 

steam to the floor below (elevation 587') and failing the AFW pumps. Sequence #3 (all HELBs in turbine 

building other than those near the switchgear room door) has a ACDF of 3.0 x 1 05 /year. The critical 

assumption here is that HELBs in any location (excluding minor leaks that last for a short duration) are 

capable of generating enough steam to enter the AFW rooms of both units through open doors and 

ventilation ducts used for intake and failing them. Sequence #4(HELBs that force steam into the EDG 

rooms) contributes ACDF of 2.1 x 1 06/year.
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Therefore, the total ACDF of this issue is 3.9 x 10/year. The uncertainty associated with this frequency 
results from the lack of HELB calculations that show the subset of HELBs in the turbine building that 
could fail the different targets (safety-related equipment that is not qualified for harsh environments).  
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134 Condition Report P-99-22089 

Event Description: Potential Seismic Deficiencies (Block Walls) 

Discovery Date: May 28, 1999 

Plant: D.C. Cook, Units I and 2 

134.1 Event Summary 

IE Bulletin 80-11, "Masonry Wall Design," (Ref. 1) required that all licensees (except Trojan, Sequoyah 

Unit 1, North Anna Unit 2, and Salem Unit 2) identify and re-evaluate the design adequacy of masonry 

walls. Cook calculation #DC-D-3050-24-SC was prepared to address this bulletin. This calculation 

addressed 122 safety-related block walls and one non-safety-related block wall. As a part of the 

Calculation Reconstitution Program, the licensee began updating this calculation. According to 

Reference 2, during this calculation update effort, the licensee discovered that the existing calculation 

treated the junction between the block walls and the in-place concrete wall as simply supported, or in 

some cases, fixed supports. Such treatment is not justified since, at these locations, all that is provided 

are dovetail anchors. Dovetail anchors cannot provide any out-of-plane support for the block walls. As a 

result, during seismic events, these walls could fail easily.  

The licensee is still evaluating this issue. As a result of this evaluation, if additional data become 

available about (a) the actual strengths of individual block walls in their as-found condition, and (b) 

which equipment or systems may fail as a result of failure of each of the 122 safety-related block walls, 

the core damage frequency (CDF) increase will be reassessed. [(note: Based on a conversation with the 

licensee on 3/1/00, at the present time hardware modifications that entail adding out-of-planar support to 

these block walls are in progress (Ref. 4)].  

Since seismic fragilities of the block walls in their as-found condition were unavailable at the time this 

issue was analyzed, the seismic CDF associated with this issue could not be calculated. However, as 

indicated in IE Bulletin 80-11, block walls that are not properly anchored can easily fail during 

earthquakes whose magnitudes are below the design basis earthquake (DBE). For the Cook site, the DBE 

is 0.2g. A bounding calculation was performed to determine the potential significance of this issue, 

assuming that the median capacity of the block walls in their as-found condition is less than 0.2g. That 

calculation indicated that the seismic CDF associated with this issue can be greater than I x 1 05 /year.  

134.2 Event Description 

The issues associated with the Cook plant were identified for evaluation of their risk significance by a 

review of licensee event reports (LERs) and inspection reports. However, several condition reports were 

included in the review since they related to open operability evaluations (as of December 28, 1999).  

Twelve condition reports were selected for detailed analysis after a review of 243 condition reports with 
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open past operability evaluations. This document addresses one of these 12 condition reports relating to 
potential seismic design deficiencies in 122 safety-related masonry block walls at the Cook plant.  

The 122 safety-related walls have safety-related equipment (e.g., piping) attached to them. Some walls 

may be adjacent to safety-related equipment. Therefore, if the walls cannot withstand a seismic event, the 

plant may not be able to safely shut down.  

The block walls whose out-of-planar support capability was questioned are located inside the 

containment, the auxiliary building, the turbine hall, and the screen house building. Therefore systems, 

structures, and components (SSCs) located in these building could be potentially affected by this 
degraded condition. According to Reference 2, the identity of each and every one of these SSCs has not 
yet been documented.  

The block walls serve several functions, such as: 

"* Provide an enclosure for certain areas/rooms within the plant; 

"* Provide a radiation barrier; and 

"* Provide support for plant components.  

The failure of block walls could lead to failure of some SSCs, since they are attached to the block walls.  

Other SSCs may fail, since they would be impacted by walls that could collapse during an earthquake.  

As stated above, each and every component affected by the SSCs has not yet been identified. However, 

according to Reference 2, the components which would be impacted due to the block wall failures 

include: 

"* Unit 2 residual heat removal (RHR) pumps; 

"* Unit 2 containment spray pumps; 

"* Unit I containment sump pumps; 

"* Unit 2 emergency diesel generators (EDGs); 

"* Unit 2 boron injection tank; 

"* Unit 2 transformers TR1IA, TRI I B, TR 1IC, and TR1 ID; 

"* Unit 2 turbine-driven auxiliary feedwater pump;
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134.3 Modeling Assumptions 

There are 122 safety-related block walls at the D.C. Cook plant. The seismic fragilities of individual 
block walls in their as-found condition is unknown. All of the systems which could be affected due to 

their failure of these walls are also unknown. However, due to the large number of walls and the 
commonality of the nature of the deficiency (i.e., an earthquake that is capable of failing one block wall 
due to lack of out-of-plane support will most likely fail other block walls without that type of support), it 

is reasonable to assume that failure of these walls could lead to the failure of all trains of safe shutdown 
equipment and eventually to core damage.  

The seismic fragility of block walls can be significantly affected by the adequacy of reinforcement or 

anchorage. For example, a properly anchored/reinforced block wall may have a seismic fragility (median 
capacity) of 0.5g. The seismic fragilities of the block walls at the Cook plant in their as-found condition 

are not known. However, if a block wall is not properly reinforced or does not have the proper 
anchorage, the fragility of such a wall may be well below the design basis earthquake. The DBE for 
Cook has a magnitude of 0.2g. A block wall whose median capacity is below the DBE may easily fail 
due to a low to moderate intensity earthquake.  

For the Cook site, based on Figure 4-1 of Reference 3 (See attached Figure 1), the median value of the 

annual frequency of earthquakes whose median peak ground acceleration exceeds 200 cm/sec2 (0.2g) is 
greater than 2.0 x 105/year. If the median capacity of degraded block walls is less than 0.2g, then at 

earthquakes whose magnitude is 0.2g or higher, the block walls have a failure probability of 50% or 
greater. The product of 2.0 x I 05/year and a probability equal to or greater than 50% provides a 
frequency of at least 1.0 x 1 03 /year.  

134.4 Analysis Results 

As stated in Section 134.3, for the Cook site, based on Reference 3, the frequency of earthquakes whose 

magnitudes are capable of failing block walls with fragility less than 0.2g can be greater than 1.0 x 10' 

/year. There are 122 block walls, and the strengths of individual block walls or the systems which could 

be affected due to their failure is unknown. Due to the large number of walls and the commonality of the 

nature of the deficiency, it is reasonable to assume that failure of these walls can lead to failure of both 

trains of safe shutdown equipment and eventually to core damage. Therefore, assuming that the median 

capacity of the block walls in the degraded condition is 0.2g or lower, the CDF associated with this issue 

is greater than 1.0 x 10' /year.  

134.5 References 

1. USNRC, IE Bulletin No. 80-11, "Masonry Wall Design," May 8, 1980.  

2. Condition Report P-99-14004, "Discrepancies with the Calculation and Physical Condition of the 

Block Walls," May 28, 1999.  
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3. Donald C. Cook Nuclear Plant Units I and 2, Individual Plant Examination of External Events.  

4. Personal Communications between Amiya Sen, American Electric Power, and Sunil Weerakkody, 
U.S. Nuclear Regulatory Commission, March 1, 2000.  
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Figure I (Issue No. 134): Seismic Hazard Carve 
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135.0 LER No. 315/99-031 

Event Description: Valves Required to Operate Post-Accident Could Fail to Open Due 

to Pressure Locking/Thermal Binding 

Date of Event: December 30, 1999 

Plant: Donald C. Cook Nuclear Plant, Units 1 and 2 

135.1 Event Summary 

In LER 315/99-031 (Ref. 1), the licensee reported that a preliminary calculation review determined that 
valves which provide a suction path from the containment sump to the emergency core cooling system 
(ECCS) pumps and the valves which align residual heat removal (RHR) to the upper containment spray 
(CTS) header were susceptible to pressure locking following a postulated loss-of-coolant accident 
(LOCA). According to the LER, the calculated additional forces due to pressure locking were sufficient 
to exceed the capability of the respective valve actuators. Consequently, these valves may be incapable 
of opening under accident conditions.  

The estimated increase in the core damage probability (CDP) over a one-year period (i.e., the importance) 
due to the pressure locking conditions is 3.6 x 1 05/year. The uncertainty associated with the functionality 
of the valves in light of their potential to fail due to pressure locking contributes to the uncertainty in this 
frequency estimate.  

135.2 Event Description 

Pressure locking is a phenomenon in which water trapped in the bonnet cavity and in the space between 
the two disks of a parallel-disk gate valve or a flexible-wedge gate valve is pressurized above the pressure 
that was assumed when sizing the valve's motor operator. This prevents the valve operator from opening 
the valve when required. Water can enter a valve bonnet during normal valve cycling or when a 
differential pressure moves a disk away from its seat, creating a path to either increase fluid pressure or 
fill the bonnet with high-pressure fluid. A subsequent increase in the temperature of the fluid in the valve 
bonnet will cause an increase in bonnet cavity pressure due to thermal expansion of the fluid. Whether 
situations lead to a valve pressure locking scenario depends upon: (a) the fluid pressure when the bonnet 
cavity was filled, (b) temperature changes from when the fluid entered the bonnet cavity, and (c) the local 
line pressure compared with the bonnet cavity pressure at the time the motor-operated valve (MOV) is 
called upon to operate.  

Thermal binding occurs due to different thermal expansion and contraction characteristics of the valve 
body and the disc. If the valve is closed while the system is hot, thermal binding can occur when the 
system cools due to the differences in thermal contraction.
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References 2 and 3 provide additional details on the pressure locking phenomena and test and 

maintenance conditions that may lead to pressure locking.  

According to Reference 1, at Cook, four valves of both units were identified as susceptible to pressure 

locking. They are: ICM-305, ICM-306, IMO-330, and IMO-33 1.  

ICM-305 and ICM-306 are two normally closed MOVs located outside the reactor building in the two 

pipes between the RHR pump suction and containment recirculation sump. The RHR sump suction is 

connected to the refueling water storage tank (RWST) as well. The valves in the pipe from the RWST to 

the RHR pump suction are normally open. There are no check valves that would prevent RWST water 

from reaching the normally closed MOVs. Therefore, the upstream side of these MOVs will be in 

contact with water from the RWST. The other side of the MOVs communicates with the containment 

recirculation sump. During a LOCA or a feed-and-bleed cooling scenario, hot water will reach these 

MOVs. This hot water will heat up the valve body and the water trapped in the valve bonnet relatively 

rapidly. As a result, the pressure inside the valve bonnet will increase and pressure locking conditions 

will set in.  

After this, thermal equilibration and valve bonnet depressurization will begin. That is, unless the valve is 

not demanded to open immediately, it will start cooling down and the pressure inside the valve would 

start dissipating gradually (Ref. 3). Thermal equilibration and valve bonnet depressurization will 

continue until the operator attempts to open this valve to establish sump recirculation.  

IMO-330 and IMO-331 are the RHR to upper containment spray (CTS) shutoff valves. These valves are 

normally closed. In the event of a LOCA or feed-and-bleed cooling, depending upon the size of the 

LOCA or the rate of feed-and-bleed, containment spray may be demanded. The containment spray 

function is accomplished using the two containment spray pumps dedicated to that function. If both these 

pumps fail, then the RHR pumps can be used to perform the containment spray function. In order to use 

the RHR pumps to spray the containment, IMO-330 and IMO-331 must be opened.  

135.3 Modeling Assumptions 

Risk Impact of pressure locking in ICM-305 and ICM-306 

In the event of a LOCA or a feed-and-bleed cooling scenario, valves ICM-305 and ICM-306 must be 

opened to establish sump recirculation. If these valves fail to open, then sump recirculation cannot be 

established. To distinguish between the time available for the valve bonnets to depressurize during 

different small LOCA scenarios, the small LOCA sequences were categorized as follows: reactor coolant 

pump (RCP) seal LOCAs, stuck-open power-operated relief valves (PORVs) and pressurizer safety 

valves, and small pipe breaks. The frequencies of each of the small LOCA groups were chosen to reflect 

the above categorization:
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Seauence I - Small LOCAs (Stuck Open PORVs or SRVs) 

"* PORV or safety valve sticks open randomly or as a result of a transient, resulting in a small LOCA; 

"* Sump recirculation is required due to inability to establish RHR cooling prior to depleting RWST; 
"* Sump recirculation fails due to pressure locking of ICM-305 and ICM-306; and 
"* Cross-tie of the RWST from the affected unit to the unaffected unit fails.  

Sequence 2 - Small LOCAs (RCP seal LOCAs' 

"* RCP seal LOCA occurs due to a random seal failure or due to loss of seal cooling; 
"* Sump recirculation is required due to inability to establish RHR cooling prior to depleting RWST; 

"* Sump recirculation fails due to pressure locking of ICM-305 and ICM-306; and 
"* Cross-tie of the RWST from the affected unit to the unaffected unit fails.  

During the RCP seal LOCA and stuck-open PORV sequences identified above, the rate of loss of reactor 
coolant system (RCS) inventory is relatively low, and due to the relatively small size of the break and the 

presence of the ice condenser, the containment spray system should not divert a large quantity of the 
RWST water to the sump via the containment sprays.  

For example, operating experience shows that during a stuck-open pressurizer safety valve or a PORV, 

the leak rates and the condition of the RCS allow the operators to depressurize and use RHR cooling.  

During the time period 1987-1995, there were two stuck open safety valve events, and during both these 

events, sump recirculation was not needed (Refs. 5, 6). During the event that occurred at Fort Calhoun 

(Ref. 5), approximately 21,500 gallons of RCS water was discharged from the RCS to the containment.  

This is much less than the discharge required to demand emergency core cooling system (ECCS) sump 

recirculation. During the event that occurred at Calvert Cliffs (Ref. 6), only 5000 gallons of reactor 

coolant discharged to the containment floor. During the TMI-2 event (3/28/79), a stuck open PORV 

released 271,000 gallons of RCS water to the sump. However, even during the TMI-2 event, sump 

recirculation was not demanded (Ref. 7). In addition to these events, during two RCP seal LOCA events 

(7, 8), the operators were able to successfully depressurize the RCS and establish RHR cooling. In the 

May 1975 event at Robinson Unit 2 (no LER, page 1-3 of Ref. 7), a total of 132,500 gallons of RCS water 

was released to the containment sump before RHR cooling was established. The maximum leak rate was 

500 gpm. During the event at Arkansas Nuclear One, Unit 1, (Ref. 8), approximately 60,000 gallons of 

water collected in the containment before RIR cooling was established. The maximum leak rate was 300 

gpm. The containment pressure increased by 0.5 psi, at which time the reactor building containment 

coolers were put into service.  

In light of the above information, it is reasonable to assume that (a) most likely sump recirculation would 

not be required for these events, and (b) even if sump recirculation were required, the rate of depletion of 

the RWST would allow a significant amount of time for the MOV bonnet pressures to dissipate (either, as 

discussed in detail below, through ambient heat loss as water in the adjacent piping cools down, or via 

packing leakage paths). Therefore, it is unlikely that the MOVs would fail due to pressure locking.  
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Sequence 3 - Feed-and-bleed cooling 

"* A transient or loss of offsite power event occurs; 
"* Auxiliary feedwater (AFW) fails, resulting in feed-and-bleed cooling; 
"* Sump recirculation is required due to inability to establish RHR cooling prior to depleting RWST; 
"* Sump recirculation fails due to pressure locking of ICM-305 and ICM-306; and 
"* Cross-tie of the RWST from the affected unit to the unaffected unit fails.  

Transient or loss of offsite power event occurs. According to Reference 7, the frequency of a loss of 
offsite power is 0.046/ critical year; the frequency of a total loss of feedwater flow is 0.085/critical year; 
and the frequency of total loss of condenser heat sink events (power conversion system) is 0.12/critical 
year. This adds up to a total frequency of 0.25/critical year. For Cook Unit 1, the criticality factor is 0.79 
(Ref. 7, Table H-3). Therefore, the frequency of a reactor trip with a loss of feedwater, offsite power, or 
the power conversion system is about 0.2/year (0.79 x 0.25).  

AFWfails, resulting in feed-and-bleed cooling. From the Cook standardized plant analysis risk (SPAR) 
model, the failure probability of the AFW system is 1.1 x 10'. Therefore, the estimated frequency of a 
feed-and-bleed events requiring recirculation is 1.1 x 10- x 0.2, or about 2.2 x 10 "/year.  

Sump recirculation is required due to inability to establish RHR cooling prior to depleting RWST. In the 
event of a small LOCA at a PWR, if the RCS can be depressurized using secondary heat removal and 
high pressure injection prior to depleting the RWST inventory, RHR cooling can be established and sump 
recirculation would not be needed. This success path is not modeled in the Cook IPE. That is, according 
to the Cook IPE, even though it has a RWST with an inventory of approximately 350,000 gallons, sump 
recirculation is required for all small LOCAs. Since this is overly conservative, and because: (a) this is a 
viable action for Cook plant, (b) the action is incorporated to the Cook plant emergency operating 
procedures, and (c) the operators are trained in the use of this EOP (Ref. 12), this analysis credited the 
capability to stabilize the RCS by depressurizing and establishing RHR cooling. Based on the SPAR 
model, this analysis used a probability of 0.004 for failing to cooldown the RCS and establish RHR 
cooling after a small LOCA.  

Sump recirculation fails due to pressure locking of ICM-305 and ICM-306. During a feed-and-bleed 
cooling scenario, if sump recirculation is demanded, it will be demanded after several hours. When the 
feed-and-bleed function starts, the hot RCS water that collects in the sump would enter the RHR suction 
to the recirculation sump. When the hot water comes into contact with a valve, it will initially heat up the 
valve body and, in turn, the water trapped inside the valve bonnet. Note that the sump suction MOVs are 
located outside of the containment. Therefore, after the initial heat up, if time is available, the valves and 
the water column inside the pipe from the valve to the containment would start to cool down. During this 
period, the pressure inside the valve bonnets will dissipate. The pressure dissipation may occur due to 
leak paths through the valve gaskets. (Whether such leak paths existed is unknown at this time.) 
Therefore, this probability was assumed to be LOW.
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Cross-tie of the RWSTfrom the affected unit to the unaffected unit fails. In the event of sump 
recirculation failure, the RWST of the unaffected unit can be cross-tied to provide inventory to the RCS 
until RHR can be established. The Cook plant has two RWSTs, one dedicated to each unit, and these 
RWSTs have cross-tie capability. Technical Specifications require maintaining a minimum RWST 
inventory in a given unit, even when it is shut down to ensure its capability to feed the second unit's 
ECCS during a fire event. During a small break LOCA, in the event the suction from the containment 
recirculation sump fails due to the MOV failure, the cross-tie can be aligned to add borated water to the 
RCS. The additional RWST inventory of 350,000 gallons will provide ample time to continue 
depressurizing and cooling down during discharge flows that are typically encountered from stuck-open 
PORVs or pressurizer safety valves.  

In the absence of significant details on the steps that the operators would follow to align the second unit's 
RWST, a probability of 0.34 was used for the failure probability for this action. In Accident Sequence 
Precursor (ASP) program analyses, a recovery probability of 0.34 has been used for those failures that 
appear recoverable during the period available at the failed equipment, rather than from the control room, 

given that the equipment was accessible (Ref. 9).  

Using the frequencies and probabilities, the frequency of Sequence 3 was estimated as follows: 

(Frequency of feed-and-bleed cooling scenarios: 2.2 x 1 05/critical year) x 
(Probability of requiring sump recirculation: 0.004) x 
(Probability of failing sump recirculation due to pressure locking of the sump recirculation valves: LOW) 
x 
(Probability of failing to establish the cross-tie from the unaffected unit: 0.34) = 3.0 x 10`/year x LOW 
probability 

Since the product of 3.0 x 10.8 and a LOW probability will be below the ASP program precursor 
threshold of I x 10', this sequence was screened out from further consideration.  

Sequence 4 - Small LOCAs (pipe breaks) 

"* Small pipe break LOCA occurs; 
"* Sump recirculation is required due to inability to establish RHR cooling prior to depleting RWST; 

"* Sump recirculation fails due to pressure lockong of ICM-305 and ICM-306; and 
"* Cross-tie of the RWST from the affected unit to the unaffected unit fails.  

Smallpipe break LOCA occurs. Reference 7 indicates that the estimated frequency of a small LOCA 

attributed small pipe breaks is 5.0 x 104/critical year.  

Sump recirculation is required due to inability to establish RHR cooling prior to depleting RWST. Due to 

the reasons discussed in Sequence 3 above, a probability of 0.004 was used for this event.  

5
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Sump recirculation fails due to pressure locking of ICM-305 and ICM-306. At Cook plant, water in the 
RWST is used for injection into the core as well as for spraying the containment to mitigate containment 
pressure increases. As a result, the RWST may deplete relatively rapidly. However, each of the two 
Cook units is equipped with an ice condenser as well as a CTS system for containment heat removal. The 

ice condenser doors open at 0.5 psig. If the containment pressure exceeds 2.5 psig, the CTS system 

actuates. Reference 11 points out that for pipe breaks less than 2" (Reference 11 analyzed 1" and V2½ 

breaks), the sprays will not initiate until the ice depletes. Given that breaks greater than 2" are defined as 
medium LOCAs, it is reasonable to assume that for most small LOCAs, CTS will be demanded several 

hours after a small LOCA occurs. Due to the relatively long durations (several hours), the valve bonnets 

would have time to depressurize before the valves would be demanded. Therefore, this probability was 

assumed to be LOW.  

Cross-tie of the RWSTfrom the affected unit to the unaffected unit fails. For reasons discussed above for 

a feed-and-bleed cooling scenario, a probability of 0.34 was assumed for the probability of failure to 
establish the cross-tie from the unaffected unit.  

Using the frequencies and probabilities, the frequency of Sequence 4 was estimated as follows: 

(Frequency of small pipe break: 5.0 x 1 04/critical year) x 
(Criticality factor: 0.79) x 
(Probability of requiring sump recirculation: 0.004) x 

(Probability of failing sump recirculation due to pressure locking of sump recirculation valves: LOW) x 

(Probability of failing to establish the cross-tie from the unaffected unit: 0.34) = 5.5 x 10"/year x LOW 
probability 

Since the product of 5.5 x 10" and a LOW probability will be below the ASP program precursor 

threshold of 1 x 10-6, this sequence was screened out from further consideration.  

Sequence 5 - Medium or large LOCA 

"* Medium or Large LOCA occurs; 
"* Sump recirculation is required due to inability to establish RHR cooling prior to depleting RWST; 

"* Sump recirculation fails due to pressure locking of ICM-305 and ICM-306; and 
"* Cross-tie of the RWST from the affected unit to the unaffected unit fails.  

Medium or large LOCA occurs. According to Reference 7, the frequency associated with large pipe 

breaks is 5.0 x 1 0+/critical year. The frequency of a medium pipe break is 4.0 x 1 0"/critical year.  

Therefore, the frequency of a medium or large LOCA is 4.5 x 1 05/critical year.  

Sump recirculation is required due to inability to establish RHR cooling prior to depleting RWST. For 

medium and large LOCAs, the RWST depletes relatively rapidly. Therefore, it was assumed that sump 

recirculation was essential for success. Therefore, this probability was assumed to be 1.0.  
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Sump recirculation fails due to pressure locking ofICM-305 and ICM-306. Per the Cook IPE (Ref. 4), 
only 30 minutes would be available between the occurrence of a medium LOCA and the need for sump 
recirculation. For a large LOCA, the time available would be even less. Therefore, it was assumed that 
there is insufficient time to equilibrate the pressures within the MOVs. No additional information was 
available regarding testing and maintenance practices which determine the window of vulnerability of 
these valves to pressure locking. It was assumed that the valves were vulnerable to pressure locking 
throughout the year. Consequently, the valves were assumed to fail with a probability of 1.0 

Cross-tie of the RWST from the affected unit to the unaffected unit fails. For medium and large LOCAs, 
the RWST would deplete relatively rapidly. Therefore, it was assumed that there would be insufficient 
time available to establish the cross-tie. Hence, this probability was assumed to be 1.0.  

Using the frequencies and probabilities, the frequency of Sequence 5 was estimated as follows: 

(Frequency of medium or large LOCAs: 4.5 x 1 05/critical-year) x 
(Criticality factor: 0.79) x 
(Probability of requiring sump recirculation: 1.0) x 
(Probability of failing sump recirculation due to pressure locking sump recirculation valves: 1.0) x 
(Probability of failing the cross-tie from the unaffected unit: 1.0) = 3.6 x 1 05/year 

The above frequency exceeds the ASP program precursor threshold of 1 x 10'. In addition, since the 
estimated frequencies of other sequences considered above and the frequencies associated with the 
pressure locking condition of valves IMO-330 and IMO-331 (discussed below) are well below 3.6 x 10', 
this sequence is considered as the dominant contributor to risk.  

Risk Impact of pressure locking in IMO-330 and IMO-331 

IMO-330 and IMO-331 are the RHR to upper containment spray shutoff valves. These valves are 
normally closed. In the event of a LOCA or a feed-and-bleed cooling event, (depending upon the size of 
the LOCA or the rate of feed-and-bleed), containment spray may be demanded. The containment spray 
function is accomplished using the two containment spray pumps dedicated for that function. If both 
these pumps fail, then the RHR pumps can be used to perform the containment spray function. In order 
to use the RHR pumps to spray the containment, IMO-330 and IMO-331 must be opened.  

Therefore, the sequence of interest is: 

Sequence 6: 

"* Initiating event that requires containment spray occurs; 

"* Containment spray from the containment spray system fails; and 
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0 Alternate spray from the RHR fails due to pressure locking of valves IMO-330 and IMO-331.  

Initiating event that requires containment sump spray occurs. Each of the two Cook units is equipped 

with an ice condenser as well as a CTS system for containment heat removal. The ice condenser doors 

open at 0.5 psig. If the containment pressure exceeds 2.5 psig, the CTS system actuates. Reference 11 

points out that for pipe breaks less than 2" (Reference 11 analyzed 1" and '/2 " breaks) the sprays will not 

initiate until the ice depletes, adding to the sump inventory. Given that breaks greater than 2" are defined 

as medium LOCAs, it is reasonable to assume that CTS is essential for large and medium pipe breaks 

only. However, if it is conservatively assumed that all LOCAs except RCP seal LOCAs and stuck-open 

PORVs and pressurizer safety valves require CTS, using the frequencies associated with large pipe 

breaks (5.0 x 106/critical year), medium pipe breaks (4.0 x 10"5/critical year), small pipe breaks 

(5.0 x 10'/ critical year) the estimated total frequency of LOCAs that demand CTS is approximately 5.5 x 

104 /critical year (Ref. 7, Table 3-1). The feed-and-bleed cooling scenario has a negligible contribution to 

this frequency.  

Containment sump spray from the containment spray system fails. From the Cook IPE (Ref. 4), the 

probability of the CTS to inject is 2.5 x 104 /demand. The probability of CTS to perform recirculation 

was estimated to be 6.65 x 10'/demand. Therefore, the probability of failing CTS during either injection 

or recirculation is 9.1 x I 0'/demand.  

Alternate spray from the RHR fails due to pressure locking in IMO-330 and IMO-331. In the absence of 

additional information on testing and maintenance practices to determine the window of vulnerability of 

these valves due to pressure locking, it was assumed that the valves were vulnerable to pressure locking 

throughout the year. Consequently, the valves were assumed to fail with a probability of 1.0.  

Using the frequencies and probabilities, the frequency of Sequence 6 was estimated as follows: 

(Frequency of initiating events that require containment spray: 5.5 x I 04 /critical-year) x 

(Criticality factor: 0.79) x 
(Probability of failing CTS: 9.1 x 10-) x 
(Probability of failing alternate spray from RHR due to pressure locking: 1.0) = 4.0 x 107/year 

Since this frequency is below the ASP program precursor threshold of I x 101, this sequence was 

screened out from further consideration.  

135.4 Analysis of Results 

The risk associated with this issue is dominated by Sequence 5. This sequence is highlighted in the 

attached event trees (figures 1 and 2). It consists of a postulated scenario in which MOVs ICM-305 and 

306 fail to open due to pressure locking following a medium or a large LOCA. The estimated change in 

core damage frequency (ACDF) associated with this sequence was 3.6 x 1 0 5/year. The frequencies of the 

other five sequences associated with ICM-305 and 306 as well as those associated with IMO-330 and 
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IMO-331 were negligible compared to this frequency. The uncertainty associated with the functionality 
of the valves in light of their potential to fail due to pressure locking contributes to the uncertainty in this 
frequency estimate.  
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LER No. 316/98-007 

1.0 LER No. 316/98-007 

Event Description: High-Energy Line Break Could Affect Auxiliary Feedwater 

Function 

Date of Event: July 1995 

Plant: D.C. Cook, Unit 2 

1.1 Summary of Issue 

In July, 1995, personnel at D.C. Cook, Unit 2, blocked open for -39 h the fire door/high-energy line 

break (HELB) door for the startup blowdown flash tank room. This door was blocked open to facilitate 

draining the essential service water (ESW) header for maintenance (Ref. 1). Subsequently, an 

engineering analysis determined that this activity could expose the motor control centers (MCCs) in the 

vicinity (but outside the startup blowdown flash tank room) to a steam environment with higher 

temperatures than the MCCs are qualified to withstand. The impacted MCCs control the motor-operated 

valves (MOVs) on the pipeline that connects the ESW system to the auxiliary feedwater (AFW) system.  

The ESW valves in question are used to align the ESW system to provide a backup to the normal water 

supply from the condensate storage tank (CST) for the AFW system. Should the normal AFW system 

water supply fail following an HELB, the ESW system could no longer provide a backup water supply if 

these valves failed closed. This would result in a failure of the AFW system to provide its safety 

function.  

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting auxiliary feedwater (AFW) and feed-and-bleed cooling capabilities. The risk 

significance of this issue, on its own, is below the threshold for a precursor.  

1.2 Modeling and Affected Sequences 

The premise taken by the licensee for allowing the original maintenance to proceed was that if the reactor 

is successfully tripped and main feedwater is available, there is no increase in the core damage 

probability (CDP) under any HELB circumstances. However, if the main feedwater system fails, the 

auxiliary feedwater system would be demanded to start and run. An HELB that could impact the 

operability of the AFW system would result in an increase in the CDP. The two most likely scenarios 

under these conditions are 

Sequence I - HELB occurs: 

"* An HELB occurs in the startup blowdown flash tank room; 

"* A reactor trip with a subsequent loss of main feedwater occurs; 
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" The normal AFW system water supply fails (e.g., failure of the CST, system cross-tie, hot well, plant 

makeup) because of random failures; 

" The MCC breakers that control the MOVs on the pipeline that connects the ESW to the AFW system 

fail because of the HELB; and 

"* Feed-and-bleed cooling fails because of random failures.  

Sequence 2 - HELB occurs given an earthquake: 

"* An earthquake with sufficient magnitude occurs resulting in a reactor trip; 

"* An HELB occurs in the startup blowdown flash tank room because of an earthquake; 

"* The main feedwater system is lost because of the HELB and earthquake; 

"* The normal AFW system water supply fails (e.g., failure of the CST, system cross-tie, hot well, plant 

makeup) because of the earthquake; 

"* The MCC breakers that control the MOVs on the pipeline that connects the ESW to the AFW system 

fail because of the HELB; and 

"* Feed-and-bleed cooling fails because of random failures.  

1.3 Frequencies, Probabilities, and Assumptions 

Sequence 1 - HELB occurs: 

"* An HELB occurs in the startup blowdown flash tank room because of undetected equipment wear 

Rates of initiating Events at US. Nuclear Power Plants 1987-1995 (Ref. 2) indicates that the 

frequency for an HELB anywhere in the plant is 1.3 x 10.2 events/critical year. A more specific 

location (i.e., the startup blowdown flash tank room) would lower the initiating event frequency.  

However, this value represents a conservative upper-bound.  

" A reactor trip with a subsequent loss of main feedwater occurs - The probability of an automatic 

reactor trip occurring may not be very likely unless the HELB is quite large. However, in order to 

minimize the safety hazard of an HELB, the probability that the operators would manually trip the 

reactor would be high. The probability of a reactor trip (either manual or automatic) is considered to 

be 1.0.
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Given a reactor trip, it is not unusual for the plant to experience fluctuations in the water level in the 
steam generators. For conservatism, it was assumed that the conditional probability of main 
feedwater system failure given a HELB was 1.0. Consequently, the probability of a reactor trip with 
a subsequent loss of main feedwater occurring was assumed to be 1.0 (upper-bound).  

" The normal AFW system water supply fails (e.g., failure of the CST, system cross-tie, hot well, plant 

makeup) because of random failures - The upper bound value for this probability is 2.4 x 10-. The 

basis for this probability is included in section 2.3 under issue #2 (product ofiRHR unavailable: I x 

10.2 and failure to cross tie or make up from make up plant: 2.4 x 101.) However, a number of other 

issues that can potentially affect RHR cooling must be resolved in order to assess the RHR 
unavailability.  

" The MCC breakers that control the MOVs on the pipeline that connects the ESW to the AFW system 

fail because of the HELB - The probability of this occurring is unknown; however, the probability is 

likely to be less than 1.0 based on the ventilation in the area and the limited room connection (i.e., 

open fire door). However, for conservatism, this probability was assumed to be 1.0.  

"* Feed-and-bleed cooling fails because of random failures - From the Cook standardized plant analysis 

risk (SPAR) model, the overall failure probability of feed-and-bleed cooling is 2.9 x 10'2. However, 

a number of other issues that can potentially affect feed-and-bleed cooling must be resolved in order 

to assess the feed-and-bleed cooling failure probability.  

Sequence 2 - HELB occurs given an earthquake 

"* An earthquake with sufficient magnitude occurs resulting an a reactor trip - This initiating event is 

listed in the event summary sheet in the D.C. Cook individual plant examination (IPE) with a 

frequency of 5.8 x 10"5/year (Ref. 3).  

" An HELB occurs in the startup blowdown flash tank room because of an earthquake - This 

probability would be a function of the piping design and snubber design in this area and the strength 

of the earthquake. For conservatism, this probability is assumed to be 1.0.  

" The main feedwater system is lost because of the HELB and earthquake - The occurrence of this 

event would be likely given a reactor trip has been initiated since main feedwater system is not a 

seismic category I system. Therefore, it was assumed that this probability is 1.0.  

"* The normal AFW system water supply fails (e.g., failure of the CST,' system cross-tie, hot well, plant 

makeup) because of the earthquake - For conservatism, it was assumed that the occurrence of an 

'The CST and the control air system are not considered seismically qualified by the IPE. However, the CST is 

generally considered to be a rugged component and many licensees have retroactively upgraded the CST survival expectancy 

following a seismic event for the purpose of enhancing their IPE.  
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earthquake with sufficient magnitude to initiate an automatic reactor trip would result in the loss of 

the normal AFW system water supply with a probability of 1.0.  

"* The MCC breakers that control the MOVs on the pipeline that connects the ESW to the AFW system 

fail because of the HELB - The probability of this occurring is unknown; however, the probability is 

likely to be less than 1.0 based on the ventilation in the area and the limited room connection (i.e., 

open fire door). However, for conservatism, this probability was assumed to be 1.0.  

"* Feed-and-bleed cooling fails because of random failures - Instrument air is not credited in the D.C.  

Cook IPE as being seismically qualified. Therefore, it must be assumed that a pressurizer power

operated relief valve would not be available following an earthquake. This probability of this event 

occurring is assumed to be 1.0.  

1.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequencies associated with these sequences depend on the resolution of other issues affecting AFW 

and feed-and-bleed cooling capabilities. To provide perspective on these sequences the following 

information is provided.  

If the resolution of other issues results in no significant changes to the AFW and feed-and-bleed cooling 

failure probabilities, the change in core damage probability would be: 

Sequence I - an HELB occurs 

(Initiating event frequency of HELB events: 1.3 x 1 02/critical year) x 

(Criticality factor for Cook Unit 2--from Ref. 2, Table H-3: 0.68 critical year/reactor calendar year) x 

(Window of opportunity: 39 h ) x (1 year/8760 h) x 

(Probability of reactor trip- 1.0) x 

(Probability of normal AFW supply failure: 2.4 x 10-5) x 

(Probability ESW valves fail: 1.0) x 

(Probability of feed-and-bleed cooling failure: 2.9 x 10-2) = 2.7 x 10.11.  

Sequence 2 - an HELB occurs given an earthquake 

(Earthquake frequency: 5.8 x I 0-/year) x 

(Window of opportunity: 39 h ) x (1 year/87 6 0 h) x 

(Probability of HELB: 1.0) x 

(Probability of main feedwater loss: 1.0) x 

(Probability of AFW normal supply failure: 1.0) x 

(Probability ESW valves fail: 1.0) x 

(Probability of feed-and-bleed cooling failure: 1.0) = 2.6 x 10'.
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Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor.  

1.5 References 

1. LER 316/98-007, Rev. 0, "Interim LER - High Energy Line Break Effects On Auxiliary Feedwater 

System," December 7, 1998.  

2. J. P. Poloski, et. al., Rates of Initiating Events at U.S. Nuclear Power PJants: 1987- 1995, 

NUREG/CR-5750, February 1999.  

3. Donald C. Cook Nuclear Units I and 2, Individual Plant Examination Revision 1, October 1995.  
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2.0 AFW System SSFI- Licensee self assessment: Finding #ENG5/LER No. 315/98-046 

Event Description: Lack of an Appropriate Design Basis for Auxiliary Feedwater 

Pump Suction Strainers 

Date of Event: November 3, 1998 

Plant: D. C. Cook, Unit 1 

2.1 Summary of Issue 

A safety system functional inspection (SSFI) performed by Duke Engineering and Services (Ref. 1) 

identified that the strainers in the auxiliary feed water (AFW) system have 1/32" holes whereas the 

strainers in the emergency service water (ESW) system have 1/8" holes. ESW will supply water to the 

AFW system if all other supplies to AFW (make-up plant, Unit 2 CST via a cross tie) fail or if an 

earthquake fails the CST. The risk associated with the CST failure resulting from an earthquake is 

include as a separate issue (Issue #3). Due to the difference between the strainer sizes between the ESW 

and AFW, when ESW supplies water to AFW, the AFW strainers can become clogged. The clogging 

rate may not accommodate the operator response time needed to swap, clean, and restore strainer baskets.  

If the strainers become clogged, the AFW system will fail to provide flow to the steam generators.  

On November 3, 1998, a special test was conducted on the Unit 1 west AFW pump to determine the 

potential effect on suction strainer loading when ESW is used as a suction source. (Ref. 2).  

Approximately 60 seconds into the test, the differential pressure across the strainer exceeded the 

maximum allowed value, and flow dropped from its maximum value of 560 gpm to approximately 400 

gpm. Since 400 gpm is below the design flow value (450 gpm) the test was terminated. On November 

4, 1998, a second strainer test was performed using the same special test procedure. However, since the 

debris had been flushed out during the test performed on November 3, the flow rate and the strainer 

differential pressure stabilized at 500 gpm and 0.7 psig respectively, for 7 hours. This second test 

indicated that once the initial debris is removed, ESW is capable of providing continuous flow 

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting residual heat removal (RHR), AFW, and feed-and-bleed cooling capabilities. The risk 

significance of this issue, on its own, is below the threshold for a precursor.  

2.2 Modeling and Affected Sequences 

The main feedwater system (MFW) or the AFW system feeds the steam generator to remove decay heat 

after a reactor trip. If the MFW system is lost as a result of the transient that causes the trip, then only 

the AFW system is available to feed the steam generators. Main feedwater system will be lost if the 

power conversion system fails or offsite power is lost. Therefore, the accidents that would require the 
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use of AFW are reactor trips followed by : a) loss of offsite power, b) loss of power conversion system, 

and c) loss of main feedwater.  
The condition discovered affects an alternate capability to supply water to the AFW. This capability is 

needed in the event of depleting CST water prior to achieving cold shutdown and aligning the RHR 

system. Under normal operating conditions, subsequent to a reactor trip, the CST has adequate inventory 

to accomplish the cool down to cold shutdown. Re-filling the CST will only be required if RHR is in a 

failed condition and the CST is needed for an extended duration.  

If the CST is needed for an extended duration due to inability to align RHR, then it must be refilled by 

either the makeup plant or the CST of Unit 2. If both these actions fail, if ESW is unavailable to supply 

water to the systems, then AFW will fail. In the event of loss of AFW, decay heat can be removed from 

the core by bleeding the reactor coolant through opened pressurizer power operated relief valves 

(PORVs) and feeding the reactor coolant system (RCS) with either the safety injection pumps or the 

charging pumps. The following accident sequence is of interest: 

"* Reactor trip with loss of offsite power, loss of power conversion system, or loss of main feedwater; 

"* RHR Unavailable; 

"* AFW fails due to depletion of CST inventory and supply to the CST from the make-up plant or the 

Unit 2 CST fails; 

"* ESW fails to supply AFW; 

"* Feed and bleed cooling using the pressurizer PORVs and SI or the charging system fails.  

2.3 Frequencies, Probabilities, and Assumptions 

"* Reactor trip with loss of offsite power, loss of power conversion system, or loss of main feedwater 

Rates of Initiating Events at US. Nuclear Power Plants 1987-1995 (Ref. 3) indicates that the 

frequency of loss of offsite power is 0.046/year. Total loss of feedwater frequency is 0.085/year.  

The frequency of total loss of heat condenser heat sink events (power conversion system) is 

0.12/year. This adds up to a total frequency of 0.25/year. For Cook Unit 1, the criticality factor is 

0.79. Therefore, frequency of reactor trip with loss of feedwater, offsite power, or the power 

conversion system is 0.2/year (0.79 xO.25).  

"* Unable to align RHR - After a plant trip, the AFW is used to cool down the reactor and achieve cold 

shutdown and get on the RHR system. The CST has 500,000 gallons (Ref. 6, Cook IPE). According 

to section 14.1.9 of the accident analysis section of the Cook FSAR (Ref. 7), the AFW water system 

including the CST is sized to cool down the reactor and achieve cold shutdown even when main 

feedwater is lost and steam generated is dumped to the atmosphere rather than recycled back to the 

CST. Therefore, if RHR is available, there is no need to re-fill the CST. From the Cook 
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standardized plant analysis risk (SPAR) the RHR unavailability for long term heat removal is 1.0 x 

10-. However, a number of issues that can potentially affect RHR cooling must be resolved in order 

to assess RHR unavailability.  

0 AFW fails due to depletion of CST inventory and supply to the CST from the make-up plant or the 

Unit 2 CST fails - Failure to provide make-up to the CST either from the make-up plant or from the 

Unit 2 CST will occur if the operator fails to recognize the need to do so or if hardware failures 

occur. There are three different alarms that will prompt the operator that there is a need to re-fill the 

CST. The CST low level alarm is set at 625'9". When this alarm is received, the tank has 250,000 

gallons left. At 500 gpm, this inventory will give the operators more than 6 hours warning. A low

low level alarm is provided at 614'. This alarm also informs the operators of the need to re-fill the 

CST. At design flow, 29 minutes are available after receiving this alarm. The low suction pressure 

alarm of the AFW pumps will also warn the operators of the need to re-fill the tank. Even at full 

flow (2000 gpm), 13 minutes are available from the time of receiving this alarm to the point of level 

falling to the CST outlet pipe centerline. At more realistic flows such as 500 gpm, 52 minutes are 

available to establish alternate source. Based on Swain and Guttman (Reference 4) (NUREG/CR

1278, Table 11-13), failure to initiate action after one annunciator is 1 x 10'4. For multiple 

annunciators, this probability is lower than I x 10'4. Swain and Guttman (Ref. 4) recommends 

increasing this factor by an order of magnitude to 1 x 10-1 for transient conditions. Therefore, a 

conservative probability value of 1 x 10' is used for operator failure to recognize the need to refill the 

tank.  

Even if the operator successfully recognizes the need to re-fill the tank, failure of make-up will occur 

if mechanical failures or other actions occur to prevent make-up to the CST. Alignment to both 

sources (make-up plant or Unit 2 CST) must fail to prevent make-up to the CST. Alignment to the 

make-up plant is treated as a recovery action and, using the probabilities provided in Ref. 5 

(NUREG/CR-4674), a probability of failure of 0.12 was used. A single AOV must be opened in 

order to cross connect the Unit 2 CST. Cook IPE (Ref. 6) assigns 2 x 10' to the probability of an 

AOV failing to open based on generic data. While most safety related AOVs are tested quarterly, the 

cross connect valve is tested once every refueling outage. Therefore, the valve failure probability 

was adjusted to 1.2 x 10.2 (=6 x 2 x 10"') due to the increased interval between tests.  

Based on the above probabilities, failure to establish a supply to the CST from either the makeup 

plant or the Unit 2 CST is the sum of the probability the operator fails to initiate action (1 x 10") plus 

the product of the probability of failure to connect to the make-up plant (0.12) times the probability of 

failure to connect to the Unit 2 CST (0.012). Therefore, the probability is estimated to be 0.00244 ( = 

I x 103+.012 x.12).  

0 ESW fails to supply AFW - Based on Ref. 2, a special test showed that the AFW flow from the west 

AFW pump would have fallen below the design value due to clogging the strainer. It also showed 

that recovery is possible and that a one time strainer basket cleanup would have assured system 
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success. In spite of this, it was pessimistically assumed that the probability of failure to use ESW as 

the supply source to the CST is 1.0.  

0 Feed and Bleed using the pressurizer PORVs and SI or the charging system fails - From the Cook 

SPAR model, the overall failure probability of feed-and-bleed cooling is 2.9 x 10-.2 However, a 

number of issues that can potentially affect feed-and-bleed cooling must be resolved in order to 

assess this failure probability.  

2.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the sequence depends on the resolution of other issues affecting RHR and 

feed-and-bleed cooling capabilities. To provide perspective on these sequences the following 

information is provided.  

If the resolution of issues results in no significant changes to the feed-and-bleed and RHR cooling failure 

probabilities, the change in core damage frequency would be: 

(Frequency of reactor trip with loss of feedwater, offsite power, or the power conversion system: 

0.2/year) x 

(Failure to establish RHR leading to long-term depletion of the CST: 1 x 10.2) x 

(Probability of failure to supply AFW from the make-up plant or the CST: 2.4 x 10-1) x 

(Probability of ESW failing to supply AFW: 1.0) x 

(Probability of feed and bleed cooling failure: 2.9 x 10.2) = 1.4 x 107/year.  

Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor.  

2.5 References 

1. Auxiliary Feedwater System Safety System Functional Inspection (SSFI) Self Assessment, 

November 1998.  

2 LER 315/98-046, "Auxiliary Feedwater System Unable to Meet Design Flow Requirement During 

Special Test," event date: November 3, 1998.  

3. J. P. Poloski, et. al., Rates of Initiating Events at US. Nuclear Power Plants: 1987-1995, 

NUREG/CR-5750, February 1999.  

4. A.D. Swain, and H.E. Guttman, Handbook of Human Reliability Analysis with emphasis on Nuclear 

Power Plant Applications, NUREG/CR - 1278, August 1983.  

5. Precursors to Potential Severe Core Damage Accidents, NUREG/CR-4674, December 1997.  

4



AFW System SSFI- Licensee self assessment: Finding #ENG5/LER No. 315/98-046 

6. Donald C. Cook Nuclear Plant Units 1 and 2, Individual Plant Examination Revision 1, October 

1995.  

7. Donald C. Cook Nuclear Plant, Units I and 2, Updated Final Safety Analysis Report.
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3.0 LER Nos. 315/98-046; 315/98-002-01; 316/98-002; 315/99-001; 315/99-011; 

315/98-008-02; 315/98-050; 315/99-018 

Event Description: Seismic Issues 

Date of Event: N/A 

Plant: D.C. Cook, Units 1 and 2 

3.1 Summary of Issues 

This writeup addresses the seismic related impact of issues #3, 35, 45, 62, 64, 70, 102, 107, and 113.  

Several other seismic related issues are documented as issue #61, 134, and 136. These issues were 

chosen since they pertain to degraded conditions that have the potential to affect the seismic capability of 

systems, structures, or components that are critical to mitigation of accidents caused by an earthquake.  

This assessment examines the increase in seismic related core damage frequency (CDF) due to increases 

in seismic induced failure probability. It does not accommodate seismic related CDF changes due to the 

increases in the random failure probability of systems or components due to other issues at D.C. Cook.  

If necessary, i.e., if the random failure probability of other systems increase significantly due to other 

degraded conditions, that assessment would be performed under the integrated risk assessment. The 

summary of conditions that had the potential to impact the seismic capabilities and conclusions relating to 

their impact on risk are as follows: 

Lack of appropriate design basis for AFW Rump suction strainers - Potential to degrade the AFW 

capability after an earth auake (Issue #3) 

A safety system functional inspection (SSFI) performed by Duke Engineering and Services (Ref. 1) 

identified that strainers in the auxiliary feed water (AFW) system have 1/32" holes whereas the strainers 

in the emergency service water (ESW) system have 1/8" holes. ESW supplies water to the AFW system 

if an earthquake fails the condensate storage tank (CST). Due to the difference between the strainer 

sizes between the ESW and AFW, when ESW supplies water to AFW, the AFW strainers can become 

clogged. The clogging rate may not accommodate the operator response time needed to swap, clean, and 

restore strainer baskets. If the strainers become clogged, the AFW system will fail to provide flow to the 

steam generators. If AFW fails, feed-and-bleed cooling may be used. However, RWST is needed to 

perform feed-and-bleed cooling. An earthquake that fails the CST will most likely fail RWST as well.  

Therefore, it is conservatively assumed that the probability of feed-and-bleed cooling is 1.0.  

Based on evaluations documented in sections 3.3 and 3.4, the risk significance of this issue was 

determined to be less than the risk significance of an ASP precursor.  

Write up #2 of this report documents the risk associated with this anomaly due to initiating events other 

than earthquakes.
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Degraded Solid State Protection System Master Relay Covers - Potential to degrade SSPS capability after 

an earth quake (Issue #35) 
During functional testing of the reactor trip breaker and solid state protection system (SSPS) automatic 

trip/actuation logic in January 1998, several degraded master relay covers were found in both trains of 

SSPS in both units. Specifically, there was damage to relay cover hold down holes and cover hold down 

catches. This type of damage can make the relays vulnerable to seismic events. That is, during an 

earthquake these covers may fall and cause damage to other relays (Ref. 5). Based on information on the 

seismic capability of the relays in their as-found condition and consequences in the event of a relay cover 

becoming a loose part, this issue has a negligible contribution to risk. In addition, it has no synergistic 

effects with other issues. Therefore, this issue will be screened out from the integrated analysis.  

PORV Inoperability Due to Failed Backup Air Supply - Potential to degrade PORV capability after an 

earthquake (Issue #45) 
According to LER 315/98-002 (Ref. 6), in August 1992, the pressurizer power-operated relief valve 

(PORV) 2-NRV-152 was stroked using the backup air supply. The PORV failed to stroke within the 

required 6 seconds. The cause of the failure was determined to be a leaking check valve in the normal 

control air header. During the test, the leaking check valve allowed the backup air to leak into the normal 

control air header and prevented the PORV from receiving an adequate supply of pressurized air. The 

leaking check valve could have resulted in the depletion of the backup air supply in the event that the 

normal air supply was lost, thereby, challenging the ability of the affected PORV to operate. Since the 

normal control air is not seismically qualified, the backup air supply is relied upon to operate the PORVs 

after an earthquake. Based on information on the seismic capability of the two non degraded PORVs and 

the common mode type impact of earthquakes (i.e., an earthquake capable of failing one PORV will most 

likely fail the other as well), this issue has a negligible contribution to risk. In addition, this issue has no 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

Issue #45 of this report documents the risk associated with this anomaly due to initiating events other than 

earthquakes 

Potential for CCF of EDGs due to improper bolting in the exhaust manifold - Potential to degrade EDG 

capability after an earthquake (Issue#62) 
References 11 and 12 discuss a failure of the 2 AB DIG flywheel end exhaust manifold bracket.  

Following the failure the licensee discovered that required jam nuts on the bracket bolts were missing 

from two diesel generators lCD D/G and 2 AB D/G. Based on additional information on the function of 

the jam bolts (they are designed to prevent bolts from falling off due to engine vibration rather than to 

withstand seismic loads) and the availability of two other brackets that secures the exhaust manifold, this 

issue has a negligible contribution to risk. In addition, this issue has no synergistic effects with other 

issues. Therefore, this issue will be screened out from the integrated analysis.  

General Electric HFA Related in the EDG May not Meet Seismic Qualifications - Potential to degrade 

EDG capability after an earthquake (Issue # 102) 

On January 11, 1999, Unit 1 and Unit 2 EDGs were declared inoperable due to concerns that the General 

Electric relays installed in the EDG circuits may not be configured in accordance with vendor
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recommended requirements, and therefore, may not meet seismic qualification requirements (Ref. 7).  

Review of the elementary drawings have identified 9 relays associated with the EDGs have contact 

configurations that do not meet seismic qualification requirements. These relays may degrade the 

function of the EDGs after an earthquake due to relay chatter. Specifically, since these relays are in the 

EDG load shedding circuitry,.in the event of an earthquake, if the EDGs are demanded they may trip on 

overload. Based on evaluations documented in sections 3.3 and 3.4, the risk significance of this issue 

was determined to be less than the risk significance of an ASP precursor.  

Air System for EDG May Not Support Long-Term Operability - Potential to degrade EDG capbility after 

an earthquake (Issue#107) 
In February 1999, during the licensee's expanded system readiness review, it was determined that the 

EDGs could not maintain the long term operability without the assistance of the non-seismic and non

safety related starting air compressors (Ref. 8). Each diesel is equipped with two redundant trains of 

starting air compressors. Each train consist of a compressor and a receiver. The compressors, 

compressor drive motors, and the piping between compressors and the respective check valves are not 

safety related. Even though, starting air compressors are supplied from a class 1E power source and 

anchored per seismic class 1 criteria, they are neither safety related, or seismically qualified. The air 

receiver and all piping from the check valve in the air compressor discharge side are seismically 

qualified. Each starting air receiver is replenished by its associated starting air compressor which cycles 

to maintain the receiver pressure between 220 and 247.5 psig. When a receiver is pressurized to 220 

psig, it has enough air to support two EDG start attempts. Based on pre-operational data, following a 

EDG emergency start, the air pressure in the receiver may range from 188 to 132 psig. Unless the air 

compressors run after an EDG start, the pressure in the receivers will gradually diminish due to leakage.  

Due to a design error, after the EDG start, air in the receivers is relied on to provide control air for the 

continuous operation of the EDGs. The 100 psig engine control air is required to maintain the throttle 

control cylinder's actuating rod retracted and thus maintain fuel flow to the engine. The minimum 

control air pressure required to maintain the throttle control actuating rod fully retracted is 60 psig.  

Therefore, if after the EDG start, if the air pressure falls below 60 psig, the actuating rod will malfunction 

and the fuel flow to the engine would degrade leading to the failure of the EDG. Based on additional 

information on the seismic capability of the air compressor (they have been mounted to meet seismic 

class I criteria) this issue has a negligible contribution to risk. In addition, this issue has no synergistic 

effects with other issues. Therefore, this issue will be screened out from the integrated analysis.  

Issue #59 of this report documents the risk associated with this anomaly due to initiating events other than 

earthquakes.  

RWST Suction Motor Operated Valves Inoperable Due to Inadequate Design (Issue #113) 

According to Reference 16, on June 29, 1999, during a review of a stress calculation for the Refueling 

Water Storage Tank (RWST) motor-operated (MOV) suction valves (2-IMO-910 and 2-IMO-9 11) to the 

centrifugal charging pumps (CCPs), it was determined that the valve yokes may yield under the 

combined stress of a seismic event and the static, valve closed, stem thrust. This event is applicable to 

both Units. This degraded condition may fail high pressure injection to the from the high head pumps.  

However, in consideration of the very low frequency of earthquakes that requires injection, and the 

diversity afforded by the intermediate head injection systems, this has a negligible contribution to risk.
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Maintenance and Surveillance Activities Results in Ice Basket Damage - Potential to degrade Ice 

Condenser capability after an earthquake (Issue # 70) 

A damaged ice basket removed from the Unit I ice condenser was subjected to a scoping test to 

determine its ability to structurally withstand design basis loads. The damaged ice baskets failed under 

less than design basis loads (Ref. 9). Prior to this event and subsequent to the 50.72 ENS notification of 

this event, several forms of ice basket damages have been identified. This degraded condition may result 

in unacceptable bypass flow routes due to ejection of ice condensers, excessive flow blockage due 

collapsing of ice condensers, or generating missiles inside containment. As a result of these failures, if 

the containment integrity fails, the capability of the containment to retain water in the sump could be 

degraded leading to the failure of sump recirculation. Based on the negligible impact of this issue and 

issue #64 discussed below on the sump recirculation failure probability, they were determined to have a 

negligible contribution to risk. In addition, as these two issues have no synergistic effects with other 

issues, they will be screened out from the integrated analysis.  

Ancillary Equipment in Ice Condenser Not Designed to Withstand Design Basis Accident/Earthquake 

Loads - Potential to degrade ice condenser capability after an earthquake (Issue # 64) 

According to Reference 10, on July 24, 1998 during ice condenser refurbishment activities, the licensee 

identified that the public address equipment located inside Unit I and Unit 2 ice condensers was not 

installed to withstand a design basis accident and/or design basis earthquake condition. During an 

earthquake, the mounting of the electrical conduits, amplifier boxes, speakers, and cabling could fail.  

Failure of these components may result in obstruction of ice condenser doors from opening. In addition, 

these failures may cause flow passage blockages. The degraded performance of the ice condenser as a 

result of obstructions to door openings or flow blockages may degrade the ice condenser performance 

leading to an increase in the peak containment pressure after an earthquake. As a result, if the 

containment integrity fails, the capability of the containment to retain water in the sump could be 

degraded leading to the failure of sump recirculation.  

3.2 Modeling and Affected Sequences 

The issues discussed above show potential reductions in the capability of auxiliary feed water (due to 

potential to block the ESW strainer), solid state protection system (due to degraded relay covers), feed

and-bleed cooling capability (due to degraded back up air supply to one PORV), emergency AC power 

(due to seismic issues associated with the EDGs) and sump recirculation (due to degraded conditions 

associated with the ice condenser). The detailed investigations (discussed in next section) showed that 

the impacts of the discovered degraded conditions on SSPS, PORVs, and Ice Condenser are negligible.  

Since there is some potential impact on the EDGs and the AFW system, seismic events that are capable of 

failing the CST and seismic events that are capable of failing loss of offsite power will be investigated.  

Since the CST is significantly more rugged than the offsite power system, when the sequence related to 

seismic induced CST failure is analyzed, it is assumed that offsite power is unavailable Therefore, 

accident sequences of interest are: 

Sequence #1 - Loss of offsite power and seismic induced failure of EDGs
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"* Seismic induced loss of offsite power; 
"* EDGs fail due to relay chatter; 

"* Operator fail to restart EDGs after they fail due to failure to load shed; 

"* Seal LOCA occur and as a result core uncovers.  

Sequence #2 - Reactor trip and seismic induced failure of CST 

"* Seismic induced CST failure (assumes reactor trip, loss of offsite power, and failed main feedwater); 

"* Alternate supply to AFW fails due to degraded condition of strainers; 

"* Feed-and-bleed cooling fails or sump recirculation fails.  

3.3 Frequencies, Probabilities, and Assumptions 

Increase in the probability of SSPS during an earthquake - Issues #35 discusses a condition that could 

have affected the SSPS capability due to degraded master relay covers. Reference 5 concludes that the 

likelihood of an earthquake affecting the operability of the SSPS is not significant. The justifications 

provided to support this conclusion can be used to show that (a) in the as-found condition, even though 

the relay covers were degraded, they had considerable seismic capability, and (b) even if a relay cover 

came loose during an earthquake, the probability of that relay cover falling on a relay beneath it and 

damaging it is negligible.  

According to the LER (Ref. 5), a letter written by Westinghouse in March 1988 stated that even though 

the relay covers are damaged, the covers in no way affect the seismic response of the relay as long as the 

covers stay in place. If a cover becomes loose during an earthquake, it may become a loose part and 

impact a relay underneath it introduce the potential to damage the lower relay.  

The peak ground accelerations experienced at the control room floor during a safe shutdown earthquake 

is 0.24g. The master relays are mounted in two rows one of which is 1 foot off the floor and the other is 

about 16 inches above the floor. Therefore, during an earthquake, these relays will not experience 

accelerations far greater than the control room floor. Investigations into the degraded relays covers 

demonstrated that some of the covers located in the control room are susceptible to being loosened and 

becoming loose parts during an earthquakes that imparts 12g of acceleration (i.e, there were relay covers 

that did not come loose even at accelerations 50 times greater than the accelerations experienced during a 

safe shutdown earthquake). Therefore, based on this investigation it can be concluded that most relay 

covers will not fall during an earthquake. Even if a relay cover falls, the damage that it can cause is 

limited due to the following. A relay cover weighs less than 6 grams. The covers on the top row is only 

4 inches above the lower row and therefore, the impact force will be minimal. The dimension of the relay 

covers are such that they will not afford an opportunity to jam in relays below itself and cause them to 

fail. In light of the above reasons, the risk associated with this issue is determined to be minimal and this 

issue is screened out from further analysis.  

Increase in the probability of PORV failure (feed and bleed function) during an earthquake - Issue #45 

discusses a condition applicable to only one of the 3 PORVs at Unit 2. This condition is not applicable to
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any PORVs at Unit 1. Potential for one of the three PORVs at Unit 2 to fail due to the degraded backup 

air supply can cause an increase in the random as well as seismic related failure probabilities of the 

PORVs and thereby the feed and bleed capability. The backup air supply can be significant during an 

earthquake since the normal air system is not seismically qualified and therefore expected to fail. The 

increase in the feed-and-bleed cooling capability due to the degraded back up air supply to one of the 3 

PORVs is negligible due to the following. Each of the D.C. Cook Units have 3 PORVs. The success 

criteria requires 2 of the 3 PORVs to operate in order to accomplish the feed and bleed function. When 1 

of the 3 PORVs is in a degraded condition, both of the remaining 2 PORVs must operate to accomplish 

feed-and-bleed cooling. Therefore, increase in the seismic related will be failure be the difference 

between the probability failing a single PORV due to an earthquake versus failing 2 PORVs during an 

earthquake. The PORVs at Cook have relatively high seismic ruggedness. Based on the Cook IPE, the 

high confidence (95%) -low probability (5%) failure (HCLPF) of these PORVs are 0.47g. The 

probability of occurrence of an earthquake whose peak ground acceleration exceeds 0.45g is 2.50 x 10 

6/year. That is, even at a earthquake whose expected frequency less than 2.5x 1 06/year- occurs, there is 

95% confidence that seismic induced failure probability of the PORVs will be less than 5%. In addition, 

due to the common mode type impact of earthquakes (all PORVs are subjected to the impact of the 

earthquake), an earthquake whose magnitude is sufficient to fail one PORV most likely will fail the other 

PORV as well. That is, the redundancy has limited benefits during an earthquake and therefore, from a 

seismic stand point, having 2 PORVs versus 3 PORVs when the success criteria requires 2 PORVs 

provides limited benefits. In light of the above reasons, the risk associated with this issue is determined 

to be minimal and this issue is screened out from further analysis.  

Increase in the probability of emergency diesels during an earthquake - Issues #62, # 102, and # 107 

discuss three condition that could have affected the EDG capability during an earthquake.  

Issue #62 pertains to the failure of flywheel end of the exhaust manifold bracket of diesel 2 AB DG.  

After the event it was determined that a missing jam nut contributed to this failure and 1 of the EDGs at 

Unit I was missing ajam nut as well. The missing jam nut will not increase the failure probability of the 

EDGs during an earthquake due to the following: 

"* The exhaust manifold is secured by three brackets and the jam nut was missing from only one 

bracket.  

"* The purpose of the jam nut is to prevent failure due vibrations induced by the diesels. The 

usefulness of the jam nuts against seismic induced loads would be limited.  

In light of the above reasons, the risk associated with this issue is determined to be minimal and this issue 

is screened out from further analysis.  

Issue #102 pertains the seismic capacity of 9 relays associated with the EDGs. Based on consultations 

with the NRC resident inspector at Cook (Ref. 13), the relays that were not properly qualified were found 

in the EDG circuitry used for load shedding. Therefore, in the aftermath of an earthquake, when the 

diesels are demanded they may fail due to failure to shed loads. However, such a failure will be 

immediately detected in the control room and the operators can take appropriate actions to recover the
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EDGs prior to core uncovery. As a result, the increase in this failure probability in comparison to the 

seismic induced and other random failures of the EDGs is negligible. Additional details of this scenario 

which supports the above conclusion are as follows.  

During an earthquake if the off site power was lost, then due to the degraded condition (relays that are not 

qualified), the EDG output breakers may close on buses that are connected to several large loads (e.g., 

NESW, ESW, CCW, AFW). If a safety injection signal is not present, the large SI loads (e.g., RHR, 

HPSI), even though they are connected to the vital 600 kV bus, will not be drawing power from the 

EDGs. The total design loads per EDG is approximately 3300 kW. In the absence of SI loads, a 

conservative estimate of the total loads is 2500 kW. The load banks that are routinely used to test EDGs 

are approximately 1750 kW.  

Operating experience related to routine testing of the EDGs using the load banks have demonstrated the 

EDGs' capability to start while a 1750 kW load connected to it. Therefore, upon closing the EDG breaker 

on the bus while the bus is connected to non-SI loads, there is some possibility that the EDGs may drag 

down and power up rather than stall.  

In the event of EDG failures due to stalling, if the diesels do not encounter permanent damage, recovery 

is possible. Due to multiple protective trip functions (low voltage, low frequency, overcurrent), the 

probability of experiencing permanent damage to EDGs is negligible compared to other seismic or 

random failure probabilities.  

In the event of a LOSP, the operators use the procedure ECA 0.0 "Loss of offsite power." Step 5 of this 

procedure relates to EDG status check and recovery. If the EDGs have failed due to failure to load shed, 

that would be detected and addressed while implementing step 5 of ECA 0.0. During an earthquake, in 

the event of LOSP and loss of both EDGs, a couple of hours will be available to recover the EDGs, if 

they fail. The time required to recover the EDGs (when they have failed due to load shedding) is much 

less. The best guess on the time to shed loads and re-start EDGs, based on communication with the 

licensee is (Ref. 15) is 20 minutes.  

Issue # 107 pertains to the EDGs' reliance on non-seismic and non-safety related air compressors. The 

long-term operability of the diesels require a continuous air supply from the air receivers. Of the 

components in the control air system that are needed to function after an earthquake, only the air 

compressor and the piping from the air compressor to the discharge check valves have not been 

seismically qualified. However, the air compressor have been anchored per seismic class I criteria.  

Therefore, even though this condition does not comply with the design basis, it does not affect the 

performance of the air system after an earthquake.  

RWST Suction Motor Operated Valves Inoperable Due to Inadequate Design (Issue #113) 

Issue # 113 show the potential to disable injection from the high head injection pumps due to failed 

suction MOVs from the RWST. Since the high pressure injection function is potentially affected, 

seismic induced initiators which rely on the high pressure injection for mitigation may become risk 

significant. Seismic induced medium LOCAs, and small LOCas require high pressure injection. In 

addition, if the AFW system fails as a result of an earthquake, the feed-and-bleed function will require

-. o
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injection as well. The Cook IPE was reviewed to determine the likelihood of a seismic induced LOCA or 
a seismic induced loss of AFW event. Specifically, the seismic ruggedness of key components, structure 

and piping whose failure could result in a seismic induced LOCA (e.g., RCS piping, pressurizer PORVs, 
Safety relief valves) and a seismic induced AFW event (e.g., auxiliary building, AFW pump trains and 
valves) were considered. For the MOVs, the magnitude of the earthquake at which the stresses exceed 

their allowable values is unknown. However, in light of the fragilities of components stated above, the 
frequency of an earthquake that could cause a LOCA or a loss of all AFW was determined to be less than 
1 x 1 0"/year. Even if an event occurs, and the high pressure injection from the high head pumps fail, the 

diverse safety injection trains can inject in to the core (Cook is equipped with high head and intermediate 

head injection pumps). Therefore, this issue is determined to be a negligible contributor to risk and it is 
screened out from further analysis.  

Increase in the probability of sump recirculation failure during an earthquake - Issues #64 and #70 
discuss two conditions that could have affected the sump recirculation capability due to degraded ice 

condenser performance. The increase in the sump recirculation failure probability due to these issues is 
determined to be negligible due to the following reasons: 

"* Based on the Cook IPE (Ref. 4), there is a significant safety margin between the design basis pressure 

of the ice condenser (12 psig) and its realistic failure pressure. For example, even though the design 

pressure of the Cook containment is 12 psig, at a 36 psig containment pressure, there is a 95% 
confidence that the failure probability of containment is less than 5%.  

"* Based on information provided in Ref. 9 and 10, even though the degraded conditions violate design 

requirements, the impact on the overall functionality of the ice condenser is minimal.  

Reference 9 points out the potential increase in the likelihood of flow passage blockage and basket 

ejection due to damaged ice condenser baskets whose capabilities are below the design basis 

requirements. Then it provides information to show that the increased potential for failure is 

negligible. Some of the reasons provided to arrive at this conclusion are as follows: 

0 Even though 25 baskets in Unit 1 and 45 baskets in Unit 2 (each unit has 1944 ice baskets) 

had damages similar to the basket that failed below design loads, the nature and the 
magnitude of the damages were such that, (a) likelihood of basket ejection leading to 

missiles or significant bypass paths was negligible, (b) likelihood of baskets collapsing to 

affect the functionality was negligible. The damages to the ice baskets were either top rim 

damage, missing or torn ice basket ligaments, or dents and folds. Damage to the top rim (top 

end of the ice basket) will not promote the ejection of the ice basket. It will not promote any 

damage to the adjoining baskets, basket columns, interfacing structures, or equipment. Top 

rim damage may only result in some localized deformations.  

Missing ligaments will not promote the ejection of an ice basket from or basket columns.  

These ice baskets will have reduced capability to withstand lateral load or compressive 

loads. The most common location for missing ligaments were in the mid or upper 

elevations where the compressive loads are not significant. Even though small localized
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lateral displacements may result from missing ligaments, major collapses or flow path 
blockages that affect the functionality of the ice condenser (come into contact with steam 

and keep the containment peak pressure down) will not result from these lateral 
displacements.  

Ice baskets with dents and folds have reduced structural capability to withstand lateral loads 
imposed by seismic loads. However, due to significant amount of energy dissipated in the 

deformation of ice baskets and enclosed ice, the ice baskets are expected maintain structural 
integrity to an extent that significant collateral ice basket damage and flow passage geometry 

degradation would be precluded. Since ice basket columns are supported laterally with a 

lattice grid every 6 feet in its 48 feet height, significant damages are highly improbable.  

Reference 10 points out the potential increase in the likelihood of flow blockage and the possibility of 

obstructions to opening the ice condenser doors due to fallen public address system components 
during an earthquake. Reference 10 concludes that the likelihood of(a) excessive blockage of flow 
passages due to fallen equipment, (b) obstruction of lower inlet doors to the ice condenser, and (c) 
obstruction of intermediate and top deck doors to be negligible and provides the following reasoning 
to justify its conclusions: 

o The likelihood of flow passage blockage is negligible due to to the following: 

- The design basis analysis assumes a blockage area of 15% throughout the entire 
length (48 feet) of the ice condenser even though that actual blockage due to fallen 

public address system component will be limited to a single plane located 
underneath the ice bed.  
During an earthquake, all equipment migrating from their current locations to the 
underside of the lower support structure is highly improbable.  
Limited amount of electrical equipment and conduits cannot block the entire 48' 
length 15%.  

o The negligible likelihood of lower inlet door obstruction is attributed to the following: 
The public address system equipment will only experience the seismic loads. That 

is, until the ice condenser doors open, they will not experience the design basis 
accident loads, Equipment inside ice condensers would not experience design basis 

accident loads until the ice condenser doors open. Once the doors open electrical 
equipment cannot make them close 
Only a limited amount equipment are installed near doors. For these equipment to 

obstruct opening of the lower inlet doors, all of the following events must happen.  

(a) The electrical conduits must break under the seismic loads, (b) electrical cables 

must severe, and (c) equipment must fall and land in a configuration that creates a 

wedge between the door and the structural steel 
o The negligible likelihood of obstructing intermediate or top deck doors is attributed to the 

following: 
- The equipment will only see the seismic loads since until the doors open they will 

not see the design basis accident loads, Equipment inside ice condensers would not

%
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experience design basis accident loads until the ice condenser doors open. Once the 

doors open electrical equipment cannot make them close.  
- Majority of equipment located in the upper ice condenser is solidly supported and 

contained against the containment.  
- In general, there are no unobstructed paths between equipment that may fall and the 

top deck and intermediate deck doors.  
- The total weight of the equipment would be small compared to the lifting forces 

experienced on the doors.  

Sequence #1- Loss of offsite power and seismic induced failure of EDGs 

"* Seismic induced loss of offsite power - According to the revised seismic PRA of Cook IPE, the 

median capacity of the cerimic insulators in the switchyard is 0.2g. For the Cook site, based on 

Figure 4-1 of Reference 3 (See attached Figure 1), the median value of the annual frequency of 

earthquakes whose median peak ground acceleration exceeds 200 cm/sec2 (0.2g) is approximately 2.0 

x 1 0-5/year. At earthquakes whose magnitude is 0.2g, the switchyard whose capability is limited by 

the capability of the ceramic insulators, have a failure probability of 50%. The product of 2.0 x 10 

'/year and a probability equal to or greater than 50% provides a frequency of at least 1.0 x 105/year.  

"* EDGs fail due to relay chatter - Due to relay chatter some of the loads may not shed. Since, there is 

no concurrent safety injection signal, some loads (e.g., RHR pumps) will not be demanded and lack 

of load or shed capability may or may nor prevent the diesel from starting. However, since there is 

no analysis or operating experience, it is assumed that both diesels fail to start due to relay chatter.  

" Operator fail to restart EDGs after they fail due to failure to load shed - Due to multiple alarms 

probability of failure to recognize the need to start an EDG is essentially zero (i.e., cognitive error 

probability is negligible). However, actions must be taken to restart the EDG manually. The Cook 

IPE did not quantify this failure probability since it was insignificant for the internal event PRA.  

During an earthquake, in the event of LOSP and loss of both EDGs, a couple of hours will be 

available to recover the EDGs, if they fail. The time required to recover the EDGs (when they have 

failed due to load shedding) is much less. The best guess on the time to shed loads and re-start 

EDGs, based on communication with the licensee is (Ref. 15) is 20 minutes. Therefore using SPAR 

model work sheet for human error probability calculations, using a base probability of I x 10-' and a 

high stress condition due to the earthquake, a failure probability of 5 x 10' was used.  

" Seal LOCA occur and as a result core uncovers - In the event of an extended loss of offsite power 

and diesels, even though decay heat is successfully removed by the turbine driven AFW, seal LOCA 

can result from loss of all charging and CCW pumps. With no seal cooling, the Westinghouse type 

RCP seals would degrade rapidly. The D. C. Cook Nuclear Plant Individual Plant Examination (IPE) 

(Ref. 4) assumes that the RCP seals will fail with a probability of 1.0 if seal cooling is unavailable for 

one hour. This assumption is overly conservative since all 8 RCPs at D.C. Cook Units 1 and 2 have 

newer high temperature seals. Based on the RCP seal failure models suggested NUREG/CR-4550 

(Ref. 14), for new high temperature seals, the failure probability when seal cooling is lost for an

,So
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extended period is 0.19. (Even though there are four RCP seals, due to the commonality of the root 

cause a CCF factor of 1.0 is assumed.) 

Sequence #2 - Reactor trip and seismic induced failure of CST 

Seismic induced CST failure (assumes reactor trip, loss of offsite power, and failed main feedwater) 

The Cook IPE assumed that the CST fails with a probability of 1.0 when an earthquake occurs. This 

is not a realistic assumption since above ground tanks are known to be seismically rugged (Ref. 3).  

The licensee was contacted to obtain additional information on the seismic fragility of the CST. The 

following information was provided by the licensee: a) The high confidence (95%) low probability 

(less than 5%) failure (HCLPF) of the CST is 0.37g (g=981 cm/sec2 ). That is, for an earthquake 

whose magnitude is 0.37g, there is 95% confidence that the probability of failure is less than 5%.  

The median ground acceleration (Am) of the CST is .44g. That is, for an earthquake whose 

magnitude is 0.44g, the failure probability of the CST is 50%. Table 3.1.4-2 of Cook IPE does not 

have CST listed. However, based on the Cook IPE, the RWST has seismic fragilities identical to the 

CST (HCLPF = 0.37g and Am = 0.44g). Therefore, information on RWST was used to estimate 

insights on the failure probabilities of CST during an earthquake. According to table 3.1.4-2, the 

probability of RWST failure for earthquakes in group 3 (magnitude greater than .5g) is 1.0.  

Frequency of occurrence of earthquakes of group 3 or higher is 1.33 x 106/year. For earthquakes in 

group 2 (magnitude greater than .25g) is 1.85 x I 05/year. The probability of RWST failure for 

earthquakes in this range is .071. Therefore, the frequency of an earthquake large enough to fail 

RWST and the CST) can be approximated by 1.3 x 10O/year {=(.071 x 0.071 x 1.85 xl0s) + 1.33 x 
10-)}.  

The conditional probability of a reactor trip and loss of main feedwater due to the earthquake is 

assumed to be 1.0. That is Any earthquake capable of challenging the structural integrity of the CST 

will likely trip the reactor, cause loss offsite power, and loss of main feedwater (Ref. 3).  

* Alternate supply to AFW fails due to degraded condition - Each D.C. Cook Unit is equipped with two 

motor driven pumps and I turbine driven pump. The turbine driven pump can supply all four steam 

generators. Therefore, even if the relay chatter has resulted in failed EDGs, the AFW function will 

be available. The AFW system is seismic Category I and is relied upon for decay heat removal after 

an earthquake. The normal source of water for the AFW system is the CST. The CST is not seismic 

Category I. However, the CST is a seismically rugged component. If the CST fails, the Unit 2 CST 

cannot be relied upon to provide flow since most likely that the CST will be failed as well. The 

make-up plant cannot be credited since its seismic capability has not been proven. The ESW system 

is the only system that is designed to provide flow to the AFW system if an earthquake causes CST 

failure. Reference 1 showed a condition which could have cause the AFW system to fail (strainer 

clogging due to particles in river water) when it takes suction from the ESW system. Reference 2 

provides the results of tests carried out to test this degraded condition. Based on the two tests carried 

out, and other information in Reference 2, it is concluded that the probability of turbine driven AFW 

pump failure due to wrong size strainer is low. The bases for this conclusion are as follows:

II
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0 The failed test (flow rate drops from 560 to 400 gpm within 60-80 seconds) was performed 

for the West motor driven AFW pump which takes suction from an ESW location that tends 

to accumulate debris. In fact, according to Reference 2, the West motor driven AFW pumps 

were installed such that debris tends to collect in them (AFW suction ties in to ESW at an 

elbow where 20 inch ESW header turns upward). During the accident scenario considered 

here, the turbine driven pump which has it own strainer and suction location is relied on for 

AFW supply. This suction location is different from the suction location for the West motor 

driven AFW pump.  

o Some of the debris collected (live muzzles, crushed mussel shells) could block a 1/8" 

strainer as well as a 1/32" strainer. That is, part of the increase in failure probability is 

attributed to causes unrelated to the degraded condition (e.g., muzzles will clog a 1/8" 

strainer as well as a 1/32" strainer).  

o In the event of a failure, as the test #1 of Reference 2 has demonstrated, ESW supply is 

recoverable.  

0 In the event of a strainer clogging failure, once the baskets are cleaned and re-installed, as 

the second test of Reference 2 has shown, the ESW supply will function properly in spite of 

the 1/32" strainer.  

0 Feed-and-bleed cooling fails or sump recirculation fails - The seismic fragilities of the following 

components will determine the overall seismic ruggedness of the capability to provide feed-and

bleed cooling: a) PORVs, b) pressurizer SRVs, c) RWST, d) Charging system, e) safety injection 

system, f) instrument air, g) backup air bottles to PORVs, h) sump, i) RHR system. An earthquake 

that fails the CST will most likely fail RWST as well. Therefore, it is conservatively assumed that the 

probability of feed-and-bleed cooling is 1.0.  

3.4 Core Damage Frequency Calculation or the Bounding Calculation 

Seismic PRAs use computer codes that utilize Monte-Carlo techniques to compound the hazard curve, 

fragility, and accident sequence information to calculate seismic CDF. This analysis will not use such 

techniques. Rather it will utilize information provided in Tables 3.1.1.1 (discretized hazard curve), Table 

3.1.4.1 (fragilities), and Table 3.1.4.2 (failure probabilities of components at different earthquake levels) 

from the Cook IPE (Ref. 4) to estimate the seismic CDF under the degraded as well as non-degraded 

plant condition.  

Sequence #I1- Loss of offsite power and seismic induced failure of EDGs 

(Frequency of seismic induced loss of offsite power: 1.0 x 1 05/year ) x 

(Criticality factor: 0.79 critical year/reactor calendar year) x 

(Probability of EDGs failing due to relay chatter: 1.0) x 

(Probability of operator failing to restart EDGs after they fail due to failure to load shed: 5.0 x 10-) x 

(Seal LOCA occur and as a result core uncovers: 0.19) = 7.5 x 109/year

N
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Sequence #2 - Reactor trip and seismic induced failure of CST 

(Frequency of seismic induced CST failure (assumes reactor trip, loss of offsite power, and failed main 

feedwater): 1.3 x 10'/year} x 
(Criticality factor: 0.79 critical year/reactor calendar year) x 

(Probability of alternate supply to AFW failing due to degraded condition of strainers: low) x 

(Feed-and-bleed cooling fails or sump recirculation fails: 1.0) = 1.0 x I 06/year x low probability 
= less than 1 x 1 06/year 

Therefore, the change to the core damage frequencies would be less than the core damage frequency 

associated with an ASP precursor.  
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4.0 LER No. 315/98-041 

Event Description: Operating Plant with Both Trains of Component Cooling 

Water Inoperable 

Date of Event: August 18, 1998 

Plant: D.C Cook, Unit 1 

4.1 Summary of Issue 

D.C. Cook Unit I has two component cooling water (CCW) trains which supply cooling water to safety 

related as well as non-safety related loads. When the reactor is at power, if maintenance is needed on 

one of the two CCW trains, that train is taken out of service. After completing the maintenance, even 

though the CCW train is functional, it is labeled as "inoperable" until a test is performed to demonstrate 

its functionality. In order to demonstrate its functionality, operators establish adequate flow conditions to 

all loads supported by CCW using the "inoperable" as well as the operable train. At this point, in order to 

confirm that the "inoperable" train is capable of supporting the plant loads without the assistance of the 

operable train, the operators isolate the operable train by closing its heat exchanger outlet valve. Once 

this configuration is entered, all plant loads rely on the functional but "inoperable" CCW train. That is, 

the plant has no operable CCW trains. This constitutes an unplanned entry into Technical Specification 

(TS) 3.0.3 (Ref. 1).  

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting the probability of core damage given the loss of CCW. The risk significance of this 

issue, on its own, is below the threshold for a precursor.  

4.2 Modeling and Affected Sequences 

The subject test is conducted if a corrective maintenance activity has been performed on a CCW train.  

The operators enter the configuration where the operable train is isolated and the "inoperable" train is 

supplying all loads, in order to demonstrate the functionality of the "inoperable" train and certify it as 

operable. While in this configuration, if the "inoperable" train incurs a failure, the plant will lose CCW to 

all equipment supported by the CCW train.  

Based on the D. C. Cook Individual Plant Examination (IPE), Revision I (Ref. 2), the following systems 

which rely on CCW are used to mitigate accidents: 

"* Residual heat removal, 
"* Charging, 
"* High pressure safety injection, 
"* Containment fans, and
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* Diesel generators.  
In addition, CCW supports the cooling of reactor coolant pump seals whose failure leads to small 

LOCAs. When the CCW is lost, the performance of all these components as well as the core damage 

frequency (CDF) sequences associated with this equipment will be affected. The accident sequence of 

interest is: 

"* Entering into the post-maintenance test configuration at power; 

"* The "inoperable" train fails during the test; and 

"* Incurring core damage given the loss of CCW.  

4.3 Frequencies, Probabilities, and Assumptions 

"* Entering into the post-maintenance test configuration at power - The need to enter the post 

maintenance test configuration is a random event caused by CCW equipment failures or degradations 

at power. Based on discussion with the licensee, the plant has entered this configuration 5 times 

since June 1995. Therefore, it was assumed that the frequency was 2.5/year (5 times in 

approximately two years).  

"* The "inoperable" train fails during the test - Before isolating the operable train from service, the 

operators start the inoperable train and stabilize flows from both CCW trains. That is, at the time of 

test the "inoperable" train has started and is running successfully. Therefore, only failures such as a 

motor operated valve spuriously closing, a check valve failing to stay open, or a pump failing to 

continue to run can cause the running CCW train to fail. Of these failures, the CCW pump failing to 

continue to run for the duration of the test dominates. Based on the D. C. Cook IPE, Revision 1, the 

CCW failure to run has a failure rate of 3 x 105/hour. Based on the discussion with the licensee, the 

duration of this post-maintenance test has varied between 28- 35 minutes for 4 of the 5 tests. For the 

fifth test, the test duration was 2 hours. This results in an average test duration 0.8 hours. Therefore, 

the probability of CCW train failure to run during the test is 2.4 x 10` (0.8 x 3 x 10).  

"* Incurring core damage given that CCW is lost - The D. C. Cook IPE, Revision 1, has analyzed the 

plant's response to a loss of CCW event. This analysis factors in the probabilities of failure to 

recover the CCW, the cross tie capability to the Unit 2 CCW system, and tripping the reactor coolant 

pumps to prevent a seal LOCA upon loss of CCW. The D. C. Cook IPE, Revision 1, was used to 

estimate the probability of a core damage when CCW is lost. This probability is 4.4 x 10', which is 

calculated by taking the ratio between CDF due to loss of CCW of 3.25 x 10' and the frequency of 

loss of CCW of 7.36 x 10"4. However, there are number of issues that can potentially affect the 

probability of incurring core damage given the loss of CCW. These issues must be resolved in order 

to assess this probability.
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4.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the sequence depends on the resolution of other issues affecting the 

probability of core damage given the loss of CCW. To provide perspective on these sequences the 

following information is provided.  

If the resolution of issues results in no significant changes to the probability of core damage given the 

loss of CCW, the change in core damage frequency would be: 

(Frequency of test: 2.5) x 
(Probability of failure of the "inoperable" running CCW train: 2.4 x 10") x 

(Probability of core damage given loss of CCW: 4.4 x 10-) = 2.6 x 107/year.  

Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor.  

4.5 References 

1. LER 315/98-041, "Component Cooling Water Pump Surveillance Testing Has Potential to Cause 

Unplanned Entry Into TS 3.0.3," October 2, 1998.  

2. Donald C. Cook Nuclear Plant Units I and 2, Individual Plant Examination, Revision 1, October 

1995.
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5.0 NRC Inspection Report No. 315, 316/97-201, Finding E1.1.1.2A(2) 

Event Description: Apparent Failure to Account for Instrument Loop Uncertainty 

in the Technical Specification RWST Volume- Surveillance 
Requirement 

Date of Event: November 1997 

Plant: D. C. Cook, Unfts land 2 

5.1 Summary of Issue 

The issue deals with the fact that the licensee had not accounted for the refueling water storage tank 

(RWST) level instrument loop uncertainty when calculating the set point listed in the technical 

specification related surveillance procedure 01(02)-OHP 4030.STP.030, "Daily and Shift Surveillance 

Checks" (Ref. 1). The licensee had calculated the RWST level instrumentation uncertainty as +3.07%. 

3.75% of span. Therefore, when the level indication is 89%, the actual level can be 85.25% (=89% 

3.75%). The 85.25% level relates to 349,000 gallons of water. This is 1000 gallons less than the 

350,000 gallons required by the technical specifications.  

The change in core damage frequency associated with this issue is essentially zero and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.  

5.2 Modeling and Affected Sequences 

The RWST supplies water for injection to the reactor during a LOCA of any size. In addition, the 

RWST water is used for feed and bleed cooling if main feed water and auxiliary feed water are 

unavailable to perform decay heat removal. Therefore, a reduction in the RWST inventory has the 

potential to affect accident sequences associated with LOCAs of any size or feed and bleed cooling.  

After the RWST level reaches its low level set point (32% of the RWST level), the operators start 

changing the system alignments to take suction from the containment recirculation sump rather than the 

RWST. A 1000 gallon reduction in RWST inventory reduces the time available to establish sump 

recirculation. If the recirculation function is not fully established in a timely manner, the pumps may 

continue to take suction from the RWST while its level is low. This results in vortexing in RWST and 

pump failures. Therefore, the sequences of interest are: 

Sequence 1- Large LOCA: 

* Large LOCA, and
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* Sump recirculation fails due to vortexing in RWST as a result of RHR pump cavitation.  

Sequence 2- Medium LOCA: 

"* Medium LOCA; and 

"* Sump recirculation fails due to vortexing in RWST as a result of high pressure injection pump 

cavitation.  

Sequence 3 - Small LOCA or feed and bleed cooling situation: 

"* Small LOCA or feed and bleed cooling situation; and 

"* Sump recirculation fails due to vortexing in RWST as a result of high pressure injection pump 

cavitation.  

5.3 Frequencies, Probabilities, and Assumptions 

Sequence 1- Large LOCA: 

"* Large LOCA.  

Based on NUREG/CR-5750 (Ref. 2), the frequency of a large LOCA is 5 x 106/year.  

"* Sump recirculation fails due to vortexing in RWST as a result of RHR pump cavitation.  

During a large LOCA, the total RHR and containment spray flow rate is approximately 15,600 gpm.  

At this flow rate, a reduction in 1000 gallons causes a reduction in flow time of 4 seconds. Based on 

the D.C. Cook UFSAR (Ref. 3) for a large break LOCA more than 10 minutes are available to 

establish recirculation. A 4 second reduction from a 10 minute time frame does not change the 

probability of failure to establish sump recirculation before vortexing occurs.  

Sequence 2- Medium LOCA: 

"* Medium LOCA.  

Based on NUREG/CR-5750 (Ref. 2), the frequency of a large LOCA is 4 x 105/year.  

"* Sump recirculation fails due to vortexing in RWST as a result of high pressure injection pump 

cavitation.
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Based on the D. C. Cook Individual Plant Examination (IPE), Revision I (Ref. 4), for a small or a 

medium LOCA, the operator has 17 minutes to complete the switch over to sump recirculation after 

receiving the RWST low level signal to initiate switch over at 32% RWST tank level. That is, 

approximately 112,000 gallons (32% of 350,000) are injected over 17 minutes by the containment 

spray and the injection pumps. This equates to approximately 6000 gpm of flow from injection and 

containment spray. At this injection rate, a reduction of 1000 gallons in the RWST inventory reduces 

the time available to complete injection by approximately 10 seconds. A 10 second reduction from a 

17 minute time frame does not change the probability of failure to establish sump recirculation before 

vortexing occurs.  

Sequence 3 - Small LOCA or feed and bleed situation: 

"* Small LOCA or feed and bleed situation.  

Based on different contributors to small LOCA (pipe breaks, stuck open PORVs, RCP seal failures, 

and stuck open SRVs, using the frequencies provided in NUREG/CR-5750 (Ref. 2), the small LOCA 

frequency is approximated at 9 x 103/year. Arriving at a feed and bleed situation requires failure of 

main feedwater and auxiliary feedwater following an accident. Therefore, when the frequency of the 

feed and bleed situation is added, the total frequency stays at 9 x 1 0-3/year.  

" Sump recirculation fails due to vortexing in RWST as a result of high pressure injection pump 

cavitation.  
Based on the D. C. Cook IPE Revision 1 (Ref. 4), for a small or a medium LOCA the operator has 17 

minutes to complete the switch over to sump recirculation after receiving the RWST low level signal 

to initiate switch over at 32% RWST tank level. That is, approximately 112,000 gallons (32% of 

350,000) are injected over 17 minutes by the injection and the containment spray pumps. This 

equates to approximately 6000 gpm of flow from injection and containment spray. At this injection 

rate, a reduction of 1000 gallons in the RWST inventory reduces the time available to complete 

injection by approximately 10 seconds. A 10 second reduction from a 17 minute time frame does not 

change the probability of failure to establish sump recirculation. For very small LOCAs where the 

containment sprays do not actuate, the RWST inventory depletes at a much slower rate. If the 

injection flow rate is 1000 gpm, the 1000 gallons of inventory reduction equates to approximately 1 

minute of reduction in time available to establish sump recirculation. However, at this reduced flow, 

it will take approximately 100 minutes to deplete the 32% of the RWST inventory of 112,000 gallons.  

Again, a reduction of 1 minute from an available time of approximately 100 minutes, will not change 

the probability of failure to establish recirculation before vortexing occurs.  

5.4 Core Damage Frequency Calculation or the Bounding Calculation 

The probability of sump recirculation function does not change due to the reduction of 1000 gallons of 

RWST inventory. Therefore, the change in CDF is zero.
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5.5 References 

1. Donald C. Cook, Units 1 & 2 Design Inspection (NRC Inspection Report No. 50-315, 3 16/97-201) 

November 26, 1998 and LER 316/97-022, Rev. 1, December 7, 1998.  

2. J. P. Poloski, et. al., Rates of Initiating Events at U.S. Commercial Nuclear Power Plants 1987-1995.  

NUREG/CR-5750, December 1998.  

3 Donald C. Cook Units 1 and 2 Updated Final Safety Analysis Report.  

4. Donald C. Cook Nuclear Units I and 2, Individual Plant Examination Revision 1. October 1995.  
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6.0 LER No. 315/98-004 

Event Description: Restricted Ice Condenser Flow Passages 

Date of Event: January 22, 1998 

Plant: D.C. Cook, Unit 1 

6.1 Summary of Issue 

LER 315/98-004 (Ref. 1) reported that one of the ice condenser passages contained a large amount of 

frost and ice. Subsequent inspections of the ice condensers revealed that there were restricted flow 

passages in many radial rows adjacent to the containment wall. The Ice Condenser absorbs thermal 

energy released during a break inside containment to limit the containment pressure, and consists of 

1944 ice baskets each filled with a required minimum of 1333 pounds of borated ice (over 2,500,000 lbs).  

Therefore, any condition that obstructs passage of steam through ice has the potential to affect the peak 

containment pressure reached after an accident. If the peak containment pressure exceeds the failure 

pressure, the containment will fail leading to the failure of the sump recirculation function due to loss of 

inventory through the breach.  

The risk significance associated with this issue is dependent upon resolution of the other issues affecting 

ice condenser performance and sump recirculation capability. Section 65 of this appendix provides risk 

significance of the combined impact of all issues affecting the ice condenser.  

6.2 Modeling and Affected Sequences 

Any accident that releases.energy to containment relies on the ice condenser to keep the peak 

containment pressure below the design value. The following accidents release energy to the 

containment: a) loss-of-coolant accident (LOCA) of any size, b) main steam line break (MSLB) inside 

containment, and c) any accident condition which relies on the feed-and-bleed capability. Of these 

accidents, only LOCAs and feed-and-bleed sequences resulting from MSLBs are considered since other 

systems or actions required to mitigate MSLBs (isolation of the break and cool down with unfaulted 

loops) are unaffected by loss of containment integrity. Sump recirculation capability will be affected 

since a breached containment reduces NPSH available for the residual heat removel pumps and allows 

water to bypass the recirculation sump.  

Therefore, the sequence of interest is as follows: 

"* Any size LOCA occurs, or feed-and-bleed scenario occurs; and 

"* Sump recirculation failure due to peak pressure exceeding containment failure pressure due to 

restricted flow passages leading to inadequate inventory for sump recirculation.  

I



LER No. 315/98-004

6.3 Frequencies, Probabilities, and Assumptions 

At the Cook plant, the containment pressure is controlled by two systems. In the short-term, the ice 

condenser removes heat from the containment atmosphere by condensing steam. In the long-term, the 

containment spray system, which is equipped with a heat exchanger, recirculates water from the 

containment recirculation sump and removes heat from the containment. That is, the ice condenser is not 

relied upon for long-term pressure control in the containment.  

If the "as found" condition is adequate to keep the peak pressure below 12 psig during a design basis 

LOCA, then it is assumed that the peak pressure will be below 12 psig for all other LOCAs. This is 

justifiable since the maximum heat addition rate to the containment in the short-term results from the 

large break LOCAs. Therefore, there is no increase in the containment failure probability that would in 

turn increase the sump recirculation failure probability. However, a number of other issues that can 

potentially affect ice condenser performance and sump recirculation must be resolved in order to assess 

the overall change to the sump recirculation failure probability.  

6.4 Core Damage Frequency Calculation or the Bounding Calculation 

The licensee performed an analysis (Ref. 1) to determine the peak containment pressure for a design 

basis LOCA for the "as found" condition. A 100% inspection of the ice condenser blockage was 

performed and the results of the inspection were analyzed by Westinghouse. The blockages ranged from 

6.7% to 18.8% per bay. Using a "lumping" method, Westinghouse calculated the percent blockage of 

the ice condenser to be 12.5%. Westinghouse also determined that the ice condenser is operable (peak 

pressure does not exceed design limit of 12 psig) if the percent blockage is less than 15%. That is, in the 
"as-found" condition, the peak pressure would have remained below the design pressure of 12 psig.  

Further, based on reference 2, the failure pressure of the containment is much greater than the design 

pressure of 12 psig. Reference 2 reports that the high condition low probability failure limit for the 

containment is 36 psig. That is, there is 95% confidence that at 36 psig the probability of containment 

failure is less than 5%.  

In light of this information, the probability of peak pressure exceeding the containment failure pressure 

leading to sump recirculation failure due to this condition alone is zero. Therefore, the core damage 

frequency change associated with the affected sequences is zero. However, a number of other issues that 

can potentially affect ice condenser performance and sump recirculation must be resolved in order to 

assess the overall change to this core damage sequence frequency. Section 65 of this appendix provides 

risk significance of the combined impact of all issues affecting the ice condenser.  

6.5 References 

1. LER 315/98-004, Rev. 2, "Inadequate Maintenance and Surveillance Practices Result in Restricted 

Ice Condenser Flow Passages," event date January 22, 1998.
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2. Donald C. Cook Nuclear Units I and 2, Individual Plant Examination Revision 1, October 1995.
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7.0 LER No. 315/97-022 

Event Description: Failure to comply with USAS B31.1 power piping code could 

result in ISLOCA 

Date of Event: September 1997 

Plant: D.C. Cook, Unit 1 

7.1 Summary of Issue 

LER 315/97-022 reported that the normally open stop valves (CCW-166, 385, 214, 220) between the 

reactor coolant pump (RCP) seal heat exchangers and their relief valve located in the component cooling 

water (CCW) surge tank are administratively uncontrolled. Figure 1 shows the CCW stop valves CCW

166, CCW-385, CCW-214, and CCW-220 with respect to the CCW surge tank and the RCP seal heat 

exchanger. This is an apparent piping standard B31.1 and ASME VIII code non-compliance. Since these 

valves are not administratively controlled, it has been postulated that they may be inadvertently be left in 

a closed position. The change in the frequency of the Interfacing Systems LOCA (ISLOCA) event 

associated with this condition is less than 1 x 10/year. Therefore, the risk significance of this issue is 

less than the threshold for a precursor.  

7.2 Modeling and Affected Sequences 

If a RCP seal heat exchanger (HEX) ruptures while (a) CCW-385 is in the closed position, or (b) CCW

166 is in the closed position, or (c) both CCW-214 & 220 are in the closed positions, then the CCW 

(whose design pressure is 150 psig) will be overpressurized since the relief valve sized to mitigate RCP 

thermal barrier rupture located in the surge tank is isolated from the ruptured RCP seal heat exchanger.  

Check valves isolate the path from the ruptured thermal barrier to the CCW surge tank relief valves via 

the CCW pump trains. Overpressurizing the CCW system can lead to an ISLOCA event and loss of 

CCW.  

Mitigation of an ISLOCA requires injection from a high pressure or a low pressure pump depending upon 

the reactor coolant system (RCS) pressure. However, the lube oil for all high pressure injection pumps 

are cooled by CCW. Since that system is affected, lube oil cooling to the high pressure injection pumps 

will be unavailable. Seal cooling of the RHR pumps provided by CCW will also be lost. As a result, 

low pressure injection from the RHR pumps is also unavailable.  

In consideration of the above, the three sequences of interest are as follows: 

Seauence(l): 

e RCP seal heat exchanger rupture;
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"* Having CCW-385 left in a closed position during the rupture leading to an ISLOCA; and 

"* Failure to inject using high pressure or low pressure injection pumps.  

Sequence (2): 

"* RCP seal heat exchanger rupture; 

"* Having CCW-166 left in a closed position during the rupture leading to an ISLOCA; and 

"* Failure to inject using high pressure or low pressure injection pumps.  

Sequence (3): 

"* RCP seal heat exchanger rupture; 

"* Having both CCW-214 & 220 left in a closed position during rupture leading to an ISLOCA; 

"* Failure to inject using high pressure or low pressure injection pumps.  

7.3 Frequencies, Probabilities, and Assumptions 

RCP seal heat exchanger rupture 
The Cook plant is equipped with four RCPs. Ref. 1 reports that the frequency of rupture of a RCP seal as 

1.9E-03/yr/pump. Using this value for the Cook plant, the frequency of a RCP seal HEX rupture is 7.6 x 
10-3 yr (=4 x 1.9 x 10-').  

Probability of having the valves in a closed position 
The probability that the valves are left in a closed condition can be calculated by taking the ratio between 

the total time the valves have been in a closed condition to the total time that the plant operated at power.  

Cook Unit 1 commercial operation began in August of 1975. It was shut down in September of 1997.  

Therefore, it has operated approximately 22 years since it began commercial operation. The criticality 

factor for Cook Unit I is 0.79 (Ref. 2). The total duration of critical operation of Cook 1 is estimated to 

be 209 months (=22 x 12 x 0.79).  

The total time that the valves were left in a closed position is calculated by taking the product of the 

probability of leaving the valves closed and the average time the valves would stay closed if they were 

left closed. The valves CCW-166, 385, 214, and 220 are not closed routinely during plant operation. As 

figure 1 shows, closure of CCW-166 or 385 will isolate CCW flow to the RCP seals. Closure of both 

CCW-214 and 220 will isolate the CCW surge tank from the CCW system. Therefore, it is assumed that 

only an infrequent need to perform a corrective maintenance activity during a mid-cycle equipment 
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failure will force closure of one or more of these valves, and the plant will be shut down to perform that 

corrective maintenance. After the mid-cycle outage, if power operation resumes with the valves in a 

closed position, it is assumed that it will be discovered during the subsequent refueling outage.  

