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ES EXECUTIVE SUMMARY 

ES. 1 Background and Objectives 

This report presents a detailed reliability study of the Oconee High Pressure Injection 

(HPI) system, which is used during the normal operation of the plant and as an accident 

mitigation system for certain accidents. On May 3, 1997, two HPI pumps in Oconee 3 

failed while the unit was being cooled down to the cold shut down condition. This pump 

failure event prompted this study to fully evaluate the failure modes of the HPI system.  

The Oconee HPI system consists of three high head pumps, which can take suction from 

the letdown storage tank (LDST, the suction source during normal plant operation) and 

the borated water storage tank (BWST, the suction source during the accident mitigation 

function). During normal plant operation, one HPI pump (A or B pump) is in service 

delivering flow to the reactor coolant pump (RCP) seal injection line (through HP-31) 

and the reactor coolant (RCS) make-up line (through the make-up control valve HP-120).  

For the accident mitigation function, the pumps are automatically started upon the 

engineered safeguard signal (ES signals 1 and 2, actuated on reactor building pressure of 

3 psig or RCS pressure of 1600 psig) and deliver full flow to the RCS through two four 

inch HPI discharge valves and then into the four injection lines connected to each of the 

four RCS cold legs. The two HPI discharge headers (A and B through HP-26 and HP-27) 

form two trains in the discharge path for the high pressure safety injection. The capability 

exists to cross connect the discharge path by opening the isolation valves HP-409 and 

HP-410 after a loss of coolant accident to assure flow through two trains should a single 

failure in the HPI system occur.  

ES-1 
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The objectives of this study are: 

a to obtain quantitative information on the reliability of the system for the accident 

mitigating functions by developing a suitable reliability model, 

* to provide information on the risk significance of the various failure modes of 

concern, 

* to facilitate identification of viable enhancements to the system, and 

* to provide information on the reliability of the system for the normal operating 

functions.  

Accident mitigation functions considered in this study include the design basis accidents 

analyzed in the UFSAR (Updated Final Safety Analysis Report) Chapter 15 and the 

accident sequences in the PRA (Probabilistic Risk Assessment) involving the HPI system.  

ES.2 Methodology 

The overall methodology used in this study is the PRA methodology, utilizing the fault 

tree and event tree methodology. The existing Oconee PRA model is modified to create a 

more complete reliability model of the HPI system and its interfaces. A detailed review 

of the Oconee and the industry operating experience related to the RCS make-up and high 

pressure safety injection systems is performed to identify any new failure modes of 

interest. The equipment failure probabilities needed for the quantification of fault trees 

are determined by combining generic equipment failure rates with applicable Oconee 

specific data. Common cause failure and human error probabilities are also studied and 

quantified in a manner similar to that employed in PRA studies.  

The role of the HPI system in coping with the external event accident initiators and for 

the shutdown risk is also examined.  

I 
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j 
To define the success criteria for the accident mitigation functions of the HPI system, 

both the conservative UFSAR-type functional requirements (the more restrictive) and the 

best-estimate PRA functional requirements are considered.  

Fault tree models are constructed for all unique accident mitigation functions and the 

normal operating functions of interest. The solutions of these fault trees provide the 

system reliabilities of interest.  

I To obtain the risk significance of the HPI system and its significant failure modes, the 

modified HPI system fault tree is substituted into the current Oconee PRA model and an 

integrated solution of the model is obtained to derive the core damage frequency results.  

Accident sequences containing failure modes of the HPI system are then segregated out to 

provide the risk significance perspective.  

I 
A number of sensitivity studies are performed to provide the information on the impact of 

various assumptions, alternate system configurations, and variability of data on the results 

and conclusions of the study.  

I 
ES.3 Results, Conclusions, and Recommendations 

System Reliability Results 

The reliability of the HPI system is calculated considering both the UFSAR accident 

mitigation functions and the PRA accident sequences. The system reliability is also 

determined for the various normal operating functions. Table ES-1 presents the system 

reliability results.  

I.  
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I 
For non-LOCA UFSAR accident mitigation (primarily the steam line break and steam 

generator tube rupture accidents), the HPI system reliability is found to be very high 

(greater than 99.9 percent). The estimated failure probability of the system is 0.00028.  

The principal design basis accident mitigation function of the HPI is to provide the 

emergency core cooling (ECCS) function (in concert with other systems such as the core 

flood tanks and the low pressure injection system) for small break loss of coolant 

accidents (LOCAs) and meet the 10 CFR 50.46 acceptance criteria. For this accident, the 

HPI system, taking suction from the BWST (called the injection mode), initially refills 

the core and establishes long-term cooling by maintaining the coolant mixture level above 

the top of the core.  

1 
The reliability of the HPI system for the injection mode is found to be very high (about 

99.9 percent) for the most probable small break scenario (a break or leak somewhere in 

the reactor coolant system with an estimated annual occurrence frequency of 1E-3 per 

reactor year). For this case, the calculated HPI failure probability is 0.00094.  

For a postulated LOCA in the HPI injection line and a small break in the RCP discharge 

piping, the HPI flow requirement is more restrictive than that for a random small break 

LOCA. For these location-specific LOCAs, the failure probability of the HPI system in 

the injection mode is calculated to be 0.0036.  

3 
Should continued HPI operation be required when the BWST level reaches the low level 

limit and if the reactor coolant system pressure remains above the value at which the low 

pressure injection pumps alone can continue with the long-term core cooling, the HPI 

system operates in the recirculation mode. The reliability of the HPI system for the post

LOCA sump recirculation mode is estimated to be 98.9% for both types of the design 

basis LOCA events (random small break LOCA and the HPI line and RCP discharge 

breaks).  

ES-4
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In the PRA, the HPI accident sequences of interest are small and medium size LOCAs, 

steam generator tube rupture, and plant transients where the HPI system is relied upon for 

feed and bleed cooling of the core and for RCP seal injection. The reliability of the HPI 

system for the injection mode for all these conditions is determined to be very high, with 

a failure probability of 0.00094 for general LOCA and transient mitigation, 0.0025 for 

HPI line break or RCP discharge LOCA mitigation, 0.0012 for feed and bleed, and 

0.00043 for RCP seal injection. For the PRA LOCA sequences, the HPI system 

recirculation reliability is also 98.9%.  

For the various normal operating functions (RCS makeup, RCP seal injection, and 

pressurizer auxiliary spray), the HPI system reliability is estimated to be in the 93% - 98% 

range.  

Risk Significance of HPI System Failures 

Considering both internal and external events, the total core damage frequency is 

estimated to be 4.3E-5 per reactor year using the updated Oconee PRA model and the 

new HPI system reliability model. The HPI system failures amount to 1.6E-5. The 

affected accident sequences contain the initiators of small break LOCA, medium break 

LOCA and various plant transients which rely on feed and bleed cooling after losing 

steam generator cooling.  

The significant failure mode of the HPI system is during the HPI sump recirculation mode 

when a postulated failure to close of the check valve between the letdown storage tank 

and the HPI pump suction header creates the potential for flow diversion. In this analysis, 

credit for possible operator action to isolate the flow diversion is not taken. If this flow 

'This figure excludes the seismic contribution. The seismic PRA model requires the use of an 

additional computer code to integrate the site seismic hazard with the plant system seismic 

fragility and random failure modes. Therefore, the seismic results are derived and presented 

separately from the integrated plant model solution.  

ES-5 
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diversion is isolated, the most significant failure mode of the HPI system could be 

ameliorated and the core damage and public health risk reduced.  

Conclusions and Recommendations 

The reliability of the HPI system for the various design basis accident mitigation 

functions is estimated to be very high, particularly during the injection mode.  

The HPI system is a risk significant system, with a risk achievement worth of 1 
approximately 36. (The risk achievement worth is a measure of risk significance and is 

calculated as the increase in total core melt frequency if the system is assumed to fail with 

a probability of 1.0 instead of the calculated probability). Therefore, it is recommended 

that the reliability performance of this system be monitored and confirmed to be adequate 

on an ongoing basis (Recommendation 1). (This is currently being done through the 

Maintenance Rule program.) 

The reliability of the HPI recirculation function can be improved and the core damage 

significance of the HPI recirculation failure reduced by providing the capability to isolate 

potential flow diversion through check valve HP-97 in the HPI suction header. This can 

be achieved by improvements in the plant procedures and operator training or by 

hardware modifications if found viable. It is recommended that one of these options be 

implemented (Recommendation 2).  

A number of potential common cause failure modes were considered in the analysis.  

Although plant improvements have been made with respect the LDST instruments since 

the May 3, 1997 event, additional initiatives to reduce the common cause failure mode 

would be desirable. It is recommended that a more focused surveillance of the LDST 

level and pressure instrument strings, instead of the current refueling frequency, be 

considered to reduce the common cause failure probability of the LDST instruments 

(Recommendation 3).  

ES-6 
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For the external event mitigation and for shutdown risk, no significant vulnerabilities 

were found for HPI system.  

A number of sensitivity studies have been performed as part of this analysis to provide 

important perspectives on the reliability and risk significance of certain operational 

features of the Oconee HPI system. The results imply the following conclusions: 

I The feature involving the auto-start of the second HPI pump on a low RCP seal 

flow signal does not have any significant adverse impact on the reliability and 

risk results.  

3 The LDST interface contributes to both beneficial and adverse impact on 

reliability and risk results. On the negative side, the open LDST suction header 

during the LOCA mitigation accounts for the LDST common cause instrument 

failure and HP-97 failure modes. On the positive side, this situation permits 

recovery from the common cause failure of the BWST suction valves HP-24 and 

HP-25. Also, the current arrangement preserves the HPI pump dead-heading 

protection and eliminates the need for operator action to isolate the HPI pump 

recirculation paths during the early phase of the LOCA. Based on this study, it 

appears that isolation of the LDST interface close to the time of HPI recirculation 

is the optimum configuration.  

I The normally open suction header and the post-accident cross connected discharge 

header does not adversely affect the reliability and risk. The current arrangement 

enables the required HPI performance to be available when active failures of 

pumps and valves are considered. The impact of passive failures were found to be 

not significant.  

a An alternate alignment of operating with HP-116 normally open was found to 

provide no measurable impact on plant risk.  

a The Oconee HPI system is found to meet the ECCS performance requirement 

with adequate reliability. Further improvement in reliability can be achieved for 

the recirculation mode by providing the capability to isolate potential flow 

diversion through HP-97.  

ES-7
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Table ES-I 

HPI System Reliability Results Summary 

Accident Mitigation Functions 

Decipi Fa I 
Chapter 15 non-LOCA accidents 2.8E-4 

Chapter 15 HPI Line Break LOCA - Injection mode 3.6E-3 
PRA random-location LOCA- Injection mode 9.4E-4 
PRA HPI Line Break LOCA- Injection mode 2.5E-3 
Feed and Bleed Cooling- Injection mode 1.2E-3 g 
Recirculation for Chapter 15 and PRA accidents 1.1 E-2 
RCP Seal Injection for Non-LOCA accidents 4.3E-4 

Normal Functions 

Normal Injection (Make-up) 5.3E-2 
RCP Seal Injection 7.5E-2 
Auxiliary spray 1.6E-2 
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1. INTRODUCTION 

. 1.1 Background 

The High Pressure Injection (HPI) system of each Oconee unit has a common suction 

source for the HPI pumps and does not automatically isolate the normal suction supply, 

the Letdown Storage Tank (LDST), on an Engineered Safeguards HPI system actuation.  

On May 3, 1997, Unit 3 was in cooldown when the 3A and 3B HPI pumps were rendered 

inoperable due to operation without an adequate suction source from the LDST. The 

LDST levels were erroneously indicating an adequate level when the actual level 

corresponded to a near empty condition. Even though the Borated Water Storage Tank 

(BWST) provides the primary suction for the HPI pumps during accident mitigation 

functions, insufficient LDST level conditions can cause HPI pump failure due to potential 

hydrogen ingestion from the LDST into the HPI pump suction header. The Oconee PRA 

model (Ref. 1) of the HPI does not contain sufficient details to account for susceptibilities 

of the kind implicated in this event. Therefore, in a letter from J. W. Hampton to the U.  

S. Nuclear Regulatory Commission, (Ref. 2), Duke Power Company committed to 

performing a detailed HPI System reliability study. The scope of the study was 

communicated to the staff in a Duke letter dated June 4, 1997.  

1.2 Objective 

3 The objective of this reliability study is to provide qualitative and quantitative 

information on the reliability of the HPI system to perform various accident mitigation 

functions, such as providing feed and bleed, RCP seal injection, and mitigation of 

LOCA, and SGTR events, as well as normal system functions, such as providing RCS 

make-up. The study will include appropriate failure modes (including those from the 

LDST interface) and the different configurations required for various operating situations.  

The results of the study will be used to formulate any recommendations with respect to 

potential system enhancements for failure modes of concern.  

1-1 
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1.3 Plant Description 

The Oconee Nuclear Station consists of three reactor units of the Babcock & Wilcox 

pressurized water reactor design, three reactor buildings, a common turbine building for 

all three units, and two auxiliary buildings, one servicing Units 1 and 2, and the other 

servicing Unit 3. At full power each unit produces 2568 MWt, generating about 860 

MWe net. The design of the station began in 1967, and the units began commercial 

operation in 1973-1974. The balance of the plant was designed and constructed by Duke 

Power Company, with Bechtel Corporation designing the reactor building.  

The nuclear steam supply system has two loops with two cold legs each. The two steam 

generators are vertical straight-tube units that produce superheated steam at constant 

pressure. The reactor and the nuclear steam supply system are contained within the 

reactor building, a prestressed, post-tensioned reinforced-concrete cylinder and dome 

with a steel liner. The common turbine building houses the steam and power conversion 

systems, electric power switchgear, and additional auxiliary systems.  

The HPI system is part of the Emergency Core Cooling System (ECCS). During normal 

plant operation and during normal start-up and shutdown, part of the HPI system is used 

for reactor coolant make-up, reactor coolant pump (RCP) seal injection, and reactor 

coolant chemical control.  

1.4 General Methodology 

This study uses PRA methods such as fault trees, reliability data, success criteria, and 

modeling of appropriate human actions as a means to assess the reliability of the HPI 

System. The scope of the HPI model includes all system functions required to mitigate 

UFSAR Chapter 15 design basis events and probabilistically significant events of interest 

(i.e., includes HPI functions modeled in the Oconee Rev. 2 PRA).  

1-2 
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An evaluation of the HPI system capability for external events (seismic, fire, tornado, and 

flooding events) and shutdown PRA is performed for completeness.  

The model is based on Unit 3; however, due to unit similarity, the results apply to all 

three units. Relevant unit differences are pointed out in the report.  

I The modified HPI model is incorporated into the plant core melt fault tree and solved.  

Failures are ranked to determine their significance. Uncertainty analysis is performed on 

the reliability results.  

1 This study included a walkdown of the HPI and interfacing systems as part of the system 

familiarization process. As the study progressed, meetings were held with the site 

personnel to seek clarification and obtain additional information. Finally, after the 

preliminary analysis and summary report were completed, a peer review was performed 

to ensure that the analysis results and conclusions are reasonable and meet the objectives 

of the study. The peer review team was composed of 

* two PRA engineers 

* one Safety Analysis engineer 

two site Mechanical Systems engineers 

* one site I&C engineer 

two site Operations personnel, and 

1 * one Regulatory Compliance engineer.  

The final analysis and summary report incorporate the feedback from the peer review 

process.  

I 
I 
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2. DESCRIPTION OF THE HPI SYSTEM 

The HPI System consists of three motor-driven, high pressure centrifugal pumps, with 

two primary suction (LDST for normal operation and BWST for emergency operation) 

and discharge paths. The HPI System is capable of supplying flow at a relatively high 

RCS pressure, with a shutoff head of 2900 psig. Each pump is capable of providing a 

flow rate of approximately 450 gpm at an RCS pressure of 600 psig. The design features 

relevant to each of the systems' three functions are described below in more detail.  

The system performs both normal operating functions (including start-up and shutdown) 

and accident mitigation functions. The A and B IPI pumps share the normal operation 

and accident mitigation functions while the C pump is primarily used for accident 

mitigation. The system configuration is shown in Figure 2.1-1.  

2.1 Normal Operation 

During normal operation, one HPI pump (either the A or B pump) provides reactor 

coolant system (RCS) make-up, purification and chemical control and RCP seal injection.  

The LDST serves as the primary suction for the I IPI pump in this mode of operation.  

The make-up portion of the HPI System maintains the volume of the RCS within 

acceptable limits during most modes of plant operation. It also recirculates reactor 

coolant for purification, adds chemicals for the control of RCS corrosion, and controls 

soluble boron concentration for reactivity control. The HPI System also functions to 

maintain sufficient RCS volume for transient events (such as reactor trips, power 

reductions, etc.). Cooling for the seals of the reactor coolant pumps (RCPs) is provided 

by the seal injection portion of the HPI System and the Component Cooling (CC) System.  

The RCP seals serve to prevent the leakage of reactor coolant between the shaft and the 

housing of the RCPs. When the RCS is at a high temperature, the seals must be cooled to 

keep them from warping, to keep the seal faces from becoming cracked or eroded, and to 

I.  
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1 
prevent the O-rings from extruding. The prolonged interruption of cooling flow can 

result in seal damage, leading to increased RCS leakage or small-break LOCA conditions.  

The make-up function is achieved primarily by a portion of the HPI System and by the 

Coolant Storage and Chemical Addition Systems. Make-up flow is supplied by either 

pump A or B and is controlled automatically to balance normal leakage and RCS volume 

imbalances due to temperature variations. Letdown flow from the RCS accommodates 

small increases in RCS volume due to in-leakage from the seals of the RCPs and 

variations in RCS temperature. The normal injection path allows for RCS inventory 

control during most transient conditions other than accident conditions involving 

Engineered Safeguards (ES) actuations. If the system is not meeting the requirements for 

inventory control after a reactor trip, manual action can be taken to start additional HPI 

pumps, establish additional discharge paths to RCS, or align to the borated water storage 

tank (BWST) for assurance of a sufficient suction source. Figures 2.1-1 and 2.1-2 

diagram the make-up and letdown portions of the HPI System.  

Seal injection flow is provided by the HPI pump that is operating to supply normal RCS 

make-up. Figures 2.1-3 and 2.1-4 are simplified flow diagrams of the seal injection and 

return portion of the HPI System. The injection flow is controlled by air-operated valve 

HP-3 1. It enters each RCP at the face of the lower seal and divides such that some flow 

passes to the upper seal chamber while the remainder flows downward across a 

recirculation device and into the RCS. Approximately 40 gpm (for Units 2 and 3; 32 gpm 

on Unit 1) is circulated through the lower seal chamber and an external heat exchanger, 

where heat is rejected to the CC System. The portion of the seal injection flow that does 

not leak into the RCS is returned to the LDST after being cooled by one of the two heat 

exchangers.  

Two RCP seal filters prevent particulates from entering the pump seals. One is normally I 
in use, with a normal operating flow of 40 gpm (for Units 2 and 3; 32 gpm for Unit 1).  

RCP seal flow is controlled automatically by valve HP-3 1.  

-I 
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Oconee Units 2 and 3 are equipped with RCPs manufactured by Bingham, while Unit 1 

uses Westinghouse pumps. Th6 Bingham seal design includes a recirculation impeller, 

which aids in seal cooling. This feature, in combination with CC System cooling through 

the RCP seal thermal barrier coolers, allows normal RCP operation to continue after a 

loss of seal injection from HPI. The Units 2 and 3 RCP seals are more tolerant to seal 

I damage from loss of seal cooling compared to the seals on Unit 1 RCPs.  

The HPI pumps are sized so that one pump can supply seal injection flow for the RCPs 

I (approximately 40 gpm for Units 2 and 3) and the make-up required due to letdown for 

purification, deboration and changes in the reactor coolant volume due to small 

temperature changes. Pump A or B is normally in operation with the other in standby.  

Pump C is used as an emergency supply to injection header B.  

1 
Minimum flow (approximately 33 gpm per pump) is provided for each HPI pump to 

avoid pump damage from a loss of flow condition. This minimum flow is returned to the 

LDST through the seal return coolers.  

I 
Unless the Auxiliary Shutdown Panel is selected as the pump control station, HPI pumps 

A and B will automatically start on low seal injection flow when their control switch is in 

the AUTO position. The A and B pumps also auto-start following a loss of power under 

these conditions when power is recovered.  

Normal make-up to the RCS is through control valve HP-120, which is controlled 

automatically to maintain pressurizer level. Low pressurizer level will cause HP-120 to 

open, which will usually result in low seal injection flow and auto-start of the second (A' 

or 'B') HPI pump.  

Reactor coolant is constantly let down at a rate of approximately 72 gpm through a block 

orifice that reduces the pressure from 2155 psig to about 50 psig. There are two parallel 
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1 
bypasses around the block orifices. One is manual (HP-42) and the other (HP-7) is 

controlled from the control room for increased flow or during low pressure operation.  

Prior to reaching the block orifice, letdown coolers reduce the temperature of the letdown 

flow from 5550 F to approximately 1200 F. This is for protection of the demineralizer 

resins and RCP seals.  

Letdown isolation valve HP-5 closes automatically on a high temperature signal from 

sensors downstream of the block orifice. This signal must be bypassed before HP-5 can 

be reopened after closing from a high temperature condition.  

The letdown flow is passed through the purification demineralizers to remove reactor 

coolant impurities. The demineralizers may be bypassed by motor-operated valve HP-13 

if larger letdown flow is desired. The effluent of the demineralizer is then routed to three

way valve HP-14, where it can be routed to the 'A' or 'B' bleed holdup tank, deborating 

demineralizers, or the inlet to the letdown filters. The letdown filters remove any 

particles already in the RCS and prevent any from entering during chemical addition or 

make-up from the bleed holdup tank. The two filters are in parallel, with one normally in 

operation.  

I 
The LDST receives water from the letdown filters and from the seal return coolers. A 

low-low level alarm in the LDST positions valve HP-14 to direct flow to the LDST if it 

has not already been so positioned. Maximum allowable LDST level is 100 inches.  

Normal operating level is 55 to 92 inches. Letdown entering the tank is sprayed in so that 

it will absorb hydrogen (for oxygen scavenging).  

During most of core life, the feed and bleed method is used for boron reduction (or make

up). This is the process of periodically directing the letdown flow to a bleed holdup tank 

(via HP-14) while maintaining the LDST level with water at less than RCS boron 

concentration (via HP-16). The flow of make-up water is measured and totaled by inline 

I 
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I 
flow instrumentation. In addition to the normal supply from the concentrated boric acid 

mix tank, there are two alternate supply lines. These supply lines are from the boric acid 

mix tank and are used if normal supply is restricted or blocked, ensuring boric acid can 

always be supplied to the RCS.  

Hydrogen overpressure is maintained in the LDST to assure a slight amount of excess 

hydrogen in the circulating reactor coolant to control oxygen. Both hydrazine and lithium 

hydroxide are added from the Chemical Addition and Sampling System as required.  

Hydrazine is used for oxygen control and lithium hydroxide is used to control pH. Both 

chemicals are added upstream of the letdown filters.  

During plant start-up and shutdown when normal pressurizer spray is unavailable (due to 

the RCPs being off), the pressurizer auxiliary spray is used for pressurizer pressure 

control and pressurizer boron concentration adjustment. The auxiliary spray injection is 

provided from the discharge of the running HPI pump.  

2.2 Accident Mitigation Functions 

2.2.1 UFSAR Chapter 15 Accident Mitigation 

With respect to UFSAR Chapter 15 accident analysis, the main design accident mitigation 

function of the HPI system is to provide part of the ECCS function during loss of coolant 

accidents. In accomplishing this function, the HPI system automatically initiates upon an 

ES signal, taking suction from the BWST and injecting into the RCS cold legs through 

four injection lines. For large break LOCAs, the HPI function is not essential for assuring 

adequate core cooling since the low pressure injection system and core flood are adequate 

for refilling the reactor core and maintaining core cooling.  

It is primarily the small break LOCA events where the LPI injection is insufficient 

because of RCS pressure conditions that the HPI function is essential. During the 

injection phase, the HPI system takes suction from the BWST and discharges into the 
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RCS cold legs. If the RCS pressure reaches the LPI injection conditions, the HPI 

function can be terminated. However, the combination of a narrow window of break 

sizes and RCS conditions could be such that the RCS pressure remains above the shutoff 

head of the LPI pumps. In this situation, the HPI suction needs to be aligned to the LPI 

pump discharge header when the BWST level reaches the set point for swap over to the 

reactor building emergency sump, where the LPI pumps take suction at this time of the 

accident phase. This is usually referred to as the piggy-back mode of operation. This 

mode of operation can be exited when the RCS pressure is reduced to the condition where 

LPI can inject directly into the reactor vessel.  

Initiation of the HPI System in the emergency injection mode requires the opening of at 

least one of the suction valves, HP-24 and HP-25, that isolate the HPI pumps from the 

emergency suction source, the BWST. All three pumps receive ES signals on low RCS 

pressure and/or high RB pressure, although the signal is only confirmatory for the 

normally operating pump. Discharge valves HP-26 and HP-27 also receive signals to 

open, although valve HP-27 is normally open. When the BWST and RB Emergency 

Sump reach levels specified in emergency operating procedures, the HPI pumps' suction 

source is switched to the discharge piping of the low pressure injection (LPI) pumps to 

initiate the emergency recirculation mode of operation.  

I 
For ES conditions, the HPI System is initiated if RCS pressure decreases to 1600 psig or 

if RB pressure increases to 3 psig. Under these conditions, the following actions are 

automatically initiated by ES: 

I 
1. Three isolation valves (HP-3, HP-4 and HP-5) in the purification letdown line 

close, and two isolation valves (HP-20 and HP-21) in the seal return line 

close.  

2. All HPI pumps start.  

3. Discharge valves (HP-26 and HP-27) receive an open signal.  

I 
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4. BWST outlet header valves (HP-24 and HP-25) open.  

For a random small break LOCA, one HPI train is adequate for the ECCS function.  

Should the LOCA occur in the HPI line or in the immediate vicinity of the RCP 

discharge, two HPI pumps are necessary to assure adequate core cooling assuming the 

conventional set of conservative assumptions. To maintain this capability, the HPI pump 

suction header cross connect is open when the suction is aligned to the BWST.  

Otherwise a worst-case single failure (e.g., failure of HP-24 to open) could fail two HPI 

pumps. On the discharge side, cross connects are provided with isolation valves HP-409 

and HP-410 to enable HPI injection by two HPI pumps should a single failure of HP-26 

(failure to open) occur. The operators open HP-409 and HP-410 within 10 minutes after 

I accident initiation to ensure injection into all four injection lines.  

Automatic HPI actuation also occurs for certain non-LOCA accidents such as severe 

overcooling events (due to a steam line break or other excessive RCS heat removal 

events). For these events, the accident mitigation function is to rapidly compensate for 

RCS shrinkage using borated water from the BWST.  

The HPI system also provides RCS makeup to compensate for inventory loss and shrink 

following a SGTR. For other UFSAR Chapter 15 events, HPI is used by manual action 

for post-transient recovery.  

The success criteria for accident mitigation for the design basis accidents are presented in 

Section 4.4.  

2.2.2 PRA Accident Sequence Mitigation 

The High Pressure Injection (HPI) System performs three functions that are important 

with respect to the event sequences analyzed in the PRA for core damage and public risk 

consideration.  

I 
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First, the HPI System provides core cooling in the event of a small or medium break 

LOCA. Second, it provides an alternative means of core heat removal if the ability to 

cool via the steam generators is lost (feed and bleed cooling). Third, it is relied upon to 

prevent RCP seal LOCA following transients if the Component Cooling to the RCP seals 

is lost. It should be noted that the SSF reactor coolant make-up pump provides an 

alternate means of RCP seal cooling if the HPI RCP seal cooling is also lost.  

For LOCA core cooling the HPI system operation is identical to that described above in 

the design basis case described in Section 2.2.1. Only one pump with suction aligned to 

the BWST is needed for LOCA mitigation and feed and bleed cooling. For common 

cause failures of HP-24 and HP-25 to open, the operator can make use of the BWST to 

LPI to HPI suction alignment as a recovery action, provided the LDST is not isolated 

immediately after the accident, so that the HPI pumps can continue operating with the 

LDST suction.  

@1 
For feed and bleed cooling, full HPI flow is initiated (two pumps, two injection headers) 

and the pilot-operated relief valve (PORV) is opened to provide a flow path out of the 

RCS. The HPI flow through the core and out the PORV is throttled to maintain the RCS 

at the desired subcooling margin and to ensure core exit thermocouple readings are 

decreasing. When secondary side heat removal is restored, the PORV is closed and HPI 

make-up and letdown are throttled to maintain RCS pressure until pressurizer temperature 

is sufficient to draw a pressurizer steam bubble at the desired pressure. Make-up and 

letdown are further throttled to allow a slow decrease in pressurizer level.  

For the RCP seal cooling, only one HPI pump with suction from either the LDST or 

BWST is sufficient.  

1 
The success criteria for PRA sequences are further described in Section 4.4.  

I 
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1 
2.3 HPI system interfaces 

Letdown Storage Tank 

The 600 ft3 (-4500 gal.) LDST functions as the collection point for purification letdown 

flow, RCP seal return flow, and HPI pump recirculation flow. The suction head for the 

HPI pumps from the LDST is made up of two components -- minimum tank level and 

hydrogen overpressure, which is maintained for oxygen scavenging. Limits are placed on 

the maximum hydrogen overpressure for the operating tank level range to assure that the I gas bubble in the tank cannot expand into the HPI pump suction piping during accident 

mitigation if the BWST level approaches the low setpoint. This is achieved by 

administrative limits and alarm set points for the pressure and level combinations. Also, 

the low pressure is limited so that HPI pumps do not pull a vacuum on the LDST, which 

could cause damage to the pumps.  

The normal flow into the LDST is 72 gpm through the letdown piping, 8 gpm through the 

RCP seal return line (2 gpm from each pump), and 33 gpm through the operating HPI 

pump recirculation line. At the same time, the HPI pump is supplying 40 gpm to RCS as 

normal makeup, 40 gpm (32 gpm on Unit 1) to the RCPs for seal injection (10 for each 

pump), and 33 gpm for recirculation flow. Thus, at the normal operating pressure, the 

operating HPI pump flow is 113 gpm and the RCS makeup flow and letdown flow are 

balanced. The control room LDST level indication allows operators the capability to 

maintain RCS volume management. Pressurizer level is automatically maintained at 

220"; therefore, any RC volumetric changes will be seen in the LDST level. During 

normal operation, the LDST is maintained at a level between 55 and 92 inches by system 

operating procedure. (One inch corresponds to approximately 31 gallons over the level 

range of interest.) The water level lower instrument tap is at 28 inches above the bottom 

of the tank, with 690 gal. of water available below the low level tap.  

I 

I 
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LDST Instrumentation 

The LDST level is monitored in a 0-100 inch range by two separate but identical level 

instrumentation loops each consisting of a differential pressure transmitter connected to a 

signal monitor module in an Auxiliary Control System (ACS) cabinet and sent to a dual 

indicator on the control board. (The reference leg for the level instrument has been 

modified since the May 3, 1997 event to provide separate reference legs for the two 

loops.) High level and low level alarm relays in the chart recorder circuitry connect to an W 

"HP Letdown Tank Level High/Low" statalarm on unit board UB1. The power supply 

for the instrumentation loops is from the Auxiliary Control Power KI Bus and will 

transfer to the Auxiliary Control Power KU Bus on loss of voltage.  

The differential pressure transmitters shown in Figure 2.3-1 are each connected to a 

reference leg and a level sensing leg through an isolation manifold, which has an isolation 

valve for each leg and an equalizing valve used in calibration of the instrument. Each 

instrument's reference leg contains a reservoir to ensure the reference leg remains full.  

Both reference legs are attached at a "T" connection and are connected to the top of the @e 
tank through a common isolation valve. The level sensing lines are similarly attached to 

a "T" and to the bottom of the tank through a common isolation valve.  

The LDST pressure is monitored by two pressure instrumentation loops. The first is a 

pneumatic signal from a pneumatic transmitter that serves pressure switches (which 

provide high and low pressure alarms) and a pneumatic receiver gauge in the control 

room. The loop's air supply is from the Instrument Air system. The second is an 

electronic loop with an electronic pressure transmitter and a Lambda power supply 

mounted in Miscellaneous Terminal Cabinet MTC4 and receiving its power from 120 

Vac Vital I&C Power Panelboard KVIC. This pressure signal is monitored and alarmed 

by the OAC.  

I 
01 
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1 
The pressure impulse lines share a common root valve but are run separately from that 

point. Isolation valves are installed in both lines at the branch to provide isolation 

between the transmitters.  

Air Systems 

The Auxiliary Air and Instrument Air Systems supply air to a number of valves required 

for the HPI system to function in the normal make-up and RCP seal cooling modes. The 

pneumatic valves are identified in the system configurations in Figures 2.1-1 through 2.1

6 and in Table 2.3-1. Upon loss of air pressure, all the pneumatic valves transfer to or 

remain in the closed position with the exception of the control valve for seal injection 

flow to the RCPs, HP-3 1, which opens fully.  

I Cooling Water Systems 

Cooling for the HPI pump motors and the component coolers is provided by the LPSW 

System. Backup cooling to the HPI pump motors is provided by the High Pressure 

Service Water (HPSW) System automatically through self-contained regulating valve 

HPSW-556.  

Electrical Power Supplies 

The pumps and motor-operated valves (MOVs) of the HPI system require motive power 

from the AC Power System. Control power for the HPI pumps is provided from the DC 

Power System. Control power for other pumps and MOVs is derived from the same 

source as the component's motive power. Some air-operated valves (AOVs) require 

solenoid power from the DC Power System. HPI system components and their power 

supplies are listed in Table 2.3-2.  

1 
External Control Systems 

The HPI System is placed into its emergency injection mode upon receipt of a signal from 

Engineered Safeguards (ES) System channel 1 or 2 (low RCS pressure and/or high RB 

pressure). Table 2.3-3 lists the HPI system components that receive ES signals.  

I.  
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2.4 HPI System Testing 

The HPI pumps are tested quarterly or after any pump maintenance. A full flow test of 

the HPI system is performed each refueling outage to verify pump developed head flow 

and pump discharge check valve operation. ES actuation of the HPI System is verified 

during each refueling. In addition, an on-line functional check of the ES logic sub-system 

and associated digital computer inputs and statalarms is performed each month. MOVs 

which are required to perform a design basis function are stroke tested and undergo 

verification in accordance with the NRC Generic Letter 89-10 program. A more 

complete rundown of HPI testing is given in Table 2.4-1.  