Therefore, the product of the following will provide the duration for which the plant operated with the 

valves left closed: 

"* Number of times the operators placed CCW-166 or 385 or both 214 & 220 in a closed position since 

the start of the commercial operation 
"* Probability that the operators fail to restore CCW-166 or 385 or 214 & 220 at the completion of 

maintenance 
"* Probability that the operators fail to recognize wrong valve positions from alarms or other indication 

at power 
" Average time spent with valves in a closed position, if power operation started with the valves in a 

closed position 

Number of times the operators closed CCW-166 or 385 or both 214 and 220 in a closed position 

The number of times the operators closed CCW-166 or 385 is unknown. The symbol 'n' will be used to 

represent this unknown. Concurrent closure of valves CCW-214 & 220 will isolate the surge tank from 

CCW and, based on discussions with the licensee, the plant has never entered this configuration. For 

this analysis, number of times both CCW-214 & 220 were closed during plant life is assumed to be 1.  

Operators fail to restore CCW-166 or 385 or 214 and 220 at the completion of maintenance 

Based on table 3.3.2 of the Cook IPE (Ref. 3), probability of failure to restore a stop valve after 

maintenance activity is estimated to be 6.1 x 10'. This failure probability is consistent with the values 

provided in section 14 and 16 of Swain and Guttman (Ref. 4). Therefore, in the analysis, the probability 

of failure to restore either CCW-166 or 385 is assumed to be 6.1 x 10'.  

For the case where both CCW-214 and CCW-220 were closed and need to be restored, the failure to 

restore the first valve uses a probability of 6.1 x 10'. The probability for failing to restore the second 

valve is greater than 6.1 x 104 due to potential common cause effects. Since this probability is unknown, 

the symbol 'P 1' will be used to represent that probability.  

Operators fail to recognize wrong valve positions from alarms or other indication 

Both CCW-166 and CCW-385 are located on the return path from the miscellaneous CCW header. If 

CCW-385 is closed, it isolates all CCW flow to containment (includes RCP seal thermal barrier, excess 

letdown heat exchanger CCW flow). This results in several alarms on annunciator panel 207 in the 

control room. Identical alarms will appear for CCW-166 as well. Swain and Guttmann (Ref. 4) 

recommends a probability of failure of 1 x 10"' for failing to recognize a single alarm and recommends 

increasing this value by a factor of 10 for transient situations with high stress levels. Even though 

multiple alarms will result if the plant was at power up while CCW-166 and CCW-385 are closed, the 

probability of failure is conservatively assumed to be I x 10".  
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Based on discussions with the licensee, if both CCW-214 and CCW-220 valves were closed 

simultaneously, the CCW system isolates from the surge tank. As a result, minor temperature 

fluctuations in the system would cause abnormal pressure fluctuations. This abnormal performance is 

expected to be apparent to the control room operators monitoring CCW system performance. Since the 

specific set of annuciators that will warn the operators of the undesirable valve configuration are 

unknown, the probability of failure to recognize this condition could not be estimated. This unknown 

probability will be represented by symbol 'P2' in the analysis.  

Average time spent with the valves in a closed position 

The valves CCW-166, 385, 214, and 220 are not closed during routine plant operation at power. It is 

assumed that they will be closed to accommodate an unanticipated corrective maintenance activity 

attributed to random equipment failure. The random equipment failure, and therefore the mid-cycle 

outage, can occur at any point in the 18 month cycle. It is assumed that after the mid-cycle outage, if 

power operation resumes the valves in a closed position, that condition will be discovered during the 

subsequent refueling outage. Therefore, the fault duration (duration in which the plant operates with the 

valves closed) may be as short as zero days or as long as 18 months. Therefore, the average fault 

duration is assumed to be 9 months (/2 of the operating cycle).  

Probability of having the valves in a closed position 

Based on the information provided above the probability of leaving CCW-166 (or 385) in a closed 

position can be calculated using the following expression: 

n(6.1 x 10')(1 x 10-)(9) months = 2.6 x 10.8 x n 
209 months 

The probability of leaving both CCW-214 and 220 in a closed position can be calculated using the 

following expression: ' 
(1)(6.1 x 10") x P1 x P2 x (9) months= 2.6 x 10' x P1 x P2 

209 months 

Probability of failing iniection from High Pressure and Low Pressure Iniection pumps 

Mitigation of the ISLOCA requires injection from a high pressure or a low pressure pump depending 

upon the RCS pressure. However, the lube oil for all high pressure injection pumps are cooled by CCW.  

Since that system is affected, lube oil cooling to the high pressure injection pumps will be unavailable.  

Seal cooling of the RHR pumps provided by CCW will also be lost. As a result, low pressure injection 

from the RHR pumps is also unavailable. Therefore, this probability is assumed to be 1.0.  

7.4 Core Damage Frequency Calculation or the Bounding Calculation 

Sequence (1): 
( 7.6 x 10' ruptures/year)(prob valve CCW-385 left closed: 2.6 x 10.8 x n )(prob injection fail: 1)
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= (2 x 10.10 x n)/year 

The value of 'n' must be greater than 500 for the sequence frequency to exceed 1 x 106/year, and this is 

impossible since corrective maintenance requiring closure of CCW-385 is an infrequent activity.  

Therefore, frequency of this sequence is less than 1 x 1 0'/year.  

Sequence (2): 

Frequency of sequence (2) is identical to frequency of sequence (1).  

Sequence (3): 
( 7.6 x 10-1 ruptures/year)(prob valve CCW-214 & 220 left closed: 2.6 x 10. x P1 x P2 )(prob injection 

fail: 1) 

=(2 x 10.7 x P 1 x P2)/year 

Since P1 and P2 are less than 1.0, frequency of sequence (3) will be less than I x 106/year.  

7.5 References 

1. LER 315/97-022, Rev. 1, "Failure to Comply with USAS B3 1.1 Power Piping Code Due to 

Oversight in Valve Control Requirements Results in Condition that Could Have Prevented 

Fulfillment of a Safety Function of a System," October 31, 1997.  

2. J. P. Poloski, et. al., Rates of Initiating Events at US. Nuclear Power Plants: 1987 - 1995, 

NUREG/CR-5750, December 1998.  

3. Donald C. Cook Nuclear Units I and 2, Individual Plant Examination Revision 1, October 1995.  

4. A.D. Swain, and H.E. Guttman, Handbook of Human Reliability Analysis with Emphasis on 

Nuclear Power Plant Applications, NUREG - 1278, August 1983.
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8.0 LER No. 315/98-007 

Event Description: Ice Condenser Weights Do Not Comply With Technical 
Specifications 

Date of Event: February 11, 1998 

Plant: D.C. Cook, Unit 1 

8.1 Summary of Issue 

LER 98-007 (Ref. 1) reported that the Technical Specification required ice basket weights were not being 

adequately maintained. The Ice Condenser absorbs thermal energy released during a break inside 

containment to limit the containment pressure, and consists of 1944 ice baskets each filled with a 

required minimum of 1333 pounds of borated ice (over 2,500,000 Ibs). Therefore, any condition that 

reduces the amount of ice in the ice condenser has the potential to affect the peak containment pressure 

reached after an accident. If the peak containment pressure exceeds the failure pressure, the containment 

will fail leading to the failure of the sump recirculation function due to loss of inventory through the 

breach.  

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting ice condenser performance and sump recirculation capability. Section 65 of this 

appendix provides risk significance of the combined impact of all issues affecting the ice condenser.  

8.2 Modeling and Affected Sequences 

Any accident that releases energy to containment relies on the ice containment to keep the peak 

containment pressure below the design value. The following accidents release energy to the 

containment: a) loss-of-coolant accident (LOCA) of any size, b) main steam line break (MSLB) inside 

containment, and c) any accident condition which relies on the feed-and-bleed capability. Of these 

accidents, only LOCAs and feed-and-bleed sequences resulting from MSLB are considered since other 

systems or actions required to mitigate MSLB (isolation of the break and cool down with unfaulted 

loops) are unaffected by loss of containment integrity. Sump recirculation capability will also be affected 

since a breached containment reduces NPSH available for the residual heat removal pumps and allows 

water to bypass the recirculation sump.  

Therefore, the sequence of interest is as follows: 

"* Any size LOCA occurs, or feed-and-bleed scenario occurs; and 

"* Sump recirculation failure due to peak pressure exceeding containment failure pressure due to 

inadequate ice inventory leading to inadequate inventory for sump.
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8.3 Frequencies, Probabilities, and Assumptions 

At Cook plant, the containment pressure is controlled by two systems. In the short-term, ice condenser 

removes heat from the containment atmosphere by condensing steam. In the long-term, and the 

containment spray system which is equipped with a heat exchanger recirculates water from the 

containment recirculation sump and removes heat from the containment. That is, ice condenser is not 

relied upon for long-term pressure control in the containment.  

If the "as found" ice weight of the ice condenser is adequate to keep the peak pressure below 12 psig 

design basis LOCA, then it is assumed that the weight of ice is sufficient to keep the peak pressure below 

12 psig for all other LOCAs. This is justifiable since the maximum heat addition rate to the containment 

in the short-term result from the large break LOCAs. Therefore, there is no increase in the containment 

failure probability that would in turn increase the sump recirculation failure probability. However, a 

number of other issues that can potentially affect ice condenser performance and sump recirculation must 

be resolved in order to assess the overall change to the sump recirculation failure probability.  

8.4 Core Damage Frequency Calculation or the Bounding Calculation 

The licensee performed an analysis (Ref. 1) to determine the peak containment for a design basis LOCA 

for the "as found" condition. This analysis concluded that the peak pressure would have remained below 

the design pressure of 12 psig. Further, based on reference 2, the failure pressure of the containment is 

much greater than the design pressure of 12 psig. Reference 2 reports that the high condition low 

probability failure limit for the containment is 36 psig. That is, there is 95% confidence that at 36 psig 

the probability containment failure is less than 5%. In light of this information, the probability of peak 

pressure exceeding the containment failure pressure leading to sump recirculation failure due to this 

condition alone is zero. Therefore, the core damage frequency change associated with the affected 

sequences is zero. However, a number of other issues that can potentially affect ice condenser 

performance and sump recirculation must be resolved in order to assess the overall change to this core 

damage sequence frequency. Section 65 of this appendix provides risk significance of the combined 

impact of all issues affecting the ice condenser.  

8.5 References 

1. LER 316/98-007, Rev. 1, "Interim LER-Ice condenser weights used to determine TS compliance not 

representative," December 7, 1998.  

2. Donald C. Cook Nuclear Units I and 2, Individual Plant Examination, Revision 1, October 1995.
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LERs No. 315/97-026-01 and 315/98-052-01 

9.0 LERs No. 315/97-026-01 and 315/98-052-01 

Event Description: Potential for Overpressurization of Control Air Headers Could 

Have Resulted in Degradation of Safety-Related Equipment 

Date of Event: LER 315/97-026 - September 1997 
LER 315/98-052 - November 1998 

Plant: D.C. Cook, Units I and 2 

9.1 Summary of Issue 

This writeup addresses the synergistic effects of issues #9 and #63 when they aggregate.  

Failure of a single pressure regulator in open position leading to the failure of both safety-related trains 
(Issue #9) 

At D.C. Cook, the main control air header is at a pressure of 100 psig. It feeds three headers which are at 

20, 50, and 85 psig. In each of the low pressure headers, two pressure regulator that are in parallel lines 

maintain the pressure boundary between main header and low pressure header. Normally, one of the 

parallel paths are left closed while the regulator on the other parallel line will open or close to regulate 

pressure in the low pressure header. Failure of this regulators in the open position can lead to 

overpressurization of the low pressure headers and subject redundant safety-related relief valves on the 

20, 50, and 85 psig control air headers to 100 psig (Ref. 1).  

Overpressurization of the 85 psig header does not affect core damage mitigating systems.  

Overpressurization of the 50 psig header can cause a reactor trip with some containment isolation valves 

(CIVs) going to "fail safe" positions. Overpressurization of the 20 psig header could result in the 

degradation of the residual heat removal (RHR) system. In LER 97-026, it was assumed that both RHR 

heat exchanger outlet valves assume a partially closed position while high pressure lasts. However, the 

licensee is re-evaluating that assumption. In this analysis, therefore, to be conservative, it is assumed that 

the RHR heat exchanger outlet valves assume a closed position. As a result, both trains of RHRI are 

assumed to be unavailable for mitigating any size loss-of-coolant accident (LOCA) or feed and bleed 

situation. In addition, over pressurizing the 20 psig header could lead to a reactor trip (Ref. 1).  

Failure of the turbine-driven AFW pump manual loader (Issue #63) 

During a safety system functional inspection self-assessment of the auxiliary feedwater (AFW) system in 

the fall of 1998, it was concluded that a potential failure mode for an air operated component, the turbine

driven AFW pump (TDAFP) speed control manual loader, could result in the AFW system failing to 

produce the flow rates assumed in accident analyses (Ref. 2). The pneumatic input to the speed control 

manual loader is supplied from the 20 psig compressed air header. When the input to the speed control 

manual loader is 20 psig, the loader output can vary from 3 psig to 15 psig (a loader output of 3 psig 

corresponds to the maximum pump speed of 4350 rpm and a loader output of 15 psig corresponds to the 
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minimum pump speed of 1900 rpm.) If the pressure regulator in the 20 psig header fails open, the input 

to the speed control manual loader will be 100 psig rather than 20 psig. At a 100 psig input, the speed 

control manual loader could fail such that the AFW flow is minimum. Assuming an additional single 

active failure of a motor-driven AFW pump, the AFW system would not be able to produce the AFW 

flow rates assumed in the accident analyses. Additional instances of the same failure mode may also 

exist; in January 1999 it was identified that the Centrifugal Charging Pumps discharge flow control valve 

was also susceptible to this failure mode.  

The change in core damage frequency (CDF) associated with these two issues is dependent upon 

resolution of the other issues affecting the core-damage frequency. If other issues do not significantly 

affect the functionality of the motor driven auxiliary feedwater (AFW) trains, feed-and-bleed cooling, or 

the high pressure injection systems, the change in CDF associated with these two issues, on their own, is 

less than 1 x 106/year. Therefore, on their own, the risk significance of these two issues is below the 

threshold for a precursor.  

9.2 Modeling and Affected Sequences 

Six different cases were considered for modeling the issues reported in LERs 315/97-026 and 315/98

052: (a) failure of the regulator in the open position in the 85 psig, 50 psig, or the 20 psig header followed 

by an accident; or (b) an accident or reactor trip followed by a pressure regulator failure.  

According to Ref. 1, if the pressure regulator in the 85 psig header fails open, it does not affect core 

damage mitigating systems or cause a reactor trip or an accident. Therefore, this scenario is not modeled.  

Failure of the pressure regulator in the 50 psig header in the open position trips the reactor and causes 

some CIVs to go to their fail-safe position (Ref. 1). This scenario is modeled as Sequence 1.  

Failure of the pressure regulator in the 20 psig header in the open position degrades the performance of 

the RHR, AFW, and charging systems. According to Ref. 1, the RHR heat exchanger outlet valves go 

partially closed. According to Ref. 2, the TDAFP goes to its minimum speed of 1900 rpm, and the 

charging pumps could be degraded. A controlled manual shutdown may be needed after this event. This 

scenario is modeled as Sequence 2.  

If the pressure regulator in the 85 psig header fails open after an accident, according to Ref. 1, no core 

damage mitigating systems are affected. Therefore, this scenario will not be modeled.  

The impact of a failure of the pressure regulator in the 50 psig header in the open position subsequent to 

an accident is limited to a reactor trip. Therefore, if this regulator fails open after an accident, the 

additional impact on the scenario is negligible since the accident would already have tripped the reactor.  

If the pressure regulator in the 20 psig header fails open after an accident or reactor trip, the following 

systems will be degraded: (a) RHR; (b) AFW; and (c) charging. The following initiators will be
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considered: (i) large or medium LOCA (Sequence 3); (ii) small LOCA or feed-and-bleed cooling 

(Sequence 4); (iii) loss of offsite power, including station blackout (Sequence 5); and (iv) reactor trip 

(Sequence 6).  

In consideration of the above, the six sequences of interest are as follows: 

Sequence I - Reactor trip as a result of pressure regulator failure in open position in 50 psig header: 

"* Reactor trip (as a result of pressure regulator failure in the open position in the 50 psig header); and 

"* Core damage probability given a reactor trip.  

Sequence 2 - Pressure regulator failure in the open position in the 20 psig header: 

"* Pressure regulator fails open in the 20 psig header; 

"* Controlled manual shutdown, given pressure regulator failure; 

"* Reactor trip during controlled manual shutdown; and 

"* Core damage probability given RT and degraded RHR system, TDAFW pump, and charging system.  

Sequence 3 - Large or medium LOCA: 

"* Large or medium LOCA; 

"* Pressure regulator fails in the open position in the 20 psig header; and 

* Both trains of RHR fail to inject or recirculate, given the pressure regulator failure.  

Sequence 4 - Small LOCA or feed-and-bleed cooling: 

"* Small LOCA or feed-and-bleed cooling; 

"* Sump cooling is required due to inability to depressurize and establish RHR cooling; 

"* Pressure regulator fails in the open position in the 20 psig header; and.  

"* Both trains of RHR fail to recirculate, given the pressure regulator failure.  

Sequence 5 - Loss of offsite power, including station blackout:
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"* Loss of offsite power, including station blackout; 

"* Pressure regulator fails in the open position in the 20 psig header; and 

"* Core damage probability given degraded TDAFPs, RHR system, and charging system.  

Sequence 6 - Reactor trip: 

"* Reactor trip; and 

"* Pressure regulator fails in the open position in the 20 psig header.  

"* Core damage probability given degraded TDAFPs, RHR system, and charging system.  

9.3 Frequencies, Probabilities, and Assumptions 

Sequence I - Reactor trip as a result of pressure regulator failure in open position in 50 psig header: 

"* Reactor trip - A review of Cook operating experience using Reference 3 revealed no reactor trips due 

to pressure regulator failures in 22 reactor years. Using the criticality factor of 0.79 for Cook I and a 

Bayesian update, the frequency of a reactor trip due to a pressure regulator failure is 1.7 x 10.2.  

"* Core damage probability given a reactor trip - From the Cook standardized plant risk analysis 

(SPAR) model, the conditional probability of core damage given a reactor trip is 1.3 x 101.  

Sequence 2 - Pressure regulator failure in the open position in the 20 psig header: 

e Pressure regulator faihire in the open position in the 20 psig header - Based on IEEE-500, page 1038, 

one-inch 150 psi pressure regulator valve failure rate is 3.3 x 10' per hour. For a two- to six-inch 

line, the failure rate is 2.9 x 106 per hour. In order to determine whether the use of these generic 

failure rates for Cook is justifiable, a discussion was held with the control air system manager at 

Cook (Ref. 6). Based on this discussion, the failure rate of the pressure regulators at Cook in the 

open position was calculated as follows. There are 20 pressure regulators at both Cook units (10 per 

unit). Six of these regulators are valved in / the time since they have parallel paths. Therefore, at 

any given time, effectively, only 7 regulators are in service. To the best recollection of the control air 

system manager, there was only I regulator failure in the open position during the approximately 20 

years of operation of both Cook units. Using Bayes method, one failure in approximately 40 years of 

operation at an average criticality factor of .74 (The criticality factor for Unit 1 is 0.79. For Unit 2, 

the criticality factor is 0.68) results in a failure rate of 1.5/(14 x 20 x 8760 x .74). This is 

approximately equal to 8 x 10"' per hour. Even though the plant specific rate is less than the generic 

rates by approximately a factor of 4, conservatively, the generic rates are used. Using the higher of 
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the two generic failure rates and assuming a uniform pressure regulator failure rate, and using a 24

hour mission time, the pressure regulator failure probability within a 24 hour mission time is 8 x 10'.  

"* Controlled manual shutdown, given pressure regulator failure - Assume 1.0 to be conservative.  

"* Reactor trip during controlled manual shutdown - Based on Ref. 5, (page 8-12), there were 10 reactor 

trips during 148 controlled plant shutdowns. Therefore, the probability of reactor trip during the 

event is approximated by a value of .068.  

"* Core damage probability given reactor trip and degraded RHR system, TDAFW pump, and charging 

system - Based on the SPAR model, core damage probability (CDP) is 2 x 10". The CDP was 

calculated assuming that both RHR trains, the TDAFW pump, and the charging system are failed due 

to the pressure regulator failure.  

Sequence 3 - Large or medium LOCA: 

" Large or medium LOCA occurs - The frequency of a large break LOCA is 5 x 10' per year, and the 

frequency of medium LOCA is 4 x 10.5 per year (Ref. 3). The sum of the above frequencies is 

therefore 4.5 x 10' per year.  

"* Pressure regulator failure in the open position in the 20 psig header - A probability of 8 x 10' is 

used. The basis for this probability is discussed under sequence 2.  

"* Both trains of RHR fail to inject or recirculate - Since it is conservatively assumed that both trains of 

RHR are unavailable, the probability of both RHR trains failing to inject or recirculate is assumed to 

be 1.0.  

Sequence 4 - Small LOCA or feed-and-bleed cooling: 

" Small LOCA or feed-and-bleed cooling - The frequency of a small LOCA is the sum of the frequency 

of a small pipe break LOCA, 5 x 10-4, a stuck open pressurizer PORV, I x 10", a stuck open 

safety/relief valve, 5 x 10-1, and a reactor coolant pump seal LOCA, 2.5 x 10' per year, or a total of 9 

x 10.1 per year (Ref. 3). Feed-and-bleed can be disregarded since two motor-driven AFW pumps are 

unaffected.  

"* Pressure regulator failure in the open position in the 20 psig header - A probability of 8 x 10' is 

used. The basis for this probability is discussed under sequence 2.  

"* Sump cooling is required due to inability to depressurize and establish RHR cooling - Since the RHR 

is affected due the pressure regulator failure, it is conservatively assumed that the RHR cooling 

cannot be established. Therefore, this probability is assumed to be 1.0.
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* Both trains of RHR fail to inject or recirculate - Since it is conservatively assumed that both trains of 

RHR are unavailable, the probability of both RHR trains failing to inject or recirculate is assumed to 

be 1.0.  

Sequence 5 - Loss of offsite power, including station blackout: 

"* Loss of offsite power, including station blackout - The frequency of a loss of offsite power is 4.6 x 
10.2 per critical year (Ref. 3).  

"* Pressure regulator failure in the open position in the 20 psig header - A probability of 8 x 10' is 

used. The basis for this probability is discussed under sequence 2.  

"* Core damage probability given a loss of offsite power, degraded TDAFPs, RHR system, and charging 

system - The core damage probability is 1.1 x 10' (SPAR model).  

Sequence 6 - Reactor trip: 

"* Reactor trip - Ref. 3 indicates that the average industry frequency of any event that requires a reactor 

trip from all causes is 1.4 trips per critical year. When adjusted by the average criticality factor of 

0.79 for Cook Unit 1 (Ref. 3, Table H-3), the initiating event frequency is 1.1 per reactor calendar 

year (1.4 x 0.79).  

"* Pressure regulator failure in the open position in the 20 psig header - A probability of 8 x 10.' is 

used. The basis for this probability is discussed under sequence 2.  

"* Core damage probability given reactor trip and degraded TDAFPs, RHR system, and charging system 

- 2 x 10. (SPAR model).  

9.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequencies associated with the sequences depend on the resolution of other issues affecting the core 

damage frequency. To provide perspective on these sequences the following information is provided.  

If the resolution of issues results in no significant changes to the high pressure injection system, motor 

driven AFW trains, and RHR cooling failure probabilities, the change in core damage frequency would 

be the sum of the following frequencies: 

Sequence I - Reactor trip as a result of pressure regulator failure in open position in 50 psig header: 

The change in core damage frequency for Sequence 1 is: 

(Frequency of reactor trip given pressure regulator fails open in 50 psig header): 1.7 x 10.2) x
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(Core damage probability given a reactor trip: 1.3 x 10') = 2.2 x 10.8 per year.  

Sequence 2 - Pressure regulator failure in the open position in the 20 psig header: 

The change in core damage frequency for Sequence 2 is: 

(Frequency of pressure regulator failure in the open position in the 20 psig header: 2.9 x 102 per year) x 

(Controlled manual shutdown, given pressure regulator failure: 1.0) x 

(Reactor trip during controlled manual shutdown: 0.068) x 

(Criticality factor: 0.79 critical year/reactor calendar year) x 

(CDP given RT and degraded RHR, TDAFP, and charging system: 2 x 10-1) = 3.1 x 10.8 per year.  

Sequence 3 - Large or medium LOCA: 

The change in core damage frequency for Sequence 3 is: 

(Frequency of a large or medium LOCA: 4.5 x 10' per year) x 

(Pressure regulator failure rate in the open position in the 20 psig header: 8 x 10"' ) x 

(Probability of failure of both trains of RHR during injection or recirculation: 1.0) x 

(Criticality factor: 0.79 critical year/reactor calendar year) = 2.8 x 10' per year.  

Sequence 4 - Small LOCA: 

The change in core damage frequency for Sequence 4 is: 

(Frequency of small LOCA: 9 x 10. per year) x 

(Sump cooling is required due to inability to depressurize and establish RHR cooling: 1.0) x 

(Pressure regulator failure in the open position in the 20 psig header: 8 x 10"') x 

(Criticality factor: 0.79 critical year/reactor calendar year) = 5.8 x 10' per year.  

Sequence 5 - Loss of offsite power. including station blackout: 

The change in core damage frequency for Sequence 5 is: 

(Frequency of loss of offsite power, including station blackout: 4.6 x 10"' per critical year ) x 

(Criticality factor: 0.79 critical year/reactor calendar year) x 

(Pressure regulator failure in the open position in the 20 psig header: 8 x 10"') x 

(CDP given degraded TDAFPs, RHR, and charging system: 1.1 x 10" per year) = 3.2 x 10-10 per year.  

Sequence 6 - Reactor trip: 
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The change in core damage frequency for Sequence 6 is: 

(Frequency of reactor trip: 1.1 per calendar year) x 

(Pressure regulator failure in the open position in the 20 psig header: 8 x 10-") x 

(CDP given degraded TDAFPs, RHR system, and charging system: 2 x 10"') = 1.8 x 10"9 per year.  

The sum of all of the above sequence frequencies is less than I x 10' per year. Therefore, on their own, 

the risk significance of these two issues is below the threshold for a precursor.  

9.5 References 

1. LER 315/97-026, Rev. 1, "Potential for Overpressurization of the Control Air Headers 

Determined to be Unanalyzed Condition," November 17, 1997.  

2. LER 315/98-052, Rev. 1, "Potential Failure Mode for Air Operated Components Not Considered 

in Original Design," January 19, 1999.  

3. J. P. Poloski, et. al., Rates of Initiating Events at U.S. Nuclear Power Plants: 1987 - 1995, 

NUREG/CR-5750, December 1998.  

4. Donald C. Cook Nuclear Units I and 2, Individual Plant Examination Revision 1, October 1995.  

5. J.D. Andrachek, et. al., "Probabilistic Risk Analysis of the RPS and ESFAS Test Times and 

Completion Times," WCAP-14334-NP-A, Rev. 1, May 1995.  

6. Personal communications with Mr. M.R. Michaelson (Cook station control air system manager), 

July 26, 1999.
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10.0 NRC Inspection Report No. 50-315, 316/97-201, Finding E1.2.1.2.H(a) 

Event Description: The Fouling Factor for the ESW/CCW Heat Exchangers May 

Exceed the Design Value over the Operating Cycle 

Date of Event: August 1997 

Plant: D. C. Cook, Units 1 and 2 

10.1 Summary of Issue 

The NRC staff conducted a design and performance review of the CCW/ESW heat exchangers at D. C.  

Cook, Unit I and 2 (Cook 1 and 2) from August 4 through September 11, 1997 (Ref. 1). This review 

was performed based on the preliminary team findings associated with the elevated lake temperatures. Its 

purpose was to determine the adequacy of the testing performed by the licensee and the associated 

acceptance criteria contained in the licensee's program guidance for complying with Generic Letter (GL) 

89-13, "Service Water System Problems Affecting Safety-Related Equipment." 

The inspection team found that the licensee's maximum fouling acceptance criterion for the CCW/ESW 

heat exchangers was 0.00169 or less. This value is the maximum allowable fouling acceptable for the 

CCW/ESW heat exchanger in order to remove the design heat load. As specified in the licensee's GL 89

13 program guidance, the plant may operate at the maximum permitted fouling rate for the duration of an 

operating cycle. The team expressed concern that this approach could be non-conservative because there 

would be no margin to accommodate additional fouling, should fouling occur over the operating cycle.  

Since this maximum allowable fouling factor had been used in the licensee's accident and cooldown 

analyses, the licensee could potentially operate the plant with an actual fouling factor that exceeds the one 

used in the accident and cooldown analyses. The team also found that the licensee did not include 

instrument uncertainties in the test acceptance criteria, which could add an additional non-conservatism to 

the calculated fouling factor.  

The design basis fouling factor for the ESW/CCW was used as the acceptance criterion. Therefore, 

during a test, if the fouling factor was near its maximum acceptable value, over the operating cycle the 

fouling factor might exceed the design value. The instrument uncertainties were overlooked in 

calculating the test acceptance criterion.  

The change in core damage frequency associated with this issue is essentially zero and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.
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10.2 Modeling and Affected Sequences 

The results of a review of operating experience at Cook do not support the increase in the probability of 

failure of the ESW/CCW heat exchangers due to excessive fouling that is implied by this finding, for the 

following reasons: 

" The update of the AEOD service water study (Ref. 2) indicated that there were no reported ESW 

failures or degradations at Cook I and 2 due to problems with fouling during the period 1986-1995, 

nor were there any reported instances where ESW failures caused problems in a system served by 

ESW. There were only 3 ESW-related LERs submitted by the two Cook units during this period 

two of them (9/88 and 6/90) reported design problems, and one (12/94) reported a problem involving 

a fire barrier.  

"* A search of the SCSS database (Ref. 3) for the period 1990-1998 yielded no LERs reporting 

problems with the ESW/CCW heat exchangers.  

" A search of NPRDS (Ref. 4) for failure records regarding the essential service water system and the 

component cooling water system at the Cook plant for the period 1985-1995 yielded no reported 

ESW/CCW heat exchanger failures involving fouling. The one reported failure (1991) involving the 

ESW/CCW heat exchanger consisted of a problem with internal leakage which had no effect on 

system availability.  

"* From a discussion with the Cook licensee, it was learned that the results of the most recent physical 

inspection of the condition of the ESW/CCW heat exchangers gave no indication that the actual 

fouling factor had approached the maximum fouling factor acceptance criterion for the heat 

exchangers.  

Therefore, no core damage sequences increased in frequency as a result of this condition.  

10.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increased in frequency, frequencies and probabilities were not 

calculated.  

10.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences increased in frequency as a result of this condition. Therefore, the change in 

core damage frequency was determined to be zero.
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10.5 References 

I. Donald C. Cook, Units I & 2 Design Inspection (NRC Inspection Report No. 50-315, 316/97-201).  

November 26, 1997.  

2. "Operating Experience Feedback from Service Water System Failures and Degradations (1986

1995), "AEOD/S98-01, Mohammed Shuaibi and James R. Houghton, Office for Analysis and 

Evaluation of Operational Data," U. S. Nuclear Regulatory Commission, Washington, D. C. 20555, 

February 1998.  

3. "Sequence Coding and Search System for Licensee Event Reports: User's Guide", NUREG/CR

3905, Nuclear Operations Analysis Center, Oak Ridge National Laboratory, Oak Ridge, Tennessee 

37831, August 1984.  

4. Nuclear Plant Reliability Data System, Institute of Nuclear Power Operations, Atlanta, Georgia.
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11.0 LER No. 315/97-012 

Event Description: Operation of safety injection, centrifugal charging and 

residual heat removal pumps outside design basis for 
maximum seal cooling temperature 

Date of Event: August 26, 1997 

Plant: D. C. Cook, Units I and 2 

11.1 Summary of Issue 

In August 1997 with Units 1 and 2 at 100 percent power, an investigation identified that both units had 

operated outside the design basis for component cooling water (CCW) maximum temperature. Contrary 

to the FSAR (Ref. 2, Table 9.5-3) which states that the maximum CCW heat exchanger outlet 

temperature is 95 degrees Fahrenheit, guidance provided in the operations procedures since 1974 allowed 

CCW heat exchanger outlet temperature to reach 120 degrees Fahrenheit during the first three hours of 

residual heat removal (RHR) operation. This condition would reduce the heat removal capacity of the 

pump coolers to the safety injection, centrifugal charging and RHR pumps during the short duration of 

the elevated CCW temperature.  

The LER stated that Westinghouse performed an evaluation to evaluate the operation of the CCW system 

at 120 degrees Fahrenheit for the duration of the cooldown. The evaluation addresses the accident 

analysis and concludes that the increased CCW temperature has no adverse impact on any portion of the 

accident analysis. Therefore, based on the results of the Westinghouse evaluation, it was concluded that, 

the temporary increase in the CCW temperature to a maximum temperature of 120 degree Fahrenheit for 

a three hour period during cooldown would not have adversely affected the safety function of the CCW 

system.  

The change in core damage frequency associated with this issue is essentially zero and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.  

11.2 Modeling and Affected Sequences 

Since the temporary increase in the CCW temperature to a maximum temperature of 120 degree 

Fahrenheit for a three hour period during cooldown would not have adversely affected the safety function 

of the CCW system, a core damage sequence was not developed.

1



LER No. 315/97-012 

11.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increased in frequency, frequencies and probabilities were not 

calculated.  

11.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences increased in frequency as a result of the licensee's action. Therefore, the 

change in core damage frequency was determined to be zero.  

11.5 References 
1. LER 315/97-012, Rev. 1, "Potential Operation of CCW System Above Design Basis Value for Heat 

Exchanger Outlet Constitutes Condition Outside Design Basis," November 14, 1997.  

2. Donald C. Cook Units I and 2 Updated Final Safety Analysis Report.
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12.0 LER No. 315/98-040 

Event Description: Engineered Safety Feature Actuation, Start and Load of One 

Emergency Diesel Generator in Units 1 and 2 Due to Faulted 

Underground Cable 

Date of Event: August 31, 1998 

Plant: D. C. Cook, Units I and 2 

12.1 Summary of Issue 

The LER 315/98-001 (Ref. 1) reported that in August 1998 with Units 1 and 2 in cold shutdown, one train 

of "preferred" offsite power source was lost to both units due to the failure of a station service 

transformer. The failed 500 KVA transformer caused a fault on the feed to the "CD" reserve auxiliary 

transformer in each unit. (One reserve auxiliary transformer supplies plant loads to one 4 kV safety 

through a 4 kV non-safety bus during startup and shutdown operations. Each unit has two reserve 

auxiliary transformers.) The protective relaying tripped the breaker to the "CD" reserve auxiliary 

transformers in Units 1 and 2. One emergency diesel generator in both units started and pickup load.  

The root cause of this event was the failure of a 12kV underground cable due to age degradation. The 

cable fault resulted in the catastrophic failure of the station service transformer. Even though the event 

occurred during cold shutdown conditions while decay heat levels were extremely low, the degraded 

cable could have resulted in the partial loss of offsite power while at power.  

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting the conditional likelihood core damage given that the degraded condition (degraded 

underground cable) exists. The risk significance of this issue, on its own, is below the threshold for a 

precursor.  

12.2 Modeling and Affected Sequences 

The safety significance of this event was evaluated for Unit I considering the failure of the offsite power 

supply to one 4 kV safety bus following a reactor trip. The limiting event sequence of interest assumes 

that a reactor trip initiates a latent fault in the switchyard (e.g., catastrophic failure of the station service 

transformer) which causes the loss of the reserve auxiliary transformer to one 4 kV safety bus train. It is 

assumed that offsite power to the bus can not be restored. The sequence of interest is 

"* A latent switchyard fault condition exists which would cause the loss of offsite power source to one 4 

kV safety bus upon a reactor trip; 

"* The change in core damage frequency given that the condition exists that results in the loss of offsite 

power to one 4 kV safety bus train upon a reactor trip; and 

1
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* The failure to recover offsite power from the alternate offsite power source.  

This issue is similar to issue no. 13 where offsite power to both 4 kV safety bus trains may be lost 

subsequent to a reactor trip.  

12.3 Frequencies, Probabilities, and Assumptions 

"* A latent switchyard fault condition exists which would cause the loss of offsite power source to one 4 

kV safety bus upon a reactor trip - For conservatism, a latent service transformer fault is assumed to 

occur when the safety and non-safety bus loads are automatically transferred from the "normal 

auxiliary" source (main turbine generator) to the preferred offsite power source upon a reactor trip.  

The fault trips one reserve auxiliary transformer and the automatic start and load of one emergency 

diesel generator. For conservatism, it was assumed that power to the reserve auxiliary transformer is 

non-recoverable. Therefore, the probability of occurrence is assumed to be 1.0.  

"* The change in core damage frequency given that the condition exists that results in the loss of offsite 

power to one 4 kV safety bus train upon a reactor trip - The Cook standardized plant analysis risk 

(SPAR) model' estimates the change in conditional core damage frequency given that the condition 

exists for a post-trip loss of offsite power to one 4 kV safety bus train to be 6.7 x 1 0"/year. However, 

there are number of other issues that can potentially affect the likelihood of core damage given the 

above condition exists. These must be resolved in order to assess this conditional core damage 

frequency.  

This core damage probability does not credit the plant specific design feature of the alternate offsite 

power source. That alternate source is credited as explained below.  

"* Failure to recover offsite power from the alternate offsite power source - The updated final safety 

analysis report (Ref. 2, Section 8.3.1) describes an "alternate" offsite power source which is 

independent to the unit switchyard. The alternate offsite transmission line terminates at two 

transformers (one can be used as a backup), in which one transformer is connected to all 4 kV safety 

buses in both units. The transformer is sized to provide necessary capacity to operate the engineered 

safeguards equipment in one unit while supplying safe shutdown power in the other. The results of 

The analysis includes a wide range of reactor trip initiators (e.g., steam generator tube 

rupture, small loss-of-coolant accident, general transient). The quantification of the event 

trees in the SPAR model assumes offsite power to one train fails after the initiating event.  

Typically, SPAR model assumes that offsite power is available after the reactor trip initiator 

(except for the loss of offsite power initiator.) For this quantification, it was assumed that 

offsite power was unavailable to one of the two safety related buses subsequent to a reactor 

trip..  

2
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the human failure analysis in the D. C. Cook individual plant examination (Ref. 3, Table 3.3-3) shows 

the probability of human failure to recover power from the alternate offsite power source is 2.6 x 

10.2.  

12.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the sequence depend on the resolution of other issues affecting the 

likelihood of core damage given that a degraded condition (potential failure of aged underground cable) 

exists. To provide perspective on these sequences the following information is provided.  

If the resolution of other issues results in no significant changes to the core damage frequency given that 

a degraded condition (potential failure of aged underground cable) exists, the change to the core damage 

frequency would be: 

(Probability of the latent switchyard fault condition exists: 1.0) x 

(Change in conditional core damage frequency given the condition that fails the offsite power supply to 

one safety bus train: 6.7 x 1 0/year) x 
(failure to recover power from the alternate offsite power source: 2.6 x 10.2) = 1.7 1 107/year.  

Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor.  

12.5 References 

1. LER 315/98-040, Rev. 0, "ESF Actuation and Start of Emergency Diesel Generators I CD and 2 CD 

Due to Faulted Underground Cable," September 30, 1998.  

2. Donald C. Cook Units I and 2 Updated Final Safety Analysis Report.  

3. Cook Nuclear Plant Individual Plant Examination, Revision 1, October 1995.  
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13.0 LER No. 315/98-044 

Event Description: Offsite Power Testing Not Performed in Accordance With 

Technical Specifications 

Date of Event: October 1, 1998 

Plant: D. C. Cook, Units 1 and 2 

13.1 Summary of Issue 

According to LER 315/98-044 (Ref. 1), in October 1998, during a review of technical specification (TS) 

surveillance requirements for the offsite electrical power sources, it was discovered that the availability of 

the preferred offsite power source was not being verified in accordance with TS. Specifically, the 

surveillance procedure did not require verification of breaker alignment and voltage reading for the 

preferred offsite power source. This power source is used during startup and shutdown to supply offsite 

power to safety and non-safety buses. The TS requires that each of the circuits between the offsite 

electrical power sources, preferred and alternate offsite power sources, and the onsite 4 kV electrical 

distribution system be determined operable at least once per 7 days by verifying correct breaker 

alignments and indicated power availability. Since the availability of the preferred offsite power source 

up to the reserve auxiliary transformers is verified during shift turnover (via control room panel 

walkdowns), the risk-importance of the procedure deficiency from 1992 to the present would be limited 

to the possibility of a feeder breaker to the safety and non-safety buses not in the proper alignment for 

fast transfer to the preferred offsite power source upon a reactor trip.  

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting the conditional likelihood core damage given that the degraded condition (preferred 

offsite power supply to both 4kV buses potentially failed) exists. The risk significance of this issue, on 

its own, is below the threshold for a precursor.  

13.2 Modeling and Affected Sequences 

The safety significance of this event was evaluated for Unit I considering the failure of the preferred 

offsite power supply to both 4 kV safety bus trains following a reactor trip. All feeder breakers that 

supply power to the 4 kV safety buses (through the non-safety buses) from the preferred offsite power 

source (via the reserve auxiliary transformers) are assumed not to be in the proper alignment for fast 

closure upon a reactor trip. The sequence of interest is 

o All feeder breakers from the preferred offsite power source not in proper alignment;

1
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"* The change in conditional core damage frequency given that the condition exists that results in the 

loss of offsite power upon a reactor trip; and 

"* The failure to recover offsite power from the alternate offsite power source.  

This issue is similar to issue no. 12 where offsite power to only one 4 kV safety bus train is lost.  

13.3 Frequencies, Probabilities, and Assumptions 

" All feeder breakers from the preferred offsite power source not in proper alignment - Each Cook unit 

has four 4 kV safety buses (2 buses per train) and four 4 kV non-safety buses. Each 4 kV non-safety 

bus feeds one 4 kV safety bus. An emergency diesel generator provides emergency power to a pair 

of 4 kV safety buses (i.e., one train). Upon a reactor trip, the 4 kV non-safety buses automatically 

transfer from their normal auxiliary source (main generator) to the preferred offsite power source 

through two reserve auxiliary transformers (per unit). At least one feeder breaker from each 

transformers is assumed to be unavailable for fast closure upon a reactor trip. This failure could be 

due to a random failure of the circuit breaker or due to the breaker being left in the test mode after an 

unscheduled maintenance during power operations. Although maintenance on one or more feeder 

breakers during power operations is unlikely, for conservatism, it is assumed that two critical 

breakers were left in the unavailable state after unscheduled maintenance. Based on Swain and 

Guttman (Ref. 2, Table 20-7), the probability of an error of omission involving the failure to perform 

a procedure step (to restore the feeder breaker from the test or racked out position to operable status) 

is 1.0 x 10-2. It was pessimistically assumed that the breaker failure was non-recoverable.  

Therefore, the probability of a loss of preferred offsite power due to a common mode failure two or 

more feeder breakers to transfer upon a reactor trip is 1.0 x 10"2.  

" The change in conditional core damage frequency given that the condition exists that results in the 

loss of offsite power upon a reactor trip - The Cook standardized plant analysis risk (SPAR) model' 

estimates the change in conditional core damage frequency given that the condition exists for a post

trip loss of offsite power to both 4 kV safety bus trains to be 1.3 x 1 0"5/year. However, there are 

number of other issues that can potentially affect the likelihood of core damage given the above 

condition exists. These must be resolved in order to assess this conditional core damage frequency.  

This core damage probability does not credit the plant specific design feature of the alternate offsite 

power source. That alternate source is credited as explained below.  

The analysis includes a wide range of reactor trip initiators (e.g., steam generator tube 

rupture, small loss-of-coolant accident, general transient). The quantification of the event 

trees in the SPAR model assumes offsite power to both trains fails after the initiating event.  

Typically, normal cases assumes that offsite power is available after the reactor trip initiator 

(except for the loss of offsite power initiator.) 

2
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0 Failure to recover offsite power from alternate offsite power source - The updated final safety 

analysis report (Ref. 3, Section 8.3.1) describes an "alternate" offsite power source which is 

independent to the unit switchyard. The alternate offsite transmission line terminates at two 

transformers (one can be used as a backup), in which one transformer is connected to all 4 kV safety 

buses in both units. The transformer is sized to provide necessary capacity to operate the engineered 

safeguards equipment in one unit while supplying safe shutdown power in the other. The results of 

the human failure analysis in the D. C. Cook individual plant examination (Ref. 4, Table 3.3-3) shows 

the probability of human failure to recover power from the alternate offsite power source is 2.6 x 

10-2.  

13.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the sequence depends on the resolution of other issues affecting the 

likelihood of core damage given that a degraded condition (preferred offsite power supply to both 4kV 

buses potentially failed) exists. To provide perspective on these sequences the following information is 

provided.  

If the resolution of other issues results in no significant changes to the core damage frequency given that 

a degraded condition (preferred offsite power supply to both 4kV buses potentially failed) exists, the 

change to the core damage frequency would be: 

(Probability of misaligned feeder breakers: 1.0 x 10"2) x 

(Change in conditional core damage frequency given that the condition exists: 1.3 x 105/year) x 

(Failure to recover power from the alternate offsite power source: 2.6 x 10-2) = 3.4 x 109/year.  

Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor.  

13.5 References 

1. LER 315/98-044, Rev. 0, "Offsite Power Availability Not Verified as Required by Technical 

Specification Surveillance," November 2, 1998.  

2. A.D. Swain, and H.E. Guttman, Handbook of Human Reliability Analysis with Emphasis on Nuclear 

Power Plant Applications, NUREG/CR-1278, August 1983.  

3. Donald C. Cook Units 1 and 2 Updated Final Safety Analysis Report.  

4. Cook Nuclear Plant Individual Plant Examination, Revision 1, October 1995.
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14.0 LER No. 315/98-018 

Event Description: Use of Reactor Coolant Pump Seals as an Alternate Boron 

Injection Path Potentially Results in an Unanalyzed Condition 

Date of Event: May 5, 1998 

Plant: D. C. Cook, Units 1 and 2 

14.1 Summary of Issue 

The LER 315/98-018 (Ref. 1) reported a potential problem involving the use of the reactor coolant pump 

(RCP) seals as an alternate emergency boration flow path. This path utilizes the boric acid storage tank 

(BAST) as the injection source. The BAST is maintained at a temperature above the vendor's 

recommended maximum RCP seal water injection temperature. Operation of the alternate emergency 

boration flow path utilizing boric acid from the BAST at the high end of its possible temperature range 

could result in damage to the RCP seals, which in turn, could result in seal leak-off flow rates beyond the 

seal injection capabilities.  

The change in core damage frequency associated with this issue is dependent upon resolution of other 

issue affecting reactor protection system and emergency boration capability. The risk significance of this 

issue, on its own, is below the threshold for a precursor.  

14.2 Modeling and Affected Sequences 

The safety significance of this condition was evaluated for Unit 1 considering the failure of the normal 

charging flow path to the reactor coolant system and the use of the RCP seal injection lines as the only 

emergency boration flow path. The initiating event of interest is an anticipated transient without scram 

(ATWS). In order for a RCP seal to fail due to the high temperature boric acid from the BAST, the 

initiation of emergency boration must be successful initially.  

"* Any initiating event that require a reactor trip occurs; 

"* The reactor protection system fails to trip (automatic and manual initiation); 

"* The primary path for emergency boration fails after successful emergency boration initiation; 

"* The alternate path for emergency boration successful (via RCP seal injection); 

"* RPS seals fail due to high temperature (compared to design) of BAST water; and 

"* Core damage occurs given an ATWS and catastrophic RCP seal failure.

1 May I I, i�Y
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14.3 Frequencies, Probabilities, and Assumptions 

"* Any initiating event that require a reactor trip occurs - Rates of Initiating Events at US. Nuclear 

Power Plants: 1987-1995 (Ref. 2) indicates that the average industry frequency of any event that 

requires a reactor trip from all causes is 1.4 trips per critical year. When adjusted by the average 

criticality factor of 0.79 for Cook Unit I (Ref. 2, Table H-3) the initiating event frequency is 1.1 per 

reactor calendar year (1.4 x 0.79).  

"* The reactor protection system fails to trip (automatic and manual initiation) - Reliability Study: 

Westinghouse Reactor Protection System, 1984-1995 (Ref. 5) indicates that the RPS failure 

probability (allowing credit for manual scram by the operator) is 5.5 x 10'.  

"* The primary path for emergency boration fails after successful emergency boration initiation - Since 

the emergency boration has been successfully initiated the operator error to initiate boration is not 

included in this probability. The primary path for emergency boration is the normal charging 

injection line, which starts at the point where the discharge line from the charging pumps branches to 

the RCP seal injection line (see Ref. 3, Figure 9.2-1 included as figure 1). This piping segment 

between the branch point and the regenerative heat exchanger consist of a series of two motor

operated valves, one air-operated valve and three manual valves. After the heat exchanger, the 

charging line splits into two redundant lines that connects to the reactor coolant system hot leg piping.  

Each redundant injection line has one air-operated valve. These air-operated valves fail open upon 

the loss of control air, whereas, the air-operated valve upstream of the heat exchanger fails closed.  

The latter valve, therefore, requires control air to continue to supply flow. Since the probability of a 

valve spuriously closing is around the order of I x 10' per hour (Ref. 4, Table 3.3-1), the failure of 

the control air system to the flow control valve upstream of the heat exchanger dominates the failure 

probability of the primary emergency boration path. From the D. C. Cook individual plant 

examination (Ref. 4, Table 3.3-5), the probability that the compressed air system fails during a 24 

hour mission time is 6.2 x 10'. Therefore, the probability that the primary path for emergency 

boration fails (normal charging path) within 24 hours after an ATWS initiator is 

6.2 x 10'.  

"* The alternate path for emergency boration successful (via RCP seal injection) - The probability of 

this success path was assumed to be 1.0.  

"* RPS seals fail due to high temperature (compared to design) of BAST water - The probability of this 

failure was pessimistically assumed to be 1.0.  

"* Core damage occurs given an ATWS and catastrophic RCP seal failure - The probability of this 

failure was pessimistically assumed to be 1.0.
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14.4 Core Damage Frequency Calculation or the Bounding Calculation 

Known frequencies yield an initial bounding value as follows: 

(Frequency of an initiating event: 1.1/year) x 

(Probability of RPS failure: 5.5 x 10') x 

(Probability of the primary emergency boration path failure: 6.2 x 10') x 

(Probability of alternate path for emergency boration successful: 1.0) x 

(Probability of a catastrophic RPS seal failure: 1.0) x 

(Probability of core damage given an ATWS and catastrophic RCP seal failure: 1.0) = 3.8 x 1 09/year.  

Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor.  

14.5 References 

1. LER 315/98-018, Rev. 2, "Use of Reactor Coolant Pump Seals as Alternate Boron Injection Flow 

Path Potentially Results in Unanalyzed Condition," August 31, 1998.  

2. J. P. Poloski, et. al., Rates of Initiating Events at U.S. Nuclear Power Plants: 1987-1995, 

NUREG/CR-5750, February 1999.  

3. Donald C. Cook Units I and 2 Updated Final Safety Analysis Report.  

4. Cook Nuclear Plant Individual Plant Examination, Revision 1, October 1995.  

5. S.A. Eide, et. al., Reliability Study: Westinghouse Reactor Protection System,: 1984-1995, 

NUREG/CR-5500, Vol. 2, April 1999.  
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15.0 LER No. 50-315/97-016-01; 50-315/98-042 

Event Description: Operation of the Residual Heat Removal System Contrary to 
the UFSAR Could Result in a Condition That Would Prevent 
the Fulfillment of the Safety Function of System 

Date of Event: September 12, 1997 and October 23, 1998 

Plant: D.C. Cook, Units I and 2 

15.1 Summary of Issue 

This write-up addresses Issues #15 and #85.  

Issue # 15 

On September 12, 1997, the licensee discovered that current operating procedures for the residual heat 
removal (RHR) system do not prevent the operation of both RHR pumps when the reactor coolant system 
(RCS) is open to atmosphere. This is contrary to Updated Final Safety Analysis Report (UFSAR) Section 
9.3.3 which states, "Only one residual heat removal (RHR) pump will be operated when the reactor 

coolant system is open to the atmosphere to prevent damaging both pumps in the unlikely event that 

suction should be lost." 

Issue #85 

On October 23, 1998, with Unit I in Mode 5, Cold Shutdown, and the West RHR pump in service for 

decay heat removal, the East RHR pump was started to facilitate minimum flow measurements for the 

East RHR minimum flow loop. Since the reactor coolant system was vented to the atmosphere at this 

time through a pressurizer power-operated relief valve (PORV), this condition was contrary to UFSAR 
Section 9.6.3.2 and outside the design basis 

The change in core damage frequency associated with these issues is negligible and they have negligible 

synergistic effects with other issues. Therefore, these issues will be screened out from the integrated 

analysis.  

15.2 Modeling and Affected Sequences 

Issues # 15 and #85 discussed here have the potential to impact risk during shutdown. The sequence of 

interest is as follows: 

* Frequency of a loss of RHR when the plant is shutdown due to inadequate net positive suction head 

(NPSH) problems;
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"* Probability of having RCS vented to atmosphere when RHR is lost; 

"* Probability of having both RHR pumps running during the loss of RHR event; 

"* Probability of failure to recover RHR prior to pump damage; and 

"* Alternative recovery actions fail.  

15.3 Frequencies, Probabilities, and Assumptions 

0 Frequency of a loss of RHR when the plant is shut down due to inadequate NPSH problems - Only 

those RHR failures that fail the RHR pumps due to problems in the suction side are of interest. This 

can happen due to (a) inadvertent closure of the suction valves or (b) vortexing and air entrainment 

problems when the RCS is at half-loop. The licensee's procedures have ensured that only one RHIR 

pump is in operation when the RCS is at half loop. Therefore, the safety consequences of this 

condition are limited to times when the RCS was vented to atmosphere, but not at yet at half loop 

conditions. In addition, the licensee has defeated interlocks to RHR suction isolation valves.  

Therefore, the likelihood of an inadvertent closure of these valves has been minimized. As a result of 

all of the above, the frequency of RHR events caused by problems in the suction NPSH is low.  

"* Probability of having RCS vented to atmosphere when RHR is lost - For this issue to affect risk, the 

RHR NPSH problem must occur when the RCS head has been unbolted. During the event described 

in Issue #85, the RCS was full and power had been removed from the suction valves. Since the RCS 

was full and the RHIR suction valves were open with power removed from the valves, the potential 

contributors to RHR NPSH problems had been eliminated.  

" Probability of having both RHR pumps running during the loss of RHR event - Even though the 

procedure allows both R-IR pumps to run while the head is unbolted, unless the operators have both 

RHR pumps running, this issue has no impact. Due to the relatively high decay heat loads 

immediately after a shutdown (when RCS is not open to the atmosphere), the operators are more 

likely to run both pumps immediately after a shutdown, when RCS is not vented to atmosphere, 

rather than later, when RCS is vented to atmosphere (head unbolted). In addition, as demonstrated by 

Issue #85, it may be necessary to run both trains to perform surveillances. In general, the duration of 

such surveillances will be relatively short.  

" Probability of failure to recover RHR prior to pump damage - Even if an event occurs, if the RHR 

pumps are stopped prior to damage, they can be used after the suction side problem (e.g., inadvertent 

closure of an isolation valve) is eliminated. The problems with RHR NPSH can be recognized via 

control board alarms or RHR pump amperages. Since decay heat levels are low when the head is 

unbolted, there will be sufficient time (at least several hours) for recovery actions. When the event 

described in Issue #85 occurred, the reactor had been shut down more than one year.  

2
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0 Alternative recovery actions fail - If RI-IR fails, since the RCS is unbolted, the steam generators 

cannot be used to remove decay heat. However, gravity feed from the refueling water storage tank 

(RWST) or injection using safety injection pumps can be used to prevent core uncovery.  

15.4 Core Damage Frequency Calculation or the Bounding Calculation 

In consideration of all of the above (i.e., the low frequency of loss of RHR events due to RHR suction 

side failures, such as inadvertent suction valve closure, limited periods of operation with both RHR 

pumps running while RCS is vented, the high probability of recovery due to low decay heat levels, and 

the availability of alternate methods for decay heat removal), it is concluded that the risk significance 

associated with these issues is negligible.  

15.5 References 

1. LER 3 15/97-016-01, "Operation of the Residual Heat Removal System Contrary to the UFSAR 

Could Result in a Condition That Would Prevent the Fulfillment of the Safety Function of System," 

November 14, 1997.  

2. LER 315/98-042, "Contrary to UFSAR Section 9.6.3.2, 2 RHR Pumps Run with the Unit 

Depressurized," November 23, 1998.  

3. Donald C. Cook Nuclear Plant, Units I and 2, Updated Final Safety Analysis Report.
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16.0 LER No. 315/97-023 

Event Description: Potential Single Failure Could Result in Failure of Both Trains 

of the Engineered Safety Feature Ventilation System 

Date of Event: September 16, 1997 

Plant: D.C. Cook, Units 1 and 2 

16.1 Summary of Issue 

Each engineered safety feature (ESF) ventilation train consists of an inlet damper and a bypass damper.  

The inlet damper is normally closed and the bypass damper is normally open. The control air system' 

supplies control air to the inlet and bypass dampers in both ESF ventilation trains. Prior to a design 

change that occurred between December 1996 and August 1997, the controllers for the inlet and bypass 

dampers in each train were all supplied from a common 20 psig air supply header (Ref. 1). Upon the loss 

of control air supply to these dampers, inlet dampers will fail open and bypass dampers will fail closed.  

This configuration allows for single failure protection against the loss of the common air supply header 

by having one damper in each train fail in the open position. The design change swapped the air supply 

to the bypass dampers from the 20 psig header to the 85 psig header. If a failure localized to the 85 psig 

air supply header occurs, the bypass damper will fail closed. Since the 20 psig air header is available, the 

inlet dampers will remain closed. As a result, both trains of the ESF ventilation will be lost. this 

condition applies to both units.  

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting auxiliary feedwater (AFW), emergency core cooling system (ECCS) injection, and sump 

recirculation capabilities. The risk significance of this issue, on its own, is below the threshold for a 

precursor.  

16.2 Modeling and Affected Sequences 

The ESF ventilation trains cool the rooms that contain ECCS equipment. Failure to supply air to the ESF 

rooms could lead to overheating of ECCS equipment and their failure. Since ECCS equipment is needed 

to mitigate LOCAs of any size or to establish feed and bleed cooling, these accidents are affected by the 

design change. If the 85 psig air header is lost prior to an event, it will annunciate itself by the numerous 

indications in the control room. Therefore, only a failure that occurs subsequent to or immediately prior 

to a LOCA or a feed and bleed situation is of concern. The accident sequence of interest is: 

The station control air system is supplied from the compressors at 100 psig and reduced in 

each unit to provide air to three additional headers with pressures of 20 psig, 50 psig, and 85 

psig. These three headers are independent and they are provided with separate sets of 

regulators and isolation valves.
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"* Any size LOCA occurs, or feed-and-bleed scenario occurs; 

"* Failure of ECCS equipment to inject or perform sump recirculation as a result of room overheating 

caused by ESF room ventilation failure; and 

"* Failure to recover room ventilation by opening doors or by other recovery actions.  

16.3 Frequencies, Probabilities, and Assumptions 

"* Any size LOCA occurs, or feed-and-bleed cooling scenario occurs - Using the frequencies associated 

with large pipe break (5 x 106), medium pipe break (4 x 10"'), small pipe break (5 x 104), stuck open 

power-operated relief valve (1 x 10-), stuck open code safety valve (5 x 103), and reactor coolant 

pump seal LOCA (2.5 x 10-), the total frequency of a LOCA of any size is approximately 

9 x 10"3/critical year (Ref. 2, Table 3-1).  

The frequency of a feed-and-bleed scenario occurring is estimated as follows. Rates of Initiating 

Events at US. Nuclear Power Plants 1987-1995 (Ref. 2, Table 3.3) indicates that the frequency of a 

loss of offsite power is 0.046/critical year; the frequency of a total loss of feedwater flow is 

0.085/critical year; and the frequency of a total loss of condenser heat sink events (power conversion 

system) is 0.12/critical year. This adds up to a total frequency of 0.25/critical year. For Cook Unit 

1, the criticality factor is 0.79 critical year/reactor calendar year (Ref. 2, Table H-3). Therefore, the 

frequency of a reactor trip with a loss of feedwater, offsite power, or the power conversion system is 

about 0.2/year (0.79 x 0.25). From the Cook standardized plant analysis risk (SPAR) model, the 

failure probability of the AFW system is 1.1 x 10'. Therefore, the frequency of feed-and-bleed 

events requiring recirculation is 1.1 x 10' times 0.2, or about 2 x 10-5. This frequency is negligible 

compared to the LOCA events frequency. Therefore, the total frequency of events requiring sump 

recirculation is about 9 x 10"/critical year or 7.1 x 10-3/year (0.79 x 9 x 10V). However, a number of 

issues that can potentially affect the AFW failure probability must be resolved in order to assess this 

the frequency.  

"* Failure of ECCS equipment to inject or perform sump recirculation as a result of room overheating 

caused by ESF room ventilation failure - Since the 85 psig header is lost while the 20 psig header 

remains functional, the credible faults that cause the loss of the 85 psig header are: 

0 Instrument air line failure downstream of the pressure regulator of the 85 psig header; or 

o The 85 psig header pressure regulator failure.  

Instrument air line failure probability is calculated by assuming a length of pipe of less than 1000 

feet, a failure rate of I x 10"9/hour-ft (Ref. 3, Table Ic), and a mission time of 24 hours. This 

probability is therefore 2.4 x 10-1. Pressure regulator failure is 3.3 x 101/hour (Ref. 4, page 1038), or, 

for a 24-hour mission time, 8 x 10'. However, a number of other issues that can potentially affect
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sump recirculation and injection must be resolved in order to assess the overall change ECCS 

injection and sump recirculation failure probabilities.  

0 Failure to recover room ventilation by opening doors or by other recovery actions 

Pessimistically assumed to be 1.0.  

16.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the sequence depends on the resolution of other issues affecting AFW, 

ECCS injection and sump recirculation capabilities. To provide perspective on this sequence the 

following information is provided.  

If the resolution of other issues results in no significant changes to the AFW, ECCS injection, and sump 

recirculation failure probabilities, the change in core damage frequency would be: 

(Frequency of any size LOCA: 9.0 x 1 03/critical year) x 

(Criticality factor: 0.79 critical year/reactor calendar year) x 

[(Probability of pressure regulator failure: 2. 4 x 10-1) + (Probability of airline rupture: 8 x 10')] x 

(Probability of failure to recover: 1.0) = 7.4 x 1007/year.  

Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor.  

16.5 References 

1. LER 315/97-023, Rev. 1, "Design Change Introduces Possibility of Single Failure Which Could 

Result in Loss of Both Trains of ESF Ventilation Due to Failure to Identify Adverse Impact During 

Design Review," November 14, 1997.  

2. J. P. Poloski, et. al., Rates of Initiating Events at US. Nuclear Power Plants: 1987-1995, 

NUREG/CR-5750, February 1999.  

3. C. H. Blanton and S. A. Eide, Savannah River Site, Generic Data Base Development (L),WSRC-TR

93-262, June 1993.  

4. IEEE Standard 500-1984, Reliability Data.
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17.0 LER No. 315/97-021 

Event Description: Potential Loss of All Medium and High Head Injection Due to 

a Single Failure 

Date of Event: September 10, 1997 

Plant: D. C. Cook, Unit 1 

17.1 Summary of Issue 

During a design inspection conducted at D. C. Cook on August 4 through September 12, 1997, it was 

discovered that failure of a single residual heat removal (RHR) train, while switching the emergency core 

cooling system pumps from refueling water storage tank (RWST) suction to recirculation pump suction, 

could result in failure of all high and medium head injection (Ref. 1). Specifically, it was determined that 

if the West RHR train fails to continue to run during the brief time period when all high pressure injection 

(HPI) pumps take suction from its discharge, all HPI pumps would fail.  

The D. C. Cook plant has two redundant RHR trains, which are named the West RHR train and the East 

RHR train. During the transition from the injection phase to the sump recirculation phase, the West RHR 

train is first aligned to take suction from the containment recirculation sump. After successfully aligning 

the West RHR pump, all HPI pumps are aligned to take suction from the West RHIR pump until the East 

RI-IR pump suction is successfully aligned to the containment recirculation sump. During this brief 

period, if the West RHR pump fails, then all HPI pumps will lose their suction source. Unless the 

operators take action to trip the HPI pumps and recover, sump recirculation function will be lost.  

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting auxiliary feedwater (AFW) and sump recirculation capabilities. The risk significance of 

this issue, on its own, is below the threshold for a precursor.  

17.2 Modeling and Affected Sequences 

During a loss-of-coolant accident (LOCA), the injection systems will inject into the reactor core from the 

refueling water storage tank (RWST). When the RWST inventory depletes, the injection pumps suction 

are transferred from the RWST to the containment recirculation sump. Therefore, the single failure 

discussed above affects all accidents and LOCAs, as well as feed and bleed cooling situations. The 

sequences of interest are as follows: 

"* Any size LOCA occurs, or feed-and-bleed scenario occurs; 

"* Sump recirculation failure due to failure of all HPI pumps as a result of failure of the West RHR 

pump train; and
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* Operators fail to recover and re-establish sump recirculation.  

17.3 Frequencies, Probabilities, and Assumptions 

0 Any size LOCA occurs, or feed-and-bleed cooling scenario occurs - Using the frequencies associated 

with large pipe break (5 x 10'), medium pipe break (4 x 10-), small pipe break (5 x 10'), stuck open 

power-operated relief valve (1 x 10-'), stuck open code safety valve (5 x 103), and reactor coolant 

pump seal LOCA (2.5 x 10-'), the total frequency of a LOCA of any size is approximately 

9 x 103/critical year (Ref. 2, Table 3-1).  

The frequency of a feed-and-bleed scenario occurring is estimated as follows. Rates of Initiating 

Events at U.S. Nuclear Power Plants 1987-1995 (Ref. 2, Table 3.3) indicates that the frequency of a 

loss of offsite power is 0.046/critical year; the frequency of a total loss of feedwater flow is 

0.085/critical year; and the frequency of a total loss of condenser heat sink events (power conversion 

system) is 0.12/critical year. This adds up to a total frequency of 0.25/critical year. For Cook Unit 

1, the criticality factor is 0.79 critical year/reactor calendar year (Ref. 2, Table H-3). Therefore, the 

frequency of a reactor trip with a loss of feedwater, offsite power, or the power conversion system is 

about 0.2/year (0.79 x 0.25). From the Cook standardized plant analysis risk (SPAR) model, the 

failure probability of the AFW system is 1.1 x 10'. Therefore, the frequency of feed-and-bleed 

events requiring recirculation is 1.1 x 10" times 0.2, or about 2 x 105. This frequency is negligible 

compared to the LOCA events frequency. Therefore, the total frequency of events requiring sump 

recirculation is about 9 x 10"3/critical year or 7.1 x 10-3/year (0.79 x 9 x 10-). However, a number of 

issues that can potentially affect the AFW failure probability must be resolved in order to assess this 

the frequency.  

0 Sump recirculation failure due to failure of all HPI pumps as a result of failure of the West RHR 

pump train - During the transition to sump recirculation, the operators align the systems so that all 

HPI pumps take suction from the West RHR train for a brief period. When the alignment is 

performed, the West RHR train has successfully started. Therefore, only inadvertent closure of a 

motor-operated valve, a check valve failing to remain open, or the RHR pump failing to continue to 

run can cause the West RHR train to fail. Of these failures, the RHR pump failing to continue to run 

dominates the failure probability. Based on the D. C. Cook Individual Plant Examination (IPE), 

Revision 1 (Ref. 3), the failure rate for an RHR pump to continue to run is 7.2 x I 05/hr. The IPE also 

states that the operators have 17 minutes to complete all actions to change from injection mode to 

recirculation mode. Therefore, it is reasonable to assume that a maximum of 15 minutes will be spent 

in the alignment during which the West RHR pumps will feed all HPI trains. Therefore, the pump 

train failure probability during this time interval is estimated to be 1.8 x 10' (0.25 hourx 7.2 x 10" 

-/hour). However, a number of other issues that can potentially affect the sump recirculation must be 

resolved in order to assess the overall increase in sump recirculation failure probability.
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0 Operators fail to recover and re-establish sump recirculation - If the west RHR pump train fails while 

it feeds all HPI pumps, the operator may be able to trip the HPI pumps before they incur damage and 

re-establish the sump recirculation. It is pessimistically assumed that this failure probability is 1.0.  

17.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the sequence depends on the resolution of other issues affecting the AFW 

and sump recirculation capabilities. To provide perspective on this sequence the following information is 

provided.  

If the resolution of other issues results in no significant changes to the AFW and sump recirculation 

failure probabilities, the change in core damage frequency would be: 

(Frequency of any size LOCA: 9.0 x I 03/critical year ) x 

(Criticality factor: 0.79 critical year/reactor calendar year) x 

(Probability of sump recirculation failure: 1.8 x 10-) x 

(Probability of failure to recover: 1.0) = 1.3 x 10"7/year.  

Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor.  

17.5 References 

1. LER 315/97-021, Rev. 1, "Potential Loss of All Medium and High Head Injection Due to Single 

Failure Could Result in a Condition That Would Prevent the Fulfillment of the Safety Function of a 

System," November 14, 1997.  

2. J. P. Poloski, et. at., Rates of Initiating Events at U.S. Nuclear Power Plants. 1987-1995, 

NUREG/CR-5750, February 1999.  

3. Donald C. Cook Nuclear Plant Units I and 2, Individual Plant Examination Revision 1, October 

1995.
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18.0 NRC Inspection Report No. 50-315, 316/97-201, Finding E1.5.2A(1) 

Event Description: Change to Operating Procedure "Transfer to Sump 

Recirculation" Without a Proper Safety Evaluation 

Date of Event: August 1997 

Plant: D. C. Cook, Unit 1 

18.1 Summary of Issue 

The issue is that the licensee made temporary, "non-intent" changes to procedure OUP 023.4023.ES-1.3, 

"Transfer to Cold Leg Recirculation," without performing a proper safety evaluation (Ref. 1). Part 

50.59 of the code of federal regulations requires proper safety evaluations when making changes to safety 

parameters to ensure a comprehensive examination of the changes to the accident analyses and also to 

determine whether the changes exceed thresholds that would require regulatory attention. The above 

change relates to critical safety parameters that could have had a negative impact on plant safety.  

The procedure was revised to raise the containment water level action setpoint from 15% to 29%.  

Operators use this setpoint to decide whether there is enough water in the containment recirculation sump 

to start transitioning to sump recirculation from the injection phase. As a result of this change, if the 

containment water level reached a value between 15% (elevation 601'6") and 32% (elevation 602'10"), 

when the RWST low level alarm is received instructing the operators to start transitioning to sump 

recirculation, they will not do so. This leads to a delay in starting and also completing the actions that 

must be taken to establish sump recirculation. Delaying the completion of transfer to sump recirculation 

increases the probability of RHR pump failure due to vortexing in the RWST. That is, while the change 

may reduce the possibility of vortexing in the containment recirculation sump, it will increase the 

likelihood of vortexing in the RWST.  

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting auxiliary feedwater (AFW) capability and sump recirculation capability (by affecting the 

vortexing potential in the RWST). The risk significance of this issue, on its own, is below the threshold 

for a precursor.  

18.2 Modeling and Affected Sequences 

The emergency operating procedure ES 1.3 "Transfer to Sump Recirculation" instructs the operator to 

transition from the injection phase to the sump recirculation phase. Therefore, any changes to this 

procedure have the potential to affect LOCAs of any size or feed and bleed scenarios. Vortexing in the 

RWST due to the delay in starting and completing the transfer to sump recirculation is most likely when 

the RHR pumps are injecting, since the large flows from RHR minimize the time available to establish 

1
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recirculation. However, we pessimistically assume that vortexing can occur for small LOCAs and feed 

and bleed cooling situations as well. Therefore, the following three sequences may be affected: 

Sequence 1- Large LOCA: 

"* Large LOCA; and 

"* Sump recirculation fails due to vortexing in RWST leading to failure of RHR pumps.  

Sequence 2- Medium LOCA 

"* Medium LOCA; and 

"* Sump recirculation fails due to vortexing in RWST leading to failure of high pressure injection 

pumps.  

Sequence 3 - Small LOCA or feed and bleed cooling situation 

"* Small LOCA occurs, or feed-and-bleed cooling scenario occurs; and 

"* Sump recirculation fails due to vortexing in RWST leading to failure of high pressure injection 

pumps.  

18.3 Frequencies, Probabilities, and Assumptions 

Sequence 1- Large LOCA: 

"* Large LOCA - Based on reference 2, the frequency of a large LOCA is 5 x I 0"/critical year.  

"* Sump recirculation fails due to vortexing in RWST leading to failure of RHR pumps - The operators 

start establishing sump recirculation when the RWST low level alarm occurs at 32% of RWST level.  

At this point, 68% of the RWST inventory (over 200,000 gallons) will be available to the 

containment recirculation sump. Figure 1 shows that only 117,000 gallons are needed to fill the 

containment sump up to the 29% level (equals to elevation 602'10"). In addition to approximately 

200,000 gallons of water from the RWST, the following additional sources become available to the 

sump during a large LOCA: (a) approximately 290,000 gallons from ice dissolution (all of the ice 

dissolves within minutes after a large LOCA (Ref. 3)), (b) water from the RCS break, and (c) water 

from accumulators. These additional sources compensate for any inventory losses that occur as result 

of diversion of a fraction of the RWST flow to inactive sumps. Therefore, the probability of having a 

water level between 601'6" and 602' 10" in the recirculation sump at the time of receiving the RWST 

low level set point alarm due to this condition alone is zero.  

2
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Sequence 2- Medium LOCA: 

"* Medium LOCA - Based on reference 2, the frequency of a medium LOCA is 4 x 105/critical year.  

" Sump recirculation fails due to vortexing in RWST leading to failure of high pressure injection 

pumps - The operators start establishing sump recirculation when the RWST low level alarm occurs 

at 32% of RWST level. At this point, 68% of the RWST inventory (over 200,000 gallons) will be 

available to the containment recirculation sump. Figure 1 shows that only 117,000 gallons are 

needed to fill the containment sump up to the 29% level (equals to elevation 602' 10"). In addition to 

approximately 200,000 gallons of water from the RWST, the following additional sources become 

available to the sump during a medium LOCA: (a) over half of the total ice inventory (290,000 

gallons) that dissolve within about 15 minutes after a medium LOCA (assumed to be a 6 inch break) 

(Ref. 3), (b) water from the RCS break, and (c) water from the accumulators. These additional 

sources compensate for any inventory losses that occur as result of diversion of a fraction of the 

RWST flow to inactive sumps. Therefore, the probability of having a water level between 601'6" and 

602'l0" in the recirculation sump at the time of receiving the RWST low level set point alarm due to 

this condition alone is zero.  

Sequence 3 - Small LOCA or feed and bleed situation: 

* Small LOCA occurs, or feed-and-bleed cooling scenario occurs - Using the frequencies associated 

with small pipe break (5 x 10'), stuck open power-operated relief valve (1 x 10-), stuck open code 

safety valve (5 x 10-), and reactor coolant pump seal LOCA (2.5 x 10-1), the total frequency of a 

small LOCA is approximately 9 x 1 0-3/critical year (Ref. 2, Table 3-1).  

The frequency of a feed-and-bleed scenario occurring is estimated as follows. Rates of Initiating 

Events at US. Nuclear Power Plants 1987-1995 (Ref. 2, Table 3.3) indicates that the frequency of a 

loss of offsite power is 0.046/critical year; the frequency of a total loss of feedwater flow is 

0.085/critical year; and the frequency of a total loss of condenser heat sink events (power conversion 

system) is 0.12/critical year. This adds up to a total frequency of 0.25/critical year. For Cook Unit 

1, the criticality factor is 0.79 critical year/reactor calendar year (Ref. 2, Table H-3) Therefore, the 

frequency of a reactor trip with a loss of feedwater, offsite power, or the power conversion system is 

about 0.2/year (0.79 x 0.25). From the Cook standardized plant analysis risk (SPAR) model, the 

failure probability of the AFW system is 1.1 x 10'. Therefore, the frequency of feed-and-bleed 

events requiring recirculation is 1.1 x 10' times 0.2, or about 2 x 10'. This frequency is negligible 

compared to the LOCA events frequency. Therefore, the total frequency of events requiring sump 

recirculation is about 9 x 103/critical year or 7.1 x 10"/year (0.79 x 9 x 10"'). However, a number of 

issues that can potentially affect the AFW failure probability must be resolved in order to assess this 

the frequency.
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0 Sump recirculation fails due to vortexing in RWST leading to failure of high pressure injection 

pumps -The operators start establishing sump recirculation when the RWST low level alarm occurs at 

32% of RWST level. At this point, 68% of the RWST inventory (over 200,000 gallons) will be 

available to the containment recirculation sump. Figure 1 shows that only 117,000 gallons are 

needed to fill the containment sump up to the 29% level (equals to elevation 602'10"). In addition to 

approximately 200,000 gallons of water from the RWST, the following additional sources become 

available to the sump during a small LOCA or a feed and bleed situation: (a) close to half of the total 

ice inventory (290,000 gallons) that dissolve within about 30 minutes after a small LOCA, and (b) 

water from the RCS break. These additional sources compensate for any inventory losses that occur 

as result of diversion of a fraction of the RWST flow to inactive sumps. Therefore, the probability of 

having a water level between 601'6" and 602'10" in the recirculation sump at the time of receiving the 

RWST low level set point alarm due to this condition alone is zero.  

However, in all of the above sequences there are number of other issues that can potentially affect sump 

recirculation by affecting vortexing potential in RWST that must be resolved in order to assess the overall 

failure probability.  

18.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with these sequences depend on the resolution of other issues affecting the 

AFW and sump recirculation capabilities. If the resolution of other issues results in no significant 

changes to the sump recirculation failure probabilities, the probability of sump recirculation function 

failure due to vortexing in the RWST due to this condition alone is zero. Therefore, the change in core 

damage frequency is zero for all three sequences. The risk significance of this issue, on its own, is below 

the threshold for a precursor.  

18.5 References 

1. Donald C. Cook, Units I & 2 Design Inspection (NRC Inspection Report No. 50-315, 316/97-201) 

November 26, 1998.  

2. J. P. Poloski, et. al., Rates of Initiating Events at U.S. Nuclear Power Plants: 1987-1995, 

NUREG/CR-5750, February 1999.  

3. Licensee report on sump inventory calculation, Westinghouse Report # FAI\97-104, Rev 0
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19.0 NRC Inspection Report No. 50-315, 316/97-201, Finding E1.5.2A(2) 

Event Description: Operating procedure "Operation of the ESW System," was 

changed without a proper safety evaluation 

Date of Event: August 1997 

Plant: D.C. Cook, Unit 1 

19.1 Summary of Issue 

The issue is that the licensee made temporary, "non-intent" changes to procedure," OHP 4021.019.001, 

"Operation of the ESW System," without performing a proper safety evaluation (Ref. 1). Part 50.59 of 

the code of federal regulations requires proper safety evaluations when making changes to safety 

parameters to ensure a comprehensive examination of the changes on the accident analyses and also to 

determine whether the changes exceed thresholds that would require the regulatory attention.  

The ESW system operating procedure was revised to reduce the maximum ESW operating temperature 

limit from 87.5 to 85' F. This affects the maximum operating temperature of all components which are 

supported by ESW. This analysis focuses on the risk impact that could have resulted from the lack of a 

safety evaluation only. In addition to changing the ESW operating temperature limit without a safety 

evaluation, a second issue identified was that even with the reduced ESW operating temperature limit of 

850 F, the design basis operating temperature limit of 760 F (Ref. 2)(UFSAR, accident analysis) could be 

exceeded. The risk associated with this second issue will be analyzed as issue# 29 (impact on control 

room ventilation), #30 (impact on plant cool down analysis), and #31 (impact on containment peak 

pressure).  

The change in core damage frequency associated with this issue is essentially zero and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.  

19.2 Modeling and Affected Sequences 

The ESW system is the ultimate heat sink (UHS) for Cook in that it takes its supply from lake Michigan 

and supports all system heat removal needs directly or through the component cooling water (CCW) heat 

exchangers. Therefore, maximum operating temperature of ESW affects the maximum operating 

temperature of all accident mitigating systems supported by it. The premise of the licensee was that 

since the maximum temperature was reduced, the only impact of the change is an increase in the safety 

margin.  

Based on the licensee's IPE (Ref. 3), the following systems are used to mitigate accidents, and they rely 

on ESW directly or indirectly via the component cooling water (CCW):
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"* RHR, 
"* Charging, 
"* High pressure safety injection, 
"* Emergency diesels, 
"* Containment spray, 
"* Containment fans, and 
"* Auxiliary feedwater.  

A reduction in the maximum ESW operating temperature limit increases the safety margin associated 

with any of the components in the above systems. Therefore, no core damage sequences will increase in 

frequency as a result of this change.  

19.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities are not calculated.  

19.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences will increase in frequency as a result of the change to the procedure.  

Therefore, the change is determined to be zero.  

19.5 References 

1. Donald C. Cook, Units I & 2 Design Inspection (NRC Inspection Report No. 50-315, 316/97-201).  

November 26, 1997.  

2. Donald C. Cook Units I and 2 Updated Final Safety Analysis Report.  

3. Donald C. Cook Nuclear Plant Units I and 2, Individual Plant Examination, Revision 1, October 

1995.
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20.0 NRC Inspection Report No. 50-315, 316/97-201, Finding E1.5.2A(3) 

Event Description: Operating procedure "Operation of the CCW System During 

Reactor Startup and Normal Operation," was changed without 

a proper safety evaluation 

Date of Event: August 1997 

Plant: D.C. Cook, Unit 2 

20.1 Summary of Issue 

The issue is that the licensee made temporary, "non-intent" changes to procedure 2-OHP 4021.016.003, 

"Operation of the CCW System During Reactor Startup and Normal Operation," without performing a 

proper safety evaluation (Ref. 1). Part 50.59 of the code of federal regulations requires proper safety 

evaluations when making changes to safety parameters to ensure a comprehensive examination of the 

changes to the accident analyses and also to determine whether the changes exceed thresholds that would 

require regulatory attention.  

The ESW system operating procedure was revised to delete the allowance to operate the CCW system at 

120 0F, which was above the UFSAR-specified maximum operating temperature of 950F. The licensee 

characterized this change as a "non-intent" change.  

The change in core damage frequency associated with this issue is essentially zero and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.  

20.2 Modeling and Affected Sequences 

The CCW system is used to remove heat from a large number of safety related and non-safety related 

loads. Therefore, the maximum operating temperature of CCW affects the maximum operating 

temperature of all systems supported by it. The premise of the licensee was that since the maximum 

temperature was reduced, the only impact of the change was an increase in the safety margin.  

Based on the licensee's IPE (Ref. 2), the following systems are used to mitigate accidents, and they rely 

on CCW: 

"* RHR, 
"* Charging, 
"* High pressure safety injection, 
"* Containment fans, and 

"* Diesel generators.
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In addition, CCW supports the cooling of reactor coolant pump seals whose failure leads to small 

LOCAs.  

A reduction in the maximum CCW temperature increases the safety margin associated with all of the 

components in the above systems. Therefore, no core damage sequences will increase in frequency as a 

result of this change.  

20.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities are not calculated.  

20.4 Core'Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences will increase in frequency as a result of the change to the procedure.  

Therefore, the change in core damage frequency is determined to be zero.  

20.5 References 

1. Donald C. Cook, Units I & 2 Design Inspection (NRC Inspection Report No. 50-315, 316/97-201).  

November 26, 1997.  

2. Donald C. Cook Nuclear Plant Units land 2, Individual Plant Examination. Revision 1, October 

1995.
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21.0 LER No. 315/98-031-01 

Event Description: Potential Common Mode Failure of Residual Heat Removal 

Pumps Due to Use of Inaccurate Values 

Date of Event: June 10, 1998 

Plant: D.C. Cook, Units I and 2 

21.1 Summary of Issue 

On June 10, 1998, during a review of Westinghouse Nuclear Safety Advisory Letter (NSAL) 98-002, 

engineers determined that the residual heat removal (RHR) pump minimum flow (miniflow) controls for 

both units had a potential design deficiency. According to the NSAL, during a loss-of-coolant accident 

(LOCA) of a size to allow the RHRILow Head Safety Injection pumps to inject into the reactor coolant 

system (RCS) at less than required miniflow, the miniflow valves might cycle repeatedly from open to 

close until the valves or the valve motors failed. If the failed valves prevented adequate miniflow, the 

associated RHR pumps could fail.  

To prevent valve cycling, it is necessary to have an accurate value for the flow through the miniflow line 

to properly set the open and close setpoints. Ultrasonic flow measurement equipment was used to 

determine that actual miniflow was approximately 508 gallons per minute (gpm) for Unit 1 and 535 gpm 

for Unit 2. Once miniflow was known, it was possible to review historical miniflow instrument 

calibration data and determine if cycling could have occurred in the past. The review showed that the 

open and close setpoints, with flow instrumentation calibrated to the historical standards, did not have 

enough separation to prevent cycling, given the accident scenario presented in NSAL-98-002. The 

typical open setpoint was about 455 gpm, and the typical close setpoint was about 939 gpm. Calibration 

records showed that with instrument drift and uncertainty, there were periods when the setpoints did have 

enough separation to prevent cycling. Considering the as-found setpoints and instruments drifts at Cook, 

the RHR miniflow valve cycling may have occurred when the RHR flow reached the range 390-470 gpm.  

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting auxiliary feedwater (AFW). The risk significance of this issue, on its own, is below the 

threshold for a precursor.  

21.2 Modeling and Affected Sequences 

The RHR system is used for injection into the core after a LOCA. It is also used for sump recirculation.  

The degraded condition has no impact on the injection function after a large LOCA or a small LOCA.  

During a large LOCA, the reactor depressurizes rapidly and, as a result, the RHR flows are significantly 

greater than the miniflow. Therefore, RHR miniflow valves will not cycle after a large LOCA. After a 

small LOCA, the high pressure injection (HPI) pumps, rather than the RHR pumps, are used for injection.  

Therefore, the degraded condition has no impact on the injection function after a small LOCA. Only a 
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spectrum of medium LOCAs can result in injection flows that can cause valve cycling (RHR miniflow 

valve cycling can occur when the flow through an RI-IR train is within a narrow range between 390 gpm 

and 470 gpm).  

After a LOCA of any size or a feed-and-bleed cooling scenario, when sump recirculation is used, RHR 

pumps take suction from the sump and inject into the suction of the HPI pumps. During sump 

recirculation, the flow through a train may reach the range between 390-470 gpm.  

Therefore, the accident sequences of interest are: 

Sequence 1: Medium LOCA and loss of iniection 

"* Medium LOCA occurs; 

"* Injection from RHR fails due to RHR pump failures caused by mini-flow valve recycling; and 

"* Injection from high pressure injection (UPI) pumps fail.  

Sequence 2: Any size LOCA and sump recirculation fails 

"* Any size LOCA occurs; 

"* RCS pressure is such that flow through a train of RH-R is between 390 gpm and 470 gpm; 

"* Flow instrument drift causes valve cycling; 

"* Valve fails in closed position; 

"* One RIHR train fails due to valve cycling; and 

"* Second RHR train fails due to random failure or due to valve cycling.  

Sequence 3: Feed-and-bleed scenario occurs and sump recirculation fails 

"* Feed-and-bleed scenario occurs; 

"* RCS pressure is such that flow through a train of RHR is between 390 gpm and 470 gpm; 

"* Flow instrument drift causes valve cycling; 

"* Valve fails in closed position; 

2
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"* One RHR train fails due to valve cycling; and 

"* Second RHR train fails due to random failure or due to valve cycling.  

21.3 Frequencies, Probabilities, and Assumptions 

Sequence 1: Medium LOCA and loss of iniection 

" Medium LOCA occurs - Using Rates of Initiating Events at US. Nuclear Power Plants: 1987-1995 

(Ref. 2, Table 3.3), the frequency of a medium LOCA is 4 x 10' per year. Even though the flow to 

RCS will be within the 390-470 gpm range for a fraction of medium LOCAs, conservatively, it is 

assumed that the RHR flow is between 390-470 gpm for all medium LOCAs.  

"* Injection from RHR fails due to RHR pump failures caused by mini-flow valve recycling - For this 

sequence, the probability of this failure is conservatively assumed to be 1.0.  

"* Injection from high pressure injection (HPI) pumps fail - Using the Cook Standardized Plant Analysis 

Risk (SPAR) model, the HPI failure probability is approximately I x 10'.  

Sequence 2: Any size LOCA and sump recirculation fails 

"* Any size LOCA occurs - Using the frequencies associated with large pipe break (5 x 10'), medium 

pipe break (4 x 10), small pipe break (5 x 104), stuck open power-operated relief valve (1 x IV), 

stuck open code safety valve (5 x 10-3), and reactor coolant pump seal LOCA (2.5 x 103), the total 

frequency of a LOCA of any size is approximately 9 x 103/critical year (Ref. 2, Table 3-1). This 

total frequency is dominated by the frequency of small LOCAs. As discussed in section 27 (write up 

of Issue #27), only a small fraction of small LOCAs will demand sump recirculation. Using 

operating experience, this fraction has been estimated to be 0.08. Therefore, total frequency of 

LOCAs that require sump recirculation for mitigation is 7.2 x I 04/critical year 

"* RCS pressure is such that flow through a train of RHR is between 390 gpm and 470 gpm - The RCS 

pressure when the sump recirculation is established will determine the flow through the RHR pumps.  

If the initiator was a large LOCA, the RCS would have been fully depressurized and the valve cycling 

cannot occur. For medium LOCAs, if the RCS pressure was low enough to prevent valve cycling 

during an injection phase (the case of recycling while injection continues is discussed in Sequence 1), 

since RCS pressure gradually decreases with continued injection, the RCS pressure will be low 

enough to prevent cycling during the sump recirculation phase. For small LOCAs, since the 

operators will be cooling down using AFW, unless the AFW system fails, the RCS pressure will be 

low enough to prevent valve recycling. According to the Cook SPAR model, the probability of all 

AFW failure is 1.1 x 104.
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" Flow instrument drift causes valve cycling - Unless the instrument drifts and setpoints have resulted 

in causing a critical range in which the valves are prone to cycling, the `valve cycling cannot occur.  

The information provided in the LER is not sufficient to calculate this probability. Therefore, the 

probability of this event is conservatively assumed to be 1.0.  

"* Valve fails in closed position - When the miniflow valve fails, it may fail in closed or open position.  

The pump fails if and only if the miniflow valve fails in the closed position. Therefore, this event is 

assigned a probability of 0.5.  

"* One RH-IR train fails due to valve cycling - When the miniflow valve fails closed, the RHR pump will 

continue to run with less than minimum flow. Since valve cycling would not have occurred with 

flows below 390 gpm, when the minimum flow valve fails, the flow through the RHR pump will be at 

least 390 gpm. According to Reference 1, Westinghouse had informed the licensee that the miniflow 

requirement at another nuclear power plant was approximately 330 gpm. Therefore, it is reasonable 

to believe that the RHR pumps at Cook can survive flows at 390 gpm, even though the vendor 

manual requires a 500 gpm miniflow. Therefore, the probability of this event is determined to be 

"Low." 

"* Second RI-JR train fails due to random failure or due to valve cycling - Even though there is some 

potential for common cause failure, the second RHR train will not fail exactly at the same time as the 

first RHR train failing due to valve cycling. Failure of one train will decrease the RCS pressure, and 

that would result in an increase in the RHR flow from the RHR train that is not running. As a result, 

when one RHR train fails, the cycling of the miniflow valve in the other RHR train will stop. As a 

result, the second RHR train will not fail exactly at the same time as the first RHR train failing due to 

valve cycling. However, that train may fail due to other random failures. To account for the CCF 

potential and the random failure, a probability of 0.1 is assigned to this event.  

Sequence 3: Feed-and-bleed scenario occurs and sump recirculation fails 

"* A feed-and-bleed scenario occurs - Rates of Initiating Events at U.S. Nuclear Power Plants: 1987

1995 (Ref. 2, Table 3.3) indicates that the frequency of a loss of offsite power is 0.046/critical year; 

the frequency of a total loss of feedwater flow is 0.085/critical year; and the frequency of a total loss 

of condenser heat sink events (power conversion system) is 0.12/critical year. This adds up to a total 

frequency of 0.25/critical year. From the Cook SPAR model, the failure probability of the AFW 

system is 1.1 x 10'. Therefore, the frequency of feed-and-bleed events requiring recirculation is 1.1 

x 10' times 0.25, or about 2.8 x 10'. This frequency is negligible compared to the LOCA events 

frequency.  

"* RCS pressure is such that flow through a train of RHR is between 390 gpm and 470 gpm - Since the 

AFW is already failed, the probability of this event is conservatively assumed to be 1.0.
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"* Flow instrument drift causes valve cycling - Unless the instrument drifts and setpoints have resulted 

in causing a critical range in which the valves are prone to cycling, the valve cycling cannot occur.  

The information provided in the LER is not sufficient to calculate this probability. Therefore, the 

probability of this event is conservatively assumed to be 1.0.  

" Valve fails in closed position - When the miniflow valve fails, it may fail in a closed or open position.  

The pump fails if and only if the miniflow valve fails in the closed position. Therefore, this event is 

assigned a probability of 0.5.  

"* One RHR train fails due to valve cycling - When the miniflow valve fails closed, the RHR pump will 

continue to run with less than minimum flow. Since valve cycling would not have occurred with 

flows below 390 gpm, when the minimum flow valve fails, the flow through the RHR pump will be at 

least 390 gpm. According to Reference 1, Westinghouse had informed the licensee that the miniflow 

requirement at another nuclear power plant was approximately 330 gpm. Therefore, it is reasonable 

to believe that the RHR pumps at Cook can survive flows at 390 gpm, even though the vendor 

manual requires a 500 gpm miniflow. Therefore, the probability of this event is determined to be 

"Low." 

"* Second RHR train fails due to random failure or due to valve cycling - Even though there is some 

potential for common cause failure, the second RHR train will not fail exactly at the same time as the 

first RHR train failing due to valve cycling. Failure of one train will decrease the RCS pressure, and 

that would result in an increase in the RHR flow from the RHR train that is not running. As a result, 

when one RHR train fails, the cycling of the miniflow valve in the other RHR train will stop. As a 

result, the second RHR train will not fail exactly at the same time as the first RI-ER train failing due to 

valve cycling. However, that train may fail due to other random failures. To account for the CCF 

potential and the random failure, a probability of 0.1 is assigned to this event.  

21.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the sequence depends on the resolution of other issues affecting AFW. To 

provide perspective on this sequence the following information is provided.  

If the resolution of other issues results in no significant changes to the issues affecting AFW, the change 

in core damage frequency would be: 

Sequence I 

(Frequency of medium LOCA: 4.0 x I 05/critical year) x 

(Criticality factor: 0.79 critical years/reactor calendar year) x 

(Probability of failure of injection from RHR: 1.0) x 

(Probability of HPI failure: I x 10") = 3.2 x I0 8/year.  

Sequence 2 
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(Frequency of LOCAs that require sump recirculation: 7.2 x 10") x 

(Criticality factor: 0.79 critical years/reactor calendar year) x 

(Probability that the RCS pressure is such that flow through a train of RHR is between 390 gpm and 470 

gpm: 1.1 x 10") x 
(Flow instrument drift causes valve cycling: 1.0) x 

(Valve fails in closed position: 0.5) x 
(One RHR train fails due to valve cycling: Low) x 

(Second RHR train fails due to random failure or due to valve cycling: 0.1) =3.1 x 10-9 x a low probability 

Sequence 3 
(Frequency of a feed-and-bleed cooling scenario: 2.8 x 10"') x 

(Criticality factor: 0.79 critical years/reactor calendar year) x 

(Probability that the RCS pressure is such that flow through a train of RHR is between 390 gpm and 470 

gpm: 1.0) x 
(Flow instrument drift causes valve cycling: 1.0) x 

(Valve fails in closed position: 0.5) x 

(One RHR train fails due to valve cycling: Low) x 

(Second RHR train fails due to random failure or due to valve cycling: 0.1) =1.2 x 10"` x a low 

probability 

Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor.  

21.5 References 

1. Licensee Event Report (LER) 315/98-031, Rev. 1, "Potential Common Mode Failure of Residual 

Heat Removal Pumps Due to Use of Inaccurate Values," December 11, 1998.  

2. J. P. Poloski, et. al., Rates of Initiating Events at US. Nuclear Power Plants: 1987-1995, 

NUREG/CR-5750, February 1999.
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22.0 LER No. 315/98-058 

Event Description: High Energy Line Break Affects on the Auxiliary Feedwater 

Instruments 

Date of Event: November 16, 1998 

Plant: D. C. Cook, Unit 1 

22.1 Summary of Issue 

According to LER 315/98-058 (Ref. 1), during a design review of the auxiliary feedwater (AFW) system, 

a request was made to review the high energy line break (HELB) analysis for the AFW pump room 

complex. The Unit I East motor-driven auxiliary feedwater pump (MDAFP), Unit I turbine-driven 

auxiliary feedwater pump (TDAFP), Unit 2 East MDAFP, and Unit 2 TDAFP are located adjacent to 

each other and share a common hallway. The Unit 1 West MDAFP is located in the turbine building 

outside of the TDAFP and East MDAFP complex (Ref. 2, Figure 0-6). The investigation has revealed 

that no analysis could be located which evaluated the effects of the HELB on the electrical power cabling 

in the common hallway. Four valves were identified which may be rendered inoperable following a 

HELB of the 4 inch steam supply line to either TDAFP turbines. The power cabling to the four valves 

may not withstand the effects of the harsh steam-air environment. The failure of two valves would 

isolate the backup AFW supply via the emergency service water (ESW) system to the Unit 1 TDAFP and 

the East MDAFP. The other two valves are associated with the Unit 2 TDAFP. Therefore, the 

investigation concluded that this condition could lead to the failure the Unit 1 TDAFP and Unit 1 East 

MDAFP upon a HELB in the area. This could result in a failure of the Unit I AFW system to provide its 

safety function. (The Unit 2 East MDAFP would not be affected by the postulated HELB.) 

The change in core damage frequency (CDF) associated with this issue is dependent upon resolution of 

the issues affecting West MDAFP train and feed-and-bleed cooling capabilities. The risk significance of 

this issue, on its own, is below the threshold for a precursor. Several other HELB scenarios which are 

more risk significant are discussed under issue # 53 and issue #122 of Appendix A.  

22.2 Modeling and Affected Sequences 

The safety significance of this condition was evaluated for Unit I considering the loss of the TDAFP and 

a single MDAFP due to a HELB in a TDAFP room. The HELB causes the loss of TDAFP due to loss of 

steam supply. One MDAFP becomes unavailable if supply water from ESW is required. ESW supply is 

necessary if the condensate storage tank (CST) depletes, the makeup water system fails to refill the CST, 

and the cross-tie from Unit 2 CST fails. However, for conservatism, the MDAFP is assumed to fail due 

the harsh environmental conditions in the adjacent TDAFP room. The second MDAFP will fail as a 

result of a random failure.  
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The CDF sequences associated with earthquakes were not considered since an earthquake of a magnitude 

to cause a break in the (Category 1) TDAFP steam supply line and one train of the MDAFP will fail the 

second train of the MDAFP as well. Therefore, the change in CDF would be zero.  

The sequence of interest is: 

"* An HELB to the TDAFP turbine steam supply line located inside the TDAFP room (either unit) 

occurs; 

"* A reactor trip with a subsequent loss of main feedwater occurs; 

"* AFW fails (TDAFP fails due to HELB. The Unit 1 East MDAFP fails due to adverse environmental 

conditions. The Unit 1 West MDAFP fails due to random failures); and 

"* Feed-and-bleed cooling fails.  

22.3 Frequencies, Probabilities, and Assumptions 

* An HELB to the TDAFP turbine steam supply line located inside the TDAFP pump room (either unit) 

occurs - Rates of Initiating Events at U.S. Nuclear Power Plants: 1987-1995 (Ref. 3) indicates that 

the industry average frequency for an HELB anywhere in one unit is 1.3 x 10-2 events per critical 

year. The length of high pressure steam piping between the two units is approximately 2000 feet of 

which about 20 feet is located in the area of concern.' Since the initiating event can occur on the 

TDAFP steam supply line in either unit, the initiating event frequency of a HELB to a TDAFP steam 

supply line in either unit is 2.6 x 104/critical year [(20/2000) x (1.3 x 10-2) x (2)]. When adjusted by 

the average criticality factor of 0.79 for Cook Unit 1 (Ref. 3, Table H-3) the initiating event 

frequency is 2.0 x 10"4/reactor calendar year (2.6 x 10' x 0.79).  

0 A reactor trip with a subsequent loss of main feedwater occurs - The probability of an automatic 

reactor trip occurring may not be very likely unless the HELB is quite large. However, in order to 

minimize the safety hazard of an HELB, the probability that the operators would manually trip the 

reactor would be high. The probability of a reactor trip (either manual or automatic) is considered to 

be 1.0.  

Given a reactor trip due to a HELB, it would be expected that the plant would experience fluctuations 

in the water level in the steam generators. For conservatism, it was assumed that this would result in 

loss of main feedwater. Consequently, the probability of a reactor trip with a subsequent loss of main 

feedwater occurring was assumed to be 1.0 (upper-bound).  

SThe length of high pressure steam piping was provided by the licensee.
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* AFW fails (TDAFP fails due to HELB. The Unit 1 East MDAFP fails due to harsh environmental 

conditions. The Unit I West MDAFP fails due to random failures) - Given that a HELB in the 

steam supply line has occurred to the TDAFP train, the failure probability for this train is 1.0. For 

conservatism, the East MDAFP is assumed to fail due to the harsh environmental conditions in the 

pump room. Therefore, the failure probability for this train is 1.0. From the Cook standardized plant 

analysis risk (SPAR) model, the failure probability of the West MDAFP train is 4.3 x 10'.  

Therefore, the failure probability of the AFW system is 4.3 x 10'. However, a number of issues that 

can potentially affect West MDAFP train must be resolved in order to assess this probability.  

* Feed-and-bleed cooling fails - From the Cook SPAR model, the overall failure probability of feed

and-bleed cooling is 2.9 x 10-2. However, a number of issues that can potentially affect feed-and

bleed cooling must be resolved in order to assess this probability.  

22.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the sequence depends on the resolution of other issues affecting West 

MDAFP train and feed-and-bleed cooling capabilities. To provide perspective on this sequence the 

following information is provided.  

If the resolution of issues results in no significant changes to the West MDAFP train and feed-and- bleed 

failure probabilities, the change in core damage frequency would be: 

(Frequency of a HELB to a steam supply line in either unit: 2.0 x 10"/year) x 

(Probability of reactor trip: 1.0) x 

(Probability of AFW failure given the failure of the TDAFP and one MDAFP: 4.3 x 10' ) x 

(Probability of feed-and-bleed cooling failure: 2.9 x 10-2) = 2.5 x 104/year.  

Therefore, The risk significance of this issue, on its own, is below the threshold for a precursor.  

22.5 References 

1. LER 315/98-058, Rev. 0, "Postulated High Energy Line Break Could Result in Condition Outside 

Design Bases for Auxiliary Feedwater," December 16, 1998.  

2. Donald C. Cook Units 1 and 2 Updated Final Safety Analysis Report.  

3. J. P. Poloski, et. al., Rates of Initiating Events at US. Nuclear Power Plants: 1987-1995, 

NUREG/CR-5750, February 1999.
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23.0 AFW System SSFI-Licensee Self Assessment: Finding A.1.1 1-7 

Event Description: Impact of the CST floating bladder design on NPSH 

calculations 

Date of Event: November 1998 

Plant: D. C. Cook, Units I and 2 

23.1 Summary of Issue 

A safety system function inspection (SSFI) performed by Duke Engineering and Services (Ref. 1) 

documented that station personnel were unable to supply documentation that evaluated the effect the 

floating bladder design would have on auxiliary feedwater (AFW) net positive suction head (NPSH).  

Specifically, the inspection team was concerned about the condition that would arise after the floating 

bladder becomes stationary and before emergency service water (ESW) switch-over as it pertains to 

vortex formation. This finding documents the inability to locate design documentation (as part of 10 CFR 

50, Appendix B quality assurance criteria).  

The condensate storage tank (CST) design at D. C. Cook has a diaphragm across the diameter of the tank.  

The diaphragm consists of a circular solid piece of aluminum surrounded by a "bladder" which is 

attached to the perimeter of the tank and the circular "roof." At the center of the roof is a 6-inch vent, as 

shown in Figure 1. The roof floats on top of the water to provide a barrier to oxygen. As the CST 

empties during AFW operation, the floating roof follows the water level and then becomes stationary at a 

point before the bottom of the tank.  

The issue postulates a concern with a partial vacuum being formed between the floating roof and the 

water surface after the roof becomes stationary. This vacuum is postulated be formed due to the under 

sizing of the vent opening in the floating roof.  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

23.2 Modeling and Affected Sequences 

A review of the theory of compressible fluid dynamics shows that this issue lacks sound technical basis to 

support the increase in the probability of failure of the AFW system due to insufficient CST venting. As 

the water level decreases, the volume of water being displaced by the AFW suction will be filled with air 

from the vent in the floating roof. Simple engineering calculations show that the velocity of air through 

the 6-inch diameter vent would be around Mach 0.02 at design rated AFW system flow of 2000 gpm.  

Since the air flow is much less than the critical flow rate for air, the outside air flowing through the vent

I



AFW System SSFI-Licensee Self Assessment: Finding A.1.1 1-7 

would be able to fill the void created by the decreasing inventory. Therefore, no measurable vacuum 

would be formed.  

Therefore, no core damage sequences increased in frequency as a result of this condition.  

23.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increased in frequency, frequencies and probabilities were not 

calculated.  

23.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences increased in frequency as a result of this condition. Therefore, the change in 

core damage frequency was determined to be zero.  

23.5 References 

1. Duke Engineering & Services, Auxiliary Feedwater System Safety System Functional Inspection 

(SSFI) Self Assessment, November 1998.
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Figure 1 
Condensate Storage Tank Diagram
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24.0 AFW System SSFI-Licensee Self Assessment: Finding A.1.1 I-1 

Event Description: The floating bladder inside the condensate storage tank was 
degraded 

Date of Event: November 1998 

Plant: D. C. Cook, Units I and 2 

24.1 Summary of Issue 

A safety system function inspection (SSFI) performed by Duke Engineering and Services (Ref. 1) 
documented a concern that the degradation condition of the bladder seal inside the condensate storage 
tank (CST) may impact the auxiliary feedwater (AFW) system if large (or voluminous) pieces of debris 

become ingested in the CST prior to or during an accident.  

The CST design at D. C. Cook has a diaphragm across the diameter of the tank. The diaphragm consists 
of a circular piece of aluminum surrounded by a "bladder" which is attached to the perimeter of the tank 
and the circular "roof." As the CST empties during AFW operation, the floating roof follows water level 

and then becomes stationary at a point before the bottom of the tank. Figure 1 in Issue #23 provides a 

diagram of the CST with the floating roof.  

During an inspection of the CST, station personnel found a piece of bladder of approximately one square 

foot resting at the bottom of the tank. The issue postulates a concern that multiple pieces may fall into the 

water and be ingested into the AFW system, causing all three pump suction strainers to plug.  

The change in core damage frequency associated with this issue is negligible, and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 
analysis.  

24.2 Modeling and Affected Sequences 

In order for a hypothetical degraded CST floating bladder to cause core damage, the following sequence 
must occur: 

"* Several large pieces or voluminous smaller pieces must break away from the bladder during an AFW 

system demand.  

"* The number and size of the pieces must be sufficient to plug the suction strainers to all three AFW 

pumps. Based on Reference 1, only one large piece was found on the tank bottom. Therefore, the 

specific weight of the bladder material must be greater than water. Pieces that fall into the water 

prior to AFW actuation will have time to sink to the bottom. Since the CST outlet pipe to the AFW 
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system is located 18 inches above the bottom of the tank, pieces laying on the bottom pose little threat 

of being raised off the bottom and being transported into the pipe opening.  

"* Sufficient number of pieces of bladder must flutter toward the center of the tank and get swept into 

the vortex. The bladder is located at the perimeter of the tank, and the outlet pipe is located at the 

center. Conditions where pieces are swept toward the tank center are smaller when the CST level is 

high due to a smaller vortex motion. If pieces break off when the tank level is low, the length of time 

that the pieces can flutter toward the center and get caught in a stronger vortex would be reduced.  

Further, the decay heat level would be reduced several hours after event initiation, prompting a 

reduction in AFW flow. This will reduce the strength of the vortex when the CST level is low.  

" Sufficient number of pieces must be distributed among all three pump suction strainers. The pieces 

must flow from the single CST outlet piping into three suction piping segments. Each AFW pump 

has a suction strainer which must be plugged by a large piece or multiple small pieces. At lower 

decay heat levels (less than one hour after a reactor trip), one AFW pump has the capacity to provide 

adequate flow to the steam generators.  

" All pumps must fail prior to residual heat removal system initiation. However, if the plant remains in 

hot standby or shutdown, then a longer opportunity exists for all three strainers to collect debris.  

"* Backup capabilities for core heat removal must fail. These capabilities include the cross-tie of either 

motor-driven AFW pump from the other plant unit and bleed/ feed cooling.  

In addition to the above, a study that investigated operating experience related to AFW (Ref. 2), using 

industry data from 1987-1995, did not show any failures as a result of a degraded bladder. In 

consideration of all of the events that must occur, it is concluded that in comparison to the probability of 

other common cause failures of the AFW system, the probability of failing the CST due to a failed 

bladder plugging up all AFW pump train strainers is determined to be negligible. Therefore, no core 

damage sequences increased in frequency as a result of this condition.  

24.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increased in frequency, frequencies and probabilities were not 

calculated.  

24.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.
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24.5 References 

1. Duke Engineering & Services, "Auxiliary Feedwater System Safety System Functional Inspection 

(SSFI) Self Assessment," November 1998.  

2. J.P. Poloski, et. al., "Reliability Study: Auxiliary/Emergency Feedwater System," NUREG/CR-5500.  

Vol. 1, August 1998.
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25.0 AFW System SSFI-Licensee Self Assessment: Finding A.1.1 I-1 

Event Description: Lack of direct freeze protection for the condensate storage tank 

Date of Event: November 1998 

Plant: D. C. Cook, Units 1 and 2 

25.1 Summary of Issue 

A safety system function inspection (SSFI) performed by Duke Engineering and Services (Ref. 1) 

identified that there was no direct freeze protection for the condensate storage tank (CST). The report 

indicates that "station personnel have reported that the bladder appears to be waterlogged. Since the 

bladder is exposed to outside air temperatures, there is a potential to freeze the bladder in place. It's also 

possible to freeze the vents." The condition was considered as an issue since the operators did not have 

the capability to monitor the CST temperature.  

Section 10.5.1.2 in the Cook Updated Final Safety Analysis Report (UFSAR) (Ref. 2) states that the 

500,000 gallon CST "floats" on the condensate system to maintain proper inventory by accommodating 

changes arising from thermal effects on cycle inventory and cycle losses. Make-up to the system is 

added to the condenser, and excess is removed to the condenser storage tank via the hotwell pump 

discharge header.  

The change in core damage frequency associated with this issue is negligible, and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

25.2 Modeling and Affected Sequences 

It is postulated that the lack of freeze protection in the CST will result in the formation of an air-tight ice 

plug at the top of the tank during a plant outage in subfreezing weather. If the main feedwater system is 

lost as a result of the transient that causes a reactor trip, then only the auxiliary feedwater (AFW) system 

is available to feed the steam generators. The condition postulated affects the operability of the AFW 

system due to the decrease in the net positive suction head (NPSH) of the AFW pumps caused by the 

formation of a partial vacuum in the vapor space between the ice plug and water surface. This condition 

will result in low pump suction pressure alarms, followed by pump cavitation if system operation 

continues. If the vacuum inside the tank persists, the CST will reach minium NPSH level at much higher 

indicated water level.  

For this postulated event to occur, the following conditions must exist: (1) the tank must be exposed to 

freezing conditions for a period of time; (2) the power conversion system must be shutdown where warm 

condenser hotwell water is not being exchanged with the CST; (3) the ice plug (including the bladder) 
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must be frozen in-place against the tank wall; (4) the ice plug must have a sufficient strength (i.e., 

thickness) to withstand the loads created by the differential pressure created by the partial vacuum in the 

vapor space; and (5) a loss of main feedwater must occur during the first few days after an outage.  

The results of a review of operating experience at Cook and the review of the physical properties of ice 

do not support the increase in the probability of failure of the AFW system due to the lack of freeze 

protection of the CST tank for the following reasons: 

"* A recent NRC risk study on the unreliability of AFW systems in U.S. power plants (Ref. 3) did not 

identify any events in the 1987-1995 operating experience relating to ice formation in the CST that 

would prevent the AFW system in performing its design function.  

"* A search of the SCSS database (Ref. 4) for the period 1985-1998 yielded no licensee event reports 

(LERs) reporting problems related to ice formation in a CST.  

"* A review of the NRC performance indicator reports (Ref. 5) and the historical temperatures around 

Cook from the National Weather Service (Ref. 6) for the time period November 1991 through March 

1997 show: 

- Unit I had no scheduled or unscheduled outages during cold weather months (November 

through March).  

Unit 2 had two unscheduled outages (5-day and 11-day) and one refueling outage during 

winter weather conditions with the potential for ice formation in the CST during shutdown.  

However, the daily mean temperatures varied between mid-20s to mid-30s during each of 

these outages. The combination of outage times and mild freezing temperatures during these 

outages would only result in a thin ice cover at the top of the CST, if any.  

" The ice engineering manual from the U. S. Army Corps of Engineering Cold Regions Research and 

Engineering Laboratory (Ref. 7) indicates that an ice thickness of several feet would be necessary to 

support the kind of loads being pushed down on the ice plug during the postulated formation of a 

vacuum. Specifically, for a 25-foot diameter tank, a force equivalent to 400 tons would be generated 

by a partial vacuum of 14 psi between the rigid, stationary ice plug and the water surface. From Ref.  

7, the bearing capacity of a sheet of ice that can support 400 tons would be about seven feet thick.  

Recognizing differences between a small diameter ice plug that could form in a CST and freshwater 

ice sheets used to support vehicles on lakes and rivers, this example illustrates the ice thickness 

needed to support the loads postulated in the CST. The temperature and exposure time needed to 

form a rigid ice plug could not have occurred during the three outages. If an ice plug did form, the 

movement of the ice plug due to the loads would break any vacuum during the postulated scenario.  

Therefore, no core damage sequences increased in frequency as a result of this condition.  
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25.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increased in frequency, frequencies and probabilities were not 

calculated.  

25.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences increased in frequency as a result of this condition. Therefore, the change in 

core damage frequency was determined to be zero.  

25.5 References 
I. Duke Engineering & Services, "Auxiliary Feedwater System Safety System Functional Inspection 

(SSFI) Self Assessment," November 1998.  

2. Donald C. Cook Nuclear Power Plant, Units 1 and 2, Updated Final Safety Analysis Report.  

3. J. P. Poloski, et. al., Reliability Study. Auxiliary/Emergency Feedwater System, 1987-1995, 

NUREG/CR-5500, Vol. 1. August 1998.  

4. Sequence Coding and Search System for Licensee Event Reports: User's Guide, NUREG/CR-3905, 

August 1984.  

5. U.S. Nuclear Regulatory Commission, Performance Indicators for Operating Commercial Nuclear 

Power Reactors, Data Through September 1997, NUREG- 1187, Vol. 1, January 1998.  

6. National Weather Service National Climate Data Center historical database, located on 

http://www.ncdc.noaa.gov/cgi-bin/res40.pl?page=climvisgsod.html.  

7. U.S. Army, Ice Engineering, Engineer Manual, EM- 1110-2-1612, 1982.
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26.0 LER No. 315/97-017-01 and 316/97-005-01 

Event Description: Vortexing in Containment Sump Leading to the Failure of 
RHR Pumps 

Date of Event: October 8, 1997 

Plant: D.C. Cook Units I and 2 

26.1 Summary of Issue 

Several conditions identified at D.C. Cook (Ref. 1) indicated the possibility of reducing the amount of 

water available in the containment sump. A reduced water level in the sump can lead to either net 

positive suction head (NPSH) problems or air entrainment problems (due to vortexing) for the residual 

heat removal (RHR) pumps. Figure 1 shows the different elevations that are referred to in the text and 

the relative location of the RHR suction pipe with respect to those elevations. Note that the sump level 

required by design basis to ensure against NPSH problems as well as the vortexing problems is 602'- 10." 

Issues related to premature termination of iniection from RWST 

Several issues discovered at Cook showed the possibility for premature termination of injection from the 

refueling water storage system (RWST) to the reactor coolant system (RCS) during a loss-of-coolant 

accident (LOCA). During the injection phase, water in the RWST is transferred from the RWST to the 

containment via the RCS. At D.C. Cook, when the RWST level decreases to the low alarm setpoint 

(nominally 32.23% of span), the operators start transferring from injection to containment sump 

recirculation. Therefore, at least 68% of the RWST inventory of 350,000 gallons will be available in the 

containment sump when the RHR pumps start taking suction from the containment. However, four issues 

associated with the RWST level indication can result in termination of injection at a point much higher 

that 32.23%. They are: (a) an error made in the setpoint calculation (friction loss calculation that did not 

incorporate the entrance loss factor); (b) a second error made in the setpoint calculation that did not 

correct for the velocity head loss correction factor in the Bernoulli equation; (c) failure to adequately 

consider the uncertainties; and (d) a drip catch installed in the 10-inch RWST overflow line that could 

result in an additional negative 8% level error due to the vacuum created inside the RWST at high flow 

rates. Preliminary investigations performed by the licensee indicated that application of errors (a), (b), 

and (c) could cause the actual RWST water level to be higher than the indicated level by approximately 

20% of instrument span (about 6 feet of level) when the flow rates from both RHR and containment spray 

(CTS) pumps are at their maximum. When combined with issue (d), the total error could be as high as 

28%. As a result, inventory transferred from the RWST to the containment could be nearly 98,000 

gallons (28% of 350,000 gallons) less than the amount anticipated to be present in the containment sump 

when sump recirculation starts. The reduction in the amount of water in the sump, can reduce the 

containment sump water level and lead to air entrainment of RHR pumps. Since all of the above errors 

are dependent upon the flow velocity, for small break LOCAs (especially those that do not require CTS), 

this issue is irrelevant.
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Issues related to diversion of water from the containment sump to the inactive containment sump 

LER 315-97-017 (Ref. 3) reported a design flaw at Cook which results in diversion of water from the 

active sump volume to inactive sump volumes. Water in the inactive volumes will not be available for 

recirculation. Figure 2 shows the location of the reactor relative to the active and the inactive 

containment sumps. Figure 3 shows how the containment spray pumps can transfer the inventory from 

the active sump to the inactive sump. Figure 4 shows the volumes in the inactive and active sumps. The 

magnitude and the nature of flow diversion paths are as follows: (a) The CTS system is designed to 

provide a flow of 300 gpm per train to spray nozzles in the accumulator/fan rooms of the containment.  

The accumulator/fan rooms are directly above the drain to the pipe annulus. (b) Inventory is lost from 

CTS to the inactive sump not only through the lower containment nozzles to the fan accumulator rooms 

but also through the upper containment nozzles down the stairwells. (c) Unsealed penetrations in the 

crane wall allow water to flow from the active sump to the passive sump. Reference 8 provides the 

elevations and effective areas of each of the penetrations. The total area of the penetrations is estimated 

to be approximately 143 square inches. The lowest penetration is at 600'-7" and has a magnitude of 6.231 

square inches. The two major penetrations are 35.579 and 57.617 square inches and they are located at 

602'-4" and 600'-10", respectively. Diversion of water from the active sump to the inactive sump can 

reduce the containment sump water level and lead to vortexing and air entrainment in RHIR pumps.  

Issues related to containment water level and containment sump level indications 

Step I of Revision 4 to the emergency operating procedure, (EOP) 01-OI-IP 4023.ES-1.3 (Ref. 4), 

instructs the operator to check whether the containment water level is greater than 15% prior to 

establishing sump recirculation. The 15% containment water level equates to an elevation of 601'-6".  

According to Reference 1, while this water level is adequate for NPSH considerations, it does not assure 

the prevention of emergency core cooling system (ECCS) pump vortex formation and air entrainment. A 

minimum containment level of 602'-10" is necessary to eliminate the likelihood of vortex formation and 

air entrainment. The 602'-10" level is named the "minimum safe level" and it was established using scale 

model testing in 1977, when both RHR and CTS pumps were operated at run out flows. After including 

instrument uncertainties, this relates to a 29% containment water level. If the containment water level has 

not reached 15%, the procedure mentioned above would allow the operators to start establishing sump 

recirculation if the containment sump level was greater than 97%. This equates to an approximate 

elevation of 599'-4", which is nearly 3' below the level required to prevent vortexing and air entrainment.  

As a result, during an event, the operators may start the RHR pumps prematurely and create vortexing 

and air entrainment. Therefore, at large RHR and CTS flows, this cautionary statement in the EOP 

cannot be credited as a defense against vortexing in the containment sump. For small break LOCAs, 

since the combined RHR and CTS flows are much less than the total pump run out flows, this issue is 

irrelevant.  

The Froude number is indicative of the potential for vortexing. This number is proportional to the flow 

velocity and inversely proportional to the square root of the elevation difference between the pump 

suction and the free surface. For example, if the flow velocity is reduced by a factor of two, the elevation 
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difference needed to avoid vortexing can be reduced by a factor of 4. Therefore, for small (or even most 

medium) breaks, this issue is irrelevant.  

Issues related to the ice mass 

The inspections at Cook revealed a large number of issues related to the mass of ice in the ice condensers.  

If there was a significant reduction in the mass of ice in the ice condensers in the "as-found" condition, 

that could have impacted the sump water level after a LOCA. However, based on communications with 

the licensee (Paul Schoepf, August 9, 1999), it was found that the ice mass in the as-found condition was 

not significantly less than the technical specification requirement. Note that non-QA/crude estimates of 

ice weights were 2.71E6 lbs for Unit I and 2.83E6 lbs for Unit2. The technical specification requirement 

in the as-found condition was 2.3 7E6 lbs. Even if the absolute values were significantly (e.g., 10%) 

lower than these crude estimates, the risk analysis would still be unaffected. Therefore, the issues 

relating to ice mass are ignored in the risk analysis in all LOCA and feed-and-bleed sequences.  

The changes to the core damage frequency (CDF) associated with the issues discussed above depend on 

the impact of other issues on the RHR cooling and auxiliary feedwater (AFW) capabilities. The CDF 

associated with the issues discussed above is summarized in Table 1. Table I summarizes the initiating 

event frequencies of initiators that are affected by the debris in the sump, products of known probabilities 

and the frequency for each initiator, summary of qualitative assessment of the unknown probability, and 

the expected change in CDF for each initiator. Overall, the total CDF change associated with the issues 

identified above is less than I x 10'/Year. Therefore, the risk significance of this issue, on its own, is 

below the threshold for a precursor.  

26.2 Modeling and Affected Sequences 

The RHR pumps may vortex and entrain air if they are started when the sump inventory is inadequate.  

Even if the pumps are successfully started, if the event requires containment spray, that spray pump may 

gradually divert flow from the active sump to the inactive sump. As a result, air entrainment may occur 

during late stages of sump recirculation. Any LOCA or feed-and-bleed scenario may require sump 

recirculation. Therefore, the following core damage sequences are considered: 

Sequence 1 - Small LOCA (Stuck open PORVs or SRVs, RCP seal LOCAs. Small Dine breaks) or Feed

and-bleed cooling - Early failure of sump recirculation 

"* Small LOCA or feed-and-bleed cooling occurs; 

"* Sump recirculation is required due to inability to depressurize RCS and establish RHR cooling; 

"* Operator starts RHR pump even if the sump level is less than 15% of containment water level or 97% 

of containment sump level; 

"* RHR pumps entrain air due to vortexing when pumps start; and 

"* RHR pumps fail due to vortexing
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Sequence 2 - Small LOCA (Stuck open PORVs or SRVs. RCP seal LOCAs. Small pipe breaks) or Feed

and-bleed cooling- Late failure of sump recirculation 

"* Small LOCA or feed-and-bleed cooling occurs; 

"* Sump recirculation is required due to inability to depressurize RCS and establish RHR cooling; 

"* RHR pumps entrain air due to vortexing during long term operation; and 

"* RHR pumps fail due to vortexing.  

Sequence 3 - Medium LOCA - Early failure of sump recirculation 

"* Medium LOCA occurs; 

" Operator starts RHR pump even if the sump level is less than 15% of containment water level or 97% 

of containment sump level; 

"* RHR pumps entrain air due to vortexing when the pumps start; and 

"* RHR pumps fail due to vortexing 

Sequence 4 - Medium LOCA - Late failure of sump recirculation 

"* Medium LOCA occurs; 

"* RI-IR pumps entrain air due to vortexing during long term operation; and 

"* RHR pumps fail due to vortexing.  

Sequence 5 - Large LOCA - Early failure of sump recirculation 

"* Large LOCA occurs; 

" Operator starts RHR pump even if the sump level is less than 15% of containment water level or 97% 

of containment sump level; 

"* RHR pumps entrain air due to vortexing when the pumps start; and 

"* RHR pumps fail due to vortexing.  

Sequence 6 - Large LOCA - Late failure of sum recirculation.  

"* Large LOCA occurs; 

"* RHR pumps entrain air due to vortexing during long term operation; and 

"* R.HR pumps fail due to vortexing.  

26.3 Frequencies, Probabilities, and Assumptions 

Three analyses, two of which were performed by vendors sponsored by the licensee (Ref. 8, 9) and the 

third analysis paid for by NRC (Ref. 10), provide the basis for many of the probabilities discussed in this 

section.  
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Reference 8 is a MAAP4 analysis performed to determine the active sump conditions during a cold leg 

recirculation following a double ended cold leg LOCA. Using an RWST inventory of 350,000 gallons 

and an initial ice mass of 2.43E6 Ibs, and factoring in communications between the active and the inactive 

sumps below the 602'-10" level, the active sump level was determined to be 9.5 feet at the beginning of 

the switchover to recirculation. The calculation showed that the level would increase to 11 feet by the 

time switchover is complete. The long term equilibrium level in the active sump is 7.8 feet. The 

elevation 598'-9 3/8" is treated as the zero level. Therefore, the design basis required level (602'-I0") 

equates to approximately 4 feet. This calculation used the original sump recirculation procedure that had 

errors which could result in premature termination of injection from RWST during a design basis LOCA.  

In conclusion, the analysis demonstrated that in spite of the several errors in the RWST level setpoints, 

during a design basis LOCA, the active sump water level would have been well above the required limit 

of 602'- 10" during the early and late phases of a large LOCA.  

Reference 9 is a Fauske & Associates (FAI) calculation. This study showed that under design basis large 

break LOCA and a spectrum of small break LOCAs, a proposed increase in total mass together with other 

existing water sources would provide sufficient water in the sump. Even though the calculations were 

performed with a proposed increase in the mass of ice rather than the mass of ice required by current 

technical specifications, the calculations can be applicable to the "as-found" condition due to the 

following. At the time of plant shutdown, the technical specifications required the ice weight to be 

2,371,451 lbs. The proposed increase would require 2,590,000 lbs of ice. However, note that a non-QA 

crude estimate of the weight of ice in the condenser showed 2.71E6 lbs of ice in Unit 1 and 2.85E6 lbs of 

ice in Unit 2. Since the weight of ice in the "as-found" condition exceeds the proposed ice mass, 

calculations in Reference 9 have applicability to the "as-found" condition.  

Reference 10 is a calculation performed by Science and Engineering Associates (SEA) for NRC. This 

report provides results for two analyses; a 2 inch pipe break and a 6 inch pipe break. The 6-inch 

scenarios showed that the containment water level would stay well above the minimum safe level, even in 

the calculation that assumed the most conservative ice melt parameters. The limiting 2 inch break 

showed that under conservative assumptions (no accumulator injection, break is in the annulus, CTS 

sprays operate continuously, and ice dissolves slowly), the sump level could drop 3' below the minimum 

safe level. However, the analyses concluded that this may be safe since (a) the minimum safe level was 

established for run out flows rather than the 2-inch break flows, and (b) very conservative assumptions 

were used.  

Sequence I - Small LOCA (Stuck open PORVs or SRVs, RCP seal LOCAs, Small pipe breaks) or Feed

and-bleed cooling- Early failure of sump recirculation 

Small LOCA or feed-and-bleed cooling occurs - Rates of initiating Events at U.S. Nuclear Power 

Plants: 1987-1995 (Ref. 4) indicates that the frequency of small LOCAs (includes stuck open PORVs 

and SRVs, RCP seal LOCAs, and small pipe breaks) is 9 x 10/year. Assuming the AFW reliability 

at Cook was not significantly affected by other Cook issues related to AFW, the frequency of feed

and-bleed cooling scenario at Cook is negligible compared to the small LOCA frequency. Therefore, 
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the total frequency of small LOCAs and feed-and bleed cooling sequences is approximately 9 x 10 
3/year.  

Sump recirculation is required due to inability to depressurize and establish RHR cooling - Operating 

experience shows that during most small LOCAs, the loss of coolant rates and the condition of the 

RCS allows the operators to depressurize and use RHR cooling. During the time period 1987-1995, 

there were two stuck open SRV events (classified as small LOCAs in Ref. 4), and during both these 

events, sump recirculation was not needed (Ref. 5, 6). During the event that occurred at Fort 

Calhoun, approximately 21,500 gallons of RCS water was discharged from the RCS to the 

containment. This is much less than the discharge required to demand ECCS sump recirculation.  

During the event that occurred at Calvert Cliffs, only 5000 gallons of reactor coolant discharged to 

the containment floor. During the TMI-2 event (March 28, 1979), a stuck open PORV released 

271,000 gallons of RCS water to the sump. However, during the TAI-2 event, sump recirculation 

was not demanded.  

Two RCP seal LOCA events are discussed in Reference 4. During the 1975 May event at Robinson 

Unit 2 (no LER, page 1-3 of Ref. 4), a total of 132,500 gallons of RCS water was released to the 

containment sump before RHR cooling was established. The maximum leak rate was 500 gpm.  

During this event, the sump recirculation function was not needed. During the event at Arkansas 

Nuclear One Unit 1 (Ref. 7), approximately 60,000 gallons of water collected in the containment 

before RHR cooling was established. The maximum leak rate was 300 gpm. The containment 

pressure increased by 0.5 psi, at which time the reactor building containment coolers were put into 

service. During this event, sump recirculation was not needed.  

There have been no small pipe break LOCAs or feed-and-bleed cooling events in the industry. Feed

and-bleed cooling uses the pressurizer PORVs or SRVs to bleed RCS while injecting RCS with high 

pressure injection. At D.C. Cook, the pressurize is equipped with three PORVs that are capable of 

bleeding the RCS. Based on discussions with operations at D.C. Cook (Richard Stressed, June 30, 

1999), using simulator exercises, the feed-and-bleed cooling can depressurize the reactor prior to 

depleting the RWST. Therefore, the likelihood of cooling down the reactor with feed-and-bleed 

cooling prior to requiring sump recirculation is assumed to be equal to the likelihood during a small 

LOCA.  

Using the Bays method and zero demands for sump recirculation during 5 small LOCAs, the 

probability of requiring sump recirculation during a small LOCA is calculated to be 0.08 ('/2 events 

on 6 demands).  

* Operator starts the RHR pump even if the sump level is less than 15% of containment water level or 

97% of containment sump level - Step I of the EOP requires that the operators verify that the 

containment water level is greater than 15% or containment sump level is greater than 97% prior to 

transferring to sump recirculation. This assures at least a 599'-4" level of water in the sump. Even 

though this level is lower than the minimum safe level for RHR and CTS pump run out flows, it is 
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adequate for low flow rates experienced during small break LOCAs. Therefore, for small LOCAs, 
this procedural step can be credited as a defense.  

Assuring adequate water level in the sump is the Step 1 of the EOP. Missing Step I of an EOP is not 
likely. Reference 12 (Table 20-5) suggests 0.003 as the probability of failure to execute a step in the 
procedure.  

0 RHR pumps entrain air due to vortexing when the pumps start - Break sizes less than 2 inches are 
considered under small LOCAs. For small breaks this probability is negligible due to the following 
reasons: 

Reference 10 points out that for breaks less than 2" (Ref. 10 analyzed 1" and V2 " breaks) the sprays 
will not initiate until the ice depletes adding to the sump inventory. Without CTS, the flow rates 
could be a few 100 gpm, and, at these flow rates, the velocity dependent RWST errors are essentially 
absent. (A 2" break where the sprays initiate is discussed under medium LOCA).  

As pointed out earlier, the minimum safe level was established for the condition in which both RHR 
and CTS pumps incur run out flows. The total combined RHR and CTS flow is 15,600 gpm.  
Following a small break without CTS, the total ECCS flow rate may be a few 100 gpm (Assume 1000 
gpm). The Froude number, which is indicative of the potential for vortexing, can be used to explain 
how the flow level required to prevent vortexing varies with the flow rate (or flow velocity). The 
Froude number is proportional to the velocity and inversely proportional to the square root of the 
level difference between the pump suction and water level. At 602'-l0", the pump suction is 
approximately 6' below the minimum water level of 602'-10". When the flow rate reduces from 
15,600 to 1000 (nearly 1/16th), the level difference can reduce by a factor of 1/256 before the 
identical Froude number (and thereby the same vortexing potential) is achieved. That is, at a few 100 

gpm, having the suction pipe fully immersed may be adequate to prevent vortexing.  

RHR pumps fail due to vortexing - If the RHR pumps entrain air as a result of vortexing, they will 

not immediately fail. The pumps can run for a limited period with air entrained, and indications in 

the control room (e.g., fluctuating pump currents) may allow the operator to intervene (stop the 
pumps) and avoid pump failure. Tripping of one of two pumps may cut down the flow rate and end 
vortexing and air entrainment. This capability to recover is not credited, and it is conservatively 
assumed that the failure probability is 1.0.  

Sequence 2 - Small LOCA (Stuck open PORVs or SRVs, RCP seal LOCAs, Small pipe breaks) or Feed

and-bleed cooling- Late failure of sump recirculation 

& Small LOCA or feed-and-bleed cooling occurs - Rates of Initiating Events at U.S. Nuclear Power 

Plants: 1987-1995 (Ref. 5) indicates that the frequency of small LOCAs (includes stuck open PORVs 

and SRVs, RCP seal LOCAs, small pipe breaks) is 9 x 1 03/year. Assuming, the AFW at Cook 

reliability was not significantly affected by other Cook issues related to AFW, the frequency of feed
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and-bleed cooling scenario at Cook is negligible compared to the small LOCA frequency. Therefore, 

the total frequency of small LOCAs and feed-and bleed cooling sequences is 9 x 103Iyear.  

"* Sump recirculation is required due to inability to depressurize and establish RHR cooling - This 

probability is estimated to be 0.08. The basis for this probability is discussed under Sequence 1.  

"* RHR pumps entrain air due to vortexing during long term operation - Sequence 1 showed why the 

probability of this event is negligible for a small break LOCA at the time when RHR pumps need to 

be started to support sump recirculation. However, there is a potential for vortexing to occur in the 

long-term operation since CTS will initiate after ice depletes and start transferring water from the 

active sump to the inactive sump. Analysis of two small breaks (1" and '/2 ") documented in 

Reference 9 shows that under both these breaks, the long-term equilibrium levels will provide 

adequate sump levels to prevent vortexing. Reference 9 did not credit the penetrations in the crane 

wall that tend to equalize the water levels in the active and passive sumps when the level exceeds 

600'-7". Crediting these penetrations will make it even less likely that the active sump level fall 

below 600'-7" in the long-term. As discussed in Sequence 1, this probability is negligible, especially 

given the fact that at the low flow rates encountered, containment sump levels that are much lower 

than minimum safe level are acceptable.  

The total CTS and RHR flow can be higher during long-term since CTS may be in operation due to 

depletion of all the ice. Even if both CTS sprays operate, the total flow will be about 8000 gpm 

(about ½12 of total pump run out flows). At half of the flow velocity, the Froude number would 

indicate an allowance to drop the elevation (difference between free surface and pump suction) by a 

factor of 4. Since at 602'-10", the elevation is approximately 6', half of the flow will allow an 

elevation of 1'-6", which equates to roughly 598'-4" as the minimum safe level.  

* RHR pumps fail due to vortexing - If the RHR pumps entrain air as a result of vortexing, they will 

not immediately fail. The pumps can run for a limited period with air entrained, and indications in 

the control room (e.g., fluctuating pump currents) may allow the operator to intervene (stop the 

pumps) and avoid pump failure. Tripping of one of two pumps may cut down the flow rate and end 

vortexing and air entrainment. This capability to recover is not credited, and it is conservatively 

assumed that the failure probability is 1.0.  

Sequence 3 - Medium LOCA - Early failure of sump recirculation 

"* Medium LOCA occurs - Rates of Initiating Events at US. Nuclear Power Plants: 1987-1995 (Ref. 4) 

indicates that the frequency of medium LOCAs is 4 x I 05'/year.  

"* Operator starts the RHR pump even if the sump level is less than 15% of containment water level or 

97% of containment sump level - Step 1 of the EOP requires that the operators verify that the 

containment water level is greater than 15% or containment sump level is greater than 97% prior to 

transferring to sump recirculation. This assures at least a 599'-4" level of water in the sump. Even 

though this level is lower than the minimum safe level for RHR and CTS pump run out flows, it may 

8
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be adequate for most medium break LOCAs. However, for medium LOCAs, this step in the EOP is 

not credited, and the failure probability is conservatively assumed to be 1.0.  

0 RHR pumps entrain air due to vortexing when the pumps start - Medium break LOCAs include 

breaks ranging from 2" to 6". Findings from References 9 and 10 on the 6" break analysis are 

discussed under large LOCA. Further, detailed analysis on this issue has shown that the 2" break is 

more limiting since a 2" break can occur in the annulus, and, as a result, break flow is discharged into 

the annulus or the reactor cavity rather than to the active sump. Therefore, the likelihood of this 

event for a 2" break (limiting case of a medium break LOCA) is discussed below.  

Reference 9 analyzed a 2" break LOCA in which RCS water was assumed to flow into the reactor 

cavity rather than to the active sump. The accumulators were assumed to inject for this 2" break.  

CTS was assumed to actuate and divert some flow to the inactive sump from the active sump. Under 

this postulated scenario, the ice melt rate exceeded the water removal rate from the containment, and, 

as result, active sump level continued to increase. After all the ice melted, the active sump level 

decreased until the inactive sump filled and began to spill over to the active sump. The final active 

sump equilibrium level was 604', which is 14" above the required minimum safe level.  

Reference 10 analyzed a 2" break in the annular compartment. The accumulators were assumed to 

not dump and the CTS sprays ran continuously, diverting flow from the active sump to the inactive 

sump. The CTS sprays were not turned off, since the containment pressure remained slightly above 

the 1.5 psig turnoff setpoint. Conservative ice melt parameters were used in this calculation (10% of 

ice remaining even after 40 hours after the break). Under these assumptions, Figure 15 of Reference 

10 shows that the water level in the sump would have been above the minimum safe level when the 

RHR pumps needed to start taking suction from the containment sump (During this postulated event, 

later on in the accident, the sump water level fell below the minimum safe level. This is discussed in 

the next sequence). (It should also be noted here that the RWST level errors, which depend on the 

flow velocity, are negligible for a 2" break.) 

Based on the results of analyses of 6" break LOCAs (discussed under large LOCAs) and 2" break 

LOCAs (discussed above), the probability of having a water level less than 602'-10" at the time RHR 

pumps must be started is negligible. Therefore, for a medium break LOCA the probability of this 

event is negligible.  

* RHR pumps fail due to vortexing - If the RHR pumps entrain air as a result of vortexing, they will 

not immediately fail. The pumps can run for a limited period with air entrained, and indications in 

the control room (e.g., fluctuating pump currents) may allow the operator to intervene (stop the 

pumps) and avoid pump failure. Tripping of one of two pumps may cut down the flow rate and end 

vortexing and air entrainment. This capability to recover is not credited, and it is conservatively 

assumed that the failure probability is 1.0.

Sequence 4 - Medium LOCA - Late failure of sump recirculation
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" Medium LOCA occurs - Rates of Initiating Events at U.S. Nuclear Power Plants: 198 7-1995 (Ref. 4) 

indicates that the frequency of medium LOCAs is 4 x 105/year.  

" RHR pumps entrain air due to vortexing during long-term operation -The probability of this event is 

negligible.  

The limiting 2" break in the annulus analyzed in Reference 10 is summarized here to support the 

above conclusion.  

For a 2" break LOCA, under conservative assumptions on ice melt rates (10% of ice remains even 

after 40 hours) and CTS sprays (sprays operate continuously, diverting flow from the active sump to 

the inactive sump for 40 hours), the sump level can fall as much as 3' below the minimum safe level.  

That is, the level may fall to approximately 599'-10" (See Figure 15 of Reference 10). However, 

Reference 10 concludes that the probability of vortexing during this scenario is very low since the 

minimum safe level was established for run out flow from CTS and RHR. Even though Reference 10 

did not provide a basis for this conclusion, the following paragraph offers the possible explanation.  

The total combined RHR and CTS flow is 15,600 gpm. Following a 2-inch break, the total ECCS 

(CTS and RHR) flow rate is less than 8000 gpm. The Froude number is proportional to the velocity 

and inversely proportional to the square root of the level difference between the pump suction and 

water level. At 602'-10", the free water surface is approximately 6' above the pump suction water 

level. When the flow rate reduces from 15,600 to 8000 (nearly half), the level difference can reduce 

by a factor of 4 before the identical Froude number (and thereby the same vortexing potential) is 

achieved. That is, even if the water elevation is V'-6" (i.e., the elevation is 598'-4"), vortexing is not 

anticipated.  

In addition to many of the conservatisms in the analysis that concluded the level could be 3' below the 

minimum safe level, it ignored the holes in the crane wall (total area approximately 142 square 

inches) that would allow water to flow back from the inactive sump to the active sump. These holes 

(unless they get plugged up by debris) will allow water to return to the active sump and keep the 

active sump level higher than the calculated value.  

* RHR pumps fail due to vortexing - If the RHR pumps entrain air as a result of vortexing, they will 

not immediately fail. The pumps can run for a limited period with air entrained, and indications in 

the control room (e.g., fluctuating pump currents) may allow the operator to intervene (stop the 

pumps) and avoid pump failure. Tripping of one of two pumps may cut down the flow rate and end 

vortexing and air entrainment. This capability to recover is not credited, and it is conservatively 

assumed that the failure probability is 1.0.  

Sequence 5 - Large LOCA - Early failure of sump recirculation 

* Large LOCA occurs - Rates ofInitiating Events at US. Nuclear Power Plants: 1987-1995 (Ref. 4) 

indicates that the frequency of large LOCAs is 5 x 106/year.
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"* Operator starts the RHR pump even if the sump level is less than 15% of containment water level or 

97% of containment sump level - Step 1 of the EOP requires that the operators verify that the 

containment water level is greater than 15% or containment sump level is greater than 97% prior to 

transferring to sump recirculation. This assures at least a 599'-4" level of water in the sump. This 

level is lower than the minimum safe level for RHR and CTS pump run out flows. Therefore, for 

large LOCAs, this procedural step in the EOP is not credited, and the failure probability is 

conservatively assumed to be 1.0.  

"* RHR pumps entrain air due to vortexing when the pumps start - Based on information provided in 

References 8, 9, 10, and 11 the probability of this event is negligible. The probability of this event 

for breaks ranging from 6" to design basis LOCA is discussed here.  

Reference 8 has shown that during a design basis LOCA, in spite of RWST level errors, the active 

sump level will be several feet above the design basis level. References 9 and 10 show that even 

during other large LOCAs (greater or equal to 6"), even under conservative assumptions, the active 

sump level will exceed 602'- 10". For these LOCAs, the rate of ice dissolution is sufficient to offset 

any reduction in inventory from the RWST and diversions via the containment spray.  

"* RHR pumps fail due to vortexing - If the RHR pumps entrain air as a result of vortexing, they will 

not immediately fail. The pumps can run for a limited period with air entrained, and indications in 

the control room (e.g., fluctuating pump currents) may allow the operator to intervene (stop the 

pumps) and avoid pump failure. Tripping of one of two pumps may cut down the flow rate and end 

vortexing and air entrainment. This capability to recover is not credited, and it is conservatively 

assumed that the failure probability is 1.0.  

Sequence 6 - Large LOCA - Late failure of sump recirculation 

"* Large LOCA occurs - Rates of Initiating Events at US. Nuclear Power Plants: 1987-1995 (Ref. 4) 

indicates that the frequency of large LOCAs is 5 x 1 0"/year.  

"* RHR pumps entrain air due to vortexing during long term operation - There is a possibility that even 

if the sump level was above 602'- 10" when the sump recirculation begins, due to CTS operation or 

the penetrations between the active sump and the inactive sump, the sump level may go below that 

level after a period of time. The following discussions show that for large LOCAs this probability is 

negligible.  

Reference 8 shows that for a design basis LOCA, during the injection phase, the sump level continues 

to increase during injection in spite of the penetrations and flow diversions via CTS since the injection 

flow and the rate of inventory addition from ice dissolution exceed the rate of flow diversion. After, the 

level peaks at 11 feet, the continuous flow diversion causes the level to reduce and stabilize at 7.8 feet.  

Since the minimum required level for RHR and CTS run out flows (602'- 10") equates to approximately 4 

feet, 7.8 feet allows adequate margin to prevent vortexing throughout the long term sump recirculation.  

11
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Figure 10 of Reference 10 shows how the containment sump level remains several feet above the 

minimum safe level many hours after the accident. This reference states that even for a calculation 

that assumes the most conservative ice melt parameters (30% ice remained when the calculation was 

terminated at 40 hours), the calculated water level was three feet above the minimum safe level. This 

calculation benefitted from the two realistic assumptions that (a) the break is in the lower containment 

since the annulus region does not contain 6" RCS piping, and (b) CTS was turned off 5.6 hours into 

the accident when the containment pressure dropped below 1.5 psig.  

0 RHR pumps fail due to vortexing - If the RHR pumps entrain air as a result of vortexing, they will 

not immediately fail. The pumps can run for a limited period with air entrained, and indications in 

the control room (e.g., fluctuating pump currents) may allow the operator to intervene (stop the 

pumps) and avoid pump failure. Tripping of one of two pumps may cut down the flow rate and end 

vortexing and air entrainment. This capability to recover is not credited, and it is conservatively 

assumed that the failure probability is 1.0.  

26.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the feed-and-bleed sequences depend on the resolution of other issues 

affecting AFW and RI-IR cooling. To provide perspective on these sequences the following information 

is provided.  

If the resolution of issues results in no significant changes to AFW or RHR cooling failure probabilities, 

the change in core damage frequency would be the sum of the following: 

Sequence 1 - Small LOCA (Stuck open PORVs or SRVs, RCP seal LOCAs, Small pipe breaks) or Feed

and-bleed cooling- Early failure of sump recirculation 

(Frequency of small LOCA: 9 x 1 03/critical year) x 

(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 

(Probability sump cooling is required due to inability to depressurize and establish RHR cooling: 0.08) x 

(Probability of operator omitting Step 1 of EOP: 0.003) x 

(Probability of RHR pumps entraining air due to vortexing when pumps start: negligible) x 

(Probability of RHR pumps failing due to vortexing: 1.0) = 1.7 x 10"6/year x probability of RHR pumps 

entraining air. Since the unknown probability is negligible, the change in CDF is negligible.  

Sequence 2 - Small LOCA (Stuck open PORVs or SRVs. RCP seal LOCAs. Small nipe breaks) or Feed

and-bleed cooling- Late failure of sump recirculation 

(Frequency of small LOCA: 9 x 103/critical year) x 

(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 

(Probability sump cooling is required due to inability to depressurize and establish RHR cooling: 0.08) x 

(Probability of RHR pumps entraining air due to vortexing during long term operation: negligible) x 

12
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(Probability of RHR pumps failing due to vortexing: 1.0) = 5.8 x 1O0/year x probability of RHR pumps 
entraining air. Since the unknown probability is negligible, the change in CDF is negligible.  

Sequence 3 - Medium LOCA - Early failure of sump recirculation 

(Frequency of medium LOCA: 4 x I 0 5/critical year) x 
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 
(Probability of RHR pumps entraining air due to vortexing when pumps start: negligible) x 
(Probability of RHR pumps failing due to vortexing: 1.0) = 3.2 x 1 05/year x probability of RHR pumps 
entraining air. Since the unknown probability is negligible, the change in CDF is negligible.  

Sequence 4 - Medium LOCA - Late failure of sump recirculation 

(Frequency of medium LOCA: 4 x 10"5/critical year) x 
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 
(Probability of RHR pumps entraining air due to vortexing during long term operation: negligible) x 

(Probability of RHR pumps failing due to vortexing: 1.0) = 3.2 x 1 05/year x probability of RHR pumps 

entraining air. Since the unknown probability is negligible, the change in CDF is negligible.  

Seauence 5 - Large LOCA - Early failure of sump recirculation 

(Frequency of large LOCA: 5 x 10"/critical year) x 
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 
(Probability of RHR pumps entraining air due to vortexing when pumps start: negligible) x 

(Probability of RHR pumps failing due to vortexing: 1.0) = 4.0 x 10'/year x probability of RHR pumps 

entraining air. Since the unknown probability is negligible, the change in CDF is negligible.  

Sequence 6 - Large LOCA - Late failure of sump recirculation 

Frequency of large LOCA: 5 x 10"/critical year) x 
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 
(Probability of RHR pumps entraining air due to vortexing during long term operation: negligible) x 

(Probability of RHR pumps failing due to vortexing: 1.0) = 4.0 x I 0/year x probability of RHR pumps 

entraining air. Since the unknown probability is negligible, the change in CDF is negligible.  

The summary of these sequences is provided in Table 1. As shown in Table 1, the change to the core 

damage frequency associated with these issues, on their own, is less than 1 x 1O'/year. Therefore, the 

risk significance of this issue, on its own, is below the threshold for a precursor.  
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Sequence

1. Small LOCA - early 
recirculation failure 

2. Small LOCA - late 
recirculation failure 

3. Medium LOCA - early 

recirculation failure 

4. Medium LOCA - late 
recirculation failure 

5. Large LOCA - early 
recirculation failure 

6. Large LOCA - late 
recirculation failure

Initiating Event 
Frequency (IEF) 

9 x 1 03/year 

9 x 103 /year 

4 x 10"5/year 

4 x I 05 /year 

5 x 10k/year 

5 x I 0-/year

Table 1

Product of IEF & 
calculated 
probabilities(3) 

•1.7 x 106/year 

5.8 x 104/year 

3.2 x 10"5/year 

3.2 x 1 0"S/year 

4 x 104/year 

4 x 10"6/year

Unknown probabilities

(1)

Contribution to change in CDF

(2)

negligible* n/a 

n/a neg 

negligible* n/a 

n/a nej 

negligible* n/a 

n/a ne

less than 1 x 10'

,ligible* less than I x 10.6

less than I x I 06

gligible* less than I x 10-6

less than I x 10'6

gligible* less than I x 10"6

(1) RHR pumps entrain air due to vortexing when pumps start 

(2) RHR pumps entrain air due to vortexing during long-term operation 

(3) Sequence frequency excluding (1) and (2) above.  

* For the purposes of this analysis, all available information (operating experience or deterministic analysis) leads to the conclusion that the 

event can not occur. The basis of this conclusion is provided in the discussion of the event.
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27.0 LER Nos. 315/97-018, 315/97-024, 315/98-012 

Event Description: 1/4 Inch Particulate Requirement Not Maintained in 

Containment Recirculation Sump 

Date of Event: March 5, 1998 

Plant: D.C. Cook, Units land 2 

27.1 Summary of Issue 

This issue addresses the cumulative impact of several conditions that had increased the likelihood of 

failing the high pressure injection (HPI) system during the sump recirculation phase at D.C. Cook. The 

impact of these conditions on the likelihood of failing the containment spray (CTS) system is also 

addressed.  

According to Reference 1, on September 5, 1997, it was determined that the 1/4 inch particulate retention 

requirement for the containment recirculation sump was violated in 1978 due to an improper design 

change. The 1/4 inch requirement ensures that debris which may be large enough to plug the CTS (size 

3/8 inch) is not swept into the CTS header through the recirculation sump. The 1/4 inch requirement also 

protects ECCS from foreign material during the sump recirculation phase. The safety injection and 

centrifugal charging pumps are vulnerable to large debris due to tight clearances. Other components that 

are vulnerable are safety injection needle valves and check valves throughout ECCS and CTS.  

As shown in Figure 1, prior to the design change, a perforated plate installed inside the recirculation 

sump and grating installed at the opening of the recirculation sump prevented debris from entering the 

suction pipes for the residual heat removal (RHR) (during sump recirculation) and CTS. During the 

design change, as shown in Figure 2, the perforated plate was moved. The particle retention capability 

was retained only at the entrance to the recirculation sump. As shown in Figure 2, when the perforated 

plate was removed, several pathways that could bypass the screens were created: (a) five 3/4 inch holes in 

the upper roof of the recirculation sump, (b) gaps greater than 1/4 inch between the curb opening around 

the recirculation sump entrance, (c) gaps greater than 1/4 inch in the lower containment sump cover 

(particles larger than 1/4 inch may enter the lower containment sump which in turn could enter the 

recirculation sump via the connecting 8" drain line), and (d) the 3" drain line from the ice condenser to 

the containment sump. Figure 3 shows the communication paths between the recirculation sump, 

containment sump, and the ice condenser.  

The safety significance associated with these screen bypass paths exacerbated due to two other conditions 

discovered at D.C. Cook. They are: (a) discovery of debris in the containment sump (Ref. 2), and (b) 

discovery of debris in the ice condenser (Ref. 3, 4).  

The changes to the core damage frequency (CDF) associated with this issue depends on the impact of 

other issues on the RHR cooling and auxiliary feedwater (AFW) capabilities. The CDF associated with
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this issue, on its own, is summarized in Table 1. Table I summarizes the initiating event frequencies of 

initiators that are affected by the debris in the sump, products of known probabilities and the frequency 

for each initiator, summary of qualitative assessment of the unknown probability, and the expected 

change in CDF for each initiator. Overall, the total CDF change associated with this issue is less than 1 x 

1 O'/Year. Therefore, on its own, the risk significance of this issue is below threshold for a precursor.  

27.2 Modeling and Affected Sequences 

During the design change, when the perforated plate was removed, four pathways that could bypass the 

screens were created. They are: (a) the pathway through the five 3/4 inch holes in the upper roof of the 

recirculation sump, (b) gaps greater than 1/4 inch between the curb opening around the recirculation 

sump entrance, (c) gaps greater than 1/4 inch in the lower containment sump cover (particles larger than 

1/4 inch may enter the lower containment sump which in turn could enter the recirculation sump via the 

connecting 8" drain line), and (d) 3" drain line from the ice condenser to the containment sump. If debris 

of large size (greater than 1/4 inch) bypasses the screen and enters the recirculation sump, during the 

sump recirculation phase of a LOCA or feed-and-bleed cooling scenario, the debris may get ingested by 

RHR pumps. Since RHR pumps are used with HPI pumps in piggy-back mode, the debris that passes 

through the RHR pumps enters the HPI system. If large debris (greater than 1/4 inch) enters the HPI 

system, then the HPI system may fail.  

Therefore, for debris in the sump or the ice condenser to affect core damage sequences, an accident that 

requires the sump recirculation function must occur. LOCAs of different sizes, and feed-bleed-cooling 

sequences subsequent to transients or accidents require sump recirculation. For the ease of presenting 

results of the analysis, multiple initiators (large LOCAs, medium LOCAs, small LOCAs, feed-and-bleed 

cooling after transients, feed-and-bleed cooling after main steam line breaks inside containment, etc.) 

were grouped into three classes: (a) large LOCAs, (b) medium LOCAs, and (b) small LOCAs and feed 

and bleed sequences. These three groups were selected since the critical parameters such as ice 

dissolution rates and the likelihood of the need to enter the sump recirculation vary between these three 

classes.  

Unlike small LOCAs, sump recirculation phase is essential for large and medium LOCAs, in order to 

prevent core damage. In addition, for large and medium break LOCAs, the cross-tie capability cannot be 

credited due to large uncertainties associated with time available to establish the cross-tie capability, and 

the low probability of achieving success with the additional inventory of water available from the second 

refueling water storage tank (RWST).  

If large debris enters the recirculation sump, the CTS pumps may ingest that debris and fail that system 

by clogging the spray nozzles. If CTS fails, the containment integrity can fail. Failure of the containment 

integrity in turn could lead to sump recirculation failure.  

Therefore, the six accident sequences considered in this analysis are: 

Sequence I - Large LOCA and loss of BPI 

2
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"* Large LOCA occurs; 
"* Sufficient amount of debris in containment or ice condenser enters RHR pumps; and 

"* Debris enters HPI system and fails HPI system.  

Sequence 2 - Large LOCA and loss of CTS 

"* LOCA occurs; 
"* Sufficient amount of debris in containment or ice condenser enters CTS; and 

"* Debris clogs CTS nozzles and fails CTS function.  

Sequence 3 - Medium LOCA and loss of HPI 

"* Medium LOCA occurs; 

"* Sufficient amount of debris in containment or ice condenser enters RHR pumps; and 

"* Debris enters HPI system and fails HPI system.  

Sequence 4 - Medium LOCA and loss of CTS 

* Medium LOCA occurs; 
a Sufficient amount of debris in containment or ice condenser enters CTS; and 

* Debris clogs CTS nozzles and fails CTS function.  

Sequence 5 - Small LOCA (stuck open PORV or SRV, RCP seal LOCA. small pipe break or feed-and

bleed cooling) and loss of HPI 

"* Small LOCA or feed-and-bleed cooling occurs; 

"* Sump recirculation is required due to inability to depressurize and establish RHR cooling; 

"* Sufficient amount of debris in containment or ice condenser enters RHR pumps, 

"* Debris enters HPI system and fails HPI system; and 

0 HPI cross-tie from Unit 2 fails.  

Sequence 6 - Small LOCA (stuck open PORV or SRV. RCP seal LOCA, small pipe break or feed-and

bleed cooling) and loss of CTS 

"* Small LOCA or feed-and-bleed cooling occurs; 

"* Sump recirculation is required due to inability to depressurize and establish RHR cooling; 

"* Long-term containment heat removal is required to mitigate an accident; 

"* Sufficient amount of debris in containment or ice condenser enters CTS pumps; and 

"* Debris clogs CTS nozzles and fails CTS function.

3
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27.3 Frequencies, Probabilities, and Assumptions 

Sequence I - Large LOCA and loss of HPI 

"* Large LOCA occurs - Rates of Initiating Events at US. Nuclear Power Plants.- 1987-1995 (Ref. 5) 

indicates that the frequency of large LOCAs is 5 x I 10/critical year.  

" Sufficient amount of debris in containment or ice condenser enters RHR pumps - The likelihood of 

generation and transport of debris from the containment or the ice condenser to the RHR or the CTS 

pump suction is considered under this event. The likelihood of debris transport to the RHR pump 

suction from two sources (sump and ice condenser) via four pathways (five 3/4" holes on 

recirculation sump roof, gaps greater than 1/4 inch between the curb opening around the recirculation 

sump entrance, lower containment sump cover gaps greater than 1/4 inch, and debris that may enter 

the containment sump from the ice condenser via the 3" through the 8" line connecting the 

containment sump and the recirculation sump) during a LOCA must be considered. The probability 

of debris in containment or ice condenser entering the RHR or CTS pump suction cannot be 

quantified. However, for reasons discussed below, it can be shown that only a small quantity of soft, 

relatively small (less than 1") can arrive at the CTS or RHR pumps. Therefore, for large LOCAs this 

probability is low. The bases of this conclusion are discussed below: 

0 Debris from containment: The mechanisms associated with debris generation, transport, and 

deposition are described below. Even if the debris is delivered to the screens, they must find 

their way into the sumps through gaps around the screen. The probability of this is low 

except for debris that is small and soft (buoyant). The roof of the recirculation sump that 

contains the five 3/4 inch holes is at an elevation of 604'- 1 3/8." Only buoyant debris 

(since there is at least 10 minutes available for heavy debris to deposit) of small size (less 

than 3/4 inch) can enter through these holes. Given the very small size (only 3/4 inches in 

diameter and there are only 5 holes), the probability of debris entering through these holes is 

low.  

Debris Generation: Debris is generated in three phases of a large LOCA; initial blast 

effect during pipe rupture, erosion during jet impingement, and pre-existing debris 

such as dirt, dust, rust flakes, and failed coatings. All of these phases are applicable 

to a large LOCA.  

Debris Transport: Debris is transported by (a) blast forces within the containment, 

(b) steam and air flows during the blow down phase, and finally (c) "washdown." 

All of these transport methods will be available during a large LOCA. However, 

there are many barriers that would prevent transport of debris to the suction of the 

pumps.  

Debris deposition: During a large LOCA, approximately 10 minutes may elapse 

before sump recirculation is established. During this time, any heavy large debris 
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will deposit on the containment floor. Once debris is settled, unless high flow rates 

occur, the debris will not be transported. Therefore, the debris that is suspended and 

available to block sump screens will be minimal.  

Likelihood of debris depositing on screens versus passing through gaps: The soft 

buoyant debris that arrives at the sump can either deposit on screens (and be held 

there due to approach flow velocity ) or go through one of the bypass paths. The 

first bypass path, the five 3/4" holes on the roof of the recirculation sump, has a total 

area of approximately 2 square inches. The size of the gaps around the screens is 

unknown. Assuming a /" all around the sump screen, the total area of the gap 

would be 240 square inches (assuming a 480" periphery). Therefore, in 

consideration of the size of the recirculation sump screen (the area of the 1/4" mesh 

screen at the entrance to the containment sump is ignored in comparison to the 

recirculation sump screen area), the probability of debris of undesirable size (greater 

than 1/4 inch and less than size of gap around screen) is approximately 0.02.  

0 Debris from the ice condenser: An additional source of debris was found in the ice 

condenser. The nature and the volume of debris present were such that, if the debris could 

be transported to the RHR or CTS pump suction, they may have capability to be ingested 

and fail HPI or CTS. Material such as tape, gloves, coat wrap, plastic banding cloth, ice 

basket coupling screws and screw heads, nuts and bolts, ice basket cruciform wire, rope, 

rags, wood paper, small and large tools were found in the Unit I ice condenser. There were 

approximately three 55-gallon drums in the Unit 1 ice condenser. In order for the debris 

described above to arrive at the RHR or CTS screens, the following events must occur: 

The ice condenser baskets have 1" holes. The above debris must go through the 1" 

holes. Therefore, debris (tools, tape rolls, plastic wraps etc.) that is greater than I" 

size will be trapped inside the ice condenser baskets (When the Unit 1 ice condenser 

was thawed, most material that was considered as transportable to the sump stayed 

inside ice baskets). Only the debris that was between ice baskets may go into the 

containment sump.  

The debris that escapes the ice baskets must go through the floor grating (1.75' 

opening).  

Debris that passes through the above obstacles enters 12" drain line. From here, 

debris must go through a 12" flapper valve in order to enter the lower containment 

or enter a 3" drain line that has low points. All heavy small items (e.g., bolts) will 

deposit along low points during this transport. As a result of the above described 

tortuous path only light (less density than water) small (less than 1") debris can be 

transported to the entrance of the RHR or CTS pumps.

5



LER No. 315/97-018, 315/97-024, 315/98-012 
4 

If any debris enters the lower containment, it must find the way into the RHR or 
CTS pumps suctions via the 3/4" holes either on the sump roof or through the gaps 

around screens. Both these are unlikely unless the debris is very small in size and 
buoyant.  

If any debris enters the containment sump via the 3" drain line, that debris must 

move through an 8" line connecting the recirculation sump and containment sump.  
This line is above the bottom of the containment sump. Then the debris must move 
approximately 4' up in order to be ingested by the pumps.  

* Debris enters HPI system and fails HPI system - If debris enters the RHR suction, several events 

must occur in order to fail the HPI system. The discussion above on the probability of debris entering 

the RHR or CTS suction showed that (a) it is not credible for heavy large size debris to enter the RHR 

pump suction, and (b) the probability of soft, small size debris entering the RHR or CTS pump 

suction during a large LOCA is low. If soft debris enters the RHR pumps, they will pass through the 

RHR pump impellers that are capable of grinding them to even smaller pieces. In order to fail the 

HPI. the debris must escape this grinding activity while passing through the RHR pumps. Then, the 

soft debris must deposit in valves. At the high flow rates and high discharge pressure, it is difficult 

for soft debris of small size to clog valves. Since the debris is small in size and soft, and broken into 

even smaller pieces by the RHR pumps, the HPI pumps will not fail. In consideration of all of the 

above, the above probability is considered low.  

Sequence 2 - Large LOCA and loss of CTS 

"* Large LOCA occurs - Rates of Initiating Events at US. Nuclear Power Plants: 198 7-1995 (Ref. 5) 

indicates that the frequency of a large LOCAs is 5 x I0"6/critical year.  

"* Sufficient amount of debris in containment or ice condenser enters CTS - This probability is low.  

The bases of this conclusion are discussed under Sequence 1.  

"* Debris clogs CTS nozzles and fails CTS function - This probability is negligible due to the following 

reasons: 

o CTS at Cook has two 100% capacity trains. That is, with both trains operating, even if 50% 

of the spray nozzles plugged, design pressure during the design basis LOCA (12 psig) will 

not be exceeded.  

o The design basis pressure for the containment is 12 psig. However, the containment failure 

is significantly greater than 12 psig. According to the Cook IPE, the high confidence 

(greater than 95%) low probability (less than 5%) failure pressure is 36 psig.  

o It is already established that soft, buoyant, and small (small enough to pass through either the 

3/4" holes or 1" strainers, or gaps around the sump screen) would enter the CTS pumps. The 
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CTS pumps are vertical centrifugal pumps with 600 HP. Therefore, they can handle this 
debris without failing. In addition, when this debris passes through the CTS pump they will 
be grinded to small pieces. Given that the ramp bottom spray nozzles are 3/8", the soft 
debris, after they pass through the CTS pumps will most likely be able to pass through the 
CTS nozzles.  

Sequence 3 - Medium LOCA and loss of HPI 

"* Medium LOCA occurs - Rates of Initiating Events at US. Nuclear Power Plants: 1987-1995 (Ref. 5) 

indicates that the frequency of a medium LOCAs is 4 x 105/critical year.  

"* Sufficient amount of debris in containment or ice condenser enters RHR pumps - In Sequence 1, a 

basis was provided to conclude that this probability is low. For medium LOCAs, the probability will 
be even lower due to the following: 

o In comparison to a large LOCA, a longer time would elapse before establishing sump 
recirculation. The longer time would permit additional debris deposition.  

o In comparison to a large LOCA, a medium LOCA would generate less debris during the 
break.  

o Compared to a large LOCA, the relatively lower flow rates inside containment would reduce 

the likelihood of debris transport.  

* Debris enters HPI system and fails HPI system - Due to reasons discussed under Sequence 1, this 
probability is low.  

Sequence 4 - Medium LOCA and loss of CTS 

"* Medium LOCA occurs - Rates of Initiating Events at U.S. Nuclear Power Plants: 1987-1995 (Ref. 5) 

indicates that the frequency of medium LOCAs is 4 x 10/Year.  

"* Sufficient amount of debris in containment or ice condenser enters CTS - Due to the reasons 

discussed under Sequence 3, this probability is considered low.  

"* Debris clogs CTS nozzles and fails CTS function - For a medium LOCA also, this probability is 

determined to be negligible. See discussion under Sequence 2 for the basis for this conclusion.  

Sequence 5 - Small LOCA (stuck open PORV or SRV, RCP seal LOCA, small pipe break or feed-and

bleed cooling) and loss of HPI 

* Small LOCA or feed-and-bleed cooling occurs - Rates of Initiating Events at US. Nuclear Power 

Plants: 1987-1995 (Ref. 5) indicates that the frequency of small LOCAs (includes stuck open PORVs 
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or SRVs, RCP seal LOCAs, small pipe breaks) is 9 x I 0a/critical year. Assuming, the AFW at D.C.  
Cook reliability was not significantly affected by other D.C. Cook issues related to auxiliary feed 
water (AFW), the frequency of feed-and-bleed cooling scenarios at D.C. Cook is negligible compared 
to the small LOCA frequency. Therefore, the total frequency of small LOCAs and feed-and bleed 
cooling sequences is 9 x 1 0 3/critical year.  

0 Sump recirculation is required due to inability to depressurize and establish RHR cooling - Operating 
experience shows that during most small LOCAs, the loss of coolant rates and the condition of the 
reactor coolant system (RCS) allows the operators to depressurize and use RHR cooling. During the 
time period 1987-1995, there were two stuck open SRV events (classified as small LOCAs in Ref. 5) 
and during both these events, sump recirculation was not needed (Ref. 6, 7). During the event that 
occurred at Fort Calhoun (1992), approximately 21,500 gallons of RCS water was discharged from 
the RCS to the containment. This is much less than the discharge required to demand ECCS sump 
recirculation. During the event that occurred at Calvert Cliffs (1994), only 5000 gallons of reactor 
coolant discharged to the containment floor. During the TMI-2 event (1979), 271,000 gallons of 
RCS water was released to the sump. However, during the TMI-2 event sump recirculation was not 
demanded.  

Two RCP seal LOCA events are discussed in Reference 5. During the May 1975 event at Robinson 
Unit 2 (no LER, page 1-3 of Ref. 5), a total of 132,500 gallons of RCS water was released to the 
containment sump before RHR cooling was established. The maximum leak rate was 500 gpm.  
During this event, the sump recirculation function was not needed. During the event at Arkansas 
Nuclear One (Ref. 8), approximately 60,000 gallons of water collected in the containment before 
RHR cooling was established. The maximum leak rate was 300 gpm. The containment pressure 
increased by 0.5 psi at which time the reactor building containment coolers were put into service.  
During this event, sump recirculation was not needed.  

There have been no small pipe break LOCAs or feed-and-bleed cooling events in the U.S. operating 
experience. Feed-and-bleed cooling uses the pressurizer PORVs or SRVs to bleed RCS while 
injecting RCS with high pressure injection. At D.C. Cook, the pressurizer is equipped with three 
PORVs that are capable of bleeding the RCS. Based on simulator exercises, the feed-and-bleed 
cooling can depressurize the reactor prior to depleting the RWST'. Therefore, the likelihood of 
cooling down the reactor with feed-and-bleed cooling prior to requiring sump recirculation is 
assumed to be equal to the likelihood during a small LOCA.  

Using the Bayes method and a Jeffery's non-informative prior, zero demands for sump recirculation 
during 5 small LOCAs, the probability of requiring sump recirculation during a small LOCA is 

calculated to be 0.08 ('A event on 6 demands).  

'Based on discussions with operations at D.C. Cook (Richard Strasser 6/30/99) 

8



LER No. 315/97-018, 315/97-024, 315/98-012 

Sufficient amount of debris in containment or ice condenser enters RHR pumps - Under Sequence 1, 

this probability was concluded to be low and a basis was given for that conclusion. For a small 

LOCA, the following additional factors make the probability of this event negligible: 

o Debris Generation: Debris is generated in three phases of a LOCA; initial blast effect during 

pipe rupture, erosion during jet impingement, and pre-existing debris such as dirt, dust, rust 

flakes, and failed coatings. During a stuck open PORV or SRV or a feed-and-bleed cooling 

scenario, the liquid enters the quench tank and release from the ruptured disk. During an 

RCP seal LOCA, the primary coolant exits through RCP seals. Small breaks are breaks less 

than 2" and the zone of influence (area in which the break causes debris generation) for such 

breaks are relatively small. Therefore, for small LOCAs, the initial shock waves, and jet 

impingement effects are absent or minimal. As a result, the amount of debris created during 

a small LOCA would be much less than that created during a medium LOCA or a large 

LOCA. That is, the probability of creating a significant amount of debris is low.  

o Debris Transport Debris is transported by (i) blast forces within the containment, (ii) steam 

and air flows during the blow down phase, (iii) and finally transported by water or 
"washdown." Since for most LOCAs, primary water is released from the quench tank, or 

RCP seal LOCAs, the amount of debris transported by the first two mechanisms is low. For 

most LOCAs, CTS spray may not be demanded. This reduces the amount of debris 
transported by "wash down." 

o Debris deposition: During a small LOCA, the rate at which the loss of coolant occurs is low.  

During the Fort Calhoun event, the leak rate was 200 gpm. A total of approximately 21,500 

gallons was released to the containment sump. The Calvert Cliffs event resulted in a 

maximum leak rate of 25 gpm and a total of approximately 5000 gallons was released to the 

containment. The Tech Spec required inventory of RWST inventory at Cook is 350,000 

gallons. Therefore, during a small LOCA event at D.C. Cook, many hours may elapse 

before recirculation is required. If any debris was generated and transported, there would be 

ample time for debris to settle. Once debris is settled, the debris will not be transported.  

During a small LOCA, the flow rates inside the containment will be low iexcept in locations 

where there are flow restrictions). Therefore, the debris that is suspended and available to 

block sump screens will be minimal.  

Debris enters HPI system and fails HPI system - Due to reasons discussed under Sequence 1, this 

probability is low.  

* Cross-tie from Unit 2 fails - The D.C. Cook station has two RWSTs (One RWST dedicated to each 

unit). The RWSTs have cross-tie capability. In the event of sump recirculation failure during a small 

LOCA, the cross-tie can be aligned to add borated water to RCS. The additional RCS inventory of 

350,000 gallons will provide additional time to continue depressurizing and cooling down the RCS.  

In order to cross-tie the RWSTs, the following actions must be performed: (a) recognize need to 

cross-tie (sump recirculation failure and failure to recover by securing and restarting the pump that 
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cavitates), and (b) change valve alignments to inject from the other unit's RWST. Both of the above 

actions must be accomplished prior to core uncovery. The time available to core uncovery is 

significantly impacted by the decay heat levels when the sump recirculation function is demanded 

and failed due to debris ingestion.  

Based on the Cook IPE (Ref. 9), 100 minutes elapse before sump recirculation is needed. Therefore, 

if the sump recirculation fails during a small LOCA, it will happen a few hours into the accident, and 

the decay heat levels would be relatively low. At low decay heat level, there will be adequate time to 

cross-tie the other unit's RWST. In the absence of significant details on the steps that the operators 

would follow to align the second unit's RWST, a probability of 0.34 is used for failure probability.  

In the accident sequence precursor (ASP) analysis, a 0.34 recovery probability is used for those 

failures that appears recoverable in the period at the failed equipment rather than from the control 

room, given that the equipment was accessible (Ref. 10). Even though the Cook IPE does not 

provide a failure probability for the cross-tie of RWST, it does provide failure probabilities for 

several other cross-ties. For example, cross-tie of CVCS is assigned a failure probability of 2.2 x 10-2 

for a loss of component cooling water scenario and failure probability of 0.29 for the loss of 

emergency service water (ESW) scenario. In comparison to these numbers, use of 0.34 for the 

RWST cross-tie is reasonable.  

Sequence 6 - Small LOCA (Stuck Open PORV or SRV, RCP seal LOCA, small pipe break or feed-and

bleed cooling) and loss of CTS 

" Small LOCA or feed-and-bleed cooling occurs - Rates of Initiating Events at US. Nuclear Power 

Plants: 1987-1995 (Ref. 5) indicates that the frequency of small LOCAs (includes stuck open PORVs 

or SRVs, RCP seal LOCAs, or small pipe breaks) is 9 x 1 03/critical year. Assuming, the AFW 

reliability at Cook was not significantly affected by other Cook issues related to AFW, the frequency 

of a feed-and-bleed cooling scenario at Cook is negligible compared to the small LOCA frequency.  

Therefore, the total frequency of small LOCAs and feed-and bleed cooling sequences is 9 x 10 
3/critical year.  

"* Sump recirculation is required due to inability to depressurize and establish RHR cooling - This 

probability is 0.08. The basis for this probability is discussed under Sequence I above.  

"* Long-term containment heat removal is required to mitigate an accident - It is assumed that any 

accident that requires sump recirculation will require CTS for long-term containment heat removal.  

Therefore, this probability is assumed to be 1.0.  

" Sufficient amount of debris in containment or ice condenser enters CTS pumps - For reasons 

discussed in Sequence 5, this probability is negligible for a small LOCA.  

"* Debris clogs CTS nozzles and fails CTS function - This probability is negligible. The basis for this 

conclusion is discussed under Sequence 2 (large LOCA). The probability of this event will be lower 

for a small LOCA compared to large LOCA since the likelihood of demanding CTS spray during 

10



LER No. 315/97-018, 315/97-024, 315/98-012 

small LOCAs is low. (At Cook, the ice condenser starts providing cooling after the containment 

pressure reaches 0.5 psig. Also, the auto start pressure of the CTS sprays at Cook is 2.9 psig.).  

27.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the feed-and-bleed sequences depend on the resolution of other issues 

affecting AFW and RHR cooling. To provide perspective on these sequences the following information 

is provided.  

If the resolution of issues results in no significant changes to AFW or RHR cooling failure probabilities, 

the change in core damage frequency would be the sum of the following: 

Sequence I - Large LOCA and loss of HPI 

(Frequency of large LOCA: 5 x I 06/critical year) x 

(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 

(Probability that sufficient amounts of debris in containment or ice condenser enters RHR pumps: low) x 

(Probability of debris entering the RHR system and failing the RHR system: low) = 4.0 x 10-6/Year x (a 

low probability) x (another low probability). Since the unknown probabilities are low, the change in CDF 

is less than I x 10.6.  

Sequence 2 - Large LOCA and loss of CTS 

(Frequency of large LOCA: 5 x 106/critical year) x 

(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 

(Probability that sufficient amounts of debris in containment or ice condenser enters CTS pumps: low) x 

(Probability of debris enterifng the CTS system and failing the CTS system: negligible) = 4.0 x 10-/Year x 

(a low probability) x (a negligible low probability). Since the unknown probabilities are low or 

negligible, the change in CDF is less than I x 10-.  

Sequence 3 - Medium LOCA and loss of HPI 

(Frequency of medium LOCA: 4 x I 05/critical year) x 

(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 

(Probability that sufficient amounts of debris in containment or ice condenser enters RHR pumps: low) x 

(Probability of debris entering the RHR system and failing the RHR system: low) = 3.2 x 10'/Year x (a 

low probability) x (another low probability). Since the unknown probabilities are low, the change in CDF 

is less than 1 x 10'.  

Sequence 4 - Medium LOCA and loss of CTS 

(Frequency of medium LOCA: 4 x 105/critical year) x 

(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 
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(Probability of debris entering the CTS system and failing the CTS system: negligible) = 3.2 x 105/Year x 

(a low probability) x (a negligible probability). Since the unknown probabilities are low or negligible, the 
change in CDF is less than 1 x 106.  

Sequence 5 - Small LOCA (stuck open PORV or SRV, RCP seal LOCA, small pipe break or feed-and
bleed cooling) and loss of HPI 

(Frequency of small LOCA or feed and bleed cooling event: 9 x 1 0 3/critical year) x 

(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 
(Probability of sump cooling is required due to inability to depressurize and establish RHR cooling: .08) x 

(Probability that sufficient amounts of debris in containment or ice condenser enters RHR pumps: 
negligible) 
(Probability of debris entering the HPI system and failing the HPI system: low) x 

(Probability of cross-tie from Unit 2 fails: 0.34) = 1.9 x 104/Year x (a low probability) x (a negligible 

probability). Since the unknown probabilities are low or negligible, the change in CDF is less than 1 x 
10-6.  

Sequence 6 - Small LOCA (stuck open PORV or SRV, RCP seal LOCA. small pipe break or feed-and

bleed cooling) and loss of CTS 

(Frequency of small LOCA or feed and bleed cooling event: 9 x 103/critical year) x 

(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 

(Probability of sump cooling is required due to inability to depressurize and establish RHR cooling: .08) x 

(Probability that long term heat removal requires CTS pumps: 1.0) x 

(Probability that sufficient amounts of debris in containment or ice condenser enters RHR pumps: 

negligible) 
(Probability of debris entering the CTS system and failing the CTS system: negligible) x 

(Probability of cross-tie from Unit 2 fails: 0.34) = 1.9 x 10-46Year x (a negligible probability) x (another 

negligible probability). Since the unknown probabilities are negligible, the change in CDF is less than 1 

x 10".  

The summary of these sequences is provided in Table 1. As shown in Table 1, the change to the core 

damage frequency associated with this issue, on its own, is less than 1 x 106. Therefore, the risk 

significance of this issue, on its own, is below the threshold for a precursor.  
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Table I

Initiating Event 
Frequency (IEF)

1. Large LOCA & HPI 

2. Large LOCA & CTS 

3. Medium LOCA & 
HPI 

4. Medium LOCA & 
CTS 

5. Small LOCA & HPI 

6. Small LOCA & CTS

5 x 10-6/Year 

5 x 10 6/Year 

4 x I 05/Year 

4 x 10-5/Year 

9 x 10-3/Year 

9 x I 031/Year

Product of IEF & 
calculated 
probabilities (6) 

4 x 1 06/Year 

4 x 106/Year 

3.2 x 105/Year 

3.2 x I 0'/Year 

1.9 x I 04/Year 

1.9 x I 0 4/Year

Unknown probabilities

(1)

low**, 

low*.* 

low**, 

low**

(2) (3)

low** 4  n/a 

n/a negligible* 

low**' n/a 

n/a negligible*

negligible* low** 

negligible* n/a

n/a 

negligible*

Contribution to change in 
CDF

less than 1 x 10.6 

less than I x 10.6 

less than 1 x 10.6 

less than I x 10-6 

less than 1 x 10-6 

less than I x 10.6

(1) Sufficient amount of debris in containment or ice condenser enters RItR or CTS pump suction 

(2) Debris enters HPI system and fails HPI system 
(3) Debris clogs CTS nozzles and fails CTS function 
(4) The product of these two low probabilities is assumed to be less than 0.25 

(5) The product of these two low probabilities is assumed to be less than 0.03 

(6) Sequence frequency excluding (1), (2), and (3) above 
* For the purposes of this analysis, "negligible" implies that all available information (operating experience or deterministic analysis) leads to 

the conclusion that the event can not occur. The basis of this conclusion is provided in the discussion of the event.  

** For the purposes of this analysis, "low" probability implies that available information (operating experience or deterministic analysis) can not 

rule out occurrence of the event. However, several low probability barriers must be overcome for the event to occur. Thc basis of this 

conclusion is provided in the discussion of the event.
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28.0 LER Nos. 315/97-024-04; 315/98-035; LER 315/98-017-01 

Event Description: Material Discovered in Containment Degrades Containment 
Recirculation Sump and Results in Condition Outside Design 
Basis 

Date of Event: September 17, 1997 

Plant: D.C. Cook, Units land 2 

28.1 Summary of Issue 

This write up addresses Issues #28 and #66.  

LER 3 15/97-024-04 (Ref. 1) reported the discovery of a fibrous material known as Fiberfrax in an 

electrical cable tray inside the Unit 2 containment. Subsequent investigations revealed the existence of 

this material in Unit 1 containment as well. It was determined that quantity of material present in Unit I 

and Unit 2 containments had the potential to cause excessive blockage of the containment recirculation 

sump screen during the recirculation phase of an accident rendering the sump inoperable. Investigations 

determined that the fibrous material resulted from design changes that installed fire stops in 12 cable trays 

in the Unit 1 containment and 15 cable trays in the Unit 2 containment. The installation procedure used 

during the design implementation did not require removal of the fibrous material from the containment 

after completion of the change. Walkdowns identified other material which could block the sump screen 

during sump recirculation. A fibrous insulation material known as Temp-Mat was identified in several 

areas in the containment annulus (inactive sump) and the lower volume (active sump). Miscellaneous 

materials such as tape, labels and equipment stored in the containments were also identified as potential 

contributors to the sump clogging. In addition, a limited amount of unqualified coatings was identified as 

well as some coatings that lacked suitable adhesion. Section b.1 and b.2 of Reference 2 (NRC Inspection 

Report on fibrous material in containment) provide details on the quantity of debris found inside the Unit 

I and Unit 2 containments.  

Both Unit 1 and Unit 2 containments have ice condensers. Reference 3 reported the discovery of 

additional debris inside these ice condensers. According to Reference 3, debris was found in a sample of 

ice from the ice condenser system. When the whole Unit I ice condenser was thawed, three 55-gallon 

drums of debris were collected. Since ice dissolves during a loss-of-coolant accident (LOCA), the debris 

trapped in the ice could have exacerbated the fibrous material condition.  

Reference 20 reported another condition that could have contributed to the excessive blockage of sump 

recirculation screens (This issue is identified as issue #66 in the listing of Cook issue. It was included 

here to factor in any potential synergistic effects). According to reference 20, the damages incurred to 

lower inlet door shock absorber equipment could have resulted in release of crushed foam during a design 

basis accident. The foam would then find its way to recirculation sump and add to the debris from other 

sources to causes excessive blockage of sump screens.
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The changes to the core damage frequencies (CDF) associated with this issue, on its own, are 

summarized in Table 1 (See page 18). Table I summarizes the initiating event frequencies of initiators 

that are affected by the debris in sump, product of known probabilities and the frequency associated with 

each initiator, summary of qualitative assessment of the unknown probability, and the expected change in 

the CDF for each initiator. Overall, unless the issues associated with the residual heat removal (RHR) 

system or the auxiliary feedwater (AFW) system significantly affects the functionality of those systems 

(which would increase the feed-and-bleed scenario frequency), the total CDF change associated with this 

issue, on its own, is less than the threshold for a precursor.  

28.2 Modeling and Affected Sequences 

During a LOCA, fibrous material and other debris is generated initially during the blast effects and the 

initial shock wave resulting from the pipe rupture. Additional debris will be generated during blowdown, 

due to jet impingement. Particles of corrosion products may also be released as a result of the LOCA or 

they may exist in the sump as "sludge." Furthermore, loose materials that are present in the containment 

such as loose paint coatings are a possible source of debris. In addition, at Cook, debris will be generated 

during ice dissolution (debris trapped inside ice and outside of the ice baskets and crushed foam released 

from damaged shock absorbing bumpers of the lower inlet door shock absorber equipment). The debris 

generated during a LOCA is transported in three phases. Initially, the debris will be distributed by blast 

forces within the containment. During blowdown, the debris will be transported by steam and air flow.  

Finally debris will be transported by water as "washdown" occurs. During washdown, the transport 

depends on whether the containment spray system is activated or not.  

Any accident sequence that demands sump recirculation will be affected by the potential to clog the sump 

screen by material in the containment. Large, medium, and small LOCAs can generate sump debris and 

transport them to the sump. In order to recognize the difference in the debris generation potential for 

reactor coolant system (RCS) inventory losses via the quench tank and also to differentiate between the 

location of the break with respect to the RCS hot legs, the three types of small LOCAs [stuck open safety 

relief valves (SRVs) or power-operated relief valves (PORVs), reactor coolant pump (RCP) seal LOCAs, 

and small pipe breaks] are treated separately.  

Depending upon the break location and size, a small LOCA may be mitigated by cooling down and using 

residual heat removal (RHR) cooling before the depletion of the refueling water storage tank (RWST). In 

fact, past operating events show that during small LOCAs, reactors can be depressurized and cooled 

down without entering the sump recirculation phase. This capability is credited in the small LOCA and 

feed-and-bleed accident sequences. Due to rapid loss of the RWST and low likelihood of re-filling the 

RCS, the large and medium LOCAs will always require sump recirculation after successful injection.  

Clogging of suction strainers does not always lead to non-recoverable pump failures. Even though no 

actual experience is available on Pressurized Water Reactors (PWRs), past events at Boiling Water 

Reactors (BWRs) provide insights to the behavior of RHR pumps when the screens are clogged up by 

debris. Therefore, a recovery factor will be added to the sequences. Based on past experience, the 

recovery actions include (a) securing and re-starting pumps, or (b) continuing to run pumps with debris.

August 3, i�i�
• August 3, 19992
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At D.C. Cook, the RWST of one unit can be cross tied and used to feed the RCS of the second unit. This 
additional source of borated water would provide additional time to cool down and depressurize the 
reactor for small LOCA sequences. Since the RCS cannot be refilled in a timely manner to establish 
RHR cooling, medium LOCAs and large LOCAs cannot credit the cross-tie capability.  

Transient events where the steam generator cooling function is failed and feed-and-bleed cooling is used 
to remove decay heat may eventually need sump recirculation when the sump debris depletes. Feed-and
bleed cooling sequences resulting from main steam line breaks (MSLBs) and feed line breaks (MFLBs) 
inside the containment needs to be considered separately from other feed-and-bleed sequences since the 
initiating event (steam line or feed line break) can result in increased debris generation compared to the 
feed-and-bleed sequences associated with other transients.  

Clogging of the sump screens can cause net positive suction head (NPSH) problems for containment 
spray (CTS) pumps as well as for the RHR pumps. CTS pumps are used to remove heat from the 
containment in the long-term operation (ice condensers complement the CTS sprays until all ice is 
melted). Failure of the CTS pumps could lead to overpressurizing the containment, and this in turn could 
challenge containment integrity and sump recirculation capability. However, CTS pumps are not 
considered in the accident sequences since the CTS pumps have much higher margins compared to the 
RHR pumps. At the design flow rate of 4600 gpm, assuming a pool 4' deep, the RHR pumps have a 
NPSH margin of 9'. At its design flow rate of 3200 gpm, the CTS pumps have a NPSH margin of 20'.  
(Ref. 12). Therefore, when head losses occur as a result of debris clogging up the screens, the RHR 
pumps will fail before the CTS pumps. There can be situations where during some small LOCA or feed
and-bleed sequences where only CTS pumps rather than RHR pumps are needed. For example, during 
small LOCAs, the CTS pumps may be demanded before the RHR pumps since the containment pressure 
can reach the CTS automatic actuation set point (2.9 psig) before the RWST level drops to a level that 
requires establishing sump recirculation. However, the discussion of small LOCA sequences shows that 
debris generation, and transport during these sequences do not allow adequate debris buildups and head 
losses to challenge the 20' NPSH margin available to CTS pumps (Ref. 12).  

Therefore, the sequences of interest are as follows: 

Sequence 1 - Stuck Open PORVs or SRVs 

"* Stuck open PORV or SRV occurs; 
"* Sump cooling is required due to inability to depressurize and establish RHR cooling; 
"* Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation; 

"* Operator fails to recover RHR pumps or continue flow in degraded condition; and 
"* Cross-tie from Unit 2 fails.  

Sequence 2 - Feed-and-bleed cooling (except those resulting from MSLB & MFLB inside containment) 

* Feed-and-bleed cooling occurs; 

3
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"* Sump cooling is required due to inability to depressurize and establish RHR cooling; 

"* Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation; 

"* Operator fails to recover RHR pumps or continue flow in degraded condition; and 

"* Cross-tie from Unit 2 fails.  

Sequence 3 - Feed-and-bleed cooling associated with MSLB & MFLB inside containment 

"* Following a MSLB & MFLB inside containment event, feed-and-bleed cooling occurs; 

"* Sump cooling is required due to inability to depressurize and establish RHR cooling; 

"* Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation; 

"* Operator fails to recover RHR pumps or continue flow in degraded condition; and 

"* Cross-tie from Unit 2 fails.  

Sequence 4 - RCP seal LOCAs 

"* RCP seal LOCA occurs; 

"* Sump cooling is required due to inability to depressurize and establish RHR cooling; 

"* Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation, 

"* Operator fails to recover RHR pumps or continue flow in degraded condition; and 

"* Cross-tie from Unit 2 fails.  

Sequence 5 - Small pipe break LOCA 

"* Small pipe break LOCA occurs; 

"* Sump cooling is required due to inability to depressurize and establish RHR cooling; 

"* Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation; 

"* Operator fails to recover RHR pumps or continue flow in degraded condition; and 

"* Cross-tie from Unit 2 fails.  

Sequence 6 - Medium or large LOCA 

"* Medium or Large LOCA occurs; 

"* Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation; 

and 

"* Operator fails to recover RHR pumps or continue flow in degraded condition.  

28.3 Frequencies, Probabilities, and Assumptions 

Sequence 1 - Stuck Open PORVs or SRVs 

o Stuck open PORV or SRV occurs - Rates of Initiating Events at US. Nuclear Power Plants: 1987

1995 (Ref. 14) indicates that the frequency of stuck open PORVs and SRVs at PWRs is 6 x 10-/ 

critical year.

4
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Sump cooling is required due to inability to depressurize and establish RHR cooling - Operating 

experience shows that during a stuck open SRV or a PORV the leak rates and the condition of the 

RCS allows the operators to depressurize and use RHR cooling. During the time period 1987-1995, 

there were two stuck open SRV events and during both these events, sump recirculation was not 

needed (Ref. 4, 5). During the event that occurred at Fort Calhoun, approximately 21,500 gallons of 

RCS water was discharged from the RCS to the containment. This is much less than the discharge 

required to demand emergency core cooling system (ECCS) sump recirculation. During the event 

that occurred at Calvert Cliffs only 5000 gallons of reactor coolant discharged to the containment 

floor. During the TMI-2 event (3/28/79), a stuck open PORV released 271,000 gallons of RCS water 

to the sump. However, even during the TMI-2 event sump recirculation was not demanded. In 

addition to these events, during 2 RCP seal LOCA events (see sequence 4 for the details of the RCP 

seal LOCAs), the operators were able to successfully depressurize the RCS and establish RHR 

cooling. Since there were zero needs for sump recirculation during five occasions, using the 

Bayesian method the probability of requiring ECCS sump recirculation is estimated at 0.08 (V2 sump 

recirculation events during 6 events).  

* Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation 

Whether the screen can clog up during sump recirculation depends on (a) the amount of debris 

generated during this small LOCA, (b) the amount of debris transported to the recirculation sump, 

and (c) the amount of debris that would eventually deposit on the sump screen.  

0 Debris Generation Debris is generated in three phases of a LOCA; initial blast effect during 

pipe rupture, erosion during jet impingement, and pre-existing debris such as dirt, dust, rust 

flakes, and failed coatings. During a stuck open PORV or SRV, the liquid enters the quench 

tank and releases from there. The initial shock waves and jet impingement effects are 

absent. As a result, there is consensus (Ref. 6, 7, 8) that the amount of debris created by this 

small LOCA is much less than that created during a medium LOCA or a large LOCA.  

Therefore, the probability of creating a significant amount of debris is negligible.  

0 Debris Transport Debris is transported by (i) blast forces within the containment, (ii) steam 

and air flows during the blowdown phase, (iii) and finally transport by water or 
"washdown." Since RCS water is released from the quench tank, the amount of debris 

transported by the first two mechanisms is low. At D.C. Cook, the containment spray 

actuates at 2.9 psig. Therefore, the possibility of spray actuation cannot be ruled out for 

breaks classified under stuck open SRVs and stuck open PORVs, even though during the 

actual two events at Fort Calhoun and Calvert Cliffs (Ref. 4 and 5) that form the basis for 

this initiating event frequency, spray actuation did not occur. If the sprays actuate, that 

would enhance transport of debris.  

o Debris from the ice condenser At Cook, two additional sources of debris were present since 

there was debris trapped in the ice condenser and debris (crushed foam coming out of 

damaged inlet door shock absorbing bumpers).  

5
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The nature and the volume of debris present in the ice condenser were such that, if the debris 

could be transported to the sump screens, it had the potential to block the screens. Material 

such as tape, gloves, coat wrap, plastic banding cloth, ice basket coupling screws and screw.r 

heads, nuts and bolts, ice basket cruciform wire, rope, rags, wood, paper, and small and large 

tools were found in the Unit I ice condenser. There were approximately three 55-gallon 
drums of debris in the Unit 1 ice condenser. In order for the debris described above to 

deposit on the screen the following events must occur: 

- The ice condenser baskets have I" holes. The above debris must go through the 1 

holes. Therefore, debris (tools, tape rolls, plastic wrap, etc.) that is greater than I" in 

size will be trapped inside the ice condenser baskets (When the Unit I ice condenser 

was thawed, most of the material that was considered as transportable to the sump 

stayed inside ice baskets). Only during a large LOCA can one postulate blowdown 
forces large enough to send the material trapped inside ice baskets up the 48' tall ice 

baskets. Even if material travels up the 48' ice baskets, it must go through upper 

deck grating, and over to and down the refueling cavity drains.  
- Debris that escaped the ice baskets and the debris outside of the ice condenser must 

go through the floor grating (1.75" opening).  
- Debris that passes through the above obstacles enters a 12" drain line. From here, 

debris must go through a 12" flapper valve in order to enter the lower containment 

or enter a 3" drain line that has low points. Any debris that enters the 3" line will 

bypass the screens. All heavy small items (e.g., bolts) will deposit along low points 

during this transport.  
As a result of the above described tortuous path only light (less density than water) small 

(less than I ") debris can be transported from the ice condenser to the sump, and the 

contribution from this material to the sump clogging is negligible.  

The nature and volume of foam in the lower inlet door shock absorbing equipment (also 

referred to as the bumper bags), if the bumper bags were damaged, created a potential for 

debris generation. The design (plastic bags, sufficient volume to contain the expanded 

volume of the crushed foam wedges, the stainless steel mesh) of the bumper bags are such 

that if they were not damaged due to prior maintenance or other activities, the likelihood of 

generating debris is negligible. However, at both Cook Units, there were some bags that had 

experienced damages during maintenance activities (See reference 20 for details). In order 

to assess the contribution of this degraded situation on sump recirculation screen clogging 

the likelihood of debris generation, the magnitude of debris generated, the path of transport 

of debris (foam inside the bags to the sump recirculation screen), the potential of foam to 

deposit or interact with other debris to clog sump screen, and the affect of foam debris on 

recovery actions of the pump (e.g.: securing the RHR or CTS pumps and re-starting them) 

was examined.  
- According to reference 20, the reasonable judgements on the amount of foam that 

could have escaped are as follows: for Unit 1 bags, as much as 10.5 cubic feet could 

have escaped. For Unit 2 bags, the amount could have been about 1 cubic feet.  
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- When foam is released they have to take one of two paths in order to reach the sump 

screen. The blow down forces due to the accident would force pieces of foam to 

travel up and around the ice baskets (48 feet), through the upper deck grating 

(another 17 feet), and over to and down the refueling cavity drains. This is a likely 

path during large or medium LOCAs during which the blow down forces are 

significant.  
- If foam would have to travel down (likely during small LOCAs), they would have to 

travel through the inlet door opening or washed down through the floor drain grating 

(1.75 inch openings), and through 12 inch flapper valve drains.  

- The recirculation screens at both Cook units are vertical. Given the low density of 

foam (a) they do not deposit (removal via deposition is minimal), and (b) they 

cannot be expected to deposit evenly along the screen. This reduces the likelihood 
of blockage.  

- In the event of sump recirculation blockage, during past actual events at BWRs, the 

operators would secure the pumps after noticing fluctuating pump currents. This 

action tend to release the debris adhering to screen (In the past, when operators 

secures the cavitating pumps and re-started them, they ran successfully).  

Due to the combined factors listed above (moderate amounts of debris, obstructions in the 

transport paths. the shape and location of the screen, and the nature of the debris the 

contribution by this issue to sump screen clogging potential is determined to be negligible.  

Debris deposition During a stuck open PORV or SRV, the rate at which the loss of coolant 

occurs is relatively low. During the two events at Fort Calhoun and Calvert Cliffs, the flow 

rates were as follows: During the Fort Calhoun event, the leak rate was 200 gpm. A total of 

approximately 21,500 gallons was released to the containment sump. The Calvert Cliffs 

event resulted in a maximum leak rate of 25 gpm and a total of approximately 5000 gpm was 

released to the containment. The Tech Spec required RWST inventory at Cook is 350,000 

gallons. Even though RWST depletion may occur due to CTS (CTS starts when the 

containment pressure reaches 2.9 psig) CTS will be turned off when the pressure reaches 1.5 

psig. Furthermore, an ice condenser door will open at 0.5 psig. The overall impact is low 

likelihood of CTS demand during small breaks. In fact, for breaks smaller than 2", the 

sprays may not actuate until all of the ice in the ice condensers melt. Therefore, during a 

stuck open PORV or an SRV event at D.C. Cook, many hours will elapse before 

recirculation is required. If any debris was generated and transported, there would be ample 

time for the debris to settle. Once debris is settled, unless high flow rates occur, the debris 

will not be transported. During small LOCAs, the flow rates inside the containment will be 

low (except in locations where there are flow restrictions). Therefore, the debris that is 

suspended and available to block sump screens will be minimal.  

Head Loss at sump The NPSH required for the RHR pumps depend upon many parameters 

that include the following: Design characteristics of pump, Pump speed (NPSH required 

increases with speed), Pump flow rate (NPSH required increases with flow rate), and Liquid 

temperature (NPSH required decreases with increasing temperature). During a stuck open
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PORV or an SRV event, even if the sump recirculation function was demanded, it would 
occur late in the accident (hours or days after the event) when the decay heat levels are low.  
Therefore, the flow rates required to cool the core would be relatively low. As a result, the 
NPSH required at pump suction will be low during a small LOCA. In addition, since the 
flow rates across the screen are low, the head loss across the screen would be smaller than 
what is required during a large LOCA. For example, based on analysis performed and 
documented by the licensee in Reference 12, the head loss across the sump screen is 9 ft
water at 15,600 gpm (maximum flow rates during a large LOCA from both RHR and CTS 

trains). At about 2000 gpm, the head loss for the same debris loading is less than 1 ft-water.  
The net effect is increased NPSH margin at the pump suction during a small LOCA 
compared to a large or medium LOCA. As a result, during small LOCAs, the likelihood of 
cavitation will be low even if debris deposits on the screen.  

As the discussion above shows, (a) the low like likelihood of generating debris during a RCS release that 

occurs through the quench tank, (b) low flows that do not support debris transport to the sump, (c) 
considerable time elapsed before sump recirculation starts that allows debris and fibrous material to 

deposit, and (d) the low NPSH requirement and low head losses associated with low flow rates, the 

probability of the screen clogging up leading to the cavitation of sump pumps during the stuck open 
PORV or SRV event is negligible.  

- Operator fails to recover RHR pumps or continue flow - Operating experience from BWRs and 

engineering analysis can be used to estimate an upper bound for this probability. Even if the RHR 

pumps incur cavitating conditions, both operating experience and pump vendor data has shown that 
the pumps will not immediately fail. Rather, operating experience supports the notion that cavitating 

conditions will annunciate their existence in the control room via fluctuating motor currents or alarms 

for the high differential pressure across a sump screen and prompt the operators to take remedial 
actions.  

The following two events show that during stuck open relief valves, the strainers may continue to 

operate in a degraded condition, even though sump debris deposits on them. These two operating 
experiences are related BWRs. (There are no actual events from PWRs). During the suction strainer 

plugging event at Limerick Unit I (Ref. 9), which is a BWR, when the suction strainer plugged, 

operators detected that abnormal condition by observing the fluctuating motor current and flow on the 

"A" loop of suppression pool cooling. The operator believed the cause to be cavitation and secured 

the loop. After it was checked, the "A" pump was successfully restarted and no further problems 

were observed. During the event at Perry, following an unexpected shutdown on March 26, 1993 

(Ref. 13), safety relief valves were utilized for reactor pressure control, and RHR A and B pumps 

were operated simultaneously in the suppression pool cooling mode for two hours. Following the 

shift of RHR A loop to the shutdown cooling mode, RHR B was operated for an additional 5 hours.  

An inspection performed on April 14, 1993, showed that the RHR B strainer was fouled and

deformed. Without disturbing the debris on the strainer, a test run of the RHR B pump was 

performed with suction pressure monitored. With a static suction pressure of 9.25 psig, pump suction 
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pressure decreased to an indicated 0 psig after 8 hours of operation, and although the pump flow 

remained adequate, the pump was secured.  

Even though the above two conditions relate to BWRs whose strainers are different from those of 

PWRs, in terms of the propensity to be plugged, the vertical strainer at Cook is less likely to plug 

compared to the cylindrical strainer at BWRs (Ref. 18). Therefore, the Bayesian method is used to 

calculate the probability of not failing the RHR due to clogging after a small LOCA event. Given 

that there were no failures of pumps during two demands, using the Bayesian update the likelihood of 

failing RHR pumps given debris deposits on the strainers can be estimated to be 0.16 (½ failures in 3 

demands). In addition to this operating experience, other information available suggests that RHR 

pumps do not fail immediately upon clogging. In its regulatory analysis section, Reference 8 points 

out that the ECCS would be able to continue operating for some period of time under cavitation 

conditions. It goes on to state that some licensees have vendor data demonstrating this capability.  

Cross-tie from Unit 2 fails - The D.C. Cook plant has two RWSTs, one dedicated to each of its units, 

and these RWSTs have cross-tie capability. Neither the Individual Plant Examination (IPE) (Ref.  

11), nor the Final Safety Analysis Report (FSAR) provides sufficient information to determine this 

cross-tie capability. However, it is known that the cross-tie capability is credited in Appendix R 

compliance in that plant. Technical Specifications require maintaining a minimum RWST inventory 

in a given unit even when it is shut down to ensure its capability to feed the second Unit's ECCS 

during a fire event. During a stuck open PORV or SRV, in the event the suction strainer clogs due to 

fibrous material and other debris, and that eventually leads to the failure of RHR pumps, the cross-tie 

can be aligned to add borated water to the RCS. The additional RCS inventory of 350,000 gallons 

will provide ample time to continue depressurizing and cooling down during flows that are typically 

encountered during stuck open PORVs or SRVs.  