I 
I 

@1 
I 
I 
I 
I 

I 
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I Table 2.3-1 

Unit 3 HPI System Air-Operated Valves 

1 -Failure Position 
Valve Description Loss of Air Loss of Power 

3HP-5 Letdown isolation valve Closed Closed 

3HP-6 Letdown orifice stop valve Closed Closed 

3HP-7 Letdown flow control valve Closed Closed 

3HP-8 Demineralizer inlet valve Closed Closed 

3HP-9 Spare purification demineralizer inlet valve Closed Closed 

3HP-1 1 Spare purification demineralizer outlet isolation valve Closed Closed 
3HP-13 Demineralizer bypass valve Closed Closed 

3HP-15 LDST make-up flow control valve Closed Closed 

3HP-16 LDST make-up isolation valve Closed Closed 

3HP-17 Letdown filter 3A inlet valve Closed Closed 

3HP-18 Letdown filter 3B inlet valve Closed Closed 

3HP-19 Make-up filter bypass valve Closed Closed 

3HP-21 RCP seal return block valve Closed Closed 

3HP-31 Seal injection flow control valve Open Open 
3HP-120 Normal make-up control valve Closed Mid-stroke 

I 
I 
I 
I 
I 
I 
I 
I.  
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Table 2.3-2 

Unit 3 HPI System Component Power Supplies 

Component Supply 

HPI pump 3A* 4 kV ac switchgear 3TC Unit 8 

HPI pump 3B* 4 k ac switchgear 3TE Unit 9 

HPI pump 3C* 4 kV ac switchgear 3TD Unit 9 

3HP-1, Letdown cooler A inlet isolation valve 208 V ac MCC 3X0 compt. RID 

3HP-2, Letdown cooler B inlet isolation valve 208 V ac MCC 3XP compt. RIG 

3HP-3, Letdown cooler A outlet valve 208 V ac MCC 3XSF compt. FOIC 

3HP-4, Letdown cooler B outlet valve 208 V ac MCC 3XSF compt. FOlD 

3HP-5, Letdown isolation valve 125 V dc power panelboard 3DIB 

breaker 25 .  
3HP-6, Letdown orifice stop valve 208/120 V ac power panelboard 

3KD breaker 19 @ 
3HP-8, Purification demineralizer inlet valve 208/120 V ac power panelboard 

3KD breaker 173 

3HP-9, Spare purification demineralizer inlet valve 208/120 V ac power panelboard 

3KD breaker 17 

3HP-l , Spare purification demineralizer outlet valve 208/120 V ac power panelboard 
3KD breaker 17 

3HP-13, Purification demineralizer bypass valve 208/120 V ac power panelboard 
3KD breaker 17 

3HP-14, Bleed control valve 208 V ac MCC 3XL compt. 5D 

3HP-15, LDST make-up flow control valve 208 V ac MCC 3XL compt. 5D 

3HP-16, Make-up isolation control valve 208 V ac MCC 3XL compt. 5D 

HP- 17, Letdown filter 3A isolation Valve 208/120 V ac power panelboard 

*In the event of a loss of 4 kV power, emergency power can be provided to one HPI pump from 

the auxiliary service water switchgear.  
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l 2(Page 2 of 2) 
Table 2.3-2 

Unit 3 HPI System Component Power Supplies 

Component Supply 

3HP-18, Letdown filter 3B isolation valve 208/120 V ac power panelboard 

3KD breaker 18 

3HP-19, Letdown filter bypass valve 208/120 V ac power panelboard 

3HP-20, RCP seal return valve 208 V MCC 3XSF compt. F02C 

3HP-21, RCP seal return isolation valve 125 V dc power panelboard 3DIB 

3HP-22, LDST drain valve 208/120 V ac power panelboard 
3KD breaker 18 

3HP-23, HPI pump suction valve 208 V ac MCC 3XL compt. 5E 

3HP-24, Borated water to HPI pump 3A valve 208 V ac MCC 3XS1 compt. RID 

3HP-25, Borated water to HPI pump 3C valve 208 V ac MCC 3XS2 compt. RIA 

3HP-26, HPI to loop A reactor inlet valve 208 V ac MCC 3XSI compt. R2A 

3HP-27, HPI to loop B reactor inlet valve 208 V ac MCC 3XS2 compt. RIB 

3HP-98, HPI pumps suction crossover valve 208 V ac MCC 3XL compt. 6D 

3HP-1 15, HPI pumps discharge crossover valve 208 V ac MCC 3XN compt. SD 

3HP-226, RCP 3A2 seal return isolation valve 208 V ac MCC 3XT compt. 6D 

3HP-228, RCP 3Al seal return isolation valve 208 V ac MCC 3XT compt. SD 

3HP-230, RCP 3B2 seal return isolation valve 208 V ac MCC 3XT compt. 6E 

3HP-232, RCP 3B I seal return isolation valve 208 V ac MCC 3XT compt. SE 

3HP-409, HPI isolation from HPI pump crossover valve 600 V ac MCC 3XS3 compt. 2D 

3HP-4 10, HPI isolation from HPI pump crossover valve 600 V ac MCC 3XS3 compt. 2D 
3 GD- 19, LDST vent valve 208/120 V ac power panelboard 

3KD breaker 19 
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Table 2.3-3 

Unit 3 HPI System ES Actuated Components 

Component Description and Action 

HPI pumps 3A, 3B, 3C HPI pumps - start and go to full speed 

3HP-3, 3HP-4, 3HP-5 Letdown line RB isolation valves - close 

3HP-20 and 3HP-21 Seal return line RB isolation valves - close 

3HP-24 and 3HP-25 HPI pumps suction from the BWST valves - open 

3HP-26 and 3HP-27 HPI emergency injection lines valves - open 

I
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Table 2.4-1 

Unit 3 HPI System Testing 

Test Frequency Description 

PT/0/A/0202/12 Each Verifies proper ES channels I and 2 

I-WI System ES test refueling actuation of HPI pumps and valves.  
Also verifies manual actuation and 
control of these components using 
RZ modules.  

PT/O/A/0230/15 Each cold Verifies proper HPI motor cooler 

HPI motor cooler shutdown flow from LPSW and HPSW.  

flow test 
PT/0/A/0251/09 Prior to each Verifies operability of check valves 
HPI check valves startup 3HP-97, -101, -102, -105, -109, -113, 
functional test -188, -194, -486, -487, -488, and 

-489.  

PT/3/A/0152/11 Quarterly, Procedure contains three enclosures 
Valve functional each to stroke test various valves 
test refueling, and including 3HP-3, -4, -20, -21, -24, 

each cold 25, -26, -27; 3LP-15, -16.  
shutdown 

PT/3/A/0202/11 Quarterly and Verifies proper HPI pump 
HPI Pump test after any performance. Also verifies 

maintenance. operability of respective pump 
discharge check valve (3HP-105, 
3HP-109, 3HP- 113).  

PT/3/A/0230/18 Each cold Verifies automatic HPSW backup 
HPSW to HPI shutdown flow to the HPI pump motors on loss 
motor cooler flow of LPSW flow.  

test 
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Table 2.4-1 

Unit 3 HPI System Testing 

Test Frequency Description 

IP/O/A/0310/12A, Monthly An on-line functional check of the 
IP/O/A/0310/13A ES logic sub-system and associated 

Monthly ES test digital computer inputs and 
statalarms.  

PT/3/A/0150/23 Refueling Checks for visible leakage on HPI 

System Leakage valves outside containment.  

Test 

PT/3/A/0251/24 Refueling Verify pump developed head flow 
HPI full flow test and associated check valve operation.  
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Figure 2.1-5 Cooling Water Flow to HPI Coolers (Unit 3) 
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3. OPERATING EXPERIENCE OF THE HPI SYSTEM 

3.1 Objectives and Process 

A broad review of industry operating experience was conducted for high pressure 

injection and charging systems. There were two primary objectives for this review: 

* Characterize industry operational experience among high pressure safety 

injection and charging systems according to the causes of failure, system 
interactions, and impact on system operation during normal and accident 

conditions.  

* Identify new failure modes or failure mechanisms which have not previously 

been considered in the HPI reliability model.  

The review process consisted of three parts: 

* Identify items to review from industry reports, notices, bulletins, and other 

sources.  

* Categorize items by failure cause and screen items not relevant to this study.  

* Determine impact of events and issues on HPI reliability model.  

A variety of information sources were reviewed including NRC Information Notices, 

Licensee Event Reports (LERs), Significant Event Reports (SERs), the Duke Power 

Operating Experience Program (OEP) Database, Problem Investigation Process (PIP) 

Database, INPO Operating Experience Reports, and other miscellaneous sources. The 

review focused both on outside industry experience and on Oconee-specific experience 

above and beyond the data collected for estimating equipment failure rates (see Section 

4.5.1).  
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The industry review primarily covered the period from 1988 through 1996. Some recent 

events as well as some events that occurred prior to 1988 were considered for 

completeness. The Oconee review covered the period from the mid-1970s to the present.  

The review of the Oconee operating experience is very detailed and complete due to the 

availability of information while the review of the industry operating experience is 

considered "broad". Therefore, more events (both significant and of lesser significance) 

are considered from the Oconee operating experience compared to the industry database, 

which presumably contains mostly significant events.  

3.2 Industry Experience 

A listing of HPI industry operating events is provided in Attachment A. 169 "events" 

were identified with relevant failures or problems in HPI or charging systems. A wide 

variety of failure causes were found. Figure 3.2-1 below shows a distribution of types of 

failures among the events reviewed. The impact on HPI system availability of individual 

events varied. In some cases, the system or component in question may have been only 

degraded or in an incipient failure condition. In these cases, the event was denoted as a 

"potential" failure to distinguish these events from those where the system or component 

actually failed. An example would be a design error that is found that would cause the 

system to fail during a loss of coolant accident.  

Common cause events that degrade or disable multiple components or redundant trains of 

equipment are also of special interest to this study. Common cause events are denoted on 

Figure 3.2-1.  

The impact on plant operation of individual events also varied greatly. In some cases, 

failures occurred in plant modes where HPI was not required and others were caused by 

or were worsened by plant maintenance or outage activities.  
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It is also important to note that many events are actually caused by a combination of 

different failure causes. lI this case, the event was attributed to the primary or most 

important cause as best it could be determined. The prominent example of this were 

equipment problems that are combined with human error. The "Human Error" category 

in Figure 3.2-1 represents events that were solely attributed to human error. However, 

human error contributed directly or indirectly in a large fraction of the other events.  

During the 1980s several generic industry issues came to light regarding HPI system 

reliability. One of these issues concerned the degradation of certain Westinghouse pumps 

due to normal wear and tear while performing the duties of seal injection and normal 

RCS makeup. Another issue concerned recurring pump shaft failures on certain 

Ingersoll-Dresser pumps supplied by Westinghouse. Neither of these issues is applicable 

to Oconee.  

The generic industry issue which is of particular interest to Oconee is gas binding. These 

events are significant due to the potential to damage multiple HPI pumps due to common 

suction lines and connections in the suction piping for the pumps. A list of industry gas 

binding events is provided in Table 3.2-1.  

These gas binding events were further broken down by the location where the gas came 

from (Figure 3.2-2), the cause of the gas accumulation or entrainment (Figure 3.2-3), and 

by the plant where the event occurred (Figure 3.2-4).  

Another important observation made during the review of industry operating experience 

is the role of maintenance activities. Maintenance activity in this case refers to the entire 

process of how the equipment is operated, maintained, and tested. These activities can 

affect equipment and system reliability in several different ways. Several of the more 

important aspects from the operating experience review are indicated in the following 

table.  
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Maintenance As ects Which Affect HPI S stem Reliabili.  
Duin Noma Op Takin Ou of Servic .'Duin Syte M . Reunn toSrvc 

Periodic Testing Planning & Scheduling Effective PMs Administrative 
Controls 

Performance Procedural Guidance Quality Materials And Independent 
Monitoring and Training Workmanship Verification 

Predictive Administrative Control Proper Inspection, Post-Maintenance 
Maintenance Diagnosis, and Repair Functional Testing 

Status Checking roper Frequency, of Skillful, Well-Trained Observation and 
Preventive Maint. Maintenance Status Checking 
(PM) Personnel S 

Note: Shaded boxes indicate items which seek to prevent errors or failures versus trying to detect them.  

Note that preventing errors and failures is only one part of the process. Detecting errors 

or abnormal operating conditions prior to an actual plant emergency plays an equally 

important role. Industry experience shows that in most cases, effective testing and 

monitoring will detect errors or failed equipment in a timely manner. Only in a few 

instances do problems go undetected for extended periods of time. For the case of HPI 

Systems, the primary weakness in detecting failures has occurred in detecting LDST (or 

VCT) level instrumentation failures and in detecting the presence of gas accumulation in 

HPI suction piping or LPI "piggy-back" lines.  

3.3 Oconee Experience 

A listing of Oconee HPI significant operating events is provided in Table 3.3-1. The 

types of equipment failures and human errors observed at Oconee are similar to those 

seen in the rest of the nuclear power industry.  

One important similarity is the occurrence of three gas binding events. One of the 

Oconee events (the May 1997 event) was determined to be an accident precursor event 

(CMF>1E-6) and was the only event that resulted in actual pump damage. Due to the 

susceptibility of HPI pump damage from gas binding during accident mitigation, potential 

conditions that could induce gas entrainment to the pump suction should be minimized.  

3-4



Based on this experience, defensive measures against such events should be reviewed, 

evaluated, and implemented where appropriate. Evaluation of such improvements is part 

of the overall objective of this HPI reliability study.  

Component mispositioning is another important similarity. This type of human error 

typically involves either valves or electrical breakers that are placed in an incorrect 

position. Oconee, like the rest of the industry, has seen much improvement in this area in 

recent years due to efforts to improve human performance through improved procedures, 

work control processes, training, and self-checking.  

As discussed earlier, an effective maintenance program is an essential part of maintaining 

a reliable HPI system. At Oconee the effectiveness of the total maintenance program is 

reflected in the number of failures and the unavailability of the system. The Maintenance 

Rule program implemented at Oconee monitors both functional failures and system 

unavailability for the HPI system and sets limits for failures and unavailability that are 

commensurate with the risk significance of the HPI system. Exceeding either of these 

limits puts the HPI system into a special actions status ("A-l") that receives additional 

managerial attention and oversight to ensure that corrective actions implemented are 

effective and that performance is improved.  

A list of maintenance rule functional failures for the Oconee HPI system is provided in 

Table 3.2-2. Note that a functional failure under the maintenance rule definition does not 

necessarily constitute a functional failure of a PRA function.  

In addition, a periodic assessment of plant risk is conducted for the Maintenance Rule 

following each operating cycle. The most recent assessment for Oconee Unit 3 (which 

was prior to the April and May 1997 HPI events) did not show any significant impact on 

core damage risk from HPI system failures or system unavailability.  
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Sensitivity studies have been performed (see Section 5.3) taking into account the 

increased HPI train unavailability and pump failure rates resulting from the May 1997 

HPI event.  

3.4 Incorporation of Operating Experience 

The overall conclusion of this operating experience review is that the frequency and types 

of failures seen at Oconee are typical of the rest of the industry experience. However, 

several issues were identified where industry operating experience suggests 

improvements, additions, or further investigation for the new HPI reliability model.  

These issues are discussed below: 

Common Cause Failure Recurring Problems with Gas 
Binding of Pumps 

Human Errors Misalignment of Letdown, 
Purification, or Related Systems 

Flow Diversion of Recirculation Failures of Relief Valves or Check 
Flow valves Could Lead to a Loss of 

Coolant Outside Containment 

Common Cause Failure 

Previous Oconee PRA models did not explicitly address loss of LDST water level as a 

common mode failure of the HPI pumps, although common cause failures were 

considered at a higher level. The new HPI reliability model includes several failure 

modes associated with the LDST interface. A specific common cause event was included 

to represent common cause failure of the LDST level transmitters. Quantification of this 

event also includes an additional factor to incorporate Oconee's experience. Common 

cause failure potential for the pressure instruments was also investigated.  
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Human Error 

A number of potential human errors were previously modeled for the HPI system.  

However, operating experience suggests that several new events should be added to the 

new model. The primary issue concerns the potential for plant personnel to misposition 

valves that would divert letdown or charging flow and cause a loss of LDST inventory 

during normal operation. These added events are discussed in Section 4.5.2.  

Diversion Of Recirculation Flow 

During the recirculation phase of a loss of coolant accident, the HPI suction source is 

switched to the LPI pump discharge header by opening the valve to an operating train of 

LPI and closing the HPI suction valves to the BWST. Several plants reported design 

problems with relief valve setpoints (or piping design pressures) in the HPI suction or 

discharge piping. These problems stemmed from the fact that LPI discharge pressure is 

substantially higher than the pressure that is seen from the BWST or LDST suction 

sources. Lifting a relief valve during the sump recirculation will divert coolant from the 

HPI suction and is equivalent to a LOCA outside of containment.  

The conditions of higher HPI suction pressure were determined to be applicable to 

Oconee and with this concern the HPI model was reviewed for possible interaction 

problems. Two model enhancements were identified from this concern.  

First, it was noted that relief valve failures had not been previously considered. This 

failure mode was added for relief valve HP-79 on the LDST discharge line. Second, it 

was noted that should check valve HP-97 fail to close to isolate the LDST, a flow 

diversion could occur during piggy-back mode of operation. Presently, the LDST 

isolation valve HP-23 is not required to be closed following a loss of coolant accident.  

This failure mode was added to the fault tree and sensitivity studies were performed to 

assess the significance.  
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Table 3.2-1 

Industry Gas Binding Events 

Date Plant Event Description Failure Real Location 
I _ _ I IMode Failure? 

9/12/85 Palo Verde The common reference leg for the VCT Level Instrumentation was Level Instr. Actual LDST 
Unit 1 partially drained which cause a 20% indication when the tank was Empty 

empty. This resulted in the charging pumps becoming air bound 
and inoperable 

2/26/88 Farley On 2/26/88 operators vented -50 cu ft of hydrogen gas from Unit 1 Dissolved Actual Suction 
Unit 1&2 HPSI suction lines. Dissolved hydrogen from the VCT came out of Gas 

solution and collected in the lines. 3 days later, gas found in same 
piping and found a similar gas bubble on Unit 2.  

5/13/88 South Texas May 13, 1988, where suction was lost to the centrifugal charging Dissolved Actual Suction 
Unit 2 pumps due to air pocket formation in 2 high points. Gas 

5/27/88 ANO During Plant Startup, low flow alarms received on charging system. Level Instr. Actual LDST 
Unit 2 All 3 HPI pumps gas bound. VCT was empty. Tubing fitting failed Empty 

which drained common reference leg to both VCT level instruments.  
7/14/88 ANO When the HPI system is not lined up for recirculation, the Empty Line Actual PiggyUnit 1 recirculation line is isolated. This line was apparently drained, which Back Line 

allowed gas to enter the lines.  
10/12/88 Surry Found gas pockets in line from RWST to HPSI and in line from LPSI Dissolved Actual Both 

to HPSI. Determined dissolved H2 gas had come out of solution and Gas 
collected in these lines.  

10/14/88 North Anna Found gas pockets in line from RWST to HPSI and in line from LPSI Dissolved Actual Both 
to HPSI. Determined dissolved H2 gas had come out of solution and Gas 
collected in these lines.  

1/5/90 Beaver Valley Gas Binding of Charging Pumps - Hydrogen came out of solution in Dissolved Actual Suction 
the pump recirc line orifice. Gas 
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Table 3.2-1 

Industry Gas Binding Events 

Date Plant Event Description Failure Real Location 
I I_ Mode Failure? 

2/20/90 San Onofre Design problem on valves going to VCT. These AOVs were found Valve Potential LDST 
Unit 1 to fail open on loss of IA instead of closed which could lead to gas Problem Empty 

binding of the pumps.  
5/16/90 D. C. Cook Potential for gas binding of charging pumps identified. This Valve Potential Suction 

vulnerability only exists while valve realignments are made to seal Problem 
return lines.  

7/9/90 Haddam Neck Charging Pump Suction Vent Line Problem. Line allows hydrogen Valve Potential Suction 
removal from the charging pump suction piping back to the Volume Problem 
Control Tank (VCT).  

8/2/90 Haddam Neck Determined that charging pump discharge pressure fluctuations Not Actual Suction 
indicated gas binding. Reported / 

Unknown 
8/22/90 Sequoyah "B" charging pump secured when fluctuations observed in pump Dissolved Actual Both 

Unit 2 motor amperage and rate of flow. Hydrogen gas bubble vented Gas 
from pump suction piping and on RHR cross-over line. Bubble 
identified on Unit 2 on Sept 6, 1990.  

9/6/90 Sequoyah Gas bubble found in charging pump suction line (RHR recirc line). Dissolved Actual Piggy
Unit 2 Similar to event on 8/22/90. Determined dissolved H2 gas had Gas Back Line 

come out of solution and collected in these lines.  
1/31/91 Calvert Cliffs 1 Gas Binding of PDP charging pumps. Gas coming out of solution. Dissolved Actual Suction 

I _Gas 

3/28/91 Comanche Ultrasonic testing indicates the presence of gas bubbles in the Dissolved Actual Suction 
Peak Unit 1 suction piping of the Centrifugal Charging Pumps. Gas 

8/8/91 San Onofre 1 of 2 VCT Level Instruments failed. Level Instr. Potential LDST 
Unit 1 ___ _Empty 
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Table 3.2-1 

Industry Gas Binding Events 

Date Plant Event Description Failure Real Location 
I I I_ Mode Failure? 

9/19/91 Oconee Oconee 1,2,3 - HPI system operating curve for LDST pressure vs. Level Instr. Potential LDST 
level was determined to be incorrect. Certain post accident Empty 
alignments and failure could have resulted in a loss of tank level and 
subsequent failure of the HPI system.  

Jul-92 Surry Observed pressure spikes in LHSI piping. Discovered large gas RCS Check Actual Piggy
Unit 2 voids in LPSI cold leg discharge piping and piggyback line to HPSI. valve Leak Back Line 

Gas believed to have come from small leakage in RCS check valves 
in LPSI cold leg injection line.  

8/20/96 Oconee Letdown Storage Tank (LDST) level instrument calibration errors Level Instr. Potential LDST 
could have led to the High Pressure Injection (HPI) pump becoming Empty 
hydrogen bound during an ECCS actuation.  

8/28/96 Haddam Neck Nitrogen valve leaking into VCT causing gradual loss of VCT level Nitrogen Actual LDST 
and introduction of nitrogen into RCS through the charging pumps. Valve Empty 

5/3/97 Oconee 3A and 3B HPI Pumps failed due to inadequate suction source of Level Instr. Actual LDST 
water from the Letdown Storage Tank. Tank level instrument Empty 
common reference leg was empty and did not indicate low tank 
level. _ 
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Table 3.2-2 

Maintenance Rule HPI System Functional Failures 
PIP Date Description Maintenance Rule Function 

5-0-95-0056 1/12/95 Letdown Relief Lifted when 1HP-8 Closed because 1KE-12 breaker HPI.06 Provide RCS inventory control; provide RCS 
tripped. Wire shorted out because too much insulation had been makeup water to make up for contraction in 
removed when wiring termination was made. RCS volume and provide letdown capability 

when RCS volume increases.  
2-0-96-1538 8/5/96 The tip of the valve plug on valve 2HP-355 has broken off. The valve HPI.07 Provide auxiliary pressurizer spray.  

was identified to have a seat leak. The piece is estimated to be %" in 
diameter and 1" long and made of a stainless grade material.  

2-0-96-1777 9/18/96 Oconee Unit 2 - During normal operation, 2B HPI pump failed due to a HPI.01 Inject borated water into the RC System 
breakdown in the stator ground wall insulation which shorted out the HPI.05 during postulated DBEs, AND Provide RCP 
motor windings and caused the pump breaker to trip on ground fault. seal injection.  

2-0-96-1802 9/21/96 A pinhole leak on a socket weld near 2HP-491 was discovered. This HPI 04 Provide reactor coolant system pressure 
leak is located on the RCS pressure boundary. Investigation determined boundary integrity.  
cracked weld.  

3-0-97-0092 1/6/97 Valve position indication continued to indicate open when Ops attempted HPI.01 Inject borated water into the RC System 
to close MOV 3HP-27 from the CR. Problem was due to a sticking during postulated DBEs.  
contact on the MCC start for 3HP-27.  

2-0-97-0437 2/1/97 Alarms received for 2A2 RCP Upper Seal Temperature high. HPI.12 Provide RCP seal return path 
Determined that 2HP-212 was left closed following test line-up. Test' 
line-up for PT/2/A/0151/07, Penetration 4 LLRT, was changed.  

0-0-97-0710 2/25/97 Determined that the HP-120 travel stop was not properly set for LTOP RC.05 Provide RCS pressure control (includes 
protection. overpressure protection).  

2-0-97-1324 4/21/97 Oconee Unit 2 - Reactor coolant system (RCS) leak (2.5 gpm) was RC.02 Provide a barrier to prevent the release of 
discovered. Leak occurred on the stainless steel safe-end-to-pipe weld fission products from the reactor core to the 
on the 2-1/2 inch high pressure injection (HPI) and makeup line to the environment. (RCS pressure boundary) 
RCS cold leg nozzle.  
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Table 3.2-2 

Maintenance Rule HPI System Functional Failures 

PIP Date Description Maintenance Rule Function 
1-0-97-1275 4/15/97 Blown fuse in breaker for 1HP-14, -15, -16. HPI.06 Provide RCS inventory control, RCS makeup 

HPI.09 and letdown capacity, AND a means for 
injecting high pressure water for purposes of 
purifying the RCS, controlling boric acid and 
chemical concentrations, and controlling 
fission products.  

3-0-97-1428 5/3/97 3A and 3B HPI Pumps failed due to inadequate suction source of water HPI.01 Inject borated water into the RC System 
from the LDST. Tank level instrument common reference leg was HPI.05 during postulated DBEs, AND Provide RCP 
empty and did not indicate low tank level. seal injection.  
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Table 3.3-1 

Oconee HPI System Significant Operating Events 
(1973-1997) 

Date Description 
10/3/73 Oconee Unit 1 - 1HP-27 failed (position not recorded) 

12/14/73 LDST drained into LWD System when drain line on standby RCP seal filter left 
________opened.  

12/27/73 Oconee Unit 1 - 1HP-20 failed open 
7/7/74 Oconee Unit 2 - Damage to HPI pump 2A due to mispositioning valve 2HP-98 

6/22/75 Oconee Unit 3 - 3HP-26 was found inoperable due to a loose control wire 
12/23/75 Oconee Unit 3 - 3HP-24 failed due to torque switch contact failures 
3/3/76 Oconee Unit 1 - Separation of HPI pump rotor laminations (all 3 HPI pumps) 

3/21/77 Oconee Unit 2 - HPI pump 2A failed due to wear on a bearing oil seal 
10/18/79 Oconee Unit 3 - HPI pump 3B failed due to dc ground, damaged cable 
11/14/79 Oconee Unit 3 - HPI pump damaged due to human error, suction valve was left 'I ___ closed 
12/17/80 Oconee Unit 2 - Repeated High Bearing Temperature Problems due to low oil level 

0and cooling water flow problems. Bearings finally failed on 12/17/80.  
2/28/82 Oconee Unit 3 - HPI normal makeup nozzle 3A2 thermal sleeve found to be 

________displaced 

3/2/82 Oconee Unit 2 - HPI normal makeup nozzle 3A2 thermal sleeve found to be 
________displaced 

5/28/82 Oconee Unit 2 - Repeated Operational Problems on HPI pump 2A due to extensive 
________pump shaft distortion.  

12/7/82 Oconee Unit 1 -Valve 1HP-25 failed to open during testing 
2/3/83 Oconee Unit 2 - HPI pump 2A unscheduled maintenance due to a bad bearing 

________(attributed to a low oil level) 
2/23/83 Oconee Unit 3 - HPI train 3A found inoperable due to blown fuse control power for 

3/3/83 Oconee Unit 1 - Valve 1 HP-25 failed to open fully during testing 
3/9/83 Oconee Unit 2 - Valve 2HP-24 failed to open during testing 

3/15/83 Oconee Unit 2 - Valve 2HP-24 failed to open fully during testing 
7/27/83 Oconee Unit 3 - HPI pump 3A failed to start manually (overcurrent relay tripped) 
4/10/87 Oconee Unit 3 - Breakers for 3HP-24 and 3HP-25 were red tagged open after RCS 

temp had exceeded 350 deg F 
6/11/87 Discovered that HPI pump motor on each unit could trip on overcurrent during 

starting of all three unit's blackout loads 
2/11/89 Oconee Unit 1 - 'IC" HPI pump motor indicated high amps during pump s/u. Found 

locking pin in pump to motor coupling missing. Caused misalignment of pump shaft 
which resulted in shaft making contact with the pump wear rings and casing. (RF 

_______mode) 

11/21/90 Oconee 1,2,3: This is about the HPI line break issue.  
9/19/91 Oconee 1,2,3 - HPI system operating curve for LDST pressure vs. level was 

determined to be incorrect. Certain post accident alignments and failure could have] I . resulted in a loss of tank level and subsequent failure of the HPI system.  
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Table 3.3-1 

Oconee HPI System Significant Operating Events 
(1973-1997) 

Date Description 
9/20/91 Oconee Unit 1 - "' B" HPI Pump motor had increasing upper bearing temperatures 

such that the Motor had to be shut down. Thrust shoes found worn due to normal 
wear. Replaced Motor. (RF Mode) 

2/26/97 Oconee 3 - Misposition of Valve 3HP-5 - The LDST level was observed to increase 
from approximately 83 inches to 100 inches and the Pressurizer level was observed 
to decrease from approximately 105 inches to 75 inches when 3HP-78 was opened.  

4/21/97 Oconee Unit 2 - Reactor coolant system (RCS) leak (2.5 gpm) was discovered. Leak 
occurred on the stainless steel safe-end-to-pipe weld on the 2-1/2 inch high pressure 
injection (HPI) and makeup line to the RCS cold leg nozzle.  

5/3/97 Oconee - 3A and 3B HPI Pumps failed due to inadequate suction source of water 
from the Letdown Storage Tank. Tank level instrument common reference leg was 
empty and did not indicate low tank level.  
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4. RISK AND RELIABILITY ANALYSIS OF THE HPI SYSTEM 

4.1 Introduction 

The main objective of this study is to obtain information on the reliability of the High 

Pressure Injection system in fulfilling the various accident mitigation functions and to 

provide the perspective on the risk significance of the failure modes of concern. The 

resulting information can be used to identify potential system enhancements to reduce the 

potential for any risk-significant failure modes. A satellite objective is to provide 

reliability estimates of the HPI system for providing various normal operating functions.  

The accident mitigation functions considered in this analysis include the design basis 

accidents as analyzed in the UFSAR Chapter 15 as well as the accident sequences 

considered important in the PRA.  

To provide a complete picture of the risk significance of the HPI system, an assessment of 

the HPI system during external events and for shutdown risk is also performed.  

4.2 Approach and Methodology 

The overall methodology for this study is the PRA methodology, utilizing the fault tree 

models, reliability data, and event sequences. This project utilizes the Oconee PRA Rev.  

2 HPI system fault tree model as a starting point. The Rev. 2 model includes failure 

modes associated with the injection and recirculation modes of core cooling, and with 

RCP cooling. The present analysis adds new LDST failure modes, passive failures of 

various piping sections2, and new failure modes of interest identified from the operating 

experience review of Section 3.  

2 Passive failures are beyond design basis but are included in this study to examine their 

significance.  
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The fault tree structure in the PRA is modified to take into account the UFSAR accidents 

(LOCA and non-LOCA), based on the success criteria (flow rates or pump and flow path 

configuration needed for mission success) for the accidents of interest. Both conservative 

(UFSAR Chapter 15 assumptions) and best-estimate (PRA type) success criteria are 

considered for the analysis of LOCA events, particularly during the injection phase of the 

LOCA mitigation. As seen later, the success criteria in terms of the number of pump

flow path combinations are the same for the non-LOCA events, whether considering the 

UFSAR Chapter 15 type of analysis or the PRA type of analysis. The success criteria are 

presented in Section 4.3, and the fault tree model is detailed in Section 4.4.  

To obtain quantitative reliability information, the fault tree model is solved with 

appropriate basic event values. Equipment failure probabilities, maintenance 

unavailabilities, common cause failure probabilities, and human error probabilities 

comprise the basic events appearing in the fault trees. The calculations of these basic 

events are presented in Section 4.5.  

The HPI system reliability results represent the estimated failure probability to achieve 

specific safety functions. For example, the results for the UFSAR random small break 

LOCA represent the probability that the HPI system fails to meet the ECCS acceptance 

criteria, with all the inherent conservatisms in the ECCS analysis. On the other hand, the 

results for the PRA random small break LOCA represent the probability that the HPI 

system fails to provide adequate core cooling to avoid core damage.  

System reliability results by themselves do not provide a complete picture of the safety 

significance of any system unreliability concern. Therefore, to obtain the safety or risk 

significance, the accident sequences which lead to core damage as a result of the HPI 

system failures are identified by incorporating the modified HPI model into the plant core 

melt fault tree model and by obtaining an integrated solution. Failures are ranked to 

determine their relative significance. Finally, an uncertainty analysis is performed on the 

results to convey the possible range for the calculated results.  
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For obtaining the reliability results for the normal HPI operating functions, new models po are developed for normal RCS injection, normal seal cooling, and auxiliary pressurizer 

spray during unit shutdown.  

4.3 Success Criteria for Design Basis and Risk Significant Accident 
Sequences 

4.3.1 LOCA Events 

The design basis LOCA is characterized by an injection phase (includes any blowdown, 

refill and the reflood portions) followed by the long-term cooling phase. During the 

injection phase, which lasts for a few minutes for the large break LOCA and over an hour 

for the small break LOCA, the clad temperature excursion is turned around and the 

mixture level in the core is regained to above the top of the active fuel region. For the 

long-term cooling mode, core makeup is provided at a rate to match or exceed the core 

boil-off rate due to continuing decay heat generation in the core. A stable core cooling 

mode is established when the necessary core cooling system flow can be maintained by 

means of suitable suction sources and pumping systems. For large break LOCAs, the 

long-term cooling mode is established by the LPI system taking suction initially from the 

BWST and subsequently from the RB emergency sump when the BWST level reaches the 

low level limit. For the small break LOCAs, the long term heat removal is achieved 

initially by the HPI system (taking suction from the BWST) and then by the LPI system, 

when RCS pressure decreases to a value where LPI injection into the reactor vessel can 

occur. For small break LOCAs, the RCS pressure remains above the shutoff head of the 

LPI pumps following the recovery of stable mixture level in the core. If depressurization 

of the RCS to LPI conditions is not successful, the HPI system would have to be operated 

in tandem with the LPI system when the suction of the ECCS is swapped to the RB 

emergency sump to maintain core cooling. This can occur at approximately 5 - 10 hours 

after the accident if the RB spray system did not actuate and that the HPI system injection 

flow is balanced and throttled by the operators to maintain the core subcooling margin 

I 
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and at the same time reduce the RCS pressure. If the RB spray system actuation did 

occur and if the operators did not secure the spray, the low BWST level limit and the 

subsequent RB emergency sump suction swap-over would occur sooner (possibly about 

an hour after the LOCA).  

Considering the equipment and operator actions necessary for LOCA mitigation and for 

the purpose of this study, the HPI injection phase and the HPI recirculation phase are used 

to define the HPI LOCA mitigation functions, instead of the ECCS injection and long

term cooling phases used in the conventional ECCS analyses. The injection function 

envelopes the ECCS injection phase and extends to the point where HPI suction is 

switched from the BWST to the RB emergency sump. The recirculation function 

includes the HPI system taking suction from the RB emergency sump through the LPI 

pump discharge in the so-called piggy-back mode, although not all small break LOCAs 

would require this mode.  

Long-term cooling is considered to be established once the RCS has depressurized to the 

point that LPI can provide core cooling.  

The LOCA events of interest for this study are: 

a the UFSAR random small break LOCA 

* the UFSAR small break LOCA in the immediate vicinity of the RCP 

discharge piping, in which the HPI injection through that nozzle can spill out 

of the break 

* the UFSAR HPI line break where the HPI injection through that nozzle is 

assumed to be lost through the break.  

UFSAR Success Criteria 

The conservative success criteria are those that are used to demonstrate conformance to 

the 10 CFR 50.46 ECCS acceptance criteria. These success criteria are conservative 
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compared to those derived from best estimate type analyses. The success criteria 

resulting from the existing UFSAR ECCS analyses (Ref, 3 and 4) are as follows: 

For the random small break LOCA one HPI pump taking suction from the BWST 

and injecting into the RCS cold legs through any two of the four injection nozzles 

would meet the ECCS acceptance criteria for the HPI injection function.  

For the location-specific small break LOCAs (in the vicinity of the RCP discharge 

and the HPI line break), one HPI pump injecting into two nozzles and another HPI 

pump injecting into two more nozzles at ten minutes would meet the 

ECCS acceptance criteria for the HPI injection function.3 

For the HPI recirculation function, one LPI pump taking suction from the RB 

sump and discharging into the HPI suction header and one HPI pump discharging 

into two RCS HPI nozzles (for the HPI line breakF RCP discharge break the HPI 

injection would have to occur in the unaffected loop) would meet the ECCS 

acceptance criteria.  

PRA Success Criteria 

The success criteria for the PRA LOCA events are established from best estimate thermal 

hydraulic analyses using the MAAP code (Ref. 5). In PRA LOCA analyses, the small 

break LOCA event is categorized into small (3/8 inch to 1.5 inch diameter) and medium 

(1.5 inch to 4 inch diameter) break events on the basis of the RCS pressure response and 

SG cooling status which affects the core melt progression. The initiating event 

frequencies are different for the two break sizes. However, the success criteria with 

respect to the HPI system are the same for the two break sizes for the random location 

LOCA.  

S'The Core Flood line break is a special case of LOCA requiring HPI system operation.  

This break will behave like a random small break LOCA, requiring one train of HPI.  

4-5



I 

Small LOCAs (3/8" to 1.5" in diameter) 

For breaks in this range the reactor coolant system remains pressurized at or above the 

steam generator secondary pressure for an extended period of time. Success criteria for 

breaks in this category have been developed using a 1" diameter break as representative of 

the spectrum of breaks in the range. For these small break sizes no HPI flow is assumed 

to be lost through the break.  

The resulting success criterion for breaks in this range is one HPI pump injecting into two 

cold legs. Secondary side heat removal is not required to be available to prevent core 

damage for this break size.  

Medium LOCAs (1.5" to 4.0" in diameter) 

For breaks in this range the reactor coolant system depressurizes rapidly to less than the 

steam generator secondary pressure. The availability of secondary side heat removal is 

not a consideration for breaks in this range. Success criteria for breaks in this category 

have been developed using a 2.5" diameter break as representative of the spectrum of 

breaks in the range.  

Two special cases for breaks in this range have been identified. Breaks in the reactor 

coolant pump discharge are identified in the UFSAR as the worst case RCS break 

location. For breaks in this location, the HPI flow into the broken cold leg is assumed to 

be lost thus reducing the injected flow to 50% of the pump capacity. For breaks in the 

HPI line, the broken loop sees the containment pressure as the back pressure and even 

less flow is delivered to the intact loop than in the RCS pump discharge break.  

Other break locations do not involve HPI flow exiting the break directly and, therefore, 

the full flow of the pump(s) is available to the reactor coolant system.  
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Each of these break locations have been considered separately in the success criteria 

development.  

1. RCS random location breaks 

For random break location LOCAs (breaks other than at the RCP pump 

discharge or the HPI lines), the full flow from the operating HPI pumps is 

injected into the reactor coolant system. For this case, one HPI pump 3 injecting into two cold legs provides adequate flow to prevent core damage.  

2. RCS pump discharge 

For breaks at the pump discharge, 50% of the injected flow is assumed to be 

lost from the break. Success in this case is achieved by having an HPI pump 

inject through the header that does not contain the broken loop. This is 

achieved by having two HPI pumps each injecting into a different header, 

thus assuring that a pump is injecting into the intact header. Or, if only a 

single HPI pump is operating, there is a 0.5 chance that the pump is injecting 

into the intact loops. This also satisfies the requirement for prevention of 

core damage.  

3. HPI line break 

The situation for these breaks is very similar to that of the RCP discharge 

breaks. The success criteria are the same.  

For the HPI recirculation function, the PRA LOCA success criterion is the same as the 

UFSAR success criterion discussed previously.  
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4.3.2 Non- LOCA Events 

UFSAR Non-LOCA Events 

Steam Generator Tube Rupture (SGTR) and the steam line break are the two non-LOCA 

FSAR design basis events where the automatic actuation of the HPI system is considered 

in the accident analysis. For the SGTR event, auto-actuation could occur if the tube 

break size is large enough to cause the RCS depressurization to HPI actuation setpoint. If 

the depressurization is slow, the operator manually initiates the HPI to maintain 

pressurizer level and RCS subcooling. For this event, the HPI function is to provide RCS 

makeup to compensate for the coolant loss through the broken tube. During a steam line 

break, a rapid overcooling of the RCS occurs. causing the reactor coolant shrinkage and 

consequent decrease in the RCS pressure. The HPI system is automatically actuated 

when the RCS pressure decreases to the HPI actuation setpoint. The function of the HPI 

during the steam line break accident is to provide rapid RCS makeup to compensate for 

the coolant shrinkage and to add borated water to the core to compensate for any positive 

reactivity feedback from the RCS cooldown and core moderator negative reactivity 

coefficient. The HPI success criteria for SGTR and the steam line break accident is one 

HPI pump with suction from the BWST and RCS injection into two of the four nozzles.  

Unlike the LOCA events, the HPI function would be terminated well before the BWST 

low level limit is reached, and HPI recirculation is not necessary. In obtaining the system 

reliability results, cut sets involving potential hydrogen entrainment are therefore not 

included.  

In addition to the SGTR and steam line break non-LOCA accidents where the HPI system 

is explicitly considered as an accident mitigation function in the UFSAR accident 

analysis, the HPI system is implicitly considered, in a limited way, in other UFSAR 

Chapter 15 events, primarily for the post transient recovery (RCS make-up and RCP seal 

injection). This function is very similar to the normal operating function.  
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Table 4.3-1 presents functional requirements of the HPI system for the various design 

basis Chapter 15 events and the PRA sequences.  

4.3.3 Feed and Bleed 

In the PRA, some non-LOCA scenarios may require HPI to function in a feed and bleed 

mode of core cooling (also referred to as HPI forced cooling). These sequences are 

characterized by a loss of secondary side heat removal as a result of an initiating event 

and subsequent multiple system failures. HPI injection in these sequences must occur at 

relatively high system pressures, however, the absence of any RCS breaks precludes the 

need to assume any loss of injected flow.  

Successful feed and bleed cooling (injection phase) requires two HPI pumps injecting 

into at least 2 cold legs. HPI is initiated automatically when the reactor building pressure 

rises to 3 psig. The containment pressure rises to the setpoint at about 30 minutes into the 

transient, approximately 10 minutes after the quench tank rupture disk failure.  

If the steam generator cooling is re-established, the feed and bleed cooling mode can be 

terminated. However, if continued feed and bleed cooling is necessary when the BWST 

low level setpoint is reached, HPI recirculation must be initiated by means of the LPI 

interface. The success criteria for the feed and bleed HPI recirculation is the same as that 

I for LOCA events discussed earlier.  

4.4 Fault Tree Model 

Fault tree top events are defined for each of the distinct HPI functions considering the 

system success criteria discussed earlier. For the accident mitigation functions, the 

following specific fault trees have been developed.  
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HPI Accident Mitigation Functions Model 

The emergency functions fault tree model contains the following top events4 : 

* Failure to provide emergency injection where only one HPI train is needed. (This 

fault tree applies to a random small break LOCA for the Chapter 15 success criteria 

and the PRA success criteria, the PRA medium break LOCA, and the UFSAR non

LOCA events.) 

* Failure to provide emergency injection for the HPI line break and RCP pump 

discharge using Chapter 15 assumptions.  

* Failure to provide emergency injection for the HPI line break and RCP pump 

discharge using PRA assumptions.  

* Failure to provide feed and bleed injection.  

* Failure to provide recirculation. (This applies to all events requiring HPI recirculation 

except the HPI Line Break or RCP pump discharge break cases.) 

* Failure to provide recirculation for an HPI Line Break or RCP pump discharge break.  

4 A top event represents the failure of interest. Its' probability is estimated by developing 

and quantifying a fault tree which should contain the most likely ways that the event can 

occur. 5 
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Potential failure modes from the LDST interface are now included in the injection and 

recirculation fault trees. In the injection mode, the LDST failure mode of concern is the 

potential for HPI pump failure from hydrogen entrainment from the LDST if the LDST 

pressure/level parameters are outside their acceptable ranges (level too low or pressure I too high) when the BWST approaches the low level limit. When the BWST reaches a 

lower water level, and hence a lower pressure, hydrogen could be entrained from the 

LDST to the HPI suction header and cause failure of the HPI pumps. One such failure 

mode is a possible common mode failure of LDST level and pressure instruments.  

Another potential failure mode is a pre-LOCA condition where the LDST level was 

forced to be low due to excessive draw down of the LDST and failure to compensate for 

the draw down.  

In the recirculation mode, LDST discharge check valve HP-97 should isolate the LDST 

from the recirculation flow path. If however, this check valve fails to remain closed, 

sump recirculation flow could be diverted to the LDST where the relief valve could be 

challenged, possibly diverting part of the coolant inventory. The current operating 

procedures do not provide guidance to recognize and isolate the LDST if this failure were 

to occur. This failure mode is included in the recirculation fault tree.  

On both the suction and discharge portions of the HPI system, component failures (both 

active and passive), latent human errors, and maintenance unavailabilities are modeled.  

HPI RCP seal injection 

The RCP seal injection function of interest is the ability of HPI to provide seal injection 

following a non-LOCA initiator for a 24 hour mission time.  

Successful RCP seal cooling requires one HPI pump to provide flow to all four seal 

packages. With this in mind, the top event is postulated to occur via various failure 

mechanisms.  
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Failure of flow from all three HPI pumps to any of the four seal injection lines leads to 

the top event. Seal cooling can also be failed if cooling water flow through the HPI Pump 

motor bearing cooling jackets (from LPSW and back-up HPSW) is lost. Common cause 

failures of the system, such as an unisolated pipe break in a seal injection line are also 

included in the fault tree.  

For the HPI pump suction to fail, both the LDST and the BWST sources must fail.  

Normal HPI Functions Model 

The normal functions fault tree model contains the following top events: 

1) Failure to provide normal RCP seal injection 

2) Failure to provide normal make-up 

3) Failure to provide auxiliary pressurizer spray 

Normal RCP seal injection 

Successful RCP seal cooling requires one HPI pump to provide flow to all four seal 

packages.  

The top logic of this tree includes failure of both the 'A' and 'B' HPI pumps, loss of flow 

into any of the four RCP seal injection lines, and pipe rupture in seal injection line.  

(LDST failure modes are also included in the normal operation trees.) 

Normal injection 

Normal injection requires one HPI pump and one cold leg injection nozzle.  

I 
The top logic of this tree includes failure of both the 'A' and 'B' HPI pumps, loss of flow 

into both the Al and A2 cold legs, and pipe rupture in the HPI pumps' discharge lines.  
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Auxiliary pressurizer spray 

Auxiliary pressurizer spray requires one HPI pump and availability of the auxiliary spray 

flow path.  

The top logic of this tree includes failure of both the 'A' and 'B' HPI pumps, loss of flow 

into the auxiliary spray flow path, and auxiliary spray line rupture.  

The following table summarizes the HPI study fault tree top gates.  

HPI Accident Mitigation Functions 
Top Gat Dec ito ucs rtra 

HPI001 HPI Injection for random small 1 train of HPI and 2 of the 4 RCS injection 
and medium break LOCAs, and nozzles 
non-LOCA Chapter 15 events I HCH5INJ HPI Injection for Chapter 15 1 train of HPI initially and a second train at 10 
HPI line breakRCP discharge minutes and 4 injection nozzles 

break 
HPIBREAKI HPI Injection for PRA HPI line I train of HPI initially and a second train at 10 

break/RCP discharge break minutes and 2 intact injection nozzles 

HFNBINJ Feed and Bleed, Injection mode 2 trains and 2 injection nozzles 

HPROO1 HPI RB Emergency Sump 1 train of HPI and 2 injection nozzles 
Recirculation 

HPIBREAKR HPI RB Emergency Sump 1 train of HPI and 2 intact injection nozzles 
Recirculation for HPI Line 
Break/RCP discharge break 

HPSOO1 RCP Seal Injection following a I train of HPI and 4 RCP seal injection paths 
non-LOCA initiating event 

Normal HPI Functions 

HPINORMINJ Normal Injection I train of HPI and I of the 'A' RCS injection 
_________________ ___________________________ nozzles 

HPISEALINJ Seal Injection 1 train of HPI and 4 RCP seal injection paths 3 HPZRSPRAY Auxiliary spray I train of HPI and the auxiliary spray path 
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Fault Tree Assumptions 

The fault trees are constructed with the following assumptions: 

Operational Assumptions 

1) HPI train A is assumed to be in service.  

2) HPI pumps A and B are swapped in service on a monthly basis.  

3) HP-14 is assumed to be in its NORMAL position, aligned to the LDST.  

4) RCP seal supply filter train A is assumed to be in service.  

5) As the BWST level is drawn down during LOCA mitigation and flow alternates 

between the BWST and the LDST, it is assumed that LDST check valve HP-79 is 

required to close ten times.  

I 
Modeling Assumptions 

1) Since pump A is modeled as the operating pump, its maintenance probability is 

lumped onto pump B. Pump C has its own maintenance event probability.  

2) Failures in the RCP seal return line, up to the connection with normal letdown, are not 

modeled since they should not fail seal injection flow to the RCPs.  

3) Failures of the calibrated power supply and E/P converter for HP-7 are represented by 

the "valve transfers open" failure mode for air-operated valve HP-7.  

4.5 Data 

The databases used for the reliability solves contain four types of data: equipment failure 

rates, maintenance unavailabilities, human action failure rates, and common cause failure 

rates. To obtain core melt frequency results, the initiating event frequencies are 

additionally required.  

Best estimate equipment failure rates are developed by combining generic failure rates 

with those experienced at Oconee. Maintenance unavailabilities are selected based on 
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review of the most recent unavailability data. Human error probabilities are estimated by 

considering factors such as whether the action is proceduralized, familiarity with the 

action, ease of performing, and level of checking or verification. Common cause failure 

probabilities are quantified by multiplying equipment random failure probabilities by an 

appropriate common cause factor estimated from industry data or selected from generic 

sources. Additional information on the quantification of these events is provided below.  

Three new databases were developed for the HPI reliability study. One is used to assess 

the reliability of the HPI system in mitigating DBA and PRA-significant accidents, and is 

based on a 24 hour mission time. The second is used to determine HPI system reliability 

for providing normal RC make-up and seal injection based on a one year mission time.  

The third is used to determine HPI system reliability for providing the auxiliary spray 

function based on a 24 hour mission time. Appendix Cl provides the data used in the 

accident mitigation model, Appendix C2 provides the data for the normal RC make-up 

and seal injection model, and Appendix C3 provides the data for the auxiliary spray 

model.  

For the HPI system reliability solves, a nominal value is used for transfer basic events.  

The intent is to provide a more complete picture of overall system reliability by including 

support system failure probabilities. The event values were estimated by solving the 

Oconee Rev. 2 model for the transfer gate of interest.  

For the plant level solve, the accident mitigation model database is imported into the 

Oconee PRA Rev. 2 database.  

I 
'Transfer basic events represent a branch out of one tree into another. For example, the 

HPI tree transfers out to support trees such as the ac power tree, Low Pressure Service 

Water tree, and Engineered Safeguards tree.  
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4.5.1 Equipment Failure Rate Data 

For this study, generic failure rate data (SAROS database -- Ref. 6) was Bayesian updated 

with Oconee specific data. The SAROS generic failure aggregates many sources of 

generic data, such as other nuclear plant PRAs, WASH-1400, IEEE-500 (Ref. 7) and 

INEL's Generic Component Failure Data Base For Light Water and Liquid Sodium 

Reactor PRAs (Ref. 8). For equipment not represented in References 6, 7, or 8, other 

sources were used, such as NSAC 60 (Ref. 9).  

For the plant-specific equipment failure data, the PIP database was searched for 

Maintenance Rule functional failures which occurred on all three units at Oconee over the 

600 day period from July 23, 1995 to March 14, 1997. (This period coincided with a 

complete fuel cycle on Unit 3.) This information was added to any previously collected 

data over the period from January 1988 to December 1993. For equipment modeled in 

the PRA, the number of demands or hours of service over a one year period were 

estimated. From this data, plant-specific evidence was compiled.  

The generic failure rates were then Bayesian-updated with the plant-specific evidence. In 

a few cases where generic failure rates are not readily available and the plant experience 

is sufficiently large, plant-specific failure rates are used. The resulting failure rates are 

shown in Table 4.5.1-1.  

4.5.2 Human Reliability Analysis 

The main purposes of this HRA is to validate the HRA results of the current Oconee PRA 

(Rev 2) for the HPI System events and to provide quantification of any new human 

reliability events modeled as a result of this study. The validation process involved re

examination of the HPI human error events in the current Oconee PRA model to assure 

appropriate assumptions and modeling techniques were applied. Applicable plant 
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procedures were reviewed and, when necessary, station training personnel were 

contacted.  

£ In most cases, the human reliability event values used in the current version of the 

Oconee PRA were found to be appropriate. However, some actions were re-quantified 

with either higher or lower values based on new information or modeling considerations.  

A number of new human events were identified that were quantified using similar 

I techniques or were assigned screening values.  

Several types of human reliability events are modeled. The two main types of events are 

pre-initiator events and post-initiator events. Post-initiator events are further partitioned 

on the basis of whether or not they are proceduralized. Another special class of post

initiator human events was also examined in this study to cover potential errors of 

commission. For this study, human error events are designated by the last three letters of 

the basic event name as follows: 

LHE This designates a pre-initiator latent human error.  

CHE This designates a post-initiator commission human error.  

DHE This designates a proceduralized post-initiator human error.  

RHE This designates a non-proceduralized post-initiator human -error.  
(No RHE events were identified for the HPI system) 

I 
Latent Human Error Quantification 

I 
A model for Latent Human Error (LHE) events was developed for the Keowee PRA at 

Duke (Ref. 10). This model is based on numbers from the THERP manual (Ref. 11 

4.11). Quantification of an LHE event based on this model is based on such factors as 

independent verification, functional testing, tag-out steps and checks during shift turnover 

and rounds.  

I.  
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Four classifications were identified in the Keowee analysis for the LHE events as listed in 

the following table.  

Error Classification Error Probability 

1. Post maintenance errors for components which are independently 3.2E-3 
verified, but are neither functionally tested nor checked during the 
daily rounds.  

2. Post maintenance errors for components which are not 3.2E-4 
functionally tested but are checked on the daily rounds.  

3. Post maintenance errors for components which are functionally 2.6E-4 
tested.  

4. Post maintenance errors for components which are functionally 5.2E-5 
tested and which have red tags (or keys) associated with their 
maintenance. 

__ _ __ 

In the current Oconee PRA, the HPI pre-initiator events were assigned a screening value 

of 3.OE-3. This value roughly corresponds to Keowee PRA case 3 (above). For this 

study, the HPI system LHEs can be classified according to their level of testing and 

checking, and assigned a value based on the table above. A list of the HPI system LH-Es 

and their resultant classification is provided in the table below.3 

HPI System Latent Human Error Events 

Event Name ODescription Error Class 

HEMERLILHE *Latent Human Error Associated with Interlock Maintenance Occurs I 
(associated only with proposed "auto-swap" mod) 

HHP0024LHE MOV 3HP-24 Suction Train Is Left Unavailable After Test Or Maint. 4 
HHP0025LHE MOV 3HP-25 Suction Train Is Left Unavailable After Test Or Maint. 4 
HHPOSGOLHE HPI Suction Crosstie Is Left Unavailable After Test Or Maintenance I 
HHPOTRBLHE HPI Train 3B Is Left Unavailable After Test Or Maintenance 4 
HHPOTRCLHE HPI Train 3C Is Left Unavailable After Test Or Maintenance 4 
HLP0054LHE Manual Valve 3LP-54 Is Left Closed After Test Or Maintenance I 
HLP0056LHE Manual Valve 3LP-56 Is Left Closed After Test Or Maintenance 
HSTLVSILHE *Latent Human Error during Maintenance of LDST Lvl String #1 1 
HSTLVS2LHE *Latent Human Error during Maintenance of LDST Lvi String #2 1 
HYDSHUTLHE *Operator Error Causes LDST to Be Overcharged with Hydrogen 1 
*Note: These are new events that were not modeled in the Oconee PRA Rev. 2.  

I 
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Commission Human Error Quantification 

Industry operating experience indicates that human error is a common type of failure and 

that many of these events caused a reduction or loss of LDST inventory. Improper 

I positioning of valves is often cited as the cause. Considering this experience, three new 

events were postulated which consider that a plant operator may take actions which 

inadvertently affect LDST level either through an unintended action (i.e., operator makes 

a mistake) or an intentional action that has an unrecognized or unintended effect on the 

system. This type of error has characteristics similar to a latent human error and to an 

error of commission, but is henceforth referred to as a commission human error.  

The events of interest are listed below. An evaluation of all the procedures and plant 

activities which could lead to such an error has not been performed. Based on Ref. 11, a 

screening value of 0.03 was assumed for each CHE event.  

HPI System Commission Human Error Events 

NAME DESCRIPTION PROB 
HLDDIVTCHE *Operators Inadvertently Divert Letdown Flow 3.OOE-2 
HLDSTLPCHE *Operator Error Causes Low Pressure Condition 3.OOE-2 
HLDISOLCHE *Operators Inadvertently Isolate Letdown 3.OOE-2 
*Note: These are new events that were not modeled in the Oconee PRA Rev. 2.  

1 
Post-Initiator Human Reliability Events 

The values used in the post-initiator human reliability analysis are based on the methods 

I and techniques used in the current revision of the Oconee PRA (Rev. 2). Previously 

quantified HPI human events from the Oconee PRA were reviewed to confirm 

assumptions and quantification. These event values were determined to still be valid.  

A list of all HPI System dynamic human error events is provided below, followed by a 

brief discussion of each new event.  
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1 
HPI System Dynamic Human Error Events 

NAME DESCRIPTION PROB 

CHPHPMUDHE Operators Fail to Swap HPI Suction to the BWST Before LDST Depletion 2.OOE-3 
HOOHP97RHE *Operators Fail to Isolate Diversion Flow From RB Sump to LDST 
HHPO409DHE tOperators Fail to Open 3HP-409 (-410) 1.OOE-3 
HHPHPRODHE Operators Fail to Initiate High Pressure Recirculation 2.20E-3 
HHPOP3CDHE tFailure to Start the C HPI Pump 1.50E-3 
HLDFLOWDHE *Operator Fails to Check Unit Board Letdown Flow Receiver Gauge 1 
HLDSTLIDHE *Operator Fails to Maintain LDST Level > 40 " thru Appropriate Monitoring I.OOE-3 
HLPl516DHE tOperators Fail To Feed HPI Pumps Through LP-15/16 when LP-24/25 Fail 5.OOE-2 
HNMOPLVDHE *Operators Fail to Recognize Level Instrument Failure 1 
HNVNTRYDHE *Dynamic Human Error in Maintaining LDST Level I.OOE-1 
HOPOVPRDHE *Inadequate Operator Guidance Regarding LDST Overpressure I 
HOPUNPRDHE *Inadequate Operator Guidance Regarding LDST Underpressure 1.OOE-3 
HPRESSRDHE *Dynamic Human Error in Maintaining LDST Pressure 1.00E-1 
IBSBWSTDHE tFailure to Swap HPI to SFP During a Flood 5.OOE-2 
T3TBlUXDHE tFailure to Recover Using Available LPI or HPI (after T3 & a PORV LOCA) 1.50E-3 
TSGTHRLDHE Operators Fail To Throttle High Pressure Injection Following A SGTR 1.50E-3 
TTRHPITDHE Operators Fail To Throttle HPI Following A Transient 1OOE-2 
*Note: These are new events that were not modeled in the Oconee PRA Rev. 2.I 
ftNote: These events are applied as "recovery events" in the recovery rule file in addition to appearing in 

the fault tree model.£ 

HOOHP97RHE 

This event represents failure of operators to recognize that HP-97 has failed to close, and 

is allowing flow to be diverted from the LPI discharge header to the LDST. Since this 

action is not included in the emergency procedure, no credit is taken for detecting the 

1 

diversion flow, and this event is assigned a probability of 1.0.  

HLDFLOWVDIEI 
This event represents failure of operators to recognize a change in letdown flow by 

checking the Unit Board letdown flow receiver gauge. The gauge is primarily used in the3 

adjustment of flow and is not continuously monitored (although it is checked during 

control room rounds). The model takes credit for LDST flow and level alarms and3 

pressurizer level alarm as means for detecting low LDST level and does not rely on 

operator action to check the letdown flow receiver gauge. Accordingly, this event is 

assigned a probability of 1.0.  

HLDSTL1DHEI 
This event represents failure of operators to maintain LDST level > 40" through 

monitoring level during normal plant operation. In the quantification of this event, it is3 

assumed that LDST level instrumentation is working properly to provide level indication 

4-20 

1I



1 and low level alarms. Prompt operator intervention is then needed to restore level by 
aligning coolant makeup sources as needed. This event was assigned a value of 1E-3.  

HNMOPLVDHE 

This event represents failure of operators to recognize that LDST level instrument have 

failed. Based on recent experience, this action is assigned a probability of 1.0.  

HNVNTRYDHE 

This event represents a failure of operator to respond to level changes in the LDST during 

a plant cooldown. Failure of operators to monitor level and respond to level changes is 

considered more likely during plant cooldown due to other activities (or distractions) that 

require operator attention and also due to the higher likelihood of experiencing level 

changes. This event is assigned a value of 0.1.  

HOPOVPRDHE / HOPUNPRDHE 

This event represents a failure of operators to respond to LDST overpressure or 
underpressure conditions during normal plant operation. Alarm response procedures 

provide instructions and guidance to restore proper hydrogen pressure in the LDST. Each 

event is assigned a value of 1E-3.  

HPRESSRDHE 
This event represents a failure of operator to respond to LDST pressure changes during a 
plant cooldown. Failure of operators to monitor pressure and respond to pressure changes 

is considered more likely during plant cooldown due to other activities (or distractions) 
that require operator attention and also due to the higher likelihood of experiencing level 

changes. This event is assigned a value of 0.1.  

4.5.3 Common Cause Analysis 

Introduction 

Common cause events which were identified during the development of the system model 

were quantified based on methods and procedures provided in NUREG/CR-4780 (Ref.  

12) and related documents. Because of the rarity of common cause events, available 

industry information was used to quantify common cause basic events modeled in the 
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I 
system fault trees. In cases where industry data is inadequate to estimate component 

specific common cause parameters, generic common cause parameters were used or 

engineering judgment applied.  

The common cause basic event probabilities are calculated by multiplying the component 

failure "independent" failure probabilities by a common cause multiplier. The common 

cause multipliers were derived using the Multiple Greek Letter (MGL) method using 

plant specific and generic parameter values.  

Common Cause Operating Experience 

Industry operating experience is used in three aspects of common cause analysis: 

1. identifying important common cause failure modes for the HPI system, 

2. providing event data for detailed Common Cause Parameter Quantification, and 

3. providing information for qualitative adjustment of generic parameters.  

The primary types of HPI system common mode failures seen in the industry experience 

are the following: 

* Pump Gas Binding (Loss of LDST Level and other causes) 

* Pump Mechanical Failure 

* Electrical Breaker Misposition (For Pumps or Valves) 

* Valve Misposition 

Previous Oconee PRA models did not explicitly address loss of LDST water level as a 

common mode failure of the HPI pumps. The May 3, 1997 Oconee event in particular 

demonstrated the need to include this type of failure mode in the Oconee HPI model. A 

specific common cause event was included in the LDST portion of the new model to 

represent common cause failure of the LDST level transmitters. This Oconee experience 

was also factored into the selection of a common cause multiplier for the LDST level 

transmitters and is discussed in the Event Quantification section below. A similar event 
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I 
involving common cause failure of the LDST pressure instrumentation was also 

identified as a result of this same event.  

The previous Oconee HPI model had included common cause pump failure (mechanical 

I failure and breaker failure) and common cause failure of redundant valves (mispositioned 

or breaker failure). Industry data was used to the extent possible to quantify these events 

either through detailed analysis or other analyses.  

Selection of MGL Parameters 

Because actual common cause events are very infrequent at any given nuclear plant, it is 

necessary to use generic data from the entire industry to provide a reasonable estimate of 

common cause potential. The drawback is that generic estimates of common cause 

probabilities generally assume that a common cause failure event at one plant has equal 

potential to occur at any plant. However, due to differences in design, operation, 

maintenance, testing, etc., these events do not generally have the same likelihood at every 

plant.  

I 
One of two different methods is used to select a set of MGL parameters for a given 

component -- Detailed Data Analysis or Qualitative Adjustment of Generic CCF Values.  

Detailed Data Analysis involves the review and analysis of plant failure events and also 

industry events following procedural guidance from industry developed sources (Ref.12, 

13, 14). The CCDAT computer software (Ref. 15) can also be used to implement these 

procedures. Detailed Data Analysis requires a significant effort to collect plant data, 

assemble industry data, compile a database, and analyze the data. Generally, detailed 

analysis provides lower estimates of common cause failure probability because industry 

events that are not applicable to the analyzed plant are removed or weighted lightly.  

U 
The Qualitative Adjustment approach works on the premise that generic common cause 

values are generally conservative or at least average. In this approach, the subject group 

of components on the analyzed plant is reviewed to determine if the design, operation, 
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U 
maintenance, and testing features of the group appear to be more or less vulnerable than 

an "average" plant. If the component group appears to be significantly better or worse 

than the "average" plant at defending against common cause failure mechanisms, then the * 
generic common cause value can be adjusted up or down accordingly. In many cases, 

however, a generic common cause value is adopted without adjustment because it is 

difficult to substantiate that the given system is better or worse than an "average" plant.  

Both of these methods require engineering judgment. Careful review and comparison to 

other published common cause analyses helps ensure that the selected values are 

reasonable.  

Common Cause Event Quantification 

For the HPI and LDST models, six types of components were identified for common 

cause quantification. These components and their corresponding quantification method 

are listed below.  

COMPONENT QUANTIFICATION METHOD SOURCE 

HPI Pumps Detailed Data Analysis Oconee Specific Analysis 
of EPRI CCF Data 

Motor-Operated Valves Generic Value Assumed ALWR Reference 
(MOVs) Document (Ref. 4.16) I 
Cooling Water Filters Generic Value Assumed NUREG/CR-5801 

Level Transmitters Qualitatively Adjusted Adjusted value from 
Generic Value NUREG/CR-5801 

Pressure Transmitters Generic Value Assumed NUREG/CR-5801 

Flow Transmitters Generic Value Assumed NUREG/CR-5801 

I 
This list of components was selected based on a review of the redundant components in 

the HPI and LDST models and failures which were seen in the industry operating 

experience. A complete listing of common cause basic events and their probabilities is 

provided in Table 4.5.3-1. MGL parameters for the HPI pumps were estimated using 

I



1 
EPRI industry data found in References 14 and 17. A complete discussion of this 

detailed data analysis is provided in the HPI Pump section below.  

Although adequate industry data is available, a detailed analysis for the various 

combinations of motor-operated valves was not performed for two reasons. First, it is 

difficult to distinguish the design and operating characteristics of MOVs between the 

industry plants and Oconee in order to assess the relative strength or weakness of Oconee 

common cause defensive strategies. Second, it is desirable to have consistent values with 

other MOV failures modeled in the Oconee PRA. Therefore, the generic MGL 

parameters for MOVs used in the Oconee PRA Rev. 2 were retained. These parameters 

values were taken from the ALWR Reference Document (Ref. 4.17) 

In the case of the filters and transmitters, generic data must be used because plant specific 

and industry CCF data on those components are not available. NUREG/CR-5801 (Ref.  

4.13) provides a set of MGL parameter values for reliability analyses where no data is 

available. These values are provided in the following table.  

I Generic MGL Parameters* 
System Failure to Start Failure to Run 3 Size 1 0 051 16 

2 0.10 - 0.05 

3 0.10 0.27 - I 0.05 0.27 
*Generic MGL Parameters are based on NUREG/CR-5801 - Section 5.5.2 

These values were used without modification except in the case of LDST Level 

Transmitters. In this case, the generic beta factor of 0.05 was increased to 0.07 based on 

a qualitative judgment of Oconee's experience. The recent modifications to the level and 

pressure instruments have reduced the likelihood of recurrence of previous common 

cause failures.  

I.  
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I 
HPI Pump Assessment 

The process of a detailed common cause data analysis began with a survey of available 0e 
common cause information on the component of interest. Reference 4.14 is the primary 

source of information for the HPI pumps although other sources were also consulted to 

review additional events and descriptions (Ref. 4.16 and 4.17). Although there were six 

"common cause failure to start" events, there were no HPI/HPSI pump "common cause 

failure to run" events. To compensate for this problem, the scope of data was widened to 

all types of PWR safety injection pumps which includes LPI and RHR pump data. The 

inclusion of this data was deemed appropriate after reviewing the LPIIRHR event reports 

that showed that the causes of failure were generically related to "safety injection pumps" 

and not related to any specific features of low pressure pumps or RHR systems. Note that 

this approach of combining LPI/RHR pumps with HPI pump data was also used for W 

quantification of MGL parameters in Reference 4.16.  

Using this data on safety injection pumps, the CCDAT software program (Ref. 4.15) was 

used to "align" the industry data by thoroughly reviewing it for applicability to the 

Oconee HPI pumps. Careful consideration was given to the root causes, coupling 

mechanisms, system design, and operating conditions in these events in determining their 

full or partial applicability. Reference 4.13 provides some guidance in the selection cause 

and coupling applicability factor, and mapping parameters.  

I 
Due to the different operating configurations and functions modeled in the HPI model, it 

was necessary to perform this alignment process for HPI as a "3-Train System" and as a 

"2-Train System". The assessments performed for each industry event and system size 

were documented in the project files. The results of this detailed analysis are provided in 

the following table.  

I 
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CCDAT Results For Oconee HPI Pumps 

System Failure to Start Failure to Run 
Size 5 a p Y .  

2 0.075 - - 0.006 -

I__(See Note 3) 

3 0.101 0.503 - 0.033 0.580 

I 
It is important to note the basic event HHP2-2RCOM (CCF Of 2 of 2 HPI Pumps to 

Run) is a special case representing the failure of both HPI pumps to run during normal 

operation (i.e., during a very long mission time for the system). Typically, a common 

cause failure to run event is postulated to occur within a relatively short mission time 

(e.g., 24 hrs), and thus no credit is given for repair or replacement of failed equipment.  

However, in the case of event HHP2-2RCOM, one HPI pump is running providing RCP 

seal cooling and normal injection, and the other pump is in standby. If the running pump 

fails, the standby pump must start and run at least as long as it takes to repair or replace 

the other pump but does not have to run for the remainder of the system mission time. A 

coupling factor was applied within the CCDAT alignment database (for the 2 pump case 

only) to account for the likelihood that a failure event could be repaired prior to the 

standby pump failing to run.  

I 
4.5.4 Initiator Frequency Data 

The HPI system is relied upon to mitigate LOCAs in the small and medium range. This 

section describes the manner in which the frequencies for these accident initiators has 

been estimated for this study. The years from 1980 to 1996 are used as the time period 

for data collection for the analysis. Industry experience for the years 1994 through 1996, 

since the Oconee PRA update, which used the 1980 through 1993 (606.2 PWR reactor

years), have been reviewed for any incidents that deserve classification as LOCAs. None 

were identified during this review. The additional 177 PWR years that have accumulated 

and additional Oconee reactor years (7.3) are used to update the frequencies of the LOCA 

initiators. Where needed the plant capacity factor for Oconee is assumed to be 0.9.  

4-27 

I



I 
Small LOCAs 

The small LOCA frequency is calculated by considering the occurrence of LOCAs in the 

industry during the time period considered. A single event (ANO RCP seal failure) 

occurred during this period. This industry experience is then assumed to be a lognormal 

distribution and used as a prior to be updated by Oconee specific experience. The 

resulting lognormal distribution for the industry experience has a mean value of 

X = 1.28E-3/ry.  

After updating with the Oconee specific experience, the mean value of the resulting 

lognormal distribution is used as the small LOCA frequency for this analysis. The 

resulting small LOCA frequency is, 

ksL = IE-3/yr.  

Medium LOCAs 

The medium LOCA frequency is calculated by considering the occurrence of a LOCA 

that is "not small" (i.e., medium or large). No LOCAs in these ranges have occurred.  

The frequency is estimated as the mean of a distribution that results from performing a 

Bayesian update with the observed occurrences, 0, using a noninformative prior 

distribution. This technique is described in the PRA Procedures Guide, NUREG/CR

2300.  
1*1 
I 6.4E - 04 

2T 2 x783 

1 
var= - = 8.16E - 07 

It is further assumed that this frequency is equally split between medium and large 

LOCAs. The resulting frequency for medium LOCAs used in this analysis is, therefore, 

kML = 3E-4/yr.  

IW 
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Additionally, this HPI reliability study is interested in identifying frequencies for some 

medium LOCAs in specific locations. These are the HPI line or the RCP discharge 

piping. These frequencies are some fraction of the total medium LOCA frequency. A 

description of the methodology used to establish these fractions follows.  

I An EPRI-sponsored methodology for estimating piping failure frequencies that is 

described in Reference 18. This report describes a technique of establishing the number 

of piping segments in a system and then applying the failure frequencies for piping 

segments to calculate a total frequency of failure. The technique used here is to estimate 

the total frequency of LOCAs that have an equivalent diameter of 2 inches to 6 inches 

using the method described in the EPRI report. It is noted here that the range of break 

sizes that are classified in the medium range in the Oconee PRA is from 1.5 inches to 4 

inches. This difference between the EPRI pipe size range and the Oconee PRA medium 

LOCA range is not expected to be significant. The frequency of pipe breaks that occur in 

segments that are considered to be HPI line or RCP discharge are also calculated. The 

ratios of these frequencies to the total pipe break frequency are used as the split fractions 

for breaks in these locations. This analysis produces the following results: 

Fraction of MLs in the RCP discharge 0.06 

Fraction of MLs in the HPI line 0.31 

Thus the annual frequency of the RCP discharge break is 2E-5/yr and the annual 

frequency for the HPI line break is 9E-5/yr.  

Discussion of Alternative Methods 

Other alternatives are available for estimating the medium LOCA frequency. The EPRI 

I methodology which has been used here to estimate the split fractions could have been 

used directly to calculate the various medium LOCA frequencies. The total medium 

LOCA frequency calculated for Oconee by this technique is 9E-6/yr. This value is 
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I 
considerably lower than that arrived at by considering the experience base. The HPI line 

break frequency is found to be 3E-6/yr and the RCP discharge break is estimated at 

5E-7/yr.  

Other estimators of the mean also could have been applied. The X2 variate at the 50% 

confidence level has also been used to provide a point estimate for the frequency of 

initiators when none have occurred. If a distribution is needed, an error factor must be 

assumed if this method is applied. The selection of the degrees of freedom to be used in 

this calculation is not well established. Degrees of freedom of I or 2 have been used in 

various applications. The point estimates for the medium LOCA frequency as shown 

below: 

Using two degrees of freedom, 

x 2 (,2n+2)/2T = 1.386/2T = .693/T, for a = 50% and n = 0 

= 8.8E-4/ry 

Using one degree of freedom, 

X2(c,2n+1)/2T = 0.455/2T = .227/T, for a = 50% and n = 0 

= 2.9E-4/ry 

Another possible approach would be to obtain estimates using a variety of techniques 

(some of which have been provided above) and take the high and low to establish the 

upper and lower confidence limits. These two values can be used to calculate the mean 

and other parameters of a lognormal distribution. Using the techniques presented here, 

9E-6/yr (the low value) and 8E-4/yr (the high value) could be assumed to be the 5th and 

95th percentile values, respectively. The resulting mean is calculated to be 2E-4/yr for 

the assumed lognormal distribution.  