In order to cross-tie the RWSTs given that sump recirculation has failed, the following actions must 

be performed: (a) recognize need to cross-tie (sump recirculation failure and failure to recover by 

securing and restarting the pump that cavitates), and (b) change valve alignments to inject from the 

other unit's RWST. Both of the above actions must be accomplished prior to core uncovery. The 

time available to core uncovery is significantly impacted by the decay heat levels when the sump 

recirculation function is demanded and failed due to debris ingestion. Based on the Cook IPE (Ref.  

11) 100 minutes elapse before sump recirculation is needed. This is conservative since it is assumed 

that a significant amount of RWST depletes due to containment spray. After sump recirculation is 

established (approximately 100 minutes after the LOCA), additional time will be expended for the 

screens to clog up. Based on the past BWR related events, screens do not clog immediately due to 

debris. During the event at Limerick, the screen clogged in 30 minutes. During the Swedish 

Barseback event, the screens plugged up in 70 minutes. Therefore, if the sump recirculation fails due 

to debris clogging during a small LOCA, it will happen a few hours into the accident, and the decay 

heat levels would be relatively low. At low decay heat level, there will be adequate time to cross-tie 

the other unit's RWST. In the absence of significant details on the steps that the operators would 

follow to align the second unit's RWST, a probability of 0.34 is used for failure probability. In the 

Accident Sequence Precursor (ASP) analysis, 0.34 recovery probability is used for those failures that 

appear recoverable in the period at the failed equipment, rather than from the control room, given that 

9
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the equipment was accessible (Ref. 10). Even though the Cook IPE (Ref. I I) does not provide a 

failure probability for the cross-tie of RWSTs, it does provide failure probabilities for several other 

cross-ties. For example, cross-tie of chemical and volume control system (CVCS) is assigned a 

failure probability of 2.2 x 10-2 for a loss of component cooling water scenario and a failure 

probability of 0.29 for the loss of emergency' service water (ESW) scenario. In comparison to these 

numbers, use of 0.34 for the RWST cross-tie failure probability is reasonable.  

Sequence 2 - Feed-and-bleed cooling (except those resulting from MSLB & MFLB inside containment) 

* Feed-and-bleed scenario occurs - Rates of Initiating Events at US. Nuclear Power Plants 1987-1995 

(Ref. 14, Table 3.3) indicates that the frequency of a loss of offsite power is 0.046/critical year; the 

frequency of a total loss of feedwater flow is 0.085/critical year; and the frequency of a total loss of 

condenser heat sink events (power conversion system) is 0.12/critical year. This adds up to a total 

frequency of 0.25/critical year. For Cook Unit 1, the criticality factor is 0.79 critical year/reactor 

calendar year (Ref. 14, Table H-3). Therefore, the frequency of a reactor trip with a loss of 

feedwater, offsite power, or the power conversion system is about 0.2/year (0.79 x 0.25). From the 

Cook standardized plant analysis risk (SPAR) model, the failure probability of the auxiliary 

feedwater (AFW) system is 1.1 x 10"4. Therefore, the frequency of feed-and-bleed events requiring 

recirculation is 1.1 x 10' times 0.2, or about 2 x I 05/year.  

Sump cooling is required due to inability to depressurize and establish RHR cooling - Feed-and-bleed 

cooling uses the pressurizer PORVs or SRVs to bleed RCS while injecting RCS with high pressure 

injection. At D.C. Cook, the pressurizer is equipped with three PORVs that are capable of bleeding 

the RCS. Based on discussions with operations at D.C. Cook (Rich'ard Strasser 6/30/99, Cook 

Operations), simulator exercises have shown that the feed-and-bleed cooling can depressurize the 

reactor prior to depleting the RWST. Therefore, the probability that was calculated for the stuck 

open PORV or SRV case (0.08) is reasonable for the Cook feed-and-bleed cooling scenario.  

Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation 

The debris generation, transport, and deposition mechanisms, and the factors affecting head loss 

across the sump screen during a feed-and-bleed cooling scenario are similar to those encountered 

during a stuck open PORV or SRV scenario. Therefore, due to the reasons identical to those 

discussed in Sequence 1, this probability is negligible.  

"* Operator fails to recover RHR pumps or continue flow - Due to the reasons discussed under this 

event in Sequence I a probability of 0.16 is used.  

"* Cross-tie from Unit 2 fails - Due to the reasons discussed under this event in Sequence 1, a 

probability of 0.34 is used.  

Sequence 3 - Feed-and-bleed cooling associated with MSLB & MFLB inside containment 

* Following a MSLB & MFLB inside containment event, feed-and-bleed cooling occurs - Rates of 

Initiating Events at US. Nuclear Power Plants 1987-1995 (Ref. 14, Table 3.1) indicates that the
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frequency of a steam line break/leak event inside containment is 1 x 103/critical year. The frequency 

of feed line break/leak events is 3.4 x 103/critical year. Conservatively assuming that all feed line 

breaks occur inside containment, the total frequency of steam and feed line breaks/leaks inside

containment is 4.4 x 10-3/critical year. For Cook Unit 1, the criticality factor is 0.79 critical 

year/reactor calendar year (Ref. 14, Table H-3). From the Cook standardized plant analysis risk 

(SPAR) model, the failure probability of the AFW system is 1.1 x 10'. Therefore, the frequency of 

feed-and-bleed events requiring recirculation after a steam line break or a feed line break event is 3.8 

x I 0 7/calendar year.  

Sump cooling is required due to inability to depressurize and establish RHR cooling -Feed-and-bleed 

-cooling uses the pressurizer PORVs or SRVs to bleed RCS while injecting RCS with high pressure 

injection. At D.C. Cook, the pressurizer is equipped with three PORVs that are capable of bleeding 

the RCS. Based on discussions with operations at D.C. Cook (Richard Strasser 6/30/99, Cook 

Operations), simulator exercises have shown that the feed-and-bleed cooling can depressurize the 

reactor prior to depleting the RWST. Therefore, the probability that was calculated for the stuck 

open PORV or SRV case (0.08) is reasonable for the Cook feed-and-bleed cooling scenario.  

* Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation 

The debris transport, and deposition mechanisms, and the factors affecting the head loss across the 

sump screen during a feed-and-bleed cooling scenario are similar to those encountered during other 

feed-and-bleed cooling scenarios in which no pipe break occurred inside the containment. The main 

difference between this scenario and the other scenarios is the potential to generate significant 

amounts of debris due to the break inside containment. However, other factors (transport and 

deposition mechanisms) associated with feed-and-bleed cooling will keep this probability negligible.  

* Operator fails to recover RHR pumps or continue flow in degraded condition - Due to the reasons 

discussed under this event in Sequence I a probability of 0.16 is used.  

* Cross-tie from Unit 2 fails - Due to the reasons discussed under this event in Sequence l, a 

probability of 0.34 is used.  

Sequence 4 - RCP seal LOCAs 

* RCP seal LOCA occurs - Rates of Initiating Events at US. Nuclear Power Plants 1987-1995 (Ref.  

14, Table 3.1) indicates that the frequency of an RCP seal LOCA is 2.5 x 103/critical year. This 

frequency results from two actual events that resulted in a significant loss of coolant through the RCS 

seals. In the May 1975 event at Robinson Unit 2 (no LER, page 1-3 of Ref. 14), a total of 132,500 

gallons of RCS water was released to the containment sump before RHR cooling was established.  

The maximum leak rate was 500 gpm. During the event at Arkansas Nuclear One Unit I (Ref. 15), 

approximately 60,000 gallons of water collected in the containment before RHR cooling was 

established. The maximum leak rate was 300 gpm. The containment pressure increased by 0.5 psi, at 

which time the reactor building containment coolers were put into service.  

11
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0 Sump cooling is required due to inability to depressurize and establish RHR cooling - Even though 

there have been many RCP seal degraded events, only the two events discussed above were used to 

calculate the initiating event frequency since the leak rates associated with the others did not exceed 

40 gpm. In both these events, the operators were able to establish RHR cooling prior to requiring 

sump recirculation. In addition to these, the operators were able to establish RHR cooling during 3 

stuck open PORV/SRV events (See sequence I for details). Using the Bayesian method, the 

probability of requiring sump recirculation during a small LOCA event is calculated to be 0.08 (½ 

events on 5 demands).  

* Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation 

As pointed out under the discussion on the RCP seal LOCA initiating event frequency, the flow rates 

encountered during RCP seal LOCAs are relatively low. The maximum flow rate encountered during 

an RCP seal LOCA was 500 gpm (May 1975 event at Robinson 2, Ref. 14). Therefore, the debris 

generation, transport, and deposition mechanisms, and the factors affecting head loss across the sump 

screen during an RCP seal LOCA scenario are similar to those encountered during stuck open PORV 

or SRV scenarios. During the stuck open PORV or SRV scenario, the RCS water is released through 

the quench tank. Therefore, initial blast effects or the blowdown forces that generate debris are 

absent. Similarly, during an RCP seal LOCA events, such forces that generate debris are absent. As 

a result, this probability is negligible.  

"* Operator fails to recover RHR pumps or continue flow in degraded condition - Due to the reasons 

discussed under this event in Sequence I a probability of 0.16 is used.  

"* Cross-tie from Unit 2 fails - Due to the reasons discussed under this event in Sequence 1, a 

probability of 0.34 is used.  

Sequence 5 - Small pipe break LOCA 

* Small pipe break LOCA occurs; - Rates of Initiating Events at US. Nuclear Power Plants 1987-1995 

(Ref. 14, Table 3.3) indicates that the frequency of a small pipe break LOCA is 5.0 x 104/critical 

year. This frequency results from zero events since WASH-1400 (Ref. 16) in both PWR and BWR 

history.  

" Sump cooling is required due to inability to depressurize and establish RHR cooling - There is no 

operating experience to estimate the probability of the capability to establish RHR cooling following 

a small LOCA. Unlike a stuck open pressurizer PORV or an SRV, the break may not be at a high 

location. Unlike an RCP seal LOCA, the break may not be via a seal which can be stopped after 

cooling down RCS. In the absence of data, experience related to RCP seals and stuck open 

SRVs/PORVs is used to estimate this probability at 0.08.  

"* Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation 

The debris generation, transport, and deposition mechanisms, and the factors affecting head loss 

across the sump screen during a small LOCA scenario are similar to those encountered during a stuck 

open PORV or an RCP seal LOCA since the flow rates are low. The main difference between this 

12
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scenario and the stuck open PORV scenarios is the potential to generate more debris since there is a 

pipe break. However, since the pipe break is small (less than 2" in diameter), the area of impact is 

relatively small. Therefore, the amount of debris generated will be much less compared to a medium 

or a large break LOCA. In addition, other factors (time available for debris deposition, low flows that 

do not support debris transport, relatively low NPSH required due to low flows combined with high 

NPSH margin available due to reduced head loss across screens as a result of low flow rates) make 

this probability negligible.  

"* Operator fails to recover RHR pumps or continue flow in degraded condition - Due to the reasons 

discussed under this event in Sequence 1 a probability of 0.16 is used.  

"* Cross-tie from Unit 2 fails - Due to lack of operating experience, this probability is conservatively 

assumed to be 1.0.  

Sequence 6 - Medium or large LOCA 

"* Medium or large LOCA occurs - Rates of Initiating Events at US. Nuclear Power Plants 1987-1995 

(Ref. 14, Table 3.3) indicates that the frequency of a medium or large LOCA is 4.5 x 105/critical 

year.  

" Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation 

Based on the discussion below under medium or large LOCAs, the probability of this event is 

assumed to be low (low enough so that the product of the medium LOCA frequency and this event is 

less than I x I 0"/year.) The issue of sump debris potentially clogging up the sump screen such that 

the head losses across the screen fails the recirculation pumps, has been a generic issue that has 

received both regulatory and industry attention over many years (Ref. 8). For BWRs, considerable 

research has been carried out to investigate this area. However, for PWRs, the research program has 

just begun (with D.C. Cook as a pilot plant)(Ref. 8). A plant specific analysis performed to assess the 
"as found" condition (Ref. 12) and the independent review of that analysis (Ref. 17), lead to the 

conclusion that for the "as found" condition the probability of clogging the sump during a medium or 

a large LOCA is low (low enough so that the product of the large LOCA frequency of 5.0 x 10.6 and 

the probability of this event is less than I x 106/year.). The bases for this conclusion, in summary are 

as follows: 

o A plant specific analysis performed by Innovative Technology Solutions (ITS) (a vendor 

contracted by licensee) concluded that the "as found" conditions would not have blocked the 

sump screen to a degree that would have prevented effective functioning of the sump in the 

recirculation mode for the full spectrum of LOCAs (Ref. 12).  

o An NRC inspection report agreed that the assumptions used in the ITS analysis are 

acceptable (Ref. 2). (Note that NRC did not review and concur with the final analysis. NRC 

simply agreed that the assumptions of the analysis are acceptable).  

0 An independent review performed by Scientech (Ref. 17) agreed with the ITS findings.  

13
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0 ITS has made a conservative (extremely conservative for medium LOCAs) assumption in a 

parametric input that has a significant impact on head loss (flow rate through sump was 
assumed to be 15,600 gallons).  

The summary of analysis and key assumptions of the analysis documented in Reference 12 

is as follows. The analysis used models developed by the USNRC, as reported in 

NUREG/CR-6224 (Ref. 19) for BWR ECCS suction strainers. Selected guidance was also 

adopted from the BWR Owner's Group (BWROG) resolution guidance. Consistent with the 

analysis in BWRs, large breaks were postulated to occur at weld locations of RCS pipes.  

Hence, the analysis assumed only insulation in the lower containment will be available as 

sump debris. Even though only insulation near the actual location of a postulated break is 

expected to be damaged, the analysis conservatively assumed that all insulation below the 

614' level will act as debris (Note that for medium LOCAs, whose size is limited to breaks 

less than 6" in diameter, the zone-of-influence or the area affected by the break is much less 

than that for large breaks. Therefore, for a medium LOCA, the actual amount of debris 

generated will be less than that for a large LOCA). Based on the two-dimensional 

computational fluid dynamics of the flow field of water on the containment and based on 

other engineering analysis, 50% of the debris is expected to be carried to the sump screens.  

Since Fiberfrax insulation was found only outside of the crane wall, it was assumed that 

Fiberfrax will not impact the large LOCAs. However, some of the Fiberfrax (5 lbs.) was 

assumed to enter the lower containment from the containment annulus. Assuming a 4' deep 

pool, the NPSH margin for RHR pumps at a flow rate of 4600 gpm was estimated at 9'. For 

the CTS pumps, the NPSH margin at 3200 gpm was 20 ft. Therefore, RHR pumps are 

limiting for NPSH. These NPSH margins are for the large break LOCAs for which the flow 

rates are at the maximum. ( For medium and small LOCAs, flow rates are lower and 

therefore, the NPSH margin will be greater than 9'.) The analysis used an effective sump 

screen area of 76 square feet. Head losses were calculated using a total flow rate of 15,600 

gpm (both RHR and CTS pumps running at maximum flow). Based on BWROG resolution 

guidance, head loss due to reflective metallic insulation (RMI) was neglected. Two LOCA 

scenarios (large and small) were analyzed. Since large LOCAs can only occur in RCS 

piping, this break was assumed to occur in the lower portion of the containment building. In 

comparison, the small LOCA was assumed to occur in the containment annulus. The 

quantities of dirt/dust and rust flakes listed in the BWROG Utility Resolution Guidance 

(URG) were assumed to be applicable to D.C. Cook. The debris bed that develops on the 

sump screen was assumed to be uniform. Based on discussions with Michael Marshall (Ref.  

18), many of the above assumptions were determined to be conservative. The bases of some 

assumptions (e.g., the assumption that composition of Fiberfrax is similar to Min-K for the 

purposes of this analysis) were unknown.  

This analysis identifies the two major contributors to the head loss across sump screens to be 

the debris quantity and the screen approach velocity. The analysis made conservative 

assumptions for both those parameters. For the debris, the analysis assumed that the total 

quantity of Temp-Mat insulation below 614' in the containment would be destroyed. No 
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credit was taken for the spatial separation between the location of the break and the location 

of the insulation. For the approach velocity, the analysis assumed the maximum approach 

velocity by assuming total flow from both RHR and CTS pumps, even though the actual 

flows required during the recirc phase would be much lower. The analysis showed that the 

head loss across the screen will be less than 9 ft. It concluded that the "as found" conditions 

would not have blocked to a degree that would have prevented effective functioning of the 

sump in the recirculation mode for the full spectrum of LOCAs.  

Reference 2 (the NRC inspection report) did not agree with the initial analysis that was 

performed by ITS on the sump operability in 1997. However, it did agree with revised 

assumptions and models used in the analysis. The licensee used Scientech (Ref. 17) to 

perform an independent review of the safety implications of the "as found" conditions at 

D.C. Cook. One analysis reviewed by Scientech engineers was the ITS analysis of sump 

debris. Scientech's independent review team considered two additional sources of debris that 

were not included in the ITS analysis (foreign material found in the ice beds and charcoal 

paper in the containment auxiliary clean-up ventilation units) and concluded that neither of 

them would have contributed significantly to the debris generated during a LOCA. In 

summary, Scientech concluded that the ITS analyses are acceptable.  

" Operator fails to recover RHR pumps or continue flow in degraded condition - Due to the reasons 

discussed under this event in Sequence I a probability of 0.16 is used.  

"* Operator fails to recover RHR pumps or continue flow in degraded condition - Due to lack of 

operating experience, this probability is conservatively assumed to be 1.0.  

28.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the feed-and-bleed sequences depend on the resolution of other issues 

affecting AFW and RHR cooling. To provide perspective on these sequences the following information 

is provided.  

If the resolution of issues results in no significant changes to AFW or RHR cooling failure probabilities, 

the change in core damage frequency would be the sum of the following: 

Sequence 1 - Stuck Open PORVs or SRVs 

(Frequency of stuck open PORV or SRV: 6 x I 0 3/critical year) x 

(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 

(Probability sump cooling is required due to inability to depressurize and establish RHR cooling: 0.08) x 

(Probability screen clogs up during recirc and causes adequate head loss to cavitate RHR pumps: 

negligible) 

(Probability of operator failing to recover RHR pumps or continue flow: 0.16) x 
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(Probability cross-tie from Unit 2 fails: 0.34) = 2.1 x 10-5/year x probability screen clogging up during 

recirculation causing adequate head losses to cavitate RHR pumps. Since the unknown probability is 
negligible, the change in CDF is negligible.  

Sequence 2 - Feed-and-bleed cooling (except those resulting from MSLB & MFLB inside containment) 

(Frequency of feed-and-bleed cooling: 2 x 105/critical year) x 
(Probability sump cooling is required due to inability to depressurize and establish RHR cooling: 0.08) x 

(Probability screen clogs up during recirc and causes adequate head loss to cavitate RHR pumps: 
negligible) 
(Probability of operator failing to recover RHR pumps or continue flow: 0.16) x 
(Probability cross-tie from Unit 2 fails: 0.34) = 8.6 x 10-8/year x probability screen clogging up during 

recirculation causing adequate head losses to cavitate RHR pumps. Since the unknown probability is 
negligible, the change in CDF is negligible.  

Sequence 3 - Feed-and-bleed cooling associated with MSLB & MFLB inside containment 

(Frequency of feed-and-bleed cooling: 3.8 x 107/critical year) x 
(Probability sump cooling is required due to inability to depressurize and establish RFIR cooling: 0.08) x 

(Probability screen clogs up during recirc and causes adequate head loss to cavitate RHR pumps: low) 

(Probability of operator failing to recover RHR pumps or continue flow: 0.16) x 
(Probability cross-tie from Unit 2 fails: 0.34) = 1.7 x 109/year x probability screen clogging up during 

recirculation causing adequate head losses to cavitate RHR pumps. Since the unknown probability is 

low, the change in CDF is negligible.  

Sequence 4 - RCP Seal LOCAs 

(Frequency of RCP seal LOCAs: 2.5 x 10I3/critical year) x 
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 
(Probability sump cooling is required due to inability to depressurize and establish RHR cooling: 0.08) x 

(Probability screen clogs up during recirc and causes adequate head loss to cavitate RHR pumps: 

negligible) 
(Probability of operator failing to recover RHR pumps or continue flow: 0.16) x 

(Probability cross-tie from Unit 2 fails: 0.34) = 8.6 x l0'/year x probability screen clogging up during 

recirculation causing adequate head losses to cavitate RHR pumps. Since the unknown probability is 

negligible, the change in CDF is negligible.  

Sequence 5 - Small pipe break LOCA 

(Frequency of small LOCAs: 5.0 x 10/critical year) x 
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 

(Probability sump cooling is required due to inability to depressurize and establish RHR cooling: 0.08) x 

(Probability screen clogs up during recirc and causes adequate head loss to cavitate RHR pumps: 

negligible) x 
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(Probability of operator failing to recover RI-IR pumps or continue flow: 0.16) x 

(Probability cross-tie from Unit 2 fails: 1.0) = 5.1 x 10/year x probability screen clogging up during 

recirculation causing adequate head losses to cavitate RHR pumps. Since the unknown probability is 

negligible, the change in CDF is negligible.  

Sequence 6- Medium or large LOCA 

(Frequency of medium or large break LOCAs: 4.5 x 1 05/critical year) x 

(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 

(Probability screen clogs up during recirc and causes adequate head loss to cavitate RHR pumps: low) x 

(Probability of operator failing to recover RHR pumps or continue flow: 0.16) x 

(Probability of operator failing to recover RHR pumps or continue flow: 1.0) = 5.8 x 10+/year x 

probability screen clogging up during recirculation causing adequate head losses to cavitate RHR pumps.  

Since the unknown probability is low, the change in CDF is negligible.  

The summary of these sequences are provided in Table 1. As shown in Table 1, the change to the core 

damage frequency associated with this issue, on its own, is less than 1 x 1 0'. Therefore, the risk 

significance of this issue, on its own, is below the threshold for a precursor.  
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Table I - Changes to Core Damage Frequency (CDF) for LER No. 315/97-024-04

Initiator

Stuck open 
PORVs or SRVs 

Feed-and-Bleed 
cooling 

.sequences 
(except MSLB & 
MFLB) 

Feed-and-Bleed 
cooling 
sequences (after 
a MSLB & 
MFLB) 

RCP Seal 
LOCAs 

Small LOCAs 

Medium or Large 
LOCAs

Initiating Event 
Frequency (IEF)

6 x 10-3/critical 
year 

2 x 105/critical 
year

3.8 x 107/critical 
year

2.5 x 103/critical 
year 

5 x 104 lcritical 
year 

4.5 x 105/critical 
year

Product of IEF 
& calculated 
probabilities 
(1) 

2.1 x 10"5/year 

8.6 x 108/year

1.7 x 10"9/year

8.6 x 10"6/year 

5.1 x 104/year 

3.6 x 1045/year

Probability of screen 
clogging up during 
recirculation and causing 
adequate head loss to 
cavitate RHR pumps

negligible* 

negligible*

negligible*

Contribution 
to change in 
CDF

less than I x 
1006/year 

less than I x 
I 06/year 

less than I x 
10-/year 

less than I x 
I 06/year 

less than I x 
1006/year 

less than 1 x 
I 0'/year

negligible* 

negligible*

low**

* For the purposes of this analysis, all available information (operating experience or deterministic 

analysis) leads to the conclusion that the event can not occur. The basis of this conclusion is 

provided in the discussion of the event.  

** For the purposes of this analysis, available information (operating experience or deterministic 

analysis) can not rule out occurrence of the event. However, several low probability barriers must be 

overcome for the event to occur. The basis of this conclusion is provided in the discussion of the 

event. For this sequence, it is assumed that the probability of this event is less than 0.027.  

(1) Sequence frequency excluding the probability of screen clogging up during recirculation and causing 

adequate head loss to cavitate RHR pumps.
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29.0 LER No. 315/97-014 and NRC Inspection Report No. 50-315, 316/97-201 

Event Description: Elevated Ultimate Heat Sink Temperature Could Affect 
Safety-Related Control Room Equipment 

Date of Event: August 1988 

Plant: D.C. Cook, Units 1 and 2 

29.1 Summary of Issue 

In August, 1997, an NRC architect-engineer (AE) design inspection team questioned the operability of 

electronic equipment in the control room under postulated high room temperature conditions (Ref. 1).  

The inspection team noted that during August, 1988, the temperature of the ultimate heat sink (UHS) 

exceeded the design basis limit of 76°F for 22 days. The average temperature of the UHS for this period 

was 81 'F and the peak temperature recorded was 83.9 (±3.5)°F. Two 100% capable, non-safety related 

chillers provide normal cooling for the control room. If both normal chillers are lost, the cooling coils are 

supplied chilled water directly from the UHS (i.e., Lake Michigan). If the normal chillers had been lost 

with the UHS at 83.9°F, the temperature inside the control room could have reached 113.3 'F (Ref. 2).  

At this temperature, the solid state protection system (SSPS) and the nuclear instrumentation system 

(NIS) would have a service life of 66 h (Fig. 1). If the normal chillers had been lost with the UHS at 

87.4°F (upper-bound temperature with uncertainty), the temperature inside the control room could have 

reached 118 8F. At a control room temperature of 120'F, the SSPS and the NIS were determined to have
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a service life of just 12 h. This would affect the ability to meet the 36-hour cool down requirement when 
control room temperature exceeds the technical specification limit. Core protection may not be assured in 
the event of an accident or other malfunction when control room temperatures are excessive. Further the 
licensee did not have an approved procedure in place to alert personnel as to a course of action if the 
chillers were lost, or to shutdown the plant if the temperature inside the control room rose above 95'F 

The change in core damage frequency associated with this issue is dependent upon resolution of the 
issues affecting normal and alternate plant shutdown capabilities, and the frequency of loss of ofsite 
power.  

29.2 Modeling and Affected Sequences 

The limiting concern in this issue is the continued operation of the normal control room chillers. The 
chillers can be lost through random independent failures, a common-cause failure, or a loss of ofsite 
power (LOOP) to the non-safety related buses. The sequences of interest because of elevated control 
room temperatures are 

Sequence I - Elevated control room temperature following a LOOP 

"* UHS temperature exceeds the 76°F design basis temperature: 

"* A loss of offsite power to the non-safety related buses occurs; 

"* Power to the control room chillers cannot be recovered before control room equipment begins to fail: 

"* The operations staff does not complete plant shut down to Mode 5 from the control room; 

"* The operations staff does not complete plant shut down to Mode 5 from an alternate shutdown 
location; and 

"* An accident occurs without automatic safety system response.  

Sequence 2 - Elevated control room temperature following multiple chiller failures 

"* UHS temperature exceeds the 767F design basis temperature; 

"* Both control room chillers fail because of equipment problems; 

"* The control room chillers cannot be repaired before control equipment fails; 

"* The operations staff does not complete plant shut down to Mode 5 from the control room;
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a service life of just 12 h. This would affect the ability to meet the 36-hour cool down requirement when 

control room temperature exceeds the technical specification limit. Core protection may not be assured in 

the event of an accident or other malfunction when control room temperatures are excessive. Furtheg the 

licensee did not have an approved procedure in place to alert personnel as to a course of action if the 

chillers were lost, or to shutdown the plant if the temperature inside the control room rose above 95°E 

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting normal and alternate plant shutdown capabilities, and the frequency of loss of ofsite 

power. The risk significance of this issue, on its own, is below the threshold for a precursor 

29.2 Modeling and Affected Sequences 

The limiting concern in this issue is the continued operation of the normal control room chillers. The 

chillers can be lost through random independent failures, a common-cause failure, or a loss of ofsite 

power (LOOP) to the non-safety related buses. The sequences of interest because of elevated control 

room temperatures are 

Sequence I - Elevated control room temperature following a LOOP 

"* UHS temperature exceeds the 76°F design basis temperature; 

"* A loss of offsite power to the non-safety related buses occurs; 

"* Power to the control room chillers cannot be recovered before control room equipment begins to fail; 

"* The operations staff does not complete plant shut down to Mode 5 from the control room; 

"* The operations staff does not complete plant shut down to Mode 5 from an alternate shutdown 

location; and 

"* An accident occurs without automatic safety system response.  

Sequence 2 - Elevated control room temperature following multiple chiller failures 

"* UHS temperature exceeds the 76°F design basis temperature; 

"* Both control room chillers fail because of equipment problems; 

"* The control room chillers cannot be repaired before control equipment fails; 

"* The operations staff does not complete plant shut down to Mode 5 from the control room;
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"* The operations staff does not complete plant shut down to Mode 5 from an alternate shutdown 

location; and 

"* An accident occurs without automatic safety system response.  

29.3 Frequencies, Probabilities, and Assumptions 

Sequence I - Elevated control room temperature following a LOOP 

"* UHS temperature exceeds the 76°F design basis temperature - The potential for this exists during 

any summer. However, during the hot summer of 1988, the UHS exceeded 76°F for 22 consecutive.  

days (Ref. 2). Based on this historical occurrence, the worst-case duration can be evaluated as 6 x 
102 years (i.e., 22 days / 365 days / year).  

"* A loss of offsite power to the non-safety related buses occurs - Rates of Initiating Events at US.  

Nuclear Power Plants 1987-1995 (Ref. 3, Table 3.3) indicates that the frequency of loss of offsite 

power events is 4.6 x 10.2 events/critical year. However, other issues that can potentially affect the 

loss of offsite power frequency must be resolved in order to assess the loss of offsite power 

frequency.  

"* Power to the control room chillers cannot be recovered before control room equipment begins to fail 

- Evaluation of Loss of Offsite Power Events at Nuclear Power Plants: 1980 - 1996 (Ref. 4, Figure 

3.3) indicates that in 102 evaluated loss of offsite power events, power was restored within 9-h 100 

times. If the intake temperature were as high as 87.4°F (including instrument uncertainty) during the 

event, the control room temperature would approach 120°E At this temperature, the limiting control 

room equipment has a rated life of 12 h. Therefore, if power is recovered within 9 h, the non-safety

related chillers could be returned to service before any equipment failed. The licensee estimated that 

the original control room heat load calculations overstated actual heat loads by approximately 35%.  

If the chiller failure were to occur with the UHS at the average temperature of 81 OF (84.5 OF with 

uncertainty), more than 50 h would be available before control room equipment begins to fail.  

Furthermore, it would take some time for the control room temperature to stabilize at temperatures 

approaching 120°F. Therefore. much more time may be available to recover a chiller However, 

based on a 12-hour failure window, the non-recovery factor is estimated to be 2.0 x 10-2 (i.e., 2 events 

/ 102 events).  

"* The operations staff does not complete plant shut down to Mode 5 from the control room - The Cook 

Nuclear Plant Individual Plant Examination (Ref. 5, Table 3.3-3) estimates the probability that an 

operator fails to cool down and depressurize the plant within 10-20 h following a steam generator 

tube rupture to be 3.4 x 10-2. This would seem to most closely approximate the current event in terms 

of decisions required by the operator to achieve the appropriate plant shutdown conditions before 

control room equipment begins to fail. A loss of offsite power could be expected to initiate a plant 

trip, but the operator would still be required to continue to cold shutdown because the control room 
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temperature is approaching the 95'F technical specification limit (the limit was 120'F from 1988 to 

1992). Exceeding the technical specification limit requires that the plant to be placed in Mode 5, 

where the SSPS and the NIS are no longer required. However, a number of other issues that can 

potentially affect plant shutdown capability must be resolved in order to assess this failure 

probability.  

0 The operations staff does not complete plant shut down to Mode 5 from an alternate shutdown 

location - Control room equipment could begin failing after 12 h. This could occur before the 

previous action is completed. The Cook Nuclear Plant Individual Plant Examination (Ref. 5, Table 

3.3-3) estimates the probability that an operator fails to cool down the reactor coolant system within I 

h following a station blackout at 7.9 x 10.2. This probability can be assumed to roughly bound the 

action required by an operator to rapidly shift control of the plant cool down to an alternate shutdown 

location. However, a number of other issues that can potentially affect alternate shutdown capability 

must be resolved in order to assess this failure probability 

* An accident occurs without automatic safety system response - All control room equipment was 

evaluated to have an adequate service life with 120'F temperatures except the SSPS and the NIS.  

The core will not be threatened by a LOOP-induced loss of the control room chillers unless some 

further accident occurs during the time the UHS is above the design basis temperature. Auxiliary 

feedwater (AFW) could be controlled from the control room at control room temperatures of 120'F 

or AFW could be controlled locally. Therefore, the plant could be placed in a stable condition 

following a LOOP with excessive control room temperature. Rates of Initiating Events at US.  

Nuclear Power Plants 1987-1995 (Ref. 3, Table 3.3) indicates that a loss of coolant accident of any 

size has a frequency of 9.0 x 10-3/critical year and a steam generator tube rupture has a frequency of 

7.0 x 103/critical year. Therefore, the probability of an additional accident in the 22-day at-risk 

period that requires the use of the SSPS or the NIS is 9.6 x 10'. The actual period where the plant is 

vulnerable is limited to the time required to place the plant in Mode 5 following a loss of both 

chillers. However, the entire 22-day period is considered for conservatism.  

Sequence 2 - Elevated control room temperature following multiple chiller failures 

"* UHS temperature exceeds the 76°F design basis temperature - The potential for this exists during 

any summer. However, during the hot summer of 1988, the UHS exceeded 76°F for 22 consecutive 

days (Ref. 2). Based on this historical occurrence, the worst-case duration can be evaluated as 6 x 

10.2 years (i.e., 22 days / 365 days / year).  

"* Both control room chillers fail because of equipment problems - Reasonable values for the failure of 

a chiller unit are 8.0 x 10.' start failures/demand and 5.0 x 10'5 run failures/h (Ref. 6, Table 3-2, 

Summary of Generic Data). One chiller unit is capable of removing all control room heat loads. The 

probability of failure of both chillers can be estimated by taking the product of the following: a) 

chiller #1 fails to run during the year, and b) chiller #2 fails to start and run for remainder of the 22 

day window of exposure. The probability of the running chiller failing is 0.44 (= 5.0 x 10-5/h x 24 
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h/day x 365 days). The probability of the second unit failing is 3.4 x 10.2 1 8.0 -3 + (5.0 X 105/h 

x 24 h/day x 22 days)]. Therefore, the probability of multiple random chiller failures during the 22

day period of interest is 1.5 x 10.2. It was conservatively assumed in the above formula that both 
chillers must run for 22 days. Assuming an alpha factor of 0.02, the common-cause failure 
probability for both chillers to fail to run for 22 days is approximately 5.2 x 10'. The alpha factor of 
0.02 was chosen after examining the typical alpha factors for pumps failing to.run from reference 7.  
Combing random and independent failure probabilities, the expected simultaneous failure rate for 
both chillers is 1.5 x 10-2.  

The control room chillers cannot be repaired before control equipment fails - At least 12 h (plus the 
time to heat the control room to 120'F) would be available to repair one chiller unit. The probability 
that repair technicians fail to repair one control room chiller can be estimated by assuming the failure 
probability can be represented as a time-reliability correlation (TRC). Assuming technicians can 
repair one chiller unit in an 8-hour shift when unsure of the problem and responding with hesitancy 
(error factor 6.4), the probability that a chiller is not recovered within 12 h can be estimated to be 3.6 
X 10-1.  

The operations staff does not complete plant shut down to Mode 5 from the control room - The Cook 
Nuclear Plant Individual Plant Examination (Ref. 5, Table 3.3-3) estimates the probability that an 
operator fails to cool down and depressurize the plant within 10-20 h following a steam generator 
tube rupture to be 3.4 x 10-2 This would seem to most closely approximate the current event in terms 

of decisions required by the operator to achieve the appropriate plant shutdown conditions before 

control room equipment begins to fail. The operator would be required to shutdown the plant and 
continue to cold shutdown because the control room temperature is approaching the 95'F technical 

specification limit (the limit was 120'F from 1988 to 1992). Exceeding the technical specification 
limit requires that the plant to be placed in Mode 5, where the SSPS and the NIS are no longer 
required. However, a number of other issues that can potentially affect plant shutdown capability 
must be resolved in order to assess this failure probability.  

* The operations staff does not complete plant shut down to Mode 5 from an alternate shutdown 
location - Control room equipment could begin failing after 12 h. This could occur before the 

previous action is completed. The Cook Nuclear Plant Individual Plant Examination (Ref. 5, Table 

3.3-3) estimates the probability that an operator fails to cool down the reactor coolant system within I 

h following a station blackout at 7.9 x 102. This probability can be assumed to roughly bound the 

action required by an operator to rapidly shift control of the plant cool down to an alternate shutdown 

location. However, a number of other issues that can potentially affect alternate plant shutdown 

capability must be resolved in order to assess this failure probability 

An accident occurs without automatic safety system response - All control room equipment was 

evaluated to have an adequate service life with 120'F temperatures except the SSPS and the NIS.  

The core will not be threatened by an equipment failure that leads to a loss of both control room 

chillers unless some further accident occurs during the time the UHS is above the design basis 
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temperature. Auxiliary feedwater (AFW) could be controlled from the control room at control room 
temperatures of 120'F or AFW could be controlled locally Therefore, the plant could be placed in a 
stable condition following a transient with excessive control room temperature. Rates of Initiating 
Events at U.S. Nuclear Power Plants 1987-1995 (Ref. 3, Table 3.3) indicates that a loss of coolant 
accident of any size has a frequency of 9.0 x 103/critical year and a steam generator tube rupture has 
a frequency of 7.0 x 10 3/critical year. Therefore, the probability of an accident in the 22-day at-risk 
period that requires the use of the SSPS or the NIS is 9.6 x 10'. The actual period where the plant is 
vulnerable is limited to the time required to place the plant in Mode 5 following a loss of both 
chillers. However, the entire 22-day period is considered for conservatism.  

29.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with these sequences depend on the resolution of other issues affecting the 
frequency of loss of offsite power, and normal and alternate plant shutdown capabilities. To provide 
perspective on these sequences the following information is provided.  

Sequence I - Elevated control room temperature following a LOOP 

If the resolution of issues results in no significant changes to the frequency of loss of offsite power, and 
normal or alternate plant shutdown failure probabilities, the change in core damage frequency would be: 

(Window of exposure: 6.0 x 10"2-year) x 
(Frequency of the loss of offsite power events: 4.6 x 102/critical year) x 
(Criticality factor--from Ref. 3, T~ble H-3: 0.79 reactor calendar year/critical year) x 
(Probability of failing to recover chillers: 2.0 x 10-2) x 
(Probability of failing to cool down to Mode 5 from the control room: 3.4 x 10-2) x 
(Probability of failing to cool down to Mode 5 from the alternate location: 7.9 x 10-2 ) x 
(Probability of an additional malfunction requiring injection: 9.6 x 10-4) = 1. 1 x 10'0 /year 

Sequence 2 - Elevated control room temperature following multiple chiller failures 

If the resolution of issues results in no significant changes to the normal or alternate plant shutdown 

failure probabilities, the change in core damage frequency would be: 

(Window of exposure: 6.0 x 10 2-year) x 
(Probability of both control room chillers failing: 1.5 x 10-2) x 
(Criticality factor--from Ref. 3, Table H-3: 0.79 reactor calendar year/critical year) x 
(Probability of failing to recover chillers: 3.6 x 10-') x 
(Probability of failing to cool down to Mode 5 from the control room: 3.4 x 10-2) x 

(Probability of failing to cool down to Mode 5 from the alternate location: 7.9 x 10-2) x 

(Probability of an additional malfunction requiring injection: 9.6 x 10") = 6.6 x 10-10.
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Therefore, risk significance of this issue, on its own, is below the threshold for a precursor 

29.5 References 

1. NRC Inspection Report No. 50-315, 316/97-201, "Donald C. Cook, Units 1 & 2 Design Inspection," 
November 26, 1997.  

2. LER 315/97-014, Rev. 2, "Potential for Operation in Unanalyzed Condition Due to Postulated 
Elevated Control Room Temperatures," December 31, 1997.  

3. J. P. Poloski, et. al., Rates of Initiating Events at U.S. Commeicial Nuclear Power Plants 1987 
through 1995, NUREG/CR-5750, December 1998.  

4. C. L. Atwood, et. al., Evaluation of Loss of Offsite Power Events at Nuclear Power Plants: 1980 

1996, NUREG/CR-5496, November 1998.  

5. Cook Nuclear Plant Individual Plant Examination Revision 1, October 1995.  

6. Davis Besse Nuclear Power Station Individual Plant Examination, February 1993.  

7. F. M. Marshall, et. al., Common-Cause Failure Parameter Estimations, NUREG/CR-5497, October 
1998.
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30.0 Adverse Impact on Plant Cooldown Analysis 

Event Description: Adverse Impact on Plant Cooldown Analysis (Requirement to 
Enter Cold Shutdown in 36 Hours With Only One Train).  

Date of Event: August 1997 

Plant: D.C. Cook, Units I and 2 

30.1 Summary of Issue 

The issue, found during a 1997 design inspection (Ref. 1), is that if the reactor coolant system needed to 
be cooled down in 36 hours with only one train of the residual heat removal (RHR) system, the 
component cooling water (CCW) piping would exceed the Updated Final Safety Analysis Report 
(UFSAR) design temperature of 95 0 F. Three other issues uncovered during the inspection (high 
ultimate heat sink or emergency service water (ESW) temperature, instrument loop uncertainties in ESW 
(+1-3.5 0 F), and CCW heat exchanger outlet instrumentation) can exacerbate this situation.  

The change in core damage frequency associated with this issue is essentially zero and the issue has 
negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 
integrated analysis.  

30.2 Modeling and Affected Sequences 

The CCW system is used to remove heat from a large number of safety related and non-safety-related 
loads. One function of the CCW system is to remove heat from the RHR heat exchangers during plant 

cooldown. When the rate of plant cooldown increases, the rate of heat removal by CCW increases, and 
therefore the temperature of CCW increases. When the 36 hour cooldown requirement needs to be met 

with only one train of RHR, the CCW temperature may exceed 95 0 F. However, CCW temperature will 
not exceed 120 0 F. Westinghouse analysis has shown that the CCW piping would function acceptably at 

higher temperatures up to 120 0 F (Ref. 2), even though the UFSAR states the limit is 95 0 F (Ref. 3).  

Therefore, the inability to cool down within 36 hours does not affect (a) initiating event frequencies or (b) 

accident mitigation capabilities. Therefore, no core damage sequences are affected.  

30.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities are not calculated.

I
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30.4 Core Damage Frequency Calculation or the Bounding Calculation 

The inability to reach cold shutdown within 36 hours does not impact the core damage sequences.  
Therefore, the change in core damage frequency is determined to be zero.  

30.5 References 

1. Donald C. Cook, Units 1 & 2 Design Inspection (NRC Inspection Report No. 50-315, 316/97-201).  
November 26, 1997.  

2. LER 315/97-012, Rev. 1, "Potential Operation of CCW System Above Design Basis Value for Heat 
Exchanger Outlet Constitutes Condition Outside Design Basis" November 14, 1997.  

3. Donald C. Cook Nuclear Plant, Units I and 2, Updated Final Safety Analysis Report, July 1997
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31.0 LER No. 315/97-010 

Event Description: Containment Peak Pressure Could Exceed the Design Pressure 
Due to Elevated Lake Temperature 

Date of Event: August 8, 1997 

Plant: D.C. Cook, Units land 2 

31.1 Summary of Issue 

The design basis operating temperature limit of the Cook station emergency service water (ESW) system 

is 761F (Ref. 1, Chapter 9). LER 315/97-10 (Ref. 2) reports that the plants may have operated while the 

ESW temperature was as high as 87.5 0F. One function of the ESW system is to remove heat from the 

containment spray heat exchanger. Therefore, elevated ESW temperature affects the containment heat 

removal and containment peak pressure after an accident. This issue investigates the impact of the 

elevated ESW temperature on the containment peak pressure, the containment failure probability, and the 

resulting increase in core damage frequency. The ESW system supports several other safety systems at 

D.C. Cook. The change in core damage frequency associated with those components are investigated 
under issues 11, 19, 29, 30, and 33.  

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting the sump recirculation capability. The risk significance of this issue, on its own, is 

negligible.  

31.2 Modeling and Affected Sequences 

Any accident that releases energy to containment relies on the containment spray system for long-term 

heat removal from the containment. Long-term containment heat removal is essential to keep the peak 

containment pressure below the design value. At D.C. Cook, long-term containment heat removal is 

performed by two trains of the containment spray system. Each of these trains is equipped with a heat 

exchanger. These heat exchangers are cooled by ESW. Therefore, changes to the ESW temperature will 

affect the long -term containment heat removal rate leading to changes in the containment peak pressures.  

The following accidents release energy to the containment: a) loss-of-coolant accident (LOCA) of any 

size, b) main steam line break (MSLB) inside containment, and c) any accident condition which relies on 

the feed and bleed cooling capability. Of these accidents, only LOCAs and feed and bleed sequences 

resulting from a MSLB are considered since other systems or actions required to mitigate a MSLB 

(isolation of the break and cool down with unfaulted loops) are unaffected by the loss of containment 

integrity. Sump recirculation capability will be affected since a breached containment reduces net 

positive suction head available for the residual heat removal pumps and allows water to bypass the 

recirculation sump.
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Therefore, the sequence of interest is as follows: 

"* Any size LOCA occurs, or feed-and-bleed scenario occurs; and 

"* Sump recirculation failure due to peak pressure exceeding containment failure pressure as a result of 
high ESW temperature.  

31.3 Frequencies, Probabilities, and Assumptions 

At the D.C. Cook plant, the containment pressure is controlled by two systems. In the short term, the ice 
condenser removes heat from the containment atmosphere by condensing steam. In the long term, the 
containment spray system, which is equipped with a heat exchanger, recirculates water from the 
containment recirculation sump and removes heat from the containment. If the lake temperature is 
increased from 760 F to 87.50 F, the heat removal capability of the containment spray heat exchangers will 
be reduced. This will increase the containment peak pressure and the probability of containment failure 
due to overpressure.  

The LER (Ref. 2) provides a summary of how the lake temperature has been utilized in the Chapter 14 
and Chapter 9 analyses of the Updated Final Safety Analysis Report (Ref. 1). It points out that based on 
1988 and 1989 reviews of Westinghouse analyses, operation at lake temperatures up to 87.5 0F would not 
have resulted in exceeding the 12 psig (design pressure of the containment). Based on the individual 
plant examination (IPE) for D.C. Cook (Ref. 3), the failure pressure of the containment is much greater 

than the design pressure of 12 psig. The IPE reports that the high condition low probability failure 
(HCLPF) limit for the containment is 36 psig. That is, there is 95% confidence that at 36 psig the 
probability of containment failure is less than 5%. In light of this information, and the information 
provided in the LER, the probability of peak pressure exceeding the containment failure pressure leading 

to sump recirculation failure due to this condition alone is zero. However, a number of other issues that 
can potentially affect the sump recirculation failure probability must be resolved in order to assess the 
sump recirculation failure probability.  

31.4 Core Damage Frequency Calculation or the Bounding Calculation 

Since the change in probability of containment failure is zero, the core damage frequency change 

associated with the affected sequences due to this condition alone is zero. Therefore, the risk significance 

of this issue, on ots own, is negligible. However, a number of other issues that can potentially affect the 

sump recirculation failure probability must be resolved in order to assess the change in core damage 
frequency associated with this sequence.  

31.5 References 

1. Donald C. Cook Nuclear Plant, Units 1 and 2, Updated Final Safety Analysis Report.
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2. LER 315/97-010, Rev. 2, "Unit Operation with Lake Temperature in Excess of Design Basis Value 
Results in Condition Outside the Design Basis," December 31, 1998.  

3. Donald C. Cook Nuclear Plant Units 1 and 2, Individual Plant Examination, Revision 1, October 
1995.
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32.0 NRC Inspection Report No. 50-315, 316/97-201, Finding E1.2.1.2.C 

Event Description: Spent Fuel Pool Cooling Operating Outside Design Basis 
during Full Core Offloading in 1996.  

Date of Event: August 26, 1997 

Plant: D. C. Cook, Unit 2 

32.1 Summary of Issue 

In 1996, the licensee performed a full core offload during the Unit 2 refueling outage. To support this 

activity, the licensee performed analysis and a 10 CFR 50.59 evaluation to demonstrate the adequacy of 

the component cooling water (CCW) cooling capacity of the spent fuel pool (SFP) with the current SFP 

heat load, and to show that an Unreviewed Safety Question would not be created as a result. Finding 

El.2.1.2.C of the NRC staff conducted design inspection at D. C. Cook, Units 1 and 2, from August 4 

through September 12, 1997, (Ref. 1) raised several questions relating to these analyses. The 

concerns/issues documented in the inspection report are as follows: 

"* The licensee made changes to the CCW system operating procedure without performing a 10 CFR 

50.59; 

"* The licensee failed to consider maximum operating CCW temperature design assumptions in the 

UFSAR (Ref. 2) when performing a 10 CFR 50.59 evaluation; 

"* There were technical inaccuracies in the event notification #32824 made in relation to the above 

event; and 

"* Operational conditions present during the 1996 Unit 2 full-core offload refueling outage were not 

explicitly addressed in the UFSAR.  

The change in spent fuel damage frequency associated with these issues are negligible and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.  

32.2 Modeling and Affected Sequences 

Only two types of events relating to spent fuel pool can provide damage sequences relating to spent fuel 

pools. They are (a) loss of heat removal capability, and (b) loss of pool inventory. Due to the large 

volume water in the pool and the relatively low decay heat levels, even if heat removal capability is lost, a 

large number hours (if not several days) would elapse before the spent fuel pool reaches boiling 

temperature. Even if this temperature is reached, due to the large volume of water above the fuel in the 

I
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pool, several days must elapse before the pool boils off and the fuel uncovers. A rapid loss of fuel pool 

inventory due to a seismic event or a diversion of flow event has the potential to uncover the core. The 

pools are designed to minimize the risk from these contributors.  

The issues identified in the inspection report relate to the licensee's 10 CFR 50.59 process as well their 

compliance with the UFSAR. However, they do not point to any system or component degradations that 

could have significantly impacted (a) capability of spent fuel pool cooling or (b) sudden loss of spent fuel 

inventory.  

32.3 Frequencies, Probabilities, and Assumptions 

Since no frequencies were affected, it is concluded that no sequences increased in frequency.  

32.4 Core Damage Frequency Calculation or the Bounding Calculation 

No spent fuel pool damage sequences increased in frequency as a result of the condition. Therefore, the 

change in frequency was determined to be zero.  

32.5 References 

1. Donald C. Cook, Units I & 2 Design Inspection (NRC Inspection Report No. 50-315, 316/97-201), 

November 26, 1997.  

2. Donald C. Cook Nuclear Plant, Units I and 2, "Updated Final Safety Analysis Report," Indiana 

Michigan Power Company, USNRC Docket Nos. 50-315 and 316.
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33.0 NRC Inspection Report No. 50-315, 316/97-201, Finding E1.2.1.2G.  

Event Description: Reactor Coolant Pump (RCP) Thermal Barrier Is Cooled by CCW at 

Elevated Temperature without an Accompanying 10 CFR Part 50.59 
Safety Evaluation, and the RCP Seals Do Not Get the Flow Specified 
in the UFSAR 

Date of Event: November 26, 1997 

Plant: Donald C. Cook Nuclear Plant, Units I and 2 

33.1 Summary of Issue 

During an inspection conducted in 1997 by the NRC staff, the inspectors identified several components 

cooled or serviced by the component cooling water (CCW) system that actually receive CCW flow at 

rates that are significantly different from the values stated in the Updated Final Safety Analysis Report 

(UFSAR). The CCW flow rates to the reactor coolant pump (RCP) thermal barriers at both units have 

actually ranged between 25 and 35 gallons per minute (gpm). In contrast, the UFSAR, Table 9.5-2 

specifies that the CCW flow rates to the thermal barriers are 140 gpm per train, or 35 gpm per RCP, with 

Note 3 to this table allowing the flow rates to be as low as 28 gpm. The inspectors were concerned that 

the actual flow rates through the RCP thermal barriers have been lower than the range of values specified 

in the Cook UFSAR, yet there had been no 10 CFR 50.59 safety evaluation performed to demonstrate the 

acceptability of these conditions. (Ref. 1) 

In a related matter, on November 17, 1998, with both units in cold shutdown, the licensee's staff 

discovered that the RCP thermal barrier heat exchanger might not be able to maintain seal leak-off 

temperatures below the 23"5 deg. F limit during a loss of seal injection. LER 315/98-047 (Ref. 4) 

identified a situation involving the potential for damage to the Number I RCP seal due to flashing if the 

seal leakoff flow were less than 2 gpm and if the CCW temperature were above 95 deg. F, in the event 

that a loss of seal injection were to occur.  

The change in core damage frequency (ACDF) associated with this issue is dependent upon resolution of 

the issues affecting CCW and the charging system. The, risk significance of this issue, on its own, is 

below the threshold for a precursor.  

33.2 Modeling and Affected Sequences 

.The following dominant accident sequences were of interest in this analysis: 

Sequence I - Seal failure due to degraded CCW conditions 

0 Initiating event - loss of charging seal injection;

I
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"* Successful reactor trip; 
"* CCW temperature > 95 deg F; 
"* CCW flow rate < 28 gpm; 
"* Degraded CCW fails to cool the RCP seals; 
"* Operators fail to take action to shut down the RCPs in response to high seal temperature alarm; 
"* RCP seal failure due to extended loss of seal cooling (RCP seal LOCA); and 
"* Operators fail to recover from RCP seal LOCA before severe core damage occurs.  

Sequence 2 - Seal failure due to low seal leakoff flow 

"* Initiating event - loss of charging seal injection; 
"* Successful reactor trip; 
"* Seal leakoff flow < 2 gpm; 
"* CCW temperature > 95 deg. F; 
"* Operators fail to take action to shut down the RCPs in response to low leakoff flow (high seal 

temperature alarm); 
"* Seal leakoff flashes to steam; 
"* Number 1 RCP seal fails, given flashing of seal leakoff; 
"* RCP seal LOCA occurs, given failure of Number I RCP seal; and 

"* Operators fail to recover from RCP seal LOCA before severe core damage occurs.  

33.3 Frequencies, Probabilities, and Assumptions 

Sequence I - Seal failure due to degraded CCW conditions 

* Initiating event - loss of charging seal injection - The loss of seal injection is expected to be 

dominated by the failure of both charging pumps. However, since only one charging pump is 

normally running at a time, the frequency of the initiating event was estimated as follows: 

Frequency of loss of seal injection = (Probability that charging pump fails to run)*(Number of hours 

in one year)*[(Probability that charging pump fails to start)+(Probability that charging pump fails to 

run)*(Number of hours in one day)], assuming that seal cooling is required for a 24-hour period.  

The probabilities of charging pump failure to start and failure to run are given in the Cook IPE as 

1.Ox 10. and 3.Ox I 0"/hr, respectively (Ref. 5).  

Inputting these values into the above expression yields the following: 

Frequency of loss of seal injection = (3.Ox 105/hr)*(8760 hrs/yr)[(I.Ox I 02)*+(3.Ox 1 05/hr)*(24 hrs)] 
= 2.8x 103/yr.
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"* Successful reactor trip - The probability of successful reactor trip - 1.0 (1.0 - - 10-) ( assumes that 

any event which fails all seal injection is expected to cause a manual or an automatic reactor trip).  

"* CCW temperature > 95 deg F - The probability that the CCW temperature exceeds 95 deg F was 

estimated to be 6.Ox10-2. This was estimated as follows. At the Cook plant, the temperature of 

CCW depends upon the temperature of the ultimate heat sink (UHS). According to the discussion of 

the UHS temperature in the analysis presented in Section 29 of this appendix, based on the worst case 

scenario, the probability that the UHS temperature exceeds the 76 deg F design basis temperature is 

6.Ox 10-2 (22 days at temperature > 76 deg F/365 days). It was assumed that, if the UHS temperature 

exceeds its design basis value, the CCW temperature will also. Therefore, the value for the 

probability that the CCW temperature > 95 deg F that was used in this analysis was 6.0x 102.  

" CCW flow rate < 28 gpm - The probability that the CCW flow rate is less than 28 gpm was assumed 

to be 1.0, absent any available information regarding how frequently this condition existed.  

"* Degraded CCW fails to cool the RCP seals -The probability that the degraded CCW fails to cool the 

RCP seals was assumed to be 0.5. This is a very conservative assumption. Discussions with the 

NRC's project manager for Generic Safety Issue 23 on RCP seals indicated that, compared to the 

reactor coolant system (RCS) temperature, which exceeds 500 deg. F, a 20 deg F increase in the 

temperature of the water (CCW) flowing through the seals is small and well within design 

uncertainties.  

"* Operators fail to take action to shut down the RCPs in response to high seal temperature alarm 

There are alarms which will indicate to the operator that the RCP seal temperature is high. Based on 

information from Swain and Guttmann (Ref. 2 ), a value of 1.0x 10' was used as an upper bound for 

the probability for the.operators failing to stop the RCPs in response to the high seal temperature 

alarm in a timely manner.  

"* RCP seal failure due to extended loss of seal cooling (RCP seal LOCA) - The probability of RCP seal 

failure due to extended loss of seal cooling was assumed to be 0.19. This value was taken from 

NUREG-4550 (Ref. 3).  

" Operators fail to recover from RCP seal LOCA before severe core damage occurs -Using the Cook 

SPAR model, the conditional probability of core damage, given an RCP seal LOCA, was estimated to 

be 1.5xl0-.  

The following additional probabilities were used for Sequence 2: 

* Seal leakoff flow < 2 gpm - This value is unknown and is assigned the value of P1.  

e Seal leakoff flashes to steam - Absent detailed information about the likelihood of flashing of the seal 

leakoff in the case of Sequence 2, this analysis assumes that the probability that the seal leakoff
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flashes to steam, given that the CCW temperature exceeds 95 deg F and the seal leakoff flow is less 
than 2 gpm, is 1.0.  

"* Number I RCP seal fails, given flashing of seal leakoff- In evaluating Sequence 2, this analysis 
assumed that the probability that the Number 1 RCP seal fails, given the flashing of the seal leakoff, 
is 1.0.  

"* RCP seal LOCA occurs, given failure of Number 1 RCP seal - The analysis also assumed in 
evaluating Sequence 2 that the probability a RCP seal LOCA occurs, given failure of Number 1 RCP 
seal, is 1.0 

33.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the sequences depends on the resolution of other issues affecting the CCW 
and charging systems. To provide perspective on these sequences the following information is provided.  

If the resolution of other issues results in no significant changes to the CCW or charging systems, the 
change in core damage frequency (ACDF) would be: 

Sequence I - Seal failure due to degraded CCW conditions: 

Combining the estimated initiating event frequency with the appropriate probability values given above, 
yields the following value for ACDF: 

(Frequency of loss of charging seal injection: 2.8x 103/yr) x 
(Probability of successful reactor trip: 1.0)x 
(Probability that CCW temperature > 95 deg F: 6x 102)x 

(Probability that CCW flow rate < 28 gpm: 1.0)x 
(Probability that degraded CCW fails to cool the RCP seals: 0.5)x 
(Probability that operators fail to take action to shut down the RCPs in response to high seal temperature 
alarm: 1x10"3) x 
[Probability of RCP seal failure due to extended loss of seal cooling (RCP Seal LOCA): 0.19]x 
(Probability that operators fail to recover from RCP seal LOCA before severe core damage occurs: 
1.5x 10-3) = 2.4x 10-yr.  

Since this result is less than 1.Ox 1 0-/yr, this scenario is not risk significant. Although not risk significant, 

Sequence I also involves a compliance issue, since the licensee failed to complete a 10 CFR 50.59 safety 

evaluation regarding the occurrence of low CCW flow rates that were below the range of flow rates 
specified in the Cook UFSAR.  

Sequence 2 - Seal failure due to low seal leakoff flow
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(Frequency of loss of charging seal injection: 2.8 x I 03/yr) x 
(Probability of successful reactor trip: 1.0)x 
(Probability that seal leakoff flow < 2 gpm: P1)x 
(Probability that CCW temperature exceeds 95 deg F: 6x 102)X 

(Probability that operators fail to take action to shut down the RCPs in response to high seal temperature 

alarm: 1x103)x 
(Seal leakoff flashes to steam: 1.0)x 
(Number I RCP seal fails, given flashing of seal leakoff: 1.0)x 

(RCP seal LOCA occurs, given failure of Number 1 RCP seal: 1.0)x 

(Probability that operators fail to recover from RCP seal LOCA before severe core damage occurs: 

1.5x 10-3) = 2.5x 10-10 x P1/yr.  

Therefore, the ACDF associated with Sequence 2 is below I.Ox I 0S/yr.  

Even when these two scenarios are considered together, the resulting change in core damage frequency is 

still less than I.Ox 10-6/yr.  

Therefore, risk significance of this issue, on its own, is below the threshold for a precursor.  

33.5 References 

1. Donald C. Cook Nuclear Plant, Units 1 and 2, Design Inspection (NRC Inspection Report No. 50

315, 316/97-201), November 26, 1997.  

2. A. D. Swain and H. E. Guttmann, "Handbook of Human Reliability Analysis with Emphasis on 

Nuclear Power Plant Applications," NUREG/CR- 1278, August 1983.  

3. "Analysis of Core Damage Frequency for Internal Events: Expert Judgement Elicitation," 

NUREG/CR-4550, Volume 2, April 1989.  

4. Cook Nuclear Plant Unit 1, Licensee Event Report (LER) 315/98-047, "Interim - Potential for 

Increase Leakage from Reactor Coolant Pump Seal Identified," December 17, 1998.  

5. Donald C. Cook Nuclear Plant, Units 1 and 2, Individual Plant Examination, Revision 1, October 

1995.
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34.0 LER No. 315/98-038 

Event Description: Potential for Single Failure to Isolate Emergency Core Cooling 
System Suction Paths 

Date of Event: August 14, 1998 

Plant: D. C. Cook, Units I and 2 

34.1 Summary of Issue 

Reference I reported that on August 14, 1998, the licensee discovered that a previous revision (Revision 

3) of Emergency Operating Procedure (EOP) OHP 4023.ES-1.3, "Transfer to Cold Leg Recirculation," 

modified the time in the transfer sequence when control power is restored to various vital Emergency 

Core Cooling System (ECCS) valves. Previously, power to individual valves was restored immediately 

before valve repositioning. The revised procedure moved all power restorations to Step 3 in the 

procedure. This opened up a period of time after power was restored and before valve repositioning was 

required when an operator error or electrical short circuit ("hot smart short") could cause inappropriate 

valve closure. The following valves were affected by this procedure revision: 

"* ICM-305 Recirculation Sump to East RHRlContainment Spray (CTS) Pumps 

"* ICM-306 Recirculation Sump to West RHR/CTS Pumps 

"* IMO-390 Residual Heat Removal (RHR) Pumps Suction From RWST 

"* IMO-261 Safety Injection Pump Suction From RWST 

"* IMO-262 Safety Injection Pump to RWST 

"* IMO-263 Safety Injection Pump to RWST 

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting auxiliary feedwater (AFW) and sump recirculation capabilities. The, risk significance of 

this issue, on its own, is below the threshold for a precursor.  

34.2 Modeling and Affected Sequences 

During a loss-of-coolant accident (LOCA), the injection systems will inject into the reactor core from the 

refueling water storage tank (RWST). When the RWST inventory depletes, the injection pumps' suction 

is transferred from the RWST to the containment recirculation sump. Emergency Operating Procedure 

(EOP) OHP 4023.ES- 1.3, "Transfer to Cold Leg Recirculation," is used to accomplish this function. Step

1 May 17, 1999
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3 of the EOP (Step 4 of Rev. 5) instructs the operator to restore control power to six valves (1-ICM-305, 

l-ICM-306, 1-IMO-390, 1-IMO-261, l-IMO-262, 1-IMO-263). At this time, all ECCS pumps will be 

running and depending on the reactor coolant system (RCS) pressure (size of the LOCA), some of the 

ECCS pumps will be injecting into the RCS. According this EOP, the only other actions that have been 

implemented by the operator before restoring power to these control valves are checking the availability 

of RHR, establishing 5000 gpm component cooling water flow to the RHR heat exchangers, and resetting 

the SI. Therefore, just before restoring control power, all ECCS valves will be positioned according to 

their injection mode. The following section discusses, the consequences of the change of valve position 

due to either an operator action or a hot short, when the control power is restored: 

"* ICM-305 Recirculation Sump to East RHR/CTS Pumps 

When control power is restored, if ICM-305 goes closed due to a pre-existing hot short or due to an 

operator error, the suction path to an RHR train from the recirculation sump will open. Since the 

EOP has been entered, there will be water in the sump. Therefore, the RHR pump will operate in a 

configuration in which both suction paths (RWST and sump) are available. This does not fail the 

RHR pump train. In fact, when the EOP is successfully implemented, there is a time window in 

which both suction sources are aligned to the RHR pumps.  

"* ICM-306 Recirculation Sump to West RHR/CTS Pumps 

When control power is restored, if ICM-306 goes closed due to a pre-existing hot short or due to an 

operator error, the suction path to an RHR train from the recirculation sump will open. Since the 

EOP has been entered, there will be water in the sump. Therefore, the RHR pump will operate in a 

configuration in which both suction paths (RWST and sump) are available. This does not fail the 

RHR pump train. In fact, when the EOP is successfully implemented, there is a time window in 

which both suction sources are aligned to the RHR pumps.  

"* IMO-390 Residual Heat Removal (RHR) Pumps Suction From RWST 

When control power is restored, if IMO-390 goes closed due to a pre-existing hot short or due to an 

operator error, the RWST supply to both RHR trains will be lost. Since suction from the sump is still 

isolated, the RHR pumps can fail. If the initiating event was a large or a medium LOCA, the 

injection would be prematurely lost. Other ECCS pumps are conservatively not credited for this 

scenario.  

RHR pumps are needed for all LOCAs and feed-and-bleed cooling scenarios for sump recirculation 

function. If premature closure of IMO-390 results in permanent damage to both RHR pumps, then 

they will not be available to establish sump recirculation. Therefore, a sequence of interest is: 

Sequence #1: Medium or Large LOCA and Injection Failure 

- Large or Medium LOCA occurs; and
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- Injection fails due to premature closure of IMO-390 as a result of a hot short or an operator error.  

0 IMO-261 Safety Injection Pump Suction From RWST 

When control power is restored, if IMO-261 goes closed due to a pre-existing hot short or due to an 

operator error, the suction from RWST to both SI pumps isolates. As a result, the SI pumps will fail.  

This has minimal impact on large or medium LOCA sequences since RHR is available to continue 

injection to the core. For small LOCAs and feed-and-bleed cooling scenarios, if IMO-261 closes 

prematurely, the injection from the SI pumps would prematurely terminate. However, the charging 

pumps will continue to be available. Therefore, the sequence of interest is: 

Sequence #2: Any Size LOCA or Feed-and-Bleed Cooling and Recirculation Failure 

- Small LOCA or feed-and-bleed cooling occurs; 

- Small LOCA requires sump recirculation; 
- IMO-261 closes prematurely due to hot short or operator error; and 

- charging system fails.  

" IMO-262 Safety Injection Pump to RWST 

As shown in Figure 1, IMO-262 and IMO-263 are located in series on the common path that goes 

from the safety injection pumps to the RWST. If one or both of these valves close, the recirculation 

path from the SI pumps to the RWST isolates. This has no negative consequences. In fact, Step 6 of 

the EOP (Rev. 5) instructs the operators to close these two valves.  

"* IMO-263 Safety Injection Pump to RWST 

As shown in Figure 1, IMO-262 and IMO-263 are located in series on the common path that goes 

from the safety injection pumps to the RWST. If one or both of these valves close, the recirculation 

path from the SI pumps to the RWST isolates. This has no negative consequences. In fact, Step 6 of 

the EOP (Rev. 5) instructs the operators to close these two valves 

34.3 Frequencies, Probabilities, and Assumptions 

Sequence #1: Medium or Large LOCA and Iniection Failure 

"* Large or Medium LOCA occurs - Using the frequencies associated with a large pipe break (5 x 10.6) 

and a medium pipe break (4 x 10"), the total frequency of a large or a medium LOCA is 4.5 x 10i/ 

critical year (Ref. 2, Table 3-1).  

"* Injection fails due to premature closure of IMO-390 as a result of a hot short or an operator error 

The operator error considered here is the operator inadvertently closing IMO-390, after restoring 

control power and before the procedural instruction. The probability of this operator error is 

essentially zero due to the following:
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o This procedure is a "Continuous Use" procedure. That is, when it is implemented, one of 

the operators will have the procedure in hand and read each step aloud. The other operators 

are required and trained to perform each step in the given sequence.  

o Based on conversations with the licensee (Ref. 4), the senior reactor operator performs a 

verification check of each operator action.  

o The step that instructs the operator to restore control power and the step that instructs the 

operator to change valve position are on different pages in the procedure. Therefore, the 

likelihood of skipping large number procedural steps is low.  

o Even though the switches that are used to change position and switches that are used to 

restore control power are only 6 inches apart, they look very different (Ref. 4). Furthermore, 

if the operator closes the valve (instead of restoring power), the valve position will not 

change. Also, if this happens, the verification action can detect this error. (Based on 

discussions with the licensee, even though control power is removed, the valves do have 

position indication in the control room.) 

The probability of IMO-390 failure due to a hardware failure (spurious failure in the switch leading 

to a short) is estimated using failure rates used in IEEE-500 (Ref. 5). The failure rates vary 

depending on the type of switch (push button: 9 x I 0k/hour, rotary switch: 1.8 x 1 07/hour: toggle 

switch: 7 x I08/hour). Using an approximate value of 1 x I 0 7/hour and an exposure time of 1 fuel 

cycle (18 months), the probability is calculated to be 6.6 x 10' 

Sequence #2: Any Size LOCA or Feed-and-Bleed Cooling and Sump Recirculation Failure 

0 Small LOCA or feed-and-bleed cooling occurs - Using the frequencies associated with large pipe 

break (5 x 10"), medium pipe break (4 x 10'), small pipe break (5 x 10"), stuck open power-operated 

relief valve (1 x 10"), stuck open code safety valve (5 x 103), and reactor coolant pump seal LOCA 

(2.5 x 10-), the total frequency of a LOCA of any size is approximately 9 x 103/critical year (Ref. 2, 

Table 3-1). The frequency of a feed-and-bleed scenario occurring is estimated as follows. Rates of 

Initiating Events at US. Nuclear Power Plants 1987-1995 (Ref. 2, Table 3.3) indicates that the 

frequency of a loss of offsite power is 0.046/critical year; the frequency of a total loss of feedwater 

flow is 0.085/critical year; and the frequency of a total loss of condenser heat sink events (power 

conversion system) is 0.12/critical year. This adds up to a total frequency of 0.25/critical year. For 

Cook Unit 1, the criticality factor is 0.79 critical year/reactor calendar year (Ref. 2, Table H-3).  

Therefore, the frequency of a reactor trip with a loss of feedwater, offsite power, or the power 

conversion system is about 0.2/year (0.79 x 0.25). From the Cook standardized plant analysis risk 

(SPAR) model, the failure probability of the AFW system is 1.1 x 10'. Therefore, the frequency of 

feed-and-bleed events requiring recirculation is 1. 1 x 10"' times 0.2, or about 2 x 10'. This frequency 

is negligible compared to the LOCA events frequency.
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"* Small LOCA requires sump recirculation - Operating experience has shown that during most small 
LOCAs sump recirculation is not needed. During six small LOCA events that occurred in the past, 
none requiredthe use of sump recirculation. Using the Bayes method and Jeffrey's non-informative 
prior, a probability of 0.08 is used, based on 0 failures in 6 events. (See section 27.3 of Issue #27 
writeup for additional details on this probability).  

"* IMO-261 closes prematurely due to hot short or operator error - Based on discussion related to 
IMO-390. A probability of 6.6 x 104/year is used.  

"* Charging system fails - Based on the Cook Standardized Plant Analysis Risk (SPAR) model, the 
failure probability is approximately 6 x 103.  

34.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with this issue depends on the resolution of other issues affecting the AFW and 
sump recirculation capabilities. To provide perspective on this issue the following information is 
provided.  

If the resolution of other issues results in no significant changes to the AFW and sump recirculation 
failure probabilities, the change in core damage frequency would be: 

Sequence #1 Medium or Large LOCA and Injection Failure 
(Frequency of large or medium LOCA: 4.5 x 10"5/critical year ) x 
(Criticality factor: 0.79 critical year/reactor calendar year) x 
(Probability of IMO-390 closing prematurely: 6.6 x 10-) = x 
(Probability of failure to recover: 1.0) = 2.3 x 1 08/year.  

Sequence #2 Any Size LOCA or Feed-and-Bleed Cooling and Recirculation Failure 
(Frequency of any size LOCA or feed-and-bleed cooling: 9.0 x 103/critical year ) x 
(Criticality factor: 0.79 critical year/reactor calendar year) x 
(Probability of requiring sump recirculation: 0.08) x 
(Probability of IMO-261 closing prematurely: 6.6 x 104) x 
(Probability of charging system failure: 6.0 x 10") = 2.3 x 109/year.  

Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor.  

34.5 References 

1. LER 315/98-038, "Potential for Single Failure to Isolate Emergency Core Cooling System Suction 
Paths," September 14, 1998.
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2. J. P. Poloski, et. al., Rates of Initiating Events at U.S. Nuclear Power Plants: 1987-1995, 
NUREG/CR-5750, February 1999.  

3. Donald C. Cook Nuclear Plant Units I and 2, Individual Plant Examination Revision 1, October 
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36.0 NRC Inspection Report No. 50-315/97-201, Finding E1.1.1.2.A(1) and LER 

315/97-011 Rev. 2 

Event Description: Failure to Account for RWST Level Setpoint Errors Caused by Flow-Induced 
Effects and the Potential for RHR Pump Failure due to Vortexing 

Date of Event: November 1997, August 1997 

Plant: D.C. Cook, Units I and 2 

36.1 Summary of Issue 

This issue addresses several Refueling Water Storage Tank (RWST) level errors that had not been 

accounted for in the RWST level instrumentation uncertainty (error) analysis when calculating the 

setpoints related to transfer of the post-loss-of-coolant accident (LOCA) injection source from the RWST 

to the containment sump, as well as the potential for residual heat removal (RHR) pump damage due to 

vortexing while the pump suction was being supplied from the RWST (Refs. 1, 2).  

Procedure 01 -OHP 4023.ES- 1.3, "Transfer to Cold Leg Recirculation," Rev. 4 (Ref. 3), is entered from 

procedure 01-OHP 4023.E-1, "Loss of Reactor or Secondary Coolant," Rev. 7 (Ref. 4), when indicated 

RWST level is less than 32%. Provided both RHR pumps are available following a LOCA and either the 

containment water level is greater than 15% or the containment sump level is greater than 97%', the West 

RHR and containment spray (CTS) pumps are stopped if they are running (large- and medium-break 

LOCA), aligned for recirculation, and restarted. Both safety injection (SI) and charging pump suction 

pathways are then aligned to take suction from the West RHR train, after which the SI and charging 

pump suctions are isolated from the RWST (the SI and charging pumps continue to run during the 

transfer to the sump).  

If both RHR trains are operating and after the West RHR and CTS pump suctions are aligned to the 

containment sump, the East RHR and CTS pumps will continue to take suction from the RWST until an 

indicated RWST level of 10% reached, when operators realign the East trains to the containment sump.  

The SI and charging pump suctions are then configured such that either the East or West RHR trains can 

provide flow to these pumps. If the East train transfer is delayed, the East RHR pump will automatically 

trip when the RWST low-low level setpoint is reached (nominally 9.09% of span). Any other pumps that 

are still taking suction from the RWST when the low-low level trip setpoint is reached are placed in pull

to-lock by the operators.  

If either the East or West RHR train is unavailable, Ref. 3 instructs the operators to align the operable 

RHR train for sump recirculation at the time the procedure is entered, i.e., not to wait until the RWST 

1A containment water level of 602' 10" provides adequate NPSH and protection against vortexing during cold leg 

recirculation for all LOCA scenarios (Ref. 1). However, an indicated containment water level of 15% (601' 6"), while acceptable 

from an NPSH and vortexing standpoint, provides no margin of protection against vortexing for limiting breaks. An indicated 

containment sump level of 97% does not prevent pump damage due to vortexing (Refs. 1, 5).  
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level is less than 10% if the East train is the only operable train.  

Ref. I determined that a potential for vortexing and air entrainment existed prior to reaching the RHR 

pump automatic trip setpoint. Vortexing and air entrainment, if severe, could damage the pumps that 

were still taking suction from the RWST. A draft licensee calculation, available at the time that the Ref. 1 

inspections were performed, indicated that incipient RHR pump vortexing could occur at an RWST level 

12 inches above the low-low level setpoint, and that 2% air entrainment [the limit of pump operability 

defined in Loss of RHR Cooling While the RCS is Partially Filled, WCAP- 11916, July 1988 (Ref. 6)] 

could be experienced at a level 2.5 inches below the low-low level setpoint.  

However, the draft licensee calculation did not consider RWST level instrument uncertainties. When 

these are taken into account, Ref. 1 concluded that an actual water level that was below the top of the 

ECCS suction pipe could exist when the RWST low-low level trip occurs. Instrument error could 

increase the vortexing duration and potentially result in RHR and CTS pump failure before the pumps 

were transferred to the containment sump.  

The potential for RHR and CTS pump vortexing was offset by RWST level setpoint errors identified 

during the Ref. 1 inspection and in Ref. 2. These errors were caused by flow-induced effects: 

a. RWST level transmitters ILS-950 and -951, which cue the operators to initiate transfer to sump 

recirculation, are located in the ECCS suction pipe connected to the RWST. The flow rate 

through the suction pipe results in entrance and velocity head losses which negatively bias the 

static pressure sensed by the transmitters and results in an indicated RWST water level that is 

lower than the actual level. Preliminary licensee investigations reported in Ref. I indicated that 

the combined effect from flow-induced errors and instrument uncertainty would be 

approximately 20% of instrument span at the time the low level alarm setpoint is reached 

following a large-break LOCA.  

b. Ref. 2 identified a further condition that could result in an additional negative 8% level error 

when the low level setpoint was reached. This condition involved the installation of drip catches 

on the 10-in RWST overflow lines at Units I and 2. The overflow lines provide RWST venting if 

the normal 8-in vent line becomes plugged. A 1976 calculation estimated a tank-to-atmosphere 

maximum differential pressure of 0.2 psi following a large-break LOCA if the overflow line was 

blocked. A revised calculation performed prior to the submittal of Ref. 2, which corrected 

several discrepancies in the original calculation, estimated instead a differential pressure of 1.03 

psi, with a corresponding RWST level error of 2.4 ft.  

The RWST level setpoint errors also potentially impact the RHR pumps following transfer to the 

containment sump, because the decreased inventory transferred to the sump as a result of the level errors 

increases the likelihood of air entrainment due to vortexing during recirculation. The potential for 

vortexing in the containment sump is addressed under Issue 26, together with other concerns that also 

affect vortexing in the sump (e.g., the impact of water diversion from the active to the inactive sump).  

The change in core damage frequency associated with this issue is dependent upon resolution of the 
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issues affecting auxiliary feedwater (AFW) and RHR cooling capabilities. If AFW failure probability or 

RHR cooling capability are not significantly affected by other issues, the change in core damage 

frequency associated with the potential for RWST vortexing, offset by the negative error in indicated 

RWST level caused by flow-induced effects, is less than I x 106. Therefore, the risk significance of this 

issue, on its own, is below the threshold for a precursor.  

36.2 Modeling and Affected Sequences 

Ref. 4 instructs the operators to begin transferring to cold leg recirculation when the indicated RWST 

level decreases to 32%. The RWST level errors caused by flow-induced effects and installation of the 

RWST overflow drip catch would result, following a maximally-sized large-break LOCA (double-ended 

cold leg break), in approximately 40% of the RWST volume being injected prior to initiating sump 

recirculation in~stead of the expected 68%. The additional water remaining in the RWST when sump 

switchover was complete, due to the same level errors, would reduce the probability that the RHR pumps 

would be damaged by vortexing before sump recirculation is completely established (the potential for 

vortexing in the containment sump because of the reduced amount of water injected from the RWST is 

addressed in Issue 26).  

The RWST level errors and potential for RHR pump vortexing affects large- and medium-break LOCA 

sequences, which require RHR pump success for core cooling success and which always require cold leg 

recirculation. In addition, small-break LOCA and feed and bleed sequences that are not recovered before 

cold leg recirculation is required are potentially affected if the HPI and charging pumps are also 

vulnerable to vortexing. The following sequences are predominately affected: 

Sequence I- Large-break LOCA: 

Large-break LOCA; and 

Failure to establish sump recirculation resulting in part from failure of the RHR pumps due to 

vortexing because of inadequate RWST level caused by RWST level instrument errors.  

Sequence 2- Medium-break LOCA 

• Medium-break LOCA; and 

• Failure to establish sump recirculation resulting in part from failure of the RHR pumps due to 

vortexing because of inadequate RWST level caused by RWST level instrument errors.  

Sequence 3 - Small LOCA or feed and bleed cooling situation 

Small-break LOCA; 

Failure to place the unit on RHR cooling prior to RWST depletion; and 
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Failure to establish sump recirculation resulting in part from failure of the HPI and charging 

pumps due to vortexing (if applicable) because of inadequate RWST level caused by RWST level 
instrument errors.  

Sequence 4 - Feed and Bleed following a loss of all feedwater 

Feed and bleed following a loss of all feedwater; 

Failure to recover secondary-side cooling prior to RWST depletion; and 

Failure to establish sump recirculation resulting in part from failure of the HPI and charging 

pumps due to vortexing (if applicable) because of inadequate RWST level caused by RWST level 

instrument errors.  

36.3 Frequencies, Probabilities and Assumptions 

Sequence 1- Large-break LOCA: 

Large-break LOCA - The frequency of a large-break LOCA is assumed to be 5 x 106/yr (Ref. 7).  

Failure to establish sump recirculation resulting in part from failure of the RHR pumps due to 

vortexing because of inadequate RWST level caused by RWST level instrument errors. The flow

induced RWST level errors during a large-break LOCA negatively bias indicated level by up to 

approximately 28% of span, including instrument error. Subtracting a positive instrument error of 

3.07% (Ref. 1) results in an RWST level bias of approximately 25%. Therefore, even if the West 

RHR pump transfer to cold leg recirculation failed and the East RHR train transfer was delayed 

until an indicated RWST level of 9.09% (where an automatic RHR pump trip is actuated), 

substantial RWST inventory would still exist. An RWST level error of at least 6.3% would exist 

throughout the large-break LOCA size range (see the discussion for Sequence 2). Such 

inventories would prevent vortexing. The probability of RHR pump failure due to vortexing in the 

RWST is therefore negligible.  

Combining the large-break LOCA initiating event frequency (5.0 x 10k/yr) with the probability of RHR 

pump failure due to RWST vortexing (negligible) results in a negligible significance estimate for large

break LOCA.  

Sequence 2 - Medium-break LOCA: 

• Medium-break LOCA - The frequency of a medium-break LOCA is assumed to be 4 x 105'/yr 

(Ref. 7).  

Failure to establish sump recirculation resulting in part from failure of the RHR pumps due to 

vortexing because of inadequate RWST level caused by RWST level instrument errors. The flow

induced RWST level errors during a medium-break LOCA would negatively bias indicated level 
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to a lesser extent than for a large-break LOCA. The effect of ECCS flow on RWST level error is 

not precisely known, but is a sum of velocity (v) and velocity-squared (v2) terms. Minimum 

RWST level error due to flow-induced effects, which would increase the likelihood of RWST 

vortexing, would occur if the error was dominated by v2-terms. Since containment spray is 

actuated following a medium-break LOCA, the ECCS flow rate would be expected to be no less 

than 50% of that for a large-break LOCA (Ref. 5, Table B-I). Assuming the RWST level error is 

a function of v2, an RWST level error of 25% of the large-break LOCA error, or 6.3%, can be 

estimated. This again would result in a significant RWST inventory at the point that the East RHR 

pump would trip. This inventory would eliminate the potential for East RHR pump damage due to 

vortexing in the RWST if transfer of the West RHR pump were to fail. The probability of RHR 

pump failure due to vortexing in the RWST is therefore negligible.  

Combining the medium-break LOCA initiating event frequency (4.0 x 1 05/yr) with the probability of RHR 

pump failure due to RWST vortexing (negligible) results in a negligible significance estimate for medium

break LOCA.  

Sequence 3 - Small-Break LOCA 

* Small-break LOCA; and 
* Failure to place the unit on RHR cooling prior to RWST depletion.  

The frequency of a small-break LOCA with failure to place the unit on RHR cooling prior to 

depleting the RWST and transferring to cold leg recirculation is 9.5 x 10"/yr, based on the model 

documented in Ref. 8.  

Failure to establish sump recirculation resulting in part from failure of the HPI and charging 

pumps due to vortexing as a result of inadequate RWST level caused by RWST level instrument 

errors. As described in the Summary, provided both RHR pumps are available, the HPI and 

charging pumps are aligned for sump recirculation in conjunction with the alignment of the West 

RHR train at 32% indicated RWST level.  

For the purposes of this analysis a small-break LOCA is assumed to result in a peak containment 

pressure that does not demand containment spray. The ECCS flow rate is therefore substantially 

smaller than for a medium- or large-break LOCA, on the order of 500 - 1000 gpm. This low flow 

rate would result in little flow-induced RWST level error to offset the potential for pump damage 

due to vortexing if transfer of the HPI and charging pumps in conjunction with alignment of the 

West RHR train to the containment sump were to fail.  

Using the same approach as for a medium-break LOCA, the flow-induced RWST error can be 

bounded. Assuming the flow-induced error is dominated by v2-terms (which minimizes the level 

bias), a flow rate of 1000 gpm results in a level bias of 0.2%. This is much smaller than the 

nominal RWST level instrument uncertainty described in Ref. 1 (-3.75%, +3.07%). In this case, 

the potential may exist for vortexing-induced failure of the HPI and charging pumps if they are 

vulnerable to vortexing and if their realignment with the West RHR train fails.  
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Based on Ref. 1, air entrainment at a 2% operational limit is estimated to occur for the RHR 

pumps at 2.5 inches below the RHR pump trip setpoint (RWST low-low level setpoint of 9.09%).  

Assuming the RWST instrument error described in Ref. I represents ±2o of an approximately 

normal distribution2, a probability of 0.4 of unacceptable RHR pump vortexing prior to RHR 

pump trip is estimated. Assuming the operators delay East train alignment until the -10% 

indicated RWST level is reached when vortexing becomes a potential problem (this is 

conservative since Ref. 3 instructs the operators to transfer the operable train at 32% level if one 

of the trains is inoperable) and that the 0.4 probability is also applicable to the HPI and charging 

pumps (this is most likely conservative, considering the HPI and charging pump flow rates) and 

combining it with the probability of failing to align the West RHR train to the containment sump, 

1.3 x 10-2 [West RI-IR pump suction valve IMO-320 fails to close (3.0 x 10-), West recirculation 

sump isolation valve IMO-306 fails to open (3.0 x 10"), West RHR pump fails to start and run 

(3.7 x 10-), HPI pump suction valve IMO-350 from West RHR heat exchanger fails to open (3.0 
X 10-3), or HPI pump suction cross-tie valves IMO-361 or -362 fail to open (2.7 x 10-)], results in 

an overall failure probability of 0.4 x 1.3 x 10-2, or 5.2 x 10-3.  

However, for a small LOCA without containment spray, the flow rates are relatively low (less than 

1000 gpm). Therefore, between initiation of sump recirculation to reaching a RWST level that 

could introduce vortexing, significant amount of time is available (at least 1 hour). This long time 

period minimizes the chance that the East RHR train transfer will be delayed until the -10% 

RWST level is reached when vortexing becomes a potential problem.  

Combining the frequency of a small-break LOCA with failure to place the unit on RHR cooling prior to 

depleting the RWST (9.5 x 105/yr) with the failure probability estimated in the previous paragraph results 

in a most-likely conservative significance estimate for small-break LOCA of 4.9 x 107/yr. When 

combined with the likelihood of failing to establish East RHR train recirculation before -10% RWST level 

(assumed to be 0.1), the sequence frequency becomes 4.9 x 10"S/yr.  

The above frequency assumes containment spray is not actuated for a small-break LOCA. If containment 

spray is actuated and is not terminated by the operators, then the ECCS flow rate from the RWST would 

approximate that for a medium-break LOCA in the 2+-in range. In this case, the flow-induced RWST 

level instrument errors would offset the potential impact of vortexing (as described for a medium-break 

LOCA under Sequence 2) and result in a negligible significance estimate.  

Sequence 4 - Feed and Bleed following a loss of all feedwater 

4 Feed and bleed following a loss of all feedwater; 

* Failure to recover secondary-side cooling prior to RWST depletion.  

The frequency of feed and bleed with failure to recover secondary-side cooling prior to depleting 

the RWST is 1.6 x 101/yr, based on the model documented in Ref. 8.  

2 See the precursor analysis of LER 269/98-004.  
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Failure to establish sump recirculation resulting in part from failure of the HPI and charging 

pumps due to vortexing as a result of inadequate RWST level caused by RWST level instrument 
errors.  

This probability is the same as developed for a small-break LOCA, 5.2 x 10-. See Sequence 3 
Small-Break LOCA for a description of this development.  

Combining the frequency of feed and bleed with failure to recover secondary-side cooling prior to 

depleting the RWST (1.6 x 10"6/yr) with the probability of failing to transfer to sump recirculation (5.2 x 

10") results in a significance estimate for feed and bleed of 8.3 x 10 9/yr. When combined with the 

likelihood of failing to establish East RHR train before -10% RWST level when vortexing becomes a 

potential problem (0.1), the sequence frequency becomes negligible.  

36.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the feed-and-bleed sequence depends on the resolution of other issues 
affecting AFW and RHR cooling capabilities.  

The change in core damage frequency associated with the potential for vortexing, offset by the negative 

error in indicated RWST level caused by flow-induced effects, is less than I x 10-. Therefore, the risk 

significance of this issue, on its own, is below the threshold for a precursor.  
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LER No. 315/97-006 

37.0 LER No. 315/97-006 

Event Description: Equipment in Containment Rendered Inoperable Because of 

Faulted Floodup Tubes 

Date of Event: March 27, 1997 

Plant: D.C. Cook, Unit 1 

37.1 Summary of Issue 

During a refueling outage at D.C. Cook, Unit 2, in 1996, personnel discovered moisture in several 

floodup tubes. A subsequent inspection of the floodup tubes at Unit I during its refueling outage in 1997, 

revealed that nine floodup tubes inside containment had through-wall defects (Ref. 1). The defects were 

caused by material stress cracks or welding activities. Seven of the floodup tubes contained cables 

connected to safety-related components. The safety-related components affected by the damaged floodup 

tubes are: 

"* Steam Generator 3 Narrow Range Level Transmitter (1-BLP-132) and Steam Generator 4 Narrow 

Range Level Transmitter (1-BLP- 142), 
"* Reactor Coolant System (RCS) Loop 4 Hot Leg Wide Range Temperature Recorder Thermal Sensor 

(1 -NTR-140) and RCS Loop 4 Hot Leg Wide Range Temperature Recorder Thermal Sensor 
(1 -NTR-240), 

"* Hydrogen Recombiner (I-HR-I), 
"* Containment Hydrogen Skimmer Ventilation Fan HV-CEQ-2 Suction Shutoff Valve (1 -VMO- 102), 

"* Reactor Coolant System Post Accident Wnt Train A Solenoid Valve (1-NSO-02 1), 

"* East Residual Heat Removal (RHR) and North Safety Injection to Reactor Coolant Loops I and 4 Hot 

Leg Shutoff Valves (1-IMO-315), and East RHR and North Safety Injection to Reactor Coolant 

Loops I and 4 Cold Leg Shutoff Valves (1 -IMO-316), 
"* West RHR and South Safety Injection to Reactor Coolant Loops 2 and 3 Hot Leg Shutoff Valves 

(1-IMO-325), 
"* Pressurizer Relief Valve NRV- 151 Upstream Shutoff Valve (1 -NMO- 151), and 

"* Pressurizer Train A Pressure Relief Valve NRV-153 Close Limit Switch (1-33-NRV-153).  

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting auxiliary feedwater (AFW) and feed-and-bleed cooling capabilities. The risk 

significance of this issue, on its own, is below the threshold for a precursor 

Because seven of the failed floodup tubes at Unit 1 contained circuitry needed for accident mitigation or 

post-accident monitoring, personnel conducted a visual inspection of the floodup tubes on Unit 2. Two 

damaged floodup tubes were discovered; one tube contained circuitry needed for accident mitigation or 

post-accident monitoring (Ref. 1). A more thorough inspection of the floodup tubes at Unit 2 was made 
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in October, 1997, during a refueling outage (Ref. 2). The impact of the failed floodup tubes at Unit 2 is 

evaluated in the analysis associated with LER No. 316/97-006 (Issue 54).
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37.2 Modeling and Affected Sequences 

Because safety-related electrical penetrations are located below the predicted flooding level inside 

containment following a loss-of-coolant accident (LOCA), safety-related cables are routed through 

stainless steel tubes, known as floodup tubes, to prevent the water in the containment from contacting the 

cables. This precaution is necessary because the electrical cables have not been environmentally 

qualified for submergence in water, and Kapton insulated wires, the type used in electrical penetrations, 

are known to be susceptible to degradation when exposed to alkaline solutions. All Kapton wires below 

floodup levels needed for environmentally qualified equipment are contained in floodup tubes. Limited 

testing indicated that the cable insulation would protect the cable function for at least 2 h. Therefore, the 

affected equipment should function immediately following an accident, but operation would be suspect 

beyond the immediate response. Hence, the dominant core damage sequences of interest involve a 

LOCA coupled with the failure of equipment that is required to function later in the sequence of events.  

The loss of the RCS Loop 4 temperature recorder inputs (1-NTR-140 and -240) affects the capability of 

the subcooling monitor. This is compensated by using the core exit thermocouples and the other loop 

inputs. No immediate reactor protection function is lost.  

The loss of one of two hydrogen recombiners (1-HR- 1) affects containment and primary system integrity 

Hydrogen igniters and a second hydrogen recombiner compensate for the loss of one hydrogen 

recombiner. No immediate reactor protection function is lost. Ample time to repair the remaining 

hydrogen recombiner would be available, if necessary.  

The containment recirculation fan valve (1-VMO-102) would be activated within ten minutes following a 

LOCA. This is well within the expected cable insulation survival time limit. When the cable insulation 

fails, the valve will fail as is. Therefore, no immediate reactor protection function is lost.  

The loss of one of two reactor vessel head vent valves (1-NSO-021) affects the ability to vent a hydrogen 

bubble in the core head region following a core accident. No credit is taken in the plant's final safety 

analysis report (FSAR) for the expected operation of these valves following an accident. One vent valve 

is sufficient to vent a hydrogen bubble in the vessel head region.  

Valves 1-IMO-315, I-IMO-316 and 1-IMO-325 must be operable for the plant to transition from cold-leg 

recirculation to hot-leg recirculation. There is a potential for boron to precipitate out of solution in the 

core following a large hot-leg break (frequency less than 5 x I 0/critical year per Ref. 3) because the 

coolant could boil away without replacement causing the boron to become saturated. Hot-leg 

recirculation is then considered necessary to force this potentially stagnant, boron saturated solution out 

of the core. However, the LER (Ref. 1) references a Westinghouse study that indicates sufficient flow 

exists between the hot-leg nozzle and the core barrel to prevent boron precipitation under all conditions.  

Therefore, the increased likelihood of core damage resulting from a failure to transfer from cold-leg 

recirculation to hot-leg recirculation is considered negligible.  

The affected block valve for a power-operated relief valve (PORV) (1 -NMO- 151) may fail to close 

following a PORV cycling open and failing to close (1-33-NRV-153). Following a LOCA, which causes 
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floodup tube wetting, the PORVs will not cycle to control pressure. Only a failure to remove decay heat 

via the auxiliary feedwater (AFW) system could require a PORV to be opened. This is unlikely and the 

added coolant loss would have little affect on the plant capability to protect the core from the initial 
LOCA.  

The sequences of interest because of the damaged floodup tubes are 

Sequence I - LOCA occurs with an anticipated transient without scram (ATWS) 

"* A LOCA of any size occurs; and 

"* The reactor fails to trip.  

Sequence 2 - Small LOCA occurs with subsequent loss of ability to control the water level in the steam 

generator 

"* A small LOCA occurs; 

"* The reactor trip is successful; 

"* The affected steam generator water level indication becomes unavailable after the wetted insulation 

on the water level transmitter cable fails; 

"* AFW system fails because the affected steam generator water level indication becomes unavailable 

after the wetted insulation on the water level transmitter cable fails (2 transmitters) and the ability to 

control the water level in the steam generator is lost because the steam generator water level 

transmitters unaffected by leaking floodup tubes fail from random equipment failures (10 

transmitters); and 

"* Feed-and-bleed cooling fails because of a random equipment failure.  

37.3 Frequencies, Probabilities, and Assumptions 

Sequence I - LOCA occurs with an ATWS 

This sequence is included because two inputs to the reactor protection system are afected by wetting.  

However, the licensee expects all cabling to operate normally in the short-term.  

e LOCA of any size occurs - Using the frequencies associated with laige pipe break (5 x 101), medium 

pipe break (4 x 10'), small pipe break (5 x 10'), stuck open power-operated relief valve (I x IV), 

stuck open code safety valve (5 x 10"'), and reactor coolant pump seal LOCA (2.5 x 10-), the total 

frequency of LOCAs of any size is approximately 9 x I 0-/critical year (Ref. 3, Table 3-1).  
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0 The reactor fails to trip - Reliability Sudy: Westinghouse Reactor Protection System, 1984-1995 
(Ref. 6) indicates that the RPS failure probability (allowing credit for manual scram by the operator) 

is 5.5 x 10'. This probability of the reactor failing to trip is not expected to change because of the 

damaged floodup tubes. The only components affected by the damaged floodup tubes that input into 

the reactor protection system are the two steam generator water level transmitters. The two (of four) 

steam generators affected by the damaged floodup tubes still had two operable water level 
transmitters; trip logic only requires 2 of 3 level transmitters to be low to initiate a reactor trip. In 

addition, the affected transmitter channels were expected to operate normally in the near term 
following an accident. Furthermore, a LOCA would be detected by numerous other reactor 
protection inputs.  

Sequence 2 - Small LOCA occurs with subsequent loss of ability to control the water level in the steam 
generator 

"* Small LOCA occurs - Using the frequencies associated with small pipe break (5 x 104), stuck open 
power-operated relief valve (1 x 10'), stuck open code safety valve (5 x 10'), and reactor coolant 
pump seal LOCA (2.5 x 10-), the total frequency of a small LOCA is approximately 9 x 103/critical 
year (Ref. 3, Table 3-1).  

" The reactor trip is successful - Reliability Sudy: Westinghouse Reactor Protection System, 1984

1995 (Ref. 6) indicates that the RPS failure probability (allowing credit for manual scram by the 

operator) is 5.5 x 10". This probability of the reactor failing to trip is not expected to change because 

of the damaged floodup tubes. The only components affected by the damaged floodup tubes that 
input into the reactor protection system are the two steam generator water level transmitters. The two 

(of four) steam generators affected by the damaged floodup tubes still had two operable water level 

transmitters; trip logic only requires 2 of 3 level transmitters to be low to initiate a reactor trip. In 

addition, the affected transmitter channels were expected to operate normally in the near term 

following an accident. Furthermore, a LOCA would be detected by numerous other reactor 

protection inputs. Therefore, for calculational purposes, the reactor trip success probability can be 
assumed to be 1.0.  

"* The affected steam generator water level indication becomes unavailable after the wetted insulation 

on the water level transmitter cable fails - For conservatism, it was assumed that the occurrence of a 

LOCA would eventually fail the two affected water level transmitters with a probability of 1.0.  

"• AFW system fails because the affected steam generator water level indication becomes unavailable 

after the wetted insulation on the water level transmitter cable fails (2 transmitters) and the ability to 

control the water level in the steam generator is lost because the steam generator water level 

transmitters unaffected by leaking floodup tubes fail from random equipment failures (10 

transmitters) - The probability of ten level transmitters independently failing from random equipment 

failures is negligible. Adequate decay heat removal can be established from one steam generator 

with one operable level transmitter In addition, there is one wide range level transmitter per steam 

generator that would allow rudimentary control of the water level in a steam generator if necessary 

The common-cause failure probability factor (alpha factor) for six component electronic systems is 
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on the order of 1.0 x 10' (Ref. 4). Assuming this holds for a sixteen component system and assuming 

an individual level transmitter failure rate of 1.0 x 10' (Ref. 5), the common-cause failure probability 

for the steam generator level transmitters is approximately 1.0 x 10.6. The potential for the operator 

to make an error due to conflicting indications from diferent level indicators is not credible due to 

the following: (a) each steam generator is equipped with 4 level transmitters (3 narrow range and 1 

wide range), (b) only two narrow range transmitters in the total of 16 fail and these two are associated 

with two different steam generators, and (c) the wetting will cause the level to go of-scale high or 

low rather than indicating an inaccurate level which makes it obvious to the operator that the 

transmitter has failed. However, a number of other issues that can potentially affect AFW system 

must be resolved in order to assess the overall AFW failure probability 

9 Feed-and-bleed cooling fails because of a random failure - From the Cook standardized plant 

analysis risk (SPAR) model, the overall failure probability of feed-and-bleed cooling is 2.9 x 102.  

However, a number of other issues that can potentially affect feed-and-bleed cooling that must be 

resolved in order to assess this failure probability.  

37.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the sequences depend on the resolution of other issues affecting AFW and 

feed-and-bleed cooling capability. To provide perspective on these sequences the following information 

is provided.  

If the resolution of issues results in no significant changes to the AFW and feed-and-bleed cooling failure 

probabilities, the change in core damage frequency would be: 

Sequence I - LOCA occurs with an ATWS 

(Frequency of any size LOCA: 9.0 x 1 03/critical year) x 

(Criticality factor: 0.79 critical year/reactor calendar year) x 

(Probability of the reactor protection system failure to trip: 5.5 x 0.) - 3.9 x 104/year 

Sequence 2 - Small LOCA occurs with subsequent loss of ability to control the water level in the steam 

generator 

(Frequency of any size LOCA: 9.0 x I 0"3/critical year ) x 

(Criticality factor: 0.79 critical year/reactor calendar year) x 

(Probability of reactor trip: 1.0) x 
(Probability wetted level transmitters fail: 1.0) x 

(Probability remaining level transmitters fail: 1.0 x 10") x 

(Probability of feed-and-bleed cooling failure: 2.9 x 10-2) = 2.1 x 10'1/year.  

Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor
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37.5 References 

1. LER 315/97-006, Rev. 1, "Equipment in Containment Rendered Inoperable Due to Cracked Floodup 

Tubes," May 30, 1997.  

2. LER 316/97-006, Rev. 0, "Equipment in Containment Rendered Inoperable Due to Faulted Floodup 

Tubes," November 10, 1997.  

3. J. P. Poloski, et. al., Rates of Initiating Events at US. Nuclear Power Plants 1987-1995, 

NUREG/CR-5750, February 1999.  

4. F. M. Marshall, et. al., Common-Cause Failure Parameter Estimations, NUREG/CR-5497, October 

1998.  