The process for establishing frequencies or failure rates with no occurrence history is not I 
well established. Many approaches have been applied in various studies. The approach U 
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I 
applied in this HPI study provides a reasonable estimate which is within the range of 

other approaches considered.  

4.6 Fault Tree and PRA Integrated Model Quantification 

After the data base and fault tree models have been developed, the HPI fault tree models 

are ready for solution. After solving at a truncation limit of 1E-8, the cut sets are 

recovered using a recovery rule file. The resulting cut sets are reviewed for validity and 

I to assess whether additional recoveries might be applied.  

1 To assess the impact on plant risk, an integrated plant model is built. The model is 

constructed by integrating all of the system fault trees (HPI system, LPI system, AC 

Power system, etc.) with the top logic, which defines the various core damage sequence 

types. Once this model is built and any circular logic is broken, the model is solved, and 

cut sets are recovered and reviewed. Finally. all valid cut sets above the truncation limit 

of 1E-8 are summed to produce the core melt frequency result. This result represents the 

core melt sequence contribution from all internal accident initiators. The core melt 

sequence contribution from HPI system failures are segregated to determine the risk 

significance of various failure modes of concern.  

Sensitivity studies are performed on the system reliability results and the core melt 

frequency results for specific issues of interest.  

4.7 Assessment Of HPI Reliability During External Events 

I 
4.7.1 Seismic Assessment 

I 
The seismic core damage risk for Oconee is analyzed in the existing Oconee seismic 

PRA. In addition to seismic PRA techniques, seismic margin methodology has also been 

used in the seismic analysis as a part of the Individual Plant Examination of External 
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Events (IPEEE) program (see Reference 19). Extensive seismic walkdowns of the HPI 

System on all three units were conducted in 1994 and 1995 consistent with the intent of 

the guidelines described in Reference 20. In addition, these walkdowns also addressed e 
USI A-46, "Seismic Qualification of Equipment in Operating Plants," using the 

methodology in the Generic Implementation Procedure (GIP) For Seismic Verification of 

Nuclear Plant Equipment.  

The purpose of these walkdowns was to confirm the validity of the existing PRA fragility 

assessments, to review equipment with respect to seismic experience caveats, to verify 

seismic adequacy of equipment anchorage, and to identify any other seismic concerns, 

such as potential seismic spatial interactions in the "as-built" plant configuration. The 

walkdowns also included a review of the potential for fires, floods and toxic gas releases 

in the plant resulting from a seismic event.  

1 
The results from these walkdowns and associated evaluations did not identify any 

recommended enhancements to improve the seismic adequacy of the HPI system. The 

HPI pumps and injection flow path valves meet the seismic screening criteria.  

I 
However, several enhancements to the electrical support system components providing 

power to the HPI System were identified. These enhancements consist .of proposed 

modifications near switchgear and motor control centers to prevent potential relay chatter 

concerns resulting from seismic interaction with adjacent equipment. Also, some minor 

anchorage repairs on several motor control centers were identified. These modifications 

will be completed in accordance with the schedule being developed by Duke to 

incorporate the plant enhancements recommended by the USI A-46 and IPEEE program 

results.  

The relay chatter evaluation for Oconee is still ongoing. However, there are no relay 

chatter concerns associated with the HPI system. The results of this portion of the SQUG 

and IPEEE programs will be issued in December 1997.  
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Equipment anchorage capacities govern many of the equipment fragility assessments for 

the electrical support components. Since the IPEEE and Oconee PRA revision 2 

submittals, reassessment of these capacities using more exact techniques rather than 

conservative bounding calculations has resulted in higher capacities for some 

components. These fragility updates are currently being incorporated into the PRA 

seismic model along with the relay chatter information.  

I In addition to the comprehensive A-46 and IPEEE program walkdowns, abbreviated 

seismic walkdowns of portions of the HPI System and support systems were conducted 

for the HPI System Reliability Study to confirm the results obtained from the USI A-46 

and IPEEE studies. No additional concerns were identified.  

I 4.7.2 Fire Assessment 

The impact of fire on the HPI system was assessed by reviewing the documentation from 

the IPEEE fire review as well as Oconee PRA Revision 2. Extensive fire walkdowns 

I were conducted for the fire IPEEE. The results from these walkdowns were used to 

update the PRA fire model. In addition, a supplementary fire walkdown focused on the 

HPI system and supporting systems was conducted as part of this HPI reliability study.  

For a postulated fire in the HPI pump room, it was concluded that the fire would lead to a 

normal shutdown rather than an accident initiator sequence. Therefore, this area was 

screened from further fire consideration.  

I 
The conclusions of the fire analyses is that the fire risk at Oconee is dominated by the risk 

of fire in the Turbine Building and to a much lesser extent the cable shaft area in the 

Auxiliary Building. Power for the HPI system as well as other systems goes through both 

of these areas. Review of the existing documentation along with the supplementary 
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walkdown findings support this conclusion. Therefore, the controlling fire risk reliability 

factor for the HPI system is the power train coming through the Turbine Building.  

4.7.3 Internal Flooding Assessment 

The Oconee PRA Rev. 2 internal flooding analysis concluded that the HPI pump room is 

the critical area in the Auxiliary Building from a flooding perspective. Industry data on 

previous Auxiliary Building flooding events was used in the PRA to estimate the 

frequency of HPI pump flooding, resulting in a flooding frequency of 8.8E-4. For the 

HPI reliability study, an alternate estimate was made assuming the BWST as the potential 

flood source and using pipe failure frequency data from Reference 18 to estimate 

potential for flooding the HPI pump room from the BWST by pipe rupture. This 

estimate resulted in a lower frequency than the current PRA estimate. Even using the 

current PRA flood frequency estimate of 8.8E-4. the estimated core damage frequency 

due to HPI pump room flooding is only 1.4E-8. Therefore, the HPI pump room flooding 

sequences are probabilistically insignificant to the total core damage frequency.  

A flood in the Turbine Building is the dominant internal flooding sequence. This flood 

affects systems which support HPI. The dominant flooding sequence consists of a large 

non-isolable turbine building flood (failure of emergency feedwater and low pressure 

service water assumed) followed by failure to maintain HPI injection because of HPI 

pump motor cooling service water source failure or suction source inventory failure.  

I 
4.7.4 External Flooding Assessment 

Two potential events were found that could lead to external flooding of the Oconee site.  

The first is a general flooding of the rivers and reservoirs in the area due to a rainfall in 

excess of the probable maximum precipitation (PMP). The second source of external 
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flooding is a possible random failure of the Jocassee Dam. Seismically-induced failure of 

the dam is considered in the seismic analysis section.  

The PMP postulated for the Oconee site is 26.6 inches within 48 hours. The Keowee and 

I Jocassee reservoirs are designed to contain and control the floods that could result from a 

PMP. Thus, in order to flood the plant site, rainfall exceeding the PMP must occur. The 

frequency of exceeding the PMP was analyzed and used as a bounding estimate of the 

frequency of core damage due to rain-induced external flooding. The calculated mean 

frequency of the PMP is more than an order of magnitude less than that due to the 

governing random failure of the Jocassee Dam, which would also flood the site.  

The Oconee site has a yard grade elevation a few feet below the full-pond level of Lake 

Keowee. Lake Jocassee has a full-pond elevation about 300 feet above Lake Keowee. If 

a sudden failure of the Jocassee Dam were to occur, and a rapid enough release of the 

impounded water into Lake Keowee resulted, the flood wave generated in Lake Keowee 

would overtop the Keowee Dam and the Oconee intake dike, flooding the plant. Using 

data from previous dam failures, the random dam failure frequency is estimated to be 

1.3E-5/yr. The conditional probability of flooding the Oconee site given a catastrophic 

failure of the Jocassee Dam is conservatively estimated as 1.0.  

I 
The random failure of the Jocassee Dam is not a design basis event for Oconee and is 

assessed to be a low probability event. Although not a licensing commitment, the 

addition of the 5-foot hydrostatic barrier wall for the Standby Shutdown Facility (SSF), a 

separate building in the Oconee yard, was a low cost modification that provided 

additional safety margin for Oconee in the event of a Jocassee Dam failure. The SSF has I an independent diesel generator and provides the capability for reactor coolant pump seal 

cooling and reactor core heat removal when the normal plant safety systems are not 

available. The SSF is available to mitigate external flooding sequences less than or equal 

to 5 ft. The probability of flooding levels exceeding the 5 ft. barriers is estimated to be 

0.2.  
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In the event of an external flood of the magnitude to flood the Oconee yard, it is assumed 

that off-site and station power will be lost due to flooding in the switchyard. The SSF I 
Diesel Generator is used to supply an independent source of power to the SSF equipment 

in the event of loss of offsite and station power. It is also assumed that the turbine 

building basement will be flooded; therefore, main and emergency feedwater will be lost.  

The SSF Auxiliary Service Water System (ASW) is used to provide a backup supply of 

water to the steam generators in the event of a total loss of all main and emergency 

feedwater. Therefore, secondary side heat removal is then dependent upon the 

availability of the SSF ASW System. Also, the lower levels of the Auxiliary Building 

will be flooded; therefore, high pressure injection and component cooling will be lost.  

The SSF Reactor Coolant Makeup (RCM) System is designed to provide reactor coolant 

pump seal cooling flow to all three Oconee units in the event of a total loss of HPI and a 

loss of thermal barrier cooling from the Component Cooling (CC) System. Hence, the 

ability to provide reactor coolant pump seal integrity is, under these conditions, dependent 

upon the availability of the SSF RCM System.  

Therefore, in the event of an external flood of the magnitude to flood the Oconee yard, 

the SSF is expected to provide the necessary functions provided by the HPI System to 

lead to safe shutdown of the plant. The dominant flooding sequence consists of failure of 

the Jocassee dam when the flood level exceeds 5 feet. This results in failure of both the 

in-plant equipment and the SSF.  

I 
4.7.5 Tornado Assessment 

I 
The HPI pumps are located in the basement of the Auxiliary Building and are considered 

protected from the effects of tornado winds or missiles. Under accident conditions, these 

pumps draw suction from the BWST. The BWST is located outside next to the outer 

wall of the West Penetration Room and is exposed to full tornado wind loads. Analysis 

has shown that winds with speeds slightly higher than 168 mph will produce a pressure 
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I loading sufficient to fail the BWST. Therefore, it is assumed that F-3 category tornado 

winds will fail the BWST.  

i.  
The station has a tornado protected, 3000 gpm Auxiliary Service Water (ASW) pump 

I located in the Auxiliary Building basement for use after tornado events. It can 

simultaneously provide the EFW needs for all three units. The ASW pump is powered 

from its own independent 4160 V switchgear adjacent to the pump. This switchgear is 

connected directly to the CT4 transformer and is not powered through the unprotected 

4160 main switchgear in the Turbine Building. The ASW pump, its switchgear, power 

cables and suction piping are all protected from tornado damage. The.ASW pump must 

be manually aligned and started to provide feedwater flow. In addition to its feedwater 

capabilities, the ASW pump can supply cooling water flow to the HPI pump motor 

coolers.  

I 
Loss of RCP seal integrity, resulting in a LOCA, occurs when HPI seal injection and CC 

flow fails. Since these flow paths pass through the west penetration room for two of the 

four RCPs, they are assumed to fail when a tornado impact fails the exterior wall of the 

room. Seal injection from the SSF also fails when structural failure of the West 

Penetration Room occurs due to failure of the power cables running from the SSF to the 

RCM pumps through this room. Therefore, an RCP seal LOCA is assumed to occur 

whenever a tornado of intensity F-4 or higher impacts.  

The HPI pumps and motor-operated valves are powered from the 4160V ac switchgear in 

the Turbine Building which is vulnerable to tornado-induced damage. Emergency power 

to an HPI pump can be recovered by reconnecting the power cable to the ASW 

I switchgear which is in the Auxiliary Building and protected from tornado-induced 

damage. HPI injection lines passing through the west penetration room are assumed to 

fail if the room's exterior collapses, while injection lines passing through the east 

penetration room have a limited probability of failure.  
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I 
The Oconee tornado core damage frequency is dominated by failure of the Keowee Hydro 

Station, failure to establish SSF seal cooling, and failure of the West Penetration Room 

exterior wall. Loss of emergency power from Keowee renders all Oconee plant systems @ 
unavailable following a tornado strike except for the TD EFW pump and the SSF.  

Damage caused by West Penetration room exterior wall failures lead to RCP seal LOCAs 

and can render SSF recovery systems unavailable.  

4.7.6 Conclusion of External Events Assessment 

An additional HPI system walkdown, focused on external event impact, and reviews of 

existing external event analyses have been performed as part of the HPI reliability study.  

The letdown storage tank instrumentation modifications were also reviewed for external 

events impact and were found not to affect the existing analyses. As can be seen from the 

discussion of the different events, plant-wide effects from external events dominate the 

risk results. No unique HPI vulnerabilities to external events were identified.  

4.8 Role of HPI in Shutdown Risk 

The risk of the shutdown operation for Oconee has been analyzed by means of the 

ORAM software (Reference 21). For the shutdown risk evaluation, the mode of plant 

operation is cold shutdown-to-refueling and then refueling-to-cold shutdown. In these 

modes, the HPI system is not required to be operable but is available on a limited basis 

through operator recovery action. The HPI system can provide core inventory makeup 

when all other injection capabilities (various LPI injection modes and BWST gravity 

feed) are lost and for possible "fill and spill" if the Steam Generator heat sink is also lost.  

In the current outage work schedule, a relatively high unavailability value (36% during 

the condition where HPI injection is useful) is assumed in the shutdown risk calculation.  

Assuming the HPI system is totally unavailable in this condition, the shutdown risk 

impact for a typical outage is estimated to be small. For example, for the Oconee 1 end
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of-Cycle 16 outage the increase in the total outage core damage frequency due to the HPI 

system being assumed to be totally unavailable is 5E-7 (from 4.8E-6 to 5.3E-6).  

Thus, the HPI system is not considered to have a significant role with respect to the 

shutdown risk.  

I 

I 

I 
I 
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Table 4.3-1 

HPI Injection Success Criteria 

A. Normal operation RCS makeup, RCP manual 1 pump, normal 
seal injection RCS makeup path, and 
chemistry & RCS 4 seal injection 
boration during paths 
cooldown 

B. UFSAR Chapter 15 
Events: 

15.1 Uncompensated post-transient manual 1 pump, 1 SI path 

operating recovery 
reactivity changes 

15.2 Startup accident "_" " 

15.3 Rod withdrawal "_"_" 

15.4 Moderator 
dilution __ it 

15.5 Cold water " _"_" 

accident 

15.6 Loss of coolant 
flow 

15.7 Control rod 
misalignment 

15.8 Loss of electric 
load 

15.9 SGTR RCS makeup to auto 
compensate for 
inventory loss and 
shrink 

15.10 Waste gas tank N/A N/A N/A 
rupture 

15.11 Fuel handling N/A N/A N/A 
accident 

15.12 Rod ejection post-accident manual 1 pump, 1 SI path 
recovery 

15.13 Steam line break RCS makeup and auto 
boration 
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(Page 2 of 2) 
Table 4.3-1 

HPI Injection Success Criteria 

15.14 LOCA 
a) small break ECCS auto 1 pump, 1 SI path 
b) HPI line break ECCS auto and 2 pumps, 2 SI 

& cold leg manual paths 
RCP discharge 
break 

C. PRA Events and 
Functions: 

1. Small break LOCA core injection auto or 1 pump, 1 SI path 
manual 

2. Medium break " " 1) 
LOCA 2) 2 pumps, 
a) General 2 SI paths 
b) HPI Line/RCP 

discharge 

3. SGTR " auto 
4. Feed-bleed cooling auto or 2 pumps, 1 SI path 

manual 

5. RCP seal cooling RCP seal injection manual 1 pump, 4 seal 
injection paths 

I 

I 
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Table 4.5.1-1 

Equipment Failure Rate Data 

Bayesian
Generic Failure Updated Fa ilure 

Plant-Specific Data Rates Rates 

TypeError ror 
Code Description Failures Demands[ Time Mean Factorl Mean 
ACF SSF Suction Accumulator Fails 0 43200 4.90E-07 5.6 4.60E-07 5.8 

AMF Alarm Module Fails to Operate 0 183960 3.73E-06 2.1 3.26E-06 2.0 
on Demand 

APR SSF ASW Pump Fails To Run 0 . 197 2.40E-05 3.2 2.38E-05 3.2 

APS SSF ASW Pump Fails To Start 1 131 3.10E-03 3.2 3.79E-03 2.8 
AVC Air Operated Valve Fails To 3 192 2.20E-03 2.8 4.6 1E-03 .4 

Close On Demand 

AVO Air Operated Valve Fails To 0 715 2.20E-03 2.8 1.40E-03 2.3 

Open On Demand 

AVT Air Operated Valve Transfers 0 764985 2.70E-06 10 6.35E-07 4.6 

Position 

BAF Buffer Amplifier Fails 0 259200 4.49E-06 16 l.06E-06 7.4 

BCF Battery Charger Fails 21 914400 1.1OE-05 4.9 2.17E-05 1.4 

BDF DC Power Bus Fails 0 1766880 6.1OE-07 5.2 2.99E-07 3.5 
BHF 4 KV Or Greater High Voltage 2 1560240 5.30E-07 5.1 8.27E-07 2.8 

AC Power Bus Fails 

BID Bistable Fails To Operate On 0 261 2.20E-05 42 1.16E-05 41.4 
Demand 

BLF 600 V Or Less AC Power Bus 9 9145440 3.60E-07 6.4 8.61E-07 1.7 
Fails 

BYF Battery Fails 0 44 3.20E-03 23 1.57E-03 182 
C4C 4 KV AC Circuit Breaker Fails 0 1780 1.20E-03 4 5.31E-04 28 

To Close On Demand 

C40 4 KV AC Circuit Breaker Fails 0 118 3.OOE-04 4 2.87E-04 3.9 
To Open On Demand 

C4T 4 KV AC Circuit Breaker 0 1167066 1.90E-06 5.7 6.38E-07 3.3 
Transfers Position 

CBD Logic Buffer Fails To Trip 0 222 1.70E-04 14 1.28E-04 13.2 
CDT DC Circuit Breaker Transfers 0 3477353 1.90E-06 5.7 3.54E-07 2.8 

Position 

CHC High Voltage PCB 200 to 300 0 59 7.20E-06 10 6.42E-06 10.0 
kV Fails To Close 

CHT High Voltage PCB 200 to 300 0 129600 3.OOE-07 10 2.47E-07 9.5 
kV Transfers Position 

CLC Low Voltage Circuit Breaker 0 44 1.20E-03 4 1.13E-03 3.9 
Fails To Close On Demand I I 

CLO Low Voltage Circuit Breaker 0 39 1.20E-03 4 1.14E-03 3.9 
Fails To Open On Demand 

CLT Low Voltage Circuit Breaker 2 6208333 1.90E-06 5.7 4.62E-07 22 
Transfers Position 

CMR Air Compressor Fails To Run 1 1117365 1.50E-04 15.1 12.22E-05 2-2 
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Table 4.5.1-1 

Equipment Failure Rate Data 

Bayesian
Generic Failure Updated Failure 

Plant-Specific Data Rates Rates 
Type I Error Error 
Code Description Failures Demands Time Mean Factor Mean Factor 
CMS Air Compressor Fails To Start 1 2160 2.90E-02 17 8.1OE-04 2.8 

On Demand 
CPR Condenser Circulating Water 3 515570 2.40E-05 3.2 8.95E-06 1.8 

Pump Fails To Run 

CTR Lee Combustion Turbines Fail 3 715 N/A N/A 7.70E-046 5 
To Run I 

CTS Lee Combustion Turbine Fails 3 656 N/A N/A 6.40E-036 5 
To Start On Demand 

CTT Circuit Breaker Auxiliary 0 12P6000 7.1OE-08 6.9 5.84E-08 6.5 
Contact Spurious Operation 

CVC Check Valve Fails To Close 0 5Q 9.70E-04 5.2 8.8 1E-04 5.1 
On Demand 

CVO Check Valve Fails To Open 0 3600 1.90E-04 8.9 8.15E-05 5.4 
On Demand 

CVR Check Valve Ruptures 0 129600 7.60E-08 6.5 7.11E-08 7.2 

CVT Check Valve Transfers Closed 0 1156680 4.50E-07 20 1.38E-07 12.5 
DCR Diesel Air Compressor Fails 0 256 N/A N/A 1 .40E-02__ 5 

To Run For The Required Time I I 

DCS Diesel Air Compressor Fails 0 256 N/A N/A 5.OOE-03 6  5 
To Start On Demand 

DGR SSF Diesel Generator Fails To 2 168 2.30E-03 6.7 6.OOE-03 3.4 
Run 

DGS SSF Diesel Generator Fails To 1 183 1.80E-02 5 8.23E-03 2.6 
Start On Demand 

DIF Isolating Diode Fails 0 1209600 1.22E-06 10 3.42E-07 5.0 
DMO Damper Fails To Open On 0 128 3.50E-03 6.3 2.10E-03 4.6 

Demand 

DMT Damper Spurious Operation 0 129245 3.OOE-07 10 2.47E-07 9.5 

DPR SSF Reactor Coolant Makeup 1 144 2.40E-05 3.2 3.78E-05 3.2 
Pump Fails To Run 

DPS SSF Reactor Coolant Makeup 3 151 3.1OE-03 3.2 7.12E-03 2.5 
Pump Fails To Start On 
Demand 

DYC Time Delay Relay Fails To 0 256 3.20E-06 3.5 3.17E-06 3.5 
Close On Demand 

FLF Filter / Strainer Fails 0 796572 1 .20E-05 6.6 1 .58E-06 2.9 

S6 For this equipment type, only plant-specific data is used. A Bayesian update was not 

performed.  
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Table 4.5.1-1 

Equipment Failure Rate Data 

Bayesian
Generic Failure Updated Failure 

Plant-Specific Data Rates Rates _ 
Type Error ] Error 
Code IDescription Failures DemandsI Time Mean jFactor Mean JFactor 
FNR Fan Fails To Run For The 0 172445 9.1OE-06 3.8 4.73E-06 2.8 

Required Time 

FNS Fan Fails To Start On Demand 0 513 3.50E-03 15 6.80E-04 6.3 
FRF Raw Water Filter Or Strainer 0 284331 1.20E-05 6.6 2.89E-06 3.4 

Plugs I 

FTF Flow Transmitter Fails to 0 86400 1.80E-06 3.6 1.61E-06 3.3 
Respond (Hourly) 

GPR Generic Pump Fails To Start 0 43210 2.40E-05 3.2 1.59E-05 2.6 
On Demand 

GPS Generic Pump Fails To Start 0 197 3.1OE-03 3.2 2.34E-03 2.8 
On Demand I I 

HPR High Pressure Injection Pump 2 182404 2.40E-05 3.2 1.47E-05 2.0 
Fails To Run 

HPS High Pressure Injection Pump 1 2252 3.1OE-03 3.2 1.18E-03 2.1 
Fails To Start On Demand 

HXF Heat Exchanger Fails 1 1062592 3.40E-06 8.2 1.21E-06 3.0 
HYR Keowee Hydro Unit Fails To 5 5772 N/A N/A 8.66E-04' 5.0 

Run For The Required Time 
HYS Keowee Hydro Unit Fails To 9 2609 N/A N/A 3.45E-036  5.0 

Start On Demand 
IEF I-E Converter Fails To 0 43200 5.60E-07 1.8 5.58E-07 1.8 

Function Properly 

IVF Inverter Fails 59 1708560 2.90E-05 11 3.42E-05 1.2 
JPR Jockey Pump Fails To Run 0 95374 2.40E-05 3.2 1.22E-05 2.4 
LLD Limit Switch Fails On Demand 0 39 2.50E-04 5.1 2.40E-04 5.3 
LMD Logic Module Fails On 0 276 1.70E-04 14 1.25E-04 13.0 

Demand 

LMF Logic Module Fails To 0 129600 1.80E-06 7.3 1.23E-06 5.8 
Function 

LPR Low Pressure Injection Pump 2 17288 2.40E-05 3.2 4.19E-05 2.7 
Fails To Run 

LPS Low Pressure Injection Pump 5 1611 3.10E-03 3.2 2.95E-03 1.8 
Fails To Start On Demand 1 1 

LSD Level Switch Fails on Demand 0 0 1.60E-03 4.3 1.79E-04 1.9 
LTF Level Transmitter Fails 0 129600 4.60E-07 2 4.55E-07 2.0 
MPR Motor-Driven EFW Pump 2 634 2.40E-05 3.2 5.50E-05 2.5 

Fails To Run 

MPS Motor-Driven EFW Pump 0 772 3.1OE-03 3.2 1.55E-03 2.4 
Fails To Start On Demand I I 

MVC Motor Operated Valve Fails 0 311 3.50E-03 2.2 2.81E-03 2.0 
To Close On Demand 
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Table 4.5.1-1 

Equipment Failure Rate Data .  

Bayesian
Generic Failure Updated Failure 

Pla t-Specific Data Rates Rates 

Type] Error Error 
CdeDescription Failures Demands Time Mean Factor Mean Factor 

MVO Motor Operated Valve Fails 0 562 3.50E-03 2.2 2.47E-03 1.9 
To Open On Demand 

MVR Motor Operated Valve 0 43200 4.30E-08 2.6 4.29E-08 2.6 
Transfers Position 

MVT Motor Operated Valve 0 2217536 3.70E-07 16 1.04E-07 8.3 
Transfers Position 

ORF Orifice Is Plugged 0 164850 8.60E-09 100 2.56E-09 99.7 
PBC Pushbutton Fails To Close On 0 0 4.30E-07 5 3.88E-07 4.8 

Demand 

PDF Pushbutton Spuriously Closes 0 64 4.90E-07 5.6 4.67E-07 7.1 
PLO Dropout Plate Fails To 0 0 1.00E-06 10 6.61E-07 8.5 

Operate On Demand 
POF 120 V AC Regulated Power 0 259200 5.88E-06 9.1 1.72E-06 4.7 

Supply Fails 

PPR High Pressure Service Water 1 55 2.40E-05 3.2 3.79E-05 3.2 
Pump Fails To Run 

PPS High Pressure Service Water 0 306 3.1OE-03 3.2 2.11 E-03 2.6 
Pump Fails To Start On 
Demand 

PRC Pilot-Operated Relief Valve 0 0 1.80E-02 6.9 7.70E-03 4.3 
3RC-66 Fails To Close On 
Demand 

PRO Pilot-Operated Relief Valve 0 0 6.30E-03 4.7 4.62E-03 3.9 
3RC-66 Fails To Open On 

Demand _ 

PSO Pressure Switch Fails To Close 0 404 2.60E-04 8.1 2.01 E-04 7.6 
PST Pressure Switch Spurious 0 518400 8.50E-07 4.6 5.93E-07 3.7 

Operation 

PTF Pressure Transmitter Fails 0 259215 4.90E-07 5.6 4.07E-07 5.1 
PTK Pressure Transmitter Output 0 129600 1.50E-06 3.3 1.34E-06 3.1 

Fails High I 

PTL Pressure Transmitter Output 0 302400 1.50E-06 3.3 1.19E-06 2.9 

Fails Low I I 

RGO Self Regulating Valve Fails To 0 4320 2.20E-03 2.8 6.66E-04 1.9 
Open On Demand 

RGT Self Regulating Valve 0 359295 2.70E-06 10 9.27E-07 5.4 

Spurious Operation 
RTK Resistance Temperature 0 259200 6.70E-07 3.6 5.93E-07 3.3 

Detector Output Fails High I 

RVC Safety Relief Valve Fails To 0 20 7.50E-03 4.6 6.42E-03 4.2 
Reseat On Demand 
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Table 4.5.1-1 

Equipment Failure Rate Data 

Bayesian
Generic Failure Updated Failure 

Plant-Specific Data Rates Rates 

Type Error Error 
Code Description Failures DemandsI Time Mean Factor Mean Factor 
RVO Safety Relief Valve Fails To 0 0 3.OGE-04 6.1 1.55E-05 1.5 

Open On Demand 
RVT Safety Relief Valve Spurious 0 43200 1.70E-06 4.2 1.57E-06 4.0 

Operation 

RYD Relay Fails To Operate On 0 154S 1.90E-04 9 1.11 E-04 6.5 
Demand 

RYT Relay Spurious Operation 0 43200 1.00E-06 5 9.28E-07 4.9 
SMF Summer Module Fails To 0 43200 8.30E-07 1.8 8.26E-07 1.8 

Function Properly 

STC Static Transfer Switch Fails To 1 233 4.90E-03 31 3.12E-03 4.6 

Swap On Demand 1 __ 

SVO Solenoid Valve Fails To Open 0 138 2.80E-03 7.5 1.62E-03 5.3 
On Demand 

SVT Solenoid Valve Transfers 0 119214 4.1OE-07 3 3.98E-07 2.9 
Position 

SWC Control Switch Fails To Open 0 5 1.00E-05 5 9.73E-06 5.2 
On Demand 

SWT Control Switch Spurious 0 216000 1.00E-06 10 6.14E-07 7.7 
Operation 

T4F 4 KV / 600 V AC Transformer 0 518400 2.1OE-06 6.4 9.01E-07 4.0 
Fails 

THF High Voltage Transformer 0 216000 2.1OE-06 7 1.20E-06 4.9 
Fails 

TKF Tank Fails 0 172800 7.50E-07 6.3 6.03E-07 5.6 
TLF 600 V / 208 V AC Transformer 0 777600 1.90E-06 8.8 5.78E-07 4.6 

Fails 

TPR Turbine Driven EFW Pump 6 350 1.30E-03 13 8.92E-03 1.1 
Fails To Run 

TPS Turbine Driven EFW Pump 0 308 2.1OE-02 2.9 7.37E-03 2.0 
Fails To Start On Demand I 

TTF Temperature Transmitter Fails 0 43200 1.50E-06 4.4 1.39E-06 4.2 
To Operate 

TVT Temperature Control Valve 0 303465 4.20E-08 8.7 3.74E-08 8.6 
Spurious Operation 

UCD Unit Control Module Fails To 0 79 6.OOE-08 2.1 6.OOE-08 2.1 
Trip On Demand 

VGF Voltage Regulator Fails 0 86400 7.1OE-06 2.9 5.59E-06 2.6 
VVT Manual Valve Transfers 0 9032237 8.OOE-08 7.3 3.75E-08 4.7 

Position 
WPR Low Pressure Service Water 6 357195 2.40E-05 3.2 1.75E-05 1.7 

Pump Fails To Run 
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Table 4.5.1-1 

Equipment Failure Rate Data 

Bayesian
Generic Failure Updated Failure 

Plant-Specific Data Rates Rates 
Type Error Error 
Code Description Failurs Demands Time Mean iFactor Mean Factor 
WPS Low Pressure Service Water 0 1011 3.1OE-03 3.2 1.39E-03 2.3 

Pump Fails To Start On 
Demand 
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Table 4.5.3-1 

Oconee HPI Common- Cause Events 

Independent 
CCF MGL Source Relevant Exp. Time Independent Failure Basic Event 

*NAME Event Description Multiplier (See Note 1) Type Code (See Note 2) Failure Rate Probability Probability 
HHP2-2RCOM CCF Of 2 of 2 HPI Pumps To Run 0.006 See Note 3 HPR 7884 1.47E-05 1.16E-01 7.22E-04 
HHP23SICOM CCF Of 2 of 3 HPI Pumps To Start During Injection 0.101 CCDAT HPS # 1.18E-03 1.18E-03 1.19E-04 
HHP33SICOM CCF Of 3 of 3 HPI Pumps To Start During Injection 0.051 CCDAT HPS # 1.18E-03 1.18E-03 5.98E-05 
HHP23RICOM CCF Of 2 of 3 HPI Pumps To Run During Injection 0.033 CCDAT HPR 2 1.47E-05 2.95E-05 9.57E-07 
HHP33RICOM CCF Of 3 of 3 HPI Pumps To Run During Injection 0.019 CCDAT HPR 2 1.47E-05 2.95E-05 5.55E-07 
HHP33RRCOM CCF Of 3 of 3 HPI Pumps To Run During Recirculation 0.019 CCDAT HPR 22 1.47E-05 3.24E-04 6.11E-06 
HHPPMPSCOM Common Cause Failure of HPI Pumps 3B and 3C to Start 0.075 CCDAT HPS # 1.18E-03 1.18E-03 8.87E-05 
HHPSVLVCOM CCF Of MOVs 3HP-24 And 3HP-25 To Open On Demand 0.05 ALWR #22 MVO # 2.47E-03 2.47E-03 1.24E-04 
HLPSVLVCOM CCF Of MOVs 3LP-15 And 3LP-16 To Open On Demand 0.05 ALWR #22 MVO # 2.47E-03 2.47E-03 1.24E-04 
HLSFILTCOM CCF Of Cuno Filters 3LPSFLOO01, 0002, And 0018 0.05 Generic FLF 24 1.58E-06 3.80E-05 1.90E-06 
HLDXMTRCOM CCF Of LDST Level Transmitters (2 of 2) 0.07 See Note 4 LTF 6570 4.55E-07 2.99E-03 2.09E-04 
HPIFT6XCOM CCF Of Letdown Flow Transmitters (2 of 2) 0.05 Generic FTF 6570 1.61 E-06 1.06E-02 5.29E-04 
HLDPXTRCOM CCF Of LDST Pressure Transmitters (2 of 2) 0.05 Generic PTF 6570 4.07E-07 2.67E-03 1.34E-04 

I - "ALWR" refers to the ALWR Utility Requirements Document (Reference 4.16). The reference number listed corresponds to the Item Number or Source 
Number used in Annex A of the ALWR report. "Generic" implies that generic values from NUREG/CR-5801 were used. "CCDAT" refers to an Oconee 
specific analysis performed on the HPI pumps using the CCDAT computer software developed by EPRI.  

2 - "Exp. Time" refers to the exposure time or mission time for the component. The "injection" mission time for the HP! pumps is assumed to be 2 hours and 22 
hours for the "recirculation" mission time.  

3 - The common cause database (CCDAT) alignment for 2 of 2 HPI pumps failing to run is a special case performed under an assumption of a long mission time 
(normal plant operation) with I pump running and I pump in standby. This specific common cause parameter would not be appropriate for a case of 2 of 2 
pumps failing to run over a shorter mission time. Typically, a common cause failure to run event is postulated to occur within a specified mission time. Usually, 
this mission time is relatively short (e.g., 24 hrs) and thus no credit is given for repair or replacement of failed equipment. Loss of both HPI pumps (A & B) 
would involve the failure of the normal operating (running) pump and the failure of the standby pump to start and run until the first pump is repaired which should 
be on the order of I - 3 days. A coupling factor was applied within the CCDAT alignment database to account for the likelihood of failure.  
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Table 4.5.3-1 

Oconee HPI Common Cause Events 

4 - Typically, a generic common cause factor of 0.05 would be used in this situation. However, due to the recent common cause failure event on these level 
transmitters, a value of 0.07 was assumed. This value qualitatively accounts for the adverse experience with these transmitters, but also considers that 
modifications made to provide a separate reference leg for each transmitter should prevent the reoccurence of this same failure mode again.  

CCDAT Results For Oconee HPI Pumps 
System Failure to Start Failure to Run 

Size .. g Y g 

2 0.075 - - 0.006 -

(See Note 3) 

3 0.101 0.503 - 0.033 0.580 
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5. RESULTS 

5.1 Results of System Reliability Analysis 

Table 5.1-1 presents the system reliability results for the HPI system for the various 

accident mitigation functions and for the normal plant operating functions. The results 

are further discussed in the following sub-sections.  

5.1.1 Reliability for Chapter 15 Non-LOCA Accidents 

To respond to non-LOCA design basis accidents, the HPI system must be capable of 

supplying two cold leg injection nozzles from one HPI pump train. Only the SGTR and 

MSLB accidents would require drawing inventory from the BWST. For these accidents, 

BWST level is not expected to be drawn low enough to allow hydrogen entrainment from 

the LDST.  

The, failure probability for these accidents is estimated to be 2.8E-4. Thus, the estimated 

reliablity is better than 99.9% 

5.1.2 Reliability for UFSAR LOCA Events 

The most probable UFSAR LOCA event is a random small break LOCA (with an 

estimated annual frequency of IE-3/ry) for which one HPI train is adequate to meet the 

ECCS performance criteria. The failure probability of the HPI system is calculated to be 

9.4E-4 during injection phase and 1.1E-2 during the recirculation phase. Thus, the 

reliability of the HPI system in meeting the design basis small break LOCA function is 

approximately 99.9% during the injection phase and 98.9% during the recirculation 

phase.  
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The failure modes controlling HPI system reliability for this event are the same as those 

discussed in Section 5.1.3.  

The most demanding design basis LOCAs (viz. HPI line and RCP discharge breaks) 

require two HPI pumps and four injection nozzles during the injection phase of accident 

mitigation. For these special small break LOCAs, the HPI system failure probability 

during the injection phase is estimated to be 3.6E-3 (corresponding to a reliability of 

about 99.6%) and 1. 1E-2 during the recirculation phase (or 98.9% reliability).  

The dominant contributors to system unreliability for the injection phase are presented in 

Table 5.1.2-1. The top two cut sets contain the failure of either the Al or A2 cold leg 

injection check valve (HP-486 or HP-487) to remain open, based on their long exposure 

time during normal plant operation. (It is assumed that if either one of these valves 

transferred closed during normal operation, the failure would not be detected.) Common 

cause failure of the LDST level and pressure instruments show up as the next failure 

mode, with a failure probability in the E-4 range. Table 5.1.2-2 presents the importance 

measures of basic events associated with the HPI injection fault tree. It is seen that with 

the requirement to have injection through all four HPI nozzles, the HPI nozzle check 

valve failure is the top failure mode of the system for these special small break LOCAs.  

During the recirculation phase of the accident, additional system interfaces (LPI system, 

RB emergency sump, and operator action) are needed in addition to the HPI system.  

Therefore, the reliability of the function is expected to be lower than in the injection 

phase. The calculated recirculation mode failure probability is 1. 1E-2. Dominant cut sets 

and important failure modes contributing to system failure are shown in Table 5.1.2-3, 

and Table 5.1.2-4, respectively.  

As seen, failure of check valve HP-97 to remain closed is an important failure mode for 

the HPI recirculation function. The failure probability assigned to this check valve is 

8.8E-3, assuming ten valve demands during the initial LDST-to-BWST swap-over of the 
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HPI pump suction and a valve failure rate of 8.8E-4 per demand. There is some 

likelihood that the operators could recognize the increasing LDST level and pressure if 

the check valve were to remain stuck open while the LPI discharge is feeding the HPI 

pump suction. In the current plant procedures, the necessary operator action to recognize 

this failure and to isolate the check valve (by closing MOV HP-23) is not included.  

Therefore, the operator failure probability is assumed to be 1.0. If the credit for operator 

action is instead 0.1, the cut set value would become 8.8E-4 and the HPI recirculation 

failure would be approximately 3.3E-3.  

The reliability results for the UFSAR LOCA events imply that the Oconee HPI system 

can perform the ECCS functions reliably. The reliability is very high (99.9%) during the 

injection phase. For the recirculation phase, the reliability is lower than the injection 

phase due to the potential for additional failure modes. Improvement in HPI recirculation 

reliability appears feasible if action is taken to isolate check valve HP-97 should it stick 

open during the piggy-back mode of the HPI-LPI sump recirculation.  

5.1.3 PRA LOCA EVENTS 

Small break and medium break LOCAs are the PRA LOCA events of interest for the HPI 

system. Considering that only one HPI pump and two injection nozzles are required, the 

failure probability for the HPI system is calculated to be 9.4E-4 for the injection function 

p and 1.1E-2 for the recirculation function. The dominant cut sets and importance 

measures for the injection function are presented in Tables 5.1.3-1 and 5.1.3-2, 

respectively. The failure modes and importance measures for the recirculation function 

for the PRA LOCA events are identical to the UFSAR LOCA events discussed in Section 

5.1.2.  

For the location-specific LOCA (HPI line break/RCP discharge break), the HPI injection 

failure probability is calculated to be 2.5E-3, using the best estimate success criteria.  

Table 5.1.3-3 contains the dominant cut sets for the injection function, and Table 5.1.3-4 
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identifies the dominant contributors to unreliability. For the HPI recirculation function, 

the results presented in the UFSAR LOCA case of Section 5.1.2 apply for this case also.  

5.1.4 Reliability for Feed and Bleed Cooling 

For feed and bleed cooling, the PRA requires two HPI pumps injecting into at least two 

cold legs. HPI failure probability for this mode of operation is estimated to be 1.2E-3.  

The dominant contributors to system unreliability are: 

* failure of the LDST level instrument failures 

* and failure of BWST suction valves HP-24, -25 to open.  

Dominant cut sets contributing to system failure and important events for the injection 

phase are shown in Tables 5.1.4-1 and 5.1.4-2, respectively.  

The recirculation mode results for the feed and bleed function are identical to the LOCA 

results discussed earlier in Section 5.1.2.  

5.1.5 Reliability for Seal Injection Following a Non- LOCA Event 

For successful RCP seal injection, the PRA requires one HPI pump to provide flow to all 

four seal packages. HPI failure probability to provide this function is estimated to 4.3E-4.  

Dominant cut sets and important failure events contributing to system failure are shown 

in Tables 5.1.5-1 and 5.1.5-2, respectively.  

5.1.6 Reliability During Normal Plant Operation 

During normal plant operation, the HPI system requirement for the RCS make-up is for 

one HPI pump to supply at least one of the 'A' cold leg injection nozzles. (For normal 

operation, no credit is taken for HPI pump 'C'.) HPI failure probability to provide this 

function over a one year period is estimated to be 5.3E-2. Pertinent cut sets and failure 

events contributing to system failure are shown in Tables 5.1.6-1 and 5.1.6-2, 

respectively.  
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Normal RCP seal injection requires one HPI pump to provide flow to all four RCP seal 

packages. HPI failure probability to provide this function over a one year period is 

estimated to be 7.5E-2. Pertinent cut sets and failure events contributing to system failure 

are shown in Tables 5.1.6-3 and 5.1.6-4, respectively.  

The auxiliary pressurizer spray function requires one HPI pump to provide flow through 

the auxiliary spray line to the pressurizer. The failure probability to provide this function 

per unit shutdown event is estimated to be 1.6E-2. Dominant events and cut sets 

contributing to system failure are shown in Tables 5.1.6-5 and 5.1.6-6, respectively.  

5.2 Impact of HPI System Failure Modes on Core Damage Frequency 

To assess the impact of HPI system failure modes on core damage frequency, the revised 

HPI fault tree was substituted into the Oconee plant model, and the model re-solved. The 

new CDF (excluding seismic events) is 4.3E-5'.  

Failures attributed to the HPI system sum to 1.5E-5. or 35% of the CDF. The HP-97 

failure mode (failure of the check valve to close during the HPI sump recirculation mode) 

represents 1.2E-5 and is the dominant contributor. Failure of the operators to initiate high 

pressure recirculation contributes 2.2E-6 to the CDF. The common cause failure of the 

LDST instrumentation (level and pressure) with potential HPI pump failure from 

hydrogen entrainment is calculated to be 5E-7. Recovering the LDST interface failure cut 

sets with an operator action to isolate the LDST (set at a conservatively achievable value 

of IE-2) effectively eliminates these cut sets, reducing the CDF to 3.1E-5.  

This figure excludes the seismic contribution. The seismic PRA model requires the use of an 

additional computer code to integrate the site seismic hazard with the plant system seismic 

fragility and random failure modes. Therefore, the seismic results are derived and presented 

separately from the integrated plant model solution. The HPI system is considered 

seismically rugged and failures involving the HPI system do not show up in the top seismic 

core melt frequency cut sets.  
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Table 5.2-1 shows the top 50 cut sets. Table 5.2-2 lists the hardware failures and human 

failure events which dominate the top cut sets. Table 5.2-3 lists the failure events which, 

if assured to occur, would have the greatest impact on core damage frequency.  

5.3 Sensitivity Studies 

Auto-Start of Second HPI Pump s 

Auto-start of a second HPI pump on low RCP seal flow provides a reliable method of 

maintaining seal cooling flow following the loss of the running HPI pump or the 

occurrence of transients (for example, overcooling events) which starve the RCP seal 

injection flow. This auto-start feature also assures that the potential for loss of 

pressurizer level is minimized. In the absence of the auto-start feature, timely operator 

action would be required to manually start the second pump on receipt of the low seal 

flow alarm to provide RCS make-up and seal injection flow.  

To provide a perspective on the role of the auto-start feature, the following analysis 

considers the core damage frequency impact for three possible scenarios.  

One possible scenario involves the condition that two HPI pumps are failed due to 

inadequate LDST level or pressure (instead of just one) before an accident. The 

estimated annual probability of this condition is approximately 7E-4. The scenario starts 

with the failure of the running HPI pump, auto start of the second pump, and finally, 

failure of the second pump. Under these conditions the Unit would be placed in a 

shutdown mode or a mode where the HPI function is not required, as required by 

Technical Specifications. If an HPI line break or RCP discharge break LOCA were to 

occur for such an initial condition, the HPI system would be unable to meet the success 

criterion of two HPI pumps. Considering a time window of 24 hours for this initial 

condition, the probability of one of these specific LOCAs occurring is approximately 

3.0E-7. Thus these sequences are on the order of 2E-10 and are not risk significant.  

Further, note that if the LOCA were to occur prior to restoration of the HPI suction 
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. header to a functional state, the second HPI pump could fail after being started by the ES 

signal.  

Another event which might require starting the second HPI pump is an overcooling 

transient. These events are estimated to occur three times per year. For these events, the 

demand for HPI flow may be great enough to require two HPI pumps, but not enough to 

generate an ES signal. Following an overcooling transient, the second HPI pump 

normally starts and, together with the first HPI pump, supplies the needed RCS make-up 

flow and seal injection flow. One way for these transients to lead to reduced HPI system 

accident mitigation capability is through an operator error which fails both running HPI 

pumps, such as a failure to maintain an adequate suction source to the pumps. With two 

HPI pumps unavailable, the occurrence of an HPI line break or RCP discharge break 

LOCA has the potential to lead to core damage. Again considering a time window of 24 

hours for this condition, the probability of a one of these LOCAs occurring is 

approximately 3.OE-7. Thus, given that an overcooling event occurs, these sequences are 

approximately 9E-9 (assuming a screening value of 0.03 for the operator error) and are 

not risk significant.  

A third example of a situation which would lead to auto-start of the second HPI pump is a 

random failure of the running HPI pump. In this case, the auto-start feature is somewhat 

irrelevant with respect to core damage potential from a LOCA, since all HPI pumps 

would be started by an ES signal. However, in the absence of an ES signal, the auto-start 

feature reduces the need for operator action to maintain seal cooling and RCS make-up 

flows.  

As seen from this analysis, failures of two HPI pumps due to the auto-start feature which 

lead to core damage are not probabilistically significant.  
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Isolation of the LDST on ES Signal 

Currently, the LDST remains aligned to the HPI suction header during the LOCA 

mitigation, serving as an alternate source of suction. The HPI pump recirculation flow is 

routed to the LDST. If the LDST is isolated immediately after an ES signal, the LDST 

level and pressure will increase, possibly opening the LDST relief valve. Although 

operator action can be taken to isolate or reroute the recirculation flow, this is considered 

to be an operator burden immediately following a LOCA. During the HPI sump 

recirculation phase, the pump minimum recirculation flow is rerouted to the LPI header 

by operator action. The open LDST suction also provides the capability to mitigate a 

potential common cause failure of BWST suction valves HP-24 and HP-25 to open by 

making use of the LPI discharge, with the available LDST inventory to avoid immediate 

HPI pump failure.  

The unisolated LDST creates the potential for HPI pump failure from hydrogen 

entrainment if the LDST pressure and level are outside their permissible ranges due to 

common cause failure. The failure probability of the HPI system due to such a failure 

mode is calculated to be 6.6E-4. The core damage impact of these failure modes is 

relatively small (6E-7). Therefore, the expected safety benefit of LDST isolation during 

the injection phase is considered small and possibly could result in a net decrease in 

safety.  

For the recirculation phase, failure of HP-97 to close is the most significant failure mode.  

The calculated HPI system failure probability due to this failure mode is 8.8E-3. Isolation 

of the LDST (and HP-97) by closing HP-23 would eliminate this failure mode. The 

negative impact of closing HP-23 during the HPI recirculation mode is not significant.  

Assuming operator action to close HP-23 (with a screening failure probability of 0.01), 

the HPI system recirculation failure probability is estimated to be 2.5E-3 compared to the 

base case probability of L.1E-2. If an automatic system is relied upon to achieve this 

isolation (with a screening failure probability of 0.001), the HPI system recirculation 

failure probability is estimated to be 2.4E-3. Thus, either manual or automatic isolation 
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of the LDST during the recirculation phase would provide an appreciable improvement in 

the HPI recirculation reliability.  

The core damage impact of these failure modes is approximately 1.2E-5 with the existing 

plant configuration (LDST not isolated). If the LDST is isolated, the significance of these 

sequences would be greatly reduced.  

Addition of Local LDST Gauges and Revised Calibration Frequency 

Various sensitivity studies were performed to examine the impact of: 

* changing the LDST level and pressure transmitter calibrations to a staggered six 

month basis, 

*t . adding a local level gauge and comparing with control room indication once a week, 

* adding a local pressure gauge and comparing with control room indication once a 

week, and 
* adding local level and pressure gauges and comparing with control room indications 

once a week.  

These changes have the effect of reducing the exposure times for the common cause 

failures. The six month calibration interval reduces the average exposure time from the 

nominal value of nine months to three months; a weekly check of LDST instruments 

reduces their average exposure time to half of a week.  

The impact on HPI system reliability during the injection mode is shown in the following 

table.  
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CCF probability Injection Decrease 
of level or mode from 

pressure failure nominal 
Sensitivity study case instrumentation probability probability.  
Nominal injection-mode value 6.39E-4 3.6E-3 -

Add a local level gauge 3.83E-4 3.3E-3 8% 
Add a local pressure gauge 2.64E-4 3.2E-3 11% 
Implement staggered 6 mo. calibration of 2.13E-4 3.1E-3 14% 
level and pressure transmitters 

Add a local level and pressure gauges 8.17E-6 2.9E-3 19% 

These changes result in some improvement in HPI system reliability. In particular, 

weekly surveillance using an additional level and pressure gauge appears to effectively 

reduce the LDST instrumentation common cause failure potential. However, the changes 

do not translate into significant changes in core damage frequency. For example, addition 

of local level and pressure gauges results an estimated 2% reduction in CDF.  

Auto-swap to BWST on low LDST Level 

Automatically swapping the HPI suction from the LDST to the BWST on low LDST 

level is a proposed modification. This would eliminate the operator burden of swapping 

the HPI pump suction to the BWST for non-ES conditions should the LDST level 

decrease below the low level limit.  

For LOCA mitigation, the HPI suction is automatically swapped to the BWST by the ES 

signals. Therefore, the impact of the auto-swap on low LDST level is not significant.  

HPI Pump Run Failure Rate 

HPI pumps 3A and 3B were rebuilt because of damage they incurred on May 3, 1997 

when they were operated without an adequate suction source. Pump rebuilding is 

commonly performed after a pump failure or following an inspection that reveals that 

some degradation has occurred. Pump reliability is expected to vary about some average 

value. To assess the case where pump reliability might be lower due to replacement of 

some components, a sensitivity analysis is performed by increasing the pump start, run, 
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I 
and common cause failure rates by a factor of 10. (Note: The impact of the May 1997 

pump failures result in a 23% increase in the start failure probability and a 26% increase 

in the run failure rate.) 

For the most probable LOCA case (random small break), the injection mode failure 

probability increases by about 80%. For the recirculation mode, the higher failure rates 

lead to no significant increase in failure probability. To translate the higher pump failure 

rates into the risk impact, the higher values are substituted into the plant model. The 

solution of this model yields a CDF of 4.5E-5/ry, an increase of less than 5% over the 

base case value. Therefore, the potential for higher than usual pump failure rates does not 

significantly impact plant risk.  

HPI Train Separation 

Advantages and disadvantages of train separation are considered in this portion of the 

analysis.  

s.  
One aspect of train separation involves the impact of passive failures within the HPI 

system. Passive failures of HPI system piping sections are included in the model for 

* the suction paths from the BWST through HP-24 or HP-25 to the HPI suction header, 

* the cooling water lines from LPSW and HPSW, 

* the discharge paths from the HPI pumps to the 'A' or 'B' RCS cold legs 

* the seal injection line, and 

* the letdown line.  

The probabilities of some of these events have been estimated using Reference 18, and 

were determined to be on the order of 6E-8 for a 24 hour mission time. Thus, although 

pipe failures represent single-event system failures, their probabilities are very small in 

comparison with other failure modes. Also, if a pipe break is not isolated, it allows for 

loss of inventory, submersion of equipment, and flow diversion resulting in reduced 

I51 
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injection flow. Thus, train separation does not impact the system reliability in a 

measurable way insofar as passive failure are concerned.  

With the HPI trains isolated at the suction header, failures due to the LDST interface 

would not impact the 'C' pump train. However, from a deterministic standpoint, with the 

trains separated, the system is unable to meet the single failure criterion to maintain two 

pumps available. For example, failure of HP-24 to open or failure of the 'Al' cold leg 

injection check valve (HP-487) to remain open would lead to failure of HPI. The impact 

on HPI reliability can be seen by re-solving for the DBA LOCA injection mode case.  

With HP-99 or HP-100 assumed to be closed, the failure probability for this case 

increases to 1.1E-2, up significantly from the base case value of 3.6E-3. In the 

recirculation mode, in which only one HPI pump is required, there is no change in the 

base case value with HP-99 closed.  

On the HPI pump discharge side, the open configuration following an HPI line break or 

RCP discharge break LOCA permits the HPI function to be maintained in the event of an 

active failure (such as failure of HP-26 to open). If the HPI discharge crossconnect (HP

409/410) is not opened during accident mitigation, the failure probability is estimated to 

be 1.6E-2, also a significant increase over the base case value of 3.6E-3. For the 

recirculation mode, the failure probability is unchanged.  

Thus it is seen that operation with the HPI trains isolated from each other at their suction 

or discharge leads to a reduction in HPI system reliability.  

Operation with HP- 116 Normally Open 

The current HPI system normal alignment has HP- 116 closed and HP-27 open. A 

possible alternate alignment of operational interest is to keep HP- 116 open, with HP-27 

closed, thereby cross-connecting the discharges of the HPI pumps. This would allow HPI 

pump C to supply either the 'A' loop cold legs or 'B' loop cold legs. Similarly, HPI 

pumps 'A' and 'B' could supply either 'A' or 'B' loop cold legs.  
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Leaving HP- 116 open allows one HPI pump to supply all four cold legs (if the other HPI 

pumps fail). However, requiring HP-27 to open introduces new failure modes. This 

sensitivity study assesses whether or not the proposed HPI system alignment would result 

in a change in the core damage frequency.  

As seen in section 5.2, the base case CDF for Oconee (excluding seismic events) is 4.3E

5. With HP-l 16 open and HP-27 closed, the CDF is also 4.3E-5. Although new failure 

events are introduced (such as mechanical failure of HP-27 to open, common cause 

failure of HP-26 and -27 to open, and new and power and control failures for HP-27), the 

resulting cut sets (failure event combinations) fall below the truncation limit of 1E-8.  

Similarly, cut sets now eliminated by the availability of the HPI pumps' discharge cross

connect are below the truncation limit. Therefore, from a PRA standpoint, switching to 

the proposed HPI system alignment provides no measurable impact on plant risk.  

Uncertainty Analysis 

By their very nature, the results of a reliability assessment are estimates and not exact 3 values. There are uncertainties involved in various aspects of the reliability calculational 

process. An analysis of the uncertainties involved can produce the information on the 

range within which the actual result might fall.  

One source of uncertainty is the variability of data used in the model. Variables include 

the way in which failures are captured and categorized, as well as statistical uncertainty 

due to the sample size. In estimating human error probabilities, there are uncertainties 

associated with the methodologies utilized for event quantification (and with the 

approach taken when applying the methods).  

For example, failure of LDST discharge check valve HP-97 to close or remain closed 

during the recirculation mode of core cooling are important failure modes with respect to 

the core damage risk results. This check valve is currently flow tested and reverse leak 
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rate tested on a refueling frequency. Sources of uncertainty associated with the 

quantification of these failure events include (1) the failure rates used, (2) the number of 

times valve would be challenged to close as the suction to the HPI pumps alternates 

between the LDST and BWST, and (3) whether or not failure of the valve would lead to 

core damage. The model conservatively assumes that the diversion flow rate to the LDST 

would be sufficiently large to fail core cooling and that the operators would fail to notice 

the diverted flow.  

Uncertainty also results from modeling imperfections and limitations. For this study, a 

systematic effort was employed to identify failure modes, system interactions, and the 

necessary model detail. Furthermore, an elaborate search of operating experience was 

performed to ensure that all relevant failure modes are captured. Therefore, it is felt that 

the uncertainty contribution from the model incompleteness and unknown failure modes 

would be small.  

To assess the significance of the uncertainty in, the data (initiating events, equipment 

failure rates, human error probabilities, etc.), a Monte-Carlo simulation of key results was 

performed considering the mean values and by assigning an error factoP for the basic 

events within the model.  

Figure 5.3-1 provides the results of the uncertainty analysis for the design basis LOCA 

injection mode case. As noted earlier, the mean value (considering no uncertainty) for 

this top event is 3.6E-3. Using the CAFTA Uncertainty Analysis program with 5000 

samples, the estimated mean value is 3.5E-3, the fifth percentile value is 1.23E-3, and the 

95 percentile value is 8.3E-3. The error factor is computed to be 2.6.  

Figure 5.3-2 provides the results of the uncertainty analysis for the recirculation mode 

case. The point estimate value for this top event is 1. 1E-2. Again using 5000 samples, 

'The error factor may be defined as the square root of the ratio of the 95' percentile value 

to the fifth percentile value.  
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5 the estimated mean value is 1. 1E-2, the fifth percentile value is 2.OE-3, and the 9 h 

percentile value is 3.3E-2. The error factor in this case is computed to be 4.1.  
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Table 5.5-1 
HPI System Reliability Results Summary 

Accident Mitigation Functions 

Chapter 15 non-LOCA accidents 2.8E-4 

Chapter 15 HPI Line Break LOCA - Injection mode 3.6E-3 
PRA random-location LOCA- Injection mode 9.4E-4 
PRA HPI Line Break LOCA- Injection mode 2.5E-3 
Feed and Bleed Cooling- Injection mode 1.2E-3 
Recirculation for Chapter 15 and PRA accidents 1.1 E-2 
RCP Seal Injection for Non-LOCA accidents 4.3E-4 

Normal Functions 

Normal Injection (Make-up) 5.3E-2 
RCP Seal Injection 7.5E-2 
Auxiliary spray 1.6E-2 
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(Page 1 of 2) 

Table 5.1.2-1 

Dominant Cut Sets For Ch. 15 HPI Line Break LOCA: Injection Mode 

Cut Set Event Cut Set 
No. Inputs Description Probability Probability 

I HCH15BREAK HPI Line Break Occurs on Another HPI Line 7.50E-01 6.71E-04 
HHPO486CVT Check Valve 3HP-486 Transfers Closed 8.94E-04 

2 HCHI5BREAK HPI Line Break Occurs on Another HPI Line 7.50E-01 6.7 1E-04 
HHPO487CVT Check Valve 3HP-487 Transfers Closed 8.94E-04 

3 HNMOPRSDHE Operators Overcharge the LDST 1.00E+00 2.46E-04 
HNMOPRSLHE Operators Fail to Recognize Pressure Instrument Failure 1.00E+00 
HPI0095VVT Instrument Root valve HPIIVO095 Transfers Shut 2.46E-04 

4 HLDXMTRCOM Common Cause Failure of LDST Level Transmitters 2.09E-04 2.09E-04 
HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure 1.00E+00 

5 HCH15BREAK HPI Line Break Occurs on Another HPI Line 7.50E-01 1.82E-04 
HHP0126VVT Manual Valve 3HP-126 Transfers Closed 2.43E-04 

6 HCH15BREAK HPI Line Break Occurs on Another HPI Line 7.50E-01 1.82E-04 
HHP0127VVT Manual Valve 3HP-127 Transfers Closed 2.43E-04 

7 HCH15BREAK HPI Line Break Occurs on Another HPI Line 7.50E-01 1.82E-04 
HHP0152VVT Manual Valve 3HP-152 Transfers Closed 2.43E-04 

8 HCH15BREAK HPI Line Break Occurs on Another HPI Line 7.50E-01 1.82E-04 
HHP0153VVT Manual Valve 3HP-153 Transfers Closed 2.43E-04 

9 HLDPXTRCOM Common Cause Failure of LDST Pressure Transmitters 1.34E-04 1.34E-04 
HNMOPRSDHE Operators Overcharge the LDST 1.00E+00 
HNMOPRSLHE Operators Fail to Recognize Pressure Instrument Failure 1.00E+00 

10 HHPSVLVCOM Common Cause Failure Of MOVs 3HP-24 And 3HP-25 1.24E-04 1.24E-04 
To Open On Demand 

11 HHP23SICOM Common Cause Failure Of 2 Of 3 HPI Pumps To Restart 1.19E-04 1.19E-04 
For Injection After LOOP 

HLOCALOOP LOCA/LOOP Occurs 1.00E+00 
12 LLP0061CVO Vacuum-Breaker Valve 3LP-61 Fails to Open 8.15E-05 8.15E-05 
13 HCH15BREAK HPI Line Break Occurs on Another HPI Line 7.50E-01 6.1I E-05 

HHPO188CVO Swing Check Valve 3HP-188 Fails To Open On Demand 8.15E-05 
14 HCH15BREAK HPI Line Break Occurs on Another HPI Line 7.50E-01 6.11 E-05 

HHPO488CVO Check Valve 3HP-488 Fails To Open On Demand 8.15E-05 
15 HCH15BREAK HPI Line Break Occurs on Another HPI Line 7.50E-01 6.11 E-05 

HHPO489CVO Check Valve 3HP-489 Fails To Open On Demand 8.15E-05 
16 HHPOTRBTRM HPI Train 3B Is In Maintenance 2.OOE-02 2.68E-05 

HHPHX3CHXF Heat Exchanger On HPI Pump 3C Clogs 1.34E-03 
17 LLP0028LHE 3LP-28 Left Closed Due to Human Error 2.60E-05 2.60E-05 
18 HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure 1.00E+00 2.50E-05 

HPI0085DEX Instrument Root Valve (Ref. Legs Common) 3HP110085 2.50E-05 
Transfers Closed 

19 HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure 1.00E+00 2.50E-05 
HPI0087DEX Instrument Root Valve (Sensing Lines Common) 2.50E-05 

3HPHIO087 Transfers Closed 
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Table 5.1.2-1 

Dominant Cut Sets For Ch. 15 HPI Line Break LOCA: Injection Mode 

Cut Set Event Cut Set 
No. Inputs Description Probability Probability 
20 HHPOTRBTRM HPI Train 3B Is In Maintenance 2.OOE-02 2.36E-05 

HHPPU3CHPS HPI Pump 3C Fails To Start On Demand 1.18E-03 

TOP EVENT PROBABILITY = 3.6E-3 I 
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Table 5.1.2-2 

HPI Importance Values For Ch. 15 HPI Line Break LOCA: Injection Mode 

Event Name Description I Probability F-Vt 
HHPO486CVT Check Valve 3HP-486 Transfers Closed 8.94E-04 18.7% 
HHPO487CVT Check Valve 3HP-487 Transfers Closed 8.94E-04 18.7% 
HNMOPRSDHE Operators Overcharge the LDST 1 10.6% 
HNMOPRSLHE Operators Fail to Recognize Pressure 1 10.6% 

Instrument Failure 

HNMOPLVDHE Operators Fail to Recognize Level Instrument 1 7.2% 
_ Failure 

HPI0095VVT Instrument Root valve HPII"0095 Transfers 2.46E-04 6.9% 
Shut 

HLDXMTRCOM Common Cause Failure of LDST Level 2.09E-04 5.8% 
Transmitters 

SThe F-V Importance equals the sum of the cut sets which contain the event of interest 

I divided by the sum of all of the cut sets (top event probability).  
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Table 5.1.2-3 

Dominant Cut Sets For DBA LOCAs: Recirculation Mode 

Cut Set Event Cut Set 
No. Inputs Description Probability Probability 
I HOOHP97RHE Operators Fail to Isolate Diversion Flow From RB Sump I .OOE+00 8.8 1E-03 

to LDST 
HHP0097CVC Check Valve 3HP-97 Fails To Close On Demand 8.8 1E-03 

2 HHPHPRODHE Operators Fail to Initiate High Pressure Recirculation 2.20E-03 2.20E-03 
3 H3ABREAK HPI Line Break Occurs on 3A Side 5.OOE-01 6.20E-05 

HLPSVLVCOM Common Cause Failure Of MOVs 3LP-15 And 3LP-16 1.24E-04 
To Open On Demand 

4 H3BBREAK HPI Line Break Occurs on 38 Side 5.OOE-01 6.20E-05 
HLPSVLVCOM Common Cause Failure Of MOVs 3LP-15 And 3LP-16 1.24E-04 

To Open On Demand 
5 HHP33RRCOM Common Cause Failure Of 3 Of 3 HPI Pumps To Run 6.11 E-06 6.1 E-06 

During Recirculation 
6 H3ABREAK HPI Line Break Occurs on 3A Side 5.OOE-0l 5.12E-06 

HLP0054LHE Manual Valve 3LP-54 Is Left Closed After Test Or 3.20E-03 
Maintenance 

HLP0056LHE Manual Valve 3LP-56 Is Left Closed After Test Or 3.20E-03 
Maintenance 

7 H3BBREAK HPI Line Break Occurs on 3B Side 5.OOE-01 5.12E-06 
HLP0054LHE Manual Valve 3LP-54 Is Left Closed After Test Or 3.20E-03 

Maintenance 
HLP0056LHE Manual Valve 3LP-56 Is Left Closed After Test Or 3.20E-03 

Maintenance 
8 H3ABREAK HPI Line Break Occurs on 3A Side 5.OOE-01 3195E-06 

HLPOOI5MVO Motor-Operated Valve 3LP-15 Fails To Open On 2.47E-03 
Demand 

HLP0056LHE Manual Valve 3LP-56 Is Left Closed After Test Or 3.20E-03 
Maintenance 

9 H3ABREAK HPI Line Break Occurs on 3A Side 5.OOE-01 3.95E-06 
HLP0016MVO Motor-Operated Valve 3LP-16 Fails To Open On 2.47E-03 

Demand 
HLP0054LHE Manual Valve 3LP-54 Is Left Closed After Test Or 3.20E-03 

Maintenance 
10 H3BBREAK HPI Line Break Occurs on 3B Side 5.OOE-01 3.95E-06 

HLP0015MVO Motor-Operated Valve 3LP-15 Fails To Open On 2.47E-03 
Demand 

HLP0056LHE Manual Valve 3LP-56 Is Left Closed After Test Or 3.20E-03 
Maintenance 

11 H3BBREAK HPI Line Break Occurs on 3B Side 5.OOE-01 3.95E-06 
HLP0016MVO Motor-Operated Valve 3LP- 16 Fails To Open On 2.47E-03 

Demand 
HLP0054LHE Manual Valve 3LP-54 Is Left Closed After Test Or 3.20E-03 

MaintenanceI 

I 
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Table 5.1.2-3 

Dominant Cut Sets For DBA LOCAs: Recirculation Mode 

Cut Set Event Cut Set 
No. Inputs Description Probability Probability 
12 HOOHP97RHE Operators Fail to Isolate Diversion Flow From RB Sump 1.00E+00 3.31E-06 

to LDST 
HHP0097CVT Check Valve 3HP-97 Transfers Position 3.3 1E-06 

13 H3ABREAK HPI Line Break Occurs on 3A Side 5.00E-01 3.05E-06 
HLP0015MVO Motor-Operated Valve 3LP-15 Fails To Open On 2.47E-03 

Demand 
HLP0016MVO Motor-Operated Valve 3LP-16 Fails To Open On 2.47E-03 Demand 

14 H3BBREAK HPI Line Break Occurs on 3B Side 5.OOE-01 3.05E-06 
HLPOO15MVO Motor-Operated Valve 3LP-15 Fails To Open On 2.47E-03 

Demand 
HLP0016MVO Motor-Operated Valve 3LP-16 Fails To Open On 2.47E-03 

Demand 
15 HLSFILTCOM Common Cause Failure Of Cuno Filters 3LPSFLOOO1, 1.90E-06 1.90E-06 

0002, And 0018 
16 HLS0500VVT Manual Valve 3LPSW-500 Transfers Closed 9.OOE-07 9.OOE-07 
17 HLSO71 IVVT Manual Valve 3LPSW-711 Transfers Closed 9.OOE-07 9.OOE-07 
18 WCWOO87VVT Manual Valve 3CCW-87 Transfers Closed 9.OOE-07 9.OOE-07 
19 H3ABREAK HPI Line Break Occurs on 3A Side 5.00E-01 3.89E-07 

HLP0054LHE Manual Valve 3LP-54 Is Left Closed After Test Or 3.20E-03 
Maintenance 

HLP0056VVT Manual Valve 3LP-56 Transfers Closed 2.43E-04 
20 H3ABREAK HPI Line Break Occurs on 3A Side 5.OOE-01 3.89E-07 

HLP0054VVT Manual Valve 3LP-54 Transfers Closed 2.43E-04 
HLP0056LHE Manual Valve 3LP-56 Is Left Closed After Test Or 3.20E-03 

Maintenance 

TOP EVENT PROBABILITY = 1.1E-2 
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Table 5.1.2-4 

HPI Importance Values For DBA LOCAs: Recirculation Mode 

Event Name Description Probability F-V 
HOOHP97RHE Operators Fail to Isolate Diversion Flow 1.00E+00 78.7% 

From RB Sump to LDST 

HHP0097CVC Check Valve 3HP-97 Fails To Close On 8.8 1E-03 78.7% 
Demand 

HHPHPRODHE Operators Fail to Initiate High Pressure 2.20E-03 19.5% 
Recirculation 

' The F-V Importance equals the sum of the cut sets which contain the event of interest 

divided by the sum of all of the cut sets (top event probability).  
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Table 5.1.3-1 

Dominant Cut Sets For PRA LOCA: Injection Mode 

Cut Set Event Cut Set 
No. Inputs Description Probability Probability 

I HNMOPRSDHE Operators Overcharge the LDST 1.00E+00 2.46E-04 
HNMOPRSLHE Operators Fail to Recognize Pressure Instrument Failure 1.00E+00 
HPI0095VVT Instrument Root valve HPIIVO095 Transfers Shut 2.46E-04 

2 HLDXMTRCOM Common Cause Failure of LDST Level Transmitters 2.09E-04 2.09E-04 
HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure 1.00E+00 

3 HLDPXTRCOM Common Cause Failure of LDST Pressure Transmitters 1.34E-04 1.34E-04 
HNMOPRSDHE Operators Overcharge the LDST 1.00E+00 
HNMOPRSLHE Operators Fail to Recognize Pressure Instrument Failure 1.00E+00 

4 HHPSVLVCOM Common Cause Failure Of MOVs 3HP-24 And 3HP-25 1.24E-04 1.24E-04 
To Open On Demand 

5 LLP0061CVO Vacuum-Breaker Valve 3LP-61 Fails to Open 8.15E-05 8.15E-05 
6 LLP0028LHE 3LP-28 Left Closed Due to Human Error 2.60E-05 2.60E-05 
7 HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure 1.00E+00 2.50E-05 

HPI0085DEX Instrument Root Valve (Ref. Legs Common) 3HPlI0085 2.50E-05 
Transfers Closed 

8 HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure 1.00E+00 2.50E-05 
HPI0087DEX Instrument Root Valve (Sensing Lines Common) 2.50E-05 

to 3HPHOO087 Transfers Closed 
9 CHPHPMUDHE Operators Fail to Swap HPI Suction to the BWST Before 2.OOE-03 2.OOE-05 

LDST Depletion 
HEXCMAKEUP Excessive RC Makeup Is Required 1.00E-02 
PREMOD Premod Condition 1.00E+00 

10 LLPOBWTTKF Borated Water Storage Tank Ruptures 1.45E-05 1.45E-05 
11 HHP0024MVO Motor-Operated Valve 3HP-24 Fails To Open On 2.47E-03 1.24E-05 

Demand 
HHP0025TRM MOV 3HP-25 Suction Train In Maintenance 5.OOE-03 

12 HHP0024TRM MOV 3HP-24 Suction Train In Maintenance 5.OOE-03 1.24E-05 
HHP0025MVO Motor-Operated Valve 3HP-25 Fails To Open On 2.47E-03 

Demand 
13 HHP0024MVO Motor-Operated Valve 3HP-24 Fails To Open On 2.47E-03 6.1 OE-06 

Demand 
HHP0025MVO Motor-Operated Valve 3HP-25 Fails To Open On 2.47E-03 

Demand 
14 LLP0061CVT Vacuum-Breaker Valve 3LP-61 Transfers Closed 3.3 1E-06 3.3 1E-06 
15 LLP0028VVT Manual Valve 3LP-28 Transfers Closed 9.OOE-07 9.OOE-07 
16 HHP33RICOM Common Cause Failure Of 3 Of 3 HPI Pumps To Run 5.55E-07 5.55E-07 