5. Cook Nuclear Plant Individual Plant Examination Revision 1, October 1995.  

6. S.A. Eide, et. al., Reliability Study: Westinghouse Reactor Protection System,: 1984-1995, 

NUREG/CR-5500, Vol. 2, April 1999.
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38.0 NRC Inspection Report No. 50-315, 316/97-201, Finding E1.2.1.2.H(b) 

Event Description: Licensee's GL 89-13 Performance Trending of EDG Water 
Jacket Cooler Degradation Found to be Ineffective 

Date of Event: August 1997 

Plant: D. C. Cook, Units 1 and 2 

38.1 Summary of Issue 

The NRC staff conducted a design and performance review of the heat exchangers associated with the 
EDG water jacket coolers, lube oil, and aftercoolers at D. C. Cook, Units I and 2 (Cook I and 2) from 

August 4 through September 11, 1997 (Ref. 1). This review was performed based on the preliminary 
team findings associated with the elevated lake temperatures. Its purpose was to determine the adequacy 

of the testing performed by the licensee and the associated acceptance criteria contained in the licensee's 

program guidance for complying with Generic Letter (GL) 89-13, "Service Water System Problems 
Affecting Safety-Related Equipment." 

The inspection team found that the licensee's GL 89-13 performance trending of EDG water jacket cooler 

degradation was ineffective. Performance trending of the EDG water jacket coolers consisted of flowing 

CCW/ESW cooling in-series through the EDG water jacket, lube oil, and aftercoolers. ESW outlet 

temperatures were recorded and trends were charted over several tests. Results of the temperature profile 

from the heat exchangers, which was used as a measure of heat exchanger degradation, indicated that 

temperature values were relatively constant over the several testing periods monitored by the licensee.  

However, the inspection team identified that the heat exchanger outlet temperature was controlled by 

temperature valves, which automatically regulate temperature by changing the flow rate through the heat 

exchangers. Therefore, the data collected by the licensee was only an indication that the temperature 

control valves were functioning, and not an indication of whether there was any heat exchanger 
degradation.  

The risk significance of this issue, on its own, is below the threshold for a precursor.  

38.2 Modeling and Affected Sequences 

Results of a review of operating experience at Cook do not support the increase in the failure probability 

of the EDG water jacket coolers due to excessive fouling beyond the nominal failure probability that is 

implied by this finding, for the following reasons (Note that both Cook units report EDG problems in 

accordance with Regulatory Guide 1.108):

1
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"* AEOD's report on EDG reliability (Ref. 2) identified only two LERs (2/92 and 9/92) submitted by 

Cook 1 and 2 that reported EDG train failures - neither involved problems with EDG cooling or the 
EDG water jacket coolers.  

"* A search of the SCSS database (Ref. 3) for the years 1990-98 yielded only one LER reporting 

problems with the emergency ac power system (including the EDG water jacket coolers) at the Cook 

units other than the two LERs identified in the first bullet item above. This LER reported a problem 

with an EDG auxiliary system that was unrelated to the EDG water jacket coolers.  

"* A search of NPRDS (Ref. 4) for failure records regarding the EDG cooling water system at the Cook 

plant for the period 1985-1995 yielded no reported failures involving the EDG water jacket coolers.  

Therefore, no core damage sequences increased in frequency as a result of this condition.  

38.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increased in frequency, frequencies and probabilities were not 

calculated.  

38.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences increased in frequency as a result of this condition. Therefore, the risk 

significance of this issue, on its own, is below the threshold for a precursor.  

38.5 References 

1. Donald C. Cook, Units 1 & 2 Design Inspection (NRC Inspection Report No. 50-315, 316/97-201).  

November 26, 1997.  

2. "Emergency Diesel Generator Power System Reliability: 1987-1993," AEOD/S96-03, Idaho National 

Engineering Laboratory, Idaho Falls, Idaho, February 1996.  

3. "Sequence Coding and Search System for Licensee Event Reports: User's Guide," NUREG/CR

3905, Nuclear Operations Analysis Center, Oak Ridge National Laboratory, Oak Ridge Tennessee 

37831, August 1984.  

4. Nuclear Plant Reliability Data System, Institute of Nuclear Power Operations, Atlanta, Georgia.
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39.0 UFSAR and TS Inconsistencies With RWST Volume 

Event Description: Updated Final Safety Analysis Report and Technical 

Specifications Inconsistencies with Refueling Water Storage 
Tank Volume 

Date of Event: August 1997 

Plant: D.C. Cook, Units 1 and 2 

39.1 Summary of Issue 

The issue, found during a 1997 design inspection (Ref. 1), is that the Updated Final Safety Analysis 

Report (UFSAR), Section 6.2.2, states that there are 350,000 gallons of borated water available above 

the bottom of the refueling water storage tank (RWST) suction pipe (Ref. 2). However, 27,000 gallons 

are not usable since vortexing and air entrapment occur when the water level falls below the top of the 

discharge pipe.  

The change in core damage frequency associated with this issue is essentially zero and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.  

39.2 Modeling and Affected Sequences 

No sequences are affected since the issue deals with verbatim compliance with the UFSAR statement 

which states that 350,000 gallons are "available," but all of the "available" volume is not "usable." 

The RWST supplies water for injection to the reactor during a LOCA of any size. In addition, the 

RWST water is used for feed-and-bleed cooling if main feedwater and auxiliary feedwater are 

unavailable to perform decay heat removal. The set point used to direct the operator to start recirculation 

is above the point where this issue would impact the ability to inject. The accident analysis does not 

credit the entire 350,000 gallon inventory. The analysis credits the top 68 percent of the tank to be 

available in the containment recirculation sump to start the recirculation function (recirculation is initiated 

at the 32 percent set point). The time available to establish sump recirculation was always based on the 

water level between the 32 percent RWST level and the suction pipe level. That is, the RWST water 

below the suction pipe was never factored into the calculations.  

A potential deficit of a supply of 27000 gallons from the RWST to the containment recirculation sump 

has the potential to adversely affect the inventory available in the containment recirculation sump to 

establish recirculation. The water that will become available to the containment recirculation sump from 

melting ice in the ice condenser will easily compensate for this adverse effect. Ice melt in the
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containment would provide approximately 290,000 gallons of additional water to the sump. Therefore, 
the loss of 27,000 gallons would have no impact on recirculation sump inventory.  

39.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities are not calculated.  

39.4 Core Damage Frequency Calculation or the Bounding Calculation 

This issue does not impact the core damage sequences. Therefore, the change in core damage frequency 
is determined to be zero. Therefore, the risk significance of this issue, on its own, is below the threshold 
for a precursor.  

39.5 References 

1. Donald C. Cook, Units 1 & 2 Design Inspection (NRC Inspection Report No. 50-315, 316/97-201).  
November 26, 1997.  

2. Donald C. Cook Nuclear Plant, Units I and 2, Updated Final Safety Analysis Report, July 1997
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40.0 NRC Inspection Report No. 50-315, 316/97-201, Finding E1.4.2C(3) 

Event Description: Documentation Inconsistency between the UFSAR and the 
RHR Pump Vendor's Manual 

Date of Event: August 1997 

Plant: D. C. Cook, Units I and 2 

40.1 Summary of Issue 

The NRC staff conducted a design inspection at D. C. Cook, Units 1 and 2 (Cook I and 2) from August 4 

through September 11, 1997. (Ref, 1) During the inspection, the team observed that the Cook 1 and 2 

UFSAR states in Table 9.3-2 that the RHR pump NPSH required at maximum flow rate is 11 ft. The 

team pointed out that this appeared to be inconsistent with the RHR pump vendor's manual, which states 

that this is the NPSH required at 3000 gpm (design flow). The vendor's manual also states that, at the 

maximum flow rate of 4500 gpm, the NPSH required is 19 feet.  

The change in core damage frequency associated with this issue is essentially zero and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.  

40.2 Modeling and Affected Sequences 

In our review of this issue, we reviewed the licensee's analysis of the containment debris issue to 

determine how the subject discrepancy affected the results of that analysis. In the containment debris 

head loss analysis, the licensee used an NPSH requirement of 20 ft. at a maximum flow rate of 4600 gpm.  

This value is consistent with the 19 ft NPSH at 4500 gpm maximum flow rate requirement contained in 

the RHR pump vendor's manual. (Ref. 2) Additional information regarding both the available and the 

required NPSH for the RHR pumps is contained in the licensee's response to UFSAR Question 212.29.  

(Ref. 3) This information is also consistent with the RHR pump vendor's manual. Subsequent 

discussions with the licensee's staff confirmed that the inconsistency in Table 9.3-2 had indeed been 

identified as an editorial error. (Ref. 4) 

Therefore, no core damage sequences increased in frequency as a result of this discrepancy.  

40.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increased in frequency, frequencies and probabilities were not 

calculated.

I
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40.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences increased in frequency as a result of the editorial error. Therefore, the change 

in core damage frequency was determined to be zero.  

40.5 References 

1. Donald C. Cook, Units I & 2 Design Inspection (NRC Inspection Report No. 50-315, 316/97-201).  

November 26, 1997.  

2. Document Number VTD-INCR-0012, Ingersoll-Dresser Publication #016-32294.  

3. Updated Final Safety Analysis Report, Donald C. Cook Nuclear Plant, Units I and 2, Indiana 

Michigan Power Company, USNRC Docket Nos. 50-315 and 316.  

4. March 15, 1999 e-mail message from W. A. Allen, Indiana Michigan Power Company, to S.  

Weerakkody, USNRC.
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41.0 Improper Splice Configurations for Pressurizer Power-Operated Relief 
Valve Limit Switches 

Event Description: Improper Splice Configurations for Pressurizer Power
Operated Relief Valve Position Indication Limit Switches 

Date of Event: March 6, 1998 

Plant: D.C. Cook, Units 1 and 2 

41.1 Summary of Issue 

On March 6, 1998, it was determined that the splices for the limit switches on the Unit I power-operated 

relief valves (PORVs) were installed without the "breakout boot" required for Environmental 

Qualification (EQ). A single Raychem splice was used instead of the required EQ breakout boot, which 

is used to splice a pair of leads to a single field cable. Although the breakout boot was installed on the 

Unit 2 PORV limit switches, a problem with the length of the splice overlap existed at a different splice 

location, resulting in the PORVs for both units being declared inoperable. The Unit 2 splice did not have 

the required overlap length of 2 inches and therefore did not meet EQ requirements; the root cause could 

not be determined. The event is described in LER 315/98-013-01 (Ref. 1).  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

41.2 Modeling and Affected Sequences 

Affected sequences are those that result in steam in the containment and require pressurizer PORVs for 

mitigation. Loss-of-coolant accidents (LOCAs) of all sizes, high energy line breaks (HELBs) inside 

containment, and feed and bleed sequences result in steam in the containment, but not all require 

pressurizer PORVs for mitigation. The sequences of interest therefore include medium LOCAs (in the 

event of high pressure injection failure), which require opening of 2 of 3 pressurizer PORVs for 

depressurization, and small LOCAs, transients, and large steamline/feedline breaks inside containment, 

all of which require opening of 2 of 3 pressurizer PORVs for primary bleed and feedý (Ref. 2).  

41.3 Frequencies, Probabilities, and Assumptions 

The licensee conducted an engineering evaluation of the installed configurations. The first issue was the 

lack of a breakout boot, which is designed to provide a seal where two conductors leave a single 

conductor. The three individual Unit 1 conductors were insulated with Raychem WCSF heat shrink 

tubing instead of a breakout boot. The entire assembly was then covered with the same tubing. The
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tubing has pre-coated adhesive whose function is to provide an environmental seal for isolating the 

component from moisture. The entire sleeve is then heat shrunk to seal against the conductor. The 

adhesive flows to provide the sealing normally provided by the breakout boot.  

Raychem had qualified the breakout boots for installations exposed to direct steam impingement on a 

splice for a 1000 volt circuit. The existing circuits do not require protection against direct impingement 

because the splices are inside terminal boxes, and, because the possibility of a short circuit is a function 

of circuit voltage, it is considered less likely the moisture would penetrate the 250 volt circuit instead of 

the 1000 volt circuit. Moisture intrusion into the splices.is therefore unlikely (Ref. 1).  

The second issue was the Unit 2 overlap used for conductor to conductor splices. The current Raychem 

installation practice requires a 2-inch overlap for LOCA installations. However, overlap lengths as short 

as one-eighth inches have been qualified by industry testing. In addition, the application is for a 250-volt 

DC circuit inside terminal boxes, as opposed to a 1000 volt configuration exposed to direct steam 

impingement.  

Although this event resulted in an unanalyzed condition and the installed configuration not meeting EQ 

requirements, the licensee determined that the configuration would have functioned adequately during 

accident and post-accident conditions.  

41.4 Core Damage Frequency Calculation or the Bounding Calculation 

Since no core damage sequences increase in frequency, frequencies and probabilities are not calculated.  

Therefore, the change in core damage frequency is determined to be zero.  

41.5 References 

1. LER 315/98-013-01, "Improper Splice Configurations for Power Operated Relief Valve Limit 

Switches Results in Unanalyzed Condition," April 17, 1998.  

2. Donald C. Cook Nuclear Plant, Units I and 2, Individual Plant Examination, Revision 1, October 

1995
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42.0 NRC Inspection Report No. 50-315/316/97-201, Finding E1.3.2.2A 

Event Description: Appendix R Borated Water Requirements Not Met 

Date of Event: November 26, 1997 

Plant: D.C. Cook, Units 1 and 2 

42.1 Summary of Issue 

10 CFR Part 50, Appendix R requires the licensee to maintain at least 87,000 gallons of borated water 

from the refueling water storage tank (RWST) as an alternate flow path when one of two units is in Mode 

5 or Mode 6 of operation. The main purpose of this requirement is to ensure that, when one unit is in 

normal operation and the other unit in a refueling outage/cold shutdown and a fire event occurs in the 

operating unit, disabling the primary RWST water source, there is an adequate amount of borated water 

available as an alternate source from the other unit's RWST, which is in the refueling outage/cold 

shutdown mode. Therefore, the potential impact of this event is on total plant risk due to fire events.  

Apparently, the licensee failed to maintain 87,000 gallons of RWST at various times since 1990 when 

one of the units was in Mode 5 or 6. The licensee informed the NRC staff of this condition via 10 CFR 

50.72 Event Notification #32839. The detailed description of this event is included in the NRC 

Inspection Report No. 50-315, 316/97-201, dated November 26, 1997 (Ref. 1). In addition, the licensee 

submitted a Licensee Event Report (LER 315/97-013), but later retracted the LER (Ref. 4) and the event 

notification.  

The change in core damage frequency (CDF) associated with this issue is dependent upon resolution 

other issues that affect fire related risk or random failure probabilities. The risk significance of this issue, 

on its own, is below the threshold for a precursor.  

42.2 Modeling and Affected Sequences 

The licensee's Individual Plant Examination (IPE) study (Ref. 2) was reviewed to evaluate the risk 

impact of this issue on plant risk due to internal events. The primary RWST and its flow path are highly 

reliable and its failure due to random causes is very unlikely. Consequently, the availability of the other 

unit's RWST as an alternate water source was not modeled in the DC Cook IPE study. Therefore, the 

risk impact of this issue on the estimated plant CDF due to internal events is insignificant.  

The potential risk impact of this issue would only be due to fire events. As such, the licensee's Individual 

Plant Examination of External Events (IPEEE) study (Ref. 3) was reviewed to evaluate the effect of the 

unavailability of alternate RWST water supply on total CDF due to fire.

I
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42.3 Frequencies, Probabilities, and Assumptions 

Total CDF due to fire events was estimated in the DC Cook IPEEE study to be 3.7x 10' per year. The 

major fire zones and their contributions from the IPEEE study are summarized below: 

Fire Zone CDF Contribution 

15 3.0 x 107 

16 3.5 x 107 

29B 1.07 x 10-7 

29E 1.07 x 10-7 

40A 1.32 x 107 

40B 1.86 x 10-7 

41 1.12 x 10-7 

42D 1.68 x 10-7 

44S 3.80 x 10-7 

53 1.81 x 10-6 
91 1.02 x 10.7 

Total 3.76 x 10' 

The CDF associated with each fire zone is less than 1.0 x 10' per reactor year, except Fire zone 53, 

whose contribution is 1.81 x 10.. Fire zone 53 is the Unit 1 control room.  

42.4 Core Damage Frequency Calculation or the Bounding Calculation 

The alternate RWST from the opposite unit, when in Mode 5 or 6, was not credited in the DC Cook fire 

risk study. Therefore, the unavailability of alternate RWST would not have any impact on the estimated 

CDF due to fire events.  

To further demonstrate that the contribution of this issue on total CDF due to fire events is insignificant, 

the following bounding calculation is done: 

There is only a fraction of time in which the alternate RWST would be unavailable due to the lack of 

procedural control for maintaining the RWST level at 87,000 gallons of borated water. This fraction is 

based on the amount of time that one unit is in a refueling outage, while the other unit is in operation.  

This fraction is estimated as follows: 

Fraction = F = (average duration of a refueling outage)X(frequency of refueling outages) 

= (70 days)(1/1 8 months) = (70 days)/(18 X 30 days) =0.13 

The numerical contribution of this issue is bounded by the following calculation assuming that every one 

2
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of the fire zones is directly and fully impacted by the unavailability of the alternate RWST: 

Maximum increase in Fire CDF = (F)XY(CDF)i 

where (CDF)i is the CDF for fire zone i.  

Max. increase in Fire CDF = (0.13) x ( 3.76 x 10' per year) = 4.9 x I1Of per year 

Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor.  

42.5 References 

1. Donald C. Cook, Units 1 and 2 Design Inspection (NRC Inspection Report No. 50-315, 316/97

20 1), November 26, 1997.  

2. Donald C. Cook Nuclear Plant, Units 1 and 2, Individual Plant Examination, Revision 1, October 

1995.  

3. Donald C. Cook Nuclear Plant, Units 1 and 2, Individual Plant Examination of External Events, 

April 1992.  

4. Donald C. Cook Nuclear Plant - Unit 1, Licensee Event Report (LER) 50-315/97-013-01, "LER 

Retraction - Control of RWST Level in Modes 5 and 6," November 17, 1997.
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43.0 NRC Inspection Report No. 315, 316/97-201, Finding E1.4.2D 

Event Description: Inconsistencies with ECCS Level Instrumentation and 
Equipment Allowed Outage Times 

Date of Event: November 1997 

Plant: D. C. Cook, Units 1 and 2 

43.1 Summary of Issue 

The NRC Inspection Report No. 315, 316/97-201 (Ref. 1) identified inconsistencies in the equipment 

allowed outage times (AOTs) for ECCS level instrumentation. For D.C. Cook, there are no automatic 

signals from the refueling water storage tank (RWST) level or containment sump level to actuate safety 

systems. However, indications from these channels are relied upon by the operators to perform important 

safety functions such as transitioning from injection to sump recirculation. The AOT for these instrument 

trains is 30 days, while the ECCS trains have AOTs of 72 hours. The NRC inspection team concluded 

that 72 hours is a more appropriate AOT for these level instruments.  

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting the auxiliary feedwater (AFW) and RWST capability. The risk significance of this issue, 

on its own, is below the threshold for a precursor.  

43.2 Modeling and Affected Sequences 

A 30-day AOT rather than a 3-day AOT could result in an increase to the probability of a RWST level 

instrumentation channel being out of service when it is needed. Affected sequences are those that require 

the transition from injection to sump recirculation. The RWST level instrumentation are the most 

important, since they are needed for initiating sump recirculation in emergency operating procedures.  

Therefore, the sequence of interest is: 

"* Any size LOCA occurs, or feed-and-bleed scenario occurs; 

"* Channel I RWST level indication out of service; and 

"* Channel 2 RWST level indication fails due to random failure; 

"* Sump recirculation fails due to the loss of both RWST level indications.

1
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43.3 Frequencies, Probabilities, and Assumptions 

" Any size LOCA occurs, or feed-and-bleed cooling scenario occurs - Using the frequencies associated 
with large pipe break (5 x 10), medium pipe break (4 x 10'), small pipe break (5 x 10-), stuck open 

power-operated relief valve (1 x 10'), stuck open code safety valve (5 x 103), and reactor coolant 
pump seal LOCA (2.5 x 10-1), the total frequency of a LOCA of any size is approximately 
9 x 103/critical year (Ref. 2, Table 3-1).  

The frequency of a feed-and-bleed scenario occurring is estimated as follows. Rates of Initiating 

Events at US. Nuclear Power Plants 198 7-1995 (Ref. 2, Table 3.3) indicates that the frequency of a 

loss of offsite power is 0.046/critical year; the frequency of a total loss of feedwater flow is 
0.085/critical year; and the frequency of a total loss of condenser heat sink events (power conversion 
system) is 0.12/critical year. This adds up to a total frequency of 0.25/critical year. For Cook Unit 

1, the criticality factor is 0.79 critical year/reactor calendar year (Ref. 2, Table H-3). Therefore, the 

frequency of a reactor trip with a loss of feedwater, offsite power, or the power conversion system is 

about 0.2/year (0.79 x 0.25). From the Cook standardized plant analysis risk (SPAR) model, the 
failure probability of the AFW system is 1.1 x 10'. Therefore, the frequency of feed-and-bleed 
events requiring recirculation is 1.1 x 104 times 0.2, or about 2 x 10'. This frequency is negligible 
compared to the LOCA events frequency. Therefore, the total frequency of events requiring sump 

recirculation is about 9 x 10-3/critical year or 7.1 x 103/year (0.79 x 9 x 10"s). However, a number of 

issues that can potentially affect the AFW failure probability must be resolved in order to assess this 

the frequency.  

"* Channel I RWST level indication out of service - The actual probability of Channel I being out of 

service depends on the test and maintenance history of that channel. However, in order to get an 

upper bound it is assumed that the channel is out of service once a year for its full AOT of 30 days.  

Therefore, the probability of the channel being out of service is 0.083 (30/365).  

"* Channel 2 RWST level indication fails due to random failure - The probability of a random failure of 

Channel 2 is estimated by taking the sum of the probability of failure of 120 VAC power and the 

probability of failure, of the level transmitters, since these are the two dominant failures in this 

instrument channel. According to the D.C. Cook Individual Plant Examination (Ref. 3), the 

probability of failure of 120 VAC power within a 24-hour mission time is 2.8 x 10'.  

The probability of failure of level transmitters is derived from data from the Nuclear Plant Reliability 

Data System for pressurized water reactor (PWR) residual heat removal/low pressure injection 

systems transmitters in operation during the years 1987-1992. It was assumed that safety-related 

transmitters were energized approximately 90 percent of the calendar year because a large number of 

these transmitters remain energized for a significant portion of regularly scheduled outages. The 

component-hours of operation is then the product of the number of transmitters in the systems times 

the number of years the plants were in commercial operation during the period of 1987-1992 times 90 

percent of the number of calendar hours per year. The point estimate of the mean rate of failure for 
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these systems for all PWRs during the period is then the number of failures (6) divided by the 

component hours for all PWRs in the period (5.52 x 10+7), or 1.1 x 10"7. The Bayes mean is then 1.2 

x 10' failures per hour. For a 24-hour mission time, the failure rate is then 2.9 x 10-'.  

Therefore, the total channel failure probability over a 24 hour mission time is 5.7 x 10.6 (2.8 x 106+ 

2.9 x 10-).  

0 Sump recirculation fails due to the loss of both RWST level indications - It is assumed that the failure 

of both RWST level channels will result in the failure to transfer suction of emergency core cooling 

(ECCS) pumps from the RWST to the sump. Further, it is assumed that the failure to transfer will 

result in the unrecoverable damage to the ECCS pumps. Therefore, the probability of core damage 

given the failure of both RWST level channels is 1.0.  

43.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with this LOCA sequence depends on the resolution of other issues affecting 

AFW capability and sump recirculation. To provide perspective on this sequence the following 

information is provided.  

If the resolution of other issues results in no significant changes to the AFW and sump recirculation 

failure probabilities, the change in core damage frequency would be: 

(Frequency of any size LOCA: 9.0 x 10"3/critical year) x 

(Criticality factor: 0.79 critical year/reactor calendar year) x 

(Probability of Channel 1 RWST level indication out of service: 0.083) x 

(Probability of a random failure of Channel 2 RWST level indication: 5.7 x 10-) 

(Probability of core damage given the failure of both RWST level channels: 1.0) = 3.4 x 109/year.  

Therefore, the risk. significance of this issue, on its own, is below the threshold for a precursor.  

43.5 References 

1. Donald C. Cook, Units 1 & 2 Design Inspection (NRC Inspection Report No. 50-315, 316/97-201) 

November 26, 1997.  

2. J. P. Poloski, et. al., Rates of Initiating Events at US. Nuclear Power Plants: 1987-1995, 

NUREG/CR-5750, February 1999.  

3. Cook Nuclear Plant Individual Plant Examination Revision 1, October 1995.

3



LER 316/98-003 

b 

44.0 Two Pressurizer Safety Valves Fail to Lift Within Setpoint Tolerance 

Event Description: Two of three pressurizer safety valves failed to lift within TS 

set point tolerance of I percent.  

Date of Event: March 4, 1998 

Plant: D.C. Cook, Unit 2 

44.1 Summary of Issue 

On March 4, 1998, two of three Unit 2 pressurizer safety valves were found to have lift points that 

exceeded their Technical Specification (TS) value by more than the 1 percent tolerance allowed. The 

event was reported as an unanalyzed condition and as an operation prohibited by the plant's TS (Ref. 1).  

One valve lifted at 1.52 percent above the TS value, and the other at 3.42 percent above the TS value.  

The valves failed to lift due to set point drift; no cause of the set point drift was identified.  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

44.2 Modeling and Affected Sequences 

Affected sequences are those that require pressurizer safety valves for accident mitigation. The 

sequences of interest therefore include anticipated transient without scram (ATWS) events (if the 

transient is initiated from 40 percent power or greater), which require opening of three of three 

pressurizer safety valves (in addition to opening of pressurizer PORVs) for primary pressure relief, and 

transients, which may require opening of safety valves as backups for pressurizer PORVs for primary 

bleed and feed (Ref. 2).  

44.3 Frequencies, Probabilities, and Assumptions 

The reactor vessel and pressurizer were designed to Section III of the ASME Boiler and Pressure Vessel 

code which allows a maximum transient pressure of 2735 psig, 110 percent of the design pressure (2485 

psig). The highest found lift point, 2570 psig, would not have allowed the reactor coolant system to 

exceed 110 percent of the design pressure. Based on Updated Final Safety Analysis Report (UFSAR) 

Table 4.1-2 (Ref. 3), the hydrostatic test pressure (cold) is 3106 psig. Therefore, the minor deviation in 

the lift point does not increase the reactor coolant system (RCS) failure probability due to overpressure.  

The licensee intends to submit a TS revision for Unit 2 to change the se tpoint tolerance to plus or minus 

3 percent. This revision will make the Unit 2 TS consistent with the Unit I TS.
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According to the UFSAR, the charging pumps at Cook have a maximum discharge pressure of 2740 psig 

(Ref 3). Therefore, even at the highest lift point of 2570 psig, the charging pumps are capable of 

performing feed and bleed using the pressurizer safety valves.  

According to the Cook IPE (Ref. 2), ATWS sequences that initiate at power levels grater than 40 percent, 

require three out of three pressurizer safety valves to control RCS pressure. Setpoint drift could cause a 

small delay in opening of two of the three as-found safety valves, but would not impact their 

functionality. Considering that the RCS hydrostatic test pressure is 3106 psig and the highest as-found 

safety valve lift point was 2570 psig, and the very low frequency of ATWS events, the potential increase 

in core damage frequency due to the ATWS sequence is negligible.  

Although this event resulted in an unanalyzed condition and operation prohibited by the plant's TS, 

maximum RCS pressure would not have been exceeded. Therefore, no core damage sequences were 

affected 

44.4 Core Damage Frequency Calculation or the Bounding Calculation 

Since no core damage sequences increase in frequency, frequencies and probabilities are not calculated.  

Therefore, the change in core damage frequency is determined to be zero.  

44.5 References 

1. LER 316/98-003, "Two Pressurizer Safety Valves Fail to Lift Within Setpoint Tolerance" April 1, 

1998.  

2. Donald C. Cook Nuclear Plant, Units I and 2, Individual Plant Examination, Revision 1, October 

1995 

3 Donald C. Cook Nuclear Plant, Units I and 2, Updated Final Safety Analysis Report.
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45.0 LER No. 316/98-002 

Event Description: PORV Inoperability Due to Failed Backup Air Supply 

Date of Event: February 24, 1998 

Plant: D.C. Cook, Unit 2 

45.1 Summary of Issue 

According to LER 315/98-002 (Ref. 1), in August 1992, the pressurizer power-operated relief valve 

(PORV) 2-NRV- 152 was stroked using the backup air supply. The PORV failed to stroke within the 

required 6 seconds. The cause of the failure was determined to be a leaking check valve in the normal 

control air header. During the test, the leaking check valve allowed the backup air to leak into the normal 

control air header and prevented the PORV from receiving an adequate supply of pressurized air. The 

leaking check valve could have resulted in the depletion of the backup air supply in the event that the 

normal air supply was lost, thereby, challenging the ability of the affected PORV to operate.  

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting auxiliary feedwater (AFW) and feed-and-bleed cooling capabilities, and the frequency of 

loss of offsite power. The risk significance of this issue, on its own, is below the threshold for a 

precursor.  

45.2 Modeling and Affected Sequences 

The pressurizer PORVs are used to control primary pressure and minimize challenges to the spring 

operated pressurizer safety relief valves during transients. During accident conditions, the PORVs can be 

used to bleed off primary coolant as part of feed-and-bleed cooling. A reduction in the availability of the 

PORVs has the greatest influence on the change in core damage frequency during this accident mitigation 

function. Therefore, the evaluation of sequences involving the feed-and-bleed cooling function is of 

interest.  

The pressurizer has three air-operated PORVs. The normal control air supply is provided by the station 

compressed (control) air system. The backup air supply for each PORV is supplied by a dedicated air 

bottle, which is maintained by the nitrogen gas system. Two PORVs are required for successful feed

and-bleed cooling during sequences involving the loss of feedwater (main and auxiliary). The third 

PORV is assumed to be unavailable upon the loss of the normal control air system and the backup air 

supply. Three limiting event sequences are considered in this evaluation. The first involves a reactor trip 

due to a loss of main feedwater as the initiating event. The second sequence involves a loss of offsite 

power as the event initiator. Without manual recovery actions, the loss of offsite power will lead to the 

loss of the compressed (control) air system. The initiating event due to the loss of normal control air, 

which leads to the failure of PORV 2-NRV-1 52 (assuming that the backup air supply fails), is considered 

in the third sequence. The accident sequences of interest are: 

1 1V14y I/, 1 7l'Y
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Sequence I- Reactor trip with loss of main feedwater 

"* Reactor trip occurs due to the loss of main feedwater or power conversion system; 

"* Auxiliary feedwater fails; and 

"* Feed-and-bleed cooling fails given the loss of control air.  

Sequence 2 - Loss of offsite power 

"* Reactor trip occurs due to the loss of offsite power; 

"* Auxiliary feedwater fails; and 

"* Feed-and-bleed cooling fails.  

Sequence 3 - Loss of control air 

"* Reactor trip occurs due to the loss of control air; 

"* Auxiliary feedwater fails; and 

"* Feed-and-bleed cooling fails.  

45.3 Frequencies, Probabilities, and Assumptions 

Sequence 1- Reactor trip with loss of main feedwater 

e Reactor trip occurs due to the loss of main feedwater or power conversion system - Rates of Initiating 

Events at U.S. Nuclear Power Plants 1987-1995 (Ref. 2, Table 3.3) indicates that the frequency of a 

reactor trip with loss of heat sink or the total loss of main feedwater is 0.205 per critical year 

(0.12+0.085). When adjusted by the criticality factor of 0.68 for Cook Unit 2 (Ref. 2, Table H-3) the 

initiating event frequency is 0.14 per reactor calendar year (0.205 x 0.68).  

"* Auxiliary feedwater fails - The AFW system failure probability from the Cook standardized plant 

analysis risk (SPAR) model is 1.1 x 10'. However, a number of other issues that can potentially 

affect AFW capability must be resolved in order to assess the AFW failure probability.  

"* Feed-and-bleed cooling fails given the loss of control air - The change in the feed-and-bleed failure 

probability (with and without the third, redundant PORV) due to the loss of backup air to the third

2 
My1,19
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PORV is the probability of interest. For the backup air supply to be significant, the normal control air 

supply to the PORVs must fail during the 24-hour mission time following the reactor trip. From the 

individual plant examination (IPE) for D.C. Cook (Ref. 3), the probability of a random failure of the 

normal control air supply to the PORVs within the first 24 hours after a trip is 3.0 x 10-3 (Ref. 3, 

Section 3.2.1.6 and Table 3.3-5). Two modified Cook SPAR models were used to estimate feed-and

bleed failure probabilities for a two out of two and a two out of three success criteria for the PORVs.' 

For the two out of two success criteria model, it was assumed that the third PORV was unavailable 

due to the loss of backup air supply to that PORV. The failure probability of feed-and-bleed cooling 

based on a two out of three and two out of two success criteria are 1.0 x 102 and 2.3 x 10-2, 

respectively.2 Therefore, change in the feed-and-bleed failure probability given the loss of control air 

is [3.0 x 103]x[(2.3 x 10"2)-(1.0 x 10.2)] = 3.9 x 10-1. However, a number of other issues that can 

potentially affect feed-and-bleed cooling capability must be resolved in order to assess this change in 

failure probability.  

Sequence 2 - Loss of offsite power 

"* Reactor trip occurs due to the loss of offsite power - Rates of Initiating Events at U.S. Nuclear Power 

Plants 1987-1995 (Ref. 2, Table 3.3) indicates that the loss of offsite power frequency is 0.046 per 

critical year. When adjusted by the criticality factor of 0.68 for Cook Unit 2 (Ref. 2, Table H-3), the 

initiating event frequency is 0.031 per reactor calendar year (0.046 x 0.68). However, other issues 

that can potentially affect the likelihood of the loss of offsite power must be resolved in order to 

assess the loss of offsite power frequency.  

"* Auxiliary feedwater fails - The AFW system failure probability from the Cook SPAR model is 1.1 x 

10'. However, a number of other issues that can potentially affect AFW capability must be resolved 

in order to assess the AFW failure probability.  

" Feed-and-bleed cooling fails - The sequence used to estimate this failure probability is identical to 

that used to estimate the feed-and-bleed failure probability in Sequence 1, above. The only difference 

in the calculation is the failure probability of the normal control air supply to the PORVs. During a 

loss of offsite power, the power supplies to the air compressors are stripped during load sequencing.  

Power must be manually restored along with the reopening of two valves. From the D.C. Cook IPE 

(Ref. 3, Section 3.2.1.6 and Table 3.3-5), the probability of failure to restore the normal air supply to 

the PORVs during a loss of offsite power is 7.4 x 10-2 for a 24-hour mission. Using the failure 

probabilities for bleed-and-feed cooling from the modified SPAR model calculated in Sequence 1, the 

The Cook ASP model assumes that all three PORVs are required for feed-and-bleed cooling.  

The success criteria from Cook IPE (Ref.3) requires a minimum of two PORVs.  

2 A review of the ASP fault tree model for feed-and-bleed cooling shows that the loss of the 

compressed (control) air system will have negligible impact on the failure probabilities of 

feed systems and the other PORVs.

3 May II, I�'�
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change in the feed-and-bleed failure probability (with and without the third, redundant PORV) given 

the failure to restore the control air supply is [7.4 x 102]x[(2.3 x 102)-(1.0 x 102)] = 9.6 x 10'.  

However, a number of other issues that can potentially affect feed-and-bleed cooling capability must 

be resolved in order to assess this change in failure probability.  

Sequence 3 - Loss of control air 

"* A reactor trip occurs due to the loss of control air -Rates of Initiating Events at US. Nuclear Power 

Plants 1987-1995 (Ref. 2, Table 3.3) indicates that the initiating event frequency for the loss of 

control air is 9.6 x 10.' per critical year. When adjusted by the criticality factor of 0.68 for Cook Unit 

2 (Ref. 2, Table H-3), the initiating event frequency is 6.5 x 10' per reactor calendar year 

[(9.6 x 103-) x (0.68)].  

" Auxiliary feedwater fails -The AFW system failure probability from the Cook standardized plant 

analysis risk (SPAR) model is 1. 1 x 10"'. However, a number of other issues that can potentially 

affect AFW capability must be resolved in order to assess the AFW failure probability.  

" Feed-and-bleed cooling fails - For conservatism, its is assumed that the normal control air supply to 

the PORVs is not restored. Therefore, using the results from the modified SPAR models that were 

calculated in Sequence 1, above, the change in the feed-and-bleed failure probability (with and 

without the third, redundant PORV) is (2.3 x 10"2)-(1.0 x 102) = 1.3 x 10.2. However, a number of 

other issues that can potentially affect feed-and-bleed cooling capability must be resolved in order to 

assess this change in failure probability.  

45.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with these sequences depend on the resolution of other issues affecting AFW 

and feed-and-bleed capabilities, and the loss of offsite power frequency. To provide perspective on these 

sequences the following information is provided.  

If the resolution of other issues results in no significant changes to the AFW and feed-and-bleed cooling 

failure probabilities or the loss of offsite power frequency, the change in core damage frequency with the 

three sequences would be: 

Sequence 1- Reactor trip with loss of main feedwater 

(Frequency of reactor trip due to loss of main feedwater oý power conversion system: 0.14/year) x 

(Probability of AFW failure: 1.1 x 10") x 
(Change in feed-and-bleed cooling failure probability given the loss of control air: 3.9 x 10") = 

6.0 x 10- ̀ /year.

May 17, i9994
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Sequence 2 - Loss of offsite Rower 

(Frequency of loss of offsite power: 0.03 1/year) x 
(Probability of AFW failure: 1.1 x 10-) x 

(Change in feed-and-bleed cooling failure probability: 9.6 x 10-) = 3.3 x 109 /year.  

Sequence 3 - Loss of control air 

(Frequency of reactor trip due to due to the loss of control air: 6.5 x 103/year) x 

(Probability of AFW failure: 1.1 x 10-) x 
(Change in feed and bleed cooling failure probability: 1.3 x 10-2) = 9.3 x 109/year.  

Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor.  

45.5 References 

1. LER 316/98-002, Rev. 1, "PORV Inoperability Results in a Condition Outside Design Basis," July 6, 

1998.  

2. J. P. Poloski, et. al., Rates of Initiating Events at US. Nuclear Power Plants: 1987-1995, 

NUREG/CR-5750, February 1999.  

3. Donald C. Cook Nuclear Units I and 2, Individual Plant Examination Revision 1, October 1995.

5 May 17, 1999
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46.0 LER 315/98-036 

Event Description: Chemical and volume control system cross-tie flow indicator 

not calibrated within Technical Specification limits 

Date of Event: July 1998 

Plant: D.C. Cook, Unit 1 

46.1 Summary of Issue 

On July 23, 1998, during a verification of Technical Specification (TS) surveillance requirements, 

personnel discovered that flow indicator 12-QFI-201 had not been surveillance-tested since August 12, 

1992. This flow indicator is on the cross-tie piping between units on the discharge lines for the charging 

pumps in the chemical and volume control system. The TS requirements are that this charging cross-flow 

indicator must be calibrated at least once every 549 days. Because the last surveillance test was 

performed on August 12, 1992, 12-QFI-201 was declared to be inoperable since June 29, 1994. To 

prevent a recurrence, the nuclear test scheduler database has been updated to reflect the requirement to 

calibrate the cross-tie flow-indicator on a refueling outage basis.  

The change in core damage frequency associated with this issue is essentially zero and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.  

46.2 Modeling and Affected Sequences 

The charging cross-flow indicator provides a local readout of flow through the charging cross-tie piping.  

In the case of a fire event in one unit requiring shutdown from outside the control room (i.e., Title 10 of 

the Code of Federal Regulations, Part 50, Appendix R event), the cross-tie piping can be used as an 

alternate flow path from the opposite unit to provide seal injection flow to the reactor coolant pumps and 

make-up water to the pressurizer. Charging cross-flow indication is used to establish flow in the charging 

cross-tie piping. Other remote and local flow indications would identify whether adequate flow is 

maintained through the line. Failure to calibrate the charging cross-flow indicator would not have 

prevented the charging cross-tie from performing its function. Because charging cross-flow can be 

determined from other indicators (which would also indicate improper indication with indicator 12-QFI

2 10), there is essentially no safety significance for the failure to calibrate the charging cross-flow 

indicator.  

No core damage sequences will increase in frequency as a result of this change.

1
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46.3 Frequencies, Probabilities, and Assumptions 

Because no core damage sequences increase in frequency, frequencies and probabilities are not 
calculated.  

46.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences will increase in frequency as a result of the missed surveillance. Therefore, 
the change is determined to be essentially zero.  

46.5 References 

1. Donald C. Cook, Unit 1, Licensee Event Report 315/98-036, "Flow Indicator Not Calibrated at 
Technical Specification Required Frequency," August 24, 1998.  

2. Donald C. Cook Units I and 2 Updated Final Safety Analysis Report.  

3. Donald C. Cook Nuclear Plant Units 1 and 2, Individual Plant Examination, Revision 1, October 
1995.
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47.0 LER No. 50-315/98-023-02 

Event Description: Retraction - Potential Single Failure Due to Cross Train 
Routing of Non-Safety Related Cables 

Date of Event: April 16, 1998 

Plant: D.C. Cook, Units 1 and 2 

47.1 Summary of Issue 

On April 16, 1998, with Units 1 and 2 in Cold Shutdown, it was determined by the licensee that a cable 

separation concern existed with non-safety-related cables run in safety-related cableways. It was 

identified that a Train A associated cable and a Train B associated cable were electrically and physically 

connected, introducing the potential of a short circuit single failure involving both trains. Cable 

separation standards require that non-safety-related cables, if routed with safety-related cables, cannot 

later be routed with a second train's safety-related cables. This practice reduces the risk due to a potential 

single failure of a non-safety-related cable, which could render both safety trains' cables inoperable.  

This LER has been retracted.  

47.2 Modeling and Affected Sequences 

An investigation by the licensee resulted in the conclusion that the associated circuits cable routing 

concerns are bounded by the current licensing basis. Since issues that are within the licensing basis 

cannot be accident sequence precursors, this issue will not be analyzed.  

47.3 Frequencies, Probabilities, and Assumptions 

N/A 

47.4 Core Damage Frequency Calculation or the Bounding Calculation 

N/A 

47.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report 315/98-023-02, "Retraction - Potential Single 

Failure Due to Cross Train Routing of Non-Safety Related Cables," August 31, 1998.
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48.0 LER No. 315/98-038 

Event Description: RHR auto-closure interlock (ACI) defeated in Modes 4 and 5 

Date of Event: September 11, 1997 

Plant: D. C. Cook, Units 1 and 2 

48.1 Summary of Issue 

Reference I reported a discrepancy between the Updated Final Safety Analysis Report (UFSAR) and the 

operations department procedure relating to the residual heat removal (RHR) auto-closure interlock 

(ACI). The procedure steps involved were intended to prevent auto-closure of suction valves of the RHR 

system. The procedure accomplished this by removing power from the valves when the valves were 

opened and the reactor coolant system (RCS) was aligned with the RHR system. Contrary to the 

procedure, Chapter 9 of the UFSAR describes the interlocks associated with the RHR suction valves and 

their function to isolate the RHR system from the RCS during an overpressurization transient.  

This issue pertains to the consistency between operating procedures, associated technical specifications, 

and the UFSAR. It does not constitute a degraded component or system. Therefore, the change in core 

damage frequency associated with this issue is essentially zero and it has no synergistic effects with any 

other issues. Therefore, the issue is screened out from the integrated analysis.  

48.2 Modeling and Affected Sequences 

Even though the operating procedure was inconsistent with the UFSAR, it did not affect the intended 

safety functions. The decision to remove power from the RHR suction motor-operated valves (MOVs) 

resulted from a commitment made by the licensee in response to NRC Bulletin 80-12 (Ref. 2). In 

response to concerns relating to inadvertent closure of the RHR suction MOVs due to the ACI, the 

licensee started removing power from these valves when the RHR system was aligned to the RCS.  

Since this issue is simply an issue of non-compliance, none of the core damage sequences are affected.  

48.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences are affected, frequencies or probabilities are not calculated.  

48.4 Core Damage Frequency Calculation or the Bounding Calculation 

This issue pertains to the consistency between operating procedures, associated technical specifications, 

and the UFSAR. It does not constitute a degraded component or system. Therefore, the change in core
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damage frequency associated with this issue is essentially zero and it has no synergistic effects with any 
other issues. Therefore, it is screened out from the integrated analysis.  

48.5 References 

1. LER 315/97-019-01, "Operation Contrary to the Design Bases with Residual Heat Removal Suction 
Valves Automatic Closure Interlock Defeated in Modes 4 and 5," November 17, 1997.  

2. IE Bulletin 80-12, "Decay Heat Removal System Operability," May 9, 1980.
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49.0 LER No. 50-315/97-027 

Event Description: Westinghouse integral fuel burnable absorber fuel rods may 

result in a degraded principal safety barrier (fuel cladding) 

Date of Event: October 1997 

Plant: D.C. Cook, Units 1 and 2 

49.1 Summary of Issue 

This is a generic issue applicable to all reactors with Westinghouse integral fuel burnable absorber 

(IFBA) fuel rods. On October 28, 1997, Westinghouse notified NRC that modification of its fuel 

cladding corrosion model in its fuel rod design code to reflect new data on Zircaloy-4 oxidation at high 

burnup may lead to code results that do not meet the Westinghouse criterion prohibiting fuel pellet to clad 

gap reopening. Gap reopening may be predicted for IFBA fuel rods as early as the second half of their 

duty cycle. In addition, code results may not meet the loss-of-coolant accident (LOCA) criterion in 10 

CFR 50.46(b)(2). This maximum cladding oxidation criterion requires that the calculated total oxidation 

of the cladding shall nowhere exceed 0.17 times the total cladding thickness before oxidation. The 

condition above is described in a Cook licensee event report (Ref. 1) and in an NRC Information Notice 

(Ref. 2). The issue is that a principal safety barrier, the fuel rod cladding, may be degraded 

The change in core damage frequency associated with this issue is essentially zero and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.  

49.2 Modeling and Affected Sequences 

This issue affects fuel integrity during normal operations, but does not impact core damage frequency 

because: 

(a) The initiating event frequency for LOCAs, loss of offsite power, transients, and anticipated transient 

without scram is not affected; 

(b) Mitigating system capability is not affected; and 

(c) Containment performance is not affected.  

Therefore, no core damage sequences will increase in frequency.

I
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49.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities are not calculated.  

49.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

49.5 References 

1. LER 315/97-027, Rev. 1, "Westinghouse Integral Fuel Burnable Absorber (IFBA) Fuel Rods" 

January 16, 1998.  

2. NRC Information Notice 98-29, "Predicted Increase in Fuel Rod Cladding Oxidation" August 3, 

1998.
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50.0 LER 315/98-021-01 
Event Description: Oil Drip Pans Not Installed on RCP Motors Resulting in 

Appendix R Non-Compliance 

Date of Event: March 11, 1998 

Plant: D.C. Cook, Units I and 2 

50.1 Summary of Issue 

IOCFR50, Appendix R, Section III requires reactor coolant pumps (RCPs) to be equipped with an oil 

collection system capable of collecting lube oil from potential oil leakage sites and leakage points shall 

include drain plugs. The main purpose of this requirement is to reduce the fire hazard due to possible oil 

contact with ignition sources. At the DC Cook site, no drip pans have been installed for any of the RCP 

motors in Unit I or Unit 2. In Unit I and Unit 2, one RCP motor has a drain plug on the upper oil cooler 

shell, and the other three RCP motors have drain valves.  

An exemption from certain Appendix R Section III requirements was granted by the NRC. However, the 

exemption request did not address the issue of drain pans under all possible oil leakage sites.  

The details of this issue are described in Ref. I 

The change in core damage frequency (CDF) associated with this issue is dependent upon resolution 

other issues that affect fire related risk or random failure probabilities. The risk significance of this issue, 

on its own, is below the threshold for a precursor.  

50.2 Modeling and Affected Sequences 

Under the worst case, the spilled oil could penetrate and come in contact with an ignition source leading 

to a fire. This would result in a manual or automatic reactor trip. The most realistic accident sequence 

model for this accident scenario would be the general transient tree with all of the front line systems 

unaffected.  

50.3 Frequencies, Probabilities, and Assumptions 

This issue has no impact on any systems used for accident mitigation in the PRA/IPE models. Due to the 

absence of oil drip pans, oil could spill on the floor and penetrate to the surrounding areas. Since there 

are not any fire ignition sources in the vicinity of the RCPs, no fire will be initiated and, therefore, fire 

initiating event frequency caused by this issue is zero. The failure probabilities of the mitigating systems 

are not impacted by this issue since there aren't any PRA/IPE components near the assumed fire that 

I
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could be potentially initiated by the RCP motors' oil spill.  

It was confirmed by the licensee that there are no fire ignition sources nearby the RCPs that could come 

in contact with the spilled oil from RCP motors. The licensee also confirmed that no PRA/IPE 

components are in the vicinity of the RCPs and the oil spill flow path. Based on the review of the 

licensee's fire risk study, it was determined that the RCP-related fire did not contribute any to total fire 

CDF.  

Because no core damage sequences increased in frequency, frequencies and probabilities were not 

calculated.  

50.4 Core Damage Frequency Calculation or the Bounding Calculation 

Since this issue has no impact on PRA/IPE system components used for accident mitigation, and it won't 

increase the frequency of fire initiating events, it has no impact on fire CDF estimated in the licensee's 

IPEEE study. Therefore, the increase in fire CDF due to the oil spill from RCP motors is negligible.  

In addition, a bounding calculation was done to estimate the potential increase in fire CDF as described 

below: 

The fire frequency due to an oil spill from RCP motors is assumed to be equal to the fire 

frequency for the entire containment building. Frequency of fire in the containment building 

used in the licensee's IPEEE study is 3.33 x 10.2 

A fire resulted from the RCP motor oil spill is assumed to result in a manual reactor trip by the 

operator. Since there are no PRA/IPE system components used for accident mitigation nearby 

the RCP motors that could come in contact with the spilled oil, this fire event can be modeled by 

a general transient event tree with all the mitigating systems unaffected by the assumed fire.  

The general event tree of SPAR model for DC Cook was used to estimate the conditional CDF with 

initiating event frequency set to 1.0. The conditional CDF for this case is 1.3 x 10-. The CDF due to oil 

spill can be obtained as follows: 
3 

CDF = (Fire Initiating Event Frequency) x (CCDF) 
= (3.33 x 10-2) x (1.3 x 10") = 4.3 x 10.  

If the fire frequency due to an oil spill is assumed to be higher than frequency of fire in the containment 

by a factor of 10, the resulting CDF would still be less than 1.0 x 10'. It should be noted that these 

estimated CDF values are very conservative because: 

0 As mentioned earlier, there are no ignition sources in the proximity of the RCPs and there is no
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IPE equipment that is required for accident mitigation.  

* A considerable amount of oil must leak from the RCP motor in order to travel far enough to 

expose the assumed ignition sources.  

• Metal non-combustible mirror insulation is installed on RCS piping near the RCPs. There isn't 

any fibrous insulation that could become oil soaked to support a combustion process.  

Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor.  

50.5 References 

1. Cook Nuclear Plant Unit 1, LER 315/98-021-01, "Oil Drip Pans Not Installed on Reactor Coolant 

Pump Motors Results in Appendix R Noncompliance," May 11, 1998.  

2. Cook Nuclear Plant Individual Plant Examination, Rev. 1, October 1995.  

3. Cook Nuclear Plant Individual Plant Examination of External Events.
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51.0 LER NO. 315/97-028 

Event Description: Failure to Provide Fire Watch Could Result in Failure of 
Redundant Trains of Engineered Safety Features Systems 

and/or Fire Safe Shutdown Equipment Due to a Postulated 

Date of Event: November 7, 1997 

Plant: D. C. Cook, Units 1 and 2 

51.1 Summary of Issue 

At D. C. Cook Unit 1, fire stops were being used to prevent the possible propagation of fire across the 

twenty-foot separation space at two locations in the Auxiliary Building (elevations 587' and 609').  

During a conversation with the NRC staff on November 6, 1997, the NRC advised the licensee that since 

there were intervening combustibles (open cable trays) between the fire stops, the licensee was not in 

compliance with 10 CFR 50, Appendix R, Section III G.2(b) and must submit an exemption request or 

eliminate the intervening combustibles. Previously, several of the cable trays traversing the separation 

space had been wrapped with Thermo-Lag in addition to the use of fire stops in the cable trays.  

However, per Generic Letter (GL) 92-08, Thermo-Lag is considered combustible. Therefore, the licensee 

chose to remove the Thermo-Lag and instituted a fire watch, but continued to take credit for the fire stops 

as the means to prevent fire propagation.  

The fire watch was discontinued on December 30, 1996 based on the licensee's submittal letter of 

corrective actions in response to GL 92-08 (and with credit taken by the licensee for fire stops). As a 

result of NRC staff questions on the configuration for establishing the twenty-foot separation space (i.e., 

credit for fire stops), the fire watch was reestablished on January 24, 1997 in both the affected areas of 

the Auxiliary Building.  

With the plant under power operation, there was no fire watch between December 30, 1996 and January 

24, 1997. Therefore, a postulated fire could result in failure of redundant trains of Engineered Safety 

Features (ESF) and/or fire safe shutdown equipment.  

It should be noted that no specific exemption request was submitted to the NRC, nor had any NRC staff 

approval been granted for crediting the fire stops as a means of resolving the concern for intervening 

combustibles.  

The change in core damage frequency (CDF) associated with this issue is dependent upon resolution 

other issues that affect fire related risk or random failure probabilities. The risk significance of this issue, 

on its own, is below the threshold for a precursor.
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51.2 Modeling and Affected Sequences 

The accident sequence considered is one in which the fire starts as a result of self ignition of a cable in 

the cable tray that traverses the separation space, which spreads to the two cable trays. Conservatively, it 

is assumed that if the fire spreads and damages the cable trays at both ends, then core damage will result.  

For the 25-day period without a fire watch, the accident sequence is: 

"* A fire occurs in either of the two areas within the Auxiliary Building and starts to spread due to 

intervening combustibles; 

"* In addition to failing mitigating systems, an initiating event occurs as a result of fire (any size LOCA, 

reactor trip, loss of offsite power); and 

"* The fire is not suppressed in a timely manner before propagation to redundant ESF or fire safe 

shutdown equipment because there is no fire watch.  

The licensee's Individual Plant Examination (IPE) study (Ref. 2) was reviewed to evaluate the risk 

impact of this issue on plant risk due to internal events. The degraded condition has no impact on the 

initiating event frequencies or mitigating system failure probabilities due to random causes other than 

fires. Therefore, the risk impact of this issue on the estimated plant core damage frequency (CDF) due to 

internal events is insignificant.  

The potential risk impact of this issue would only be due to fire events. As such, the licensee's Individual 

Plant Examination of External Events (IPEEE) study (Ref. 3) was reviewed to evaluate the effect of the 

unavailability of a qualified fire wrap and a fire watch.  

51.3 Frequencies, Probabilities, and Assumptions 

The fire sequence that has the potential to be affected by the degraded condition is as follows: 

"* A fire occurs in either of the two areas within the Auxiliary Building and starts to spread due to 

intervening combustibles; 

"* Initiating event occurs as a result of fire (any size LOCA, reactor trip, loss of offsite power); 

"* The fire is not suppressed in a timely manner before propagation to redundant ESF or fire safe 

shutdown equipment because there is no fire watch.  

To provide a perspective on the significance of this sequence (e.g., total CDF associated with all fire 

scenarios), the following information is provided.
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Total CDF due to fire events was estimated in the DC Cook IPEEE study to be 3.7x 10' per year. The 

major fire zones and their contributions from the IPEEE study are summarized below: 

Zone CDF Contribution 

15 3.0 x 107 

16 3.5 x 107 

29B 1.07 x 10-7 

29E 1.07 x 10-7 

40A 1.32 x 10-7 

40B 1.86 x 10-7 

41 1.12 x 107 

42D 1.68 x 10-7 

44S 3.80 x 10-7 

53 1.81 x 10' 
91 1.02 x 10-7 

Total 3.76 x 10

Of the above fire zones, only two zones are classified under the auxiliary building, Zones 53 and 44S.  

The CDFs associated with all other fire zones in the auxiliary building are less than 1.0 x 10-7 per reactor 

year. However, fire zone 53 is the Unit I control room and the degraded condition associated with this 

issue did not occur in the control room. Therefore, the only zone in the auxiliary building that may have 

been affected by this degraded condition which provides a major contribution to the fire CDF is Zone 44S 

(3.80 x 107/year).  

51.4 Core Damage Frequency Calculation or the Bounding Calculation 

As a result of the degraded condition (cable tray that is approximately 20 feet in length does not have a 

qualified wrap), the CDF associated with the auxiliary building (3.80 x 107/year) may increase.  

However, this increase is determined to be negligible due to the following: 

"* The frequency of a fire initiating in a cable tray that is approximately 20 feet in length (length that 

traverses between the two trains) is negligible due to the low frequency of self ignition of cables and 

the small fraction of cable loading.  

"* The fire watch was absent only for approximately one month.  

"* The stops may be able to prevent fire spreading.  

"* Even if the fire spreads, it may not cause an initiating event and fail both trains of auxiliary feedwater 

(AFW) and emergency core cooling system (ECCS) equipment.  

Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor.
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51.5 References 

1. LER 315/97-028, "Failure to Comply with 10CFR50, Appendix R Requirements Results in 

Unanalyzed Condition," December 8, 1997.  

2. Cook Nuclear Plant, Individual Plant Examination, Rev. 1, October 1995.  

3. Cook Nuclear Plant, Individual Plant Examination of External Events.
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52.0 LER No. 316/98-004 

Event Description: Ice Condenser Bypass Potentially in Excess of Design 

Date of Event: March 19, 1998 

Plant: D.C. Cook, Unit 2 

52.1 Summary of Issue 

According to the Cook UFSAR (Ref. 1), the design basis bypass flow around the ice bed in the ice 

condenser is 5 square feet. LER 316/98-004 (Ref. 2) was written since several degradations uncovered 

during a recent inspection brought the total known bypass area to 4.37 square feet. If more degraded 

conditions are revealed, a potential exists to exceed the design basis bypass flow.  

The risk significance associated with this issue is dependent upon resolution of the other issues affecting 

ice condenser performance and sump recirculation capability. Section 65 of this appendix provides risk 

significance of the combined impact of all issues affecting the ice condenser.  

52.2 Modeling and Affected Sequences 

Any accident that releases energy to containment relies on the ice condenser for heat removal from the 

containment. Containment heat removal is essential to keep the peak containment pressure below the 

design value. At Cook, containment heat removal is performed by the ice-condenser and two trains of 

the containment spray system which are equipped with a heat exchanger. If the steam generated during a 

LOCA bypasses the ice, the steam cannot condense. If steam does not condense, the pressure rise in the 

containment does not get arrested and the peak pressure may be exceeded. If the peak pressure exceeds 

the design value, there is a probability to fail the containment due to overpressure. As a result, the sump 

recirculation capability will be affected since a breached containment reduces NPSH available for the 

RHR pumps and allows water to bypass the recirculation sump.  

The following accidents release energy to the containment: a) LOCAs of any size, b) Main Steam Line 

Breaks (MSLB) inside containment, and c) any accident condition which relies on the feed and bleed 

cooling capability. Of these accidents, only LOCAs and feed and bleed sequences resulting from 

MSLBs are considered since other systems or actions required to mitigate MSLBs (isolation of the break 

and cool down with unfaulted loops) are unaffected by loss of containment integrity.  

Therefore, the sequence of interest is as follows: 

0 Any size LOCA or Feed & Bleed scenario; and
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0 Sump recirculation failure due to peak pressure exceeding containment failure pressure as a result of 

excessive steam bypass leading to inadequate inventory for sump recirculation.  

52.3 Frequencies, Probabilities, and Assumptions 

According to Table 5.3-1 of the UFSAR (Ref. 1), the total inlet area to the ice condenser is 1000 square 

feet. The design allowable bypass area is 5 square feet. The total area of the known bypass paths is 4.37 

square feet. This is less that the design allowable value of 5 square feet. The LER was written 

voluntarily since other yet unknown bypass paths may exist. Therefore, the probability of failure based 

on known conditions is zero. In addition, based on Reference 3, the failure pressure of the containment is 

much greater than the design allowable pressure of 12 psig. Reference 3 reports that the high condition 

low probability failure (HCLPF) limit for the containment is 36 psig. That is, there is 95% confidence 

that at 36 psig the probability of containment failure is less than 5%. Based on the above, unless, other 

bypass paths of substantial steam bypass capability are discovered, the probability of peak pressure 

exceeding the containment failure pressure leading to sump recirculation failure is zero.  

52.4 Core Damage Frequency Calculation or the Bounding Calculation 

In light of this information, the probability of peak pressure exceeding the containment failure pressure 

leading to sump recirculation failure due to this condition alone is zero. Therefore, the core damage 

frequency change associated with the affected sequences is zero. However, a number of other issues that 

can potentially affect ice condenser performance and sump recirculation must be resolved in order to 

assess the overall change to this core damage sequence frequency. Section 65 of this appendix provides 

risk significance of the combined impact of all issues affecting the ice condenser.  

52.5 References 

1. Donald C. Cook Nuclear Plant, Units I and 2, Updated Final Safety Analysis Report.  

2. LER 316/98-004, "Ice Condenser Bypass Potentially in Excess of Design," April 20, 1998.  

3. Donald C. Cook Nuclear Units I and 2, Individual Plant Examination Revision 1, October 1995.
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54.0 LER No. 316/97-006 

Event Description: Equipment in Containment Rendered Inoperable Because of 

Faulted Floodup Tubes 

Date of Event: October 10, 1997 

Plant: D.C. Cook, Unit 2 

54.1 Summary of Issue 

Damaged floodup tubes were discovered on both D.C. Cook units in March, 1997 (Ref. 1). Personnel at 

D.C. Cook, Unit 2, performed a more thorough inspection of the floodup tubes in October, 1997, 

following a shutdown for a refueling outage. This inspection identified three floodup tubes containing 

cables connected to safety related components with through wall holes. The holes in the tubes were 

caused by welding activities (Ref. 2). The concern is that the safety-related component cabling would be 

subject to wetting as the sump floods following a loss-of-coolant accident (LOCA). The cabling in the 

damaged floodup tubes is connected to the following instrumentation: 

"* Steam Generator 1 Narrow Range Level Transmitter (2-BLP- 110) and Steam Generator 2 Narrow 

Range Level Transmitter (2-BLP-120), 

"* Reactor Vessel Level Indication System (RVLIS) Resistance Temperature Detectors (2-NTQ-130A, 

2-NTQ- 130B, 2-NTQ- 130C), and 

"* High Range Radiation Monitor (2-VRA-23 10).  

The safety-related component cabling identified previously (Ref. 1) is connected to 

. One of two Containment Recirculation/Hydrogen Skimmer Fans.  

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting auxiliary feedwater (AFW) and feed-and-bleed cooling capabilities. The risk 

significance of this issue, on its own, is below the threshold for a precursor.  

54.2 Modeling and Affected Sequences 

Because safety-related electrical penetrations are located below the predicted flooding level inside 

containment following a LOCA, safety-related cables are routed through stainless steel tubes, known as 

floodup tubes, to prevent the water in the containment from contacting the cables. This precaution is 

necessary because the electrical cables have not been environmentally qualified for submergence in 

water, and Kapton insulated wires, the type used in electrical penetrations, are known to be susceptible to 

degradation when exposed to alkaline solutions. All Kapton wires located below expected flood levels 
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that are connected to environmentally qualified equipment are contained in floodup tubes. Limited 

testing by the licensee indicated that the cable insulation would protect the cable function for at least 2 h.  

Therefore, the affected equipment should function immediately following an accident, but operation 

would be suspect beyond the immediate response. Hence, the dominant core damage sequences of 

interest involve a LOCA coupled with the failure of equipment that is required to function later in the 

sequence of events.  

The containment high range area radiation monitor (2-VRA-23 10) is required to be operable by technical 

specifications, but the monitor does not control any safety function. Therefore, the loss of one instrument 

will not affect the response to a LOCA.  

The failure of a containment air recirculation/hydrogen skimmer fan would affect the peak pressure in 

containment following a LOCA. One fan is sufficient to ensure that the peak pressure remains below the 

design pressure of 12 psi. The loss of the second fan could allow the peak pressure to reach 17 psi. This 

pressure is well within the 36 psi ultimate capability of the D.C. Cook containment building.  

Furthermore, the loss of these fans would only impact containment leakage and not the probability of 

core damage. Hence, the loss of this fan will not compound any of the core damage sequences discussed 

in this analysis.  

The sequences of interest because of the damaged floodup tubes are: 

Sequence I - LOCA occurs with an anticipated transient without scram (ATWS) 

"* A LOCA of any size occurs; and 

"* The reactor fails to trip.  

Sequence 2 - Small LOCA occurs with subsequent loss of ability to control the water level in the steam 

generator 

"* A small LOCA occurs; 

"* The reactor trip is successful; 

"* Auxiliary feedwater (AFW) fails because the affected steam generator water level indication becomes 

unavailable after the wetted insulation on the water level transmitter cable fails (2 transmitters) and 

the ability to control the water level in the steam generator is lost because the steam generator water 

level transmitters unaffected by leaking floodup tubes fail from random equipment failures (10 

transmitters); and 

0 Feed-and-bleed cooling fails because of a random equipment failure.  

Sequence 3 - Small LOCA occurs with subsequent loss of AFW and RVLIS 
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"* A small LOCA occurs; 

"* The reactor trip is successful; 

"* The AFW system fails because of a random equipment failure; and 

"* Feed-and-bleed cooling fails because operators are guided by errant RVLIS information. One RVLIS 

train fails because the wetted insulation on the resistance temperature detector cable fails. The 

redundant RVLIS train fails because of a random equipment failure.  

Sequence 4 - Small LOCA occurs with subsequent loss of ability to control the water level in the steam 

generator and RVLIS 

"* A small LOCA occurs; 

"* The reactor trip is successful; 

"* AFW fails because the water level indication in the affected steam generator becomes unavailable 

after the wetted insulation on the water level transmitter cable fails (2 transmitters) and the ability to 

control the water level in the steam generator is lost because the steam generator water level 

transmitters unaffected by leaking floodup tubes fail from random equipment failures (10 

transmitters); 

"* Feed-and-bleed cooling fails because operators are guided by errant RVLIS information. One RVLIS 

train fails because the wetted insulation on the resistance temperature detector cable fails. The 

redundant RVLIS train fails because of a random equipment failure.  

54.3 Frequencies, Probabilities, and Assumptions 

Sequence 1 - LOCA occurs with an ATWS 

This sequence is included because two inputs to the reactor protection system are afected by wetting.  

However, the licensee expects all cabling to operate normally in the short-term.  

" A LOCA of any size occurs - Using the frequencies associated with laige pipe break (5 x 106), 

medium pipe break (4 x 10-5), small pipe break (5 x 10-), stuck open power-operated relief valve (1 x 

10-1), stuck open code safety valve (5 x 103-), and reactor coolant pump seal LOCA (2.5 x 10-), the 

total frequency of a LOCA of any size is approximately 9 x 1 03/critical year (Ref. 3, Table 3-I).  

"* The reactor fails to trip - Reliability Sudy: Westinghouse Reactor Protection System, 1984-1995 

(Ref. 6) indicates that the RPS failure probability (allowing credit for manual scram by the operator) 

is 5.5 x 10. This probability of the reactor failing to trip is not expected to change because of the 

damaged floodup tubes. The only components affected by the damaged floodup tubes that input into 
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the reactor protection system are the two steam generator water level transmitters. The two (of four) 

steam generators affected by the damaged floodup tubes still had two operable water level 

transmitters; trip logic only requires 2 of 3 level transmitters to be low to initiate a reactor trip. In 

addition, the affected transmitter channels were expected to operate normally in the near term 

following an accident. Furthermore, a LOCA would be detected by numerous other reactor 

protection inputs.  

Sequence 2 - Small LOCA occurs with subsequent loss of ability to control the water level in the steam 

generator 

"* Small LOCA occurs - Using the frequencies associated with small pipe break (5 x 10-), stuck open 

power-operated relief valve (I x 10'), stuck open code safety valve (5 x 10'), and reactor coolant 

pump seal LOCA (2.5 x 10-), the total frequency of a small LOCA is approximately 9 x 103/critical 

year (Ref. 3, Table 3-1)..  

" The reactor trip is successful - Reliability 49udy: Westinghouse Reactor Protection System, 1984

1995 (Ref. 6) indicates that the RPS failure probability (allowing credit for manual scram by the 

operator) is 5.5 x 10'. This probability of the reactor failing to trip is not expected to change 

because of the damaged floodup tubes. The only components affected by the damaged floodup tubes 

that input into the reactor protection system are the two steam generator water level transmitters. The 

two (of four) steam generators affected by the damaged floodup tubes still had two operable water 

level transmitters; trip logic only requires 2 of 3 level transmitters to be low to initiate a reactor trip.  

In addition, the affected transmitter channels were expected to operate normally in the near term 

following an accident. Furthermore, a LOCA would be detected by numerous other reactor 

protection inputs. Therefore, for calculational purposes, the reactor trip success probability can be 

assumed to be 1.0.  

" AFW fails because the affected steam generator water level indication becomes unavailable after the 

wetted insulation on the water level transmitter cable fails (2 transmitters) and the ability to control 

the water level in the steam generator is lost because the steam generator water level transmitters 

unaffected by leaking floodup tubes fail from random equipment failures (10 transmitters) - It was 

pessimistically assumed that the occurrence of a LOCA would eventually fail the two afected water 

level transmitters with a probability of 1.0. The probability often level transmitters independently 

failing from random equipment failures is negligible. Adequate decay heat removal can be 

established from one steam generator with one operable level transmitter In addition, there is one 

wide range level transmitter per steam generator that would allow rudimentary control of the water 

level in a steam generator if necessary. The common-cause failure probability factor (alpha factor) 

for six component electronic systems is on the order of 1.0 x 10.' (Ref. 4). Assuming this holds for a 

sixteen component system and assuming an individual level transmitter failure rate of 1.0 x 10-3 (Ref.  

5), the common-cause failure probability for the steam generator water level transmitters is 

approximately 1.0 x 10-. The potential for the operator to make an error due to conflicting 

indications from different level indicators is not credible due to the following: (a) each steam 

generator is equipped with 4 level transmitters (3 narrow range and 1 wide range), (b) only two 

narrow range transmitters of these 16 fail and these two are associated with two diferent steam 
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generators, and (c) the wetting will cause the level to go of-scale high or low rather than indicating 

an inaccurate level which makes it obvious to the operator that the transmitter has failed. However a 

number of other issues that can potentially affect AFW must be resolved in order to assess the overall 

AFW failure probability.  

* Feed-and-bleed cooling fails because of a random failure - From the standardized plant analysis risk 

(SPAR) model for Cook, the overall failure probability of feed-and-bleed cooling is 2.9 x 10-2.  

However, a number of other issues that can potentially affect feed-and bleed cooling must be 

resolved in order to assess the feed-and-bleed cooling failure probability.  

Sequence 3 - Small LOCA occurs with subsequent loss of AFW and RVLIS 

"* Small LOCA occurs - Using the frequencies associated with small pipe break (5 x 104), stuck open 

power-operated relief valve (1 x 101), stuck open code safety valve (5 x 10'), and reactor coolant 

pump seal LOCA (2.5 x 10-), the total frequency of a small LOCA is approximately 9 x I 0-/critical 

year (Ref. 3, Table 3-1).  

"* The reactor trip is successful - Reliability Rudy: Westinghouse Reactor Protection System, 1984

1995 (Ref. 6) indicates that the RPS failure probability (allowing credit for manual scram by the 

operator) is 5.5 x 10'. This probability of the reactor failing to trip is not expected to change 

because of the damaged floodup tubes. The only components affected by the damaged floodup tubes 

that input into the reactor protection system are the two steam generator water level transmitters. The 

two (of four) steam generators affected by the damaged floodup tubes still had two operable water 

level transmitters; trip logic only requires 2 of 3 level transmitters to be low to initiate a reactor trip.  

In addition, the affected transmitter channels were expected to operate normally in the near term 

following an accident. Furthermore, a LOCA would be detected by numerous other reactor 

protection inputs. Therefore, for calculational purposes, the reactor trip success probability can be 

assumed to be 1.0.  

"* The AFW system fails because of a random equipment failure - From the Cook SPAR model the 

nominal overall AFW system failure probability is 1.1 x 10"'. This failure probability includes the 

probability of pumps, valves, and normal water supplies failing. Howeve; a number of other issues 

that can potentially affect AFW must be resolved in order to assess the AFW failure probability.  

" Feed-and-bleed cooling fails because operators are guided by errant RVLIS information. One RVLIS 

train fails because the wetted insulation on the resistance temperature detector cable fails. The 

redundant RVLIS train fails because of a random equipment failure - It was pessimistically 

assumed that the occurrence of a LOCA would eventually fail the three affected resistance 

temperature detectors with a probability of 1.0. These temperature detectors provide a reference 

temperature for one RVLIS channel; so information provided by this channel would be in error The 

redundant RVLIS train fails because of a random equipment failure. A generic wiring failure 

probability of 1.0 x 10-1 (Ref. 5, Table 3.3-1, item 423) is assumed. This is representative of the 

failure mechanism of a resistance temperature detector The potential for the operator to make an 

error due to two different indications from two RVLIS trains were considered and it was concluded to 
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be incredible due to the following. When a RVLIS train fails due to wetting it will indicate of scale 

high or off scale low. When one RVLIS train indicates a reasonable value that is realistic and varies 

appropriately and the second train goes high or low, the operators can easily distinguish the train that 

has failed. However, a number of other issues that can potentially affect feed-and-bleed cooling must 

be resolved in order to assess the feed-and-bleed failure probability.  

Sequence 4 - Small LOCA occurs with subsequent loss of ability to control the water level in the steam 

generator and RVLIS 

"* Small LOCA occurs - Using the frequencies associated with small pipe break (5 x 10"), stuck open 

power-operated relief valve (1 x 10'), stuck open code safety valve (5 x 10'), and reactor coolant 

pump seal LOCA (2.5 x. 10), the total frequency of a small LOCA is approximately 9 x 103/critical 

year (Ref. 3, Table 3-1).  

" The reactor trip is successful - Reliability Sudy: Westinghouse Reactor Protection System, 1984

1995 (Ref. 6) indicates that the RPS failure probability (allowing credit for manual scram by the 

operator) is 5.5 x 10'. This probability of the reactor failing to trip is not expected to change 

because of the damaged floodup tubes. The only components affected by the damaged floodup tubes 

that input into the reactor protection system are the two steam generator water level transmitters. The 

two (of four) steam generators affected by the damaged floodup tubes still had two operable water 

level transmitters; trip logic only requires 2 of 3 level transmitters to be low to initiate a reactor trip.  

In addition, the affected transmitter channels were expected to operate normally in the near term 

following an accident. Furthermore, a LOCA would be detected by numerous other reactor 

protection inputs. Therefore, for calculational purposes, the reactor trip success probability can be 

assumed to be 1.0.  

" AFW fails because the affected steam generator water level indication becomes unavailable after the 

wetted insulation on the water level transmitter cable fails (2 transmitters) and the ability to control 

the water level in the steam generator is lost because the steam generator water level transmitters 

unaffected by leaking floodup tubes fail from random equipment failures (10 transmitters) - It was 

pessimistically assumed that the occurrence of a LOCA would eventually fail the two afected water 

level transmitters with a probability of 1.0. The probability often level transmitters independently 

failing from random equipment failures is negligible. Adequate decay heat removal can be 

established from one steam generator with one operable level transmitter In addition, there is one 

wide range level transmitter per steam generator that would allow rudimentary control of the water 

level in a steam generator if necessary. The common-cause failure probability factor (alpha factor) 

for six component electronic systems is on the order of 1.0 x 10' (Ref. 4). Assuming this holds for a 

sixteen component system and assuming an individual level transmitter failure rate of 1.0 x 10-1 (Ref.  

5), the common-cause failure probability for the steam generator water level transmitters is 

approximately 1.0 x 10'. The potential for the operator to make an error due to conflicting 

indications from different level indicators is not credible due to the following: (a) each steam 

generator is equipped with 4 level transmitters (3 narrow range and 1 wide range), (b) only two 

narrow range transmitters of these 16 fail and these two are associated with two diferent steam 

generators, and (c) the wetting will cause the level to go of-scale high or low rather than indicating 
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an inaccurate level which makes it obvious to the operator that the transmitter has failed. However a 
number of other issues that can potentially affect AFW must be resolved in order to assess the overall 
AFW failure probability.  

0 Feed-and-bleed cooling fails because operators are guided by errant RVLIS information. One RVLIS 
train fails because the wetted insulation on the resistance temperature detector cable fails. The 

redundant RVLIS train fails because of a random equipment failure - It was pessimistically assumed 
that the occurrence of a LOCA would eventually fail the three affected resistance temperature 
detectors with a probability of 1.0. The redundant RVLIS train fails because of a random equipment 
failure. A generic wiring failure probability of 1.0 x 10' (Ref. 5, Table 3.3-1, item 423) is assumed.  
This is representative of the failure mechanism of a resisiance temperature detector The potential 
for the operator to make an error due to two different indications from two RVLIS trains were 
considered and it was concluded to be incredible due to the following. When a RVLIS train fails due 
to wetting it will indicate of scale high or off scale low. When one RVLIS train indicates a 

reasonable value that is realistic and varies appropriately and the second train goes high or low the 
operators can easily distinguish the train that has failed. Howeve4 a number of other issues that can 

potentially affect feed-and-bleed cooling must be resolved in order to assess the overall feed-and
bleed cooling failure probability.  

54.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequencies associated with these sequences depend on the resolution of other issues affecting AFW 

and feed-and-bleed cooling capability. To provide perspective on these sequences the following 
information is provided.  

If the resolution of issues results in no significant changes to the AFW and feed-and-bleed cooling 

failure probabilities, the change in core damage frequency would be: 

Sequence I - LOCA occurs with an ATWS 

(Frequency of a LOCA of any size: 9.0 x 10' /critical year) x 
(Criticality factor for Cook Unit 2--from Ref. 3, Table H-3: 0.68 critical year/reactor calendar year) x 

(Probability of no reactor trip: 5.5 x 10.) = 3.4 x 10-8/year.  

Sequence 2 - Small LOCA occurs with subsequent loss of ability to control the water level in the steam 

generator 

(Frequency of a small LOCA: 9.0 x 10. /critical year) x 
(Criticality factor for Cook Unit 2--from Ref. 3, Table H-3: 0.68 critical year/reactor calendar year) x 

(Probability of reactor trip: 1.0) x 
(Probability wetted level transmitters fail: 1.0) x 
(Probability remaining level transmitters fail: 1.0 x 10.) x 
(Probability of feed-and-bleed cooling failure: 2.9 x 10-2) = 1.8 x 10 1̀0/year.  

7
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Sequence 3 - Small LOCA occurs with subsequent loss of AFW and RVLIS 

(Frequency of a small LOCA: 9.0 x 10` /critical year) x 

(Criticality factor for Cook Unit 2--from Ref. 3, Table H-3: 0.68 critical year/reactor calendar year) x 

(Probability of reactor trip: 1.0) x 
(Probability of normal AFW supply failure: 1.1 x 10"4) x 

(Probability wetted RVLIS train fails: 1.0) x 

(Probability redundant RVLIS train fails: 1.0 x 10") x 

(Probability of feed-and-bleed cooling failure: 1.0) = 6.7 x 10-12 /year.  

Sequence 4 - Small LOCA occurs with subsequent loss of ability to control the water level in the steam 

generator and RVLIS 

(Frequency of a small LOCA: 9.0 x 10` /critical year) x 

(Criticality factor for Cook Unit 2--from Ref. 3, Table H-3: 0.68 critical year/reactor calendar year) x 

(Probability of reactor trip: 1.0) x 

(Probability wetted level transmitters fail: 1.0) x 

(Probability remaining level transmitters fail: 1.0 x 10") x 

(Probability wetted RVLIS train fails: 1.0) x 

(Probability redundant RVLIS train fails: 1.0 x 10"5) x 

(Probability of feed-and-bleed cooling failure: 1.0) = 6.1 x 10-14 /year.  

Therefore, the risk significance of this issue, on its own, is below the threshold for a precursor 

54.5 References 

1. LER 315/97-006, Rev. 0, "Equipment in Containment Rendered Inoperable Due to Cracked Floodup 

Tubes," May 30, 1997.  

2. LER 316/97-006, Rev. 0, "Equipment in Containment Rendered Inoperable Due to Faulted Floodup 

Tubes," October 10, 1997.  

3. J. P. Poloski, et. al., Rates of Initiating Events at U.S. Nuclear Power Plants 1987-1995, 

NUREG/CR-5750, February 1999.  

4. F. M. Marshall, et. al., Common-Cause Failure Parameter Estimations, NUREG/CR-5497, October 

1998.  

5. Cook Nuclear Plant Individual Plant Examination Revision 1, October 1995.
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6. S.A. Eide, et. al., Reliability Study: Westinghouse Reactor Protection System,. 1984-1995, 

NUREG/CR-5500, Vol. 2, April 1999.
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55.0 NRC Inspection Report No. 50-315, 316/97-201, Finding E1.3.1.2 

Event Description: Inadequate Justification to Demonstrate Operability of the Unit 

2 250 V dc CD Battery Train 

Date of Event: August 1997 

Plant: D. C. Cook, Unit 2 

55.1 Summary of Issue 

The NRC staff conducted a design inspection at D. C. Cook, Unit 2 (Cook 2) from August 4 through 

September 11, 1997 (Ref. 1). During a walkdown by the inspection team of the Cook 2 Train "CD" 250 

Vdc Battery Room, the team noted that Battery Cell # 34 was on an individual cell equalize charge. On 

June 19, 1997, the licensee had found the voltage for Cell #34 to be less than the Technical Specification 

(TS )-required minimum voltage of 2.13 V. In response, the licensee had performed a temporary 

modification on the same day, installing a portable charger and cabling, which allowed the cell to be on a 

continuous equalize charge. As a result, the voltage for Cell #34 had increased to a value above the TS 

requirement within the TS-required limiting condition for operation (LCO) of 2 hours. The licensee had 

performed a prompt operability evaluation which concluded that the battery train was "Operable" because 

the TS-required voltage level had been restored within the LCO limit. The inspection team determined 

that the licensee's prompt operability evaluation was inadequate because the voltage readings for Cell 

#34, upon which operability of the cell had been based, were not taken with the cell on a float charge as 

required by TS Surveillance 4.8.2.3.2(b)1, but with the cell on an equalize charge. After the cell's 

voltage had been restored to above the TS-required value, it remained on a continuous equalize charge for 

51 days, until the licensee replaced the cell on August 11, 1997. The decision to replace the cell was 

based partially on the inspection team's identification of this issue, and partially on the fact that the cell 

was still consuming significant amperage and was not at full charge.  

The inspection team also expressed concern that the licensee's prompt operability determination did not 

consider that Cell #34 was in a degraded condition and showed physical signs of internal short-circuiting 

and end of life (dendrite formation on the positive plates and substantial sediment accumulation at the 

bottom of the cell). Further, the evaluation did not address whether the plant's Technical Specifications 

would allow a component to remain operable with a continuous equalize charge being applied beyond the 

2-hour LCO. The team concluded that, although there was not enough evidence to suggest that the 

battery train could not perform its function, and the licensee had an analysis which concluded that the 

battery train could perform its function without the cell in question, there was no reasonable assurance 

that the licensee's actions had restored Cell #34 to an operable condition.  

The change in core damage frequency associated with this issue is essentially zero and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.
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55.2 Modeling and Affected Sequences 

The basic question examined in our evaluation of this issue was whether the 250V dc "CD" Battery Train 

would have been able to perform its safety function if needed to mitigate the consequences of an 

initiating event. During our review, discussions with an NRC Senior Instrumentation and Controls 

Engineer, who has experience as a regional office-based inspector, confirmed that one cell of the battery 

being charged using an equalize charge, or even being in a degraded state, would not affect the 

functionality of the battery train (Ref. 2). In addition, as mentioned previously, the licensee's analysis 

had concluded that the battery train could perform its function without the cell in question (115 cells 

versus the normal 116 cells). Based on these results, our review found that this issue constituted only a 

violation of plant Technical Specifications, because an equalize charge was being used instead of the 

specified float charge to charge one cell of the 250 V dc battery train. Although the battery may have 

been inoperable according to the plant's Technical Specifications, it was still available to perform its 

safety function. Hence, no core damage sequences increased in frequency as a result of the licensee's 

action.  

55.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increased in frequency, frequencies and probabilities were not 

calculated.  

55.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences increased in frequency as a result of the licensee's action. Therefore, the 

change in core damage frequency was determined to be zero.  

55.5 References 

1. Donald C. Cook, Units I & 2 Design Inspection (NRC Inspection Report No. 50-315, 316/97-201).  

November 26, 1997.  

2. Discussion with J. G. Ibarra, Senior Instrumentation and Controls Engineer, Reactor Analysis 

Branch, Safety Programs Division, Office of Nuclear Regulatory Research, February 25, 1999.
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56.0 NRC Inspection Report No. 50-315, 316/97-201, Finding E1.5.2B(2b) 

Event Description: Dual CCW/ESW Train Outage During 1996 Unit 2 Refueling 
Outage Inconsistent with Design Basis 

Date of Event: August 26,1997 

Plant: D. C. Cook, Unit 2 

56.1 Summary of Issue 

The NRC staff conducted a design inspection at D. C. Cook, Units 1 and 2 from August 4 through 

September 11, 1997. (Ref. 1) During the inspection, the team questioned whether the coincident dual 

train CCW outage which the licensee had performed during the 1996 refueling outage at Unit 2 

constituted operation outside of the plant's design basis. In their original evaluation of the dual train 

outage prior to the outage, the licensee had credited manual operator actions for restoring the Unit 2 spent 

fuel pool cooling system which were not adequate and created a potential unreviewed safety question.  

The team observed that the dual train CCW outage was inconsistent with UFSAR Table 9.5-2, Note 3, 

regarding CCW train limitations for spent fuel pool cooling during LOCA injection and recirculation 

scenarios. (Ref. 2) In addition, the removal of two CCW trains from service during a refueling outage 

on one unit, with the other unit at power, would create a single failure vulnerability during a design basis 

accident scenario on the operating unit due to the fact that CCW cooling to the spent fuel pool heat 

exchanger from the operating unit auto-isolates on a Phase A containment isolation signal. An accident 

and initiation of the Phase A isolation signal on the operating unit would constitute a complete loss of 

spent fuel pool cooling as an anticipated consequence of the automatic features of the plant during a 

LOCA scenario and without having to consider a single active failure. Further, any event (LOCA or non

LOCA) which occurred at Unit 1 while it was operating at power during the dual train CCW outage on 

Unit 2 that resulted in a safety injection actuation signal would initiate a Phase A containment isolation 

signal thereby isolating the Unit I CCW.  

The change in core damage frequency associated with this issue is essentially zero and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.  

56.2 Modeling and Affected Sequences 

In our review, we reviewed the licensee's discussion of this issue that they provided in LER 316/97-003

03 to address the matter of an unreviewed safety question that was raised by the inspection team (Ref. 3).  

In this discussion, the licensee stated that the contingency actions for recovering spent fuel pool cooling, 

which had been in place during the Unit 2 1996 refueling outage, were such that the plant had the 

capability of restoring Unit 2's CCW within 1.5 hours, assuming no errors or environmental effects. In 

the event that spent fuel pool cooling were lost through the isolation of Unit l's CCW, there would be
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more than 3 hours available before the design basis for the Unit 2 spent fuel pool would be threatened.  

Even if the design basis temperature is exceeded, due to high latent heat of evaporation of water it will 

take many days for the fuel in the pool uncover. This would be more than enough time in which to 

restore Unit 2's CCW and recover spent fuel pool cooling in the case of the postulated LOCA scenario.  

Since the LOCA scenario represents a limiting case regarding the effects on Unit 1 operation, for some 

non-LOCA initiators, restoring the Unit 1 CCW cooling link with the Unit 2 spent fuel pool would also be 

a viable recovery measure.  

Therefore, no core damage sequences increased in frequency as a result of this condition.  

56.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increased in frequency, frequencies and probabilities were not 

calculated.  

56.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences increased in frequency as a result of the condition. Therefore, the change in 

core damage frequency was determined to be zero.  

56.5 References 

1. Donald C. Cook, Units 1 & 2 Design Inspection (NRC Inspection Report No. 50-315, 316/97-201).  

November 26, 1997.  

2. Updated Final Safety Analysis Report, Donald C. Cook Nuclear Plant, Units I and 2," Indiana 

Michigan Power Company, USNRC Docket Nos. 50-215 and 216.  

3. LER No. 316/97-003, "Performance of Dual Train Component Cooling Water Outage During Unit 2 

1996 Refueling Outage Resulted in Condition Outside Plant's Design Basis," January 23, 1998.

2



"D. C. Cook Inspection Report 50-315/97018(DRP); 50-316/97018(DRP) 

57.0 D. C. Cook Inspection Report 50-315/97018(DRP); 50-316/97018(DRP), 
Finding 03.1 

Event Description: Potential to place excessive load on the emergency diesel 
generators and cross-tying the two 250VDC buses 

Date of Event: January 13, 1998 

Plant: D.C. Cook, Units I and 2 

57.1 Summary of Issue 

This write up addresses issues #57 and #58.  

In the inspection report 315/50-97018 (Ref. 1), the inspectors identified that procedure 02-OHP 

4021.082.003, Revision 3, "Feeding 600Volt Buses Through Bus Tie Breakers," was not appropriate to 

the circumstances in that it allowed, under certain circumstances, an excessive load to be placed on the 

emergency diesel generators. Also, in the same inspection report, the inspectors identified that procedure 

02-OHP 4021.082.013, Revision 2, "Isolating, Transferring and Restoring A 250VDC Load," was not 

appropriate in that it failed to contain adequate guidance to ensure that battery cross-ties would not be 

overloaded.  

The change in core damage frequency associated with these issues are negligible and they have negligible 

synergistic effects with other issues. Therefore, these issues will be screened out from the integrated 

analysis 

57.2 Modeling and Affected Sequences 

Feeding, 600Volt Buses Through Bus Tie Breakers (Issue #57) 

All systems which require vital AC power could have been affected due to this issue. However, the 

likelihood of this degraded condition leading to vital AC unreliability is negligible due to the following: 

"* It is not common to cross-tie AC buses. Even though the exact frequency of the use of this procedure 

is unknown, it is expected to be relatively low.  

"* Since the procedure is used infrequently, the likelihood of incurring a loss of off-site (off-site power 

must be lost in order to demand and overload the EDG) is low.  

"* Even if the EDG was demanded while the buses are cross-tied, it may not trip the EDG since the 

buses will not be loaded with maximum loads (maximum loads are experienced if there was a safety 

injection signal concurrent with a loss of offsite power).  

"* Even if the EDG tripped due to overload, it can be recovered. (The above procedure was applicable 

to all modes of operation. However, circumstances that would require its use is more likely during a 

I
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shutdown than at power. During shutdown, there is additional time availble to recover EDGs due to 
relatively low decay heat levels).  

Isolating. Transferring and Restoring A 250VDC Load (Issue #58) 
The above procedure has been generated to address circumstances that occur typically during shut down 
modes. The licensee had plans to use the 250 VDC procedure during the 18-month surveillance of the 
AB battery (train B) and leave the buses cross-tied for the CD (train A) battery replacement. Therefore, 
this issue created the potential to increase the DC bus failure probability during shutdown conditions.  

Therefore, reliability of systems that rely on DC power for control power, alarms, or annunciation could 
have been affected by this change.  

The increase in the DC bus failure probability due to this procedure was determined to be negligible. The 
bases for this conclusion as follows: 

"* When the DC buses are cross-tied, a common cause failure potential is introduced through the cross

connected CD and AB trains of 250VDC power. However, the probability of such failures are 
negligible since, 
o Even though a safety evaluation had not been performed in support of the procedure that 

governs the transfer of 250 VDC loads, an evaluation performed by the licensee after the 
issue was raised showed that fuse coordination and cable capacity were adequate to support 
cross-tie operation.  

o The licensee did find out that proper control were not in place to implement a cross-tie.  
However, the purpose of the missing controls would be to ensure that the bus, which was 
connected to the battery would not be lost due to a fault occurring on the opposite train.  
That is, the two 250 VDC could be safely cross-tied in the absence of the missing controls 

and the missing controls would have eliminated the possibility of failing the bus connected 
to the battery if a fault occurred in the bus without the battery during the limited duration in 
which the buses are cross tied.  

"* During shutdown, due to low decay heat levels, in general, there is adequate time to accomplish 
recovery of systems.  

"* In addition, the cross-tie provide a safety benefit (which motivated the licensee to cross-tie these 

buses). When a battery is unavailable due to test or due to being replaced, if the charger to that DC 

division was lost, the remaining battery can continue to power all loads. Therefore, once the buses 

are cross-tied, it will result in an increase rather than a decrease in the DC system reliability.  

57.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.
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57.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

57.5 References 

1. Donald C. Cook Units I and 2, NRC Inspection Report 50-315/97018(DRP); 50-316/97018(DRP), 

January 13,1998.
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59.0 LERs No. 315/99-001, 315/99-011, 315/99-017, 315/99-020 

Event Description: "As Found" Conditions of the Emergency Diesel Generators 

Date of Event: See dates of individual LERs 

Plant: D.C. Cook, Units 1 and 2 

59.1 Summary of Issue 

This write-up addresses the combined impact of all emergency diesel generator (EDG)-related issues 

(Issues #38, #59, #62, #102, #107, #111, and #114) at D.C. Cook (Cook).  

Multiple electrical and mechanical failures since May 1997 (Issue #59) 

NRC Inspection Report 50-315/97018(DRP); 50-316/97018(DRP) (Ref. 9) reported that the 2AB diesel 

generator (D/G) experienced a number of electrical and mechanical failures. Two run failures in the 2AB 

D/G resulted in the EDG being placed on an accelerated testing frequency. Based on discussions with the 

NRC resident inspector (Reference 12), the significant failure addressed in these inspection reports was 

determined to be through-wall longitudinal cracks in the high pressure fuel oil lines (there are twelve 

lines, each dedicated to one of the 12 cylinders in a diesel). These failures have been attributed to 

cavitation-induced erosion. If a fuel line ruptures, the EDG may fail.  

The change in core damage frequency (CDF) associated with this issue is dependent upon resolution of 

other issues affecting core damage frequency.  

Potential for CCF of EDGs due to improper bolting in the exhaust manifold (Issue #62) 

References 9 and 13 discuss a failure of the 2AB D/G flywheel end exhaust manifold bracket. Following 

the failure, the licensee discovered that jam nuts required on the bracket bolts were missing from two 

diesel generators ICD D/G and 2AB D/G.  

Based on additional information (Ref. 12) on the function of the jam nuts, the impact of this degraded 

condition on the random failure probability of the EDGs was determined to be negligible. Since the 

potential impact of this issue on EDG functionality was negligible, this issue has no synergistic effects 

with other issues. Therefore, this issue will be screened out from the integrated analysis.  

A Wrong Indicator Used to Trend the EDG Heat Exchanger Performance (Issue #38) 

The NRC staff conducted a design and performance review of the heat exchangers associated with the 

EDG water jacket coolers, lube oil, and aftercoolers at D. C. Cook, Units I and 2 (Cook I and 2) from 

August 4 through September 11, 1997 (Ref. 7). This review was performed based on the preliminary 

team findings associated with the elevated lake temperatures. Its purpose was to determine the adequacy 

of the testing performed by the licensee and the associated acceptance criteria contained in the licensee's
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program guidance for complying with Generic Letter (GL) 89-13, "Service Water System Problems 
Affecting Safety-Related Equipment." The inspection team found that the licensee's GL 89-13 
performance trending of EDG water jacket cooler degradation was ineffective. Performance trending of 
the EDG water jacket coolers consisted of flowing CCW/ESW cooling in-series through the EDG water 
jacket, lube oil, and aftercoolers. ESW outlet temperatures were recorded, and trends were charted over 
several tests. Results of the temperature profile from the heat exchangers, which were used as a measure 
of heat exchanger degradation, indicated that temperature values were relatively constant over the several 
testing periods monitored by the licensee. However, the inspection team identified that the heat 
exchanger outlet temperature was controlled by temperature valves, which automatically regulate 
temperature by changing the flow rate through the heat exchangers. Therefore, the data collected by the 
licensee was only an indication that the temperature control valves were functioning, and not an 
indication of whether there was any heat exchanger degradation.  

Since the additional investigations showed that the potential impact of this issue on EDG functionality is 
negligible, this issue has no synergistic effects with other issues. Therefore, this issue will be screened 
out from the integrated analysis.  

General Electric HFA Relays in the EDGs May not Meet Seismic Qualification (Issue # 102) 
On January 11, 1999, Unit I and Unit 2 EDGs were declared inoperable due to concerns that the General 
Electric relays installed in the EDG circuits may not be configured in accordance with vendor 
recommended requirements, and therefore, may not meet seismic qualification requirements (Ref 1).  
Review of the elementary drawings identified nine relays associated with the EDGs with contact 
configurations that do not meet seismic qualification requirements. This issue has no impact on initiating 
events other than earthquakes. Therefore, the risk significance of this issue is addressed in section #3 of 
this Appendix with other seismic-related issues.  

Air System for EDG May Not Support Long-Term Operability (Issue #107) 
In February 1999, during the licensee's expanded system readiness review, it was determined that the 
EDGs could not maintain long term operability without the assistance of the non-seismic and non-safety
related starting air compressors (Ref. 8). Each diesel is equipped with two redundant trains of starting air 
compressors. Each train consists of a compressor and a receiver. Each starting air receiver is replenished 
by its associated starting air compressor, which cycles to maintain the receiver pressure between 220 and 
247.5 psig. When a receiver is pressurized to 220 psig, it has enough air to support two EDG start 
attempts. Based on pre-operational data, following an EDG emergency start, the air pressure in the 
receiver may range from 188 to 132 psig. Unless the air compressors run after an EDG start, the pressure 
in the receivers will gradually diminish due to leakage. Due to a design error, after the EDG start, air in 
the receivers is relied on to provide control air for the continuous operation of the EDGs. The 100 psig 
engine control air is required to maintain the throttle control cylinder's actuating rod retracted, and thus 
maintain fuel flow to the engine. The minimum control air pressure required to maintain the throttle 
control actuating rod fully retracted is 60 psig. Therefore, if after the EDG start, the air pressure falls 
below 60 psig, the actuating rod will malfunction, and the fuel flow to the engine will degrade, leading to 

failure of the EDG. The compressors, compressor drive motors, and the piping between compressors and 
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the respective check valves are not safety-related. Even though starting air compressors are supplied 

from a Class 1E power source and anchored per seismic Class 1 criteria, they are neither safety-related 

nor seismically qualified. Since the air compressors are powered from Class I E power, once the EDGs 

start, the compressors will continue to be powered.  

The change in core damage frequency (CDF) associated with this issue is dependent upon resolution of 

other issues affecting core damage frequency.  

Improperly Installed Fuel Oil Return Valves in EDG ICD (Issue #11 L 
On June 25, 1999, EDG 1CD of Unit 1 was determined to be inoperable after the fuel oil return relief 

valve was identified as being installed backwards (Ref. 2). The fuel oil return valve is set at 15 pounds 

per square inch pressure. It maintains a fixed fuel pressure differential across the EDG fuel oil injection 

pump. This valve is important to ensure that fuel oil is continuously circulated around the EDG fuel oil 

injector pump to cool the pump barrel. In the as-found valve orientation, the valve would not have lifted 

off its seat at the required setpoint, and would not have supplied the designed cooling to the fuel oil 

injector pump. Based on the licensee's investigations, the valve was apparently installed incorrectly 

during plant construction.  

Since additional investigations revealed that the potential impact of this issue on EDG functionality is 

negligible, this issue has no synergistic effects with other issues. Therefore, this issue will be screened 

out from the integrated analysis.  

EDG Combustion Air Intake and Exhaust Structures and the Ventilation Intake and Exhaust Structures 

May Not be Capable of Withstanding of a Tornado (Issue # 114) 

Reference 18 reported an issue which identified that the combustion air intake and exhaust piping and the 

room ventilation supply duct for the EDGs do not meet the design criteria specified in the Updated Final 

Safety Analysis Report (UPSAR). These structures are not protected from tornado-generated missiles.  

The change in core damage frequency (CDF) associated with this issue is dependent upon resolution of 

other issues affecting core damage frequency.  

59.2 Modeling and Affected Sequences 

Since EDGs provide emergency power to almost all mitigating systems, the frequency of a large number 

of sequences would be affected by any degraded condition of the EDGs. Therefore, the impact of the 

EDG conditions that have a measurable impact on the CDF were estimated using the Cook Standardized 

Plant Analysis Risk (SPAR) model.  

The CDF associated with Issue #114 cannot be estimated using the SPAR model, since it is associated 

with a tornado. The dominant sequence of interest for Issue #114 is: 

e Tornado passes through site; 
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"* Offsite power is lost due to tornado; 
"* EDG lAB (or 1CD) fails due to tornado-generated missile; 

"* EDG lCD (or lAB) fails due to random event or tornado-generated missile; and 

"* Reactor Coolant Pump (RCP) seals fail or turbine-driven auxiliary feedwater train fails.  

59.3 Frequencies, Probabilities, and Assumptions 

Multiple electrical and mechanical failures since May 1997 (Issue #59) 

Based on discussions with the NRC resident inspector (Reference 12), the failure addressed in these 

inspection reports was determined to be through-wall longitudinal cracks in the high pressure fuel oil 

lines. There are twelve high pressure fuel lines per EDG, each of which is dedicated to one of the 12 

cylinders in a diesel. These failures have been attributed to cavitation-induced erosion. There were no 

failures of this type attributed to this cause before 1994. However, since 1994, the four EDGs at the two 

Cook Units have experienced six failures (one failure in 1995, three in 1997, one in 1998 and one in 

1999). Of these, the failure that occurred in 1998 is an "infant" failure, in that the line rupture occurred 

41 run hours after installation. If a fuel line ruptures, one or more of the following events may occur: (i) 

the EDG may fail due to degraded power level (one out of 12 cylinders does not produce power), (ii) fire 

caused by EDG fuel oil coming into contact with hot surfaces, (iii) EDG fuel oil mixing with lube oil, (iv) 

failure of fuel injection capability to the other 11 cylinders. During a surveillance test, if a fuel line 

ruptures, the operators detect that condition via the differences in exhaust temperatures between 

cylinders. However, this detection capability is not directly applicable to unplanned events. The increase 

in the EDG failure probability due to the degraded fuel lines can be calculated by taking the product of 

the following three factors: 

"* Probability of a fuel line rupture; 
"* Probability of failing to detect the fuel line rupture before EDG failure; 

"* Probability of failing to recover the EDG before EDG failure.  