During Injection 
17 HHP0024TRM MOV 3HP-24 Suction Train In Maintenance 5.OOE-03 4.07E-07 

HHP0102CVO Tilting Disk Check Valve 3HP-102 Fails To Open On 8.15E-05 
Demand 

18 HHP0025TRM MOV 3HP-25 Suction Train In Maintenance 5.OOE-03 4.07E-07 
HHPO1OICVO Tilting Disk Check Valve 3HP-101 Fails To Open On 8.15E-05 

Demand 
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Table 5.1.3-1 

Dominant Cut Sets For PRA LOCA: Injection Mode 

Cut Set Event Cut Set 
No. Inputs Description Probability Probability 

19 HHP0024LHE MOV 3HP-24 Suction Train Is Left Unavailable After 5.20E-05 2.60E-07 
Test Or Maintenance 

HHP0025TRM MOV 3HP-25 Suction Train In Maintenance 5.OOE-03 
20 HHP0024TRM MOV 3HP-24 Suction Train In Maintenance 5.OOE-03 2.60E-07 

HHP0025LHE MOV 3HP-25 Suction Train Is Left Unavailable After 5.20E-05 
Test Or Maintenance 

TOP EVENT PROBABILITY = 9.4E-4 
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Table 5.1.3-2 

I HPI Importance Values For PRA LOCA: Injection Mode 

Event Name Description Probability F-V 
HNMOPRSDHE Operators Overcharge the LDST 1.00E+00 40.3% 
HNMOPRSLHE Operators Fail to Recognize Pressure 1.00E+00 40.3% 

Instrument Failure 
HNMOPLVDHE Operators Fail to Recognize Level Instrument 1.00E+00 27.4% 

Failure 

HPI0095VVT Instrument Root valve HP11V0095 Transfers 2.46E-04 26.0% 
Shut 

HLDXMTRCOM Common Cause Failure of LDST Level 2.09E-04 22.1% 
_ _ _ Transmitters 

HLDPXTRCOM Common Cause Failure of LDST Pressure 1.34E-04 14.2% 
Transmitters 

HHPSVLVCOM Common Cause Failure Of MOVs 3HP-24 1.24E-04 13.1% 
And 3HP-25 To Open On Demand 

LLP0061CVO Vacuum-Breaker Valve 3LP-61 Fails to Open 8.15E-05 8.6% 

' The F-V Importance equals the sum of the cut sets which contain the event of interest 

divided by the sum of all of the cut sets (top event probability).  
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Table 5.1.3-3 

Dominant Cut Sets For HPI Line Break: Inj. Mode (PRA success criteria) 

Cut Set Event Cut Set 
No. Inputs IDescription Probability Probability 

1 H3BBREAK HPI Line Break Occurs on 3B Side 5.00E-01 4.47E-04 
HHPO486CVT Check Valve 3HP-486 Transfers Closed 8.94E-04 

2 H3BBREAK HPI Line Break Occurs on 38 Side 5.OOE-01 4.47E-04 
HHPO487CVT Check Valve 3HP-487 Transfers Closed 8.94E-04 

3 HNMOPRSDHE Operators Overcharge the LDST 1.00E+00 2.46E-04 
HNMOPRSLHE Operators Fail to Recognize Pressure Instrument Failure 1.00E+00 
HPI0095VVT Instrument Root valve HPIIVO095 Transfers Shut 2.46E-04 

4 HLDXMTRCOM Common Cause Failure of LDST Level Transmitters 2.09E-04 2.09E-04 
HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure 1.00E+00 

5 HLDPXTRCOM Common Cause Failure of LDST Pressure Transmitters 1.34E-04 1.34E-04 
HNMOPRSDHE Operators Overcharge the LDST 1.00E+00 
HNMOPRSLHE Operators Fail to Recognize Pressure Instrument Failure 1.00E+00 

6 H3ABREAK HPI Line Break Occurs on 3A Side 5.OOE-01 1.22E-04 
HHPO152VVT Manual Valve 3HP-152 Transfers Closed 2.43E-04 

7 H3ABREAK HPI Line Break Occurs on 3A Side 5.OOE-01 1.22E-04 
HHP0153VVT Manual Valve 3HP-153 Transfers Closed 2.43E-04 

8 H3BBREAK HPI Line Break Occurs on 3B Side . 5.OOE-01 1.22E-04 
HHP0126VVT Manual Valve 3HP-126 Transfers Closed 2.43E-04 

9 H3BBREAK HPI Line Break Occurs on 38 Side 5.OOE-0 1 1.22E-04 
HHP0127VVT Manual Valve 3HP-127 Transfers Closed 2.43E-04 

10 H3ABREAK HPI Line Break Occurs on 3A Side 5.OOE-01 6.20E-05 
HHPSVLVCOM Common Cause Failure Of MOVs 3HP-24 And 3HP-25 1.24E-04 

To Open On Demand ' 
II H3BBREAK HPI Line Break Occurs on 3B Side 5.OOE-0I 6.20E-05 

HHPSVLVCOM Common Cause Failure Of MOVs 3HP-24 And 3HP-25 1.24E-04 
To Open On Demand 

12 H3ABREAK HPI Line Break Occurs on 3A Side 5.OOE-01 4.07E-05 
HHPO188CVO Swing Check Valve 3HP-188 Fails To Open On Demand 8.15E-05 

13 H3ABREAK HPI Line Break Occurs on 3A Side 5.OOE-01 4.07E-05 
HHPO488CVO Check Valve 3HP-488 Fails To Open On Demand 8.15E-05 

14 H3ABREAK HPI Line Break Occurs on 3A Side 5.00E-01 4.07E-05 
HHPO489CVO Check Valve 3HP-489 Fails To Open On Demand 8.15E-05 

15 H3ABREAK HPI Line Break Occurs on 3A Side 5.OOE-01 4.07E-05 
LLP0061CVO Vacuum-Breaker Valve 3LP-61 Fails to Open 8.15E-05 

16 H3BBREAK HPI Line Break Occurs on 3B Side 5.OOE-01 4.07E-05 
LLP0061CVO Vacuum-Breaker Valve 3LP-61 Fails to Open 8.15E-05 

17 HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure 1.00E+00 2.50E-05 
HPI0085DEX Instrument Root Valve (Ref. Legs Common) 3HP10085 2.50E-05 W 

Transfers Closed 
18 HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure 1.001E+00 2.50E-05 

HPI0087DEX Instrument Root Valve (Sensing Lines Common) 2.50E-05 
3HP10087 Transfers Closed 
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Table 5.1.3-3 

Dominant Cut Sets For HPI Line Break: Inj. Mode (PRA success criteria) 

Cut Set Event Cut Set 
No. Inputs Description I Probability Probability 
19 CHPHPMUDHE Operators Fail to Swap HPI Suction to the BWST Before 2.00E-03 2.OOE-05 

LDST Depletion 
HEXCMAKEUP Excessive RC Makeup Is Required 1.00E-02 
PREMOD Premod Condition 1.00E+00 

20 H3ABREAK HPI Line Break Occurs on 3A Side 5.OOE-01 1.30E-05 
LLP0028LHE 3LP-28 Left Closed Due to Human Error 2.60E-05 

TOP EVENT PROBABILITY = 2.5E-3 
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Table 5.1.3-4 

HPI Importance Values For HPI Line Break: Inj. Mode (PRA success criteria) 

Event Name Description Probability F-V 
HNMOPRSDHE Operators Overcharge the LDST 1 27.8% 
HNMOPRSLHE Operators Fail to Recognize Pressure 1 27.8% 

Instrument Failure 

HHPO486CVT Check Valve 3HP-486 Transfers Closed 8.94E-04 15.1% 
HHPO487CVT Check Valve 3HP-487 Transfers Closed 8.94E-04 15.1% 
HNMOPLVDHE Operators Fail to Recognize Level Instrument 1.OOE+00 10.3% 

Failure 

HPI0095VVT Instrument Root valve HPIIVO095 Transfers 2.46E-04 9.8% 
Shut 

HLDXMTRCOM Common Cause Failure of LDST Level 2.09E-04 8.3% 
Transmitters 

HLDPXTRCOM Common Cause Failure of LDST Pressure 1.34E-04 5.3% 
Transmitters 

HHPSVLVCOM Common Cause Failure Of MOVs 3HP-24 1.24E-04 4.9% 
And 3HP-25 To Open On Demand 

I 

The F-V Importance equals the sum of the cut sets which contain the event of interest 

divided by the sum of all of the cut sets (top event probability).  
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Table 5.1.4-1 

Dominant Cut Sets For Feed and Bleed 

Cut Set Event Cut Set 
No. Inputs Description Probability Probability I 

I HNMOPRSDHE Operators Overcharge the LDST 1.00E+00 2.46E-04 
HNMOPRSLHE Operators Fail to Recognize Pressure Instrument Failure 1.00E+00 
HPI0095VVT Instrument Root valve HPIIVO095 Transfers Shut 2.46E-04 

2 HLDXMTRCOM Common Cause Failure of LDST Level Transmitters 2.09E-04 2.09E-04 
HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure 1.00E+00 

3 HLDPXTRCOM Common Cause Failure of LDST Pressure Transmitters 1.34E-04 1.34E-04 
HNMOPRSDHE Operators Overcharge the LDST 1.00E+00 
HNMOPRSLHE Operators Fail to Recognize Pressure Instrument Failure 1.00E+00 

4 HHPSVLVCOM Common Cause Failure Of MOVs 3HP-24 And 3HP-25 1.24E-04 1.24E-04 
To Open On Demand 

5 HHPPMPSCOM Common Cause Failure of HPI Pumps 3B and 3C to Start 8.87E-05 8.87E-05 
6 LLP0061CVO Vacuum-Breaker Valve 3LP-61 Fails to Open 8.15E-05 8.15E-05 
7 HHPOTRBTRM HPI Train 3B Is In Maintenance 2.OOE-02 2.68E-05 

HHPHX3CHXF Heat Exchanger On HPI Pump 3C Clogs 1.34E-03 
8 LLP0028LHE 3LP-28 Left Closed Due to Human Error 2.60E-05 2.60E-05 
9 HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure 1.00E+00 2.50E-05 

HPI0085DEX Instrument Root Valve (Ref. Legs Common) 3HPHIOO85 2.50E-05 
Transfers Closed 

10 HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure 1.00E+00 2.50E-05 
HPI0087DEX Instrument Root Valve (Sensing Lines Common) 2.50E-05 

3HP110087 Transfers Closed 
11 HHPOTRBTRM HPI Train 3B Is In Maintenance 2.OOE-02 2.36E-05 

HHPPU3CHPS HPI Pump 3C Fails To Start On Demand 1.18E-03 
12 CHPHPMJUDHE Operators Fail to Swap HPI Suction to the BWST Before 2.00E-03 2.OOE-05 

LDST Depletion 
HEXCMAKEUP Excessive RC Makeup Is Required 1.00E-02 
PREMOD Premod Condition 1.00E+00 

13 HHP0024TRM MOV 3HP-24 Suction Train In Maintenance 5.OOE-03 1.60E-05 
HHPOSGOLHE HPI Suction Crosstie Is Left Unavailable After Test Or 3.20E-03 

Maintenance 
14 LLPOBWTTKF Borated Water Storage Tank Ruptures 1.45E-05 1.45E-05 
15 HHP0024MVO Motor-Operated Valve 3HP-24 Fails To Open On 2.47E-03 1.24E-05 

Demand 
HHP0025TRM MOV 3HP-25 Suction Train In Maintenance 5.OOE-03 

16 HHP0024TRM MOV 3HP-24 Suction Train In Maintenance 5.OOE-03 1.24E-05 
HHP0025MVO Motor-Operated Valve 3HP-25 Fails To Open On 2.47E-03 

Demand 
17 HHPOTRCTRM HPI Train 3C Is In Maintenance 1.00E-02 1.18E-05 

HHPPU3BHPS HPI Pump 3B Fails To Start On Demand 1.18E-03 
18 HACODO9C4C 4160 V ac Switchgear 3TD Breaker 9 Fails To Close 5.3 1E-04 1.06E-05 

(HPI Pump 3C) 
HHPOTRBTRM HPI Train 3B Is In Maintenance 2.OOE-02 
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Table 5.1.4-1 

Dominant Cut Sets For Feed and Bleed 

Cut Set Event Cut Set 
No. Inputs Description Probability Probability 

19 HHP0024MVO Motor-Operated Valve 3HP-24 Fails To Open On 2.47E-03 7.90E-06 
Demand 

HHPOSGOLHE HPI Suction Crosstie Is Left Unavailable After Test Or 3.20E-03 
Maintenance 

20 HHPOTRBTRM HPI Train 3B Is In Maintenance 2.OOE-02 7.06E-06 
HHPPU3AHPR HPI Pump 3A Fails To Run 3.53E-04 

TOP EVENT PROBABILITY = 1.2E-3 

I 

I 

5-30



Table 5.1.4-2 

HPI Importance Values For Feed and Bleed 

Event Name Description Probability F-V 
HNMOPRSDHE Operators Overcharge the LDST 1.00E+00 32.0% 
HNMOPRSLHE Operators Fail to Recognize Pressure 1.00E+00 32.0% 
_ _ _ Instrument Failure 

HNMOPLVDHE Operators Fail to Recognize Level Instrument 1.00E+00 21.8% 
Failure 

HPI0095VVT Instrument Root valve HPIIV0095 Transfers 2.46E-04 20.7% 
Shut 

HLDXMTRCOM Common Cause Failure of LDST Level 2.09E-04 17.6% 
Transmitters 

HLDPXTRCOM Common Cause Failure of LDST Pressure 1.34E-04 11.3% 
Transmitters 

HHPSVLVCOM Common Cause Failure Of NMOVs 3HP-24 1.24E-04 10.4% 
And 3HP-25 To Open On Demand 

HHPPMPSCOM Common Cause Failure of HPI Pumps 3B and 8.87E-05 7.5% 
3C to Start 

HHPOTRBTRM HPI Train 3B Is In Maintenance 2.OOE-02 7.2% 
ILLP0061CVO Vacuum-Breaker Valve 3LP-61 Fails to Open 8.15E-05 6.9% 

The F-V Importance equals the sum of the cut sets which contain the event of interest 

divided by the sum of all of the cut sets (top event probability).  
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Table 5.1.5-1 

Dominant Cut Sets For Seal Injection Following a Non- LOCA Event 

Cut Set Event Cut Set 
No. Inputs IDescription Probability robability 

1 HHPSVLVCOM Common Cause Failure Of MOVs 3HP-24 And 3HP-25 1.24E-04 1.24E-04 
To Open On Demand 

T Transient Causes An Engineered Safeguards Actuation 1.00E+00 
2 LLP0061CVO Vacuum-Breaker Valve 3LP-61 Fails to Open 8.15E-05 8.15-05 

T Transient Causes An Engineered Safeguards Actuation 1.00E+00 
3 HHPOSFAFLF Reactor Coolant Pump Seal Supply Filter 3A Clogs 3.79E-05 3.79E-05 
4 LLP0028LHE 3LP-28 Left Closed Due to Human Error 2.60E-05 2.60E-05 

T Transient Causes An Engineered Safeguards Actuation 1.00E+00 
5 HHP0024TRM MOV 3HP-24 Suction Train In Maintenance 5.OOE-03 1.60E-05 

HHPOSGOLHE HPI Suction Crosstie Is Left Unavailable After Test Or 3.20E-03 
Maintenance 

T Transient Causes An Engineered Safeguards Actuation 1.00E+00 
6 HHP003 1AVT Air-Operated Valve 3HP-31 Transfers Closed 1.52E-05 1.52E-05 
7 LLPOBWTTKF Borated Water Storage Tank Ruptures 1.45E-05 1.45E-05 

T Transient Causes An Engineered Safeguards Actuation 1.00E+00 
8 HHP0024MVO Motor-Operated Valve 3HP-24 Fails To Open On 2.47E-03 1.24E-05 

Demand 
HHP0025TRM MOV 3HP-25 Suction Train In Maintenance 5.OOE-03 
T Transient Causes An Engineered Safeguards Actuation 1.00E+00 

9 HHP0024TRM MOV 3HP-24 Suction Train In Maintenance 5.OOE-03 1.24E-05 
HHP0025MVO Motor-Operated Valve 3HP-25 Fails To Open On 2.47E-03 

Demand 
T Transient Causes An Engineered Safeguards Actuation 1.00E+00 

10 HHPO191SVT Solenoid Valve 3HPISV0191 Transfers Position, Closing 9.55E-06 9.55E-06 
3HP-31 

II HHP0024MVO Motor-Operated Valve 3HP-24 Fails To Open On 2.47E-03 7.90E-06 
Demand 

HHPOSGOLHE HPI Suction Crosstie Is Left Unavailable After Test Or 3.20E-03 
Maintenance 

T Transient Causes An Engineered Safeguards Actuation 1.00E+00 
12 HHPOTRBTRM HPI Train 3B Is In Maintenance 2.OOE-02 7.06E-06 

HHPPU3AHPR HPI Pump 3A Fails To Run 3.53E-04 
13 HHP0024MVO Motor-Operated Valve 3HP-24 Fails To Open On 2.47E-03 6.1OE-06 

Demand 
HHP0025MVO Motor-Operated Valve 3HP-25 Fails To Open On 2.47E-03 

Demand 
T Transient Causes An Engineered Safeguards Actuation 1.00E+00 

14 HHP0144CVT Check Valve 3HP-144 Transfers Closed 3.3 1E-06 3.3 IE-06 
15 HHP0145CVT Check Valve 3HP-145 Transfers Closed 3.3 1E-06 3.3 1E-06 
16 HHP0146CVT Check Valve 3HP-146 Transfers Closed 3.31 E-06 3.31 E-06 
17 HHP0147CVT Check Valve 3HP-147 Transfers Closed 3.3 1E-06 3.3 1E-06 

18 HHP0390CVT Check Valve 3HP-390 Transfers Closed 3.3 1IE-06 3. 31E-06 0 I 
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Table 5.1.5-1 

Dominant Cut Sets For Seal Injection Following a Non- LOCA Event 

Cut Set Event Cut Set 
No. Inputs Description Probability Probability 

19 HHPO393CVT Check Valve 3HP-393 Transfers Closed 3.31E-06 3.31E-06 
20 HHPO454CVT Check Valve 3HP-454 Transfers Closed 3.31E-06 3.31E-06 

TOP EVENT PROBABILITY = 4.3E-4 

5 

I 
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Table 5.1.5-2 

HPI Importance Values For Seal Injection Following a Non- LOCA Event 

Event Name Description Probability F-V 
HHPSVLVCOM Common Cause Failure Of MOVs 3HP-24 1.24E-04 28.6% 

And 3HP-25 To Open On Demand 

LLP0061CVO Vacuum-Breaker Valve 3LP-61 Fails to 8.15E-05 18.8% 
Open 

HHPOSFAFLF Reactor Coolant Pump Seal Supply Filter 3.79E-05 8.8% 
3A Clogs 

HHP0024TRM MOV 3HP-24 Suction Train In 5.OOE-03 6.9% 
Maintenance 

HHP0024MVO Motor-Operated Valve 3HP-24 Fails To 2.47E-03 6.2% 
Open On Demand 

LLP0028LHE 3LP-28 Left Closed Due to Human Error 2.60E-05 6.0% 
HHPOSGOLHE HPI Suction Crosstie Is Left Unavailable 3.20E-03 5.7% 

After Test Or Maintenance 

I 
I 

I 

'The F-V Importance equals the sum of the cut sets which contain the event of interest 

divided by the sum of all of the cut sets (top event probability). 1 
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Table 5.1.6-1 

Dominant Cut Sets For Normal Injection 

Cut Set Event Cut Set 
No. Inputs Description Probability Probability 

1 HHP0079RVT Relief Valve 3HP-79 Spurious Operation 1.24E-02 1.24E-02 
2 HLDDIVTCHE Operators Inadvertently Divert Letdown Flow 1.OOE-02 1.OOE-02 
3 HLDSTLPDHE Operator Error Causes Low Pressure Condition I.OOE-02 1.OOE-02 
4 CHPHPMUDHE Operators Fail to Swap HPI Suction to the BWST Before 2.00E-03 6.00E-03 I LDST Depletion 

HEXCMAKEUP Excessive RC Makeup Is Required 3.OOE+00 
HNOMOD Auto-Swap to BWST on Low LDST Level Mod. is NOT 1.00E+00 

INSTALLED 
5 HHPOTRBTRM HPI Train 3B Is In Maintenance 2.OOE-02 2.32E-03 

HHPPU3AHPR HPI Pump 3A Fails To Run 1.16E-01 
6 HHPPU3AHPR HPI Pump 3A Fails To Run 1.16E-01 1.65E-03 

HHPPU3BHPS HPI Pump 3B Fails To Start On Demand 1.42E-02 
7 HHPPU3AHPR HPI Pump 3A Fails To Run 1.16E-01 1.16E-03 

HHPTRNBDHE Operators Fail to Align HPI Train 3B 1.OOE-02 I 8 HHPPU3AHPR HPI Pump 3A Fails To Run 1.16E-01 1.14E-03 
P3TE Loss Of Power From 4160 V ac Switchgear 3TE 9.80E-03 

9 HHP0194CVT Check Valve 3HP-194 Transfers Closed 1.09E-03 1.09E-03 
10 HLVLDRPDEX Level Change or Other Operational Condition Causes 1.00E+00 1.OOE-03 

Pressure to Drop 
HOPUNPRDHE Inadequate Operator Guidance Regarding LDST 1.00E-03 

Underpressure S11 HACOEO9C4C 4160 V ac Switchgear 3TE Breaker 9 Fails To Close 6.37E-03 7.39E-04 
(HPI Pump 3B) 

HHPPU3AHPR HPI Pump 3A Fails To Run 1.16E-01 
12 HHP2-2RCOM Common Cause Run Failure of HPI Pumps 3A and 3B 7.22E-04 7.22E-04 
13 AUXAIRTOP Loss of Auxiliary Air System Pressure 4.32E-02 4.32E-04 

HLVLDRPDEX Level Change or Other Operational Condition Causes 1.00E+00 
Pressure to Drop 

HOACSERDEX OAC Is OOS I.OOE-02 
14 HEXCMAKEUP Excessive RC Makeup Is Required 3.OOE+00 3.72E-04 

HHPSVLVCOM Common Cause Failure Of MOVs 3HP-24 And 3HP-25 1.24E-04 
To Open On Demand 

HNOMOD Auto-Swap to BWST on Low LDST Level Mod. is NOT 1.00E+00 
INSTALLED 

15 HHPOTRBLHE HPI Train 3B Is Left Unavailable After Test Or 3.OOE-03 3.48E-04 
Maintenance 

HHPPU3AHPR HPI Pump 3A Fails To Run 1 .16E-01 
16 HLVLDRPDEX Level Change or Other Operational Condition Causes 1.00E+00 2.46E-04 

Pressure to Drop 
HPI0095VVT Instrument Root valve HPIIVO095 Transfers Shut 2.46E-04 

17 HNMOPRSDHE Operators Overcharge the LDST 1.00E+00 2.46E-04 
HNMOPRSLHE Operators Fail to Recognize Pressure Instrument Failure 1.00E+00 
HPI0095VVT Instrument Root valve HPIlVO095 Transfers Shut 2.46E-04 
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Table 5.1.6-1 

Dominant Cut Sets For Normal Injection 

Cut Set Event Cut Set 
No. Inputs Description Probability Probability 
18 HEXCMAKEUP Excessive RC Makeup Is Required 3.OOE+00 2.45E-04 

HNOMOD Auto-Swap to BWST on Low LDST Level Mod. is NOT 1.00E+00 W 
INSTALLED 

LLP0061CVO Vacuum-Breaker Valve 3LP-61 Fails to Open 8.15E-05 
19 HLVLDRPDEX Level Change or Other Operational Condition Causes 1.00E+00 2.14E-04 

Pressure to Drop 
HOACSERDEX OAC Is OOS I.OOE-02 
HPT004LAMF Alarm Module Fails to Operate on Demand 2.14E-02 

20 HLDXMTRCOM Common Cause Failure of LDST Level Transmitters 2.09E-04 2.09E-04 
HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure 1.00E+00 

TOP EVENT PROBABILITY = 5.3E-2 

I 

I 
I 

I 

* 
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Table 5.1.6-2 

HPI Importance Values For Normal Injection 

Event Name Description ] Probabilityj F-V 
HHP0079RVT Relief Valve 3HP-79 Spurious Operation 1.24E-02 22.7% 
HLDDIVTCHE Operators Inadvertently Divert Letdown Flow 1.OOE-02 18.3% 
HLDSTLPDHE Operator Error Causes Low Pressure 1.OOE-02 18.3% 

Condition 

HHPPU3AHPR HPI Pump 3A Fails To Run 1.16E-01 13.7% 
HEXCMAKEUP Excessive RC Makeup Is Required 3 13.0% 
CHPHPMUDHE Operators Fail to Swap HPI Suction to the 2.OOE-03 11.0% 

BWST Before LDST Depletion 

I 

I.  
I 
I 

I The F-V Importance equals the sum of the cut sets which contain the event of interest 

divided by the sum of all of the cut sets (top event probability).  
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Table 5.1.6-3 

Dominant Cut Sets For Normal Seal Injection 

Cut Set Event Cut SetI 
No. Inputs Description Probability Probability 

1 HHP0079RVT Relief Valve 3HP-79 Spurious Operation 1.24E-02 1.24E-02 
2 HLDDIVTCHE Operators Inadvertently Divert Letdown Flow I.OOE-02 I.OOE-02 
3 HLDSTLPDHE Operator Error Causes Low Pressure Condition 1.OOE-02 I.OOE-02 
4 CHPHPMUDHE Operators Fail to Swap HPI Suction to the BWST Before 2.OOE-03 6.OOE-03 

LDST Depletion 
HEXCMAKEUP Excessive RC Makeup Is Required 3.00E+00 
HNOMOD Auto-Swap to BWST on Low LDST Level Mod. is NOT 1.00E+00 

INSTALLED 
5 HHP003 1AVT Air-Operated Valve 3HP-31 Transfers Closed 5.01E-03 5.0 1E-03 
6 HHPO191SVT Solenoid Valve 3HPISV0191 Transfers Position, Closing 3.14E-03 3.14E-03 

3HP-31 
7 HHPOTRBTRM HPI Train 3B Is In Maintenance 2.00E-02 2.32E-03 

HHPPU3AHPR HPI Pump 3A Fails To Run 1.16E-0 1 
8 HHPPU3AHPR HPI Pump 3A Fails To Run 1.1 6E-0 1 1.65E-03 

HHPPU3BHPS HPI Pump 3B Fails To Start On Demand 1.42E-02 
9 HHPPU3AHPR HPI Pump 3A Fails To Run 1.16E-01 1.16E-03 

HHPTRNBDHE Operators Fail to Align HPI Train 3B 1.OOE-02 
10 HHPPU3AHPR HPI Pump 3A Fails To Run 1.16E-01 1.14E-03 

P3TE Loss Of Power From 4160 V ac Switchgear 3TE 9.80E-03 
11 HHP0144CVT Check Valve 3HP-144 Transfers Closed 1.09E-03 1.09E-03 
12 HHP0145CVT Check Valve 3HP-145 Transfers Closed 1.09E-03 1.09E-03 
13 HHPO146CVT Check Valve 3HP-146 Transfers Closed 1.09E-03 1.09E-03 
14 HHP0147CVT Check Valve 3HP-147 Transfers Closed 1.09E-03 1.09E-03 
15 HHP0390CVT Check Valve 3HP-390 Transfers Closed 1.09E-03 1.09E-03 
16 HHPO393CVT Check Valve 3HP-393 Transfers Closed 1.09E-03 1.09E-03 
17 HHPO454CVT Check Valve 3HP-454 Transfers Closed 1.09E-03 1.09E-03 
18 HHPO457CVT Check Valve 3HP-457 Transfers Closed 1.09E-03 1.09E-03 
19 HLVLDRPDEX Level Change or Other Operational Condition Causes 1.OOE+00 1.OOE-03 

Pressure to Drop 
HOPUNPRDHE Inadequate Operator Guidance Regarding LDST 1OOE-03 

Underpressure 
20 HACOEO9C4C 4160 V ac Switchgear 3TE Breaker 9 Fails To Close 6.37E-03 7.39E-04 

(HPI Pump 3B) 
HHPPU3AHPR HPI Pump 3A Fails To Run 1.16E-01 

TOP EVENT PROBABILITY = 7.5E-2 

I 
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Table 5.1.6-4 

HPI Importance Values For Normal Seal Injection 

Event Name Description Probability F-V 
HHP0079RVT Relief Valve 3HP-79 Spurious Operation 1.24E-02 15.6% 
HLDDIVTCHE Operators Inadvertently Divert Letdown Flow 1.00E-02 12.5% 
HLDSTLPDHE Operator Error Causes Low Pressure 1.OOE-02 12.5% 
I_ _ Condition 

HHPPU3AHPR HPI Pump 3A Fails To Run 1.16E-01 9.4% 
HEXCMAKEUP Excessive RC Makeup Is Required 3 8.9% 
CHPHPMUDHE Operators Fail to Swap HPI Suction to the 2.OOE-03 7.5% 

BWST Before LDST Depletion 

HHP0031AVT Air-Operated Valve 3HP-31 Transfers Closed 5.01E-03 6.3% 

I 
I 

'The F-V Importance equals the sum of the cut sets which contain the event of interest 

divided by the sum of all of the cut sets (top event probability).  
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Table 5.1.6-5 

Dominant Cut Sets For Auxiliary Spray 

Cut Set jEvent Cut Set1 
No. Inputs iDescription Probability Probability 

I HHPO472DHE Operators Fail to Align Auxiliary Pressurizer Spray by I.OOE-02 1.OOE-02 

Opening 3HP-472 
2 HHPO355AVO Air Operated Valve 3HP-355 Fails To Open On Demand 1.40E-03 1.40E-03 
3 HLDDIVTCHE Operators Inadvertently Divert Letdown Flow 1.OOE-03 1.OOE-03 
4 HLDSTLPDHE Operator Error Causes Low Pressure Condition 1.OOE-03 1.OOE-03 
5 HLVLDRPDEX Level Change or Other Operational Condition Causes 1.00E+00 I.OOE-03 

Pressure to Drop 
HOPUNPRDHE Inadequate Operator Guidance Regarding LDST I.OOE-03 

Underpressure 
6 HHPO234VVT Manual Valve 3HP-234 Transfers Closed 2.43E-04 2.43E-04 
7 HHPO236VVT Manual Valve 3HP-236 Transfers Closed 2.43E-04 2.43E-04 
8 HHPO340VVT Manual Valve 3HP-340 Transfers Closed 2.43E-04 2.43E-04 
9 HLVLDRPDEX Level Change or Other Operational Condition Causes 1.00E+00 2.14E-04 

Pressure to Drop 
HOACSERDEX OAC Is OOS I.00E-02 
HPT004LAMF Alarm Module Fails to Operate on Demand 2.14E-02 

10 AUXAIRTOP Loss of Auxiliary Air System Pressure 1.20E-04 1.20E-04 
11 HHPO253CVO Check Valve 3HP-253 Fails To Open On Demand 8.15E-05 8.15E-05 
12 HHPO419CVO Check Valve 3HP-419 Fails To Open On Demand 8.15E-05 8.15E-05 
13 RLP0046CVO Check Valve 3LP-46 Fails To Open On Demand 8.15E-05 8.15E-05 
14 RLPO131CVO Check Valve 3LP-131 Fails To Open On Demand 8.15E-05 8.15E-05 
15 HLVLDRPDEX Level Change or Other Operational Condition Causes 1.00E+00 5.58E-05 I 

Pressure to Drop 
HOACSERDEX OAC Is OOS I.OOE-02 
HPIPSO4PSL Pressure Switch 3HPIPS004 Fails Low 5.58E-03 

16 HHP0079RVT Relief Valve 3HP-79 Spurious Operation 3.77E-05 3.77E-05 
17 HLVLDRPDEX Level Change or Other Operational Condition Causes 1.00E+00 2.14E-05 

Pressure to Drop 
HPIPRSlPRM LDST Pressure String #1 Is in Maintenance 1.OOE-03 
HPT004LAMF Alarm Module Fails to Operate on Demand 2.14E-02 

18 CHPHPMUDHE Operators Fail to Swap HPI Suction to the BWST Before 2.OOE-03 2.OOE-05 
LDST Depletion 

HEXCMAKEUP Excessive RC Makeup Is Required 1.OOE-02 
HNOMOD Auto-Swap to BWST on Low LDST Level Mod. is NOT 1.00E+00 

INSTALLED 
19 D3KVIC Loss of Power from 120 Vac Power Panelboard 3KVIC 1.70E-05 1.70E-05 
20 HHPO355AVT Air Operated Valve 3HP-355 Transfers Closed 1.52E-05 1.52E-05 

TOP EVENT PROBABILITY = 1.6E-2 
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Table 5.1.6-6 

HPI Importance Values For Auxiliary Spray 

Event Name Description Probability F-V' 
HHPO472DHE Operators Fail to Align Auxiliary Pressurizer 1.OOE-02 62.3% 

Spray by Opening 3HP-472 

HHPO355AVO Air Operated Valve 3HP-355 Fails To Open 1.40E-03 8.7% 
On Demand 

HLVLDRPDEX Level Change or Other Operational Condition 1 8.1% 
I_ _ Causes Pressure to Drop 

HOPUNPRDHE Inadequate Operator Guidance Regarding 1.OOE-03 6.2% 
LDST Underpressure 

HLDDIVTCHE Operators Inadvertently Divert Letdown Flow 1.OOE-03 6.2% 
HLDSTLPDHE Operator Error Causes Low Pressure 1.OOE-03 6.2% 

Condition 

I 
I 
U 
I 
I 
I 

The F-V Importance equals the sum of the cut sets which contain the event of interest 

divided by the sum of all of the cut sets (top event probability).  
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Table 5.2-1 

Top 50 CDF Cut Sets 

Cut Set Event Cut Set 
No. Inputs Description Probability Probability 

1 HOOHP97RHE Operators Fail to Isolate Diversion Flow From RB Sump 1.00E+00 8.8 1E-06 
to LDST 

HHP0097CVC Check Valve 3HP-97 Fails To Close On Demand 8.8 1E-03 
SL Small Break Loss Of Coolant Accident Initiator 1.00E-03 

2 HOOHP97RHE Operators Fail to Isolate Diversion Flow From RB Sump 1.00E+00 2.64E-06 
to LDST 

HHP0097CVC Check Valve 3HP-97 Fails To Close On Demand 8.8 1E-03 
ML Medium Break Loss Of Coolant Accident Initiator 3.OOE-04 

3 XEFLOODDEX Flood Height Exceeds 5 ft. SSF Flood Barriers 2.OOE-01 2.60E-06 
XFLOOD Random Failure of Jocassee Dam , 1.30E-05 

4 HHPHPRODHE Operators Fail to Initiate High Pressure Recirculation 2.20E-03 2.20E-06 
SL Small Break Loss Of Coolant Accident Initiator 1.OOE-03 

5 NSFORCMDHE Operators Fail To Align The SSF RCM System For 1.00E-01 1.70E-06 
Operation 

TBFIRE Turbine Building Fire Initiating Event 1.70E-05 
6 -TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.OOE-01 1.28E-06 

Liquid Relief 
-BACKHF4DEX F4 Tornado Hits Keowee Hydro Station And Fails 2.24E-0 1 

Emergency Power To CT4 
BEFPIPEDEX Piping In East Pen. Room Is Damaged Given West Room 3.OOE-01 

Damaged 
BTOWINDDEX F4+ Tornado Winds Damage West Pen Room Structure 1.70E-0 1 

& BWST 
F4TORNAD Annual Frequency Of An F4 Intensity Tornado Striking 3.59E-05 

Oconee Unit 3 
7 NSFORCMDHE Operators Fail To Align The SSF RCM System For I.OOE-0 1 1.17E-06 

Operation 
TRCSRVODEX RCS Safety Relief Valve Does Not Stick Open After 9.OOE-01 

Relieving Liquid 
XFLOOD Random Failure of Jocassee Dam 1.30E-05 

8 RPV Failure of The Reactor Pressure Vessel I.OOE-06 1.OOE-06 
RPVFAILRHE Failure to Prevent Core Damage Following an RPV 1.0E+00 

Failure 
9 -BHPOASWDHE Crew Fails to Recover Power To HPI Pump and Align I.00E-01 8.6 1E-07 

Suction 
-BACKHF2DEX F2 Tornado Hits Keowee Hydro Station and Fails 6.20E-02 

Emergency Power To CT4 
BAC4160DEX Tornado Winds Fail 4160 Switchgear In Turbine 3.80E-01 

Building 
BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
F2TORNAD Annual Frequency Of An F2 Intensity Tornado Striking 5.37E-05 

Oconee Unit 3 
TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After I.OOE-0 1 

Liquid Relief 
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Table 5.2-1 

Top 50 CDF Cut Sets 

Cut Set Event Cut Set 
No. Inputs Description Probability I Probability 
10 -BTOWINDDEX F4+ Tornado Winds Damage West Pen Room Structure 1.70E-01 8.34E-07 