Probability of a fuel line rupture 
Based on the fact that no EDG high pressure fuel lines failed due to cavitation-induced erosion prior to 

1995 and there have been five failures since then, using a total run time of 100 hours per EDG (Ref. 15), 

the failure rate of an EDG due to a high pressure fuel line failure is estimated at 0.0025/run-hour {5 

failures/(4 EDGs x 100 hours/year/EDG x 5 years)}. Operating experience during the years 1977-1994 

was disregarded (i.e., the denominator uses 5 years rather than 20) in order to accommodate the fact that 

the failures are caused by degraded lines. That is, the failure rate of the high fuel lines during the last 5 

years is assumed to be greater than the first 15 years. Even though the plant was shut down during years 

1998 and 1999, these two years were included, since failures that occurred during this time frame are 

included. The "infant" failure is not counted since it is not age-dependent.  

The median time to recover EDG events for plant-centered losses of offsite power (LOSPs) is 29 minutes.  

Therefore, a failure probability of 0.0013 (0.5 x 0.0025) is used for plant-centered LOSP events. For 

grid-centered events, the median time to recover 160 minutes (2.67 hours). Therefore, for a grid-centered
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event, the probability of a fuel line rupture is estimated to be 0.0067. For a severe weather event, the 

median time to recover is 270 minutes (4.5 hours). Therefore, the probability of fuel line rupture is 
0.0113.  

Since the SPAR model is used to calculate the impact of this degraded condition, and since the SPAR 

model uses weighted parameters for LOSPs of all types, the run time used to accommodate all three of 

the above LOSP events is 3 hours. This is the 95% limit of the weighted distribution for the offsite power 

recovery time. For a 3-hour run time, the failure probability of fuel line rupture is 0.0075 (3 x 0.0025).  

Probability of failing to detect the fuel line rupture before EDG failure 
During EDG surveillances, since all EDG performance parameters are closely monitored, a failed fuel 

line can be easily detected via the exhaust temperature differentials in individual EDG cylinders.  
However, during unplanned demands, a failed EDG may or may not be identified via this mechanism.  

The detection capability during an actual LOSP will depend on the location of the rupture (i.e., whether 

the failure occurs within the fulcrum box or whether the failure occurs outside of the fulcrum box).  

Probability of failing to detect fuel line ruptures inside the fulcrum box 
Given that there is fuel line break, the probability that it is inside the fulcrum box is approximately 1/3 

(Ref. 12). If the fuel line breaks inside the fulcrum box, the fuel oil mixes with lube oil. Based on 

conversations with the licensee and the resident inspector, the following conclusions are drawn related to 

the breaks inside the fulcrum box. Based on actual event experience at Cook, the probability of detection 

if a break occurs inside the fulcrum box is essentially zero. However, based on analysis performed by the 

licensee, the diesel can operate for 8 hours without failure while this condition exists. For plant-centered 

events, based on Reference 20, the 90% uncertainty interval on the offsite recovery time is 2.8 minutes to 

314 minutes. Since the fuel oil mixing with lube oil for this duration cannot fail the diesel, ruptures 

inside fulcrum box has no essentially no impact on plant-centered LOSP events. The 90% confidence 

interval on recovery time for grid-related LOSP events is 87 minutes to 398 minutes. Therefore, failures 

inside the fulcrum box have essentially no impact on the grid-related events. For severe weather-related 

LOSP events, the 90% uncertainty interval on the recovery time is 5009 minutes. Based on the SPAR 

model, the probability of having a loss of offsite power event with a duration longer than 8 hours is 0.2.  

Therefore, if a fuel line break occurs inside the fulcrum box, it is assumed that the EDG will fail with a 

probability of 0.2. As a result, the probability of failing to detect prior to rupture is negligible for plant

centered and grid-centered events. For severe weather-related events, that failure probability is 0.067 (= 

1/3 x 0.2).  

Probability of failing to detect fuel line ruptures outside the fulcrum box 

The probability of a fuel rupture event outside of the fulcrum box, given that a rupture has occurred, is 

2/3 (using the approximate length of the fuel line outside of the fulcrum boxes.) If a fuel line ruptures 

outside the fulcrum box, the fuel will spray into the EDG room environment through the crack. This 

situation, if it is not detected and corrected in a timely manner, may fail the EDGs due to consequential 

failures (e.g., fires). During four of the events where the fuel line ruptured outside of the fulcrum box, 

there were no fires. If this experience was applicable to unplanned demands, using the Bayes method with 
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zero failures in 4 opportunities, the probability of an EDG failure is estimated to be 0.1 (/ 2 failures in 5 

opportunities). Unlike the case for breaks inside the fulcrum box, even though the conditional 

probabilities of a fire may have some dependence on the duration of the LOSP, a constant probability 

0.067 (2/3 x 0.1) is assumed.  

During the actual events that occurred at Cook, fires did not result. The cracked fuel lines were detected 

prior to EDG failures. This experience can be used to conclude that even though hot surfaces (e.g., EDG 

exhaust) are present inside the EDG, a cracked fuel line doe not necessary lead to an immediate EDG fire.  

Based on conversation with licensee personnel, the relatively high flash point of the EDG fuel oil and 

continuous removal of the EDG fuel spray mist injected into the room from the cracked fuel line via the 

room exhaust system may explain why fires did not result. The probability 0.067 calculated above has 

one non-conservatism and several conservatisms that have been assumed to offset each other. Use of test 

experience to estimate the failure probability for the unplanned demand is non-conservative. However, 

using the Bayes method to estimate failure probabilities when there are zero failures and a few demands 

can be very conservative. In addition, even during an unplanned LOSP event, the EDGs will be closely 

monitored by the operators. Therefore, in the absence of any other relevant information, a probability of 

0.067 is used.  

As a result, for fuel line ruptures inside or outside of the fulcrum box, the total probability of failing to 

detect a fuel line rupture was estimated at 0.133 (0.067 + 0.067) for severe weather-related events and 

0.067 for plant-centered and grid-related events. For SPAR calculations, conservatively, the higher value 

of 0.133 was used for failure to detect a fuel line rupture for all LOSP events.  

Probability of failing to recover EDG 

The EDGs have 12 cylinders and failure of a single cylinder causes an approximate power reduction of 

10%. However, since the loss of offsite power loads are relatively low compared to LOCA concurrent 

with an LOSP, a 10% power reduction will not fail EDGs capability (Ref. 12, 21). Therefore, only a 

consequential failure (fire, mixing with lube oil, pressure loss in other high pressure lines) can cause the 

EDG to fail. The rack position of the EDG fuel oil pump can be adjusted to cut off flow to one of the 12 

fuel lines. Even though, there is no written procedural guidance to perform this task, the operators are 

aware of this capability and the EDG design allows it. Since the recovery has to be performed at the 

EDG, using Ref. 10, a non-recovery probability of 0.34 is used.  

The probability of failing to detect fuel line ruptures and recover is 0.47 (0.133 + 0.34). Therefore, the 

overall failure probability increase in an EDG due to a fuel line rupture is 0.0036 {0.0025 ruptures/run

hour x 3 hours x (0.47)} 

Potential for CCF of EDGs due to improper bolting in the exhaust manifold (Issue #62) 

Issue #62 pertains to the failure of the flywheel end of the exhaust manifold bracket of diesel 2AB DG.  

After the event, it was determined that a missing jam nut contributed to this failure and one of the EDGs 

at Unit I was missing a jam nut as well. The missing jam nut will not increase the failure probability of 

the EDGs during an earthquake due to the following: 
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"* The exhaust manifold is secured by three brackets and the jam nut was missing from only one 

bracket.  

"* The purpose of the jam nut is to prevent failure due vibrations induced by the diesels. The usefulness 

of the jam nuts against seismic-induced loads would be limited.  

In light of the above reasons, the risk significance associated with this issue is determined to be minimal 

and this issue was screened out from further analysis.  

A Wrong Indicator Used to Trend the EDG Heat Exchanger Performance (Issue #38) 

Results of a review of operating experience at Cook do not support the increase in the failure probability 

of the EDG water jacket coolers due to excessive fouling beyond the nominal failure probability that is 

implied by this finding, for the following reasons (Note that both Cook units report EDG problems in 

accordance with Regulatory Guide 1.108): 

"* AEOD's report on EDG reliability (Ref. 3) identified only two LERs (2/92 and 9/92) submitted by 

Cook 1 and 2 that reported EDG train failures - neither involved problems with EDG cooling nor the 

EDG water jacket coolers.  

" A search of the SCSS database (Ref. 5) for the years 1990-98 yielded only one LER reporting 

problems with the emergency ac power system (including the EDG water jacket coolers) at the Cook 

units other than the two LERs identified in the first bullet item above. This LER reported a problem 

with an EDG auxiliary system that was unrelated to the EDG water jacket coolers.  

"* A search of NPRDS (Ref. 6) for failure records regarding the EDG cooling water system at the Cook 

plant for the period 19.85-1995 yielded no reported failures involving the EDG water jacket coolers.  

Improperly Installed Fuel Oil Return Valves in EDG 1CD (Issue #111) 

In the as-found orientation, the relief valve would not have lifted off its seat at the required setpoint. As a 

result, during low load EDG operating conditions, the EDG fuel oil injection pump performance could 

have been affected. However, according to Reference 2, even though the relief valve was installed in the 

reverse direction since the construction of the plant, the successful Technical Specification tests over the 

20-year plant life have verified acceptable engine performance, regardless the orientation of the valve.  

The EDG reliability report, which compiled the industry experience from 1987-1993 (Ref. 3), was 

reviewed to find out whether there were any failure reported relating to this condition. Between 1987

1993, there was only one failure event associated with Cook Unit I that was characterized as a failure 

(LER 315/92-002). That failure was associated with EDG 1 AB rather than EDG I CD (a low governor oil 

temperature leads to an overspeed trip). Furthermore, during a loss of off-site power event, the diesels 

will be loaded and the improper valve orientation had the potential to affect the diesel performance during 

low load conditions. Therefore, in comparison to the failure probability diesel 1 CD from all other causes 

(Ref. 4), the increase in the failure probability of EDG lCD is negligible.
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General Electric HFA Relays in the EDGs May not Meet Seismic Qualification (Issue # 102) 

On January 11, 1999, Unit 1 and Unit 2 EDGs were declared inoperable due to concerns that the General 

Electric relays installed in the EDG circuits may not be configured in accordance with vendor 

recommended requirements, and therefore, may not meet seismic qualification requirements (Ref. 1).  

Review of the elementary drawings identified nine relays associated with the EDGs with configurations 

that do not meet seismic qualification requirements. This issue has no impact on initiating events other 

than earthquakes. That is, the random failure probability of the EDGs is not affected by this condition, 

unless the initiating event is an earthquake. Therefore, the risk significance of this issue is addressed in 

section #3 of this Appendix with other seismic-related issues.  

Air System for EDG May Not Support Long-Term Operability (Issue # 107) 

In February 1999, during the licensee's expanded system readiness review, it was determined that the air 

system could not maintain long term operation of the EDGs without the assistance of the non-seismic and 

non-safety-related starting air compressors (Ref. 8). Each diesel is supported by two redundant trains of 

starting air compressors. Each trains consist of a compressor and a receiver. Each starting air receiver is 

replenished by its associated starting air compressor, which cycles to maintain the receiver pressure 

between 220 and 247.5 psig. When a receiver is pressurized to 220 psig, it has enough air to support two 

EDG start attempts. Based on pre-operational data, following an EDG emergency start, the air pressure 

in the receiver may range from 188 to 132 psig. Unless the air compressors run after an EDG start, the 

pressure in the receivers will gradually diminish due to leakage. Due to a design error, after the EDG 

start, air in the receivers is relied on to provide control air for the continuous operation of the EDGs. The 

100 psig engine control air is required to maintain the throttle control cylinder's actuating rod retracted 

and thus maintain fuel flow to the engine. The minimum control air pressure required to maintain the 

throttle control actuating rod fully retracted is 60 psig. Therefore, after the EDG start, if the air pressure 

falls below 60 psig, the actuating rod will malfunction and the fuel flow to the engine will degrade, 

leading to failure of the EDG.  

Even though the starting air compressors are non safety-related, they are supplied from a Class I E power 

source and anchored per seismic Class 1 criteria. Therefore, once the EDGs starts, the compressors will 

continue to be powered. The continued dependency of air compressors on the EDG capability add an 

additional failure mode to the EDG failure. This failure mode is the compressors failing to start or run.  

Based on the Cook IPE (Ref. 4), the probability of an air compressor failing to start is 0.08/demand.  

{Note that this is more than a factor of 20 greater than the probability of 0.0033/demand used in NSAC

128 (Ref. 17)}. The failure to run probability is 2 x 104/hour. Even if an EDG run must run 24 hours, 

this yields a failure probability of 0.0048. Therefore, a total of 0.1 as the failure to start and run is 

reasonable. Even though multiple re-starts may be needed during an extended loss of offsite power 

event, it is assumed that in comparison to the failure probability to start during the initial demand, the 

failure probability during the subsequent demands is negligible. Use of a conservative failure to start 

value (0.08 in comparison to the generic value of 0.0033) justifies ignoring the failure probability of 

multiple subsequent starts. Each EDG is supported by two air compressors. Therefore, both compressors 

must fail in order to fail the EDG. Using the CCF factor used in the SPAR model for the EDGs, the
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likelihood of failing both trains of compressors can be bounded by 0.0038 (product of random failure 

probability for a single train of 0.1 and the CCF factor of 0.038).  

In the event of compressor failure, when the air receiver pressure reaches a pressure setpoint of 210 psig

decreasing, the station auxiliary AB annunciator at the annunciator panel number 119 will warn the 

operator of the compressor trouble. After receiving the alarm, several hours will elapse before the 

pressure drops from 210 psig to 60 psig (pressure at which the EDG is expected to fail as result of loss of 

control air). Therefore, the operator will be afforded an opportunity to recover the failed compressor 

using the alarm response procedure. Considering the time capability to easily detect the failed 

compressor (relatively low cognitive error, and the time available to take recovery actions), the 

probability of failing to recover one of the two compressors will be low. Even if an upper bound of 0.1 is 

used, the probability of failing both compressors and failure to recover at least one of them prior to EDG 

failure can be bounded by a probability of 0.00038 (0.0038 x 0.1).  

EDG Combustion Air Intake and Exhaust Structures and the Ventilation Intake and Exhaust Structures 

May Not be Capable of Withstanding of a Tornado (Issue # 114) 

Reference 18 identified that EDG exhaust and air intake piping and EDG room ventilation supply ducts 

are not protected from tornado-generated missiles. As a result of this nonconformance, the EDG on Unit 

I could have failed in the event of a tornado event. The combustion air intake and exhaust air subsystem 

supports the EDG system by providing combustion intake supply air and combustion exhaust discharge to 

support the EDG engine. The exhaust subsystem also provides motive power to the EDG turbocharger, 

which increases the air intake manifold pressure and increases the horsepower rating of the engine. In 

addition, the EDG room ventilation subsystem supports the EDG system by providing the EDG room 

adequate supply and exhaust ventilation to maintain acceptable equipment operating temperatures. The 

risk significance of this issue would depend on the likelihood of a tornado-induced loss of offsite power, 

the conditional probability of the failure of the exhaust ventilation system of an EDG failure due to the 

tornado, failure of the second EDG due to tornado-induced missile or other random failure, and core 

damage given loss of both diesels due to RCP seal failure or the loss of the turbine-driven auxiliary 

feedwater pump train. The following frequencies and probabilities are used to quantify the CDF 

associated with this issue: 

" Tornado passes through site - The LER reports that using a parameter comparison to results from a 

probabilistic approach acceptable in the Standard Review Plan and applied at 12 other nuclear plant 

sites, it was concluded that the tornado missile strike frequency will be less than 3.0 x 10' 06 per 

year, and possibly as low as 1.0 x 101 per year. This frequency includes not only the frequency of a 

tornado passing through the site, but also the-likelihood of the tornado picking up a missile and 

damaging a specific target (in this case the exhaust or the intake of one EDG). Therefore, it is 

accepted as a reasonable value for this risk analysis.  

"* Offsite power is lost due to tornado - If a tornado passes through the site, it is highly likely that offsite 

power will fail. This probability is conservatively assumed to be 1.0.  
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"* EDG lAB (or ICD) fails due to tornado-generated missile - The frequency of 3 x 101 stated under 

"Tornado passes through site "above includes this probability.  

"* EDG 1CD (or l AB) fails due to random failure or tornado-generated missile - For an extremely 

severe weather-related loss of offsite power, the SPAR model uses a random failure probability of 

0.078 for the EDGs. This probability must be increased to account for the other degraded conditions 

(continued dependence on control air and increased failure probability due to fuel line rupture). For a 

tornado-induced LOSP, the offsite recovery time can be long. While the recovery time can vary from 

a few hours to a few days, using the recent tornado event at Davis-Bessie (Ref. 19), a 24-hour 

duration is assumed. For 24 hours, due to the degraded fuel lines, the EDG failure probability 

increases by 0.029 (0.0025 x 0.47 x 24) (failure rate due to fuel line rupture x failure to detect and to 

recover x duration). The EDG failure will increase by another 0.00038 probability due to the 

continued dependence on control air (Issue # 107). Therefore, a random failure probability of 0.107 is 

used (0.078 + 0.029 + 0.00038). Compared to this random failure probability, the likelihood of a 

second missile damaging the second EDG is negligible. The common-cause failure of both EDGs 

due to a missile was considered. However, the LER reported that a field walkdown of both the unit's 

diesel external structure areas verified that the unit's EDG supply ventilation structures are separated 

by 40 feet and that approximately 80% of the area surrounding the EDG structures is shielded by 

other structures such as transformers, tanks, Containment, and the Auxiliary Building, which severely 

limits the available pathway of a tornado-generated missile. Therefore, it was concluded that CCF of 

both EDGs due to missiles is not a dominant contributor. That is, compared to the random failure 

probability of 0.078, the likelihood of the second EDG also failing as a result of a missile, given that 

one EDG has failed due to a missile, is negligible.  

* RCP seal fails or turbine-driven auxiliary feedwater train fails - Based on Reference 14, for the new 

Westinghouse seals at Cook, the probability of RCP failure given that a station blackout has occurred 

is 0.19. The seal failure probability is a time-dependent probability. The tornado-induced LOSP and 

the EDG failures were assumed to last for 24 hours and the maximum RCP seal failure probability 

(0.19) for the new Westinghouse seals was used in this analysis. Based on SPAR, the probability of 

failure of the turbine driven train is 0.033. Therefore, the probability of RCP seals or turbine driven 

auxiliary feedwater train failure is .22.  

59.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the EDG-related sequences depends on the resolution of all other issues 

affecting CDF. To provide perspectives on these sequences the following information is provided.  

Air System for EDG May Not Sutport Long-Term Operability (Issue #107) and Multiple electrical and 

mechanical failures since May 1997 (Issue #59) 

The SPAR model was used to estimate the increase in core damage frequency when the EDG failure 

probability increases by 0.00398 (0.00038+0.0036). The increase of 0.0036 was attributed to Issue #59 
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and 0.00038 was attributed to Issue #107. This calculation resulted in a CDF increase of 2.0 x 10k/year.  

Note that out of this value, approximately 90% of the contribution results from Issue #59 

(0.0036/0.00398). The SPAR model used an LOSP frequency of 1.6 x 10"5/critical hour. If data from the 

updated initiating event report (Ref. 11) is used, the LOSP frequency is 0.046/critical year. The increase 

in CDF, using the updated LOSP frequency is 6.6 x 1 07/year. Since this frequency is lower than the I x 

10', and since during some LOSP events (e.g., weather-related), both units are expected to be affected, 

the cross-tie of units allowing supply of emergency power from one unit to the other is not credited in this 

calculation.  

EDG Combustion Air Intake and Exhaust Structures and the Ventilation Intake and Exhaust Structures 

May Not be Capable of Withstanding of a Tornado (Issue # 114) 

(Frequency of a loss of offsite power and failure of one of the two EDGs due to a missile: 3 x 10./year) x 

(Probability of failure of second EDG due to a random failure or a tornado-induced missile: 0.107) x 

(Probability of failure of the RCP seals or turbine-driven auxiliary feedwater train fails: 0.22) x 

(Two sequences like this: 2) = 1.4 x I 0"7/year 

If the resolution of other issues results in no significant changes to the other mitigating systems, the total 

change in CDF due to EDG issues will be less than I x 10./year. Therefore, risk significance of these 

issues, on their own, is less than the threshold for a precursor.  
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60.0 NRC Inspection Report No. 50-315/97024(DRP), Level IV Violation #1 

Event Description: Blocking Control Room Annunciators Without a 10 CFR 
50.59 Safety Evaluation 

Date of Event: November 16, 1997.  

Plant: D.C. Cook, Units 1 and 2 

60.1 Summary of Issue 

According to Reference 1, on November 16, 1997, during a routine tour of the control rooms, the 
inspectors questioned the licensee's method of removing control room annunciators from service. Their 
procedure allowed blocking of annunciators without a safety review required by the 10CFR 50.59. The 
inspectors determined that the following annunciators had been blocked since at least July 5, 1996: 

"* Unit I Annunciator Panel #121, Drop 17, "Stator Winding Rec[order] High" 

"* Unit 2 Annunciator Panel #222, Drop 18, "Ice Condenser Recorded Ice Temp[erature] Hi or Lo" 

"* Unit 2 Annunciator Panel #221, Drop 16, "Stator Winding Rec[order] High" 

The change in core damage frequency associated with this issue is essentially zero and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 
integrated analysis.  

60.2 Modeling and Affected Sequences 

The following information was derived from References I and 2. The annunciators are associated with 

the stator and the ice condenser. The stator has no impact on the performance of the mitigating 

equipment. Degraded condition of the stator has the potential to impact reactor trip frequency. The ice 

condenser is used to control the peak containment temperature and pressure after an accident. However, 

none of these annunciators control any equipment. Furthermore, these annunciators are relied upon to 

implement operator actions. Their sole function is to provide alarms in the control room if the 

temperature set points were exceeded. Therefore, these alarms have negligible impact on failure 

probabilities of accident mitigating systems and accident initiating event frequencies. Since the ice 

condenser temperature annunciator is not relied upon to take immediate operator actions during an 

accident, the impact on containment performance is also negligible.  

60.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated
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60.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 
to be zero.  

60.5 References 

1. Donald C. Cook Units I & 2, Notice of Violation and NRC Inspection Report No. 50
315/97024(DRP); 50-316/97-024, January 23, 1998.  

2. Donald C. Cook Nuclear Plant, Units I and 2, Updated Final Safety Analysis Report.
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65.0 LER Nos. 315/98-01, 04, 05, 06, 07, 10, 15, 17, 24, 26, 32, 37; 316/98-04 

Event Description: "As Found" Conditions in the Ice Condenser Containment Not 
in Accordance with Design Basis 

Date of Events: January 4- August 30, 1998 

Plant: D. C. Cook, Units 1 and 2 

65.1 Summary of Issue 

The issues considered in this risk assessment are associated with the performance of the ice condenser 

containment. Thirteen Licensee Event Reports (LERs) were issued by D. C. Cook as the result of 

questions raised by an NRC inspection in 1998 (Ref. 1). The inspection identified several degraded 

conditions of the ice baskets. An assessment of the "as found" conditions in the ice condenser was made 

by the licensee with assistance from Westinghouse (Ref. 2). SCIENTECH was contracted by the licensee 

to conduct an independent review of the analyses and evaluation conducted by the licensee and 

Westinghouse (Ref. 3).  

The 13 LERs that describe "as found" containment performance conditions can be grouped into three 

safety functions: (1) ice condenser bypass, (2) ice basket structural integrity, and (3) ice condenser 

performance. These three safety functions maintain the peak containment pressure within its design 

capability during a postulated loss-of-coolant accident (LOCA) or main steam line breaks (MSLB) inside 

containment. The LERs are listed in References 4-16. These issues are summarized below.  

The synergistic effects of all ice condenser issues except those associated with postulated earthquakes are 

included in this assessment. The aggregated impact of issues 6, 8, 52, 65, 67, 68, 69, 71, 72, 73, 74, and 

75 are considered here. This assessment addresses the aggregate of the 12 issues on the containment 

overpressure failure and the associated core damage sequence. The impact on core damage sequences 

due to debris in the containment sump and the ice condenser are addressed under issues 26 and 28, 

respectively.  

The increase in the probability of containment failure due to overpressure, as a result of the aggregate 

impact of all ice condenser issues considered in this assessment, is negligible. Therefore, the synergistic 

effects of the 12 issues have no impact on containment performance. Therefore, the change in core 

damage frequency associated with the aggregate impact of all conditions is less than 1 x 10S/year.  

Ice condenser bypass. Ice condenser bypass is a condition where steam released from a pipe break 

LOCA can flow directly from the lower compartment into the upper deck area without being condensed 

in the ice condenser. According to the D. C. Cook Updated Final Safety Analysis Report (UFSAR), the 

design basis (maximum) bypass flow area around the ice bed is five square feet (Ref. 17, Section 5.2.2.4).  

Three LERs (LERs: 315/98-001-2, 316/98-004-1, 315/98-037-1) reported that the accumulative area of
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potential ice condenser bypass in the "as found" condition was about 36.5 square feet for Unit 1 and 35.0 

square feet for Unit 2.  

The safety issue concerning the "as found" increase area of ice condenser bypass is the potential for the 

peak containment pressure exceeding design limits, thereby potentially impacting containment integrity.  

Ice basket damage. The D. C. Cook containment contains 1,944 ice baskets in 24 bays (81 baskets per 

bay). Each ice basket is approximately 48 feet in length and 12 inches in diameter. Plant technical 

specifications require that a sample of 144 buckets be weighed every 18 months. The technical 

specifications also provide requirements on the sampling and additional testing when an ice basket fails to 

meet the minimum weight requirement. Damage to the ice baskets was found to have occurred during 

ice-weighing in which the ice baskets must be slightly picked up. Damage included buckled bottoms, 

broken ligaments, bent rims, dents, damaged weldments, basket deformation, unpinned baskets, and 

missing or broken connecting screws from vertical ice basket sections (LERs: 315/98-005-3, 315/98-006

2, 315/98-032-0).  

The safety issue concerning the "as found" condition of the ice baskets is the potential ejection of 

loosened and broken baskets from the ice bed during an accident. A displaced ice basket could affect the 

ice bed geometry during an accident, thereby creating bypass flow routes. Also, ejected ice baskets could 

impact structures or equipment located in the upper containment compartment.  

Ice condenser performance. Several LERs were issued that identified "as found" conditions in the ice 

condenser containment relating to ice mal-distribution and steam flow mal-distribution conditions. The 

ice mal-distribution conditions were due to unweighed, under- and over-weight ice baskets caused by 

non-conservative assumptions in surveillance procedures and supporting software programs (LERs: 

315/98-007-1, 315/98-015-1, 315/98-024-0, 315/98-026-0); and ice displacement caused by three barrel 

loads of debris found in the ice baskets during ice melt/replacement (LER 315/98-017-1). The steam 

flow mal-distribution conditions were caused by partially blocked ice channels between ice baskets 

caused by flow blockage due to excessive frost build-up in the channels between ice baskets (LER 

315/98-004-2).  

The minimum technical specifications weight requirement for an ice basket is 1,333 pounds. An NRC 

inspection report (Ref. 1) reports that out of 1,944 ice baskets, the licensee determined that 221 baskets in 

Unit I and 171 baskets in Unit 2 have never been weighed. In addition, a sample of 54 of these baskets in 

Unit 2 was weighed. About 75% of the baskets sampled were less than the technical specifications 

minimum weight. The lightest ice basket weighed 800 pounds. Several baskets had missing ice in 

segments ranging from 6 to 18 feet in height.  

Based on a 100% inspection, the flow passage blockage was estimated to be 6.7% to 18.8% per bay in 

Unit 1 and 4.1% to 17.4% per bay in Unit 2. Ten of the 24 bays were found with blockages greater than 

15%. The flow passages in between the ice baskets must be kept clear of obstruction to assure even steam 

flow through the ice beds during a post-accident period. The technical specifications do not state what 
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amount of blockage in flow passages renders the ice condenser inoperable. However, LER 315/98-004-2 

stated that in response to previous instances of flow passage blockages, a blockage limit of 15% of the 

total upward flow area was determined based on the analysis performed for the Unit I Reduced 

Temperature and Pressure program.  

65.2 Affected Containment Failure Modes and Core Damage Sequence 

Any accident that releases energy to containment relies on the ice condenser for heat removal from the 

containment. Containment heat removal is essential to keep the peak containment pressure below the 

design value. At the D. C. Cook plant, the containment pressure is controlled by two systems. In the 

short-term, the ice condenser and the containment spray remove heat from the containment atmosphere 

by condensing steam. In the long-term, the containment spray system, which is equipped with a heat 

exchanger, recirculates water from the containment recirculation sump and removes heat from the 

containment.  

Conditions that bypass steam flow routes around ice baskets (due to ejected ice baskets and bypass 

openings greater than analysis assumptions) or limit pressure suppression performance of the ice 

condenser (due to mal-distributed ice and steam flow through the baskets) will result in the reduction in 

steam condensation. If steam does not adequately condense, the pressure rise in the containment will not 

be arrested and the peak pressure may be exceeded. If the peak pressure exceeds the design value, there 

is a probability that the containment will fail due to overpressure. As a result, the sump recirculation 

capability may be affected since a breached containment has the potential to reduce the available net 

positive suction head for the residual heat removal pumps. In addition, a cracked containment may allow 

water to bypass the recirculation sump.  

The following accidents release energy to the containment: (1) a LOCA of any size, (2) MSLB inside 

containment, and (3) an accident condition which relies on the feed and bleed cooling capability. Of 

these accidents, only LOCAs and feed and bleed sequences resulting from MSLBs are considered since 

other systems or actions required to mitigate MSLBs (isolation of the break and cooldown with intact 

loops) are unaffected by loss of containment integrity.  

Therefore, the sequence of interest is as follows: 

* Any size LOCA, or feed and bleed cooling scenario; and 

* Sump recirculation failure due to inadequate inventory for sump recirculation. Inadequate 

containment performance causes containment failure due to excessive containment overpressure.  

A ruptured containment boundary results in excessive steam bypass and loss of sump inventory.  

65.3 Frequencies, Probabilities, and Assumptions
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The D. C. Cook containment design basis criterion is 12 psig. The UFSAR states that the maximum 

calculated pressure for various postulated design basis accident scenarios is 11.49 psig (Ref. 17, Section 

14.3.4.1.3.1). The failure pressure of the containment is much greater than the design pressure of 12 psig, 

based on the D. C. Cook Individual Plant Examination (Ref. 18, Section 4.2.1). The Individual Plant 

Examination (IPE) reports that the high condition low probability failure limit for the containment is 36 

psig. That is, there is 95% confidence that at 36 psig the probability containment failure is less than 5%.  

As shown in the attached figure (from Ref. 18, Figure 4.2-1), the containment failure probability is near 

zero at peak pressures less than about 30 psig. Further, the licensee reported in a letter to the former 

Atomic Energy Commission dated July 24, 1973, that the containment for Unit I was subjected to an 

internal pressure of 16.1 psig during a containment integrity check in 1973 with no evidence of damage to 

the integrity of the containment.  

65.4 Effect on Containment Failure and Core Damage Sequence 

The three issue groups relating to the performance to the ice condenser containment are assessed 

qualitatively to determine the change in containment performance using realistic (rather than design 

basis) failure limits, redundancies, and the magnitude of degradations. The assessment of containment 

performance based on "as found" conditions is discussed in three parts. First, the effect on the peak 

containment pressure due to the ice condenser bypass issue is discussed. Second, the synergistic effect 

on the peak containment pressure due to ice condenser performance (mal-distributions) and ice basket 

damage issues is presented. Finally, the synergistic effect of all three issue groups concludes this 

assessment.  

Ice condenser bypass. The cumulative effect of the "as found" bypass flow paths was 36.5 square feet 

for Unit I and 35.0 square feet for Unit 2. The UFSAR states that the design basis bypass area is 5 

square feet (Ref. 17, Section 5.2.2.4). The UFSAR describes the accident analyses for different size pipe 

breaks and the allowable ice condenser bypass flow for each case. Analysis results indicate a value of 35 

square feet as the allowable deck leakage area for the entire spectrum of break sizes (Ref. 17, Table 

14.3.4-2). The limiting case is an 8-inch break with one spray pump operating at 2000 gpm (80 degrees 

F), which results in a peak containment pressure of 12.0 psig. The design flow rate of one containment 

spray pump is 3200 gpm (Ref 17, Table 6.3-1). An 8-inch break with two spray pumps operating (4000 

gpm at 80 degrees F) results in a peak containment pressure of 12.2 psig with a 56 square foot bypass 

area. Thus, the identified historical value of bypass of about 36 square feet for Unit I and about 35 

square feet for Unit 2 is bounded by UFSAR analysis when assuming the operation of both containment 

spray pumps, but is outside of the ice condenser design basis value of 5 square feet.  

Ice basket damage. The safety issue concerning the "as found" conditions of the ice baskets is the 

potential ejection of loosened and broken baskets from the ice bed during an accident. An ejected ice 

basket affects the ice bed geometry during an accident, thereby creating bypass flow routes. All of the 

"as found" ice basket damage conditions are bounded by the potential degraded ice basket condition 

reported in LER 315/98-006-2. This LER reported a deficiency in the surveillance procedure for

4



LER Nos. 315/98-01, 04, 05, 06, 07, 10, 15, 17, 24, 26, 32, 37; 316/98-04 

weighing ice baskets. The procedure contained a step which potentially allowed the unpinning of up to 
60 ice baskets during Modes 3 and 4.  

The LER reported that the safety significance of 60 baskets ejecting during a postulated accident has been 
evaluated by Westinghouse for two cases: unobstructed baskets and obstructed baskets. During a 
postulated accident, if unobstructed baskets are not secured at the bottom rim, they could eject 13 feet 5 

inches upward into the upper plenum area of the ice condenser due to blowdown forces. Unobstructed 

baskets are those baskets that are not impeded by an intermediate deck frame. The upward displacement 
of these baskets would not be enough to open steam bypass flow routes around the ice condenser.  

For the obstructed baskets that are located below the intermediate deck frames, multiple unsecured 

baskets ejecting simultaneously and impacting an intermediate deck frame in one bay may cause the 
frame to plastically deform. However, this scenario was judged by Westinghouse to be extremely 
unlikely for the following reasons: (1) basket columns would need to be of identical weight and exert 
identical frictional forces on the lattice steel framework; (2) no lateral forces could be exerted against the 

basket columns during the blowdown, and (3) basket columns would need to have exactly the same net 

uplift force transient. Further, it was judged that the current calculated subcompartment loadings for the 

peak differential pressure across the shell, the operating deck, the lower crane wall, and the upper crane 

wall will essentially be unaffected whenever the effects of the 60 unpinned baskets is considered.  

The LER concluded that the possibility of the unpinned ice baskets or ice basket columns ejecting from 

the ice bed is extremely remote. If an ejection were to occur, the resultant configuration would not 

prevent the ice condenser from performing its intended function. A recent evaluation by Westinghouse 

reported in Reference 2 supported this earlier conclusion.  

Ice condenser performance. The safety issue concerning the performance of the ice condenser involves 

the mal-distribution of steam flow through the ice baskets due to partially blocked ice channels between 

baskets, and mal-distribution of ice the baskets due to underweight or missing ice. Reference 2 reports 

the results of the licensee's analysis to determine the peak containment pressures for design basis LOCAs 

and MSLBs for the "as found" condition of the ice condenser containment. The results of an earlier 

analysis that was performed by Westinghouse for the licensee in May 1998 are referenced in this 
document.  

The analysis used the NRC-approved LOTIC containment response computer code. Models were 

developed to include the varying weights of ice in the baskets, the partially blocked ice channels between 

ice baskets, and the effects of a steam flow bypass through the ice condenser due to postulated ice basket 

displacement caused by blowdown forces. In addition, the models included an increase in the total ice 

mass that closely represents the actual mass of the ice in the ice condenser. The total mass of ice used in 

the analysis was 2.53E+6 pounds. The "as found" weight of the ice was estimated by the licensee' to be 

Rough estimates of ice weights in the Units I and 2 ice condensers were provided by the 

licensee. The ice weights were estimated from ice melt volumes as the result of ice 

replacement operations in 1998. The estimates factored the volume of ice melt in the 

temporary ice melt tanks, the volume of water spilled in the containment, and specific 

gravity. These estimates are not design verified calculations.  
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2.7E+6 pounds in Unit I and 2.8E+6 pounds in Unit 2. The minimum technical specification for the total 

ice weight at the time of plant shutdown was 2.37E+6 pounds. The total mass assumed in the UFSAR 

analysis was 2.11 E+6 pounds.  

From Reference 2, the increased ice mass resulted in a calculated peak containment pressure of 11.2 psig, 

which is below the current UFSAR analysis of 11.49 psig. The slight reduction in the calculated peak 

pressures is attributed to the utilization of enhanced heat sink modeling and increased initial ice mass 

(420,000 pounds more or a 20% increase). This shows that even a 12% decrease in the minimum mass of 

ice as required by the technical specifications (at the time plant shut down) has little effect on the peak 

pressure.  

Reference 2 further reports the results of an earlier analysis that considered the increase in ice mass 

(2.53E+6 pounds) and three synergistic conditions discussed above: (1) mal-distribution of ice weight in 

the baskets, (2) mal-distribution of steam flow through the baskets, and (3) effects of flow bypass due to 

ice basket displacement during an accident. The peak containment pressure calculated under these 

conditions is 11.92 psig or 0.71 psig higher than the identical LOTIC analysis that assumed only the 

increase in ice mass (i.e., 11.2 psig).  

Synergistic effects of all three safety issues. From the assessment of the synergistic effect of "as found" 

ice and steam flow mal-distributions, and flow bypass from postulated partially ejected ice baskets, the 

peak containment pressure calculated by Westinghouse is 11.92 psig. The increase in the peak pressure 

as the result of this synergistic effect is less than 1 psig for a large break LOCA or MSLB.  

From a UFSAR sensitivity analysis that calculated peak containment pressures for varying sizes of 

LOCAs and bypass flows areas, the worst case break size resulted in a peak containment pressure of 12.2 

psig for a 35 square foot bypass area. This analysis assumes one-third the total design flow rate of both 

containment spray pumps.  

The combined effects of a36 square foot bypass flow area and slight reduction in ice condenser 

performance will be well below the 35 psig containment failure pressure assumed in the IPE.  

In light of this information, the probability of the peak pressure exceeding the containment failure 

pressure leading to sump recirculation failure due to these "as found" ice condenser containment 

conditions is negligible. Therefore, the change in core damage frequency associated with the affected 

sequence is zero.  

65.5 References 

I. U.S. Nuclear Regulatory Commission Inspection Report No. 50-315/98005(D.S.); 50-316/98005 

(D.S.), April 10, 1998 

2. Westinghouse Electric Company, "Donald C. Cook Nuclear Plant Units 1 and 2, Justification for 

Past Operation," EP-99-080, Pittsburgh, PA., March 4, 1999.

6



LER Nos. 315/98-01, 04, 05, 06, 07, 10, 15, 17, 24, 26, 32, 37; 316/98-04 

3. SCIENTECH, Inc. "Safety Assessment of D. C. Cook Units I and 2 "As Found" Condition Prior 

to Plant Shutdown," Golden CO., February 22, 1999. k 

4. LER 315/98-001, Revision 2, "Containment Air Recirculation System Flow Testing Results 
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5. LER 315/98-004, Revision 2, "Inadequate Maintenance and Surveillance Practices Results in 

Restricted Ice Condenser Flow Passages," event date January 22, 1998.  

6. LER 315/98-005, Revision 3, "Screws Missing from Ice Condenser Ice Basket Coupling Rings 

Results in Potential Unanalyzed Condition," event date January 22, 1998.  
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date April 17, 1998.  

13. LER 315/98-026, Revision 0, "Technical Specification Surveillance Requirement 4.6.5.1 .b.2 Not 
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30, 1998.  
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76.0 LER No. 315/98-027; 315/98-034; 315/98-030 

Event Description: Issues affecting flow into the Containment Spray Headers 

Date of Event: N/A 

Plant: D.C. Cook, Units 1 and 2 

76.1 Summary of Issue 

This write up addresses three issues that had the potential to affect the magnitude of flow through the 
containment spray headers (Issues #76, #77, and #78.) 

Flow rates to CTS headers are lower than design basis value (Issue #77) 
Reference 1 reported that a computerized re-analysis of containment spray (CTS) system performance 
yielded results predicting that the system may not be capable of delivering design basis flows to the upper 
and lower CTS headers. The Updated Final Safety Analysis Report (UFSAR) (Ref. 6) listed design basis 
flow values for upper and lower Containment sprays of 2,000 gpm and 1,200 gpm, respectively. The 
existing calculation used to support the Unit 1 30% Steam Generator Tube Plugging Analysis showed 
CTS flow rates of 2,136 gpm for the upper and 1,230 gpm for the lower spray header, which met the 
design basis values. The re-analysis is based on a detailed computer model of the CTS system using 
vendor software and as-built system piping parameters. The re-analysis results predict that actual CTS 
upper and lower spray header flow rates will be less than the design basis values.  

Debris of unknown origin found in the West containment header (Issue #76) 
Reference 3 reported that Unit 1 had potentially operated in an unanalyzed condition and outside the 
design basis due to debris found in the West CTS header. The West CTS header was inspected using a 
boroscope to determine if boric acid plate out was present. This inspection was performed by removing a 
number of spray nozzles and inserting the boroscope into the pipe for 10 feet in either direction.  
Although no evidence of boric acid plate out was identified, a quantity of debris was seen inside the 
header.  

Incorrect installation of CTS heat exchanger (Issue #78) 
Reference 4 reported that a heat exchanger was installed incorrectly. After determining that the incorrect 
installation did not affect the heat exchanger performance, the licensee retracted this LER. Therefore, 
this issue will not be analyzed further.  

The impact of these issues on the containment performance is negligible. Since containment integrity is 
not threatened, no core damage sequences are affected. Therefore, the change in core damage frequency 
is determined to be less than the threshold for a precursor.
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76.2 Modeling and Affected Sequences 

The CTS system is not needed to mitigate accident initiators. The purpose of this system is to spray the 

containment atmosphere to minimize the containment pressure increase after an accident. The ice 

condenser also supports this function. Therefore, no core damage sequences are directly affected by 

degraded conditions of the CTS system. However, if as a result of significant degradations of this 

system, the containment peak pressure exceeds the realistic failure pressure of the containment, then the 

containment integrity could fail. Failure of the containment integrity can result in failure of the sump 

recirculation function since the sump water inventory can be lost due the loss of containment integrity.  

Therefore, degraded conditions of the CTS system have the capability to affect all sump recirculation 

sequence frequencies.  

76.3 Frequencies, Probabilities, and Assumptions 

Flow rates to CTS headers are lower than design basis value (Issue #77) 

Reference 1 reported the problem and stated that additional details would be forthcoming in an update to 

the interim LER. Even though an LER that has additional information was not issued in October 1998, as 

planned by the licensee, communications with the resident inspector (Reference 2) yielded the following 

information: 

"* The licensee determined that there was a potential that the containment pressure limit of 12psig could 

have been exceeded by 2 psig.  

"* The licensee estimated that there could have been a 3% increase in the offsite dose.  

Debris of unknown origin found in the West containment header (Issue #76) 

At the time Reference 3 reported that debris was found inside the West containment header, activities 

were being performed to determine the size and nature of the debris. This debris has a potential to block 

CTS nozzles. Evaluation of this condition was in progress. The licensee intended to update the LER to 

report the findings of the additional investigations. Even though the licensee planned to submit an 

updated LER by November 2, 1998, that was not accomplished. Therefore, status related to this issue 

was obtained by consultations with the NRC resident inspector at Cook.  

Following the discovery of the debris, the Unit I containment headers were flushed out to determine the 

nature and the quantity of the debris. Based on debris found at Unit 1, the impact of this debris on the 

spray headers would have been minimal. Two other issues could have exacerbated the impact associated 

with this issue. According to Issue #77, the actual flows were less than the design flows. This could 

have exacerbated this condition. Based on conversation with the resident inspector (and his conversation 

with the licensee), the combined impact would not affect the functionality of the CTS headers.  

The amount of and the nature of the debris found in the Unit 2 header are unknown at this time.  

Therefore, this analysis is applicable to Unit I only.
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Combined impact of Issues #76, #77, and #78 on containment performance 

The D. C. Cook containment design basis criterion is 12 psig. The UFSAR states that the maximum 

calculated pressure for various postulated design basis accident scenarios is 11.49 psig (Ref. 6, Section 

14.3.4.1.3.1). The failure pressure of the containment is much greater than the design pressure of 12 psig, 

based on the D. C. Cook Individual Plant Examination (IPE) (Ref. 5, Section 4.2.1). The IPE reports that 

the high condition low probability failure limit for the containment is 36 psig. That is, there is 95% 

confidence that at 36 psig the probability containment failure is less than 5%. According to Figure 4.2-1 

in the Cook IPE, the containment failure probability is near zero at peak pressures less than about 30 psig.  

Further, the licensee reported in a letter to the former Atomic Energy Commission dated July 24, 1973, 

that the containment for Unit 1 was subjected to an internal pressure of 16.1 psig during a containment 

integrity check in 1973 with no evidence of damage to the integrity of the containment. Based on this 

information, an increase of containment pressure by several psigs have essentially no impact on the 

containment performance.  

76.4 Core Damage Frequency Calculation or the Bounding Calculation 

These issues do not result in a containment pressure increase that is capable of causing a measurable 

increase in the containment failure probability. Therefore, the impact of these issues on the containment 

performance is negligible. Since containment integrity is not threatened, no core damage sequences are 

affected. Therefore, the change in core damage frequency is determined to be less than the threshold for 

a precursor.  

76.5 References 

1. LER 315/98-034, "Interim LER-Flow Rates to Containment Spray Headers Are Potentially Lower 

Than Design Basis Values," July 21, 1998.  

2. Personal Communication with Bruce Bartlett (Senior Resident Inspector at D.C. Cook), October 6, 

1999.  

3. LER 315/98-027, "Interim LER-Debris of Unknown Origin Found in West Containment Spray 

Header," June 2, 1998.  

4. LER 315/98-030-01, "Retraction - Incorrect Installation of Containment Spray Heat Exchanger 

Could Result in an Unanalyzed Condition," November 13, 1998(LER was retracted).  

5. Cook Nuclear Plant Individual Plant Examination Revision 1, October 1995.  

6. Donald C. Cook Nuclear Plant, Units I and 2, Updated Final Safety Analysis Report.
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79.0 LER No. 315/98-043 

Event Description: Containment Air Locks Testing Not Performed in Accordance 

with Technical Specification 4.6.1.3.a 

Date of Event: September 10, 1998 

Plant: D.C. Cook, Units 1 and 2 

79.1 Summary of Issue 

On September 9, 1998, while reviewing the surveillance requirements for the containment air locks, 

licensee engineering personnel discovered that the test frequency for the air lock door seals for both units 

was not controlled in accordance with Technical Specification (TS) 4.6.1.3.a. The TS states that each 

containment air lock shall be demonstrated operable in accordance with 10 CFR 50 Appendix J Option B 

and Regulatory Guided 1.1.63. The Regulatory Guide directs use of Nuclear Energy Institute (NEI) 94

01 to meet the requirements of 10 CFR 50 Appendix J Option B. Trending of air lock test data, which is 

required if Option B is used, was not implemented. In addition, as a result of misinterpretation of the NEI 

guidance, the test interval was extended from every three days to 30 days in April 1996. Details are 

provided in LER No. 315/98-043 (Ref. 1). The issue is that the containment may have been degraded, 

and there may have been a containment isolation failure.  

This issue has no impact on containment performance, and the issue has negligible synergistic effects 

with other issues. Therefore, this issue is screened out from the integrated analysis.  

79.2 Affected Containment Failure Modes 

This issue had the potential to affect the containment failure mode of containment isolation failure. The 

licensee reviewed historical test data for containment air lock door seal performance since April 1996.  

Measured leakage for every seal test of all the containment air lock doors was acceptable. Therefore, 

although the plant operated in a condition prohibited by its Technical Specifications, containment 

integrity was not compromised.  

This issue did not affect containment integrity during normal operations or during accident conditions.  

79.3 Effect on Containment Failure 

Since no containment failure modes are affected, there is no impact on containment performance.
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79.4 References 

1. LER 315/98-043, "Containment Air Locks Testing Not Performed in Accordance with Technical 

Specification 4.6.1.3.a" October 9, 1998.
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80.0 LER Nos. 315/98-001-02; 315/98-009-01; 315/98-019-02; 315/98-033; 

Inspection Report 50-315/98007(DRP) 

Event Description: Hydrogen recombiner issues 

Date of Event: January 4, 1998; February 17, 1998; April 7, 1998; 

June 1, 1998 

Plant: D.C. Cook, Units I and 2 

80.1 Summary of Issues 

This writeup addresses the synergistic effects of Issues #80, #82, #83, and #84.  

Low Air Flow in at Least One Localized Portion of the Containment (Issue #80) 

During follow-up to a licensee identified blockage of a containment hydrogen mixing line in January 

1998, airflow testing of the containment air recirculation/hydrogen skimmer system was performed. The 

hydrogen skimmer system is designed to control the hydrogen concentration in the compartments below 4 

percent. This is accomplished by purging the compartments using a portion of the atmosphere in the 

lower containment. This flow mixes the atmosphere from the lower containment with the atmosphere in 

the compartment, diluting any hydrogen that is generated in the compartment. The test demonstrated that 

as-found flows in certain steam generator and pressurizer compartments, fan-accumulator rooms, and 

instrument rooms were less than the flows stated in Updated Final Safety Analysis Report (UFSAR) 

Section 5.5.3. The lower flows could reduce the effectiveness of mixing effect of the system. In 

addition, an incorrectly installed valve actuator in the system created a flow path that bypassed the ice 

condenser, creating the potential for increased peak pressure in the upper containment following an 

accident. The event was reported as a condition outside the design basis (Ref. 1). An apparent violation 

was identified for the failure to comply with 10 CFR 50.59 (Ref. 2).  

Hydrogen Recombiner Resistance to Ground Surveillance Requirement Not Met (Issue #82) 

On February 17, 1998, it was determined that the Unit I hydrogen recombiner surveillance requirement 

4.6.4.2.b.4 was not met on June 17, 1997 (Ref. 3). This requirement verifies the integrity of all heater 

electrical circuits associated with the electric hydrogen recombiners by performing a continuity and 

resistance to ground test immediately following a system functional test and achieving a minimum 

resistance of 10,000 ohms. On June 17, 1997, the timing of the resistance measurement was not in 

accordance with the Technical Specification (TS) requirement to immediately perform the resistance to 

ground test. In addition, resistance to ground was found to be 6,000 ohms instead of the 10,000 TS 

minimum. A second test about one-half hour later produced acceptable results.  

Hvdrogen Recombiner Temperature Circuit Technical Specification Surveillance Requirement Not Met 

(Issue #83)
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On April 7, 1998, it was determined that the electric hydrogen recombiner (EHR) Technical Specification 
(TS) surveillance requirement 4.6.4.2.b. I was not met. The licensee's procedure for calibrating 
temperature measurement circuitry directed the technician to calibrate only the control room readout 
device instead of all instrumentation and control circuits in the loop. EHR temperature is used to prove 
operability of the recombiners. In addition, a design deficiency existed in the temperature circuit, 
resulting in the plant being in an unanalyzed condition. Details of the event are provided in LER 315/98
019-02 (Ref. 4). A related issue on an inadequate.  

Hydrogen Recombiner Wattmeter Circuit Technical Specification Surveillance Requirement Not Met 
(Issue #84) 
On June 11, 1998, it was determined that the electric hydrogen recombiner technical specification (TS) 
surveillance requirement 4.6.4.2.b.1 was not met. This requirement calls for a channel calibration of all 
recombiner instrumentation and control circuits. However, the procedure used directs the technician to 
calibrate only the control room readout device. Calibration of the recombiner wattmeter logic converter, 
which controls electrical power to the heater elements, was not included in the calibration procedure.  
Details of the event are provided in LER 315/98-033 (Ref. 5).  

The effect on containment performance associated with these issues (#80, #82, #83, and #84) is 
negligible and the issues have negligible synergistic effects with other issues. Therefore, these issues are 
screened out from the integrated analysis (except for the potential impact of Issue #80 on the ice 
condenser performance). That impact has been combined with all other ice condenser related issues (see 
Issue #65).  

80.2 Affected Containment Failure Modes 

These issues have the potential to affect the containment failure mode of overpressure due to hydrogen 
combustion.  

With respect to Issue #80, the pressurizer and steam generator compartments were analyzed for hydrogen 
generation by the licensee. The results showed that hydrogen remained below the 4 percent volume limit 
even with the low flow condition. In addition, the licensee analyzed post-LOCA ice condenser 
performance with the flow path in the system that bypassed the ice condenser. Containment performance 
was not affected by the bypass flow path. Therefore, Although the event resulted in a condition outside 
the design basis for an extended period of time, containment failure modes were not affected by this 
condition.  

With respect to Issue #82 above, this Unit 1 TS violation was reviewed against Unit 2 TS requirements.  
The Unit 2 TSs, which are based on the standard Westinghouse TSs, do not have the requirement to 
perform the resistance test immediately after the functional test, and no basis for performing the test 
could be found. After discussions between the licensee and Westinghouse, it was determined that the 
requirement for testing immediately was an error (Ref. 3). Moreover, a review of past surveillance test 
data between 1989 and 1998 by the licensee showed no instances where hydrogen recombiners were 
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returned to service with resistance values less than the required TS minimum. In addition, no other 

instances were found where it was necessary to perform a second test. Therefore, although the plant was 

operated in a condition prohibited by TS, there is reasonable assurance that the recombiners would have 

performed their intended function if called upon.  

With respect to Issue #83, actual plant data showed that errors associated with the EHR temperature 

circuits to be minimal, and that the recombiners would have performed their function in the event of a 

postulated accident.  

With respect to Issue #84, the hydrogen recombiner wattmeter controller circuit is used to control 

electrical power to the recombiner electrical heater elements. The controller circuit did not receive a 

proper channel calibration. Even though this lack of a calibration resulted in a condition prohibited by 

the plant's TSs, licensee's TS surveillances have shown no degradation, based on the actual time for the 

hydrogen recombiners to reach the TS required temperature, given an initial power setting on the 

wattmeter controller.  

80.3 Effect on Containment Failure 

In all of the above issues, the "as-found" condition plant showed no degraded or failed components.  

Therefore, hydrogen recombiners would have functioned successfully if demanded. The increase in the 

likelihood of containment overpressure failure due to hydrogen combustion was negligible. Therefore, 

these issues have is essentially no impact on containment performance.  

80.4 References 

1. LER 315/98-001-02, "Containment Air Recirculation System Flow Testing Results Indicate 

Condition Outside the Design Basis," May 8, 1998.  

2. Donald C. Cook, Units I & 2, NRC Inspection Report No. 50-315, 316/98-007 (DRP), June 3, 1998.  

3 LER 315/98-009-01, "Hydrogen Recombiner Surveillance Requirement Not Being Met Results in a 

Condition Prohibited by Technical Specifications," April 20, 1998.  

4 LER 315/98-019-02, "Hydrogen Recombiner Temperature Circuit Technical Specification 

Surveillance Requirement Not Met," July 31, 1998.  

5 LER 315/98-033, "Hydrogen Recombiner Wattmeter Circuit Technical Specification Surveillance 

Requirement Not Met," July 13, 1998.

3



LER No. 315/98-011-02 

81.0 LER No. 315/98-011-02 

Event Description: Steel Containment Liner Pitting Resulted in Thickness of 
Containment Liner Being Less Than 0.250 Inches 

Date of Event: March 5, 1998 

Plant: D.C. Cook, Unit 1 

81.1 Summary of Issue 

On March 5, 1998, a visual inspection of the steel containment liner identified pitting that resulted in the 

thickness of the steel containment liner being less than 0.250 inches in more than 40 occurrences. The 

maximum thickness loss was 0.17 inches, or about 45 percent of the 3/8 inch thickness. The location of 

the pitting was at the bottom of the containment near where the vertical section of the liner joins the 

horizontal section close to the seal located between the concrete floor slab and the steel liner. With 

pitting of this magnitude, the potential existed for the containment liner not meeting the stress 

assumptions in the design basis. The issue is whether the containment, a principal safety barrier, met the 

requirements for structural and leaktight integrity. Details of the event are provided in LER 315/98-011

02 (Ref. 1).  

The effect on containment integrity associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue is screened out from the integrated analysis.  

81.2 Affected Containment Failure Modes 

An engineering analysis was performed by the licensee to evaluate the effect of the corrosion on the 

structural and leaktight integrity of the containment. The steel liner is not considered a structural strength 

element, but functions solely as a leaktight membrane. The original design basis of the containment 

structure does not take any credit for the steel liner as a structural strength element. The licensee 

therefore concluded that the structural integrity of the as-found liner to withstand normal and accident 

loads satisfies design basis assumptions. In addition, an engineering analysis concluded that the leaktight 

integrity of the containment had not been impaired (Ref. 1). Therefore, although the condition, if it had 

been found while the reactor was operating, would have resulted in the plant being in an unanalyzed 

condition, this condition did not affect containment performance.  

81.3 Effect on Containment Failure 

Since no containment failure modes were affected, there is no impact on containment performance.  

Therefore, this issue does not affect containment performance.  

In addition, this issue does not impact core damage frequency because: 

I
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(a) The initiating event frequency for LOCAs, losses of offsite power, transients, and anticipated 

transients without scram is not affected; and 

(b) Mitigating system capability is not affected.  

Therefore, no core damage sequences will increase in frequency.  

81.4 References 

1. LER 315/98-011-02, "Steel Containment Liner Pitting in Excess of Design Basis Results in 

Unanalyzed Condition," August 31, 1998.
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86.0 LER No. 50-315/98-053 

Event Description: Use of Inoperable Substitute Subcooling Margin Monitor 

Date of Event: November 30, 1998 

Plant: D.C. Cook, Units I and 2 

86.1 Summary of Issue 

On November 9, 1998, plant personnel performing cross-calibration checks on core exit thermocouple 

indications for the plant process computer (PPC) found that all points were indicating 30 to 35 degrees F 

too high (Ref. 1). Technical Specification (TS) 3.3.3.8, "Post-Accident Instrumentation," allows the PPC 

subcooling margin indication to be substituted for the TS required subcooling monitor. In the past, the 

PPC subcooling margin indication has been substituted for the TS required subcooling monitor.  

Therefore, if an accident occurred and post-accident instrumentation became necessary while the PPC 

subcooling margin indication is substituting for the subcooling margin monitor, the operators would have 

read a temperature that is 30 to 35 degrees higher than the actual temperature.  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

86.2 Modeling and Affected Sequences 

For this degraded condition to affect the core damage frequency, an accident must occur while the PPC 

subcooling margin indication is substituting for the subcooling margin monitor. The error in indication 

will cause the operator to underestimate the subcooling margin available, creating the potential for the 

operator to take actions that could overcool the reactor. However, this issue does not impact core damage 

frequency because: 

(a) The initiating event frequency for LOCAs, losses of offsite power, transients, and anticipated 

transients without scram is not affected (i.e., the subcooling margin monitor is not used during routine 

power operation); 

(b) Mitigating system capability is not affected; and 

(c) Containment performance is not affected.  

The operators may use the subcooling margin monitor after an accident. However, after an accident, 

relying on less subcooling margin than what is available to the operator creates the potential to overcool 
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the reactor. After an accident, a subcooling margin difference of 30 to 35 degrees F, in general, does not 

lead to significant consequences.  

Therefore, no core damage sequences will increase in frequency.  

86.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

86.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

86.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report (LER) 315/98-053, "Interim LER - Use of 

Inoperable Substitute Subcooling Margin Monitor," December 30, 1998.
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87.0 LER No. 50-315/98-054 

Event Description: Interim LER - Main Steam Safety Valve Not Reset as 

Required by Technical Specifications 

Date of Event: December 1998 

Plant: D.C. Cook, Units 1 and 2 

87.1 Summary of Issue 

On December 2, 1998, with Units I and 2 in Mode 5, Cold Shutdown, it was determined that the 

procedures used for controlling the main steam safety valve (MSSV) setpoints had allowed at least one 

MSSV to be left in operation without adjusting its setpoint as required by Technical Specification (TS) 

Surveillance Requirement 4.7.1.1. The TS requires that an MSSV setpoint be reset if, during a test, it is 

not within 1 percent of its nominal setpoint value. TS Table 4.7-1 establishes that an MSSV is operable if 

its setpoint is within 3 percent of its nominal value. When the TS requirements were incorporated into 

the setpoint control procedures, the setpoint values were rounded using normal arithmetic rounding 

methods. Therefore, for some of the MSSVs, the procedures allowed setpoint deviations of as much as 

0.35 pounds per square inch gage (psig) (approximately equal to 0.033 percent), and unreported as-found 

deviations of as much as 0.45 psig (approximately equal to 0.042 percent).  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

87.2 Modeling and Affected Sequences 

MSSV testing data since September 1994 was reviewed by the licensee. This review identified that, 

during the period of review, only one safety valve had been found or left with a setpoint outside of TS 

requirements. This MSSV, with a nominal setpoint of 1065 psig, had been left with a setpoint of 1076 

psig, above the maximum allowed setpoint of 1075.65 psig (1065 plus 1 percent). This was within the 

range of setpoints for operability of 1033.05 to 1096.95 psig (1065 +/- 3 percent).  

Although this event resulted in a condition prohibited by the plant's TS, the MSSVs were within the 

range of setpoints for operability (the MSSV setpoints were within 3 percent of their nominal value). The 

valves would have opened and performed their function if called upon to do so. Therefore, this issue 

does not impact core damage frequency.
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87.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

87.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

87.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report (LER) 315/98-054, "Interim LER - Main Steam 

Safety Valve Not Reset as Required by Technical Specifications" January 4. 1999.
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88.0 LER No. 50-315/98-055 

Event Description: Interim-Potential Condition Outside Design Bases for Rod 
Control System 

Date of Event: December 7, 1998 

Plant: D.C. Cook, Units 1 and 2 

88.1 Summary of Issue 

On December 7, 1998, during a system readiness review of the Rod Control System, it was discovered 

that a potential calibration error in the rod speed control circuits for the Rod Cluster Control Assemblies 

(RCCAs), coupled with a single failure of the rod withdrawal circuit, could result in a rod cluster to 

withdraw up to a maximum rate of 77 steps per minute (spm). This condition is contrary to UFSAR 

Section 3.1.2, Page 3.1-11, which states that "No single credible mechanical or electrical control system 

malfunction can cause a rod cluster to be withdrawn at a speed greater than 72 steps per minute." The 

original Precautions, Limitations and Setpoints (PLS) provided by Westinghouse included the 

recommendations for a maximum automatic rod speed of 72 spin, which was also used by the accident 

analysis by postulating two banks of rods withdrawing at 72 spm.  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

88.2 Modeling and Affected Sequences 

For this degraded condition to affect the core damage frequency, the following conditions or events must 

coexist: 

"* The rod speed control circuits for RCCAs are mis-calibrated; 

"* A single failure has occurred in the rod withdrawal circuit; 

"* An adjustment to reactor power level that would demand maximum rod withdrawal speed; and 

"* Protective trips (High Neutron Flux Trip, High Positive Neutron Flux Rate Trip) fails.  

When typical failure rates for human error of mis-calibration, circuit failures, and protective trip failure 

probabilities are considered, the probability of coexistence of the above four events is negligible.  

Therefore, it is concluded that the impact of this issue on any initiating event frequencies such as
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anticipated transient without scram (ATWS) events is negligible. Moreover, this issue has no impact on 

any mitigating systems. Furthermore, it has no impact on containment performance.  

Therefore, no core damagesequences will increase in frequency.  

88.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

88.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

88.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report (LER) 315/98-055, "Interim-Potential Condition 

Outside Design Bases for Rod Control System," January 6, 1999.  

2. Donald C. Cook Units I and 2 Updated Final Safety Analysis Report.
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89.0 LER No. 50-315/98-056-01 

Event Description: Inadequate Control and Processing of Design Information 

Results in Unanalyzed Hot Leg Recirculation Switchover 

Date of Event: December 11, 1998 

Plant: D.C. Cook, Units I and 2 

89.1 Summary of Issue 

On October 23, 1998, the Westinghouse Owners Group (WOG) withdrew from consideration by the Staff 

WCAP-14486, "ECCS Hot Leg Recirculation Elimination for Westinghouse 3 and 4 Loop Design 

NSSS." The WCAP included analyses which showed that criticality would not occur on switchover to 

hot leg recirculation if credit was taken for the flow path of borated liquid through the reactor vessel hot 

leg nozzle gap. Recriticality resulting from switchover to hot recirculation was identified by 

Westinghouse during a review of the hot leg switchover methodology in the 1993 time frame. Therefore, 

analysis of recriticality on hot leg switchover was not part of the original Cook Plant license basis.  

During the fall of 1997 it was identified that issues regarding the Cook sump design would impact the 

existing hot leg switchover criticality calculation. The loss of margin that resulted from the partitioning 

of fluid between the active and inactive sump volumes was offset by taking credit for the WOG hot leg 

nozzle gap analysis. After the withdrawal of WCAP-14486, Westinghouse undertook studies to assess 

whether subcriticality on switchover to hot leg recirculation could be assured without taking credit for the 

hot leg nozzle gap. A successful result was obtained for Unit I for the current fuel cycle by taking credit 

for existing burnup. However, an acceptable analysis for Unit 2 (or Unit I with a fresh core) was not 

available at that time. The licensee reported the condition in an interim LER on January 6, 1999 (Ref. 1).  

The licensee issued a revised LER on November 24, 1999 (Ref. 2) to close out this issue, based on a post

LOCA subcriticality analysis by Westinghouse.  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

89.2 Modeling and Affected Sequences 

The issue is whether there is a basis to show that recriticality cannot occur while switching over to hot leg 

recirculation. The licensee issued a revised LER on November 24, 1999 (Ref. 2) to show that, based on 

the safety margins within the design basis and the results of the recent post-LOCA subcriticality analysis 

by Westinghouse, recriticality following a cold leg large break LOCA is no longer a safety concern.  

Therefore, the issue does not point to a failed or degraded performance of a component or a system 

needed to prevent core damage or maintain containment performance after an accident.
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Therefore, no core damage sequences will increase in frequency.  

89.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

89.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

89.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report (LER) 315/98-056-00, "Interim LER - Hot Leg 

Nozzle Gaps," January 6, 1999.  

2. Cook Nuclear Plant Unit 1, Licensee Event Report (LER) 315/98-056-01, "Inadequate Control and 

Processing of Design Information Results in Unanalyzed Hot Leg Recirculation Switchover," 

November 24, 1999.
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90.0 LER No. 50-315/98-057 

Event Description: Auxiliary Feedwater Valves Not Tested in Accordance with 

Inservice Testing Program 

Date of Event: December 1998 

Plant: D.C. Cook, Units 1 and 2 

90.1 Summary of Issue 

During Inservice Testing (IST) program assessment performed in December 1998, licensee personnel 

identified several valves in the auxiliary feedwater (AFW) system that should have been tested in 

accordance with American Society of Mechanical Engineers (ASME) Section XI, but were not tested as 

required. The specific valves include the AFW pump suction check valves and the AFW pump 

emergency leakoff valves. The check valves are a barrier between a safety-related and non-safety-related 

system, and emergency leakoff valves may be required to perform an active closure (safety) function and 

should be tested in the closed direction. As a result of the missed IST program testing, the requirements 

of Technical Specification (TS) 4.0.5 were not met, this event was reportable as a condition prohibited by 

the plant's TS. The condition above is described in a Cook licensee event report (Ref. 1).  

The change in core damage frequency associated with this issue is essentially zero and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.  

90.2 Modeling and Affected Sequences 

This event involved a failure to test AFW valves, but did not involve any actual component failures or 

degradations. The AFW reliability study, NUREG/CR-5500, Vol. 1, (Ref. 2) did not find any system 

failures involving these AFW valves at Cook in the period 1987-1995. While there may have been 

individual valve failures, they did not lead to system failures. The risk significance of this issue is 

determined to be negligible due to the following reasons: 

In spite of the missed IST program tests, there was no evidence to show that the check valves would have 

failed if demanded.  

Failure of check valves to open when needed is a low probability event, on the order of 10-; 

There was no evidence to show that the emergency leakoff valves would not close when required; and

1
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If the emergency leakoff valves failed to close, overall AFW performance would not be affected unless 

other AFW trains were failed. A gross failure would have been detected during quarterly AFW pump 

testing, and a small failure (leak) would not affect the AFW system's ability to perform its function.  

This issue may affect testing of components, but does not impact core damage frequency. Therefore, no 

core damage sequences will increase in frequency.  

90.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

90.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

90.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report (LER) 315/98-057, "Auxiliary Feedwater Valves 

Not Tested in Accordance with Inservice Testing Program," January 27, 1999.  

2. J. P. Poloski, et. al., Reliability Study: Auxiliary/Emergency Feedwater System, 1987-1995, 

NUREG/CR-5500, Vol. 1, August 1998.
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91.0 LER 315/99-004-01 

Event Description: Failure to Perform Technical Specification Surveillance 
Analysis of Reactor Coolant Chemistry with Fuel Removed 

Date of Event: October 30, 1997 

Plant: D.C. Cook, Units I and 2 

91.1 Summary of Issue 

On February 16, 1999, licensee Chemistry personnel determined that Unit 2 reactor coolant system (RCS) 

chemistry had not been analyzed for flourides and chlorides, as required by Technical Specifications (TS) 

Surveillance Requirement 4.4.7, while the unit was defueled. The analyses, required "at all times," were 

not performed from October 30 to November 23, 1997. Unit 2 has remained in Mode 5 or 6 since that 

time. Additional investigation identified a total often periods (six for Unit 1 and four for Unit 2) since 

1989, when the chemistry analyses had not been performed. TS Clarification #54, which had been in 

effect since 1992, provided an inappropriate exemption from sampling while the core was off-loaded and 

RCS circulation was suspended. Since the surveillance requirements were not met, this event is 

reportable pursuant to the requirements of I OCFR50.73(a)(2)(i)(B), as an operation prohibited by the 

plant's Technical Specifications.  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

91.2 Modeling and Affected Sequences 

RCS chemistry analyses had not been performed for a total often periods since 1989. In each identified 

case when analyses were not done, the affected unit was at low pressure and temperature. In each 

identified case, analyses performed prior to and after the missed analyses provided no indication of an 

out-of-limit condition.  

The basis for the TS chloride and flouride limits is to ensure that corrosion of the RCS is minimized and 

to reduce the potential for RCS leakage or failure due to stress corrosion. Stress corrosion cracking 

requires several conditions. As the flouride and chloride limits in the RCS before and after the defueled 

periods were less than 0.02 ppm, well below the 0.15 ppm limits, temperatures were well below 200 

degrees F, and the system was depressurized, it was unlikely that the RCS integrity was compromised due 

to corrosion. It is believed by the licensee that the event resulted in no equipment damage.  

No core damage sequences increased in frequency as a result of the missed TS surveillance analyses.

.1
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91.3 Frequencies, Probabilities, and Assumptions 

Because no core damage sequences increased in frequency, frequencies and probabilities were not 
calculated.  

91.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences increased in frequency as a result of the missed TS surveillance analyses.  

Therefore, the change in core damage frequency is determined to be negligible.  

91.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report 315/99-004-01, "Failure to Perform Technical 

Specification Surveillance Analysis of Reactor Coolant Chemistry with Fuel Removed," July 1, 

1999.
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92.0 LER No. 50-315/99-005 

Event Description: Reactor Trip Breaker Manual Actuations During Rod Drop 

Testing Not Previously Reported 

Date of Event: May 1994 

Plant: D.C. Cook, Units I and 2 

92.1 Summary of Issue 

In February 1999, during review of Licensee Event Reports (LERs) submitted by other utilities for 

actuations of the Reactor Protection System (RPS), licensee personnel questioned the reportability of past 

D.C. Cook RPS actuations due to rod groups moving out of sequence during rod drop surveillance 

testing. In the course of performing rod drop testing, manual actuation of the reactor trip breaker had 

been used when unplanned problems occurred during surveillance. It was determined that there were 

cases where these RPS actuations should have been reported, but were not (Ref. 1). Based on this 

determination, an Event Notification System (ENS) notification was made in February 1999 (Ref. 2).  

Two events occurred, one in October 1990 and one in May 1994, both in Mode 3 (Hot Standby).  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

92.2 Modeling and Affected Sequences 

The RPS actuations were not planned. However, when unplanned problems were encountered (rod 

groups moving out of sequence) during rod drop surveillance, manually opening the reactor trip breakers 

was a conservative action, and was not in response to adverse plant conditions. The licensee's historical 

engineering data did not indicate any significant abnormalities. Therefore, plant response was as 

expected.  

This issue affects RPS actuations below criticality, but did not reveal any conditions that could have 

affected: 

(a) The initiating event frequency for postulated accidents (reactor was not critical); 

(b) Mitigating system capability; and 

(c) Containment performance.  

Therefore, no core damage sequences will increase in frequency.
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92.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

92.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

92.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report (LER) 315/99-005, "Reactor Trip Breaker Manual 

Actuations During Rod Drop Testing Not Previously Reported," March 18, 1999.  

2. Cook Event Notification System (ENS) Event Number 35372, "Historical Manual Reactor Trips from 

Mode 3 (Hot Standby) Due to Rod Groups Moving Out of Sequence During Rod Drop Testing," 

February 16, 1999.
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93.0 LER No. 315/99-006 

Event Description: Fuel Crane Loads Lifted Over Spent Fuel Pool 

Date of Event: January 15, 1999 

Plant: D.C. Cook, Units I and two 

93.1 Summary of Issue 

According to Reference 1, on January 15, 1999, the licensee identified a discrepancy between the Unit '/ 

Technical Specification (TS) 3.9.7 impact energy limit and Procedure 12 O.P. 4030.STP.046, "New and 

Spent Fuel Crane Operability Verification and Functional Tests." A preliminary review indicated that if 

the fuel crane dropped its load from the maximum height of 15 inches above the spent fuel racks, with a 

current maximum fuel assembly weight of 1465 pounds (lbs) and a Rod Cluster Control Assembly weight 

of 165 Ibs, a calculated impact energy of 24,450 inch-pounds (in-lbs) could be imparted to the top of the 

spent fuel pool racks. This resultant impact energy is greater than the TS limit of 24,240 in-lbs, which 

was based on previous fuel assembly weights and previously installed Exxon spent fuel racks. The 

currently installed Holtec fuel racks can withstand a calculated impact energy of 55,800 in-lbs.  

The change in core damage frequency associated with this issue is essentially zero and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.  

93.2 Modeling and Affected Sequences 

The issue is not related to systems used to mitigate accidents. It does not impact reliability of any 

systems that can affect accident initiators that result in core damage. Furthermore, none of the 

containment related systems are affected. Therefore, this issue does not affect containment performance.  

In addition, this issue does not impact core damage frequency because: 

(a) The initiating event frequency for LOCAs, losses of offsite power, transients, and anticipated 

transients without scram is not affected; and 

(b) Mitigating system capability is not affected.  

Therefore, no core damage sequences will increase in frequency.  

The issue has the potential to affect the risk associated with spent fuel pool accidents. However, 

according to Reference 1, the calculated impact energy of 24,450 inch-pounds (in-lbs) exceeds the TS 

limit of 24,240 in-lbs by less than 1%. Such differences are negligible in comparison to safety margins 

maintained during design. Furthermore, according to Reference 1, the currently installed Holtec fuel 
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racks can withstand a calculated impact energy of 55,800 in-lbs, which is more than a factor of 2 greater 

the calculated impact energy. Therefore, the risk significance associated with damage to fuel in the fuel 

pool is also negligible.  

93.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated 

93.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero. The risk associated with the potential damage to fuel in the spent fuel pool is also negligible.  

93.5 References 

1. LER No. 315/99-006, "Fuel Crane Loads Lifted Over Spent Fuel Pool Could Impart Impact Energies 

Greater Than Technical Specification Limits," April 16, 1999.
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94.0 LER 315/99-008 

Event Description: Residual Heat Removal (RHR) Piping Vibrations Could 
Potentially Cause RHR Piping Failures 

Date of Event: January 15, 1999 

Plant: D.C. Cook, Units 1 and 2 

94.1 Summary of Issue 

On January 15, 1999, plant operators reported excessive piping vibration in the residual heat removal 

(RHR) rooms. The vibration occurred while operating the RHR system in shutdown cooling with low 

decay heat, a depressurized reactor coolant system (RCS), and low RCS temperature. On March 10, the 

condition was determined to be reportable since high vibration failure of the RHR piping could 

significantly compromise plant safety (Reference 1). The vibration is flow-induced, has resulted in 

vibration-induced fatigue failures in the past, and could impact the integrity of the RHR system pressure 

boundary (Reference 2). The licensee determined that vibration is minimized when the RHR system 

alternate shutdown cooling flowpath (normally used for emergency core cooling system injection) is used 

with proper system flow balancing. Therefore, the licensee revised the RHR operating procedures to 

minimize vibration during shutdown cooling (Reference 1).  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis (See section 128 of Appendix B for the analysis of a related inspection finding).  

94.2 Modeling and Affected Sequences 

The risk associated with the degraded RHR system during power operation is negligible. For RHR 

system vibration to occur, the RCS must be depressurized, and the RCS temperature must be low.  

Therefore, if the plant trips at power and subsequently uses the RHR system in cold shutdown, vibration 

will not occur, resulting in a condition that is not risk-significant.  

The shutdown risk due to the degraded RHR system is not risk-significant. For failures to occur: 

(i) The vibration must continue until fatigue causes pipe failure. However, the operators can take 

action to minimize vibration during this period; and 

(ii) The capability to mitigate the event with other methods must fail. However, since decay heat 

levels are low, there is adequate time to take action to mitigate the event.
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Therefore, no core damage sequences increased in frequency.  

94.3 Frequencies, Probabilities, and Assumptions 

Because no core damage sequences increased in frequency, frequencies and probabilities were not 

calculated.  

94.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences increased in frequency. Therefore, the change in core damage frequency was 

determined to be negligible.  

94.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report (LER) 315/99-008, "Residual Heat Removal 

(RHR) Piping Vibrations Could Potentially Cause RHR Piping Failures," April 9, 1999.  

2. Cook Event Notification System (ENS) Number 35455, "Residual Heat Removal System 

Determined to be Operable but Degraded," March 10, 1999.
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95.0 LER 315/99-009 

Event Description: As-Found Residual Heat Removal Safety Relief Valve Lift 
Setpoint Greater than Technical Specification Limit 

Date of Event: March 4, 1999 

Plant: D.C. Cook, Units 1 and 2 

95.1 Summary of Issue 

On March 4, 1999, during the Expanded Readiness Review of the residual heat removal (RHR) system, 

several concerns were identified regarding the RHR shutdown cooling relief valve (SV-103) lift setpoint 

for reactor coolant system (RCS) low temperature overpressure protection (LTOP). Technical 

Specification (TS) 3.4.9.3 requires the RHR safety valves to have a lift setting of less than or equal to 450 

pounds per square inch gage (psig). A preliminary review of recent In-Service Testing data identified 

that the as-found lift setpoints for the I- and 2-SV- 103 valves were 455 and 452 psig, respectively. These 

values are greater than the TS limit of 450 psig, and, as a result, the valves were declared inoperable on 

March 10, 1999. On March 11, 1999, it was determined that I-SV-103 had been taken credit for in 

October 1998 to satisfy LTOP requirements when a Unit I power operated relief valve (PORV) was 

inoperable.  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

95.2 Modeling and Affected Sequences 

Engineering evaluation results by the licensee indicate that the reactor vessel and the R-R system piping 

were always adequately protected against overpressure. Although the lift setpoint of the valves was about 

1 percent too high, it was still well below the RHR design pressure. Although the valves were declared 

inoperable, they would have performed their safety function.  

No core damage sequences increased in frequency as a result of the incorrect implementation of TS 

surveillance requirements.  

95.3 Frequencies, Probabilities, and Assumptions 

Because no core damage sequences increased in frequency, frequencies and probabilities were not 

calculated.
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95.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences increased in frequency as a result of the incorrect implementation of TS 

surveillance requirements. Therefore, the change in core damage frequency was determined to be 

negligible.  

95.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report (LER) 315/99-009, "As-Found Residual Heat 

Removal Safety Relief Valve Lift Setpoint Greater than Technical Specification Limit," April 12, 

1999.
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96.0 LER 315/99-012 

Event Description: Auxiliary Building ESF Ventilation System may not be 
Capable of Maintaining ESF Room Temperatures Post
Accident 

Date of Event: April 20, 1999 

Plant: D.C. Cook, Units I and 2 

96.1 Summary of Issue 

On April 20, 1999, during performance of the Expanded System Readiness Review (ESRR) for the 

Auxiliary Building Ventilation Systems, the licensee concluded that there is insufficient assurance that 

the Engineered Safety Features Ventilation (AES) system is capable of performing its safety and accident 

mitigation function. This conclusion was based on preliminary evaluation of three specific issues. They 

are as follows (Ref. 1): 

Issue#1: 
Significant errors in calculations for auxiliary building Engineered Safety Features (ESF) cubicle 

temperatures expected during postulated accident scenarios, combined with small design margins that 

existed between calculated room temperatures and design requirements. (For example, the design 

calculation did not factor in the significant heat load associated with the component cooling water (CCW) 

piping.) 

Issue#2: 
Vulnerability of AES damper control air system modification to single failure. (As a result of an 

improper design modification, a single failure in a control air header could lead to AES failure.) 

Issue#3: 
Lack of missile protection for the CCW pump area supply fans which could result in a single catastrophic 

failure-generated missile impacting both trains of AES. (A missile generated by a fan blade failure in one 

vaneaxial fan may fail the other two fans since they are side by side. In addition, it has been established 

that the vaneaxial fans are susceptible to fan blade failures.) 

Of the three issues identified in this LER, the issue related to the vulnerability of the AES damper control 

air modification has been analyzed under LER 315/97-023. The individual risk associated with this issue 

is discussed in Section 16 of this appendix. In order to properly capture the impact of this issue on all 

systems and all analyzed initiators, it was also included in the Standardized Plant Analysis Risk (SPAR) 

model that was used to calculate the integrated risk. Therefore, that issue will not be analyzed in this 

writeup.
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The total core damage frequency associated with this issue is dependent upon resolution of issues 

affecting AFW and ECCS capability. The change in core damage frequency associated with the two 

issues on lack of missile protection for the CCW supply area fans and errors in calculations for the ESF 

cubicle temperatures, on their own, is less than 1 x 10.. The, risk significance of these issues, on their 

own, is less than the threshold for a precursor.  

96.2 Modeling and Affected Sequences 

The AES system provides cooling to the general areas in the ESF equipment rooms. These include 

CCW, Residual Heat Removal (RHR), Containment Spray, and Charging and Safety Injection Rooms. In 

addition, the AES system is used to maintain a negative pressure to minimize leakage of radioactivity 

through unfiltered and unmonitored paths to the outside during an accident. Since these issues have the 

potential to affect the performance of multiple ESF equipment, the following three sequences will be of 

interest: 

Sequence I - Initiating event followed by loss of all ESF due to room overheating as a result of additional 

loads under extreme conditions: 

"* Initiating event that requires one or more of the CCW, RHR, Containment Spray, Charging or 

Safety Injection systems occurs; 

"* The extreme conditions (high lake temperatures and high ambient temperatures) exist; 

* Failure of CCW, RHR, Containment Spray, Charging and Safety Injection systems; and 

"* Failure to implement compensatory or recovery actions that can be taken to detect and mitigate 

unacceptable temperature increases in these rooms.  

Sequence 2 - Catastrophic failure-generated missile in one CCW pump area supply fan followed by loss 

of decay heat removal due to room heat up 

* A single catastrophic failure-generated missile in one CCW pump area supply fan occurs, and 

due to lack of missile protection for the CCW pump area supply fans, impacts both trains of AES 

ventilation; 

"* Failure of auxiliary feedwater (AFW) pumps; and 

"* Failure to establish feed-and-bleed cooling.  

Sequence 3 - Catastrophic failure-generated missile in one CCW pump area supply fan followed by loss 

of CCW due to room heat up:

2
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0 A single catastrophic failure-generated missile in one CCW pump area supply fan occurs, and 

due to lack of missile protection for the CCW pump area supply fans, impacts both trains of AES 
ventilation; 

a Failure to establish compensatory measures prior to failure of CCW pumps due to room 
overheating; 

* Failure to cross-tie chemical and volume control system (CVCS) of the unaffected unit to cool 

reactor coolant pump (RCP) seals; 

0 Failure to recover AES ventilation prior to CCW room heat up; 

* RCP seal loss-of-coolant accident (LOCA) occurs due to CCW failure 

96.3 Frequencies, Probabilities, and Assumptions 

Sequence I - Initiating event followed by loss of all ESF due to room overheating as a result of additional 

loads under extreme conditions: 

* Initiating event that requires one or more of the CCW, RHR, Containment Spray, Charging or 

Safety Injection systems - LOCAs or feed-and-bleed cooling scenarios require the use of one or 

more of the above pumps. The frequency of a large break LOCA is 5 x 10' per year, and the 

frequency of medium LOCA is 4 x 10-1 per year. The frequency of a small LOCA is the sum of 

the frequency of a small pipe break LOCA, 5 x 10-', a stuck open pressurizer PORV, I x 10', a 

stuck open safety/relief valve, 5 x 10', and a reactor coolant pump seal LOCA, 2.5 x 10- per 

year, or a total of 9 x 10- per year (Ref. 2). Frequency of a feed-and-bleed scenario can be 

disregarded when compared to the frequency of a small LOCA.  

"* The extreme conditions (high lake temperatures and high ambient temperatures) - The potential 

for this exists during any summer. However, during the hot summer of 1988, the ultimate heat 

sink (UHS) exceeded 76°F for 22 consecutive days (Ref. 3). Based on this historical occurrence, 

the worst-case duration can be evaluated as 6 x 10.2 years (i.e., 22 days / 365 days / year).  

"* Failure of CCW, RHR, Containment Spray, Charging and Safety Injection systems - Based on a 

personal communication with the licensee (Ref. 4) on 01/10/00 it was determined that the 

calculation errors can result in temperature degrees of the order of 8 - 16 degrees F. Based on 

discussions with Mano Subudhi of Brookhaven National Laboratory (Ref. 5), it was concluded 

that temperature increases of the order of 8 - 16 degrees F do not cause pump failures over a time 

frame of several days. Therefore, this probability is negligible.  

* Failure to implement compensatory or recovery actions that can be taken to detect and mitigate
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unacceptable temperature increases in these rooms - Conservatively, this probability was 
assumed to be 1.0 

Sequence 2 - Catastrophic failure-generated missile in one CCW pump area supply fan followed by loss 
of decay heat removal due to room heat up 

* A single catastrophic failure-generated missile in one CCW pump area supply fan occurs, and 
due to lack of missile protection for the CCW pump area supply fans, impacts both trains of AES 
ventilation - Even though fan blade failures in fans of ventilation systems are not an uncommon 
occurrence, such blade failures acting as missiles that fail other fans are a rare occurrence. Based 
on Ref. 4, such events have not occurred at Cook. Investigations performed by Cook did not 
reveal such occurrences in the industry as well. Since industry operating experience is 
approximately 1700 critical years, in light of the above information, a frequency of I x 10' is an 
appropriate bounding number for this frequency.  

a Failure of AFW pumps - If both trains of AES fail, the reactor will be manually shut down per 
the technical specification requirements, and AFW will be demanded. From the Cook SPAR 
model, the probability of AFW failure is 1.1 x 101.  

0 Failure to establish feed-and-bleed cooling - Conservatively, this probability is assumed to be 1.0.  

Sequence 3 - Catastrophic failure-generated missile in one CCW pump area supply fan followed by loss 
of CCW due to room heat up: 

* A single catastrophic failure-generated missile in one CCW pump area supply fan occurs, and 
due to lack of missile protection for the CCW pump area supply fans, impacts both trains of AES 
ventilation - Based on the discussion provided in Sequence 2 above, a bounding value of I x 10' 
per year is used.  

0 Failure to establish compensatory measures prior to failure of CCW pumps due to room 
overheating - If both trains of AES fail, the reactor will be manually shut down per the technical 
specification requirements, and AFW will be demanded to cool down the reactor. AFW does not 

rely on CCW. However, the RCP seals require CCW for seal cooling. The running CCW pump 
will gradually add heat to the CCW pump room area. The compensatory measures that can be 
taken include use of portable fans and opening doors to keep the CCW area temperature increase 
to a minimum. Since there are doors available, and since room temperature increases do not lead 
to immediate pump failures, this failure probability is low.  

0 Failure to cross-tie CVCS of the unaffected unit to cool RCP seals - Since the only event that has 

occurred is the fan failure, the operators can focus on cross connecting the charging system 

(CVCS) to provide cooling to the RCP seals from the unaffected unit. Using a Ref. 6, the 

probability of failing to cross-tie is 0.022 (Table 3.3-3, Ref. 6).  
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a Failure to recover AES ventilation prior to CCW pump failure due to room heat up -At least 

several hours would be available to repair a CCW area supply fan. The probability that repair 

technicians fail to repair one fan can be estimated by assuming the failure probability can be 

represented as a time-reliability correlation (TRC). Assuming technicians can repair one fan in 

an 8-hour shift, and also assuming 12 hours are available to perform the repaii; with technicians 

unsure of the problem and responding with hesitancy (error factor 6.4), the probability that a fan 

is not recovered within 12 hours can be estimated to be 0.36.  

* RCP seal LOCA occurs due to CCW failure - The D. C. Cook Nuclear Plant Individual Plant 

Examination (IPE) (Ref. 6) assumes that the RCP seals will fail with a probability of 1.0 if seal 

cooling is unavailable for one hour. This assumption is overly conservative since all eight RCPs 

at D.C. Cook Units 1 and 2 have newer high temperature seals. Based on the RCP seal failure 

models suggested in NUREG/CR-4550 (Ref. 7), for new high temperature seals, the failure 

probability when seal cooling is lost for an extended period is 0.19.  

96.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequencies associated with the sequences depend on the resolution of other issues affecting the core 

damage frequency. To provide perspective on these sequences the following information is provided.  

If the resolution of issues results in no significant changes to the high pressure injection system, AFW 

train, and CVCS failure probabilities, the change in core damage frequency would be the sum of the 

following frequencies: 

Sequence 1 - Initiating event followed by loss of all ESF due to room overheating as a result of additional 

loads under extreme conditions: 

The change in core damage frequency for Sequence 1 is: 

(Frequency of initiating event: 9 x 10. per year) x 

(Criticality factor: 0.79 critical year/reactor calendar year) x 

(Probability of extreme temperature conditions: 0.06) x 

(Probability of failing pumps given temperature exceeds the design value: negligible) x 

(Probability of failing to implement compensatory actions: 1) = 4.3 x 10' x a negligible probability 

Sequence 2 - Catastrophic failure-generated missile in one CCW pump area supply fan followed by loss 

of decay heat removal due to room heat uP 

(Frequency of a single fan-blade failure resulting in failing all supply fans: I x 10") x 

(Probability of AFW failure: 1.1 x 10-') x 

(Failure to establish feed-and-bleed cooling: 1.0) = 1.1 x 107/year
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Sequence 3 - Catastrophic failure-generated missile in one CCW pump area supply fan followed by loss 

of CCW due to room heat up 

(Frequency of a single fan-blade failure resulting in failing all supply fans: 1 x 10-3) X 

(Probability of failure to implement compensatory measures prior to failure of CCW pumps due to room 

overheating: low) 
(Probability of failure to cross-tie CVCS: 0.022) x 

(Probability of failure to recover AES ventilation prior to failure of CCW pumps: 0.36) 

(Probability of RCP seal failure given loss of CCW: 0.19) x 
= 1.5 x 10'x low probability/year 

The sum of the above three sequence frequencies is less than I x 10' per year. Therefore, risk 

significance of these issues is less than the threshold for a precursor.  

96.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report 315/99-012, "Auxiliary Building ESF Ventilation 

System may not be Capable of Maintaining ESF Room Temperatures Post-Accident," May 20, 

1999.  
2. J. P. Poloski, et. al., Rates of Initiating Events at US. Nuclear Power Plants: 1987 - 1995, 

NUREG/CR-5750, December 1998.  

3. LER 315/97-014, Rev. 2, "Potential for Operation in Unanalyzed Condition Due to Postulated 

Elevated Control Room Temperatures," December 31, 1997.  

4. Personal communications with Michael Stout and Richard Meister at American Electric Power 

Company, January 10, 2000 and January 20, 2000.  

5. Personal communication with Mano Subudhi at Brookhaven National Laboratory, January 10, 2000.  

6. Donald C. Cook Nuclear Plant, Units I and 2, Individual Plant Examination, Revision 1, October 

1995.  

7. "Analysis of Core Damage Frequency for Internal Events: Expert Judgement Elicitation," 

NUREG/CR-4550, Vol. 2, April 1989.
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97.0 LER 315/99-013 

Event Description: Safety Injection and Centrifugal Charging Throttle Valve 
Cavitation During LOCA Could Lead to ECCS Pump Failure 

Date of Event: March 27, 1999 

Plant: D.C. Cook, Units 1 and 2 

97.1 Summary of Issue 

On March 27, 1999, during development of an emergency core cooling system (ECCS) thermal hydraulic 

flow analysis model, the licensee concluded that preliminary hydraulic flow analysis results indicated that 

Unit 1 safety injection (SI) and centrifugal charging (CC) throttle valves could potentially experience 

cavitation during a loss-of-coolant accident (LOCA). The licensee communicated this finding to NRC 

using LER 315/99-013 (Ref. 1). Reference 1 identifies two issues. Both of these issues have the 

potential to affect the functionality of the high pressure injection (HPI) pumps during the sump 

recirculation phase. These two issues are: 

* Cavitation and possible mechanical erosion of the valves and downstream piping could lead to a 

pump runout condition and subsequent failure of the ECCS pumps.  

* The radiography performed to determine throttle valve positions showed the valves to be less 

open (five of the six Unit I throttle valves were found to be less than 44 percent open) than 

predicted by the hydraulic analysis. As a result, debris generated during a LOCA in the 

containment sump can be lodged in the throttle valve, resulting in reduced flow to the reactor 

core. This issue needs to be analyzed in combination with Issue #28 which reported the increase 

potential for debris to enter the HPI pumps during sump recirculation.  

Based on additional information received from the licensee (Ref. 2) on: (a) the as-found conditions 

(dimensions of the open area of the throttle valves) and how they compare with the clearances in the HPI 

pumps through which the debris would travel before reaching the throttle valves, (b) indications of runout 

conditions and the capability to detect and implement recovery actions to prevent pump failure due to 

runout conditions, (c) possibility and the rate of erosion of the throttle valves and the downstream piping 

during the flow rates experienced during the sump recirculation phase after a LOCA, (d) the likelihood of 

throttle valve plugging (e) the indications of throttle valve plugging, and the capability to detect and 

recover prior to core damage during the sump recirculation phase after a LOCA, it was determined that 

the change in core damage frequency (CDF) associated with this issue is negligible.  

The change in core damage frequency associated with this issue is dependent upon the resolution of other 

issues affecting AFW, the capability to depressurize, and RI-1R cooling. The risk significance associated
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with this issue, on its own, is less than the threshold for a precursor.  

97.2 Modeling and Affected Sequences 

The two conditions identified in this LER have the potential to affect the sump recirculation function.  

The sump recirculation may fail as a result of throttle valve plugging or throttle valve erosion. Due to the 

relatively short period of injection (while a pressure differential exists across the valve), erosion will not 

cause failure in injection. Therefore, the accident sequences considered in this analysis are: 

Sequence I - Large or Medium LOCA and loss of sump recirculation due to HPI throttle valve pluging 

* Large LOCA or Medium LOCA occurs; and 
0 Sump recirculation fails due to HPI throttle valve plugging.  

Sequence 2 - Large or Medium LOCA and loss of sump recirculation due to HPI pump runout caused by 

throttle valve erosion 

0 Large LOCA or Medium LOCA occurs; 
0 Sump recirculation fails due to HPI pump runout caused by throttle valve erosion; and 

* Operator fails to recover.  

Sequence 3 - Small LOCA or Feed-and-Bleed cooling scenario and loss of sump recirculation due to -IIPI 

throttle valve Dluggin• 

* Small LOCA or Feed-and-Bleed scenario occurs; 
* Failure to depressurize reactor coolant system (RCS) and establish residual heat removal (RHR) 

cooling; and 
0 Sump recirculation fails due to HPI throttle valve plugging.  

Sequence 4 - Small LOCA or Feed-and-Bleed cooling scenario and loss of sump recirculation due to HPI 

pump runout caused by throttle valve erosion 

* Small LOCA or Feed-and-bleed scenario occurs; 
0 Failure to depressurize RCS and establish RHR cooling; 
0 Sump recirculation fails due to HPI pump runout caused by throttle valve erosion; and 

0 Operator fails to recover.  

97.3 Frequencies, Probabilities, and Assumptions 

Sequence I - Large or Medium LOCA and loss of sump recirculation due to HPI throttle valve plugin2
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* Large LOCA or Medium LOCA occurs - Rates of Initiating Events at US. Nuclear Power Plants 

1987-1995 (Ref. 3, Table 3.3) indicates that the frequency of a medium or large LOCA is 4.5 x 
105/critical year.  

Sump recirculation fails due to HPI throttle valve plugging - The probability of this failure is 

essentially zero. The throttle valves are expected to be set at 44% open. However, in the "as

found" condition, the throttle valves were set at less than 44 percent open. Based on the 

inspection results presented below, it can be concluded that the charging system throttle valves 

would be susceptible to clogging by design basis sized debris, while the safety injection throttle 

valves would not. Details of the as-found condition of each of the valves is as follows: 

2-SI-141-LI (Charging pipe line.) The valve was about 24% open.  

2-SI-141-L2 (Charging pipe line.) The valve was found about 19% open.  

2-SI-14 1-L3 (Charging pipe line.) The valve was found about 22% open.  

2-SI-141 -L4 (Charging pipe line.) The valve was found 27% open.  

2-SI-121N (Safety Injection pipe line.) The valve was found 41% open.  

2-SI-121S (Safety Injection pipe line.) The valve was found about 41% open.  

Even though the charging system throttle valves were amenable to plugging, the likelihood of 

plugging would be relatively low.  

Although the ECCS throttle valves are required to pass all debris that could potentially travel 

through the containment sump screen, the material most likely to result in throttle valve clogging 

is the heavier, more rigid debris (insulation jacketing, etc.) transported to the sump during the 

LOCA event. The likelihood of this type of material actually reaching the throttle valve internals 

is quite low based on the following: 

Containment Water Transport Velocities: The average approach velocity upstream of the 

sump screen is low, about 0.34 feet per second (fps) at the minimum submergence. This low 

velocity assists in precluding the transport of containment debris to the containment sump.  

Containment Sump Design: The containment sump design forces water entering the ECCS 

suction piping to undergo several directional changes as the water clears the crane wall and 

enters the 18-inch suction piping. These directional changes promote dropout of debris in 

the areas of low velocity. However, buoyant or neutral density particles have a greater 

potential to travel all the way to the injection lines. These less dense particles will typically 

be soft in nature and are less likely to cause clogging of the throttle valves.  
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System Transport Velocity: The velocity in the system piping is low, such that transport of 

any heavy particle is of minimal probability. The velocities in the 18-inch sump suction 
piping are about 9 fps, in the 14-inch RHR piping about 7 fps, and in the 8-inch SI/CC 
piping about 4 fps.  

R- PumR PrfrQnditiQnin : During the recirculation phase of the accident scenario, the 

Residual Heat Removal Pumps take suction from the containment sump and provide the 

suction head for the CC/SI pumps. Therefore, any debris has to pass through the RHR 
pumps prior to reaching either the SI or CC pumps. This further reduces the probability that 
any larger or more rigid debris will reach the SI or CC pumps. This material then must also 

pass through the SI or CC pumps prior to reaching the throttle valves.  

Containment Sump / ECCS Pump Elevation Differential: The RHR pumps are located on 

elevation 573 feet, while the SI pumps sit at elevation 587 feet, approximately 14 feet higher.  

The CC pumps are at elevation 609 feet, or approximately 36 feet higher than the RHR 

Pumps. These elevation differences make it more difficult for a heavy hard particle to 

traverse the vertical distance, and thus the probability of lifting a particle to the pump suction 
and then to the throttle valves is minimal.  

Due to reasons given above, the probability of this event is essentially zero.  

Sequence 2 - Large or Medium LOCA and loss of sump recirculation due to HPI pump runout caused by 

throttle valve erosion 

0 Large LOCA or Medium LOCA occurs - Rates of Initiating Events at U.S. Nuclear Power Plants 

1987-1995 (Ref. 3, Table 3.3) indicates that the frequency of a medium or large LOCA is 4.5 x 
1 05/critical year.  

0 Sump recirculation fails due to HPI pump runout due to throttle valve erosion - Based on 

evidence found on the magnitude of the valve erosion after these valves were used in the ECCS 

system since plant start-up, the probability or valve failure due to erosion over a 24-hour mission 

time is low. There is some uncertainty in this probability due to lack of operating experience.  

The as-found condition of each of the valves was as follows: 

Valve 2-SI-14 1-L 1: No internal valve degradation at seat or body; some degradation was 

found in the pipe line.  

Valve 2-SI-141-L2: Some cavitation degradation was observed on the valve seat near the 

guide ring (degradation was localized with very minor pits); no degradation was found in the 

pipe line
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Valve 2-SI-141-L3: Some cavitation degradation was observed on the valve seat 

(degradation was localized with very minor pits); some degradation was found in the first 

elbow and pipe line downstream of the throttle valve.  

Valve 2-SI-141-L4: no cavitation degradation was observed internal to the valve seat, valve 

body, or pipe lines.  

Valve 2-SI-12 IN, some (minor pits) cavitation degradation was observed on the valve seat, 

no degradation indications were observed in the pipe line, or fittings.  

Valve 2-SI-121S, some cavitation degradation was found at the outlet of the valve, no other 

degradation was found at or near this valve.  

These valves were used in the ECCS system since plant start-up. The systems were tested during 

each refueling outage per technical specification requirements. The cavitation degradation 

observed during inspection occurred during system testing as a result of the highly throttled valve 

plug position. The ECCS pipes at the valve installation location are schedule 160. Per 

Westinghouse Nuclear Safety Advisory Letter (NSAL) 96-001 (Ref. 4) and the Cook field 

inspection results described above, it is believed that the valves could have sustained damage 

during the injection phase of a LOCA, however the degradation would not be great enough to 

cause pump runout. This is based on the fact that the injection phase lasts approximately 38 

minutes using dual train operation and approximately 65 minutes using single train operation 

(Reference: Westinghouse WCAP-15302; SECL-99-076, Rev. 3). This would not be enough 

time to cause degradation sufficient to cause pump runout in comparison to approximately 22 

years of periodic surveillance testing. However, should the valve be used for recirculation during 

post accident operation (assumed to be 100 days), sufficient time may be available to degrade the 

valves and potentially cause pump runout in the SI and CC pumps. For a duration of 

approximately 24 hours, the probability of failure is low. However, due to lack of operating 

experience there is some uncertainty in this estimate.  