& BWST 
-BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
BACKHF4DEX F4 Tornado Hits Keowee H\ dro Station And Fails 2.24E-0 1 

Emergency Power To CT4 
BSFFAILDEX Failure To Provide SSF RCMUP Seal Injection In Time 2.50E-01 

To Prevent RCP Seal LOCA 
F4TORNAD Annual Frequency Of An F4 Intensity Tornado Striking 3.59E-05 

Oconee Unit 3 
11 -BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 7.98E-07 

BACKHF3DEX F3 Tornado Hits Keowee Hydro Station and Fails 1.55E-01 
Emergency Power To CT4 

BSFFAILDEX Failure To Provide SSF RCNIUP Seal Injection In Time 2.50E-01 
To Prevent RCP Seal LOCA 

F3TORNAD Annual Frequency Of An F3 Intensity Tornado Striking 4.12E-05 
Oconee Unit 3 

12 -TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 7.28E-07 
Liquid Relief 

-NSFOASWDHE Operators Fail To Align The SSF ASW System For 3.1OE-02 
Operation 

-BTOW[NDDEX F4+ Tornado Winds Damage West Pen Room Structure 1.70E-01 
& BWST 

BACKHF4DEX F4 Tornado Hits Keowee Hlydro Station And Fails 2.24E-01 
Emergency Power To CT4 

BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
BSFFAILDEX Failure To Provide SSF RCMIUP Seal Injection In Time 2.50E-01 

To Prevent RCP Seal LOCA 
F4TORNAD Annual Frequency Of An F4 Intensity Tornado Striking 3.59E-05 

Oconee Unit 3 
13 -TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 6.96E-07 

Liquid Relief 
-NSFOASWDHE Operators Fail To Align The SSF ASW System For 3.1OE-02 

Operation 
BACKHF3DEX F3 Tornado Hits Keowee Hydro Station and Fails 1.55E-01 

Emergency Power To CT4 
BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
BSFFAILDEX Failure To Provide SSF RCMUP Seal Injection In Time 2.50E-01 

To Prevent RCP Seal LOCA 
F3TORNAD Annual Frequency Of An F3 Intensity Tornado Striking 4.12E-05 

Oconee Unit 3 
14 HHPHPRODHE Operators Fail to Initiate High Pressure Recirculation 2.20E-03 6.60E-07 

ML Medium Break Loss Of Coolant Accident Initiator 3.OOE-04 

I 
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Table 5.2-1 

Top 50 CDF Cut Sets 

Cut Set Event Cut Set 
No. Inputs Description Probability Probability 

15 -TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After I.OOE-01 6.15E-07 
Liquid Relief 

BACKHF4DEX. F4 Tornado Hits Keowee Hydro Station And Fails 2.24E-01 
Emergency Power To CT4 

BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-0 1 
BTOWINDDEX F4+ Tornado Winds Damage West Pen Room Structure 1.70E-01 

& BWST 
F4TORNAD Annual Frequency Of An F4 Intensity Tornado Striking 3.59E-05 

Oconee Unit 3 
16 -BHPOASWDHE Crew Fails to Recover Power To HPI Pump and Align 1.OOE-01 5.18E-07 

Suction 
-BF3BWSTDEX Tornado Winds or Missiles Cause Failure of BWST 1.30E-01 
-BACKHF3DEX F3 Tornado Hits Keowee Hydro Station and Fails 1.55E-01 

Emergency Power To CT4 
BAC4160DEX Tornado Winds Fail 4160 Switchgear In Turbine 3.80E-01 

Building 
BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
F3TORNAD Annual Frequency Of An F3 Intensity Tornado Striking 4.12E-05 

Oconee Unit 3 
TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 

Liquid Relief 
17 NSFOASWDHE Operators Fail To Align The SSF ASW System For 3.1OE-02 4.74E-07 

Operation 
TBFIRE Turbine Building Fire Initiating Event 1.70E-05 
TRCSRVODEX RCS Safety Relief Valve Does Not Stick Open After 9.OOE-01 

Relieving Liquid 
18 -BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 4.16E-07 

BACKHF2DEX F2 Tornado Hits Keowee Hydro Station and Fails 6.20E-02 
Emergency Power To CT4 

BSFFAILDEX Failure To Provide SSF RCMUP Seal Injection In Time 2.50E-01 
To Prevent RCP Seal LOCA 

F2TORNAD Annual Frequency Of An F2 Intensity Tornado Striking 5.37E-05 
Oconee Unit 3 

19 BACKHF4DEX F4 Tornado Hits Keowee Hydro Station And Fails 2.24E-0 1 4.02E-07 
Emergency Power To CT4 

BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
F4TORNAD Annual Frequency Of An F4 Intensity Tornado Striking 3.59E-05 

Oconee Unit 3 
TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 

Liquid Relief 
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Table 5.2-1 

Top 50 CDF Cut Sets 

1 Cut Set Event Cut Set 
No. Inputs Description Probability Probability 

20 -BTOWINDDEX F4+ Tornado Winds Damage West Pen Room Structure 1.70E-01 3.95E-07 
& BWST 

-BHPOASWDHE Crew Fails to Recover Power To HPI Pump and Align 1.OOE-0 1 
Suction 

-BACKHF4DEX F4 Tornado Hits Keowee Hydro Station And Fails 2.24E-01 
Emergency Power To CT4 

BAC4160DEX Tornado Winds Fail 4160 Switchgear In Turbine 3.80E-01 
Building 

BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
F4TORNAD Annual Frequency Of An F4 Intensity Tornado Striking 3.59E-05 

Oconee Unit 3 
TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 

Liquid Relief 
21 -TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 3.69E-07 

Liquid Relief 
BACKHF4DEX F4 Tornado Hits Keowee Hydro Station And Fails 2.24E-0 1 

Emergency Power To CT4 
BEFPIPEDEX Piping In East Pen. Room Is Damaged Given West Room 3.OOE-01 

Damaged 
BTOWINDDEX F4+ Tornado Winds Damage West Pen Room Structure 1.70E-01 

& BWST 

F4TORNAD Annual Frequency Of An F4 Intensity Tornado Striking 3.59E-05 
Oconee Unit 3 

22 -TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 3.63E-07 
Liquid Relief 

-NSFOASWDHE Operators Fail To Align The SSF ASW System For 3.1OE-02 
Operation 

BACKHF2DEX F2 Tornado Hits Keowee Hydro Station and Fails 6.20E-02 
Emergency Power To CT4 

BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
BSFFAILDEX Failure To Provide SSF RCMUP Seal Injection In Time 2.50E-01 

To Prevent RCP Seal LOCA 
F2TORNAD Annual Frequency Of An F2 Intensity Tornado Striking 5.37E-05 

Oconee Unit 3 
23 NSFOASWDHE Operators Fail To Align The SSF ASW System For 3.1OE-02 3.63E-07 

T 0 Operation 
TRCSRVODEX RCS Safety Relief Valve Does Not Stick Open After 9.OOE-01 

Relieving Liquid 
XFLOOD Random Failure of Jocassee Dam 1.30E-05 

24 FLN Large, Non-Isolable Turbine Building Flood 3.40E-04 3.40E-07 
IBSBWSTDHE Failure to Swap HPI to SFP During a Flood 5.OOE-02 
RRC0004DEX PORV Block Valve Is Closed During Power Operation 2.OOE-01 
TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.OOE-01 

Liquid Relief 
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Table 5.2-1 

Top 50 CDF Cut Sets 

Cut Set Event Cut Set I 
No. Inputs Description Probability Probability 

25 LL Large Break Loss Of Coolant Accident Initiator 3.38E-04 3.38E-07 
LLPLPRODHE Operators Fail to Initiate Low Pressure Recirculation 1.00E-03 

26 LL Large Break Loss Of Coolant Accident Initiator 3.38E-04 3.38E-07 
LLPVATHDHE Operators Fail To Throttle LPI Flow To Prevent Pump 1.00E-03 

Run- out Given Large LOC 
27 BACKHF3DEX F3 Tornado Hits KeowNee Hydro Station and Fails 1.55E-01 3.19E-07 

Emergency Power To CT4 
BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
F3TORNAD Annual Frequency Of An F3 Intensity Tornado Striking 4.12E-05 

Oconee Unit 3 
TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 

Liquid Relief 
28 BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 3.05E-07 

BTOWTNDDEX F4+ Tornado Winds Damage West Pen Room Structure 1.70E-01 
& BWST 

F4TORNAD Annual Frequency Of An F4 Intensity Tornado Striking 3.59E-05 
Oconee Unit 3 

TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 
Liquid Relief 

29 HNMOPRSDHE Operators Overcharge the LDST 1.00E+00 2.46E-07 
HNMOPRSLHE Operators Fail to Recognize Pressure Instrument Failure 1.00E+00 
HPI0095VVT Instrument Root valve HPIIV0095 Transfers Shut 2.46E-04 
SL Small Break Loss Of Coolant Accident Initiator 1.00E-03  

30 -BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 2.39E-07 
-BACKHF2DEX F2 Tornado Hits Keowee Hydro Station and Fails 6.20E-02 

Emergency Power To CT4 
BAC4160DEX Tornado Winds Fail 4160 Switchgear In Turbine 3.80E-01 

Building 
BHP0ASWDHE Crew Fails to Recover Power To HPI Pump and Align 1.00E-01 

Suction 
BSFFAILDEX Failure To Provide SSF RCMUP Seal Injection In Time 2.50E-01 

To Prevent RCP Seal LOCA 
F2TORNAD Annual Frequency Of An F2 Intensity Tornado Striking 5.37E-05 

Oconee Unit 3 
31 -BACKHF3DEX F3 Tornado Hits Keowee Hydro Station and Fails 1.55E-01 2.26E-07 

Emergency Power To CT4 
BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
BF3BWSTDEX Tornado Winds or Missiles Cause Failure of BWST 1.30E-01 
F3TORNAD Annual Frequency Of An F3 Intensity Tornado Striking 4.12E-05 

Oconee Unit 3 
TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 

Liquid Relief 
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Table 5.2-1 

Top 50 CDF Cut Sets 

1 Cut Set Event Cut Set 
No. Inputs Description Probability Probability 
32 -TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 2.13E-07 

Liquid Relief 
-BACKHF4DEX F4 Tornado Hits Keowee Hydro Station And Fails 2.24E-01 

Emergency Power To CT4 
BEFOASWDHE Operators Fail to Depressurize SGs and Align ASW I.00E-01 

(Tornado) Pump 
BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
BTOWINDDEX F4+ Tornado Winds Damage West Pen Room Structure 1.70E-01 

& BWST 
F4TORNAD Annual Frequency Of An F4 Intensity Tornado Striking 3.59E-05 

Oconee Unit 3 I 33 HLDXMTRCOM Common Cause Failure of LDST Level Transmitters 2.09E-04 2.09E-07 
HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure 1.00E+00 
SL Small Break Loss Of Coolant Accident Initiator 1.00E-03 

34 -TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 2.09E-07 
Liquid Relief 

-NSF0ASWDHE Operators Fail To Align The SSF ASW System For 3.IOE-02 
Operation 

Emergency Power To CT4 
BAC4160DEX Tornado Winds Fail 4160 Switchgear In Turbine 3.80E-01 I Building 
BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
BHPOASWDHE Crew Fails to Recover Power To HPI Pump and Align 1.00E-01 

Suction 
BSFFAILDEX Failure To Provide SSF RCMUP Seal Injection In Time 2.50E-01 

To Prevent RCP Seal LOCA 
F2TORNAD Annual Frequency Of An F2 Intensity Tornado Striking 5.37E-05 

5 -Oconee Unit 3 35 -BHPOSFPDHE Crew Fails to Recover HPI Suction With Spent Fuel Pool 6.30E-02 2.01lE-07 
Alignment 

-BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
-BACKHF3DEX F3 Tornado Hits Keowee Hydro Station and Fails 1.55E-01 

Emergency Power To CT4 

BAC4160DEX Tornado Winds Fail 4160 Switchgear In Turbine 3.80E-01 
Building 

BF3BWSTDEX Tornado Winds or Missiles Cause Failure of BWST 1.30E-01 
BSFFAILDEX Failure To Provide SSF RCMUP Seal Injection In Time 2.50E-01 

To Prevent RCP Seal LOCA 
F3TORNAD Annual Frequency Of An F3 Intensity Tornado Striking 4.12E-05 

Oconee Unit 3 
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Table 5.2-1 

Top 50 CDF Cut Sets 

Cut Set Event Cut Set-
No. Inputs Description Probability Probability 
36 -TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.OOE-01 1.94E-07 

Liquid Relief 
-BEFOASWDHE Operators Fail to Depressurize SGs and Align ASW 1.OOE-01 

(Tornado) Pump 
-BACKHF2DEX F2 Tornado Hits Keowee Hydro Station and Fails 6.20E-02 

Emergency Power To CT4 
BAC4160DEX Tornado Winds Fail 4160 Switchgear In Turbine 3.80E-01 

Building 
BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
BHPOASWDHE Crew Fails to Recover Power To HPI Pump and Align 1.00E-01 

Suction 
BSFFAILDEX Failure To Provide SSF RCMUP Seal Injection In Time 2.50E-01 

To Prevent RCP Seal LOCA 
F2TORNAD Annual Frequency Of An F2 Intensity Tornado Striking 5.37E-05 

Oconee Unit 3 
37 ATWS ATWS Core Melt Sequence 1.00E+00 1.85E-07 

E Moderator Temperature Coefficient Unfavorable 5.OOE-01 
QRPRODSDEX Insufficient Number Of CRAs Drop Into Core Upon 1.OOE-06 

Scram 
T2 Loss Of Main Feedwater Initiating Event 3.70E-01 

38 BEFPIPEDEX Piping In East Pen. Room Is Damaged Given West Room 3.OOE-01 1.83E-07 
Damaged 

BTOWINDDEX F4+ Tornado Winds Damage West Pen Room Structure 1.70E-0 1 
& BWST 

F4TORNAD Annual Frequency Of An F4 Intensity Tornado Striking 3.59E-05 
Oconee Unit 3 

TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 
Liquid Relief 

39 -TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.OOE-01 1.76E-07 
Liquid Relief 

-NSFOASWDHE Operators Fail To Align The SSF ASW System For 3.1OE-02 
Operation 

-BHPOSFPDHE Crew Fails to Recover HPI Suction With Spent Fuel Pool 6.30E-02 
Alignment 

-BACKHF3DEX F3 Tornado Hits Keowee Hydro Station and Fails 1.55E-01 
Emergency Power To CT4 

BAC4160DEX Tornado Winds Fail 4160 Switchgear In Turbine 3.80E-01 
Building 

BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
BF3BWSTDEX Tornado Winds or Missiles Cause Failure of BWST 1.30E-01 
BSFFAILDEX Failure To Provide SSF RCMUP Seal Injection In Time 2.50E-01 

To Prevent RCP Seal LOCA 
F3TORNAD Annual Frequency Of An F3 Intensity Tornado Striking 4.12E-05 

Oconee Unit 3 
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Table 5.2-1 

Top 50 CDF Cut Sets 

I Cut Set Event Cut Set 
No. Inputs Description Probability Probability 
40 BACKHF2DEX F2 Tornado Hits Keowee Hydro Station and Fails 6.20E-02 1.66E-07 I Emergency Power To CT4 

BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.00E-01 
F2TORNAD Annual Frequency Of An F2 Intensity Tornado Striking 5.37E-05 

Oconee Unit 3 
TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 

Liquid Relief 
41 -BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 1.65E-07 

-BACKHF3DEX F3 Tornado Hits Keowee Hydro Station and Fails 1.55E-01 
Emergency Power To CT4 

BAC4160DEX Tornado Winds Fail 4160 Switchgear In Turbine 3.80E-01 
Building 

BHP0ASWDHE Crew Fails to Recover Power To HPI Pump and Align 1.00E-01 
Suction 

BSFFAILDEX Failure To Provide SSF RCMUP Seal Injection In Time 2.50E-01 
To Prevent RCP Seal LOCA 

F3TORNAD Annual Frequency Of An F3 Intensity Tornado Striking 4.12E-05 
Oconee Unit 3 . 42 -TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 1.63E-07 
Liquid Relief 

-BHPOSFPDHE Crew Fails to Recover HPI Suction With Spent Fuel Pool 6.30E-02 I Alignment 
-BEFOASWDHE Operators Fail to Depressurize SGs and Align ASW 1.00E-01 

(Tornado) Pump 
-BACKHF3DEX F3 Tornado Hits Keowee Hydro Station and Fails 1.55E-01 

Emergency Power To CT4 
BAC4160DEX Tornado Winds Fail 4160 Switchgear In Turbine 3.80E-01 

Building 
BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.00E-0 1 
BF3BWSTDEX Tornado Winds or Missiles Cause Failure of BWST 1.30E-01 
BSFFAILDEX Failure To Provide SSF RCMUP Seal Injection In Time 2.50E-0 1 

To Prevent RCP Seal LOCA 
F3TORNAD Annual Frequency Of An F3 Intensity Tornado Striking 4.12E-05 

Oconee Unit 3 
43 -BACKHF2DEX F2 Tornado Hits Keowee Hydro Station and Fails 6.20E-02 1.56E-07 

Emergency Power To CT4 
-BAC4160DEX Tornado Winds Fail 4160 Switchgear In Turbine 3.80E-0 1 

Building I BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
BHXLPSWDEX Tornado Winds or Missiles Fail LPSW Suction 1.00E-0 I 
F2TORNAD Annual Frequency Of An F2 Intensity Tornado Striking 5.37E-05 

Oconee Unit 3 
TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 

Liquid Relief 
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Table 5.2-1 

Top 50 CDF Cut Sets 

Cut Set Event Cut Set 
No. Inputs Description Probability Probability 

44 LL Large Break Loss Of Coolant Accident Initiator 3.38E-04 1.55E-07 
LLPPMPSCOM CCF Of LPI Pumps To Start 4.60E-04 

45 -TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.00E-01 I 1.44E-07 
Liquid Relief 

-NSFOASWDHE Operators Fail To Align The SSF ASW System For 3.1OE-02 
Operation 

-BACKHF3DEX F3 Tornado Hits Keowee Hydro Station and Fails 1.55E-01 
Emergency Power To CT4 

BAC4160DEX Tornado Winds Fail 4160 Switchgear In Turbine 3.80E-01 
Building 

BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
BHPOASWDHE Crew Fails to Recover Power To HPI Pump and Align 1.00E-0I 

Suction 
BSFFAILDEX Failure To Provide SSF RCMUP Seal Injection In Time 2.50E-01 

To Prevent RCP Seal LOCA 
F3TORNAD Annual Frequency Of An F3 Intensity Tornado Striking 4.12E-05 

Oconee Unit 3 
46 -BHPOASWDHE Crew Fails to Recover Power To HPI Pump and Align 1.00E-0I 1.36E-07 

Suction 
-BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-01 
-BACKJHF2DEX F2 Tornado Hits Keowee Hydro Station and Fails 6.20E-02 

Emergency Power To CT4 
BAC4160DEX Tornado Winds Fail 4160 Switchgear In Turbine 3.80E-01 

Building 
BSFFAILDEX Failure To Provide SSF RCMUP Seal Injection In Time 2.50E-01 

To Prevent RCP Seal LOCA 
F2TORNAD Annual Frequency Of An F2 Intensity Tornado Striking 5.37E-05 

Oconee Unit 3 
BHPOSFPDHE Crew Fails to Recover HPI Suction With Spent Fuel Pool 6.30E-02 

Alignment 
47 HLDPXTRCOM Common Cause Failure of LDST Pressure Transmitters 1.34E-04 1.34E-07 

HNMOPRSDHE Operators Overcharge the LDST 1.00E+00 
HNMOPRSLHE Operators Fail to Recognize Pressure Instrument Failure 1.00E+00 
SL Small Break Loss Of Coolant Accident Initiator 1.00E-03 

I 
I 

* 
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Table 5.2-1 

Top 50 CDF Cut Sets 

I Cut Set Event Cut Se 
No. Inputs Description Probability Probability 
48 -TRCSRVLDEX Either Primary Safety Relief Valve Fails To Close After 1.OOE-01 1.34E-07 I Liquid Relief 

-BEFOASWDHE Operators Fail to Depressurize SGs and Align ASW I.OOE-O 1 
(Tornado) Pump 

-BACKHF3DEX F3 Tornado Hits Keowee Hydro Station and Fails 1.55E-0 1 
Emergency Power To CT4 

BAC4160DEX Tornado Winds-ail 4160 Switchgear In Turbine 3.80E-0I 
Building 1 BEFUSTWDEX The Upper Surge Tanks Are Failed By Tornado Winds 5.OOE-0I 

BHPOASWDHE Crew Fails to Recover Power To HPI Pump and Align 1.OOE-01 
Suction 

To Prevent RCP Seal LOCA BSFFAILDEX FiueT rvd S CU elIjcinI ie 25E0 

F3TORNAD Annual Frequency Of An F3 Intensity Tornado Striking 4.12E-05 
Oconee Unit 3 

49 NSF3PUIDPM SSF Unit 3 RCM Pump Train Is In Maintenance 7.79E-03 1.32E-07 
TBFIRE Turbine Building Fire Initiating Event I.70E-05 

50 NSF3PU1DPS Unit 3 SSF RCM Pump Fails To Start 7.12E-03 1.21E-07 
(TBFIRE Turbine Building Fire Initiating Event 1.70E-05 

TOP EVENT PROBABILITY =4.3E-5 
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Table 5.2-2 

Importance Values For CDF Cut Sets 
Sorted by Fussell-Vesely Importance 

Event Name J Description Probability Fus-VesT RAW 
HOOHP97RHE Operators Fail to Isolate Diversion 1 26.8% 1 

Flow From RB Sump to LDST 

HHP0097CVC Check Valve 3HP-97 Fails To 8.81E-03 26.8% 31.2 
Close On Demand 

BSFFAILDEX Failure To Provide SSF RCMUP 2.50E-01 15.3% 1.5 
Seal Injection In Time To Prevent 
RCP Seal LOCA 

TRCSRVLDEX Either Primary Safety Relief Valve 1.OOE-01 9.6% 1.9 
Fails To Close After Liquid Relief 

NSFORCMDHE Operators Fail To Align The SSF 1.OOE-01 8.3% 1.7 
RCM System For Operation 

TRCSRVODEX RCS Safety Relief Valve Does Not 9.OOE-01 7.4% 1.0 
Stick Open After Relieving Liquid 

HHPHPRODHE Operators Fail to Initiate High 2.20E-03 6.6% 30.9 
Pressure Recirculation 

I 
I 
I 
I 

The F-V Importance equals the sum of the cut sets which contain the event of interest 

divided by the sum of all of the cut sets (top event probability).  
9 The Risk Achievement Worth (RAW) represents the ratio of the CDF with the failure 

probability for the event of interest set to 1 (i.e., assumed to be always failed) to the nominal 

CDF.  
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Table 5.2-3 

Importance Values For CDF Cut Sets 
Sorted by Risk Achievement Worth Importance 

Event Name Description Probability RAW1 Fus-Vest 

LLP0061CVO Vacuum-Breaker Valve 3LP-61 8.15E-05 50.9 0.4% 
Fails to Open 

LLP0028LHE 3LP-28 Left Closed Due to Human 2.60E-05 36.2 0.1% 
Error 

HLDPXTRCOM Common Cause Failure of LDST 1.34E-04 34.6 0.5% 
Pressure Transmitters 

HLDXMTRCOM Common Cause Failure of LDST 2.09E-04 34.6 0.7% 
Level Transmitters 

HPI0095VVT Instrument Root valve HPIIV0095 2.46E-04 34.6 0.8% 
Transfers Shut 

HHP0097CVC Check Valve 3HP-97 Fails To 8.8 1E-03 31.2 26.8% 
Close On Demand 

HHPHPRODHE Operators Fail to Initiate High 2.20E-03 30.9 6.6% 
Pressure Recirculation 

HHPO191SVT Solenoid Valve 3HPISVO191 9.55E-06 26.4 0.0% 
Transfers Position, Closing 3HP

____ ___ ___ ___31 _ _ _ _ _ 

LLPOBWTTKF Borated Water Storage Tank 1.45E-05 24.1 0.0% 
Ruptures 

HPI0085DEX Instrument Root Valve (Ref. Legs 2.50E-05 24.1 0.1% 
Common) 3HP110085 Transfers 
Closed 

HPI0087DEX Instrument Root Valve (Sensing 2.50E-05 24.1 0.1% 
Lines Common) 3HP110087 
Transfers Closed 

LLP1920COM CCF Of MOVs 3LP-19 & 3LP-20 1.51E-04 15.7 0.2% 
To Open 

LLPPMPSCOM CCF Of LPI Pumps To Start 4.60E-04 11.8 0.5% 

The Risk Achievement Worth (RAW) represents the ratio of the CDF with the failure 

probability for the event of interest set to 1 (i.e., assumed to be always failed) to the nominal 

CDF.  

The F-V Importance equals the sum of the cut sets which contain the event of interest 

divided by the sum of all of the cut sets (top event probability).  
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Table 5.2-3 

Importance Values For CDF Cut Sets 
Sorted by Risk Achievement Worth Importance 

Event Name Description JProbability RAW I Fus-Ves 

PACXN01C40 4160 V ac Breaker NI Fails To 2.87E-04 11.6 0.3% 
___ ___ ___ ___Open ____ 

PACXNO2C40 4160 V ac Breaker N2 Fails To 2.87E-04 11.6 0.3% 
Open 

PACNIOPLHE Breaker NI Fails To Open Due To 2.60E-04 10.8 0.3% 
Latent Human Error 

PACN20PLHE Breaker N2 Fails To Open Due To 2.60E-04 10.8 0.3% 
Latent Human Error 

PACNIN2COM CCF Of Breakers Ni And N2 To 2.93E-05 9 0.0% 
Open 

LLP1718COM CCF Of MOVs 3LP-17 & 3LP-18 1.51E-04 8.79 0.1% 
To Open 

LLPLPRODHE Operators Fail to Initiate Low 1.00E-03 8.79 0.8% 
Pressure Recirculation 

LLPVATHDHE Operators Fail To Throttle LPI 1.00E-03 8.79 0.8% 
Flow To Prevent Pump Run- out 
Given Large LOC 

FEF1516COM CCF Of Air-Operated Valves 1.59E-04 8.05 0.1% I 
FDW-315 and 316 To Open 

HHPSVLVCOM Common Cause Failure Of MOVs 1.24E-04 7.92 0.1% 
3HP-24 And 3HP-25 To Open On 
Demand 

HLPSVLVCOM Common Cause Failure Of MOVs 1.24E-04 7.92 0.1% 
3LP-15 And 3LP-16 To Open On 
Demand 

PACXCT4THF Transformer CT4 Fails 4.6 1E-04 6.63 0.3% 
PACMFBlBHM Main Feeder Bus 1 Is In 1.00E-03 6.58 0.6% 

Maintenance 

PACMFB2BHM Main Feeder Bus 2 Is In 1.00E-03 6.58 0.6% 
Maintenance 

FEFWUSTLHE Insufficient Inventory In UST For 1.OOE-04 6.55 0.1% 
EFW Pump Suction 
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.  
u OUncertainty 

Analysis Summary I Input Options 

Filename C:\CAFTA\HPI\HCH15.CUT 
Module Name HCH151NJ 
Sample Size 5000 
Seed :2511632 
Point Estimate : 3.57E-03 
Number of Modules 
Total Cutsets In All Modules : 275 
Number of Basic Events :123 
Number of Type Codes :18 
Inputs Missing Distribution 9 

Moments 
(With 95% Confidence) I Low Estimate High 

Mean 3.40E-03 3.50E-03 3.61 E-03 
Standard Deviation 3.83E-03 3.76E-03 3.69E-03 
Skewness 9.30E+00 
Kurtosis - 1.51 E+02 

Percentiles 
(With 95% Confidence) 

Low Estimate High 
Minimum 5.08E-04 
2.5 1.06E-03 1.09E-03 1.11E-03 
5.0 1.20E-03 1.23E-03 1.26E-03 

10.0 1.39E-03 1.41E-03 1.43E-03 
20.0 1.68E-03 1.71E-03 1.74E-03 
25.0 1.81 E-03 1.84E-03 1.88E-03 
30.0 1.95E-03 1.98E-03 2.02E-03 
40.0 2.241E-03 2.28E-03 2.31 E-03 
50.0 2.55E-03 2.60E-03 2.66E-03 
60.0 2.94E-03 3.OOE-03 3.06E-03 
70.0 3.47E-03 3.56E-03 3.65E-03 
75.0 3.83E-03 3.93E-03 4.03E-03 
80.0 4.25E-03 4.36E-03 4.47E-03 
90.0 5.88E-03 6.1OE-03 6.37E-03 
95.0 7.99E-03 8.30E-03 8.74E-03 
97.5 1.04E-02 1.15E-02 1.26E-02 
Maximum - 9.43E-02 

I 

Figure 5.3-1 Uncertainty Analysis Summary For DBA LOCA, Injection Mode 
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I 
M - Mean 1.12E-02 

5% : 1.97E-03 
- 50% 7.57E-03 
- 95% 3.28E-02 

Standard Deviation 1.35E-02 
Skewness 7.98E+00 
Kurtosis 1.46E+02 
Sample Size 5000 

D 
e 
n S 
t I 

I 
I 

1.0E-03 1.OE-02 1.OE-01 m 

Frequency 

I 

Figure 5.3-1 Uncertainty Analysis Summary For DBA LOCA, Injection Mode 
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I 
I 
I 

1.0 

u 0.9 
m 
U 0.8

a 
t 0.7 

e 0.6 

I P S0.5 M - Mean 1.12E-02 0 5% 1.97E-03 
b 0.4- 50% 7.57E-03 

0 95% 3.28E-02 
b Standard Deviation 1.35E-02 

Skewness 7.98E+00 
0.3 - Kurtosis 1.46E+02 

Sample Size 5000 

t 0.2 
Y 

0.1 

1.OE-03 1.0E-02 1.OE-01 

Frequency 

I 

Figure 5.3-1 Uncertainty Analysis Summary For DBA LOCA, Injection Mode 
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Uncertainty Analysis Summary 

Input Options 

Filename C:\CAFTA\HPI\HR.CUT 
Module Name HPRO01 
Sample Size 5000 
Seed :2548465 
Point Estimate :.1.12E-02 
Number of Modules : 1 
Total Cutsets In All Modules 58 
Number of Basic Events 44 
Number of Type Codes 9 
Inputs Missing Distribution 3 

Moments 
(With 95% Confidence) 

Low Estimate High 
Mean 1.08E-02 1.12E-02 1.16E-02 
Standard Deviation 1.37E-02 1.35E-02 1.32E-02 
Skewness 7.98E+00 - m 
Kurtosis - 1.46E+02 

Percentiles 
(With 95% Confidence) 

Low Estimate High 
Minimum - 3.69E-04 
2.5 1.41E-03 1.50E-03 1.58E-03 
5.0 1.84E-03 1.97E-03 2.05E-03 

10.0 2.46E-03 2.55E-03 2.67E-03 
20.0 3.57E-03 3.69E-03 3.81 E-03 
25.0 4.08E-03 4.19E-03 4.34E-03 
30.0 4.61 E-03 4.72E-03 4.88E-03 
40.0 5.83E-03 5.99E-03 6.22E-03 
50.0 7.29E-03 7.57E-03 7.78E-03 
60.0 9.08E-03 9.32E-03 9.60E-03 
70.0 1.13E-02 1.17E-02 1.21E-02 
75.0 1.28E-02 1.32E-02 1.38E-02 
80.0 1.51E-02 1.56E-02 1.63E-02 
90.0 2.20E-02 2.28E-02 2.37E-02 
95.0 3.11 E-02 3.28E-02 3.49E-02 
97.5 4.19E-02 4.43E-02 4.97E-02 
Maximum - 3.42E-01 

I 

Figure 5.3-2 Uncertainty Analysis Summary For DBA LOCA, Recirculation Mode 
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I 
I 

M - Mean 1.12E-02 
- 5% 1.97E-03 
- 50% 7.57E-03 
- 95% 3.28E-02 

Standard Deviation 1.35E-02 
Skewness 7.98E+00 
Kurtosis 1.46E+02 
Sample Size 5000 

D 
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n 
S 

It 
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1.OE-03 1.OE-02 1.OE-01 

Frequency 

I 
I.  
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6. CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

The following conclusions are drawn based on the results discussed in Section 5.  

1. The reliability of the HPI system for mitigation of the design basis UFSAR 

Chapter 15 accidents is found be in the desired high range, with a calculated 

reliability of approximately 

* 99.9% for non-LOCA accidents 

* 99.6% for LOCA mitigation during the injection mode 

2. For the accident sequences of interest in PRA studies, the reliability of the HPI 

system in the injection mode is also found to be very high (approximately 99.9%).  

3. If HPI sump recirculation is needed for continued core cooling, the HPI system 

operates in tandem with the LPI system. For this HPI recirculation function, the 

combined system reliability is estimated to be 98.9% for the design basis LOCA 

events and the PRA accident sequences.  

I.  4. For the HPI injection function (during the design basis and PRA sequences), no 

single failure mode appears to constrain the injection reliability. Several failure 

modes of relatively small probability aggregate to an overall injection failure 

probability of 9.4E-4 to 3.6E-3.  

5. Failure modes associated with the LDST interface appear among the top cut sets 

for the injection function. These are mainly common cause failure of the level 

and pressure instrument strings which could produce the conditions for HPI pump 

failure from potential hydrogen entrainment in the HPI pump suction when the 

BWST level reaches the low level limit.  

I 
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6. For the HPI recirculation function, a postulated failure of the LDST isolation 

check valve HP-97 to close is an important failure mode, although there is some 

uncertainty on the likelihood of this valve failure to cause the system failure. This 

valve currently receives a reverse leakage test each refueling outage in addition to 

forward flow tests. With the conservative treatment of this failure mode in this 

analysis, this failure mode accounts for approximately 79% of the calculated HPI 

recirculation failure probability. If the check valve is isolated by closing the 

motor operated valve HP-23 as part of the HPI recirculation procedure, 

improvement in the HPI recirculation reliability can be achieved.  

7. In the current system configuration, the HPI system failure modes account for a 

core damage frequency of approximately 1.6E-5 per reactor year out of a total 

core damage frequency (including internal and external events but not seismic) of 

4.3E-5 per reactor year. Action to isolate potential failure of HP-97, as 

recommended below, can reduce the core damage frequency impact by 

approximately 1.2E-5.  

8. The HPI system should be treated as a risk-significant system since the risk 

achievement worth ( an importance measure calculated as the ratio of total core 

damage frequency assuming the system fails with a failure probability of 1.0 to 

the total core damage frequency assuming the nominal failure probability) is 

approximately 36.  

9. Examination of the HPI function for shutdown risk and external event mitigation 

did not identify any concerns with respect to the HPI system reliability or a 

vulnerability.  
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A number of sensitivity studies have been performed as part of this analysis to provide 

important perspectives on the reliability and risk significance of certain operational 

features of the Oconee HPI system. The results imply the following conclusions: 

3 The feature involving the auto-start of the second HPI pump on a low RCP seal 

flow signal does not have any significant adverse impact on the reliability and 

risk results.  3 The LDST interface contributes to both beneficial and adverse impact on 

reliability and risk results. On the negative side, the open LDST suction header 

during the LOCA mitigation accounts for the LDST common cause instrument 

failure and HP-97 failure modes. On the positive side, this situation permits 

recovery from the common cause failure of BWST suction valves HP-24 and 

HP-25. Also, the current arrangement preserves the HPI pump dead-heading 

protection and eliminates the need for operator action to isolate the HPI pump 

recirculation paths during the early phase of the LOCA. Based on this study, it 

appears that isolation of the LDST interface close to the time of HPI recirculation 

is the optimum configuration.  

N The normally open suction header and the post-accident cross connected discharge 

header did not adversely affect the reliability and risk. The current arrangement 

enables the required HPI performance to be available when active failures of 

pumps and valves are considered. The impact of passive failures were found to be 

not significant.  

0 The configuration with HP-i 16 open and HP-27 closed eliminates some low 

probability cut sets and adds others, with no net change in CDF. Therefore, from 

a PRA standpoint, operating with HP- 116 normally open provides no measurable 

impact on plant risk.  

N The Oconee HPI system is found to meet the ECCS performance requirement 

with adequate reliability. Further improvement in reliability can be achieved for 

the recirculation mode by providing the capability to isolate potential flow 

diversion through HP-97.  
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6.2 Recommendations 

Considering the results and conclusions of this analysis, the following recommendations 

are made: 

1. Recognizing that the HPI system is a risk significant system, it is recommended 

that equipment failures and unavailabilities in the system be monitored to ensure ' 

that the desired reliability for the accident mitigation function is being maintained.  

This is currently being accomplished through the Maintenance Rule reliability 

monitoring program.  