S Operator fails to recover - The probability of this failure is unknown. However, in consideration 

of the following, it is expected to be low. In the event of valve failure, there is some likelihood 

that (a) the operators are capable of detecting and (b) recovering from that failure. Based on 

Reference 2, the information relating to detection and recovery of valve erosion is as follows: 

Although there is no direct indication of valve erosion, increased flow through the SI or CC 

injection path at a given RCS back pressure would be indicative of lower resistance in the 

injection path, most likely as a result of valve erosion. Flow indication is available on each 

individual injection line (IFI-51, -52, -53, and -54 in the CC lines and IFI-260 and -266 in 

the SI lines). These flow indicators are not typically read for specific flow rates during an 

emergency, but rather are used to provide gross flow indication, i.e., "flow" or "no-flow" 

readings. However, the existing flow indication should be capable of identifying an overall
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increasing flow trend in the event significant valve erosion was occurring. An increasing 

trend would initiate diagnostic actions by the operators or Emergency Response 
Organization.  

Pump performance could also indicate that the throttle valves have sustained degradation.  

The principal items that would indicate pump distress due to runout would be high motor 

amps. Although this could be caused by factors other than throttle valve erosion, it would 

draw operator attention to the pumps and would initiate diagnostic actions by the Emergency 

Response Organization.  

If operators recognize that pump runout will occur or is about to occur during the 
recirculation phase of operation, they may turn off the SI/CC pumps to avoid damaging 

them. Under these conditions, the reactor coolant system is likely to be depressurized 
(otherwise, cavitation and subsequent throttle valve erosion would not have occurred) and 

therefore an RHR pump would be capable of providing core cooling.  

If operation of the SI and/or CC pumps was deemed necessary to support core cooling, the 

SI and/or CC pumps could be kept in service by throttling one or more motor-operated or 

manual isolation valves in the SI and CC systems. The appropriate actions to take under 

these circumstances would be investigated and implemented by the Emergency Response 
Organization.  

Sequence 3 - Small LOCA or Feed-and-Bleed cooling scenario and loss of sump recirculation due to HPI 

throttle valve vluggin• 

0 Small LOCA or Feed-and-Bleed scenario occurs - Rates of Initiating Events at U.S. Nuclear 

Power Plants 1987-41995 (Ref. 3, Table 3.3) indicates that the frequency of a small LOCAs 

[includes reactor coolant pump (RCP) seal LOCAs, small pipe breaks, and stuck open relief 

valves] is 9.0 x 103/critical year. Ref. 3, Table 3.3 also indicates that the frequency of a loss of 

offsite power is 0.046/critical year; the frequency of a total loss of feedwater flow is 0.085/critical 

year; and the frequency of a total loss of condenser heat sink events (power conversion system) is 

0.12/critical year. This adds up to a total frequency of 0.25/critical year. From the Cook 

standardized plant analysis risk (SPAR) model, the failure probability of the auxiliary feedwater 

(AFW) system is 1.1 x 10'. Therefore, the frequency of feed-and-bleed events requiring 

recirculation is 1.1 x 10' x 0.25, or about 2.7 x I 05/year. Therefore, the total frequency is 

approximately 9.0 x 10"3/year.  

* Failure to depressurize RCS and establish RHR cooling - In the event of a small LOCA or a feed

and-bleed cooling at a pressurized water reactor (PWR), if the RCS can be depressurized using 

secondary heat removal and high pressure injection prior to depleting the refueling water storage 

tank (RWST) inventory, RHR cooling can be established and sump recirculation would not be 

needed. Based on the SPAR model, this analysis used a probability of 0.004 for failing to cool

6



LER No. 315/99-013 

down the RCS and establish RHR cooling after a small LOCA.  

* Sump recirculation fails due to HPI throttle valve plugging - Due to reasons given in Sequence I 

above, the probability of this event is essentially zero.  

Sequence 4 - Small LOCA or Feed-and-Bleed cooling scenario and loss of sump recirculation due to HPI 

pump runout caused by throttle valve erosion 

* Small LOCA or Feed-and-bleed scenario occurs - The frequency of this event is 9.0 x 10"/year.  

See Sequence 3 above for details.  

0 Failure to depressurize RCS and establish RHR cooling - Due to reasons discussed in Sequence 2 

above, a probability of 0.004 is used for this event.  

* Sump recirculation fails due to BPI pump runout caused by throttle valve erosion - Due to 

reasons discussed in Sequence 2, this probability is expected to be low.  

* Operator fails to recover - Due to reasons discussed earlier in Sequence 2, this probability is 

expected to be low.  

97.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with these sequences depend on the resolution of other issues affecting AFW, 

the capability to depressurize, and RHR cooling. To provide perspective on these sequences the 

following information is provided.  

If the resolution of issues results in no significant changes to AFW, RCS depressurization or RHR 

cooling failure probabilities, the change in core damage frequency would be the sum of the following: 

Sequence I - Large or Medium LOCA and loss of sumR recirculation due to HPI throttle valve plugging 

(Frequency of a Large or Medium LOCA: 4.5 x 1 05/critical year) x 

(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 

(Probability sump recirculation failure due to HPI throttle valve plugging: essentially zero) = 3.6 x 10"'x 

a probability that is essentially zero. Since the unknown probability is essentially zero, the change in 

CDF is negligible.  

Sequence 2 - Large or Medium LOCA and loss of sump recirculation due to HPI pump runout caused by 

throttle valve erosion 

(Frequency of a Large or Medium LOCA: 4.5 x 105/critical year) x 

(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 
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(Probability sump recirculation failure due to HPI throttle valve erosion: low) x 

(Probability of operator failing to recover: low) = 3.6 x 1 0- x two low probabilities. Since the two 

unknown probabilities are low, the change in CDF is negligible.  

Sequence 3 - Small LOCA or Feed-and-Bleed cooling scenario and loss of sump recirculation due to HPI 

throttle valve pluggin 

(Frequency of a small LOCA or feed-and-bleed cooling: 9.0 x 103/critical year) x 

(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 

(Probability of failing to depressurize to establish RHR cooling: 0.004) x 

(Probability sump recirculation failure due to HPI throttle valve plugging: essentially zero) = 2.8 x 10' 

/year x a probability that is essentially zero. Since the unknown probability is essentially zero, the change 

in CDF is negligible.  

Sequence 4 - Small LOCA or Feed-and-Bleed cooling scenario and loss of sump recirculation due to HPI 

pump runout caused by throttle valve erosion 

(Frequency of a small LOCA or feed-and-bleed cooling: 9.0 x I 0-critical year) x 

(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x 

(Probability of failing to depressurize to establish RHR cooling: 0.004) x 

(Probability sump recirculation failure due to throttle valve erosion: low) x 

(Probability operator failing to recover: low) = 2.8 x 10-1 /year x two low probabilities. Since the two 

unknown probabilities are low, the change in CDF is negligible.  

The sum of the CDF changes associated with the above sequences is less than 1 x 10'. Therefore, the 

risk significance associated with this issue, on its own, is less than the threshold for a precursor.  

97.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report 315/99-013, "Safety Injection and Centrifugal 

Charging Throttle Valve Cavitation During LOCA Could Lead to ECCS Pump Failure," June 1, 

1999.  

2. Correspondence between Sunil D. Weerakkody, U.S. Nuclear Regulatory Commission, and Rich 

Dziubanski, American Electric Power, February 18, 2000.  

3. J. P. Poloski, et. al., Rates of Initiating Events at U.S. Nuclear Power Plants: 1987-1995, 

NUREG/CR-5750, February 1999.  

4. Nuclear Safety Advisory Letter, "Erosion of Globe Valves in ECCS Throttling Applications," Letter 

Number NSAL-96-001, January 11, 1996.
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98.0 LER No. 50-315/99-016 

Event Description: Technical Specification Requirements for Source Range 

Neutron Flux Monitors Not Met 

Date of Event: June 1999 

Plant: D.C. Cook, Units I and 2 

98.1 Summary of Issue 

On June 15, 1999, with both units in Mode 5 (Cold Shutdown), the Source Range Nuclear 

Instrumentation channels for both units were determined to be inoperable. The Expanded System 

Readiness Review identified that the Technical Specification (TS) 3.3.1.1 and 3.9.2 surveillance tests did 

not verify the Source Range "High Flux at Shutdown" alarm operable. This alarm function is credited in 

the licensing basis for detection and mitigation of a boron dilution event and is required to be operable 

during Modes 3, 4, 5, and 6. An Event Notification System (ENS) report was made in accordance with 

10CFR50.72 as an event that could have prevented fulfillment of the safety function of a system needed 

to mitigate the consequences of an accident (Ref. 1). Subsequently, the high flux alarm was verified as 

operable on each unit on June 17, 1999. The event is described in a licensee event report (Ref. 2).  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

98.2 Modeling and Affected Sequences 

Containment evacuation horns operability is verified by surveillance test. The containment evacuation 

horns and the Source Range "High Flux at Shutdown" alarm share common circuitry. The "High Flux at 

Shutdown" alarm is received but not documented when the containment evacuation horns response to 

high flux signals is verified by the surveillance test. The alarm came in on a channel spike in February 

1999 (Ref. 1). Therefore. the licensee believes that although the source range alarm has not been verified 

for either unit in the past by surveillance tests, the alarm has been functional (Ref. 2).  

Therefore, no core damage sequences will increase in frequency.  

98.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.
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98.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

98.5 References 

1. Cook ENS Report, Event Number (EN) 35825, "High Flux at Shutdown Alarm Not Tested During 

Functional Test," June 15, 1999.  

2. Cook Nuclear Plant Unit 1, Licensee Event Report (LER) 315/99-016, "Technical Specification 

Requirements for Source Range Neutron Flux Monitors Not Met" July 13, 1999.
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99.0 D. C. Cook Inspection Report 50-315/98007; 50-316/98007, Finding 02.3, 
Distributed Ignition System Operations Issues 

Event Description: Operational Status of Distributed Ignition System 

Date of Event: April 1998 

Plant: D.C. Cook, Units I and 2 

99.1 Summary of Issue 

The distributed ignition system (DIS) is a containment combustible gas control (hydrogen mitigation) 
system that consists of two trains of igniters located throughout the containment that can be manually 
actuated for controlled burns of hydrogen gas postulated for degraded core loss-of-coolant accidents 
(LOCAs). The controlled burning approach for degraded cores was jointly developed by owners of 
pressurized water reactors with ice condensers. The bums can be accomplished at combustion 
temperatures and pressures that will not challenge the integrity of the containment structure (Ref. 3).  
Issue #101 of this report addresses surveillance testing of the DIS; this issue addresses operation of the 
system. The sub-issues include an unresolved item and several inspector follow-up items that address 
operability and compliance issues for the DIS. Operability sub-issues include the following (Ref. 1): 

"* The DIS relies on a thermal igniter for initiating hydrogen burning. A drip shield is installed on top 
of each igniter box to deflect containment sprays. The inspectors identified that the drip shield had 
not been fabricated in accordance with the drawing because no canted lip was present on the edge of 
the drip shield (Ref. 1). After the inspectors identified the condition, the licensee subsequently 
returned the DIS box drip shield to the configuration specified in the drawing by bending the lip 
upward 30 degrees (Ref. 2).  

"* Inspectors identified that some DIS igniter boxes in upper containment were installed near 
containment spray (CTS) nozzles. This could cause the impingement of water on the igniters and 
possible flame quenching for boxes within the spray cone. The inspectors identified one DIS box that 
was located within the spray cone, and numerous other boxes that were located such that the spray 
may have impeded flame propagation from the igniter (Ref. 1). The licensee declared the DIS 
inoperable.  

Compliance sub-issues include the following: 

* Inspectors questioned the licensee's position that the DIS was only required for beyond design basis 
accidents (DBA) and therefore was not required to be environmentally qualified (Ref. 1). In a 
follow-up report (Ref. 2), the inspectors agreed with the licensee position that the DIS is only 
required for beyond DBA and that, as such, 10 CFR 50.49 does not require that the DIS be 
environmentally qualified.
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0 Inspectors questioned the licensee's position that the DIS is only required for beyond DBA, and 

therefore questioned the quality requirements for the system under Appendix B of 10 CFR 50 (Ref.  

1). Office of Nuclear Reactor Regulation determined that the DIS is only required for beyond DBA, 

and therefore it does not come under the quality requirements of Appendix B of 10 CFR 50 (Ref. 2).  

* The inspectors stated their position is that the DIS be actuated on receipt of a safety injection signal; 

the licensee's position is that it is neither practical nor necessary to require CTS and DIS actuation 

following a safety injection signal. The licensee's position is that DIS should be operated only when 

there is indication of inadequate core cooling.  

The impact of these issues on the containment performance is dependent upon resolution of other issues 

related to containment systems such as the hydrogen recombiners, ice condensers, and the containment 

spray. This issue, on its own, has negligible impact on the containment performance. Therefore, the 

change in core damage frequency associated with this issue is negligible.  

99.2 Modeling and Affected Sequences 

Hydrogen igniters are not included for mitigation of a DBA because the hydrogen concentration resulting 

from a DBA can be maintained less than the flammability limit using hydrogen recombiners (Ref. 3).  

The DIS is only required for beyond DBA. Containment performance is therefore not compromised 

because: 

Hydrogen recombiners would be available to mitigate the consequences of a DBA; 

The probability of occurrence of a degraded core event that would generate hydrogen in amounts 

requiring the DIS is very low; and 

The DIS consists of two redundant independent trains.  

Therefore, this issue does not affect containment performance. In addition, this issue does not impact 

core damage frequency because: 

(a) The initiating event frequency for LOCAs, losses of offsite power, transients, and anticipated 

transients without scram is not affected; and 

(b) Mitigating system capability is not affected.  

Therefore, no core damage sequences will increase in frequency.
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99.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

99.4 Core Damage Frequency Calculation or the Bounding Calculation 

The impact of these issues on the containment performance is dependent upon resolution of other issues 

related to containment systems such as the hydrogen recombiners, ice condensers, and the containment 

spray. This issue, on its own, has negligible impact on the containment performance. Therefore, the 

change in core damage frequency associated with this issue is negligible.  

99.5 References 

1. Donald C. Cook Units I and 2, NRC Inspection Report 50-315/98007(DRP); 50-316/98007(DRP), 
June 3, 1998.  

2. Donald C. Cook Units 1 and 2, NRC Inspection Report 50-315/99001 (DRP); 50-316/99001 (DRP), 
March 26, 1999.  

3. Indiana Michigan Power Co., "Donald C. Cook Nuclear Plant Units 1 and 2, Technical Specification 

Amendment - Distributed Ignition System," December 3, 1998.
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100.0 D. C. Cook Inspection Report 50-315/98007; 50-316/98007, Finding M1.2, 

Hydrogen Recombiner System Technical Specification Surveillance 

Event Description: Hydrogen Recombiner System Technical Specification 
Surveillance 

Date of Event: April 1998 

Plant: D.C. Cook, Units I and 2 

100.1 Summary of Issue 

Technical Specification 3.6.4.2 requires that two independent containment hydrogen recombiner systems 

be operable during Modes 1 and 2. The hydrogen recombiner is used to prevent containment hydrogen 

from exceeding 4 percent following a postulated loss-of-coolant accident. A series of Technical 

Specification (TS) surveillance requirements has been established to demonstrate the capability of this 

equipment to perform its safety function. In an inspection report (Ref. 1), shortcomings were found in 

performance of surveillances and in surveillance procedures. The issue is that a principal safety barrier, 

the containment, may be degraded. Issues #37, #82, #83, and #84 of this report also address hydrogen 

recombiner issues. This issue deals with two apparent violations: a procedure that caused inconsistent 

performance of TS surveillances, and a failure to correct a previously identified condition regarding pre

conditioning of equipment prior to a surveillance test.  

In the first case, in visual verification of no loose electrical connections within the recombiners, a Unit I 

crew checked the electrical connections within the recombiner enclosure and within the electrical junction 

boxes attached to the recombiner, but the Unit 2 crew checked only the connections within the 

recombiner enclosure. The cause of the different crews' performance was a lack of guidance in the 

surveillance procedure. The procedure did not ensure that all appropriate electrical connections were 

checked.  

In the second case, there was a failure to correct a previously identified condition regarding pre

conditioning prior to a surveillance test. As part of the corrective action to a 1996 violation, the licensee 

performed a review of TS surveillance tests to identify and correct pre-conditioning issues. However, the 

procedure used in 1998 did not ensure that two recombiner heat up tests were properly accomplished.  

The second of two tests was performed shortly after the first test, so that the recombiners had not been 

allowed to cool to ambient temperature between the tests, resulting in invalidating the second test.  

This issue has no impact on the hydrogen recombiner. Therefore, it has no impact on the containment 

performance. Consequently, the change in core damage frequency associated with this issue is negligible 

and the issue has negligible synergistic effects with other issues. Therefore, this issue will be screened 

out from the integrated analysis.
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100.2 Modeling and Affected Sequences 

In the first case, there was a failure to perform a visual verification of no loose connections. There was 

no indication in the report that there were any loose connections, only that there was no verification.  

Therefore, there was no indication that the system would not have performed its safety function.  

In the second case, the second of two surveillance tests was invalidated because the hydrogen 

recombiners were not allowed to cool to ambient temperature after the first test. However, the first test 

required that the recombiners be heated to 1200 degrees F, and the second test to 700 degrees. Therefore, 

the first test alone indicated that the recombiners were functioning correctly. The licensee then combined 

the two tests into one procedure that could meet both TS surveillance requirements.  

As a result, this issue does not affect containment performance. In addition, this issue does not impact 

core damage frequency because: 

(a) The initiating event frequency for LOCAs, losses of offsite power, transients, and anticipated 

transients without scram is not affected; and 

(b) Mitigating system capability is not affected.  

100.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

100.4 Core Damage Frequency Calculation or the Bounding Calculation 

The issue, on its own, has no risk significance since it does not impact the functionality of the hydrogen 

recombiners. Therefore, no core damage sequences will increase in frequency and the containment 

performance will not be affected.  

100.5 References 

1. Donald C. Cook Units I and 2, NRC Inspection Report 50-315/98007(DRP); 50-316/98007(DRP), 

June 3, 1998.
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101.0 D. C. Cook Inspection Report 50-315/98007; 50-316/98007, Finding M1.3 

Event Description: Surveillance Testing for Distributed Ignition System Did Not 

Include Visual Verification or Temperature Measurement 

Date of Event: March 1998 

Plant: D.C. Cook, Units 1 and 2 

101.1 Summary of Issue 

On March 11, 1998, the distributed ignition system (DIS) at Cook was declared inoperable pending 

resolution of questions regarding the adequacy of surveillance testing. Specifically, the licensee 

measured voltage and current of the igniters, but did not perform visual verification of igniter (glow plug) 

energization or measure igniter temperature during the 18-month surveillance (Ref. 1). The DIS is a 

containment combustible gas control (hydrogen mitigation) system that consists of two trains of igniters 

throughout containment that can be manually actuated for controlled burns of hydrogen gas postulated for 

degraded core loss-of-coolant accidents (LOCAs) (Ref. 2). The DIS did not have Technical Specification 

(TS) surveillance requirements (Ref. 1). On December 8, 1998, the licensee submitted a Technical 

Specification Amendment to add a TS for the DIS (Ref. 2). Because of the questions concerning the 

adequacy of the surveillance testing, the issue is that a principal safety barrier, the containment, may be 

degraded.  

This issue has no impact on DIS capability. Therefore, it has no impact on the containment performance.  

Consequently, the change in core damage frequency associated with this issue is negligible and the issue 

has negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.  

101.2 Modeling and Affected Sequences 

The hydrogen igniters are not included for mitigation of a design basis accident (DBA). The hydrogen 

concentration resulting from a DBA can be maintained less than the flammability limit using the 

hydrogen recombiners. The DIS system is required for controlled burning of hydrogen during degraded 

core LOCA events during operation in Modes I and 2. Confidence in system operability is demonstrated 

by surveillance testing. Igniter temperature measurement can only be performed during shutdown.  

Under the TS amendment, testing will confirm the ability of each igniter to obtain a surface temperature 

of at least 1700 degrees F every 18 months. According to the licensee, test experience indicates that 

individual igniter failures are generally total failures and do not involve the inability to reach the required 

temperature when an igniter is drawing normal amperage. This observed failure mode provides 

reasonable confidence that an igniter failing to reach the required temperature would also be detected by 

reduced group current measurement during the Mode I surveillance (Ref. 2). Therefore, measurement of
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104.0 LER No. 50-315/99-003 

Event Description: Control Room Pressurization System Surveillance Test Does 
Not Test System in Normal Operating Condition 

Date of Event: January 1999 

Plant: D.C. Cook, Units 1 and 2 

104.1 Summary of Issue 

On January 7, 1999, it was identified that Technical Specification (TS) surveillance procedure "Control 

Room Emergency Ventilation Test" did not test the control room pressurization system in the normal 

operating control room pressure boundary configuration. Control room pressure boundary door 415, 

which is common to both the Unit I and Unit 2 control room pressure boundaries, and which is normally 

open during plant operation, was closed for performance of the test. TS 4.7.5.1.e.3 is intended to verify 

that the pressurization system will maintain a positive control room pressure during a postulated accident 

to prevent radioactive material and/or contamination released during a postulated accident from entering 

the control room pressure boundary. However, since the test was conducted with Door 415 closed, which 

is not the plant condition expected to exist in the event of a postulated accident, verification of the 

systems' ability to perform its intended safety function was not accomplished. The safety consequences 

resulting from the door remaining open during a postulated accident could potentially result in control 

room operator doses in excess of 10 CFR 50 Appendix A, General Design Criteria (GDC) 19 limits. The 

event is described in a licensee event report (Ref. 1).  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

104.2 Modeling and Affected Sequences 

With both units in Mode I through 4, if a loss-of-coolant accident (LOCA) occurred in one unit, the 

safety injection (SI) signal would initiate the control room ventilation system in both units. During this 

operating scenario, both the Unit I and Unit 2 control room pressure boundaries would be pressurized.  

As a result, the dose consequences of having Door 415 open would be minimal, since the pressurization 

of either control room would not be compromised. However, if one unit's control room ventilation 

system is inoperable, or for accidents other than LOCAs, an event could result in operator doses greater 

than GDC 19 limits. At the time the condition was identified, both Unil and Unit 2 were in Mode 5 (cold 

shutdown) and neither control room pressurization system had been called upon to perform its safety 

function. Therefore, no dose consequences existed.

1
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Although no automatic closure signals exist that would cause the door to close in the event of a control 

room pressurization system actuation, and no instruction exists which would instruct the operators to 

manually close the door during a postulated accident, the door is equipped with an electrical release 

mechanism which automatically signals the door to close in the event of a fire. Therefore, this issue has 

no risk significance with respect to fire events.  

This issue affects control room operator doses during accidents that release radioactive gases and/or 

contamination outside of containment, but does not impact core damage frequency because: 

(a) The initiating event frequency for postulated accidents is not affected; 

(b) Mitigating system capability is not affected; and 

(c) Containment performance is not affected.  

Therefore, no core damage sequences will increase in frequency.  

104.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

104.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

104.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report (LER) 315/99-003, "Control Room Pressurization 

System Surveillance Test Does Not Test System in Normal Operating Condition" February 24, 1999.
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105.0 LER No. 315/99-007 

Event Description: Divider Barrier Between Upper and Lower Containment 

Volumes May be Overstressed 

Date of Event: October 20, 1998 

Plant: D.C. Cook, Unit 1 

105.1 Summary of Issue 

According to Reference 1, on October 20, 1998, the licensee determined that a postulated steam line 

break could result in calculated stresses exceeding the code allowable stresses for the Unit 1 steam 

generator enclosures. These enclosures are made of reinforced concrete and they form part of the divider 

barrier between the upper and lower containment volumes. Overstressed conditions in these enclosures 

could allow increased steam bypass flow around the ice condensers, which could result in higher than 

expected containment pressure.  

The change in core damage frequency associated with this issue is dependent upon resolution of the 

issues affecting auxiliary feedwater (AFW), reactor coolant depressurization capability, and sump 

recirculation capabilities. The risk significance of this issue, on its own, is less than the threshold for a 

precursor.  

105.2 Modeling and Affected Sequences 

The issue has the potential'to affect core damage sequences associated with a main steam line break 

inside the containment.  

In the event of a main steam line break inside the containment, the reactor will be stabilized by (a) 

injecting into the core to prevent core uncovery due to overcooling, (b) isolating the break, and (c) 

cooling down the reactor with the AFW system. If the AFW system fails, then primary feed-and-bleed 

cooling will be used to remove decay heat. If primary feed-and-bleed cooling is used and the reactor is 

not taken to cold shutdown before using all of the water in the refueling water storage tank (RWST), then 

sump recirculation is needed. After the main steam line break, due to overstressing of the containment 

enclosures, steam may bypass the ice condenser. This may cause the containment pressure to exceed its 

failure pressure, leading to loss of containment integrity. As a result, sump recirculation may fail. The 

sequence of interest is: 

"* Main steam line break inside containment occurs; 

"* Auxiliary feedwater fails;
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"* Successful feed-and-bleed cooling; 

"* Sump recirculation demanded prior to establishing RI-IR cooling; and 

"* Sump recirculation fails due to failure of containment integrity (caused by containment pressure 

exceeding the containment failure pressure).  

105.3 Frequencies, Probabilities, and Assumptions 

" Main steam line break inside containment occurs - Based on Reference 2, this frequency is 1 x 10 
3/critical year. Note that this was calculated using the Bayes method using zero events. That is, there 

were no actual main steam line breaks reported.  

"* Auxiliary feedwater fails - Using the Cook Standardized Plant Analysis Risk (SPAR) model, the 

probability of AFW failure is 1.1 x 10'.  

"* Successful feed-and-bleed cooling - Using the Cook SPAR model, the probability of feed-and-bleed 

cooling success is 0.97.  

" Sump recirculation demanded prior to establishing RHR cooling - Operating experience has shown 

that during most small LOCAs, sump recirculation is not needed. During six small LOCA events that 

occurred in the past, none required the use of sump recirculation. Using the Bayes method and 

Jeffrey's non-informative prior, a probability of 0.08 is used, based on 2 event on 6 demands. Since 

controlled bleeding is performed using PORVs, this probability is a reasonable value for feed-and

bleed cooling scenarios as well (See section 27.3 of Issue #27 writeup for additional details on this 

probability).  

"* Sump recirculation fails due to failure of containment integrity (caused by containment pressure 

exceeding the containment failure pressure) - The D. C. Cook containment design basis criterion is 12 

psig. The UFSAR states that the maximum calculated pressure for various postulated design basis 

accident scenarios is 11.49 psig (Ref. 4, Section 14.3.4.1.3.1). The failure pressure of the 

containment is much greater than the design pressure of 12 psig, based on the D. C. Cook Individual 

Plant Examination (IPE) (Ref. 3, Section 4.2.1). The IPE reports that the high condition low 

probability failure limit for the containment is 36 psig. That is, there is 95% confidence that at 36 

psig the probability of containment failure is less than 5%. According to Figure 4.2-1 in the Cook 

IPE, the containment failure probability is near zero at peak pressures less than about 30 psig.  

Further, the licensee reported in a letter to the former Atomic Energy Commission dated July 24, 

1973, that the containment for Unit I was subjected to an internal pressure of 16.1 psig during a 

containment integrity check in 1973 with no evidence of damage to the integrity of the containment.  

Based on this information, an increase of containment pressure by several psigs has essentially no 

impact on the containment performance.
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105.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the sequence depends on the resolution of other issues affecting the AFW 

and sump recirculation capabilities. To provide perspective on this sequence the following information is 
provided.  

If the resolution of other issues results in no significant changes to the AFW and sump recirculation 

failure probabilities, the change in core damage frequency would be: 

(Frequency of main steam line break: 1 x 1 03/critical year ) x 
(Criticality factor: 0.79 critical year/reactor calendar year) x 
(Probability of AFW failure: 1.1 x 10) x 
(Probability of feed-and-bleed cooling success: 0.97) x 
(Probability of needing sump recirculation: 0.08) x 
(Probability of containment failure: negligible) = 6.7 x 101 x (a negligible probability)/year.  

Therefore, the risk significance of this issue, on its own, is less than the threshold for a precursor.  

105.5 References 

1. LER No. 315/99-007, "Calculations Show that the Divider Barrier Between Upper and Lower 

Containment Volumes May be Overstressed," April 1, 1999.  

2. J. P. Poloski, et. al., Rates of Initiating Events at U.S. Nuclear Power Plants: 1987-1995, 

NUREG/CR-5750, February 1999.  

3. Donald C. Cook Nuclear Plant, Units I and 2, Individual Plant Examination, Revision 1, October 

1995.  

4. Donald C. Cook Nuclear Plant, Units 1 and 2, Updated Final Safety Analysis Report.
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106.0 LER No. 50-315/99-010 

Event Description: Reactor Coolant System Leak Detection System Sensitivity 
Not in Accordance with Design Requirements 

Date of Event: April 1999 

Plant: D.C. Cook, Units 1 and 2 

106.1 Summary of Issue 

On April 1, 1999, it was concluded that the containment sump level and flow monitoring subsystem of 

the reactor coolant system (RCS) leakage detection system is not consistent with the design 
recommendations of Regulatory Guide 1.45. The system is therefore not consistent with Technical 
Specification Bases 3/4.4.6.1, Leakage Detection System, since the subsystem's sensitivity and response 
time are not capable of detecting a change in leakage rate of one gpm in one hour or less. The system 

was declared inoperable on April 23, 1999. The condition has existed for the life of the plant and is 

applicable to both units. This event was reportable as an operation prohibited by the plant's Technical 

Specifications, and is described in a Cook licensee event report (Ref. 1). The issue is that a principal 

safety barrier, the reactor coolant system pressure boundary, may be degraded 

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 
analysis.  

106.2 Modeling and Affected Sequences 

Although the containment sump level flow monitoring subsystem sensitivity is not consistent with the 

recommendations of Regulatory Guide 1.45, the plant maintained the ability to detect and respond to a 

leak (Ref. 1). The RCS leak detection system includes not only the containment sump flow and level 

monitoring subsystem, but also includes containment air particulate and containment radiogas monitors 

and humidity detection instrumentation. In addition, an increase in the amount of coolant make-up water, 

which is required to maintain normal level in the pressurizer, will be indicated by an increase in charging 

flow or change in volume control tank level. The air particulate and gaseous activity monitors are 

verified operable each shift by a source and a channel check. Operability of the humidity monitor is 

verified by a channel check each shift. Channel calibrations are performed at least once per 18 months.  

RCS leakage in Modes 1-4 is also monitored by periodic inventory balances at least once per 72 hours 

during operation (Ref. 1).  

Generic Letter (GL) 84-04 states that any postulated flaw can be detected prior to propagation around the 

circumference of a pipe, provided sufficient leak detection capability is provided. Sufficient leak 

detection capability is defined by GL 84-04 as at least one leakage detection system with a sensitivity 
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capable of detecting one gpm in four hours. Both containment air particulate monitors and the 

containment humidity monitor have the appropriate sensitivity (Ref. 1). Since the requisite leak detection 

capability was maintained, there was no adverse impact on RCS pressure boundary integrity.  

Although this issue may have impacted a principal safety barrier, the RCS pressure boundary, this issue 

does not impact core damage frequency because: 

(a) The initiating event frequency for LOCAs, losses of offsite power, transients, and anticipated 

transients without scram is not affected; 

(b) Mitigating system capability is not affected; and 

(c) Containment performance is not affected.  

Therefore, no core damage sequences will increase in frequency.  

106.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

106.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

106.5 References 

1. LER 315/99-010, "Reactor Coolant System Leak Detection System Sensitivity Not in Accordance 

with Design Requirements," May 3, 1999.
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108.0 LER No. 315/99-014 

Event Description: Requirements of Technical Specification 4.0.5 Not Met for 
Boron Injection Tank Bolting 

Date of Event: May 21, 1999 

Plant: D.C. Cook, Units 1 and 2 

108.1 Summary of Issue 

According to Reference 1, on May 21, 1999, the licensee determined that the Boron Injection Tank (BIT) 

manway bolts were not included in the ISI Program, creating a missed examination for the previous ISI 

interval. The bolts were being reviewed for surveillance requirements for replacement of two bolts that 

were identified with no markings by the System Engineer while performing an Expanded System 

Readiness Review walkdown. Pressure retaining bolting greater than 2 inches in diameter is required to 

be volumetrically examined once each ISI interval per the 1989 ASME Section XI Code. The bolting on 

the Boron Injection Tank manway is 2-1/2 inches in diameter and as such is required to be in the ISI 

Program. This condition was found to exist on both units. Based on the System Engineer's walkdown 

identifying no degraded BIT manway bolts and a work history of no bolt failures, it has been determined 

that the failure to perform BIT manway bolting examinations for the previous ISI intervals had minimal 

impact on the safe operation of either unit.  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

108.2 Modeling and Affected Sequences 

Since the System Engineer's walkdown did not identify any degraded BIT manway bolts and the work 

history did not show any bolt failures, even though the technical specification requirements were not met, 

the functionality of the bolts was not affected. Therefore, no core damage sequences are impacted by this 

change. The containment performance is also not affected.  

108.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.



LER No. 315/99-014 

108.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

108.5 References 

1. LER 315/99-014, "Requirements of Technical Specification 4.0.5 Not Met for Boron Injection Tank 

Bolting," June 18, 1999.
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109.0 LER No. 316/99-001 

Event Description: Degraded Component Cooling Water Flow to Containment 
Main Steam Line Penetrations 

Date of Event: February 26, 1999 

Plant: D.C. Cook, Unit 2 

109.1 Summary of Issue 

According to Reference 1, on February 26, 1999, the licensee identified that power operation was 

permitted in June 1996 with degraded component cooling water (CCW) flow to the coolers for 

containment penetrations 2-CPN-3 and 2-CPN-4. The main steam headers for steam generators 22 and 

23 pass through these penetrations. Operating with the degraded CCW to these coolers may have 

resulted in excessive thermal stress on the penetration sleeves/liners.  

The effect on containment integrity associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue is screened out from the integrated analysis.  

109.2 Affected Containment Failure Modes 

The Updated Final Safety Analysis Report (UFSAR) (Ref. 2) of Cook credits the penetration coolers for 

maintaining the temperature of adjacent concrete less than 150 degrees F. At the time of the event, 

containment exterior surface concrete temperatures were measured at a maximum of 155 degrees F.  

Additional investigations to assess potential degradation to the concrete liners and sleeves at these 

penetrations are ongoing.  

Since additional investigations are ongoing, the magnitude of the degraded condition is still unknown.  

However, based on the information available to date this issue is not expected be a risk-significant: 

"* Even if a degraded condition existed, there is essentially zero impact on core damage sequences. The 

impact would be limited to an increase in the probability of containment integrity failure due to a 

degraded penetration.  

" The measured temperature at the penetration exceeded the design temperature by only several 

degrees F. Therefore, in consideration of typical safety factors incorporated into designs, the increase 

in the containment failure probability due to a small increase in the penetration temperature increase 

is negligible.
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109.3 Effect on Containment Failure 

Since the impact on the containment failure due to loss of integrity is negligible, this issue is not 

considered as a risk-significant containment issue.  

In addition, this issue does not impact core damage frequency because: 

(a) The initiating event frequency for LOCAs, losses of offsite power, transients, and anticipated 

transients without scram is not affected; and 

(b) Mitigating system capability is not affected.  

Therefore, no core damage sequences will increase in frequency.  

109.4 References 

1. LER 316/99-001, "Degraded Component Cooling Water Flow to Containment Main Steam Line 

Penetrations," March 29, 1999.  

2. "Updated Final Safety Analysis Report, Donald C. Cook Nuclear Plant, Units 1 and 2," Indiana 

Michigan Power Company, USNRC Docket Nos. 50-315 and 316.
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110.0 LER No. 50-316/99-002 

Event Description: Requirements of Technical Specification 4.0.5 Not Met Due to 

Improperly Performed Test 

Date of Event: April 1996 

Plant: D.C. Cook, Unit 2 

110.1 Summary of Issue 

On April 15, 1996, with Unit 2 in Mode 6, the containment sump pump discharge piping at containment 

penetration 2-CPN-41 was pressurized for approximately one minute to perform an Inservice Inspection 

(ISI) system functional pressure test. ASME Code, Section XI required the line to be pressurized for at 

least ten minutes for the test. At the time, the one-minute test was considered an acceptable alternative to 

the ten-minute test. On April 9, 1999, this was identified as an incorrect test method, which did not meet 

the requirements of the surveillance. Since the requirements of Technical Specification 4.0.5 were not 

met, this event was reportable as an operation prohibited by the plant's Technical Specifications. The 

condition above is described in a Cook licensee event report (Ref. 1). The issue is that a principal safety 

barrier, the containment, may be degraded 

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

110.2 Modeling and Affected Sequences 

Since Appendix J test results from earlier in the same Inservice Inspection interval verified that the 

penetration was acceptable, and the penetration does not have a history of work requests that would 

indicate leakage problems, the licensee determined that containment integrity was not compromised by 

the incorrectly performed test.  

This issue may affect containment integrity during normal operations, but does not impact core damage 

frequency because: 

(a) The initiating event frequency for LOCAs, loss of offsite power, transients, and anticipated transient 

without scram is not affected; and 

(b) Mitigating system capability is not affected.  

Therefore, no core damage sequences will increase in frequency.  

1
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110.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

110.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 
to be zero.  

110.5 References 

1. LER 316/99-002, "Requirements of Technical Specification 4.0.5 Not Met Due to Improperly 
Performed Test" May 10, 1999.
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112.0 LER No. 50-315/99-015 

Event Description: Radiation Monitoring System Not Tested in Accordance with 
Technical Specification Surveillance Requirements 

Date of Event: April 1999 

Plant: D.C. Cook, Units 1 and 2 

112.1 Summary of Issue 

On April 8, 1999, during performance of the Expanded Readiness Review for the Radiation Monitoring 

System (RMS), it was identified that the Eberline RMS radiation monitor channel functional test 

methodology does not meet the intent of Technical Specifications and Offsite Dose Calculation Manual 

(ODCM) surveillance requirements. Channel functional testing was determined to be in non-compliance 

with the TS and OCDM. Subsequent evaluation also identified the RMS calibration procedure to be 

inadequate. As a result, concerns arose regarding the RMS radiation monitors' ability to perform their 

indication, alarm, and isolation functions. The conditions have existed since the Eberline radiation 

monitors were installed in 1982 and are applicable to both units. This event was reportable as an 

operation prohibited by the plant's Technical Specifications, and is described in a Cook licensee event 

report (Ref. I). The issue is that a principal safety barrier, the containment, may be degraded 

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 
analysis.  

112.2 Modeling and Affected Sequences 

Although the RMS channel functional testing was not performed in accordance with TS requirements, the 

licensee is confident the monitors would have functioned as designed. The existing surveillance test 

procedures do test all portions of the individual circuits and provide sufficient overlap. This provides 

assurance that the monitor circuit, from input signal to detector, is functioning. In addition to channel 

functional testing, a source check of each monitor channel is routinely performed. Also, offsite dose 

calculations for routine releases are made using grab samples of the process effluents.  

This issue does not impact core damage frequency because: 

(a) The initiating event frequency for LOCAs, losses of offsite power, transients, and anticipated 

transients without scram is not affected; and 

(b) Mitigating system capability is not affected.
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Therefore, no core damage sequences will increase in frequency.  

112.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

112.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 
to be zero.  

112.5 References 

1. LER 315/99-015, "Radiation Monitoring System Not Tested in Accordance with Technical 
Specification Surveillance Requirements" July 1, 1999.
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115.0 LER No. 315-99-022 

Event Description: Electrical bus degraded voltage setpoints too low for safety

related loads 

Date of Event: June 9, 1999 

Plant: D. C. Cook, Units 1 and 2 

115.1 Summary of Issue 

During performance of preliminary electrical load flow analyses, station personnel discovered that the 

technical specifications for 4160 VAC electrical bus degraded voltage lower allowable limit may be too 

low to ensure adequate voltage for some of the 600 VAC and 120 VAC safety-related loads during Mode 

1, power operations, through Mode 4, hot shutdown (Ref. 1). The voltages at the terminals of certain 600 

VAC safety-related loads on buses 1 1A/B/C/D and 21 A/B/C/D, and certain 120 VAC loads, may be 

inadequate to allow starting the loads, or the loads may fail while operating due to low voltage.  

The scenario whereby the 600 VAC and 120 VAC safety-related loads may not receive adequate voltage 

is postulated to occur during degraded grid voltage conditions where the voltage on the grid remains 

above the degraded grid voltage relay trip setpoint, but below the voltage needed for equipment 

operation. Sustained degraded offsite power grid voltage could result in inadequate voltage to the safety

related loads, their control circuitry, and the associated electrical components required for performing 

safety functions.  

An evaluation of the electrical distribution system identified that the technical specifications 4160 VAC 

degraded grid voltage relay lower allowable limit of 86 percent of 4160 VAC may not be adequate to 

protect connected motors at downstream 600 VAC and 120 VAC buses. The degraded voltage condition 

allowed by the technical specifications and the postulated voltage drops in downstream cables and 

stepdown transformers from the 4160 VAC buses to the safety-related components connected to the 600 

VAC motor-control center (MCC) busses could result in an MCC bus voltage of about 460 VAC.  

The National Electrical Manufacturers Association (NEMA) recommends that motors be maintained at 

greater than 90 percent of their nameplate rating (i.e., 90 percent of 575 VAC = 517.5 VAC) at the 

equipment terminals for proper operation. Therefore, the potential exists that some of the safety-related 

equipment connected to the 600 VAC buses, and, consequently, the 120 VAC buses, may not be able to 

perform its safety functions. The LER indicated that this condition does not impact all 600 VAC and 120 

VAC safety-related equipment. Further, a complete evaluation of the specific equipment affected was not 

planned by the licensee.  

Additional information from the licensee (Ref. 2) indicated that in the as-found condition, under degraded 

voltages allowed by technical specifications, motor loads on the 4160 VAC buses would have adequate 
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voltage to operate auxiliary feedwater (AFW) and high pressure safety injection (HPSI) pumps under the 

worst case assumed conditions postulated in the preliminary electrical load flow analysis. This analysis 

assumed (1) Unit 1 reactor trip from full power, (2) large break loss-of-coolant accident at Unit 1, (3) 

Unit 2 shutdown, (4) offsite grid at the postulated minimum degraded grid condition, and (5) steady state 

loading. Extrapolated voltage data from the preliminary analysis indicates that the voltage at the two 

safety-related 4160 VAC rated buses are 85.3% and 87.7% (3548 VAC and 3648 VAC, respectively).  

With the pumps rated at 90 percent of their nameplate rating at 4000 VAC or 3600 VAC, the postulated 

degraded voltages at these pumps would be slightly below its minimum rating (by 52 volts) of one bus 

and above its minimum rating for the other bus.  

The change in core damage frequency associated with this issue is dependent upon resolution of issues 

associated with AFW, and AFW cross-tie capability. The risk significance of this issue, on its own, is 

below the threshold for a precurosr.  

115.2 Modeling and Affected Sequences 

For this postulated event to occur, the electrical grid voltage would have to be degraded to a point slightly 

above the degraded voltage trip setpoint and sustained at that level. There are two sources of failures for 

this condition: internal and external. With respect to internal sources of failures, the breaker and 

protection scheme at D. C. Cook is such that any bus faults or shorts affecting the buses would be cleared 

in fewer than two seconds (Ref. 1). The most credible external failure that would produce this condition 

would be system-wide grid degradation.  

The sequences that could lead to core damage following the populated degraded grid condition would 

require the failure of core heat removal capabilities following a reactor shutdown, such as the AFW 

system, residual heat removal system, and feed-and-bleed cooling. With the exception of the turbine

driven AFW train, which relies on steam and dc power, and the AFW and HPSI pumps, motor-operated 

valves in these core heat removal systems must fail due to the low voltage conditions during the line-up 

and startup of the valves.  

Therefore, the following accident sequence is of interest: 

"* A sustained degraded grid condition at a switchyard voltage within some interval slightly above the 

degraded voltage trip setpoint; 

"* Degraded voltage condition causes a reactor trip with isolation of the main feedwater system; 

"* AFW system fails due to random equipment failures; 

"* Motor-driven AFW train cross-tied from the other unit fails; and
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0 Feed-and-bleed cooling capability fails due to insufficient starting voltages for the high pressure 

injection system motor-operated valves.  

115.3 Frequencies, Probabilities, and Assumptions 

"* A sustained degraded grid condition - A sustained degraded voltage at most plants will result in the 

start and load of emergency diesel generators (EDGs) after a degraded voltage time delay (typically 

two minutes). At the D. C. Cook plants, the degraded voltage trip setpoint was set much lower-86%.  

Degraded grid events at nuclear power plants from the U.S. operating experience would have resulted 

in a loss of offsite power to the safety-related buses. Evaluation of Loss of Offsite Power Events at 

Nuclear Power Plants: 1980-1996 (Ref. 3) identified only two losses of offsite power events relating 

to degraded grid voltage conditions. These two events involved brownout conditions at Rancho Seco 

in the summer of 1981. Although, the conditions that resulted in these two events may not be 

applicable to the Cook site, using the industry-wide operating experience (i.e., 2 events in 1065 site 

years) is more realistic than limiting the operation experience at the Cook site (i.e., 0 events in 25 site 

years). Using a Bayes updated distribution with a Jeffery's non-informative prior, the frequency of a 

degraded grid condition is 2.3 x 103/site year (=2.5/1065).  

The probability that the switchyard voltage falls within the critical interval slightly above the 86% 

degraded voltage trip setpoint is difficult to estimate. The critical voltage interval is not known.  

Further, the probability that the degraded voltage level will fall within this critical voltage interval 

given a degraded grid condition is not known. Therefore, given these unknowns, it is conservatively 

assumed that the probability that a degraded grid event with a sustained grid/switchyard voltage 

within the critical range was assumed to be 1.0 (upper-bound).  

"* Degraded voltage condition causes a reactor trip with isolation of the main feedwater system - For 

conservatism, it was assumed that the degraded voltage conditions to non-safety-related balance-of

plant buses will cause a transient in the secondary plant that causes a reactor trip and loss of main 

feedwater. Therefore, it was assumed that this probability is 1.0.  

" AFW system fails due to random equipment failures - The turbine-driven AFW train relies on steam 

and dc power to motor-operated valves in the train (Ref. 4). All valves that are required for AFW 

initiation are already open in standby readiness (Ref. 5). Therefore, the degraded voltage conditions 

at the 600 VAC motor control centers will not affect AFW system initiation. The AFW system 

failure probability from the Cook standardized plant analysis risk (SPAR) model is 1.1 x 10'.  

"* Motor-driven AFW train cross-tied from the other unit fails - A cross-tie between units is provided 

between the east motor-driven AFW pump discharge isolation and check valves. This line, normally 

isolated by locked closed valve, FW-129, provides the ability for one unit's east AFW pump to 

supply the opposite unit's steam generators normally supplied by the west motor-driven pump and 

vice versa. From the Cook individual plant examination (Ref. 6), the human failure event probability 

for establishing the cross-tie from the other unit is 0.098. From the Cook SPAR model, the failure 
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probability of a motor-driven AFW pump train is 0.0043. Therefore, the probability of failure of the 
motor-driven AFW train from the other unit is approximately 0.1. (=0.098 +0.0043).  

0 Feed-and- bleed cooling capability fails due to insufficient starting voltages for the high pressure 
injection system motor-operated valves. For conservatism, the probability of this failure is 1.0.  

115.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequency associated with the sequence depends on the resolution of issues affecting the AFW 
system. To provide perspective on these sequences the following information is provided.  

If resolution of issues results in no significant changes to the turbine-driven AFW train failure 
probability, the change in core damage frequency would be: 

(Frequency of a sustained degraded grid condition: 2.3 x 103/year) x 
(Conditional probability of a reactor trip with loss of main feedwater 

given a degraded voltage condition: 1.0) x 
(Probability of AFW system failure: 1.1 x 10") x 
(Probability that AFW cross-tie from the other unit fails: 0.1) 
(Probability of bleed and feed cooling failure: 1.0) = 2.5 x 10-/yr.  

Therefore, the risk significance of this issue is below the threshold for a precursor.  

115.5 References 

1. LER 315/99-022, Rev. 0, "Electrical Bus Degraded Voltage Setpoints Too Low for Safety Related 
Loads," September 17, 1999.  

2. Correspondence between licensee and Sunil Weerakkody (NRC) dated February 11, 2000.  

3. C. L. Atwood, et. al., Evaluation of Loss of Offsite Power Events at Nuclear Power Plants: 1980
1996, NUREG/CR-5496, November 1998.  

4. Donald C. Cook Nuclear Power Plant, Units I and 2, Updated Final Safety Analysis Report.  

5. Correspondence between the senior resident inspector and Sunil Weerakkody (NRC), February 2000.  

6. Donald C. Cook Nuclear Plant Units I and 2, Individual Plant Examination, Revision 1, October 

1995.
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116.0 LER No. 50-315/99-019 

Event Description: Victoreen Containment High Range Radiation Monitors Not 
Environmentally Qualified to Withstand Post-LOCA 
Conditions 

Date of Event: July 1999 

Plant: D.C. Cook, Units 1 and 2 

116.1 Summary of Issue 

On May 21, 1999, during an Environmental Qualification (EQ) program self-assessment, preliminary 

review identified that the containment high range radiation monitors (HRRMs) may not be 

environmentally qualified to withstand the effects of a loss-of-coolant accident (LOCA). D.C. Cook's 

evaluation of NRC Information Notice (IN) 97-45, "Environmental Qualification Deficiency for Cables 

and Containment Penetration Pigtails," failed to adequately address the susceptibility of the containment 

HRRMs to moisture intrusion. IN 97-45 identified that electrical signal cables and connectors found in 

HRRMs are sensitive to moisture effects, such as from a LOCA or pipe break event. Industry events 

have identified that moisture intrusion has resulted in loss of HRRM function. Based on the continued 

evaluation of the EQ deficiencies, the Unit I and 2 HRRMs were declared inoperable on July 16, 1999 

(Reference 1).  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

116.2 Modeling and Affected Sequences 

The subject radiation monitors provide indication of containment radiation levels during post-LOCA 

conditions and are utilized in assessing possible core damage. Although the identified EQ deficiencies 

would render the HRRMs inoperable following a LOCA, alternative means of performing this function 

exist through other post-accident monitoring instrumentation. This includes the post-accident monitoring 

system and the post-accident grab sample pallet. The HRRMs do not have a mitigating system function.  

This issue does not impact core damage frequency because: 

(a) The initiating event frequency for LOCAs, losses of offsite power, transients, and anticipated 

transients without scram is not affected; and 

(b) Mitigating system capability is not affected.
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In addition, containment performance is not affected.  

Therefore, no core damage sequences will increase in frequency.  

116.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

116.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

116.5 References 

1. LER 315/99-019, "Victoreen Containment High Range Radiation Monitors Not Environmentally 

Qualified to Withstand Post-LOCA Conditions," August 16, 1999.
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117.0 LER No. 50-315/99-021 

Event Description: Generic Letter 96-01 Test Requirements Not Met in 
Surveillance Tests 

Date of Event: July 28, 1999 

Plant: D.C. Cook, Units I and 2 

117.1 Summary of Issue 

Generic Letter (GL) 96-01 required that surveillance procedures that test logic circuits that are required to 

perform a safety function or whose failure could affect a safety function be reviewed to assure that 

adequate overlap testing is being performed to meet T/S requirements. The Reactor Protection System 
(RPS), Engineered Safety Feature Actuation System (ESF) and Emergency Diesel Generator (EDG) load 
shed and sequencing circuits are systems specifically addressed in GL 96-01. Surveillance testing of 
automatic actuation logic circuits of system functions credited in the accident analysis with surveillance 
requirements in the T/S is also addressed in GL 96-01. Though D.C. Cook documented completion of its 

implementation of GL 96-01 test requirements to the Nuclear Regulatory Commission (NRC) in October 
1997, a third party review and an in depth independent review identified several discrepancies. The 

following relays were found to be non-conforming: 

"* Solid State Protection System (SSPS) permissive input relays; 

"* Engineered Safeguards System (ESS) voltage available relays; and 

"* Emergency Diesel Generator (EDG) breaker trip and blocking relays.  

In addition, the Control Room Ventilation System (CRVS), which is designed to go into recirculation 

mode on a high radiation signal from the control room radiation monitor to maintain radiological 

conditions during normal and design basis accident conditions, was identified as being required to meet 

the requirements of GL 96-01. The licensee's independent GL 96-01 review identified that the CRVS 

does not have a surveillance procedure to test the system on a control room high radiation signal.  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 
analysis.  

117.2 Modeling and Affected Sequences 

The issue is screened out on the basis of the following:
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"* The issue points to inadequate testing of a set of relays. It does not provide any evidence to show that 

components that were not adequately tested were in a failed condition.  

"* Tests performed after the issue was discovered have not revealed failed components. Even though 

these tests do not meet the complete requirements of GL 96-0 1, the successful completion of these 

tests provided confidence on the functionality of the non-conforming systems.  

"* The likelihood of the need for the non-conforming relays to function and/or the consequences of their 

failure are not significant (See discussions on each of the non-conformances below).  

Therefore, no core damage sequences will increase in frequency.  

Existing surveillance tests do not test the SSPS input relays associated with the P-6, P-1 I and P-12 

permissive signals as required by GL 96-01. Their functions and the consequence of their failure are as 

follows: 

SSPS permissive P-6 
The SSPS permissive P-6 permits a manual block of source range high flux level reactor trip when 1 of 2 

intermediate range channels is greater than or equal to the setpoint. These relays have no role during 

normal operation or after an accident. Therefore, their failure does not affect any initiating frequencies, 

core damage mitigating system failure probabilities, or containment performance.  

SSPS permissive P-I I 
Permissive P-Il permits a manual block of a safety injection signal (SI) when 2 of 3 pressurizer channels 

are less than or equal to the low pressure setpoint. The permissive reset prevents a manual block of a 

safety injection when 2 of 3 pressurizer channels are greater than or equal to the low pressure setpoint.  

The manual block of SI capability is used by the operators to prevent receiving a safety injection signal 

when they cool down the reactor coolant system (RCS). Therefore, its failure does not affect any 

initiating frequencies, core damage mitigating system failure probabilities, or containment performance.  

SSPS permissive P-12 
Permissive P-12 permits a manual block of the safety injection signal on low steam line pressure and 

causes steam line isolation on high steam flow. The permissive reset prevents a manual block of the 

safety injection signal on low steam pressure and steam line isolation on high steam flow. The manual 

block of SI capability is used by the operators to prevent receiving a safety injection signal when they 

cool down the RCS. Therefore, its failure does not affect any initiating frequencies, core damage 

mitigating system failure probabilities, or containment performance.  

ESS Voltage Available Relays 
Each ESS load that is required to operate under accident conditions contains three parallel voltage 

available relays in its logic circuit. Only one of the three parallel voltage available relays is required to
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actuate to complete the logic circuit and start the ESS load. The present surveillance testing does not 

individually test the relays as required by GL 96-01. However, the present tests do assure overall 

functionality. That is the test assures that at least one of the three relays is functional.  

Emergency Diesel Generator (EDG) breaker trip and blocking relays 

Various loads that are fed from busses TI IA, T IID, T21A, T21D, I lB, 1 IC, 2fB, and 21C have 

blocking relays to prevent operator intervention during EDG load shed and sequencing. Present 

surveillance procedures do not provide specific steps to test the blocking relays as required by GL 96-0 1.  

Even if these relays fail, unless an operator improperly tries to intervene during a loss of offsite power 

event, there will be no negative safety consequences.  

The EDG logic circuits contain relays to trip and prevent closure of the EDG output breakers for 2 

seconds following a loss of offsite power and/or safety injection signal. Present surveillance procedures 

do not provide specific steps to test the function of these relays as required by GL 96-01. Even if these 

relays fail, unless another failure demands closure of the EDG output breakers within 2 seconds after a 

loss of offsite power event, there will be no negative safety consequences.  

The CRVS maintains radiological levels within the Control Room which allows for continuous personnel 

occupancy during normal and Design Basis Accident conditions. In the event of a radiological release, 

the outside air intake damper automatically closes and the CRVS air conditioning system continues to 

operate. This system is needed in the event of a radioactivity release to the environment (a very' low 

probability event). Even if such an event occurs, other mitigating actions are available to allow continuos 

personnel occupancy of the control room.  

117.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

117.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

117.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report (LER) 315/99-021, "Generic Letter 96-01 Test 

Requirements Not Met in Surveillance Tests," August 27, 1999.
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118.0 LER 315/99-023 

Event Description: Inadequate Technical Specification Surveillance Testing of 
Essential Service Water Pump Engineered Safety Feature 
Response Time 

Date of Event: September 7, 1999 

Plant: D.C. Cook, Units I and 2 

118.1 Summary of Issue 

On June 24, 1999, it was discovered that no testing program could be identified which verifies the 

capability of the essential service water (ESW) pumps to meet the Engineered Safety Feature (ESF) 

response time specified in the Technical Specifications (TS) or the Updated Final Safety Analysis Report.  

Subsequent investigations confirmed that in-place TS surveillance testing measured the ESF response 
time from actuation of the channel sensor until pump breaker closure, but did not include the time until a 

specific pump discharge pressure is reached or until the ESW pump discharge valve is open (to prevent 
water hammer, the valves remain closed when the ESW pump is idle), as required by the definition of 

ESF response time. The condition constituted a missed surveillance test and was reported as a condition 
prohibited by TS on September 7, 1999.  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 
analysis.  

118.2 Modeling and Affected Sequences 

Although the inadequate TS surveillance testing resulted in operation prohibited by the plant's Technical 

Specifications, the licensee concluded that ESW system performance records and surveillance test results 

provide reasonable assurance that the system has remained capable of performing its intended functions.  

The safety function was not impaired because: 

* ESW is not immediately required to support the containment spray (CTS) system or the 

emergency diesel generators (EDGs) during a design basis loss-of-coolant accident (LOCA).  

CTS and EDG heat exchangers will not fail if ESW flow is delayed for a few seconds or even 

minutes.  

* Previous testing did not disclose any degraded components.  

No core damage sequences increased in frequency as a result of the inadequate TS surveillance.
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118.3 Frequencies, Probabilities, and Assumptions 

Because no core damage sequences increased in frequency, frequencies and probabilities were not 

calculated.  

118.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences increased in frequency as a result of the inadequate TS surveillance.  

Therefore, the change in core damage frequency was determined to be negligible.  

118.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report 315/99-023, "Inadequate Technical Specification 

Surveillance Testing of Essential Service Water Pump Engineered Safety Feature Response Time," 

October 7, 1999.
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119. LER 315/99-024 

Event Description: Literal Technical Specification Requirement Not Met By 

Accumulator Valve Surveillance 

Date of Event: July 8 13, 1999 

Plant: D.C. Cook, Units 1 and 2 

119.1 Summary of Issue 

On July 8, 1999, during a review of technical specification surveillance procedures, the licensee 

determined that the surveillance requirement SR 4.5.1.c was not fully met by the associated surveillance 

procedure. The wording of SR 4.5.1 .c requires that power to the RCS accumulator isolation valves be 

disconnected by removing the breaker from the circuit. However, the associated procedure requires the 

breaker to be opened rather than to be removed. As a result, the literal technical specification 

requirement of SR 4.5.1 .c is not met by the associated procedure.  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 

analysis.  

119.2 Modeling and Affected Sequences 

Although the literal technical specification requirement is not met by the associated procedure, the 

procedure accomplishes the objective of the technical specification. The intent is to minimize or 

eliminate the likelihood of an inadvertent closure of accumulator isolation valves. The current procedure 

requires the breaker to be opened and the power to be removed even though the breaker is not physically 

removed.  

Therefore, no core damage sequences increase in frequency due to the lack of literal compliance of 

surveillance requirement.  

119.3 Frequencies, Probabilities, and Assumptions 

Because no core damage sequences increased in frequency, frequencies and probabilities were not 

calculated.
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119.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences increased in frequency as a result of the missed TS surveillance. Therefore, 
the change in core damage frequency was determined to be negligible.  

119.5 References 

1. Cook Nuclear Plant Unit 1, Licensee Event Report 315/99-024, "Literal Technical Specification 
Requirement Not Met By Accumulator Valve Surveilance," October 18, 1999.
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120.0 LER No. 50-316/99-003 

Event Description: Fuses Not Installed for Cable Passing Through Containment 
Penetration 

Date of Event: September 26, 1999 

Plant: D.C. Cook, Unit 2 

120.1 Summary of Issue 

On September 26, 1999, during an inspection of a Unit 2 electrical cabinet by the licensee, maintenance 

personnel were unable to find fuses for the 600 volt AC lighting transformer power cable that passes 

through containment penetration 2-CEP-3P3. The cable powers a containment area lighting transformer 

inside containment. The cable and the transformer it supplies are not safety-related components. The 

fuses and the associated fuse holder were within the scope of a plant modification that was installed in 

1979. The modification provided redundant overcurrent protection for safety-related containment 

electrical penetrations. Without the fuses, penetration 2-CEP-3P3 was vulnerable to damage by fault 

currents if a single circuit breaker failed during certain electrical faults. The condition above is described 

in a Cook licensee event report (Ref. 1). The issue is that a principal safety barrier, the containment, may 

have been degraded 

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. The effect on containment performance is also negligible.  

Therefore, this issue will be screened out from the integrated analysis.  

120.2 Modeling and Affected Sequences 

All conductors which use the penetration are non-safety related. However, a postulated random single 

failure could have allowed consequential electrical faults to threaten the integrity of containment 

penetration 2-CEP-3P3, which could have threatened containment integrity. For this to occur, a 600

VAC circuit breaker would have to fail. According to IEEE Standard 500, "Reliability Data," the 

expected failure rate for similar breakers is 2 failures per 1,000,000 hours. The maintenance history of 

this circuit breaker did not reveal any incidents when the breaker failed to operate when required, and the 

only maintenance performed on the breaker has been preventive maintenance (Ref. 1).  

This issue may contribute to an event that affects containment integrity during normal operations, but 

does not impact core damage frequency because: 

(a) The initiating event frequency for LOCAs, loss of offsite power, transients, and anticipated transient 

without scram is not affected; and



LER No. 50-316/99-003 

(b) Mitigating system capability is not affected.  

Therefore, no core damage sequences will increase in frequency.  

120.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

For a failure rate of 2 x 10', the probability of breaker failure during an event with a 24-hour mission 

time is 4.8 x 105. The probability of all other failures that affect containment integrity, such as 

containment isolation valve failures, is on the order of 10.2, so that the effect of one penetration failure is 

not significant.  

120.4 Core Damage Frequency Calculation or the Bounding Calculation 

The issue has no impact on containment performance. No core damage sequences are affected.  

Therefore, the change in core damage frequency is determined to be zero.  

120.5 References 

1. LER 316/99-003, "Fuses Not Installed for Cable Passing Through Containment Penetration," October 

26, 1999.
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121.0 LER No. 315/99-025 

Event Description: Technical Specification Surveillance Requirements for 

Auxiliary Building Crane Not Met 

Date of Event: September 29, 1999 

Plant: D.C. Cook, Units I and 2 

121.1 Summary of Issue 

According to Reference 1, on September 29, 1999, the licensee determined that the failure to test an 

interlock for the East Auxiliary Building Crane was reportable as a condition prohibited by the plant's 

Technical Specifications (TS). A review of the surveillance test for TS 4.9.7.1 had raised the concern 

that an interlock that prevents a weight of more than 2500 pounds from being lifted to the hook full up 

position and moved over the spent fuel pool was not being tested in accordance with TS. According to 

the TSs, loads in excess of 2500 pounds shall be prohibited from travel over fuel assemblies in the 

storage pool. The crane was not in use at the time the concern was raised.  

The change in core damage frequency associated with this issue is negligible, and the issue has negligible 

synergistic effects with other issues. In addition, the risk associated with the potential damage to fuel in 

the spent fuel pool is negligible. Therefore, this issue will be screened out from the integrated analysis.  

121.2 Modeling and Affected Sequences 

The primary purpose of the crane interlocks is to protect against inadvertent action on the part of the 

crane operator. Crane operator training, plant procedures and travel interlocks provide barriers to 

inadvertent action. The issue has the potential to affect the risk associated with spent fuel pool accidents.  

However, all other interlocks have been functional, and no instances were identified where a load greater 

than 2500 pounds was taken over the spent fuel pool (Ref. 1). Therefore, the risk associated with the 

potential damage to fuel in the spent fuel pool is negligible.  

The issue is not related to systems used to mitigate accidents. It does not impact reliability of any 

systems that can affect accident initiators that result in core damage. Furthermore, none of the 

containment related systems are affected. Therefore, this issue does not affect containment performance.  

In addition, this issue does not impact core damage frequency because: 

(a) The initiating event frequency for LOCAs, losses of offsite power, transients, and anticipated 

transients without scram is not affected; and 

(b) Mitigating system capability is not affected.
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Therefore, no core damage sequences will increase in frequency.  

121.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated 

121.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

121.5 References 

1. LER No. 315/99-025, "Technical Specification Surveillance Requirements for Auxiliary Building 

Crane Not Met," October 29, 1999.
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123.0 LER No. 315/99-027 

Event Description: Underrated Fuses Used in 250 VDC System Could Result in 

Lack of Protection Coordination 

Date of Event: October 1999 

Plant: D. C. Cook, Units 1 and 2 

123.1 Summary of Issue 

During the Expanded System Readiness Review (ESRR) at D.C. Cook in 1999, an evaluation of the 250 

Volt direct current (VDC) protective devices was conducted. On October 27, 1999, it was determined 

that fuses are used in DC systems that are not rated for use at the voltage levels that may be encodntered, 
and that they could challenge the ability of the DC system to respond to overload conditions (Ref. 1).  

Protection in the 250 VDC system is afforded primarily by Gould Type TR and Bussman Type FRN 
fuses. The Gould fuses have a rating of 160 VDC, and the Bussman fuses have a rating of only 125 

VDC. The concern is that this is a condition that could compromise the protective coordination scheme 

of the 250 VDC system.  

The 250 VDC system provides power for operation and control of plant safety-related systems, including 
the reactor protection system, engineered safety features, and auxiliary support features. The system also 

provides power to non-safety related loads required for coping with Station Blackout and Appendix R 

events. Each unit has two independent and redundant 250 VDC trains.  

The change in core damage frequency associated with this issue is dependent upon the resolution of 

issues affecting the condition core damage probability when a loss of a DC bus occurs. The risk 

significance of this issue is below the threshold for a precursor.  

123.2 Modeling and Affected Sequences 

In spite of the degraded condition, the 250 VDC system remained functional. According to the LER, 

there have been no recorded instances at the plant where the protective coordination failed to function as 

designed. Testing conducted by the fuse manufacturer and Cook has shown acceptable performance.  

123.3 Frequencies, Probabilities, and Assumptions 

In order to contribute to core damage frequency, the degraded condition identified (underrated fuses) 

must affect the following event sequence: 

A. Likelihood of an electrical fault that requires a fuse to function. During normal or emergency related 

operation of the 250 VDC system, unless an abnormal condition such as a short occurs in an 
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electrical component, the fuses have no impact. That is, the initiating event must be an electrical 
fault.  

B. Likelihood offfuse failure given an electrical fault. The LER reports of many tests performed by both 

the fuse manufacturer and Cook to determine the capability of the fuses. In most cases, the testing 
indicated acceptable performance of fuses.  

C. Likelihood ofpartial loss of the 250 VDC system as a result of improper fuse coordination. If a fuse 

fails to perform its intended function, the electrical fault that occurs in a component may affect other 

components. In a worst case, due to improper coordination, a train of DC power may be lost.  

D. Conditionalfrequency of core damage due to loss of a single DC train. According to Table 3.4-1 of 

the Cook IPE (Ref. 2), the conditional core damage probability due to loss of a single DC train is 5.8 

x 10 5 (= 6.69 x 10`7/1.16 x 10.2).  

123.4 Core Damage Frequency Calculation or the Bounding Calculation 

Based on the discussion above, unless the product of events (A), (B) and (C) exceeded 0.017 (=1 x 10 
6/5.8 x 10), the risk significance associated with this issue cannot exceed the risk significance associated 

with an accident sequence precursor. Based on information provided in the LER and past operating 

experience at Cook, it is concluded that the product of (A), (B) and (C) does not exceed 0.0 17. (Using 

the Bayes method, given that both Cook units have dperated approximately 20 years without loss of DC 

trains attributable to derated fuses, results in a frequency of approximately 0.012.) Therefore, it is 

determined that the risk significance associated with this issue, on its own, is below the risk significance 

associated with an precursor. Furthermore, the issue has negligible impact on the functionality of the 250 

VDC system.  

123.5 References 

1. Licensee Event Report (LER) 315/99-027, "Underrated Fuses Used in 250 VDC System Could 

Result in Lack of Protection Coordination," November 29, 1999.  

2. Cook Nuclear Plant Individual Plant Examination, Revision 1, October 1995.
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O1.2b.2 

124.0 NRC Inspection Report 50-315/98027(DRP), 50-316/98027(DRP), Finding 
O1.2b.2 

Event Description: Residual Heat Removal System Flow Indicator Sensing Line 
Support Bracket Failure 

Date of Event: October 1998 

Plant: D. C. Cook, Unit 1 

124.1 Summary of Issue 

On October 22, 1998, licensee personnel identified a broken support bracket to a residual heat removal 

(RHR) system flow indicator sensing line at D.C. Cook, Unit 1. The flow indication is for RHR flow to 

the containment spray header. Although no flow was going to the containment spray header, the line 

experiences vibrational loads from flow through a nearby branch line to the reactor coolant system 

(RCS). The bracket was not installed for seismic loads, but had been installed to address operational 

vibration loads. A maintenance request was written to repair the broken bracket, and an operability 

evaluation was performed. On January 8, 1999, licensee personnel determined that the bracket was not 

repaired, and that the instrument line had developed cracks due to operation without adequate structural 

support. The concern was then that the broken bracket increased the likelihood of an RHR leak. The 

NRC staff conducted an inspection at Cook 1 and 2 from December 4, 1998 through January 13, 1999 

(Ref. 1). The inspectors reviewed the licensee's operability evaluation for this condition and determined 

that the operability evaluation was inadequate.  

The change in core damage frequency associated with this issue is negligible and the issue has negligible 

synergistic effects with other issues. Therefore, this issue will be screened out from the integrated 
analysis.  

124.2 Modeling and Affected Sequences 

The RHR system is used to remove decay heat from the core and reduce the temperature of the RCS 

during plant cooldown, to maintain RCS temperature in cold shutdown, to serve as the low pressure 

injection part of the emergency core cooling system (ECCS) for injecting into the core after a medium or 

large loss-of-coolant accident (LOCA), for sump recirculation for any size LOCA, and for feed-and-bleed 

cooling scenarios. In addition, the RHR system can be used as a backup source for containment spray.  

The RHR the instrument sensing line could break due to vibration or seismic activity without adequate 

structural support. However, the RHR lines are designed for 3000 gallons per minute and are therefore 

several inches in diameter, while instrument sensing lines are less than one inch in diameter, so that the
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amount of leakage from the sensing line would be negligible. In addition, the percentage of time that 

RHR would be used as a backup source for containment spray is also negligible.  

This issue does not affect core damage frequency because: 

"* initiating event frequency for LOCAs, losses of offsite power, transients, and anticipated transients 

without scram is not affected, and 

"* the effect on mitigating system capability is negligible.  

In addition, the effect on containment performance is negligible.  

Therefore, no core damage sequences will increase in frequency as a result of the support bracket failure.  

124.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increased in frequency, frequencies and probabilities were not 

calculated.  

124.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences increased in frequency as a result of the support bracket failure. Therefore, 

the change in core damage frequency was determined to be zero.  

124.5 References 

1. U.S. Nuclear Regulatory Commission, Region III, D.C. Cook Inspection Report No. 50

315/98027(DRP); 50-316/98027(DRP), February 9, 1999.  

2. Donald C. Cook Nuclear Plant, Units 1 and 2, Updated Final Safety Analysis Report, Indiana 

Michigan Power Company, USNRC Docket Nos. 50-315 and 316.
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125.0 NRC Inspection Report No. 50-315/99011, Finding E2.1 

Event Description: Motor Control Center Failures 

Date of Event: May 26, 1999 

Plant: Donald C. Cook Nuclear Plant, Units 1 and 2 

125.1 Summary of Issue 

According to Reference 1, on April 19, 1999, while both Cook units were in shutdown, an electrical fault 
occurred at the motor control center (MCC) 2-AM-B. This fault affected the 600VAC distribution 
system. Electrical components and structures in the vicinity of MCC 2-AM-B were severely damaged.  
At the end of a root cause investigation, the licensee personnel indicated that excessive dirt and dust 
contributed to the failure. On April 24, 1999, a second MCC (MCC 12-TSC-S) failed. This failure also 
affected the 600VAC distribution system. At the end of an investigation, the licensee concluded that the 
failure mechanism was due to a random age-related cause. Dirt and dust were not contributors to the 
second failure.  

The change in core damage frequency associated with this issue, on its own, is negligible and the issue 
has negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 
integrated analysis.  

125.2 Modeling and Affected Sequences 

The two MCC failures were caused by two different random causes. Even though the additional 
information provided in the report showed problems associated with the maintenance programs relating to 
the MCCs, there was no evidence to show that the MCCs at Cook were incapable of performing their 
design functions. Therefore, specific core damage sequences were not considered in assessing the risk 
significance associated with this issue.  

125.3 Frequencies, Probabilities, and Assumptions 

The following summarizes the basis for concluding that the MCCs at Cook were functional and the risk 
significance associated with this issue is negligible: 

o The two failures were caused by two different root causes. According to Ref. 1, the licensee 
attributed the first MCC failure which occurred on April 19, 1999 to dirt and dust. The second MCC 
failure which occurred on April 24 was attributed to an age-related degradation.

1
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"0 There are a large number of MCCs in a nuclear facility and random failures of MCCs can occur.  
Based on conversations with B. Raughley (Ref. 2), a two-unit nuclear facility is expected to have 
about 100 MCCs. Therefore, occurrence of random failures can be expected.  

"* Random failure of an MCC, on its own does not lead to core damage. A random failure of an MCC, 
on its own, cannot lead to core damage. In order to be risk-significant, the random MCC failure must 

occur while an accident is being mitigated.  

"* Review ofpast Cook LERs did not reveal any events in which MCCfailures contributed to risk. The 
NRC's LER database (SCSS) was used to investigate whether poor MCC performance has 
contributed to reportable issues at Cook. There were no LERs relating to MCC failures.  

"* The NRC inspection report concluded that there was reasonable assurance that the electrical 
distribution systems required for cold shutdown plant operation was capable of performing its 
function.  

125.4 Core Damage Frequency Calculation or the Bounding Calculation 

There was no evidence to show that the MCCs at Cook were incapable of performing their design 
functions. Therefore, specific core damage sequences were not considered in assessing the risk 
significance associated with this issue. The change in core damage frequency is determined to be zero.  

125.5 References 

1. Donald C. Cook Nuclear Generating Plant, NRC Inspection Report No. 50-315/99011 (DRS); 50
316/99011(DRS), May 26, 1999.  

2. Personal communications between Sunil Weerakkody and Bill Raughley (U.S. Nuclear Regulatory 
Commission), April 24, 2000.
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127.0' NRC Inspection Report No. 50-315/99017, Finding E1.1 

Event Description: Improperly installed strainer drain valve in the Unit 1 West 

essential service water (ESW) pump 

Date of Event: September 22, 1999 

Plant: Donald C. Cook Nuclear Plant, Unit 1 

127.1 Summary of Issue 

According to Reference 1, the results of an in-service test (IST) of the Unit 1 West essential service water 

(ESW) pump provided a low differential pressure indication for the ESW pump. In spite of the abnormal 
indications, the engineering staff had not been requested to verify the capability of the ESW system.  
Rather, according to Ref.1, the operators had classified the Unit I West ESW pump as available (but 

inoperable), and the engineering staff was preparing to accept the pump's performance and re-baseline 
the acceptance criteria.  

The Inspectors interviewed the licensee's staff regarding the Unit I West ESW pump's capability to 

support an operable RHR train. In response to these questions, the licensee initiated actions to identify 
and correct the causes of for the abnormality of the indicated pressure. As a result of this investigation, 
the licensee found that the workers had improperly installed the ESW pump's strainer drain valve 1

WRV-762. This installation occurred during a maintenance activity performed on June 15, 1999. As a 

result of the improper installation, the strainer drain valve did not fully close. As a result, approximately 

1000 gpm of flow was diverted. That is, approximately 1000 gpm of the flow that would pass through 

the ESW pump would not pass through the pump flow indicator. Because the actual flow through the 

pump was greater than the indicated flow, the differential pressure was lower than expected. On August 

14, 1999, the workers repaired the valve and tested it successfully.  

The change in core damage frequency associated with this issue is dependent upon resolution of other 

issues that could affect the ESW flow. The risk significance of this issue, on its own, is negligible.  

127.2 Modeling and Affected Sequences 

The degraded condition identified in the inspection report is determined to have a negligible contribution 

to risk due to the following: 

0 The degraded condition existed for a limitedperiod. It was introduced during a maintenance activity 

performed on June 15, 1999. It was eliminated on August 14, 1999. Therefore, it existed for a period 

of only two months.

I
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"* During the period in which the degraded condition existed, the plant was in Mode 5. During the 

period from June 15- August 14, the plant was shutdown. Since the plant had been down since 

September of 1997, the decay heat level was extremely low.  

"* There are two 100% ESWpumps. Each of the ESW pumps at Cook (two pumps per Unit) are 100% 

in that each pump has the capability to handle the total heat load during normal and accident 
conditions.  

"* The pump was functional. Even though 1000 gpm of the flow was diverted, the pump remained 

functional. According to Ref. 2, the rated capacity of an ESW pump is 10,000 gpm. The flow 

diversion amounts to approximately 10%.  

127.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities are not calculated.  

127.4 Core Damage Frequency Calculation or the Bounding Calculation 

The flow diversion of 1000 gpm during two months of shutdown operation has negligible impact on core 

damage sequences. The change in core damage frequency associated with this issue is dependent upon 

resolution of other issues that could affect the ESW flow. The risk significance of this issue, on its own, 

is negligible.  

127.5 References 

1. Donald C. Cook Nuclear Generating Plant, NRC Inspection Report No. 50-315/99017(DRP); 50

316/99017(DRP), September 22, 1999.  

2. Donald C. Cook Nuclear Plant, Units I and 2, Updated Final Safety Analysis Report, July 1997.
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128.0 NRC Inspection Report No. 50-315/99001, Finding 02.1 

Event Description: Residual heat removal system cavitation and vibration 

Date of Event: March 26, 1999 

Plant: Donald C. Cook Nuclear Plant, Units 1 and 2 

128.1 Summary of Issue 

According to Ref. 1, during a routine control room panel walkdown on January 29, 1999, the inspectors 

identified that the Unit 1 East residual heat removal (RHR) heat exchanger outlet flow indication (1-IFI

311) was oscillating (varied between 2,500 gallons per minute (gpm) - 2,900 gpm). In addition, the flow 

indicator was making sharp, jerky movements of a smaller magnitude during the oscillations. Upon 

questioning, the licensee indicated that the operators had observed the flow oscillations, but considered 

them as normal. Additional investigations on this issue resulted in the following key findings: 

"* The cause of the flow fluctuations appeared to be high flow rates through one or more throttle valves 

(1-IRV-310 or 1-IRV-320); 

"* Walkdowns performed during flow variations determined that flow cavitation also appeared to be 

occurring; 

"* The operators were able to make adjustments to flow to stop the cavitation; 

"* When RHR injected through the injection lines rather than its normal path, cavitation and vibration 

were minimized; 

"* A special test performed to vent gases from the reactor vessel head and pump suctions did not reveal 

off-normal conditions; and 

"* Supplement 5 to the Safety Evaluation Report (SER) issued for Unit 1 on January 16, 1976, identified 

at least four instances of cracked welds in the RHR system.  

The change in core damage frequency (CDF) associated with this issue is negligible and the issue has 

negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 

integrated analysis.  

128.2 Modeling and Affected Sequences 

The RHR system at Cook is used for RHR cooling during shutdown, low pressure safety injection (LPSI) 

during a large or a medium loss-of-coolant accident (LOCA), and sump recirculation in the piggy-back
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mode with the high pressure injection (HPI) pumps after a LOCA of any size or after a feed-and-bleed 

cooling scenario. Consequently, the risk associated with the identified condition may affect core damage 

frequency sequences associated with any of these functions. Therefore, the impact of this condition on 

the RHR system's capability to fulfill the following three functions will be investigated: 

"* Low pressure safety injection 
"* Sump recirculation 
"* Residual heat removal 

128.3 Frequencies, Probabilities, and Assumptions 

LPSI and Sump Recirculation Function 

The impacts of this condition on CDF sequences associated with the LPSI and the sump recirculation 

functions are determined to be negligible contributors to safety significance due to the following: 

"* In the as-found condition, the vibration and cavitation are minimized when the RHRflow uses the 

injection lines. In the as-found condition, when the licensee varied the system flow rates and flow 

paths, they found that vibration and cavitation are minimized when RHR flow occurs through the 

injection lines. During LPSI and sump recirculation after a LOCA or a feed-and-bleed cooling 

scenario, RHR uses the injection lines to inject into the core. Therefore, the as-found condition could 

not have impacted injection through RHR after LOCAs or feed-and-bleed cooling scenarios.  

" There was no gas found in thepump suction. When the licensee performed a special test to examine 

the cause of pump cavitation and vibration, they did not find gases trapped in the pump section.  

Therefore, the condition discussed here would not have impacted the functionality of RHR during a 

LOCA of a feed-and-bleed cooling scenario.  

"* The injection and sump recirculation durations are relatively small. During a large LOCA or a 

medium LOCA, the injection from LPSI is required for a relatively short duration. The subsequent 

sump recirculation function, which also relies on the RHR system, lasts for a maximum of several 

hours until RHR cooling is established. The condition identified may lead to failures, if and only if 

they are uncorrected for relatively long durations. According to Ref. 2, even though noise and 

vibration has been known to occur in the RHR system since initial plant operations, that did not result 

in failures. Therefore, the issue has minimal significance during the initial several hours after a 

LOCA or feed-and-bleed scenarios, when vibration and cavitation are at their minimum.  

RHR Cooling during shutdown 

The flow fluctuations, cavitation, and the associated excessive vibration have been known to occur since 

initiation of the plant operation when the RHR flowpath is aligned to its normal cool-down path and the 

reactor coolant system (RCS) was depressurized. If the excessive vibration or the flow cavitation caused 

2
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a condition in which the RHR system could have incurred a unrecoverable catastrophic failure, then this 

issue could be risk-significant. The undesirable consequence of cavitation at throttle valves or excessive 

vibration of pipes is an RHR pipe rupture. The licensee's investigation of the as-found conditions (Ref.  

3) indicated that there was no threat of a catastrophic RHR pipe failure as a result of cavitation or 

vibration.  

"* Damage caused by cavitation was minor. The cavitation was caused by excessive pressure drop 
across the throttle valve when the RCS was depressurized. According to Reference 3, cavitation had 

occurred at control valves IRV-3 10, IRV-31 1, and IRV-320. As part of the corrective action, the 

licensee inspected the areas immediately downstream of the valves. There was no apparent evidence 

that cavitation had caused measurable damage.  

"* Damage caused by vibration was limited to branch lines and tiebacks. According to Reference 3, the 

RHR system had repeated occurrences of weld failures in small branch lines off the RHR lines over 

the years. In more recent years weld failures have also been seen in "tieback" support structures 

installed to control vibration. This evidence indicates an increased likelihood of small branch line 

failures as a result of excessive vibration. Increased likelihood of small branch line failures is 

undesirable. However, in consideration of the relative large RHR flows (several 1000 gpm), flow 

diversion through small branch lines when the RCS is fully depressurized (implies that the decay heat 

levels are relatively low) does not cause risk-significant accident sequences.  

128.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences increased in frequency as a result of the licensee's action. Therefore, the 

change in core damage frequency was determined to be negligible.  

128.5 References 

1. Donald C. Cook Nuclear Generating Plant, NRC Inspection Report No. 50-315/99001(DRP); 50

316/99001 (DRP), March 26, 1999.  

2. Condition Report P-99-00996, "Excessive vibration identified in RHR system," Draft received on 

March 27, 2000.
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129.0 NRC Inspection Report No. 50-315/99004, Finding M2.1 

Event Description: Foreign material found in chemical and volume control system 
(CVCS) cross-tie piping 

Date of Event: March 26, 1999 

Plant: Donald C. Cook Nuclear Plant, Units I and 2 

129.1 Summary of Issue 

According to Ref. 1, during a cleanliness inspection of the chemical and volume control system (CVCS) 

cross-tie piping above valve 2-CS-534, the licensee's quality control personnel discovered small 

particulate foreign material inside the header. The licensee had previously identified foreign material in 

both units' refueling water storage tanks (RWSTs). Based on the material found in the CVCS cross-tie, 

and the potential for foreign material migration to other systems, the licensee wrote a condition report.  

The change in core damage frequency (CDF) associated with this issue is dependent upon resolution of 

the issues that affect the frequency of loss of emergency service water (ESW) and loss of component 

cooling water (CCW). The risk significance of this issue, on its own, is below the threshold for a 

precursor.  

129.2 Modeling and Affected Sequences 

The CVCS cross-tie allows the operators to cross-tie the CVCS systems of the two units. Attachment A 

to Ref. 2 (licensee's procedure on Loss of CCW) provides the steps that must be implemented to 

accomplish the cross-tie. The Cook IPE (Ref. 3) credits the cross-tie for loss of CCW and loss of ESW 

events. During these events, the licensee relies on the CVCS cross-tie to provide seal cooling to the 

affected Unit from the CVCS system of the unaffected Unit and prevent a seal LOCA. Due to the foreign 

material found in the cross-tie, in the event it is demanded, the cross-tie may not function. Therefore, the 

sequences of interest are: 

Sequence 1: Loss of CCW 

"* Loss of all CCW occurs; 

"* Cross-tie to alternate unit charging (CVCS) fails due to foreign material; 

"* Cross-tie to alternate unit CCW fails; and 

"* Operator fails to restore CCW.
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Sequence 2: Loss of ESW 

"* Loss of all ESW occurs; 

"* Cross-tie to alternate unit charging (CVCS) fails due to foreign material; and 

"* Operator fails to restore ESW 

129.3 Frequencies, Probabilities, and Assumptions 

Sequence 1: Loss of CCW 

"* Loss of all CCW occurs - The Cook IPE uses an initiating event frequency of 7.36 x I 0 4/year. There 

are no other issues discovered at Cook which have a significant impact on this frequency except Issue 

#53. The impact of this condition (foreign material) on Issue #53 (Loss of Unit 2 CCW resulting 

from an HELB event) is discussed in the Issue #53 write-up.  

"* Cross-tie to alternate unit charging (CVCS) fails due to foreign material - In the absence of the 

degraded condition (foreign material), the IPE uses a failure probability of 0.022 for this recovery 

action for loss of CCW. It is determined that the increase in this failure probability due to the 

degraded condition discovered at Cook is low. The basis for this conclusion is as follows: 

o The foreign particulates found in the header may deposit in locations (e.g., drain lines etc.) 

rather than be carried to the reactor coolant pump (RCP) seals.  

o To protect the seals, the seal injection lines are provided with filters to filter out foreign 

materials. The RCP seals have less than 1/1000th inch in clearance and filters have been 

designed to protect the seals from debris particulates. Filter sizes range from 5 microns to 

15 microns, with some filters as small as 2 microns being used in recent years. As a result, 

one can expect the foreign material found in the CVCS header to deposit on the seal filters.  

o The rate of deposition, and whether on not enough material will deposit on the filters to 

overwhelm the filters and degrade the seal injection capability will depend on the nature and 

quantity of foreign material found in the CVCS cross-tie header. According to the D.C.  

Cook Senior Resident Inspector, it was his impression that the amount of material was very 

small (Ref. 5). If the seal injection flow degrades as a result of particulates, most likely, that 

degradation will be a function of time.  

o Even if some material gets through filters, the RCP seals are not expected to fail 

immediately. The seal clearance has a large circumference (8 V2 inch RCP shaft diameter).  

Therefore, it will take some time for the RCP seals to fail due to any material that gets 

through the filters (Ref.4).  

2
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0 Even if the debris deposits on the filters, at the high pressure of the charging system, a 

reduced flow may go through the filters.  

"* Cross-tie to alternate unit CCW fails - The IPE does not appear to provide a failure probability.  

Conservatively, a failure probability is 1.0 is assumed.  

"* Operator fails to restore CCW - Based on the Cook IPE, this probability is 0.061.  

Sequence 2: Loss of ESW 

0 Loss of all ESW occurs - The Cook IPE uses a frequency of 1.51 x 105 /year. Issue #126 pertains to 

a condition that had the potential to significantly affect this frequency. However, since it is 

associated with the seismic capability of the ESW strainer backwash system, it does not have 

synergistic effects with this issue.  

" Cross-tie to alternate unit charging (CVCS) fails due to foreign material - In the absence of the 

degraded condition (foreign material), the IPE uses a failure probability of 0.29 for this recovery 

action for loss of ESW. It is determined that the increase in this failure probability due to the 

degraded condition discovered at Cook is low. The basis for this conclusion is discussed in Sequence 

1.  

"* Operator fails to restore ESW - Based on the Cook IPE, this probability is 0.58.  

129.4 Core Damage Frequency Calculation or the Bounding Calculation 

The frequencies associated with the sequences are as follows: 

Sequence 1: Loss of CCW 

(Frequency of loss of all CCW occurs: 7.36 x 10') x 

(Probability of failure to cross-tie to alternate unit charging (CVCS) fails due to foreign material: low) x 

(Probability of failure to cross-tie to alternate unit CCW: conservatively assumed to be 1.0) x 

(Probability of failure to restore CCW: 0.061) = 

Since the CDF is the product of 4.5 x 105/year, a low probability, and an unknown probability which is 

conservatively assumed to be 1.0, it is expected to be less than 1.0 x 1 0'/year.  

Sequence 2: Loss of ESW 

(Frequency of loss of all ESW occurs: 1.51 x 105/year) x 

(Probability of failure to cross-tie to alternate unit charging (CVCS) fails due to foreign material: low) x



NRC Inspection Report No. 50-315/99004, Finding M2.1 

(Probability of failure to restore ESW Sequence 2: 0.58) 

Since the CDF is the product of 8.8 x 10"/year, a low probability and an unknown probability which is 

conservatively assumed to be 1.0, it is expected to be less than 1.0 x I 0k/year.  

Since both sequence frequencies are less than 1.0 x I 06/year, the risk significance of this issue is below 

the threshold for a precursor.  

129.5 References 

1. Donald C. Cook Nuclear Generating Plant, NRC Inspection Report No. 50-315/99004(DRP); 50

316/99004(DRP), May 14, 1999.  

2. Donald C. Cook, Plant Procedure 02-OHP 4022.016.004, "Loss of Component Cooling Water," Rev.  

5.  

3. Donald C. Cook Nuclear Plant, Units 1 and 2, Individual Plant Examination Revision 1, October 

1995.  

4. Personal communications, J. Jackson (U.S. Nuclear Regulatory Commission) and S.D. Weerakkody 

(U. S. Nuclear Regulatory Commission), July 13 and 15, 1999.  

5. Electronic mail communication, B. Bartlett (U.S. Nuclear Regulatory Commission) to S.D.  

Weerakkody (U. S. Nuclear Regulatory Commission), February 15, 2000.
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130.0 Condition Report P-99-04336 

Event Description: The 4KV room roll-up door mechanism which protects against 

high energy line break could not readily be determined 

Discovery Date: April 1999 

Plant: D.C. Cook, Units 1 and 2 

130.1 Summary of Issue 

The issues for risk assessment were identified by a review of licensee event reports (LERs) and 

inspection reports. However, several condition reports were included in the analysis since they related to 

open operability evaluations (as of December 28, 1999). Twelve condition reports had been compiled 

after a review of 243 condition reports with open past operability evaluations. This writeup addresses 

Issue #130.  

According to Ref. 1, the licensee's updated final safety analysis report (UFSAR) (Ref. 2) section 

14.4.10.3 states that seals on doors and penetrations protect the electrical switchgear rooms from the 

adverse environment associated with high energy line break (HELB) incidents. During their reviews, the 

licensee observed that the switchgear rooms have roll-up doors. These doors appear to have release 

mechanisms that are actuated by chains attached to carbon dioxide blow-out plugs. In addition, the 

chains contain fusible links that would release the doors due to heat.  

After further examination, the licensee reported this issue in an LER (Ref. 3). That LER is analyzed in 

this report as Issue #122. Therefore, the detailed analysis of the risk-significance of this issue is included 

under the Issue # 122 write-up.  

130.2 References 

1. Condition Report P-99-04336, "The 4KV rollup door mechanism which protects against HELB could 

not readily be determined," April 3, 1999.  

2. Donald C. Cook Nuclear Plant, Units 1 and 2, Updated Final Safety Analysis Report, July 1997 

3. LER 315/99-026-00, Rev. 0, "High Energy Line Break Programmatic Inadequacies Result in 

Unanalyzed Conditions," November 19, 1999.
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131.0 Condition Report P-99-10713 

Event Description: Lack of adequate assurance that floodup tubes can perform 

their intended function 

Discovery Date: May 5, 1999 

Plant: D.C. Cook, Unit 2 

131.1 Summary of Issue 

The licensee wrote this condition report (Ref. 1) to document their concern relating to the adequacy of the 

floodup tubes in light of numerous issues raised against them. Some of these issues were reported in 

LER 315/97-006 (Ref. 2) and 316/97-006 (Ref. 3) and they are discussed as Issue #37 and #54 of this 

report. Floodup tubes contain safety-related cables used for instrumentation. They are design to protect 

these instrument cables from reactor coolant system (RCS) water in the event of a loss-of-coolant 

accident (LOCA) or a feed-and-bleed cooling scenario. The concern is that the safety-related component 

cabling would be subject to wetting as the sump floods following a LOCA if the floodup tubes are 

damaged.  

The change in core damage frequency (CDF) associated with this issue for Unit 2 is negligible and it has 

negligible synergistic effects with other issues. The effect on containment performance is also negligible.  

Therefore, this issue will be screened out from the integrated analysis. The investigations related this 

issue on Unit I are still ongoing. If degraded conditions capable of affecting accident mitigating 

functions are found during this investigation, that finding will be reported using an LER. Until such an 

LER is issued, this issue will be considered closed.  

131.2 Modeling and Affected Sequences 

The risk associated with several degraded Unit 2 floodup tubes are discussed under Issue #54. Based on 

communications with the licensee (Ref. 5), it was determined that there were no cracked tubes, and no 

other significant degraded condition existed in Unit 2 floodup tubes, i.e., they remained functional in spite 

of the several concerns (e.g., inadequate inspections, inadequate EQ program requirements, inadequate 

maintenance rule program related monitoring). Therefore, no CDF sequences are affected for Unit 2.  

For Unit 1, the investigations are ongoing. If the licensee finds significant degraded conditions, they will 

be reported via the LER process, at which time the risk of this issue for Unit 1 will be assessed.  

131.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.
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131.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

131.5 References 

1. Condition Report P-99-10713, "Lack of adequate assurance that floodup tubes can perform their 

intended function," May 5, 1999.  

2. LER 315/97-006, Rev. 1, "Equipment in Containment Rendered Inoperable Due to Cracked Floodup 

Tubes," May 30, 1997.  

3. LER 316/97-006, Rev. 0, "Equipment in Containment Rendered Inoperable Due to Faulted Floodup 

Tubes," November 10, 1997.  

4. Electronic Mail Communications between Sunil Weerakkody (U.S. Nuclear Regulatory Commission) 

and Hamid Heidarisafa of American Electric Power, February 16, 2000.
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132.0 Condition Report P-99-12962 

Event Description: Startup flash tank normal discharge runs between normal and 
emergency air intakes for the control room. A line break would feed 
directly into the control room 

Discovery Date: May 21, 1999 

Plant: D.C. Cook, Units I and 2 

132.1 Summary of Issue 

According to the condition report written by the licensee (Ref. 1), the Unit 1 startup flash tank normal 
discharge to roof line runs down between the normal and emergency air intakes for the control room 
ventilation system. If a line break occurs, it could feed directly into the control room. This line operates 
at low pressure (discharge to the atmosphere). It is used during a small percentage of the time.  

The change in core damage frequency associated with this issue, on its own, is negligible and the issue 
has negligible synergistic effects with other issues. Therefore, this issue will be screened out from the 
integrated analysis.  

132.2 Modeling and Affected Sequences 

The following sequence is considered: 

"* The medium-energy line (MEL) is in use; 

"* A break occurs in the MEL; 

"* The break is in a location that is capable of feeding steam to control room ventilation systems; and 

"* An accident occurs requiring use of the control room for mitigation.

132.3 Frequencies, Probabilities, and Assumptions 

"* The medium-energy line is in use - The condition report states that the line is in use during a small 
percentage of the plant operating time. Therefore, this probability is of the order of 1 x 102.  

"* A break occurs in the MEL - Due to the lower pressure both the probability and consequences of 
MELBs are lower than the high-energy line breaks (HELBs). Based on Ref. 2, the frequency of 
HELBs (main steam and main feedwater) line breaks is approximately 1 x 102/year.

1
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"* The break is in a location that is capable of feeding steam to control room ventilation systems - A 
nuclear plant consists of tens of thousands of feed of HELs and thousands of feet of MELs.  
Therefore, assuming the vulnerable location is limited to a length of the order of 100 feet, the 
probability that the break occurs in the vulnerable location is less than 1 x 102.  

"* An accident occurs requiring use of the control room for mitigation - The probability of an accident 
or a transient simultaneously or within several hours after a MEL is less than I x 10.2 (assume less 
than I accident or a transient in 100 days).  

132.4 Core Damage Frequency Calculation or the Bounding Calculation 

The product of the known probabilities above is I xl0"8/year. Therefore, it is concluded that the risk 
significance of this issue, on its own, is below the threshold for a precursor.  

132.5 References 

1. Condition Report P-99-12962, "Startup flash tank normal discharge runs between normal and emergency air 
intakes for the control room; a line break would feed directly into the control room" May 21, 1999.  

2. J. P. Poloski, et. al., Rates of Initiating Events at US. Nuclear Power Plants: 1987-1995, 
NUREG/CR-5750, February 1999.
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133.0 Condition Report P-99-13790 

Event Description: RWST over-flow line will be submerged following a main feed line 

break and render RWST inoperable.  

Discovery Date: May 27, 1999 

Plant: D.C. Cook, Units I and Unit 2 

133.1 Summary of Issue 

The licensee wrote this condition report (Ref. 1) to document the following condition that makes the 

refueling water storage tank (RWST) inoperable. The vent line at the top of the tank (8" nominal 

diameter, goose neck pipe) ices up during sever cold temperature outside. The alternate vent through the 

10" overflow line is blocked due to submergence in a flood caused by a main feedwater line break. If a 

safety injection signal is received under this scenario, the safety injection pumps will start. This would 

cause a vacuum in the RWST since both vent lines are blocked. As a result, RWST would fail.  

The change in core damage frequency associated with this issue, on its own, is below I x 10k/year. As a 

result, it is concluded that the risk significance of this issue, is below the threshold for a precursor.  

133.2 Modeling and Affected Sequences 

The following sequence is considered: 

"* Initiating event that generates a safety injection signal or requires feed-and-bleed-cooling occurs; 

"* Severe weather condition exits causing ice to plug up the normal 8" vent line to the RWST; and 

"* Feedwater line break occurs causing flooding and blocking the 10' alternate vent line.  

133.3 Frequencies, Probabilities, and Assumptions 

All three events discussed about are rare events. Based on Ref. 2, the frequency of events that generates 

a safety injection signal or requires feed-and-bleed cooling is approximately I x 102/year. Using the 

frequency of a feedwater line break to be 3.4 x 1 03/year (Ref. 2), the probability of incurring a main 

feedwater line break during the mission time in which the accident is mitigated (assume a mission time of 

24 hours) is approximately I x 10. (= 3.4 x 10' per year x 24 hours/ 8760 hours per year).  

133.4 Core Damage Frequency Calculation or the Bounding Calculation

1



Condition Reports P-99-13790 
0 

The product of the two known probabilities above is 1 xl0 7/year. This number must be multiplied my 

the fraction of the piping that can flood the area which could affect the RWST overflow line and the 

probability of having a severe cold weather sufficient to create an ice plug in the normal vent path.  

Therefore, the frequency of this core damage sequence is below 1 x I 06/year. As a result, it is concluded 

that the risk significance of this issue, on its own, is below the threshold for a precursor.  

133.5 References 

1. Condition Report P-99-13790, "RWST over-flow line will be submerged following a main feed line break 

and render RWST inoperable " May 27, 1999.  

2. J. P. Poloski, et. al., Rates of Initiating Events at US. Nuclear Power Plants: 1987-1995, 
NUREG/CR-5750, February 1999.
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136 Condition Report P-99-25334 

Event Description: Missing seismic supports to the emergency service water 
(ESW) pumps 

Discovery Date: October 13, 1999 

Plant: D.C. Cook, Units 1 and 2 

136.1 Event Summary 

This issue concerns the discovery of a condition where the emergency service water (ESW) pumps may 

not have adequate seismic supports. According to Ref. 1, the divers inspected the Unit 2 East and West 

ESW pumps for seismic supports at an elevation 27'-6" below the top of the pump base and could not find 

them. According to the seismic report from the Johnston Pump company, the ESW pumps should have 

these seismic supports. In the as-found condition, the outer column shaft of the pumps could be moved 

approximately 3 inches in the horizontal direction.  

Based on a recent communication with the licensee (Ref. 2), the licensee has discovered that the ESW 

pumps did have anchorage. However, the anchorage was found at a location different from the expected 

location. Licensees calculation have shown that the pumps have adequate capacity. Therefore, this issue 

is excluded from analysis.  

136.2 References 

1. Condition Report P-99-25334, "The ESW Pumps may be missing seismic supports," October 13, 

1999.  

2. Personal communications between Walter McCrory of American Electric Power and Sunil 

Weerakkody of U.S. Nuclear Regulatory Commission, February 2000.
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137.0 Condition Reports P-99-27505, P-99-22489, P-99-27312, P-99-25065, P-99

08324 

Event Description: Condition reports on ongoing inoperabilities of risk-significant 

systems 

Discovery Date: April-November 1999 

Plant: D.C. Cook, Units 1 and 2 

137.1 Summary of Issues 

This write-up addresses Issues #137, #138, #139, #140, and #141.  

The issues for risk assessment were identified by a review of licensee event reports (LERs) and 

inspection reports. However, several condition reports were included in the analysis since they related to 

open operability evaluations (as of December 28, 1999). Twelve condition reports had been compiled 

after a review of 243 condition reports with open past operability evaluations. This write-up addresses 

five of these twelve condition reports.  

Issue #137 
Issue # 137 (Ref. 1) relates to a tracking condition report of an issue already identified in a different 

condition report (Ref. 6). It pertains to an issue in which the seismic capability of 123 masonry walls is 

in question. The risk significance associated that issue has been analyzed under Issue # 134. Therefore, 

Issue #137 is screened out form further analysis and will not be discussed in other sections of this write

up.  

Issue #138 
Issue #138 (Ref. 2) pertains to a condition where no procedure could be identified that implements the 

valve stroke timing requirements of the Cook valve Inservice Test Program (IST) for the purge isolation 

valves ('/2-VCR-101 through 107 and ½/2-VCR-201 through 207) when the unit is in Modes 5 and 6.  

Issue #139 
A calculation has been performed for the post-LOCA radiation dose in the vicinity of the auxiliary 

building exhaust system filters in Room 8 on elevation 633'. This calculation indicated that the dose in 

the Unit 2 N-Train battery room due to the activity accumulated on the filters following a loss-of-coolant 

accident (LOCA) will exceed 100,000 rads (Ref. 3).
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Issue # 140 
At Cook, the feed-and-bleed operation of the component cooling water system (CCW) is authorized to be 

performed during normal operations. The safety evaluation for this procedure did not consider the 

impacts on the flow balance or leakage under accident conditions (Ref. 4).  

Issue # 141 
The issue pertains to a condition in which the operating discharge pressure of the motor driven auxiliary 

feedwater (AFW) pumps can be in excess of the pump discharge piping design pressure (Ref. 5).  

The change in core damage frequency associated with these issues is negligible, and they have negligible 

synergistic effects with other issues. The effect on containment performance is also negligible.  

Therefore, these issues will be screened out from the integrated analysis.  

137.2 Modeling and Affected Sequences 

Issue #138: 
Even though valves (½-VCR-101 through 107 and ½/2-VCR-201 through 207) may not have been tested 

when the unit is in Modes 5 and 6, they have been successfully stroke time tested during power operation.  

Therefore, there is no question raised relating to the functionality of these valves. Consequently, this 

issue is screened out.  

Issue #139 
In spite of the high dose, the risk significance associated with this issue is considered negligible since (a) 

the frequency of an event that causes this dose is extremely low, and (b) the impact of the increased dose 

is to affect the age of the components rather than to cause catastrophic failure. Consequently, this issue is 

screened out.  

Issue # 140 
The risk significance associated with this issue was determined to negeligible due to the following: 

"* For this issue to have an impact, an accident must occur while a feed-and-bleed operation is being 

performed on CCW.  

"* If an accident does happen while the feed-and-bleed operation is ongoing, the operators have the 

capability to stop the feed-and-bleed activity.  

"* All loads supported by CCW are heat exchangers, and degraded flows do not lead to catastrophic 

failures. Rather, the consequences would be limited to gradual increases in temperatures.  

Consequently, this issue is screened out from further analysis.
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Issue #141 
The risk significance associated with this issue was determined to be negligibleant due to the following: 

"* There is a significant margin between the failure pressure and the design pressure of the piping. In 

this case, the design pressure of the pipe lines of concern is 1430 psig. The calculated discharge 

pressure is 1511.9 psig. The calculated pressure therefore exceeds the design pressure by about 80 

psig (less than 10 percent). This difference is well within the margin between the design pressure and 

the actual failure pressure for the piping.  

"* The calculated discharge pressure occurs when the emergency service water (ESW) pumps supply 

the AFW supply. In order for this to occur, the normal AFW supplies [condensate storage tank of the 

affected unit, condensate storage tank of the unaffected unit (available via a cross-tie), and make-up 

plant] must be unavailable.  

Consequently, this issue is screened out from further analysis.  

In summary, all five of the above issues have negligible impact on events that affect containment 

integrity. They do not impact core damage frequency because: 

"* The initiating event frequency for LOCAs, loss of offsite power, transients, and anticipated transient 

without scram is not affected; and 

"* Mitigating system capability is not affected.  

Therefore, no core damage sequences will increase in frequency.  

137.3 Frequencies, Probabilities, and Assumptions 

Since no core damage sequences increase in frequency, frequencies and probabilities were not calculated.  

137.4 Core Damage Frequency Calculation or the Bounding Calculation 

No core damage sequences are affected. Therefore, the change in core damage frequency is determined 

to be zero.  

137.5 References 

1. Condition Report P-99-27505, "Tracking CR on the Evaluation of Safety Related Masonry Walls," 

November 17, 1999.
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2. Condition Report P-99-22489, "Inservice Valve Testing Program Requirements for Stroke Timing 

Testing of Containment Purge Isolation Valves does not appear to be captured in any procedure," 

September 8, 1999.  

3. Condition Report P-99-27312, "Add Radiation Shield Wall for N-Train Battery Room and 

Equipment," November 13, 1999.  

4. Condition Report P-99-08324, "Inadequate safety evaluation performed on CCW feed-and-bleed 

procedure," April 14, 1999.  

5. Condition Report P-99-25065, "The operating discharge pressure of Motor Driven Auxiliary 

Feedwater pump can be in excess of the discharge piping design pressure," October 11, 1999.  

6. Condition Report P-99-22089, "Discrepancies with the calculation and physical condition of block 

walls," September 2, 1999.
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Appendix C provides details on the integrated risk assessment performed using NRC's Level 1 
Standardized Plant Analysis Risk (SPAR) model for Cook. Table C-1 lists all 141 issues and 
how they were incorporated into the SPAR model. For those issues that were not incorporated 
into SPAR, Table C-1 provides either the reason for exclusion or alternative means used to 
assess the integrated risk significance of combined issues.  

Table C-1: Incorporation of Issues into SPAR Model 

Issue Modeled Modeling Details 
in SPAR ? 

1. HELB in the startup blowdown flash tank room could expose No Modeled as a HELB initiator.  
the motor control center to steam environment affecting AFW 
system. (Interim Cook 2 LER 316198-007) 

2. The AFW suction strainers are not sized properly. (LER No Negligible impact on train or 
315/98-046) component functionality 

3. Seismic event requires ESW supply to AFW when the No Seismic related risk assessed 
suction strainers are undersized. (LER 315/98-046) without using the SPAR model 

4. During surveillance interval both component cooling water No Modeled as a loss of CCW 
(CCW) system trains may be inoperable. (LER 315/98-041) initiator 

5. RWST level instrument uncertainty was not considered in No Combined with Issue #36 
the process used to select setpoint value listed in TS 
surveillance resulting in possibility of vortexing in RWST.  
(Design Inspection Report E1.1.1.2A(2)) 

6. Restricted ice condenser flow passages. (interim LER No Impact on containment 
315/98-004) performance assessed without 

using the SPAR model 

7. Piping code violation due to oversight in valve control No Modeled as an ISLOCA initiator 
requirement could lead to ISLOCA sequence via the CCW 
system. (LER 315/97-022) 

8. Ice condenser weights do not comply with TS. (Interim LER No Impact on containment 
315/98-007) performance assessed without 

using the SPAR model 

9. Potential for over-pressurization of control air headers Yes Added basic event with 
resulting in multiple equipment failures (LER 315/97-026). probability 8E-05 to AFW and 

RHR fault trees 

10. Use of the design basis fouling factor as the acceptance No Negligible impact on train or 
criteria can cause ESW/CCW heat exchanger to exceed component functionality 
fouling limit. (Design Inspection report E1.2.1.2H) 

11. CCW may not provide adequate cooling for SI, charging, No Negligible impact on train or 

RHR pump seals. component functionality 
(LER 315/97-012)
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(Table C-1: Continued) Modeled Modeling Details 
Issue in SPAR? 

12. ESF actuation and start of EDG Unit 1 "CD" and Unit 2 No Negligible impact on loss of 
"CD" due to faulted underground cable results in increased offsite power frequency 
potential to cause a partial loss of offsite power. (LER 315/98
040) 

13. Offsite power breaker testing not performed in accordance No Negligible impact on loss of 
with TS results in increased frequency of loss of offsite power. offsite power frequency 
(LER 315/98-044) 

14. Use of reactor coolant pump seals as an alternate boron No Negligible impact on train or 
injection path potentially results in an unanalyzed condition component functionality 
and potential for seal damage. (LER 315/98-018) 

15. Operating both RHR trains while reactor coolant system is No Shutdown issue 
open to atmosphere could result in failure of both trains. (LER Not modeled in SPAR 
315/97-016) 

16. Potential single failure (loss of air) could result in failure of Yes Added basic event with 
both ESF ventilation system trains. (LER 315/97-023) probability 1.04E-04 to all ECCS 

fault trees 

17. Single failure (single RHR train) could result in failure of all Yes Added basic event with 
high and medium head injection during sump recirculation. probability 6.6E-04 to sump 
(LER 315/97-021) recirculation fault trees 

18. EOP procedure 01 (02)-OHP 4023 ES 1.3 "Transfer to cold No Negligible impact on train or 
leg recirculation" was revised to raise the containment water component functionality 
level action setpoint without a proper 50.59 evaluation.  
(Design Inspection Report E1.5.2 A(1)) 

19. 12-OHP-4021.019.001 "Operation of the ESW system" was No Negligible impact on train or 
revised to reduce the maximum ESW operating temperature component functionality 
without a proper 50.59 evaluation. (Design Inspection Report 
E1.5.2 A(2)) 

20. Procedure 2-OHP-4021.016.003 "Operation of the CCW No Negligible impact on train or 

system during reactor startup and normal operation" was component functionality 
revised to delete a provision that allowed the licensee to 
operate CCW above the UFSAR maximum temperature 
without a proper 50.59 evaluation. (Design Inspection Report 
E1.5.2 A(3)) 

21. RHR pump miniflow line motor-operated valve potential No Negligible impact on train or 

failure due to cycling during a medium LOCA. (LER 315/98- component functionality 
031) 

22. HELB causes failure of AFW instruments. (LER 315/98- No Combined with Issue #122 

058) 

23. Impact of the CST floating bladder design on calculations. No Negligible impact on train or 

(AFW SSFI self assessment) component functionality 

24. CST floating bladder outer seal is deteriorating. (AFW No Negligible impact on train or 

SSFI self assessment) component functionality
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(Table C-1: Continued) Modeled Modeling Details 
Issue in SPAR ? 

25. Lack of direct freeze protection for the CST. (AFW SSFI No Negligible impact on train or 
self assessment) component functionality 

26. Vortexing and air entrainment leading to the failure of RHR No Negligible impact on train or 
pumps when it takes suction from the containment (cont.) component functionality 
recirculating sump. (LER 315/97-011-entrance loss factor & 
LER 315/97-017-inactive cont. area trap water, cont. and cont.  
sump level instrument loop uncertainty) 

27. Failure to maintain 1/4" particulate retention requirement Yes Negligible impact on train or 
can result in high pressure injection system failures leading to component functionality.  
sump recirculation failure. (LER 315/97-018 & LER 315/98- However, a basic event with a 
012) failure probability of 1E-02 was 

added to assess sensitivity.  

28. Material discovered in containment degrades recirculation No Negligible impact on train or 
capability by clogging up sump screens and creating NPSH component functionality.  
problems during sump recirculation. (LER 315/97-024 & LER However, a basic event with a 
315/98-017) failure probability of IE-02 was 

added to assess sensitivity.  

29. Control room emergency ventilation system capability to No Modeled as loss of control room 
maintain control room temperature within TS limit is affected by ventilation initiator 
high ESW temperatures. (LER 315/97-014) 

30. Adverse impact on plant cooldown analysis (requirement No Negligible impact on train or 
to enter cold shutdown in 36 hours with only one train of component functionality 
CCW). (Design Inspection Report E1.2.1.28) 

31. Containment peak pressure may be exceeded during a No Impact on containment 
LOCA or MSLB due to high ESW temperature. (LER 315/97- performance assessed without 
010-02). using the SPAR model 

32. Spent fuel pool cooling operating outside design basis No Issue has the potential to affect 
during full core offloading in 1996. (Design Inspection Report spent fuel pool performance only 
E1.2.1.2.C) 

33. Reactor coolant pump (RCP) thermal barrier is cooled by No Negligible impact on train or 
CCW at elevated temperature and the RCP seals do not get component functionality 
the flow specified in the UFSAR. (LER 315/98-047, design 
inspection report 315/316/97-201) 

34. Potential for single failure (operator closing suction from Yes Added basic event with 

the RWST prematurely or hot short) to isolate ECCS suction probability 6.6E-04 to sump 
paths. (LER 315/98-038) recirculation fault trees 

35. Degraded seismic ruggedness of master relay covers. No Seismic related risk assessed 

(LER 315/98-002) without using the SPAR model
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(Table C-1: Continued) Modeled Modeling Details 
Issue Iin SPAR ? 

36. Apparent failure to consider vortexing in the RWST due to Yes Added basic event with 
not being able to complete transition before RWST level goes probability 5.2E-04 to sump 
too low. (Cumulative impact of instrument uncertainty, drip recirculation fault trees 
catch, velocity correction factor) (Design Inspection report 
E1.1.1.2A).  

37. Equipment (steam generator level transmitters and RVLIS) Yes Increased the AFW CCF failure 
in containment rendered inoperable due to faulted flood-up probability by 1 E-06 
tubes. (Cook 1 LER 315/ 97-006) 

38. A wrong indicator ( the heat exchanger outlet temperature) No Negligible impact on train or 
used to trend the performance of the EDG heat exchanger. component functionality 
(Design Inspection report E1.2.1.2H) 

39. UFSAR/TS Inconsistencies with RWST Volume may result No Negligible impact on train or 
in inadequate water in RWST. (Design Inspection Report component functionality 
E1.4.2B) 

40. UFSAR states that the NPSH required for RHR at No Negligible impact on train or 
maximum flow rate is 11 ft. (Design Inspection report component functionality 
E1 .4.2.C(3)) 

41. Improper splice configuration for pressurizer power- No Negligible impact on train or 
operated relief valve (PORV) limit switches. (LER 315/98-013) component functionality 

42. Appendix R Borated water requirement not met. (Design No Fire related risk assessed 
Inspection report E1.3.2.2A). Negligible impact on train or without using the SPAR model 
component functionality 

43. Inconsistencies with ECCS level instrumentation and AOTs Yes Added basic event with 
can lead to excessive outage times for the level transmitters. probability 0.083 to sump 
(Design Inspection Report E1.4.2D) recirculation fault trees 

44. Two pressurizer safety valves fail to lift within setpoint No Negligible impact on train or 

tolerance. (Cook 2 LER 316/98-03). component functionality 

45. Pressurizer power-operated relief valve (PORV) Yes Set basic event PPR-SRV-CC

inoperability due to inoperability of the backup emergency air PRV2 to TRUE, Seismic related 

supply system. (Cook 2 LER 316/98-002) risk assessed without using the 
SPAR model 

46. CVCS cross-tie flow indicator not calibrated to meet TS. No Negligible impact on train or 

(LER 315/98-036) component functionality 

47 Cable train separation issue. No LER retracted 

(Retracted LER 315/98-023) 

48. RHR autoclosure interlock (ACI) defeated in Modes 4 and No Shutdown related risk assessed 

5. (LER 315197-019) without using the SPAR model 

49. Westinghouse integral fuel burnable absorber fuel rods. No Negligible impact on train or 

(LER 315/97-027-01) component functionality
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(Table C-1: Continued) Modeled Modeling Details 
Issue in SPAR? 

50. Oil drip pans not installed on reactor coolant pump motors No Fire related risk assessed 
results in Appendix R non-compliance. (LER 315/98-021) without using the SPAR model 

51. Appendix R, combustible material within 20 foot separation No Fire related risk assessed 
in auxiliary building. without using the SPAR model 
(LER 315/97-028) 

52. Ice condenser bypass potentially exceeded design basis No Impact on containment 
limit. performance assessed without 
(Cook 2 LER 316/98-004). using the SPAR model 

53. Potential for HELB to degrade CCW system. A postulated No Modeled as a HELB initiator 
crack in a Unit 2 main steam line may degrade the ability of 
CCW pumps of both units to perform their function. (Cook 2 
Interim LER 316/98-005) 

54. Equipment in containment rendered inoperable due to Yes Added basic event with 
faulted flood-up tubes probability 1 E-05 to feed and 
(Cook 2 LER 316/97-006) bleed fault trees 

55. Inadequate justification to demonstrate operability of the No Negligible impact on train or 
Unit 2 250V dc "CD" battery train. (Design Inspection Report component functionality 
E1.3.1.2) 

56. Dual CCWIESW train outage during Unit 2 refueling No Negligible impact on train or 
inconsistent with design basis. (Design Inspection Report component functionality 
E1.2.1.2D)) 

57. 02-OHP 4021.082.003 Rev 3 "Feeding 600V buses No Negligible impact on train or 
through Bus Tie breakers," was not appropriate since under component functionality 
some circumstances it allowed placing excessive load on the 
emergency diesel generators. (Inspection report # 97-018) 

58.02-OHP 4021.082.013 Rev 2, "Isolating, Transferring and No Negligible impact on train or 
Restoring a 250VDC Load" was not appropriate since under component functionality 
some circumstances battery cross ties could be overloaded.  
(Inspection report # 97-018) 

59. The 2AB DIG experienced a number of electrical and Yes Added basic event with 
mechanical failures since May 1997. (Inspection report # 97- probability 3.6E-03 to EDG fault 
018) trees 

60. The licensee physically and electronically blocked three No Negligible impact on train or 
control room annunciators without performing a safety component functionality 
evaluation. (Inspection report # 97-024) 

61. The licensee did not have a procedure for manually back No Combined with Issue #126 and 
washing the ESW pump discharge strainers, a support system seismic related risk assessed 
needed for the ESW system operability. (Inspection report # without using the SPAR model 
97-024) 

62. Potential for CCF of EDGs due to improper bolting in the No Seismic related risk assessed 
exhaust manifold. (Inspection report # 98-008). 1 without using the SPAR model
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(Table C-1: Continued) Modeled Modeling Details 
Issue in SPAR? 

63. Failure of the turbine-driven AFW pump manual loader and Yes Added basic event with 

single failure in motor-driven AFW train can put AFW outside of probability 8E-05 to AFW and 

design basis. (LER 315/98-052) RHR fault trees 

64. Public address equipment inside the Unit 1 and Unit 2 ice No Seismic related risk assessed 

condensers was not installed to withstand a design basis without using the SPAR model 

accident. (LER 315/98-050).  

65. Defective and missing welds in ice condenser baskets. No Impact on containment 

(LER 315/98-032) performance assessed without 
using the SPAR model 

66. Ice condenser lower inlet door shock absorber equipment No Impact on containment 

found damaged due to poor work practices. (LER 315/98-035) performance assessed without 
using the SPAR model 

67. Ice condenser bypass leakage exceeds design basis limit. No Impact on containment 

(LER 315/98-037) performance assessed without 
using the SPAR model 

68. Screws missing from ice condenser ice basket coupling No Impact on containment 

rings. (LER 315/98-005) performance assessed without 
using the SPAR model 

69. Procedure allows up to 60 ice baskets to be unpinned. No Impact on containment 

(Interim LER 315/98-006) performance assessed without 
using the SPAR model 

70. Damaged ice baskets cannot withstand operating basis No Seismic related risk assessed 

earthquake and dead weight loadings. (LER 315/98-008) without using the SPAR model 

71. Missing, damaged, or improperly installed shims, washers, No Impact on containment 

bushings, and bolts could have created a potential for some of performance assessed without 

the intermediate deck doors to become misaligned. (LER using the SPAR model 

315/98-010) 

72. Ice weight requirements potentially not met due to non- No Impact on containment 

conservative assumption in software program. (LER 315/98- performance assessed without 

015) using the SPAR model 

73. Debris recovered from ice condenser. (LER 315/98-017) No Impact on containment 
performance assessed without 
using the SPAR model 

74. Allegations concerning accuracy of 74 ice basket weights. No Impact on containment 

(LER 315/98-024) performance assessed without 
using the SPAR model 

75. TS surveillance requirement not met while weighing ice No Impact on containment 

baskets. (LER 315/98-026) performance assessed without 
using the SPAR model
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(Table C-1: Continued) Modeled Modeling Details 
Issue in SPAR? 

76. Debris of unknown origin found in west containment spray No Impact on containment 
header (LER 315/98-027). performance assessed without 

using the SPAR model 

77. Flow rates to CST headers are potentially lower than No Issue has potential to affect 
design basis values (LER 315/98-034). containment performance only 

78. Incorrect installation of CTS header heat exchanger (LER No Impact on containment 
315/98-030). - Retracted LER since functionality unaffected. performance assessed without 

using the SPAR model 

79. Containment air locks testing not performed in accordance No Impact on containment 
with TS (LER 315/98-043). performance assessed without 

using the SPAR model 

80. Low air flow conditions in at least one localized portion of No Impact on containment 
the containment. (LER 315/98-001). performance assessed without 

using the SPAR model 

81. Pitting resulted in thickness of the containment structure No Impact on containment 
liner to be less than 0.250 inches (LER 315/98-011). performance assessed without 

using the SPAR model 

82. Missed surveillance of hydrogen recombiner (LER 315/98- No Impact on containment 
009). performance assessed without 

using the SPAR model 

83. TS surveillance requirement on hydrogen recombiner not No Impact on containment 
met (LER 315/98-019). performance assessed without 

using the SPAR model 

84. Hydrogen recombiner watt meter circuit TS surveillance No Impact on containment 
requirement not met (LER 315/98-033). performance assessed without 

using the SPAR model 

85. LER 315/98-042, "Contrary to UFSAR Section 9.6.3.2, 2 No Shutdown related risk assessed 
RHR Pumps Run with the Unit Depressurized" without using the SPAR model 

86. LER 315/98-053, "Interim LER - Use of Inoperable No Negligible impact on train or 
Substitute Subcooling Margin Monitor" component functionality 

87. LER 315/98-054, "Interim - Main Steam Safety Valve Not No Negligible impact on train or 
Reset as Required by Technical Specifications" component functionality 

88. LER 315/98-055, "Interim - Potential for Condition Outside No Negligible impact on train or 

Design Bases for Rod Control System" component functionality 

89. LER 315/98-056, "Interim LER - Hot Leg Nozzle Gaps - No Negligible impact on train or 

Unanalyzed Condition" component functionality 

90. LER 315/98-057, "Auxiliary Feedwater Valves Not Tested No Negligible impact on train or 

in Accordance with Inservice Testing Program" component functionality
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(Table C-1: Continued) Modeled Modeling Details 
Issue in SPAR? 

91. LER 315/99-004-01, "Failure to Perform TS Surveillance No Negligible impact on train or 

Analyses of Reactor Coolant Chemistry with Fuel Removed" component functionality 

92. LER 315/99-005, "Reactor Trip Breaker Manual Actuations No Negligible impact on train or 

During Rod Drop Testing Not Previously Reported" component functionality 

93. LER 315/99-006, "Fuel Crane Loads Lifted Over SFP No Spent fuel pool related risk 

Could Impart Impact Energies Greater than TS Limits" assessed without using the 
SPAR model 

94. LER 315/99-008, "Residual Heat Removal Piping No Shutdown related risk assessed 

Vibrations Could Potentially Cause RHR Piping Failures" without using the SPAR model 

95. LER 315/99-009, "As-Found Residual Heat Removal No Shutdown related risk assessed 

Safety Relief Valve Lift Setpoint Greater than TS Limit" without using the SPAR model 

96. LER 315/99-012, 'Auxiliary Building ESF Ventilation No Negligible impact on train or 

System May Not be Capable of Maintaining ESF Room component functionality 

Temperature Post-Accident" 

97. LER 315/99-013, "Safety Injection and Centrifugal No Negligible impact on train or 

Charging Throttle Valve Cavitation During LOCA Could Lead to component functionality 
ECCS Pump Failure" 

98. LER 315/99-016 - "Tech Spec Requirements for Source No Negligible impact on train or 

Range Neutron Flux Monitors Not Met" component functionality 

99. Insp. Rept. 50-315/316/98007(DRP) - 02.3: Distributed No Impact on containment 

Ignition System - whether DIS required beyond DBA; DIS performance assessed without 

initiating signals; requirement for EQ; possible CTS using the SPAR model 

impingement; drawing discrepancies 

100. Insp. Rept. 50-315/316/98007(DRP) - M1.2: Hydrogen No Impact on containment 

recombiner inadequate surveillance procedure; preconditioning performance assessed without 

of equipment prior to surveillance test using the SPAR model 

101. Insp. Rept. 50-315/316/98007(DRP) - M1.3: Distributed No Impact on containment 

Ignition System surveillance testing - need for visual performance assessed without 

verification and igniter temperature measurement using the SPAR model 

102. LER 315/99-001, "General Electric HFA Relays Installed No Seismic related risk assessed 

in EDGs May Not Meet Seismic Qualification" without using the SPAR model 

103. LER 315/99-002, "Failure to Perform TS Surveillance No Negligible impact on train or 

Test for Pressurizer Power Operated Relief Valves" component functionality 

104. LER 315/99-003, "Control Room Pressurization System No Negligible impact on train or 

Surveillance Test Does Not Test System in Normal Operating component functionality 

Condition" 

105. LER 315/99-007, "Calculations Show that the Divider No Impact on containment 

Barrier Between Upper and Lower Containment Volumes May performance assessed without 

be Overstressed" using the SPAR model
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(Table C-1: Continued) Modeled Modeling Details 
Issue in SPAR ? 

106. LER 315/99-010, "RCS Leak Detection System No Negligible impact on train or 
Sensitivity Not in Accordance with Design Requirements" component functionality 

107. LER 315/99-011, "Air System for EDGs May Not Support Yes Added basic event with 
Long Term Operability Due to Original Design Error" probability 3.8E-04 to EDG fault 

trees 

108. LER 315/99-014, "Requirements of Technical No Negligible impact on train or 
Specification 4.0.5 Not Met for Boron Injection Tank Bolting" component functionality 

109. LER 316/99-001, "Degraded CCW Flow to Containment No Impact on containment 
Main Steam Line Penetrations" performance assessed without 

using the SPAR model 

110. LER 316/99-002, "Requirements of TS 4.0.5 Were Not No Negligible impact on train or 
Met Due to Improperly Performed Test" component functionality 

111. LER 315/99-017 - "Improperly Installed Fuel Oil Retum No Negligible impact on train or 
Relief Valve Renders EDG Inoperable Due to Pers Error" component functionality 

112. LER 315/99-015, Radiation Monitoring System Not No Negligible impact on train or 
Tested in Accordance with TS Surveillance Requirements component functionality 

113. LER 315/99-018, "RWST Suction Motor Operated Valves No Seismic related risk assessed 
Inoperable Due to Inadequate Design" without using the SPAR model 

114. LER 99-020, "All four Emergency Diesel Generators No Negligible impact on train or 
(EDGs) declared inoperable but functional " - may not component functionality 
withstand the effects of a tornado generated missile 

115. LER 315/99-022, "Electric Bus Degraded Voltage Set No Seismic related risk assessed 
Points Too Low for Safety Related Loads" without using the SPAR model 

116. LER 99-019, "Victoreen Containment High Range No Seismic related risk assessed 
Radiation Monitors Not environmentally qualified to withstand without using the SPAR model 
Post-LOCA conditions" 

117. LER 315/99-021, "GL 96-01 requirements not met in No Negligible impact on train or 
surveillance tests," component functionality 

118. "Inadequate Technical Specification Surveillance Testing No Negligible impact on train or 

of Essential Service Water Pump Engineered Safety Feature component functionality 
Response Time." (LER 315/99-023) 

119. "Literal Technical Specification Requirement Not Met by No Negligible impact on train or 
Accumulator Valve Surveillance." (LER 315/99-024) component functionality 

120. "Fuses Not Installed for Cable Passing through No Impact on containment 

Containment Penetration." (LER 316/99-003) performance assessed without 
using the SPAR model 

121. "Technical Specification Surveillance Requirements for No Negligible impact on train or 

Auxiliary Building Crane Not Met." (LER 315/99-025) component functionality
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(Table C-1: Continued)iI Modeled i Modeling Details 
Issue 'in SPAR ? 

122. "High Energy Line Break Programmatic Inadequacies No Modeled as a HELB initiator 

Result in Unanalyzed Conditions." (LER 315/99-026) 

123. "Underrated Fuses Used in 250 VDC System Could No Negligible impact on train or 

Result in Lack of Protective Coordination." (LER 315/99-027) component functionality 

124. "A broken support bracket to RHR flow indicator line." No Negligible impact on train or 

(Inspection Report 315/98-027) component functionality 

125. "Two electrical faults leading to the failures of MCC 2- No Negligible impact on train or 

AM-B and 12-TSC-S." (Inspection Report 50-315/316/99011 component functionality 

(DRS)) 

126. "Operability of the ESW strainers." (Inspection report 50- No Combined with Issue #61 and 

315/99-010) seismic related risk assessed 
without using the SPAR model 

127. "Improperly installed strainer drain valve." (Inspection No Negligible impact on train or 

Report 315/99-017) component functionality 

128. "RHR system cavitation and vibration on both units." No Shutdown related risk assessed 

(Inspection report 315/99-001) without using the SPAR model 

129. "Foreign material identified in the CVCS." (Inspection No Negligible impact on train or 

report 315/99-004) component functionality 

130. "4 KV room rollup doors and penetrations protect the No This condition report led to LER 

electrical switchgear rooms from HELB." (CR P-99-04336) listed under Issue #122 

131. "Questions operability of flood up issues in light of known No Negligible impact on train or 

degraded/failed flood up tubes." (CR P-99-10713) component functionality 

132. "Startup flash tank normal discharge runs between No Modeled as a loss of control 

normal and emergency air intakes for the control room. A line room initiator 

break will would feed directly into the control room." (CR P-99

12962) 

133. "RWST over-flow line will be submerged following a main No Modeled as a HELB initiator 

feed line break and render RWST inoperable." (CR P-99
13790).  

134. "Discrepancies with the calculation and physical No Seismic related risk assessed 

condition of block walls." (CR P-99-14004) without using the SPAR model 

135. "A technical report identified that valves 1-ICM-305/306 No Hand calculated since the CDF 

will need to be modified to eliminate potential to pressure lock," change is equal to LLOCA + 

(LER 315/99-031) MLOCA frequency 

136. "The ESW pumps may be missing seismic supports that No Negligible impact on train or 

prevent the pump column shaft from moving during a seismic component functionality 

event." (CR P-99-25334) 

137. "Tracking CR on the Evaluation of Safety Related No Negligible impact on train or 

Masonry Walls." (CR P-99-27505) component functionality

C-11
NUREG-XXXX



(Table C-1: Continued) Modeled i Modeling Details 
Issue Iin SPAR?1 

138. "Inservice Valve Testing Program Requirements for No Negligible impact on train or 

Stroke Timing Testing of Containment Purge Isolation Valves component functionality 
does not appear to be captured in any procedure." (CR P-99
22489) 

139. "Add Radiation Shield Wall for N-Train Battery Room and No Negligible impact on train or 

Equipment." (CR P-99-27312) component functionality 

140. "Inadequate safety evaluation performed on CCW feed- No Negligible impact on train or 

and-bleed procedure." (CR P-99-08324) component functionality 

141. "The operating discharge pressure of Motor Driven No Negligible impact on train or 

Auxiliary Feedwater pump can be in excess of the discharge component functionality 

piping design pressure." (CR P-99-25065) I
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Changes performed to the Cook SPAR model to revise the base case

Prior to using the SPAR model prepared for Cook by the Idaho National Engineering and 
Environmental Laboratory, several changes were made to the base case model. A summary of 
these changes is as follows: 

0 Changed the initiating event frequencies from their original values to the updated values 
published in NUREG/CR-5750. Table C-2 provides details of these changes.  

0 Added medium and large LOCA event trees. The Cook IPE was used as a guide to 
generate these two event trees. Figures C-1 and C-2 provide the two event trees.  

* Generated new fault trees needed to quantify the medium and large LOCA event trees.  

0 Generated a fault tree to include the alternate suction path for AFW from the ESW 
system. This was necessary to model several degraded conditions that affected the 
alternate suction path.  

* Revised the overly conservative success criteria for feed-and-bleed to require only two 
PORVs to perform the feed-and-bleed cooling function.  

Table C-2: Changes to the base case initiating event frequencies 

Initiator Frequency in Rev 2 Revised Frequency Revised Frequency 
QA SPAR Model (per Used in the Base Used in the Base 
critical hour) case (per critical case (per critical 

hour) year) 

Large LOCA Note 1 5.708E-10 5E-06 

Medium LOCA Note 1 4.566E-09 4E-05 

Small LOCA 2.33E-06 1.027E-06 9E-03 

Steam Generator 1.63E-06 7.991 E-07 7E-03 
Tube Rupture 

Loss of Offsite Power 1.6E-05 5.251 E-06 .046 

Transients 2.8E-04 1.370E-04 1.2

Note 1: Rev 2 QA SPAR model of Cook does not contain the large and medium LOCA 
event trees.  
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Modeling degraded conditions

In order to incorporate the impact of degraded conditions on the system failure probabilities, the 
SPAR model was changed. Table C-3 provides a summary of changes made to the SPAR 
model.  

Table C-3: Summary of Changes made to SPAR Model Fault Trees to incorporate degraded 
conditions 

Issue No. and description. Change Affected Fault 
Tree 

9. Potential for over-pressurization of control air Added basic event with probability AFW, AFW-L, 
headers resulting in multiple equipment failures (LER 8E-05 to AFW and RHR fault trees LPI, LPR, 
315/97-026). RHR 

16. Potential single failure (loss of air) could result in Added basic event with probability LPR, CSR
failure of both ESF ventilation system trains. (LER 1.04E-04 to ECCS fault trees ML, CSR-LL 
315/97-023) 

17. Single failure (single RHR train) could result in Added basic event with probability LPR 
failure of all high and medium head injection during 1.8E-05 to sump recirculation fault 
sump recirculation. (LER 315/97-021) trees 

27. Failure to maintain 1/4" particulate retention Negligible impact on train or LPR 
requirement can result in high pressure injection component functionality. However, a 
system failures leading to sump recirculation failure. basic event with a failure probability 
(LER 315/97-018 & LER 315/98-012) of 1E-02 was added to assess 

sensitivity.  

28. Material discovered in containment degrades Negligible impact on train or LPR 
recirculation capability by clogging up sump screens component functionality. However, a 
and creating NPSH problems during sump basic event with a failure probability 
recirculation. (LER 315/97-024 & LER 315/98-017) of I E-02 was added to assess 

sensitivity.  

34. Potential for single failure (operator closing Added basic event with probability LPR 
suction from the RWST prematurely or hot short) to 6.6E-04 to sump recirculation fault 
isolate ECCS suction paths. (LER 315/98-038) trees 

36. Apparent failure to consider vortexing in the Added basic event with probability LPR 
RWST due to not being able to complete transition 5.2E-04 to sump recirculation fault 
before RWST level goes too low. (Cumulative impact trees 
of instrument uncertainty, drip catch, velocity 
correction factor) (Design Inspection report 
E1.1.1.2A).  

37. Equipment (steam generator level transmitters Increased the AFW CCF failure AFW, AFVV-L 
and RVLIS) in containment rendered inoperable due probability by 1 E-06 
to faulted flood-up tubes. (Cook 1 LER 315/ 97-006)
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Abbreviations:

Fault tree for auxiliary feedwater system 
Fault tree for auxiliary feedwater system during loss of offsite power 
Fault tree for containment spray recirculation function 
Fault tree for containment spray recirculation function during a large LOCA 
Fault tree for containment spray recirculation function during a medium LOCA 
Fault tree for electrical power system 
Fault tree for feed-and-bleed function 
Fault tree for feed-and-bleed function during a loss of offsite power 
Fault tree for low pressure injection system 
Fault tree for sump recirculation function 
Fault tree for residual heat removal function 
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43. Inconsistencies with ECCS level instrumentation Added basic event with probability LPR 
and AOTs can lead to excessive outage times for the 0.083 to sump recirculation fault 
level transmitters. (Design Inspection Report trees 
El .4.2D) 

45. Pressurizer power-operated relief valve (PORV) Set basic event PPR-SRV-CC-PRV2 F&B, F&B-L 
inoperability due to inoperability of the backup to TRUE 
emergency air supply system. (Cook 2 LER 316/98
002) 

54. Equipment in containment rendered inoperable Added basic event with probability F&B, F&B-L 
due to faulted flood-up tubes (Cook 2 LER 316/97- 1E-05 to feed and bleed fault trees 
006) 

59. The 2AB DIG experienced a number of electrical Added basic event with probability EPS 
and mechanical failures since May 1997. 3.6E-03 to EDG fault trees 
(Inspection report # 97-018) 

63. Failure of the turbine-driven AFW pump manual Added basic event with probability AFW, AFW-L, 
loader and single failure in motor-driven AFW train 8E-05 to AFW and RHR fault trees LPI, LPR, 
can put AFW outside of design basis. (LER 315/98- RHR 
052) 

107. LER 315/99-011, "Air System for EDGs May Added basic event with probability EPS 
Not Support Long Term Operability Due to Original 3.8E-04 to EDG fault trees 
Design Error"

AFW: 
AFW-L: 
CSR: 
CSR-LL: 
CSR-ML: 
EPS: 
F&B: 
F&B-L: 
LPI: 
LPR: 
RHR:



Summary of Results

Table C-4 provides the summary of changes in core damage frequencies (ACDF) calculated 
using the SPAR model. This calculation used an exposure time of 6800 hours (8760 hours/year 
x 0.79 criticality factor for Unit 1).

Table C-4: Summary of ACDF calculated using the SPAR model

Initiator Total ACDF associated with initiator 

Large LOCA 4.OE-07 (Note 1) 

Medium LOCA 3.2E-09 (Note 1) 

Small LOCA 2.6E-07 

Loss of offsite power 5.1 E-07 

Transients 3.2E-08 

Steam generator tube rupture I.OE-08 

Note 1: Does not include the contribution from the precursor (Issue No. 135).  
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MEDI 
LOC 

IE-ML

uM REACTOR ACCUMULATOR. .... .HIGH I CONTAINMENT RCS HIGH PRES. LOW PRES. 1 LOW PRES. I CONTAINMENT 

TRIP PRESSURE SPRAY DEPRESSU- RECIRCU- INJECTION RECIRCU- SPRAY 

INJECTION INJECTION RIZATION LATION LATION R RECIRCULATION 

OCA RT ACC HPI CSI-ML OLI-ML L HPIR LPI j LPR CSR-ML

1 2 
3 
4 
5 
6 
7 
8 
9 
10 
11

Note 1: LPR (RHR) would spray thru its ring header into 
the containment. This header is different from the containment 
spray ring header. Thus, CSR-ML is a redundant approach.  
Note 2: CS is needed during injection phase to prevent 
containment faillure due to overtemperature.  
Note 3: A total of 20 Min. injection time is allowed. 5 Min. for 
detection, diagnostics, and action is permitted. 15 Min. for 
RWST depletion is allowed.  

Figure C-1: Medium LOCA Event Tree
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LARGE REACTOR TRIP ACCUMULATOR LOW PRESSURE CONTAINMENT LOW PRESSURE CONTAINMENT 

LOCA INJECTION SPRAY I RECIRCULATION SPRAY 

(> 15 Centimeter) 
INJECTION RECIRCULATION 

IE-LLOCA RT-LLOCA ACC LPI CSI-LL LPR CSR-LL
END-STATE

1 2 
3 
4 
5 
6

Figure C-2: Large LOCA Event Tree
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This section provides details on the integrated risk assessment of combined issues. Specifically, this 

section provides the overall approach used to combine risk significance associated with each initiator and 

containment failure mode. It also provides details on how each of the 141 issues identified for analysis 
were combined to determine how each of them affected the specific core damage initiators or specific 
containment failure modes.  

D. I Transients, SGTR, LOSP, LOCA and ATWS Initiators 

The effects of the combined issues on sequences associated with the following initiators were analyzed 
using the standardized plant analysis risk (SPAR) models: 

a. Transients (TRANS).  
b. Steam Generator Tube Rupture (SGTR).  
c. Loss of Offsite Power (LOSP).  
d. Small Break Loss-of-Coolant Accident (SLOCA).  
e. Medium Break Loss-of-Coolant Accident (MLOCA).  
f. Large Loss-of-Coolant Accident (LLOCA).  
g. Anticipated Transient Without Scram (ATWS).  

The Revision 2QA SPAR models were used in this portion of the evaluation. However, the Revision 

2QA models do not have the capability to model the two largest-sized pipe ruptures in the LOCA 

spectrum - MLOCAs and LLOCAs. Consequently, the RES staff constructed two additional models to 

consider these two LOCA sizes as initiators.  

Next, all relevant degraded conditions were incorporated into the SPAR models for these initiators by 

either adding appropriate basic events to the system fault trees, or by modifying the failure probability for 

a specific basic event. Even though a total of 141 individual issues had been selected for analysis, the 

following types of issues were not included in this specific effort: 

"* Containment-related issues.  
"* Issues that consisted solely of instances of "non-compliance." 
"* Degraded conditions that had negligible impact on system performance.  

Table D. I identifies the specific issues (conditions) which had the potential to affect the accident 

sequences associated with this group of seven initiators.  

Two initiators (MLOCA and LLOCA) contributed to core damage frequency (CDF) sequences whose 

risk significance exceeds the threshold value of an accident sequence precursor (ASP). They are 

discussed under the precursor analysis included in Section A (Issue No. 135) of the report.  
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Table D. I Issues That Could Have Affected Sequences Associated with This Group of Seven 

Initiators

No. Issue Analysis of 
Individual Issue 

9 Potential for over-pressurization of control air headers resulting in multiple Appendix B, 

equipment failures. (LER 315/97-026) Section 9 

16 Potential single failure (loss of air) could result in failure of both ESF ventilation Appendix B, 

system trains. (LER 315/97-023) Section 16 

17 Single failure (single RHR train) could result in failure of all high and medium Appendix B, 

head injection during sump recirculation. (LER 315/97-021) Section 17 

36 Apparent failure to consider vortexing in the RWST due to not being able to Appendix B, 

complete transition before RWST level goes too low. (Cumulative impact of Section 36 

instrument uncertainty, drip catch, velocity correction factor) (Design Inspection 
Report E 1.1.1.2A) 

37 Equipment (steam generator level transmitters and RVLIS) in containment Appendix B, 

rendered inoperable due to faulted flood-up tubes. (Cook 1 LER 315/97-006) Section 37 

41 Improper splice configuration for pressurizer power-operated relief valve (PORV) Appendix B, 

limit switches. (LER 315/98-013) Section 41 

43 Inconsistencies with ECCS level instrumentation and allowed outage times can Appendix B, 

lead to excessive outage times for the level transmitters. (Design Inspection Section 43 

Report E 1.4.2D) 

45 Pressurizer power-operated relief valve (PORV) inoperability due to inoperability Appendix B, 

of the backup emergency air supply system. (Cook 2 LER 316/98-002) Section 45 

54 Equipment in containment rendered inoperable due to faulted flood-up tubes. Appendix B, 

(Cook 2 LER 316/97-006) Section 54 

59 The 2AB EDG experienced a number of electrical and mechanical failures since Appendix B, 

May 1997. (Inspection Report No. 97-018) Section 59 

103 "Failure to Perform Technical Specification surveillance Test for Pressurizer Appendix B, 

Power Operated Relief Valves." (LER 315/99-002) Section 103 

107 "Air System for EDGs May Not Support Long Term Operability Due to Original Appendix B, 

Design Error." (LER 315/99-011) Section 107 

133 RWST over-flow line will be submerged following a main feed line break and Appendix B, 

render RWST inoperable. (CR P-99-13790) Section 133 

135 A technical report identified that valves 1-ICM-305/306 will need to be modified Appendix A, 

to eliminate potential to pressure lock. (LER 315/99-031) Section 135
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In the anialysis of the integrated risk associated with the combined issues, the ATWS initiator was also 

considered. The analysis determined that there were no issues involving degraded conditions which 

affected RPS functionality. It also determined that, although Issue Nos. 41, 45, and 10A could potentially 

impact the functionality of PORVs or safety relief valves (SRVs), there were no degraded conditions that 

would impact the functionality of the PORVs or the code safety valves during an ATWS event. As a 

result, this evaluation concluded that ATWS sequences are a negligible contributor to the integrated risk 

associated with the combined issues.  

In this condition analysis, the fault exposure time input to the SPAR models was 6800 hours, which was 

estimated as follows: 

[(8760 hr/year) x (1 year)(0.79 criticality factor)] = 6800 hr, 

where 0.79 is the average criticality factor for Cook Unit 1, since power operation began.  

The results of this analysis are summarized in Table D.2 

Table D.2 Summary of Results of Analysis of Integrated Risk Associated with This Group of Seven 

Initiators 

Initiating Event ACDF (per year) 

LLOCA 4.0x 10-6 

LOSP (not caused by earthquakes) 5.1 x 10.7 

TRANS 3.2 x 10"' 

SGTR 1.5x 108 (Note 1) 

SLOCA 2.6x 10-7 (Note 1) 

MLOCA 3.2x10"s 

ATWS negligible 

Note 1: During CDF estimation, at least one unknown probability was conservatively assumed to be 1.0.  

D.2 Conditions Related to Fire Initiators 

Table D.3 identifies those issues that could have affected sequences associated with fire events and 

indicates the specific appendix of this report where the analysis of each issue on an individual basis is 

documented.  
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Table 0.3 Issues That Could Have Affected Sequences Associated with Fire Events 

Analysis of 

No. Issue Individual Issue 

42 Appendix R borated water requirement not met. (Design Inspection Report Appendix B, 
El.3.2.2A). Section 42 

46 CVCS cross-tie flow indicator not calibrated to meet Technical Specifications. Appendix B, 
(Retracted LER 315/98-036) Section 46 

47 Cable train separation issue. (Retracted LER 315/98-023) Appendix B, 
Section 47 

50 Oil drip pans not installed on reactor coolant pump motors results in Appendix R Appendix B, 

non-compliance. (LER 315/98-021) Section 50 

51 Appendix R non-compliance: Combustible material within 20 foot separation in Appendix B, 
auxiliary building. (LER 315/97-028) Section 51 

On an individual basis, each of these issues was found to be a negligible contributor to risk. The risk 

significance of the combined impact of these issues was determined by examining whether accident 

sequences affected by a given condition can be exacerbated by other conditions. The analysis concluded 

that the combined risk significance associated with all of the fire issues identified at the Cook plant was 

less than the risk significance associated with an accident sequence precursor.  

Of the five issues, two (Issue No. 42 and Issue No. 46) are instances of non-compliance that have 

negligible impacts on component or system functionality. Issue No. 47 pertains to a retracted LER. As 

such, they can be screened out from further considerations for combined impact assessment.  

Lack of an oil drip pan (Issue No. 50) caused a small increase in the expected frequency of reactor coolant 

pump (RCP) fires. Since the consequences of an RCP fire on plant operation would be limited to a reactor 

trip (no safety-related cables located in the vicinity), the other issues had no significant synergistic effects 

with this condition. With regard to Issue No. 51, the scenario of interest consisted of two cables, which 

are more than 20 feet apart, with combustible material located between the cables. One of the two cables 

would then have to self-ignite, the fire would have to propagate to the combustible material, and then the 

resulting fire would have to ignite the second cable. The contribution to the frequency of fires from 

Appendix R non-compliance (combustible material within the 20-foot separation distance) is negligible, 

primarily due to the low frequency of self-ignition of cables. A secondary consideration was the period 

that the condition existed for a limited period of time with no posted fire watch (26 days). None of the 

other conditions can affect the core-damage sequences associated with this issue.  

In consideration of the above evaluation, the analysis concluded that the combined risk significance 

associated with all of the fire issues identified at the Cook plant was less than the risk significance 

associated with accident sequence precursors.  
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D.3 " Conditions Related to Seismic Initiators

Table D.4 identifies the issues which had the potential to affect the risk due to seismic events. Section 3 

of Appendix B discusses nine issues that had the potential to affect accident sequences associated with 

seismic events. Sections 61, 134, and 136 discuss three additional issues.  

Table D.4 Issues That Could Have Affected Sequences Associated with Seismic Events 

Analysis of 

No. Issue Individual Issue 

3 Seismic event requires ESW supply for AFW when the suction strainers are Appendix B, 

undersized. (LER 315/98-046) Section 3 

35 Degraded seismic ruggedness of master relay covers. (LER 315/98-002) Appendix B, 
Section 3 

45 Pressurizer power-operated relief valve (PORV) inoperability due to inoperability Appendix B, 

of the backup emergency air supply system. (Cook 2 LER 316/98-002) Section 3 

61 The licensee did not have a procedure for manually back washing the ESW pump Appendix A, 

& discharge strainers, a support system needed for ESW system operability. Section 61 

126 (Inspection Report No. 97-024) 

62 Potential for CCF of EDGs due to improper bolting in the exhaust manifold. Appendix B, 

(Inspection Report No. 98-008) Section 3 

64 Public address equipment inside the Unit 1 and Unit 2 ice condensers was not Appendix B, 

installed to withstand a design basis accident. (LER 315/98-050) Section 3 

70 Damaged ice baskets cannot withstand operating basis earthquake and dead Appendix B, 

weight loadings. (LER 315/98-008) Section 3 

102 "General Electric HFA Relays Installed in EDGs May Not Meet Seismic Appendix B, 

Qualification." (LER 315/99-001) Section 3 

107 "Air System for EDGs May Not Support Long Term Operability Due to Original Appendix B, 

Design Error." (LER 315/99-011) Section 3 

113 "RWST Suction Motor Operated Valves Inoperable Due to Inadequate Design." Appendix B, 

(LER 315/99-018) Section 3 

134 Discrepancies with the calculation and physical condition of block walls. (CR P- Appendix A, 

99-22089) Section 134 

136 The ESW pumps may be missing seismic supports that prevent the pump column Appendix B, 

shaft from moving during a seismic event. (CR P-99-25334) Section 136
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On an individual basis, each of these issues except Issue Nos. 61 and 134 was found to be a negligible 

contributor to risk. Issue Nos. 134 and 136 were characterized as ASP precursors and they are discussed 

in Appendix A. The risk significance of the combined impact of all of the other issues was determined by 

examining whether accident sequences affected by a given condition can be exacerbated by other 

conditions. The analysis concluded that the combined risk significance associated with all of the other 

seismic identified at the Cook plant was less than the risk significance associated with accident sequence 

precursors.  

Even though Issue Nos. 35 [degraded solid state protection system (SSPS) relay covers], 62 (missing jam 

nut from EDG exhaust anchorage), 64 (public address equipment not designed to withstand a DBA), and 

70 (degraded ice baskets cannot withstand OBE and dead weight loadings) were degraded conditions, 

they would have had negligible impact on the performance of their respective systems during an 

earthquake. Therefore, they did not combine with other seismic issues to increase risk.  

Issue No. 107 was screened out during initial review, because the air compressors were anchored to meet 

Seismic Category I criteria, even though they were classified as non-seismic. Issue No. 45 (failed air 

bottle in one of the three PORVs) was also screened out, primarily due to the benefit associated with 

redundancy (only one of the three PORVs was affected) and the success criteria (two of three PORVs 

required for success) for feed-and-bleed cooling.  

Of the remaining issues, Issue No. 102 (degraded relays in EDG load shedding) and Issue No. 126 

(degraded ESW backwash strainers that are not seismically qualified) had the dominant effect on 

seismically induced LOSP sequences which would occur during low magnitude/relatively high frequency 

earthquakes. At these earthquake levels, there would be negligible impact from Issue Nos. 3 and 113 

(seismic concern related to RWST suction MOVs), since seismically induced condensate storage tank 

(CST) failure and LOCAs would occur only during earthquakes whose magnitudes were relatively high.  

Therefore, the synergistic effects between Issue Nos. 102, 126 and 3 or 113 were minimal. The change in 

core damage frequency (ACDF) associated with Issue No. 102, on its own, was determined to be 3.1 x 10 

7/year. The ACDF associated with Issue No. 126, on its own, was determined to be 3.2 x 10- 5/year. Since 

both these sequences entail loss of EDGs followed by an LOSP, and since Issue No. 126 assumes that the 

EDGS would be lost with a probability of 1.0, these two frequencies are not cumulative and the combined 

impact will also be 3.2 x 105/year. The ACDF associated with Issue Nos. 3 and 113 (which was 

dominated by high magnitude earthquakes) was considerably less than 1.Ox I 06/year due to the low 

estimated frequency of an earthquake with a sufficiently high "g-value" needed to fail CST or cause a 

LOCA, and the capability of auxiliary feedwater (AFW) to function in spite of a degraded strainer.  

Issue No. 134 (inadequate seismic capacity of 122 safety-related block walls), on its own, may have a 

ACDF greater than I x 105/year. However, since (a) this issue is still under evaluation, (b) it is a 

bounding value, and (c) the specific equipment affected by the block walls are unknown, the combined 

impact between this and the other seismic issues cannot be determined.  

D.4 Conditions Related to Shutdown Initiators 

Table D.5 identifies the issues which had the potential to affect sequences associated with an event that 

could occur during shutdown. Even though each issue, on its own, was not a significant contributor risk, 

they could have combined to create risk significant sequences.  
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Table D.5 Issues That Could Have Affected Sequences Associated with Shutdown Events

Analysis of 

No.' Issue Individual Issue 

2 The AFW suction strainers are not sized properly. (LER 315/98-046) Appendix B, 
Section 2 

9 Potential for over-pressurization of control air headers resulting in multiple Appendix B, 

equipment failures. (LER 315/97-026) Section 9 

15 Operating both RHR trains while reactor coolant system is open to atmosphere Appendix B, 

could result in failure of both trains. (LER 315/97-016) Section 15 

20 Procedure 2-OHP-4021.016.003, "Operation of the CCW System During Reactor Appendix B, 

Startup and Normal Operation," was revised to delete a provision that allowed the Section 20 

licensee to operate CCW above the UFSAR maximum temperature without a 

proper 10 CFR Part 50.59 safety evaluation. [Design Inspection Report El.5.2 

A(3)] 

23 Impact of the CST floating bladder design on calculations. (AFW SSFI self Appendix B, 

assessment) Section 23 

24 CST floating bladder outer seal is deteriorating. (AFW SSFI self assessment) Appendix B, 
Section 24 

25 Lack of direct freeze protection for the CST. (AFW SSFI self assessment) Appendix B, 
Section 25 

30 Adverse impact on plant cooldown analysis (requirement to enter cold shutdown Appendix B, 

in 36 hours with only one train of CCW). (Design Inspection Report E1.2.1.2B) Section 30 

37 Equipment (steam generator level transmitters and RVLIS) in containment Appendix B, 

rendered inoperable due to faulted flood-up tubes. (Cook 1 LER 315/97-006) Section 37

UFSAR states that the NPSH required for RHR at maximum flow rate is 11 ft.  

[Design Inspection Report E1.4.2.C(3)] 

RHR autoclosure interlock (ACI) defeated in Modes 4 and 5. (LER 315/97-019)

Appendix B, Section 40 

Appendix B, 
Section 48

Failure of the turbine-driven AFW pump manual loader and single failure in Appendix B, 

motor- driven AFW train can put AFW outside of design basis. (LER 315/98- Section 63 

052) 

"Contrary to UFSAR Section 9.6.3.2, 2 RHR Pumps Run with the Unit Appendix B, 

Depressurized." (LER 315/98-042) Section 15 

"Auxiliary Feedwater Valves Not-Tested in Accordance with Inservice Testing Appendix B, 

Program." (LER 315/98-057) Section 90 

"Residual Heat Removal Piping Vibrations Could Potentially Cause RHR Piping Appendix B, 

Failures." (LER 315/99-008) 
Sections 94 
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95 "As-Found Residual Heat Removal Safety Relief Valve Lift Setpoint Greater than Appendix B, 

Technical Specification Limit." (LER 315/99-009) ýection 95 

124 A broken support bracket to RHR flow indicator line. (Inspection Report 315/98- Appendix B, 
027) Section 124 

128 RHR system cavitation and vibration on both units. (Inspection report 315/99- Appendix B, 
001) Section 128 

141 The operating discharge pressure of Motor Driven Auxiliary Feedwater pump can Appendix B, 

be in excess of the discharge piping design pressure. (CR P-99-25065) Section 137 

The following approach was used in the analysis of the combined risk associated with shutdown issues: 

0 Issues affecting AFW, residual heat removal (RHR), and low temperature over-pressure 

protection (LTOP) were investigated. If the risk significance of an issue is known to dominate 

the at-power risk, unless it could exacerbate other conditions affecting shutdown-related risks, it 

was not investigated for shutdown risk.  

* Issues that had the potential to affect support systems (e.g., dc power, vital ac power, ESW) were 

not investigated since they were examined in the evaluation of at-power risk.  

* The combined effect of all issues that could have affected AFW (Issue Nos. 2, 9, 23, 24, 25, 37, 

63, 90, and 141) was examined by assessing the change to the AFW failure probability as a result 

of all of these conditions. Based on results obtained using the SPAR models, the change in the 

AFW failure probability due to all of the above conditions was negligible. Considering the 

results discussed above, the increase in shutdown risk due to the combined AFW-related issues 

was negligible.  

* In a manner similar to the approach used with AFW-related issues, the combined effect of all 

issues that could have affected RHR (Issue Nos. 9, 15, 20, 30, 40, 48, 85, 94, 95, 124, and 128) 

was evaluated.  

Of these, Issue Nos. 20 (lack of a 10 CFR 50.59 evaluation), 30 [(requirement to enter cold 

shutdown in 36 hours with only one train of component cooling water (CCW)] and 40 

[typographical error in the Updated Final Safety Analysis Report (UFSAR)] were simply regulatory 

compliance issues with no impact on RHR functionality. Therefore, they were screened out from 

further consideration.  

The magnitude of the degraded conditions involved in Issue No. 95 (as-found relief set point 

exceeding the limit allowed by Technical Specification) did not affect the capability of the valve 

to function during accident conditions. Therefore, it did not exacerbate the risk associated with 

other issues. Since the PORVs at the Cook plant were functional and available to mitigate 

overpressure pressure transients, operating with the autoclosure interlock defeated (Issue No. 48) 

has a negligible contribution to risk.  
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"Issue Nos. 9, 15, and 85 involved three independent failure modes of RHR whose probabilities 

incurred negligible increases due to the as-found conditions. These conditions did not increase 

the overall RHR failure probability, either individually, or when combined (i.e., sum of four 

negligible probabilities was also negligible).  

Issue Nos. 94 and 128 pertain to excessive flow cavitation and RHR pipe vibrations. Even 

though these issues indicated undesirable operating conditions, based on investigation of the as

found condition by the licensee, the system was not at a risk of catastrophic failure resulting in 

loss of RHR. Issue No. 124 pertains to a broken support bracket to an RHR flow indicator line 

[RHR flow to the containment spray (CTS) spray header in the event of normal CTS failure] that 

did not affect the normal RHR capability.  

Based on the above considerations, since the functionality of the RHR, AFW, and LTOP systems 

were not significantly degraded due to any of the issues, on their own or in combination, the 

increase in shutdown risk due to the combined issues was determined to be negligible.  

D.5 Conditions Related to Spent Fuel Pool 

Table D.6 identifies the issues which could be affected by sequences associated with spent fuel pool

related initiating events.  

Table D.6 Issues That Could Have Affected Sequences Associated with Spent Fuel Pool-Related 

Initiating Events 

Analysis of 

No. Issue Individual Issue 

32 Spent fuel pool cooling operating outside design basis during full core offloading Appendix B, 

in 1996. (Design Inspection Report EI.2.1.2.C) Section 32 

56 Dual CCW/ESW train outage during Unit 2 refueling inconsistent with design Appendix B, 

basis. (Design Inspection Report E1.2.1.2D) Section 56 

These two issues could have impacted sequences associated with two spent fuel pool-related initiating 

events - loss of coolant inventory and long-term spent fuel pool cooling.  

This analysis found that there were no spent fuel pool-related degraded conditions that were significant 

contributors to risk. That is, the potential for catastrophic loss of coolant inventory or long-term, 

undetectable loss of spent fuel pool cooling did not increase. Therefore, the risk associated with these 

issues was negligible.  

D.6 Conditions Related to Loss of Control Room Ventilation Initiator 
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Table D.7 identifies one issue that could have affected the initiating event involving loss of control room 

ventilation.  

Table D.7 Issues That Could Have Affected Sequences Associated with the Loss of Control Room 

Ventilation Initiating Event

Issue

Control room emergency ventilation system capability to maintain control room 

temperature within Technical Specification limit is affected by high ESW 

temperatures. (LER 315/97-014)

Startup flash tank normal discharge runs between normal and emergency air 

intakes for the control room. A line break would feed directly into the control 

room. (CR P-99-12962)

Anlyiso
Analysis of 
Individual Issue

Appendix B,
Appendix B, 
Section 29

Appendix B,
Appendix B, 
Section 132

Issue No. 29 involved the potential effect of elevated ESW (ultimate heat sink) temperature on the control 

room ventilation system. The analysis of Issue No. 29 on an individual basis yielded an estimated ACDF 

that was <l.0x 10"/year (= 7.7x, 10"°/year). Issue No. 132 relates to a HELB scenario whose likelihood is 

less than 1.0x 10-8/year.  

This analysis determined that other issues that could have affected the frequency of an LOSP event or 

normal or alternate shutdown path capability would also have affected the risk associated with Issue No.  

29. However, no significant degraded condition was found that affected either the LOSP frequency, or 

the normal or alternate shutdown path. Therefore, the integrated risk associated with control room 

ventilation remained well below 1.0x I06/year.  

D.7 Conditions Related to Loss of DC Power Initiator 

Table D.8 identifies the issues that could have affected sequences associated with the loss of dc power 

initiator.  

Table D.8 Issues That Could Have Affected Sequences Associated with the Loss of DC Power 

Initiator

Issue 

Inadequate justification to demonstrate operability of the Unit 2 250V dc "CD" 

battery train. (Design Inspection Report E1.3.1.2) 

02-OHP 4021.0882.0133 R~ev 22, "Isolating, Transferring and Restoring a 250VDC 

Load," wass nnot appropriate, since under some circumstances battery crossties 

coul be verlade. (Inspection report No. 97-08 

Underrated Fuses Used edin 250 VDC System Could Result in Lack of Protective 

Coordination. (LER 315/99-027) 

D-1 2

Analysis of 
Individual Issue 

Appendix B, 
Section 55 

Appendix B, 
Section 57 

Appendix B, 
Section 123
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On an individual basis, each of these issues was found to be a negligible contributor to risk. The risk 

significance of the combined impact of these issues was determined by examining whether a given 

degraded condition can be exacerbated by other conditions. The analysis concluded th~at the DC power 

system remained functional and the combined risk significance associated with all of the DC power 

related issues identified at the Cook plant was less than the risk significance associated with an accident 
sequence precursor.  

Issue No. 55 relates to a non-compliance with the Technical Specifications due to degraded condition in a 

single cell. This degraded condition was minor in that the battery remained functional. Therefore, this 

issue has negligible contribution to risk and it cannot exacerbate accident sequences associated with Issue 

Nos. 58 or 123.  

Issue No. 58 relates to an inappropriate procedure which may have caused an overload condition during 

some shutdown conditions only. The licensee's analysis of the as-found condition later determined this 

condition to be acceptable.  

Issue No. 123 discusses presence of underrated fuses in the VDC system. Even though there were a large 

number of underrated fuses, the licensee's analysis of the as-found condition showed that most fuses 

remained functional. The frequency of the accident sequences associated with the fuses whose 

functionality was in question was negligible.  

Issue No. 58 could affect accident sequences whose initiating event is "Intentional cross-tie of buses 

during shutdown." Issue No. 123 could affect accident sequences in which a random electrical fault has 

lead to an over-voltage or an over-current condition. These two initiating events are independent.  

Hence, the combined risk contribution by these three issues was determined to be low compared to the 

risk associated with an accident sequence precursor.  

D.8 Inter-System Loss-of-Coolant Accident (ISLOCA) 

Table D.9 identifies the one issue which could have affected sequences associated with the ISLOCA 

initiator.  

Table D.9 Issues That Could Have Affected Sequences Associated with the ISLOCA Initiator 

Analysis of 

No. Issue Individual Issue 

7 Piping code violation due to oversight in valve control requirement could Appendix B, 

lead to ISLOCA sequence via the CCW system. (LER 315/97-022) Section 7 

Issue No. 7 involved the lack of administrative controls on several CCW system valves. The results of 

the analysis of this condition indicated that the estimated ACDF due to the dominant ISLOCA sequence 

was less than 1.0x 10"7/year. Other degraded conditions had no potential impact on the above-identified 

sequence. Hence the ACDF associated with the combined issues was also less than I.Ox 107/year.  
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D.9 High Energy Line Break 

Table D. 10 identifies the issues which could have affected sequences associated with high energy line 

breaks (HELBs).  

Table D.10 Issues That Could Have Affected Sequences Associated with High Energy Line Breaks 

Analysis of 

No. Issue Individual Issue 

I HELB in the startup blowdown flash tank room could expose the motor control Appendix B, 

center to steam environment affecting AFW system. (Interim Cook 2 LER Section 1 

316/98-007) 

22 HELB causes failure of AFW instruments. (LER 315/98-058) Appendix B, 
Section 22 

53 Potential for HELB to degrade CCW system. A postulated crack in a Unit 2 high Appendix A, 

energy line may degrade the ability of CCW pumps of both units to perform their Section 53 

function. (Cook 2 Interim LER 316/98-005) 

122 High Energy Line Break Programmatic Inadequacies Result in Unanalyzed Appendix A, 

Conditions. (LER 315/99-026) Section 122 

Issue No. I involved a fire door which was blocked open for 39 hours. This created the potential for 

failure of the backup water supply (the ESW system) for the AFW system. In the event that a postulated 

HELB were to occur in the startup blowdown flash tank room, a steam environment could potentially 

threaten the motor control centers (MCCs) in the area with steam and higher temperatures than they are 

qualified to withstand. This situation had the potential for causing a loss of AFW, because the valves 

which supply ESW to the AFW pumps are powered from these MCCs.  

As documented in Section 1 of Appendix B, the estimated ACDF for this issue was less than I.0x 10 

6/year (= 2.7x 101 /year). This result could have been affected by degraded conditions which were 

identified in this evaluation that were related to AFW and feed-and-bleed cooling. Using the SPAR 

models, all of the degraded conditions affecting AFW and feed-and-bleed cooling were assessed, with the 

result that the estimated ACDF associated with this HELB combined with other issues did not exceed 

1.0 x 10"/year.  

Issue No. 22 involves an issue which could have affected sequences associated with the high energy line 

break in the common hallway in the AFW pump room initiator. The postulated HELB leads to a potential 

failure of the turbine-driven AFW pump and the East motor-driven AFW pump. When analyzed on an 

individual basis, the ACDF associated with this issue was estimated to be less than 1.Ox 10O"/year (= 

2.5 x I 0S/year). A degraded condition that affected the West motor-driven AFW pump or feed-and-bleed 

cooling could also have affected the sequences associated with Issue No. 22. Using the SPAR model, the 

combined conditions were analyzed, and the estimated ACDF was still less than 1.0x 10I /year.  

Issue No. 53 involved a postulated high energy line break in the Unit 2 pipe chase which is adjacent to the 

area containing the CCW pumps for both units, potentially causing the loss of CCW to both units as a 
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result of steam intrusion into the CCW pump room. The estimated ACDF for the individual issue was 

3.0x 106/year. Hence this condition is an accident sequence precursor. Since the sequences associated 

with this condition are not affected by any of the other degraded conditions identified at the Cook plant, 

the integrated risk is the same value as the individual case.  

Issue No. 122 involved three significant additional HELB scenarios in which critical systems can be 

affected by HELB events. In one of these scenarios, a HELB in the turbine building could potentially fail 

all AFW. A second HELB scenario could potentially fail both trains of safety-related and non safety

related 600V and lower voltage buses. A third scenario could potentially fail both emergency diesel 

generators (EDGs). The estimated ACDF for this issue due to these postulated HELBs is 3.9 x 104/year.  

Issue No. 22 which postulates a HELB in a specific area of the turbine building (common hallway of the 

AFW pump room) is a subset of Issue No. 122, which postulates a break anywhere in the turbine 

building. Issue No. I can also be ignored in consideration of the magnitude of ACDF (= 2.7 x 10"'/year) 

compared to other HELB related frequencies. The risk significance of Issue No. 53 and 122 are 

cumulative since they are associated with HELBs in two entirely different locations. The analysis of 

Issue No. 122 (Section 122 of Appendix A) showed that there are no synergistic effects between these 

two HELB scenarios. Therefore, the combined ACDF of all HELB issues is 3.9 x 104/year 

(approximately equal to the sum of 3.9 x I 0 4/year and 3.0 x I 01/year).  

D.10 Combined Effect of Containment-Related Issues 

Section 2.5 describes how the individual containment issues were analyzed. The results of this evaluation 

indicated that there were no containment-related issues which, on their own, contributed significantly to 

risk. This section documents the results of the assessment of the combined impact of all the containment

related issues on containment performance. The approach used in this assessment was as follows: 

0 Identified containment failure modes.  
* Identified systems that impact each containment failure mode.  

0 Examined the synergistic impact of all issues related to the system on the functionality on the 

system.  
* Determined the effect on the specific containment failure mode after considering the impact of 

degraded conditions on one or more systems that affect a given failure mode.  

The results of this assessment indicated that the combined containment-related issues had no significant 

contribution to risk.  

Containment failure modes 

Table 4.2-1 of the Cook Individual Plant Examination (IPE) (Ref. 1) identifies the following containment 

failure modes: 

"* Hydrogen Combustion 
"* Direct Containment Heating 
* Steam Explosion 
"* Molten Core-Concrete Interactions 
"* Vessel Biowdown 
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* Thermal Loading of Penetrations 
"* Overpressurization 
"* Containment Isolation Failure 

* Containment Bypass 

Of the above failure modes,'the issues discovered at Cook had the potential to impact hydrogen 

combustion, overpressurization, containment isolation failure, and containment bypass.  

D. 10.1 Combined Impact on Hydrogen Combustion 

Table D. 1I identifies the issues which involved conditions that could have affected systems or 

components used for hydrogen combustion.  

Table D. 11 Issues That Could Have Affected Systems or Components Used for Hydrogen 

Combustion 

Analysis of 

No. Issue Individual Issue 

37 Equipment (steam generator level transmitters and RVLIS) in containment Appendix B, 

rendered inoperable due to faulted flood-up tubes. (Cook 1 LER 315/97-006) Section 37 

54 Equipment in containment rendered inoperable due to faulted flood-up tubes. Appendix B, 

(Cook 2 LER 316/97-006) Section 54 

80 Low air flow conditions in at least one localized portion of the containment. Appendix B, 

(LER 315/98-001). Section 80 

82 Missed surveillance of hydrogen recombiner. (LER 315/98-009). Appendix B, 
Section 80 

83 Technical Specification surveillance requirement on hydrogen recombiner not Appendix B, 

met. (LER 315/98-019) Section 80 

84 Hydrogen recombiner watt meter circuit Technical Specification surveillance Appendix B, 

requirement not met. (LER 315/98-033) Section 80 

99 Distributed Ignition System - whether DIS required beyond DBA; DIS initiating Appendix B, 

signals; requirement for EQ; possible CTS impingement; drawing discrepancies. Section 99 

[Inspection Report 50-315/316/98007(DRP) - 02.3] 

100 Hydrogen recombiner inadequate surveillance procedure; preconditioning of Appendix B, 

equipment prior to surveillance test. [Inspection Report 50-315/316/98007(DRP) Section 100 

- M 1.2] 

101 Distributed Ignition System surveillance testing - need for visual verification and Appendix B, 

igniter temperature measurement. [Inspection Report 50-315/316/98007(DRP) - Section 101 

M1.3] 

The combined impact of all of the above issues was assessed by determining the worst case impact of 

them on the functionality of hydrogen recombiners, hydrogen igniters, and the recirculation/hydrogen 
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skimmer fans. Any increases in the peak containment pressure resulting from the degraded conditions 

were compared with the high confidence low probability failure (HCLPF) pressure (36 psig) of the 

containment. The increase during the worst case condition was well within the HCLPF limit of 36 psig 

capability of the Cook containment building. Therefore, this evaluation determined that the combined 

impact was not a significant contributor to risk.  

Of the nine conditions listed in Table D.1 1, five (Issue Nos. 82, 83, 84, 100, and 101) were screened out 

since they relate to test procedure inadequacies rather than degraded conditions.  

Issue No. 80 was screened out due to the following: Post accident containment mixing is designed to 

prevent individual spaces within the containment from attaining a high hydrogen concentration. Issue 

No. 80 identified a blockage of a containment hydrogen mixing line. The licensee's analysis showed that, 

in spite of the blockage, the hydrogen concentration would have remained below the 4% limit.  

Issue No. 99 was screened out due to the following: The distributed ignition system (DIS) is a 

containment combustible gas control (hydrogen mitigation) system that consists of two trains of igniters 

located throughout the containment that can be manually actuated for controlled bums of hydrogen gas 

postulated for degraded core loss-of-coolant accidents (LOCAs). Issue No. 99 involved the possibility 

that some of the hydrogen igniters could malfunction. However, according to Indiana Michigan Power 

Co., "Donald C. Cook Nuclear Plant Units 1 and 2, Technical Specification Amendment - Distributed 

Ignition System," December 3, 1998, the hydrogen igniters are not required for mitigation of a design 

basis accident (DBA) because the hydrogen concentration in containment resulting from a DBA can be 

maintained less than the flammability limit using the hydrogen recombiners. The DIS is only required for 

accident scenarios beyond the DBA.  

Issue No. 37 involved the discovery of defective floodup tubes inside containment due to through-wall 

defects caused by material stress cracks or welding activities. This degraded condition was applicable to 

Unit 1 only. The loss of one of two hydrogen recombiners (I-HR-1) affects containment and primary 

system integrity. Even if one hydrogen recombiner is lost, hydrogen igniters and a second hydrogen 

recombiner compensate for the loss of one hydrogen recombiner. Ample time to repair the remaining 

hydrogen recombiner would be available, if necessary.  

There was one issue that could have affected the flood-up tubes (Issue No. 54). This degraded condition 

was applicable to the Unit 2 containment only. Here, during a postulated LOCA, water could enter 

cracked flood-up tubes that carry cables supporting the air recirculation/hydrogen skimmer fans. The 

failure of the containment air recirculation/hydrogen skimmer fans(s) would affect the peak pressure in 

containment following a postulated LOCA. One fan is sufficient to ensure that the peak pressure remains 

below the design pressure of 12 psig. The loss of the second (i.e., failure both fans) fan could allow the 

peak pressure to reach 17 psig.  

In light of the above discussion, the worst case impact for Unit I hydrogen combustion capability would 

be limited to (a) loss of one of two hydrogen recombiners, and (b) malfunctioning of a number of 

hydrogen igniters which are not credited in the design basis analysis. With the availability of the 

redundant hydrogen recombiner and hydrogen igniters that do not malfunction, the design pressure would 

not be exceeded.  

The worst case condition for Unit 2 due to all of the issues related to hydrogen combustion would be (a) 

loss of one or both recirculation/hydrogen skimmer fans, and (b) malfunctioning of a number of hydrogen 
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igniters which are not credited in the design basis analysis. If one fan is lost, the design pressure of 12 

psig would not be exceeded. It is less likely to lose both fans due to the degraded floodup tubes.  

However, if this were to occur, the peak pressure due to hydrogen combustion could reach 17 psig.  

Significant margin exists between the containment design pressure (12 psig) and the realistic containment 

failure pressure. According to the Cook IPE, the actual failure pressure of the containment is much 

greater than the design pressure of 12 psig; the HCLPF limit for the containment is 36 psig. That is, there 

is 95% confidence that, at 36 psig, the probability of containment failure is less than 5%.  

The increase during the worst case condition (failure of both fans) is well within the HCLPF limit of 36 

psig capability of the Cook containment building. Therefore, this evaluation determined that the 

combined impact was not a significant contributor to risk.  

D. 10.2 Combined Impact on Overpressurization 

Two systems can affect the peak containment pressure - the ice condenser and the containment spray 

system (CTS). A third system, the essential service water (ESW) system, can also affect the peak 

containment pressure, since it supports the CTS heat exchanger.  

0 Ice Condenser 

Table D. 12 identifies the 13 issues that could have affected the functionality of the ice condenser.  

Table D. 12 Issues That Could Have Affected Functionality of the Ice Condenser 

Analysis of 

No. Issue Individual Issue 

6 Restricted ice condenser flow passages. (Interim LER 315/98-004) Appendix B, 
Section 65 

8 Ice condenser weights do not comply with Technical Specifications. (Interim Appendix B, 
LER 315/98-007) Section 65 

52 Ice condenser bypass potentially exceeded design basis limit. (Cook 2 LER Appendix B, 
316/98-004). Section 65 

65 Defective and missing welds in ice condenser baskets. (LER 315/98-032) Appendix B, 
Section 65 

67 Ice condenser bypass leakage exceeds design basis limit. (LER 315/98-037) Appendix B, 
Section 65 

68 Screws missing from ice condenser ice basket coupling rings. (LER 315/98-005) Appendix B, 
Section 65 

69 Procedure allows up to 60 ice baskets to be unpinned. (Interim LER 315/98-006) Appendix B, 
Section 65
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71 Missing, damaged, or improperly installed shims, washers, bushings, and bolts Appendix B, 
could have created a potential for some of the intermediate deck doors to become Section 65 
misaligned. (LER 315/98-010) 

72 Ice weight requirements potentially not met due to non-conservative assumption Appendix B, 
in software program. (LER 315/98-015) Section 65 

73 Debris recovered from ice condenser. (LER 315/98-017) Appendix B, 
Section 65 

74 Allegations concerning accuracy of 74 ice basket weights. (LER 315/98-024) Appendix B, 
Section 65 

75 Technical Specification surveillance requirement not met while weighing ice Appendix B, 
baskets. (LER 315/98-026) Section 65 

Containment Air Recirculation System Flow Testing Results Indicate Condition Appendix B, 
Outside the Design Basis. (LER 315/98-001). Section 65 

Section 65 of Appendix B discusses the combined effect of issues affecting the ice condenser 
performance. After considering the nature and magnitude of conditions, and after reviewing analyses 
performed by the licensee and their vendors, this evaluation concluded that the combined impact on peak 
containment pressure by these 13 issues was negligible. The synergistic effects of all ice condenser 
issues except those associated with postulated earthquakes were included in this assessment. A summary 
of the reasoning used to derive this conclusion is as follows: 

The thirteen LERs that describe "as found" containment performance conditions can be grouped into 
three safety functions: (1) ice condenser bypass, (2) ice basket structural integrity, and (3) ice condenser 
performance. These three safety functions maintain the peak containment pressure within its design 
capability during a postulated loss-of-coolant accident (LOCA) or main steam line breaks (MSLB) inside 
containment.  

The three issue groups relating to the performance to the ice condenser containment were assessed 

qualitatively to determine the change in containment performance using realistic (rather than design 

basis) failure limits, redundancies, and the magnitude of degradations. The assessment of containment 
performance based on "as found" conditions is discussed in three parts. In the discussions that follow, 

first, the effect on the peak containment pressure due to the ice condenser bypass issue is discussed.  

Second, the synergistic effect on the peak containment pressure due to ice condenser performance (mal

distributions) and ice basket damage issues is presented. Finally, the synergistic effect of all three issue 

groups concludes this assessment.  

Ice condenser bypass. The cumulative effect of the "as found" bypass flow paths was 36.5 square feet 

for Unit I and 35.0 square feet for Unit 2. The UFSAR states that the design basis bypass area is 5 

square feet (Ref. 2, Section 5.2.2.4). The UFSAR describes the accident analyses for different size pipe 

breaks and the allowable ice condenser bypass flow for each case. Analysis results indicate a value of 35 

square feet as the allowable deck leakage area for the entire spectrum of break sizes (Ref. 2, Table 14.3.4

2). The limiting case is an 8-inch break with one spray pump operating at 2000 gpm (80 degrees F), 

which results in a peak containment pressure of 12.0 psig. The design flow rate of one containment spray 

pump is 3200 gpm (Ref 2, Table 6.3-1). An 8-inch break with two spray pumps operating (4000 gpm at 

80 degrees F) results in a peak containment pressure of 12.2 psig with a 56 square foot bypass area.  
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Thus, the identified historical value of bypass of about 36 square feet for Unit 1 and about 35 square feet 
for Unit 2 is bounded by UFSAR analysis when assuming the operation of both contaipment spray 

pumps, but is outside of the ice condenser design basis value of 5 square feet.  

Ice basket damage. The safety issue concerning the "as found" conditions of the ice baskets is the 
potential ejection of loosened and broken baskets from the ice bed during an accident. An ejected ice 

basket affects the ice bed geometry during an accident, thereby creating bypass flow routes. All of the 
"as found" ice basket damage conditions are bounded by the potential degraded ice basket condition 

reported in LER 315/98-006-2. This LER reported a deficiency in the surveillance procedure for 

weighing ice baskets. The procedure contained a step which potentially allowed the unpinning of up to 

60 ice baskets during Modes 3 and 4.  

The LER reported that the safety significance of 60 baskets ejecting during a postulated accident has been 

evaluated by Westinghouse for two cases: unobstructed baskets and obstructed baskets. During a 

postulated accident, if unobstructed baskets are not secured at the bottom rim, they could eject 13 feet 5 

inches upward into the upper plenum area of the ice condenser due to blowdown forces. Unobstructed 
baskets are those baskets that are not impeded by an intermediate deck frame. The upward displacement 

of these baskets would not be enough to open steam bypass flow routes around the ice condenser.  

For the obstructed baskets that are located below the intermediate deck frames, multiple unsecured 
baskets ejecting simultaneously and impacting an intermediate deck frame in one bay may cause the 

frame to plastically deform. However, this scenario was judged by Westinghouse to be extremely 
unlikely for the following reasons: (1) basket columns would need to be of identical weight and exert 

identical frictional forces on the lattice steel framework; (2) no lateral forces could be exerted against the 

basket columns during the blowdown, and (3) basket columns would need to have exactly the same net 

uplift force transient. Further, it was judged that the current calculated sub-compartment loadings for the 

peak differential pressure across the shell, the operating deck, the lower crane wall, and the upper crane 

wall will essentially be unaffected whenever the effects of the 60 unpinned baskets is considered.  

The LER concluded that the possibility of the unpinned ice baskets or ice basket columns ejecting from 

the ice bed is extremely remote. If an ejection were to occur, the resultant configuration would not 

prevent the ice condenser from performing its intended function. A recent evaluation by Westinghouse 

reported in Reference 3 supported this earlier conclusion.  

Ice condenser performance. The safety issue concerning the performance of the ice condenser involves 

the mal-distribution of steam flow through the ice baskets due to partially blocked ice channels between 

baskets, and mal-distribution of ice the baskets due to underweight or missing ice. Reference 3 reports 

the results of the licensee's analysis to determine the peak containment pressures for design basis LOCAs 

and MSLBs for the "as found" condition of the ice condenser containment.  

The analysis used the NRC-approved LOTIC containment response computer code. Models were 

developed to include the varying weights of ice in the baskets, the partially blocked ice channels between 

ice baskets, and the effects of a steam flow bypass through the ice condenser due to postulated ice basket 

displacement caused by blowdown forces. In addition, the models included an increase in the total ice 

mass that closely represents the actual mass of the ice in the ice condenser. The total mass of ice used in 
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the analysis was 2.53 x 106 pounds. The "as found" weight of the ice was estimated by the licensee' to be 

2.7 x 106 pounds in Unit I and 2.8 x 106 pounds in Unit 2. The minimum Technical Specification for the 

total ice weight at the time of plant shutdown was 2.37 x 106 pounds. The total mass assumed in the 

UFSAR analysis was 2.11 x 106 pounds.  

From Reference 3, the increased ice mass resulted in a calculated peak containment pressure of 11.2 psig, 

which is below the current UFSAR analysis of 11.49 psig. The slight reduction in the calculated peak 

pressures is attributed to the utilization of enhanced heat sink modeling and increased initial ice mass 

(420,000 pounds more or a 20% increase). This shows that even a 12% decrease in the minimum mass of 

ice as required by the Technical Specifications (at the time of plant shut down) has little effect on the 

peak pressure.  

Reference 3 further reports the results of an earlier analysis that considered the increase in ice mass 

(2.53E+6 pounds) and three synergistic conditions discussed above: (1) mal-distribution of ice weight in 

the baskets, (2) mal-distribution of steam flow through the baskets, and (3) effects of flow bypass due to 

ice basket displacement during an accident. The peak containment pressure calculated under these 

conditions is 11.92 psig or 0.71 psig higher than the identical LOTIC analysis that assumed for only the 

increase in ice mass (i.e., 11.2 psig).  

Synergistic effects of all three safety issues. From the assessment of the synergistic effect of "as found" 

ice and steam flow mal-distributions, and flow bypass from postulated partially ejected ice baskets, the 

peak containment pressure calculated by Westinghouse is 11.92 psig. The increase in the peak pressure 

as the result of this synergistic effect is less than I psig for a large break LOCA or MSLB.  

From a UFSAR sensitivity analysis that calculated peak containment pressures for varying sizes of 

LOCAs and bypass flows areas, the worst case break size resulted in a peak containment pressure of 12.2 

psig for a 35 square foot bypass area. This analysis assumes one-third the total design flow rate of both 

containment spray pumps. The combined effects of a 36 square foot bypass flow area and slight 

reduction in ice condenser performance will be well below the 36 psig containment HCLPF failure 

pressure assumed in the IPE.  

In light of this information, it was determined that the ice condenser remained functional (probability of 

the peak pressure exceeding the containment failure pressure leading to sump recirculation failure due to 

these "as found" conditions is negligible) in spite of the large number of issues related to the ice 

condenser.  

0 Containment Spray System 

Table D.13 identifies the nine issues that could have affected the performance of the containment 

spray system.  

Rough estimates of ice weights in the Units 1 and 2 ice condensers were provided by the 

licensee. The ice weights were estimated from ice melt volumes as the result of ice 

replacement operations in 1998. The estimates factored the volume of ice melt in the 

temporary ice melt tanks, the volume of water spilled in the containment, and specific 

gravity. These estimates are not design verified calculations.  
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Table D. 13 Issues That Could Have Affected Functionality of the Containment Spray System 

Analysis of 

No. Issue Individual Issue 

16 Potential single failure (loss of air) could result in failure of both ESF ventilation Appendix B, 

system trains. (LER 315/97-023) Section 16 

27 Failure to maintain 1/4" particulate retention requirement can result in high Appendix B, 

pressure injection system failures leading to sump recirculation failure. (LER Section 27 

315/97-018 & LER 315/98-012) 

28 Material discovered in containment degrades recirculation capability by clogging Appendix B, 

up sump screens and creating NPSH problems during sump recirculation. (LER Section 28 

315/97-024 & LER 315/98-017) 

76 Debris of unknown origin found in west containment spray header. (LER Appendix B, 

315/98-027). Section 76 

77 Flow rates to CTS headers are potentially lower than design basis values. (LER Appendix B, 

315/98-034) Section 76 

78 Incorrect installation of CTS header heat exchanger. (LER 315/98-030) - Appendix B, 

Retracted LER since functionality unaffected. Section 76 

96 "Auxiliary Building ESF Ventilation System May Not be Capable of Maintaining Appendix B, 

ESF Room Temperature Post-Accident." LER 315/99-012 Section 96 

124 A broken support bracket to RHR flow indicator line. (Inspection Report 315/98- Appendix B, 

027) Section 124 

135 A technical report identified that valves 1-ICM-305/306 will need to be modified Appendix A, 

to eliminate potential to pressure lock. (LER 315/99-031) Section 135 

The degraded conditions involved in the above-identified issues could have affected the 

following CTS components and operating performance characteristics - CTS pump room 

ventilation, CTS nozzle spray plugging, CTS pump net positive suction head (NPSH), CTS flow 

rates, alternate flow from RHR to CTS headers, and the CTS heat exchangers. The combined 

impact all of the above issues is an increase in the CTS failure probability of 8.Ox 10-I and a 2 

psig increase in the peak containment pressure. The increase in the CTS failure probability was 

incorporated into the SPAR model that performs the integrated risk assessment. This increase did 

not result in any core damage sequence whose frequency exceeded the ASP precursor threshold 

value of I.Ox 10"6/year. The potential 2 psig increase in containment pressure is well within the 

HCLPF limit of 36 psig. Therefore, this evaluation determined that the combined impact of CTS 

issues was not a significant contributor to risk.  

The degraded conditions involved in the above-identified issues could have affected the 

following CTS components and operating performance characteristics - CTS pump room 

ventilation, CTS nozzle spray plugging, CTS pump NPSH, CTS flow rates, alternate flow from 

RHR to CTS headers, and the CTS heat exchangers.  
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"Issue Nos. 16 and 96 involved the possibility of degrading the CTS by failing ventilation in the 

CTS room during an accident. The contribution from Issue No. 16 was negligible, primarily due 

to the low probability of a pressure regulator failure or an air line rupture durihg an accident 

(increase in probability was 8.Ox 10-). The impact of Issue No. 96 is negligible since the elevated 

room temperatures simply expedite the aging process rather than causing catastrophic failure of 

the CTS system components.  

Issue No. 27 identified the potential to plug CTS spray nozzles due to an improper design change 

that allowed debris to enter the CTS suction. Section 27 of Appendix B explains in detail, that 

the increase in the failure probability of CTS due to debris ingestion is negligible.  

Issue No. 28 identified the potential to create NPSH problems for the CTS pumps due to debris 

plugging the strainer. Section 28 of Appendix B explains in detail, that the probability of CTS 

pump failure due to NPSH problems resulting from debris in sump is negligible.  

Issue No. 76 discussed the debris found in the CTS header. The licensee flushed out the header 

and examined the nature and quantity of debris. The licensee's evaluation determined that the 

potential impact was negligible.  

Issue No. 77 discussed how the CTS flow rates could be less than the design value - the impact 

was limited to a 2 psig increase in peak pressure.  

Issue No. 78 involved the incorrect installation of the heat exchanger - there was no impact on 

performance. Therefore, the LER reporting this condition was retracted.  

Issue No. 124 involves a broken support bracket of an RHR flow indicator line. Issue No. 135 

involves a pressure locking condition in which the MOVs that align RHR to the upper 

containment spray header may not open. Since these conditions had the potential to affect the 

alternate spray capability from RHR rather than the spray from CTS, both of these conditions had 

no impact on the CTS capability in the injection or recirculation mode.  

In light of the above discussion, the combined impact all of the above issues is an increase in the 

CTS failure probability of 8.Ox 10- and a 2 psig increase in the peak containment pressure. The 

increase in the CTS failure probability was incorporated into the SPAR model that performs the 

integrated risk assessment. This increase did not result in any core damage sequence whose 

frequency exceeded the ASP precursor threshold value of 1.Ox 1 0-/year. The potential 2 psig 

increase in containment pressure is well within the HCLPF limit of 36 psig.  

0 ESW 

The eight ESW-related issues that could have affected CTS by affecting the CTS heat exchanger 

via ESW are identified in Table D. 14.  
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Table D.14 Issues That Could Have Affected Functionality of the ESW System 

Analysis of 

No. Issue Individual Issue 

10 Use of the design basis fouling factor as the acceptance criteria can cause Appendix B, 

ESW/CCW heat exchanger to exceed fouling limit. (Design Inspection report Section 10 

E1.2.1.2H) 

19 12-OHP-4021.019.001, "Operation of the ESW System," was revised to reduce Appendix B, 

the maximum ESW operating temperature without a proper 10 CFR Part 50.59 Section 19 

safety evaluation. [Design Inspection Report E1.5.2 A(2)] 

31 Containment peak pressure may be exceeded during a LOCA or MSLB due to Appendix B, 

high ESW temperature. (LER 315/97-010-02). Section 31 

61 The licensee did not have a procedure for manually back washing the ESW pump Appendix B, 

discharge strainers, a support system needed for the ESW system operability. Section 126 

(Inspection Report No. 97-024) 

118 Inadequate Technical Specification Surveillance Testing of Essential Service Appendix B, 

Water Pump Engineered Safety Feature Response Time. (LER 315/99-023) Section 118 

126 Operability of the ESW strainers. (Inspection report 50-315/99-010 Appendix B, 
Section 126 

127 Improperly installed strainer drain valve. (Inspection Report 315/99-017) Appendix B, 
Section 127 

136 The ESW pumps may be missing seismic supports that prevent the pump column Appendix B, 

shaft from moving during a seismic event. (CR P-99-25334) Section 136 

On an individual basis, each of these issues except Issue Nos. 61 and 126 were found to be 

negligible contributors to risk. The combined impact of Issue Nos. 61 and 126 was characterized 

as an ASP precursor and it is discussed in Appendix A. The combined impact of all of the ESW

related issues, with the exception if Issue Nos. 61 and 126, has negligible impact on the capability 

of the ESW to perform its function during events other than earthquakes.  

The combined impact of all of the above issues except Issue Nos. 61 and 126 was assessed by 

determining the impact of them on the functionality of the ESW system. This evaluation 

determined that the combined impact of ESW did not affect the functionality of ESW.  

Of these, Issue Nos. 10 and 118 involved compliance issues (i.e., there was no evidence of 

failures or degraded components provided). Issue No.19 was simply a question of an improper 

10 CFR Part 50.59 safety evaluation. There was no evidence of any degraded conditions or 

failures.  

Issue No. 31 involved the potential effect of elevated lake (ESW-Ultimate Heat Sink) water 

temperatures on CTS heat exchanger performance. A Westinghouse analysis concluded that 

there would be negligible impact on the containment peak pressure due to this condition.  
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Issue No. 127 involved a condition in which an improperly installed valve caused an ESW flow 

diversion. This improper condition existed for a limited period (2 months) and the units were not 

at-power during this time frame. Furthermore, the flow diversion of approximately 1000 gpm 

was only 10% of the rated flow from a single ESW pump. There are four ESW pumps that are 

shared by the two Cook Units and only two are needed to support both units.  

Issue No. 136 involved a condition in which the anchorage of the ESW pumps was located at a 

point different from the expected location. The licensee's calculations showed that the pumps 

had adequate seismic capability in the as-found condition.  

Issue No. 61 (lack of a procedure for manual backwashing) and Issue No. 126 (degraded seismic 

capability of the backwash system which is not seismically qualified) were combined due to the 

synergistic effects between these two issues. This issue was determined to an accident sequence 

precursor (ACDF = 3.2 x 1 0 5/year). However, this ACDF is associated with an earthquake 

(earthquake induced loss of offsite power, earthquake induced loss of ESW pumps due to 

discharge strainer plugging, earthquake induced failure of automatic backwashing, and 

unavailability of backwashing leading to non-recoverable EDG failure). None of the events on 

this sequence are affected by other condition discovered in the ESW or other systems.  

The combined impact of all of the ESW related issues, with the exception if Issue Nos. 61 and 

126, has negligible impact on the capability of the ESW system to perform its function during 

events other than earthquakes. The risk-significance of Issue Nos. 61 and 126 has been captured 

and represented by the ASP precursor relating to these two issues.  

In light of the above discussions on the ice condenser, CTS, and ESW systems, during events that 

are not caused by earthquakes, the combined impact is limited to a few psig increase in the peak 

containment pressure. Therefore, these issues do not make a significant contribution to risk.  

* Containment Isolation Failure, Containment Bypass, and Containment Integrity 
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Table D. 15 identifies the issues which could have affected sequences associated with containment 

isolation failure, containment bypass, and containment integrity.  

Table D. 15 Issues That Could Have Affected Sequences Associated with Containment Isolation 

Failure, Containment Bypass and Containment Integrity 

Analysis of 

No. Issue Individual Issue 

7 Piping code violation due to oversight in valve control requirement could lead to Appendix B, 

ISLOCA sequence via the CCW system. (LER 315/97-022) Section 7 

9 Potential for over-pressurization of control air headers resulting in multiple Appendix B, 

equipment failures (LER 315/97-026). In LER 315/98-052, licensee reports that Section 9 

they are still analyzing the RHR heat exchanger outlet valves.  

79 Containment air locks testing not performed in accordance with Technical Appendix B, 

Specifications. (LER 315/98-043). Section 79 

81 Pitting resulted in thickness of the containment structure liner to be less than Appendix B, 

0.250 inches. (LER 315/98-011) Section 81 

109 "Degraded CCW Flow to Containment Main Steam Line Penetrations." (LER Appendix B, 

316/99-001) Section 109 

110 "Requirements of Technical Specifications 4.0.5 Were Not Met Due to Appendix B, 

Improperly Performed Test." (LER 316/99-002) Section 110 

120 Fuses Not Installed for Cable Passing through Containment Penetration. (LER Appendix B, 

316/99-003) Section 120 

As shown below, each of tiese issues had negligible impact on the three containment failure modes.  

Also, they could not lead to any appreciable combined impact.  

Issue No.7 involved an ISLOCA sequence (also a containment bypass sequence) whose frequency was 

much less than I x 0"7/year. This sequence resulted from a lack of administrative control related to 

several valves on CCW lines and a random failure of the RCP seals. The ACDF calculation did not use 

failure probabilities for any other systems. Therefore, other degraded conditions did not affect this 

ISLOCA frequency.  

Issue No. 9 dealt with a pressure regulator failure leading to a reactor trip with the containment isolation 

valves (CIVs) going to their fail-safe position. In this particular case, the issue was not risk-significant 

since: (a) the CIVs fail in their safe position, and (b) the ACDF, given a reactor trip, is of the order of 

I.Ox 10"6/year, in spite of all other degraded conditions.  

Issue No.79 involved a test inadequacy relating to containment air locks (rather than a degraded 

condition). Since this was simply an issue of non-compliance, it was not risk-significant and had no 

synergistic effects with other issues.  
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Issue No.81 involved pitting in the steel liner that affected the steel membrane. It had no impact on the 

design strength of containment. This issue was not risk-significant in spite of all other degraded 

conditions reported since: (a) there were no other issues relating to the design strengthb of containment, (b) 

there is a significant margin between the containment failure pressure and containment design basis limit, 

and (c) all other containment-related conditions, such as those related to the ice condenser and hydrogen 

recombiners, would have resulted in only a few psig increase in the peak pressure.  

Issue No. 109 involved degraded CCW cooling to two main steam penetrations. The actual temperature 

at the penetration (155 degrees F) exceeded the design (150 degrees F) by only several degrees.  

Issue No. 110 was simply an inadequacy of the test of the containment sump pump discharge piping 

penetration.  

Issue No. 120 involved a condition in which there was no fuse in the 600 Volt AC lighting transformer.  

This penetration was vulnerable to an over-current situation if a circuit breaker failed. The probability of 

this failure is low in comparison to the probability of all other containment isolation failures.  

D. 11 Combined Impact on Initiating Event Frequencies 

When individual issues were analyzed, the potential impact of the conditions reported on initiating event 

frequencies were also examined. Table 3.1-1 of Cook IPE (Ref. 1) was examined in light of the 141 

issues described in this report. There were no issues that had the potential to cause a significant impact 

on large LOCA, medium LOCA, transients, steam generator tube rupture, steam or feedwater line break, 

seismic or internal flooding frequencies. There were issues that had the potential to impact small LOCA 

(RCP seal failure), ISLOCA, LOSP, ATWS, Loss of CCW, Loss of ESW, Loss of 250 VDC, and fire 

event frequencies.  

Table D. 16 provides the list of issues that had the potential to affect small LOCA, LOSP, ATWS, Loss of 

CCW, Loss of ESW, and fire initiators. For Loss of CCW and a loss of ESW events, only two events that 

dominate the risk significance associated with these initiators are included in Table D.16. Section 3.3 

(Tables 3.3-8, 3.3-9) provides events that had the potential to impact loss of 250VDC and ISLOCA 

initiators.  
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Table D. 16 Issues That Could Have Affected Initiating Event Frequencies

Initiator and Issue (Condition) Analysis of 

Issue Nos. Individual Issue 

LOSP ESF actuation and start of EDG Unit I "CD" and Unit 2 "CD" due to Appendix B, 

Issue No. 12 faulted underground cable results in increased potential to cause a Section 12 

partial loss of offsite power. (LER 315/98-040) 

LOSP Offsite power breaker testing not performed in accordance with Appendix B, 

Issue No. 13 Technical Specifications results in increased frequency of loss of offsite Section 13 

power. (LER 315/98-044) 

Small LOCA Use of reactor coolant pump seals as an alternate boron injection path Appendix B, 

Issue No. 14 potentially results in an unanalyzed condition and potential for seal Section 14 

damage. (LER 315/98-018) 

Small LOCA Reactor coolant pump thermal barrier is cooled by CCW at elevated Appendix B, 

Issue No. 33 temperature and the RCP seals do not get the flow specified in the Section 33 

UFSAR. (LER 315/98-047, Design Inspection Report 315/316/97-201) 

ATWS Improper splice configuration for pressurizer power-operated relief Appendix B, 

Issue No. 41 valve (PORV) limit switches. (LER 315/98-013) Section 41 

ATWS Pressurizer power-operated relief valve (PORV) inoperability due to Appendix B, 

Issue No. 45 inoperability of the backup emergency air supply system. (Cook 2 LER Section 45 

316/98-002) 

ATWS Failure to Perform Technical Specification surveillance Test for Appendix B, 

Issue No. 103 Pressurizer Power Operated Relief Valves. (LER 315/99-002) Section 103 

Fire Oil drip pans not installed on reactor coolant pump motors results in Appendix B, 

Issue No. 50 Appendix R non-compliance. (LER 315/98-021) Section 50 

Loss of CCW Potential for HELB to degrade CCW system. A postulated crack in a Appendix A, 

Issue No. 53 Unit 2 high energy line may degrade the ability of CCW pumps of both Section 53 

units to perform their function. (Cook 2 Interim LER 316/98-005) 

Loss of ESW Operability of the ESW strainers. (Inspection report 50-315/99-010) Appendix B, 

Issue No. 126 
Section 126 

"* Issue No. 53 had the potential to increase the loss of CCW event frequency at Unit 2 

significantly. This increase and the impact are discussed in the report of the precursor analysis.  

This condition resulted in an ASP precursor whose ACDF is 3.0 x 106/year.  

0 Issue No. 126 had the potential to increase the loss of ESW during an earthquake significantly at 

both Cook Units. This increase and the impact are discussed in the report of the precursor 

analysis. This condition resulted in an ASP precursor whose ACDF is 3.2 x 10"5/year.  

"* Issue No. 12 pertains to a degraded underground cable that had the potential to increase the event 

frequency for a partial LOSP. Issue No. 13 had the potential to increase the LOSP frequency.  

However, as the detailed analysis of this issue indicated, this was an instance of non-compliance 

rather than a degraded condition. Therefore, the increase in LOSP frequency was negligible.  
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* Issues No. 14 and 33 pertain to conditions that created the potential to increasq the RCP seal 

LOCA frequency. However, as the detailed calculation on these issues indicated, the cumulative 

increase was negligible (less than I x 10"/year) compared to the current value reported in 

NUREG/CR-5750 (Ref. 4), which is 2.5x1 0"3/critical year.  

"* As the discussions in Section 3.3 indicate, the increase in the frequency of a loss of DC (See 

Table 3.3-8 and associated discussion) was negligible.  

"* The analysis of Issue Nos. 41, 45, and 103 determined that there were no issues involving 

degraded conditions which affected RPS functionality. It also determined that, although Issue 

Nos. 41, 45, and 103 could potentially impact the functionality of PORVs or SRVs, there were no 

degraded conditions that would impact the functionality of the PORVs or the SRVs during an 

ATWS event. As a result, this evaluation concluded that increase in ATWS frequency is 

negligible.  

"* There was only one issue (Issue No. 50) related to a potential increase in a fire initiator (Issue No.  

50, RCP fire potential inside containment) and its risk significance was determined to be less than 

that of an accident sequence precursor. There were no other issues that could exacerbate the 

condition (missing oil drip pans) described in the potential fire initiator and its frequency.  
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