2. With the current arrangement of the open LDST interface of the HPI pumps 

during the post-LOCA operation, failure of HP-97 to close is a potentially risk 

significant failure mode. It is recommended that a system enhancement (either 

operator action or automatic action) to close HP-23 during the recirculation phase 

of LOCA mitigation be implemented. Such a plant enhancement would reduce 

the core damage risk of accident sequences involving the HPI system and improve 

the reliability of the HPI recirculation function, if it were needed.  

3. Although the most recent improvements in the LDST instrumentation system have 

reduced the potential for common cause failures, which contribute to HPI 

injection failures, this failure mode deserves continuing vigilance with the open 

LDST interface. It is recommended that a more focused surveillance of the LDST 

level and pressure instrument strings be implemented, to provide defense in depth g 

against common mode failure.  
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Operating Experience Review 

High Pressure Injection and Charging Systems 

0 Item Date Item Summary Description Event Class PRA Review Comments 
1 7/10/73 HPI pump 1B inoperable Oconee Unit 1 - HPI pump 1B inoperable from auxiliary Control 

shutdown panel Systems 
2 10/3/73 1 HP-27 Failed Oconee Unit 1 - 1 HP-27 failed (position not recorded) Valve Failure 
3 12/14/73 LDST drained into LWD System LDST drained into LWD System when drain line on standby RCP Human 

seal filter left opened.  
4 12/27/73 1HP-20 failed open Oconee Unit 1 - 1HP-20 failed open Valve Failure 
6 1/22/74 RCP 282 seal failure Oconee Unit 2 - RCP seal failure due to actions taken to repair Misc. Unknown Cause 

seal injection line weld leak 

5 1/22/74 Weld leak on RCP 2A1 seal injection Oconee Unit 2 -Weld leak on RCP 2A1 seal injection line Piping Failure 
line 

7 6/17/74 3HP-4 failed to close Oconee Unit 3 - 3HP-4 failed to close Valve Failure 
8 7/7/74 Damaged HPI pump 2A Oconee Unit 2 - Damage to HPI pump 2A due to mispositioning Human 

valve 2HP-98 
9 9/3/74 Weld failure on seal injection line Oconee Unit 3 -Weld failure on seal injection line to RCP-3B2 Piping Failure 

10 12/24/74 Gasket leak on letdown filter 2A Oconee Unit 2 - Gasket leak on letdown filter 2A Misc.  
11 6/22/75 3HP-26 found inoperable Oconee Unit 3- 3HP-26 was found inoperable due to a loose Valve Failure 

control wire 
12 6/24/75 RCS Leak from valve 1HP-43 Oconee Unit 1 - RCS Leak from valve 1HP-43 Valve Failure 
13 12/23/75 3HP-24 failed Oconee Unit 3- 3HP-24 failed due to torque switch contact Valve Failure 

failures 
14 3/3/76 HPI Pump Motor Degradation Oconee Unit 1 - Separation of HPI pump rotor laminations (all 3 Pump Failure Common Cause Event 

HPI pumps) 
15 7/7/76 Letdown Cooler Leak Oconee Unit 1 - Letdown Cooler leaking into Component Cooli Misc.  

______ _________________________System 

16 11/1/76 HPI Train 3B Inoperable Oconee Unit 3 - HPI Train 38 was found inoperable due to Human 
_____closed valves 3HP-152 and 3HP1 53 

17 12/4/76 LDST leak resulting from improper Oconee Unit 2 - LDST leak resulting from improper positioning of Human 
valve positioning 2HP-78 & 62 

18 12/12/76 3HP-120 Failed Closed Oconee Unit 3 - 3HP-120 failed (transferred) closed due to a Valve Failure 
__________________________diaphram failure 

19 1/10/77 Improper isolation of valve CA-18 Oconee Unit 1 - Improper isolation of valve CA-18 (loss of LDST Human 
_____ __________water) 

20 2/25/77 Valve 1HP-5 Failed Oconee Unit 1 - Valve 1HP-5 failed due to a solenoid failure Valve Failure 
21 3/21/77 HPI pump 2A failed Oconee Unit 2 - HPI pump 2A failed due to wear on a bearing oil Pump Failure 

seal 
22 3/20/78 Valve 3HP-24 Failed Oconee Unit 3 - 3HP-24 failed to cycle during testing Valve Failure 
23 11/5/78 Valve 2HP-127 discovered closed. Oconee Unit 2 - Valve 2HP-127 discovered closed. Unavailable Human 

Oconee8/1/77 thru 11/5/78.  
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Operating Experience Review 

High Pressure Injection and Charging Systems 

0 Item Date Item Summary Description Event Class PRA Review Comments 
24 10/18/79 HPI pump 3B Failed Oconee Unit 3 - HPI pump 3B failed due to do ground, damaged Pump Failure 

I_ cable 
25 10/19/79 Valve 3HP-410 Inadvertently opened Oconee Unit 3 - Valve 3HP-410 Inadvertently opened Human 
26 11/14/79 HPI pump 3A damaged Oconee Unit 3 - HPI pump damaged due to human error, suction Human 

valve was left closed 
27 6/12/80 Checkvalve Leak overheats HPI line Oconee Unit 1 - Overheating in HPI loop B due to checkvalve Checkvalve 

1HP-152 leak 
28 12/17/80 Bad HPI Pump Bearing Oconee Unit 2 - Repeated High Bearing Temperature Problems Pump Failure 

due to low oil level and cooling water flow problems. Bearings 
finally failed on 12/17/80.  

29 12/9/81 Cable Separation criteria not met for Oconee Unit 1 - Control cables to 1HP-26 do not meet Design 
1HP-26 separation criteria 

30 2/28/82 HPI normal makeup nozzle thermal Oconee Unit 3 - HPI normal makeup nozzle 3A2 thermal sleeve Piping Failure 
sleeve displaced found to be displaced 

31 3/2/82 HPI normal makeup nozzle thermal Oconee Unit 2- HPI normal makeup nozzle 3A2 thermal sleeve Piping Failure 
sleeve displaced found to be displaced 

32 5/28/82 HPI Pump Shaft Distortion Oconee Unit 2 - Repeated Operational Problems on HPI pump Pump Failure 
2A due to extensive pump shaft distortion.  

33 8/11/82 Valve 2HP-21 transferred closed Oconee Unit 2 -Valve 2HP-21 closed during ES on-line test of Valve Failure 
valves 

34 12/7/82 Valve 1HP-25 tailed to open Oconee Unit 1 -Valve 1HP-25 failed to open during testing Valve Failure 
35 2/3/83 Low oil level cause HPI pump bearing Oconee Unit 2 - HPI pump 2A unscheduled maintenance due to Pump Failure 

failure a bad bearing (attributed to a low oil level) 
36 2/23/83 Blown control power fule for HPI valves Oconee Unit 3 - HPI train 3A found inoperable due to blown fuse Control 

control power for 3HP-24, 26 Systems 
37 3/3/83 Valve 1HP-25 failed to open Oconee Unit 1 - Valve 1HP-25 failed to open fully during testing Valve Failure 

38 3/9/83 Valve 2HP-24 failed to open Oconee Unit 2 - Valve 2HP-24 failed to open during testing Valve Failure 
39 3/15/83 Valve 2HP-24 failed to open Oconee Unit 2 - Valve 2HP-24 failed to open fully during testing Valve Failure 

40 3/21/83 Valve 1HP-16 failed to open Oconee Unit 1 - Valve 1HP-16 failed to open Valve Failure 
41 4/28/83 RCP seal flow lost for 5 minutes Oconee Unit 2 - RCP seal flow lost for 5 minutes when RCP seal Human 

supply filter A was not put in service before removing B filter 

42 5/25/83 DC power breaker tranferred open Oconee Unit 3 - Valves 3HP-21 and 3CC-8 failed "as is" and Breaker 
valve 3HP-5 transferred closed when dc breaker 3DIB-25 
transferred open 

43 7/27/83 HPI pump 3A failed to start manually Oconee Unit 3 - HPI pump 3A failed to start manually Pump Failure 
(overcurrent relay tripped) 
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Operating Experience Review 

High Pressure Injection and Charging Systems 

0 Item Date Item Summary Description Event Class PRA Review Comments 
331 9/12/85 SER 54-85, Loss of Non-Vital Buses Palo Verde Unit 1 - The common reference leg for the VCT Level Gas Binding 

and Charging Pumps During Load Instrumentation was partially drained which cause a 20% 
Rejection Test indication when the tank was empty. This resulted in the 

charging pumps becoming air bound and inoperable.  
44 1/9/86 Reduced seal injection flow Oconee Unit 3 - Reduced seal injection flow to RCP seal 3B1 Misc. Unknown Cause 
45 4/24/86 Valve 1HP-120 and 1LP-25 failed Oconee Unit 1 - Valve 1HP-120 failed open and valve 1LP-25 Valve Failure 

failed to reseat.  
46 7/3/86 BWST suction valves to HPI leaked Oconee Unit 3 - Seat leak in HPI pump suction valves from Valve Failure 

BWST resulted in inleakage of highly borated water affecting 
RCS leakage calculations and makeup concentrations. No TS 
violation.  

47 9/1/86 2HP-20 Failed Oconee Unit 2 - "Non-EQ" motor for 2HP-20 replaced with "EQ' Valve Failure Not really an actual failure since it 
motor. Replacement motor failed post-installation test due to was detected prior to being put in 
motor running in wrong direction. Unit in Cold S/D. service.  

48 4/10/87 TS Violation - 2 HPI Trains Inop Oconee Unit 3 - Breakers for 3HP-24 and 3HP-25 were red Human Common Cause Event 
tagged open after RCS temp had exceeded 350 deg F 

49 6/11/87 Overcurrent Trip Setpoint Problem Discovered that HPI pump motor on each unit could trip on Design Common Cause Event (Potential) 
overcurrent during starting of all three unit's blackout loads 

342 627 1/19/88 LOSS OF BORIC ACID INJECTION Problems with Charging Pump's electrical breakers. Breaker More of an electrical breaker 
FLOW PATHWAY DUE TO problem than anything concerning 
INACCURATE HPI reliability.  

355 1425 2/2/88 HIGHLIGHTS OF NRC DAILY PLANT Brainwood Unit 2 (1/25/88): Operator Error caused loss of power Human 
STATUS REPORT: 02-FEB-88 to feeder bus while at cold S/D. Charging pump recovered 

during event.  

343 667 2/5/88 W-2 CONTROL ROOM SWITCH TIHANGE 1 NUCLEAR POWER PLANT IN BELGIUM: Charging Control 
FAILURE Pump failed to start due to bad control switch in ctrl room. Systems 

357 1433 2/10/88 HIGHLIGHTS OF NRC DAILY PLANT Catawba Unit 2, 2/9/88, Operator test error caused ECCS Human 
STATUS REPORT: 10-FEB-88 Actuation which started NV Pumps and swapped their suction to 

the RWST.  
358 1435 2/12/88 HIGHLIGHTS OF NRC DAILY PLANT Oconee Unit 1 2/11/88: 4 workers contaminated by packing leak Misc. Oconee Event 

STATUS REPORT: 12-FEB-88 on HPI flow instrument isolation valve.  
359 1439 2/22/88 HIGHLIGHTS OF NRC DAILY PLANT Sequoyah Unit 2, 2/12/88, DISCOVERED THE PACKING Pump COMMON CAUSE EVENT 

STATUS REPORT: 22-FEB-88 GLAND BOLTS OF THE SPEED CHANGER OF THE #2A 
CENTRIFUGAL CHARGING PUMP WERE LOOSE. ON 
2/17/88, BOLTS ON #2B CHARGING PUMP SPEED CHANGER 
WERE ALSO FOUND LOOSE.  

344 712 2/24/88 INTERNAL FLOODING OF POWER DESCRIBES SEVERAL DEFICIENCIES RELATED TO Flood 
PLANT BUILDINGS INTERNAL FLOOD PROTECTION SYSTEMS AND 

COMPONENTS THAT WERE IDENTIFIED AND CORRECTED 
AT THE TROJAN NUCL EAR PLANT 
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Operating Experience Review 
High Pressure Injection and Charging Systems 

0 Item Date Item Summary Description Event Class PRA Review Comments 
333 22 3/17/88 BORIC ACID CORROSION OF At ANO Unit 1, leakage from a high pressure injection valve Piping Failure RCS Pressure Boundary 

CARBON STEEL REACTOR dripped onto the high pressure injection nozzle. The max depth 
PRESSURE BOUND of corrosion was 0.5 in, which represented a 67% penetration of 

the pressure boundary. (IE Information Notice No. 86-108) 

346 808 4/6/88 INADEQUATE TECH SPEC Palisades Design Review determined that the charging pump P- Control This is a design problem and not 
OPERABILITY REQUIREMENTS FOR 55B would not auto start on a pressurizer low level signal Systems an actual failure.  
CHARGING A coincident with a safety injection signal (SIS).  

335 65 5/12/88 NRC INFORMATION NOTICE NO. 88- February 26, 1988; Farley Unit 1; Operators vented -50 cu ft of Gas Binding Make sure that reliability model 
23: POTENTIAL FOR GAS BINDING hydrogen gas was vented from HPSI suction lines. Dissolved has this covered or verify that 

hydrogen from the VCT came out of solution and collected in the this Is not a concern for Oconee 
lines. HPI system. - Done.  

347 927 5/27/88 ARKANSAS NUCLEAR ONE - UNIT 2 ANO Unit 2 - During Plant Startup, low flow alarms received on Gas Binding 
LOSS OF VCT LEVEL charging system. VCT was empty. Tubing fitting failed which 

drained common reference leg to both VCT level instruments.  

348 992 6/24/88 IONIC IMPURITIES IN REACTOR Indian Point Unit 3: Charging Pump packing material found to Misc.  
COOLANT SYSTEM result in unacceptable levels of calcium, chloride, and fluoride in 

primary coolant.  
349 1007 7/7/88 DEBRIS FOUND DURING REACTOR DAVIS-BESSE 7/1/88: INSPECTIONS REVEALED THAT THE Piping Failure RCS Pressure Boundary 

VESSEL INSPECTION NORMAL MAKEUP (MU) / HIGH PRESSURE INJECTION (HPI) 
LINE THERMAL SLEEVE WAS SEVERED AT THE END THAT 
PROTUDES INTO THE REACTOR COOLANT SYSTEM (RCS) 
COLD LEG PIPING. FRAGMENTS FOUND IN RX VESSEL.  

366 1532 7/19/88 HIGHLIGHTS OF NRC DAILY PLANT Catawba Unit 2, TS UNIT S/D FOR REPLACEMENT OF THE Pump 
STATUS: 18-JUL-88 2A CHARGING PUMP - but don't know why? 

367 1548 8/8/88 HIGHLIGHTS OF NRC DAILY PLANT Haddam Neck 8/5/88: SHAFT BROKE ON 07/31/88 ON THE Pump Failure 
STATUS REPORT: 08-AUG-88 HIGH HEAD CHARGING PUMP 

368 1558 8/22/88 HIGHLIGHTS OF NRC DAILY PLANT Salem Unit 1, 8/20/88: TS SHUT DOWN DUE TO REPAIRS OF Pump Bearing 
STATUS REPORT: 22-AUG-88 A BAD BEARING ON THE "12" CHARGING PUMP 

351 1131 8/30/88 HPI/MAKEUP PUMP OPERATION IN ANO Unit 1; 7/14/88; LER No 50-313: When the HPI system is Gas Binding 
THE PIGGYBACK MODE not lined up for recirculation,the recirculation line is isolated.  

This line was apparently drained, which allowed gas to enter the 
lines.  

339 129 9/14/88 NRC INFORMATION NOTICE NO. 88- Oconee and Turkey Point: Throttling of LPI discharge flow found Pump Not actual failure events; Design 
74: POTENTIALLY INADEQUATE PE not provide adequate NPSH for HPI pump in piggy-back mode. Review discovered inadequate 

NPSH concern.  
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Operating Experience Review 
High Pressure Injection and Charging Systems 

Item Date Item Summary Description Event Class PRA Review Comments 
369 1575 9/16/88 HIGHLIGHTS OF NRC DAILY PLANT Trojan (10/12/88): CONTROL POWER WAS LOST TO THE "A" Control 

STATUS REPORT: 16-SEP-88 TRAIN SUPPLY VALVE DUE TO BLOWN FUSE. "B" TRAIN Systems 
WAS INOPERABLE AT THE TIME 

371 1601 10/20/88 HIGHLIGHTS OF NRC DAILY PLANT Surry, 10/19.88: CHARGING PUMP SERVICE WATER Fire N/A 
STATUS REPORT: 20-OCT-88 PUMPS MAY BE VUNERABLE TO FAILURE IN APPENDIX R 

SCENARIO.  
372 1604 10/25/88 HIGHLIGHTS OF NRC DAILY PLANT Trojan, 10/24/88: B CENTRIFUGAL CHARGING PUMP HAD Pump Failure 

STATUS REPORT: 25-OCT-89 2400 cc/hr mechanical seal leakage.  
336 66 1/5/89 NRC INFORMATION NOTICE NO. 88- In addition to event above, describes event at South Texas Plant Gas Binding Same as above; North Anna 

23, SUPPLEMENT 1: POTENTIAL F U2, May 13, 1988, where suction was lost to the centrifugal found gas in line from RWST to 
charging pumps due to air pocket formation in 2 high points. HPSI and in line from LPSI to 
Also, on Oct 14, 1988, North Anna found air pockets in HPSI HPSI.  
piping.  

381 1779 1/19/89 MAINTENANCE ERROR RESULTING Waterford: loss of power to the CVC isolation relays caused Auto Swap 
IN REACTOR TRIP letdown to isolate and charging pump suction to swap from VCT 

to RWST.  

376 1680 1/20/89 SER 1-89, IMPACT OF FAILED FUEL Having higher Primary System Activitiy and small leaks from Pump N/A 
ON PLANT OPERATION pumps and valves has resulted in many areas of the auxiliary 

building having high gaseous activity background levels.  

502 2/11/89 89024246-01 Oconee Unit 1 - "1C" HPI pump motor indicated high amps Pump Failure 
during pump s/u. Found locking pin in pump to motor coupling 
missing. Caused misalignment of pump shaft which resulted in 
shaft making contact with the pump wear rings and casing. (RF 
mode) 

382 1851 2/27/89 PIGGYBACK PIPING DECLARED ANO Unit 1 - Jan 1989 - Design Problem Identified - Piggyback Design Not an actual failure event.  
INOPERABLE line not analyzed for expected coolant temperatures during High 

Pressure Recirculation.  
399 2462 3/20/89 HIGHLIGHTS OF NRC DAILY PLANT ANO 1 - Design Issue Discovered over the HPI line break Design Not an actual failure event.  

STATUS REPORT: (03-MAR-89) scenario and how HPI flow will go into RCS and how much out 
the break. No actual failures occurred.  

383 1916 4/4/89 Design Calculation Deficiencies in ES ANO Unit 1 - Feb 1989 - Design Problem Identified - HPI pump Design Not an actual failure event.  
System Pipin seals not analyzed for expected coolant temperatures during 

High Pressure Recirculation. Also, BWST suction line not 
analyzed for full range of temperatures allowed during normal 
operation.  

384 1925 4/10/89 High Pressure Injection Check Valve ANO Unit 1 1/20/89: Rx Trip, HPI used to restore Pzr level - HPI Checkvalve 
MU-34B Leaks By Check Valve MU-34B failed to seat - Leaks By Causing Backflow 

of RCS - combusible materials on pipe overheat filling room with 
smoke.  
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Operating Experience Review 
High Pressure Injection and Charging Systems 

0 Item Date Item Summary Description Event Class PRA Review Comments 
401 2487 4/24/89 HIGHLIGHTS OF NRC DAILY PLANT Turkey Point: ALL CHARGING PUMPS MAY BE VUNERABLE Fire N/A 

STATUS REPORT (24-APR-89) TO FAILURE IN APPENDIX R SCENARIO.  
396 2391 5/2/89 O&MR 352, INADEQUATE CONTROL McGuire 1 - 8/29/88 -an open sliding link defeated auto closure Control 

OF SLIDING LINKS RESULTS of a VCT outlet valve on either an SI signal or low-low VCT level. Systems 
Oconee 1, 10/14/88, auto start on loss of power to MFB for a HPI 
pump & a CC pump was defeated due to open sliding link.  

388 2091 6/30/89 HIGH PRESSURE INJECTION Davis-Besse June 1989 - Design problem involving load Design Not an actual failure event.  
SYSTEM DEGRADED sequencing of HPI pumps. No actual failures involved.  

405 2566 8/15/89 HIGHLIGHTS OF NRC DAILY PLANT Surry Unit 2, Aug 1989 - Autostart of B CCP due to failure to Control 
STATUS REPORT: 15-AUGUST-89 properly engage control switch during pump test. Systems 

389 2170 8/28/89 POSITIVE DISPLACEMENT DIABLO CANYON UNIT 2 -June 1989 - Appendix R Design Fire Not an actual failure event.  
CHARGING PUMP OUT OF SERVICE Problem for charging pump controls - No actual failures involved.  

407 2608 10/12/89 HIGHLIGHTS OF NRC DAILY PLANT Seabrook 10/11/89: LOSS OF 4kV POWER DURING UNIT S/D. Control 
STATUS REPORT: 12-OCT-89 SAFETY INJECTION VALVE FROM THE CHARGING PUMPS Systems 

#SI-139 WENT FROM THE CLOSED TO THE INTERMEDIATE 
POSITION UNEXPECTEDLY.  

408 2622 11/1/89 HIGHLIGHTS OF NRC DAILY PLANT Crystal River - 10/31/89 - 3 LETDOWN & MAKEUP SYSTEM Valve 
STATUS REPORT: 01-NOV-89 VALVES WERE FOUND CLOSED INSTEAD OF BEING Alignments 

TAGGED OPEN ON THEIR RESPECTIVE MCCs (Appendix R 
related) 

410 2639 11/27/89 HIGHLIGHTS OF NRC DAILY PLANT Catawba 1 11/20/89: TS required S/D due to inoperable NV Pump Failure 
STATUS REPORT: 27-NOV-89 pump. Pump showed significant pump flow degradation.  

392 2340 12/6/89 Incorrect Installation of Oil Slinger Ring Zion Unit 2 - Incorrect Installation of Oil Slinger Ring (on Inboard Pump Failure 
Resulti Bearing) Resulted in Charging Pump Failure 

393 2355 12/14/89 EXCESSIVE VIBRATION OF THE HPI ANO Unit 1 - 12/10/89 - Excessive HPI line vibration during test - Piping Failure This is only a minor pipe failure at 
LINES DURING TESTING vibration opened two vent valves and caused a threaded pipe this point.  

cap to come off the vent line. New flow venturi's were removed 
pending further investigation.  

395 2379 12/27/89 INADEQUATE HPI ANO identified problem with "HPI LINE BREAK" scenario. HPI Human This should be reviewed further 
INSTRUMENTATION flow instrumentation not accurate enough to re-balance flow for Oconee HPI requirements. 

properly. Installed narrow range flow instrument. Done 
414 2698 1/5/90 RECURRING SIGNIFICANT EVENT Beaver Valley - Gas Binding of Charging Pumps - Hydrogen Gas Binding 

NOTIFICATION: 89-02 A came out of solution in the pump recirc line orifice.  
433 3376 1/5/90 HIGHLIGHTS OF NRC DAILY PLANT Salem 2, 1/5/90: Math error found in charging pump testing Human 

STATUS REPORT: 05-JAN-90 results. Determined that test criteria were not met. Unit shut 
down to rerun flow test.  
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Operating Experience Review 
High Pressure Injection and Charging Systems 

0 Item Date Item Summary Description Event Class PRA Review Comments 
415 2705 1/10/90 SEN 66, General Electric CR 2940 Defective switch caused SCRAM at one plant - Other defective Control 

Control Switches switches found. These switches are used in many types of Systems 
systems including safety injection systems 

434 3384 /17/90 HIGHLIGHTS OF NRC DAILY PLANT Salem Unit 2 - 1/17/90- LEAK ON A WELDED PIPE CAP-ON Piping Failure 
STATUS REPORT: 17-JAN-90 THE COLD LEG INJECTION LINE - (8 gpm leak) 

416 2709 1/26/90 RECURRING SIGNIFICANT EVENT McGuire 1, 9/5/89: overpressurization of the charging pump Piping Failure 
NOTIFICATION: 89-04 0 suction piping during valve stroke testing occurred at the end of 
9the July 1988 outage.  437 34_01 2/9/90 HIGHLIGHTS OF NRC DAILY PLANT COMANCHE PEAK 1: Inadvertant swapover of charging pump Auto Swap N/A 
STATUS REPORT: 9-FEB-90 suction from VCT to RWST.  

439 3409 2/21/90 HIGHLIGHTS OF NRC DAILY PLANT SAN ONOFRE 1 - Design problem on valves going to VCT. Gas Binding Needs further review - make sure 
STATUS REPORT: 21-FEB-90 These AOVs were found to fail open on loss of IA instead of we have this in model. - K 

closed which could lead to gas binding of the pumps.  
440 3418 3/5/90 HIGHLIGHTS OF NRC DAILY PLANT SAINT LUCIE 2 - 13-18 GPM (TECH SPEC LIMIT 10 GPM) Valve Failure 

STATUS REPORT: 05-MAR-90 LEAK FROM THE DISCHARGE VALVE COVER FOR THE 2A 
CHARGING PUMP WAS DISCOVERED AND ISOLATED.  

_____GASKET FAILURE ON VALVE. 250 gallons of coolant lost.  
424 2948 5/1/90 ECCS FLOW INCONSISTENCIES Salem: Errors in design flow rate calculations. Testing found Pump 

SALEM charging pump flow rate degraded. During pump rotor Degradation 
replacement, significant cracks were found in pump inner 
cladding.  

426 2989 5/16/90 POTENTIAL FOR GAS BINDING OF D. C. COOK: Potential for gas binding of charging pumps Gas Binding 
HIGH-HEAD SI PUMPS identified. This vulnerability only exists while valve realignments 

are made to seal return lines.  
447 3480 -5/30/90 HIGHLIGHTS OF NRC DAILY PLANT SAN ONOFRE - CHARGING PUMP FLOW RATE COULD LTOP 

STATUS REPORT: 29-MAY-90 EXCEED THE FLOW CAPACITY OF THE OPM (Overpressure 
Mitigation) SYSTEM ASSUMED BY THE EVENT ANALYSES.  

0 (INADEQUATE ADMINISTRATIVE CONTROLS) 
448 3510 7/10/90 HIGHLIGHTS OF NRC DAILY PLANT Haddam Neck 1 - CHARGING PUMP SUCTION VENT LINE Gas Binding 

STATUS REPORT: 10-JUL-90 PROBLEM. LINE ALLOWS HYDROGEN REMOVAL FROM 
THE CHARGING PUMP SUCTION 

OPIPING BACK TO THE VOLUME CONTROL TANK (VCT).  
449 3523 7/27/90 HIGHLIGHTS OF NRC DAILY PLANT COMANCHE PEAK 1: Inadvertnt swapover of charging pump uto Swap N/A STATUS REPORT: 27-JUN-90 suction from VCT to RWST.  
428 3105 7/27_/90 COOLANT CHARGING AND SAFT Westinghouse identified potential problem with welds on certain Seismic Not an actual failure event.  INJECTION PUMP WELDS model pumps. improper welds could fail due to nozzle or seismic 

loads and cause pump shaft misalignment.  
450 3526 8 0HIGHLIGHTS OF NRC DAILY PLANT Diablo Canyon 1 - 7/26/90 - A WELD LEAK ON THE SUCTION Piping Failure 

_TSTATUS REPORT: 01-AUG-90 LINE TO #13 PDP CHARGING PUMP WAS DISCOVERED.  
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High Pressure Injection and Charging Systems 

0Item Date Item Summary Description Event Class PRA Review Comments 
451 3529 8/3/90 HIGHLIGHTS OF NRC DAILY PLANT HADDAM NECK - Determined that charging pump discharge Gas Binding 

STATUS REPORT: 03-AUG-90 pressure fluctuations Indicated possible gas binding.  
453 3555 9t7/90 HIGHLIGHTS OF NRC DAILY PLANT Sequoyah 2, 9/6/90, Gas bubble found in charging pump suction Gas Binding 

STATUS REPORT: 07-SEPT-90 line (RHR recirc line). Similar to event on 8/22/90.  
431 3172 9/14/90 GAS BINDING OF A CENTRIFUGAL Sequoyah 2, August 20, 1990: Centrifugal Charging Pump (CCP) Gas Binding 

CHARGING PUMP B-B was shutdown during test due to fluctuation in flow rate and 
motor amps. Hydrogen gas had accumulated suction lines.  

432 3208 10/5/90 SIGNIFICANT DEFECTS FOUND IN ANO 1, 10/5/90: during modification of HPI piping, welder Piping Failure Not an actual failure event.  
ASME CLASS 1 PIPE DURING idenified potential defect in piping material. Defect was verified 
FABRIC and all stock of same supplier was removed from use.  

419 2768 10/29/90 Recurring Significant Event Notification Diablo Canyon 2, 7/26/90: 2-1/2 inch through-wall crack was Piping Failure COMMON CAUSE EVENT 
(RSEN) 90-3 discovered on the suction piping of a positive displacement pump 

in the charging system. The suction pipe was not isolable from 
the common suction header to the PD pump and the CCPs.  

458 3595 11/2/90 HIGHLIGHTS OF NRC DAILY PLANT NORTH ANNA 1 - 11/1/90 - Tagged out "A" charging pump. Breaker COMMON CAUSE EVENT 
STATUS REPORT: 02-NOV-90 Operator sent to tag out "A" breaker but racked out "B" charging 

pump breaker. An interlock also tripped off the "C" pump.  
(Recovered easily) 

461 3608 11/21/90 HIGHLIGHTS OF NRC DAILY PLANT Oconee 1,2,3: This is about the HPI line break issue. Piping Failure Included in new model 
STATUS REPORT: 21-NOV-90 

337 68 12/10/90 NRC INFORMATION NOTICE NO. 88- August 20,1990, Sequoyah Unit 2, "B" charging pump secured Gas Binding Same as above.  
23, SUPPLEMENT 3: POTENTIAL F when fluctuations observed in pump motor amperage and rate of 

flow. Hydrogen gas bubble vented from pump suction piping and 
on RHR cross-over line. Bubble identified on Unit 2 on Sept 6, 
1990.  

482 4444 1/11/91 HIGHLIGHTS OF NRC DAILY PLANT Salem 2 - 1/10/91 - SERVICE WATER SYSTEM THROUGH Service Water N/A 
STATUS REPORT: 11-JAN-91 WALL LEAK ON SUPPLY PIPE TO CHARGING PUMP 

485 4471 2/19/91 HIGHLIGHTS OF NRC DAILY PLANT SEQUOYAH 1 - -2/18/91 - Charging Pump Impeller failed. Pump Failure 
STATUS REPORT: 19-FEB-91 Potentially due to impingement of boric acid crystals from the 

boric acid line.  
469 3881 3/24/91 INOPERABLE CENTRIFUGAL Sequoyah - Charging pump shaft failure due to high cycle Pump Failure (Gas Slug was also a contributor) 

CHARGING PUMP fatigue. A gas slug is also suspected to have contributed to 
pump failure.  

490 4500 3/29/91 HIGHLIGHTS OF NRC DAILY PLANT Comanche Peak 1 - 3/28/91 - ULTRASONIC TESTING Gas Binding 
STATUS REPORT: 29-MAR-91 INDICATES THE PRESENCE OF GAS BUBBLES IN THE 

SUCTION PIPING OF THE CENTRIFUGAL CHARGING 
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High Pressure Injection and Charging Systems 

0 IteDate Item Summary Description Event Class PRA Review Comments 
470 3931 4/15/91 INSUFFICIENT AUXILIARY CALVERT CLIFFS UNIT 1 & 2 - March 26, 1991 - checkvalve Design Not an actual failure event.  

PRESSURIZER SPRAY pressure setpoint problem prevented use of charging pumps 
from providing pressurizer auxiliary spray.  

494 4541 5/29/91 HIGHLIGHTS OF NRC DAILY PLANT NORTH ANNA -5/24/91 - Welding on a section of out of service Fire Not applicable to plant operation.  
STATUS REPORT: 28-MAY-91 charging pump suction line caused an explosion inside the pipe.  

Hydrogenated water leaking into the line caused hydrogen to 
come out of solution and build up to explosive levels.  

495 4545 6/3/91 HIGHLIGHTS OF NRC DAILY PLANT CRYSTAL RIVER - 5/31/91 - Isolated HPI crossover valve left Valve 
STATUS REPORT 06-JUN-91 only 2 of 4 HPI nozzles available when a minimum of 3 of 4 are Alignments 

required by some safety analyses.  
474 4048 6/18/91 GAS BINDING IN THE NO. 11 CALVERT CLIFFS UNIT 1 -January 1991 - Gas binding of Gas Binding 

CHARGING PUMP charging pump. Gas coming out of solution.  
465 3694 7/31/91 Recurring Significant Event Notification: North Anna 1 - May 24, 1991 - Hydrogen Fire on charging pump Fire 

91-02 A suction pressure instrument.  
497 4594 8/9/91 HIGHLIGHTS OF NRC DAILY PLANT AN ONOFRE UNIT 1 - 8/8/91 - 1 of 2 VCT Level Instruments Gas Binding 

STATUS REPORT: 09-AUG-91 failed.  
498 4603 8/23/91 HIGHLIGHTS OF NRC DAILY PLANT Surry 1 & 2 - 8/22/91 - EXISTING BREAKER INTERLOCKS Design Not Applicable because additional 

STATUS REPORT: 23-AUG-91 WOULD PREVENT AN AUTOSTART OF THE "A" HIGH HEAD "single failures" were postulated.  
SAFETY INJECTION PUMP ON A LOSS OF OFFSITE POWER 
(Design Problem) 

476 4202 9/3/91 Simulator Scenario Identifies Design D. C. Cook Units 1 & 2 - Scenario identified where charging Design Containment Bypass Concern 
Basis Concern pumps and VCT provide a potential path for loss of primary 

coolant into CVCS holdup tanks (i.e., containment bypass) 
500 4609 9/3/91 HIGHLIGHTS OF NRC DAILY PLANT SEQUOYAH 1 & 2 -8/30/91 - Scenario found where during HPR Design Containment Bypass Concern 

STATUS REPORT: 3-SEP that would cause a relief valve in the charging system to lift.  
(containment bypass) 

501 4612 9/6/91 HIGHLIGHTS OF NRC DAILY PLANT Salem 1 - Room Coolers Unavailable due to service water Service Water N/A 
STATUS REPORT: 06-SEPT-91 system leak repair - affected operability but not availability of 

certain ECCS pumps (including charging pumps) 
505 4624 9/20/91 HIGHLIGHTS OF NRC DAILY PLANT Oconee 1,2,3 - 9/19/91 - HPI system operating curve for LDST Gas Binding 

STATUS REPORT: 20-SEPT-91 pressure vs. level was determined to be incorrect. Certain post 
accident alignments and failure could have resulted in a loss of 
tank level and subsequent failure of the HPI system.  

504 9/20/91 Oconee Reactor Log Oconee Unit 1 - "1 B" HPI Pump motor had increasing upper Pump Failure 
bearing temperatures such that the Motor had to be shut down.  
Thrust shoes found worn due to normal wear. Replaced Motor.  
(RF Mode) 
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High Pressure Injection and Charging Systems 

0 Item Date Item Summary Description Event Class PRA Review Comments 
506 4635 10/7/91 HIGHLIGHTS OF NRC DAILY PLANT DIABLO CANYON - 1/4/91 - Charging System valve leak found. Valve Failure Control Room Habitability - Don't 

STATUS REPORT: 07-OCT-91 During sump recirc phase, this specific leak would have think CR Habitability is a problem 
introduced radioactivity into control room and exceeded for Oconee in this instance.  
habitability requirements.  

507 4639 10/11/91 HIGHLIGHTS OF NRC DAILY PLANT ARKANSAS NUCLEAR Unit 1 - HPI Pump Lube Oil System - Pump Failure N/A 
STATUS REPORT: 11-OCT-91 Not Applicable 

466 3712 11/7/91 Recurring Significant Event Notification: Calvert Cliffs 1 -January 31, 1991 - Gas Binding of PDP Gas Binding 
91-03 J charging pumps 

509 4669 11/25/91 HIGHLIGHTS OF NRC DAILY PLANT Wolf Creek - 11/22/91 - Unable to declutch several MOVs in Valve Failure N/A 
STATUS REPORT: 25-NOV-91 order to manually open. Related to loss of control room 

procedure.  
510 4677 12/9/91 HIGHLIGHTS OF NRC DAILY PLANT Crystal River Event 12/8/91 is not applicable. Design 

STATUS REPORT: 09-DEC-91 Wolf Creek - 12/8/91 - Insufficient thrust to close RWST supply 
line valve to CCP in DBA.  

480 4411 12/23/91 2A Charging Pump Found Sheared Zion 2 - 10/11/91 -Centrifical Charging Pump Speed Changer Pump Failure 
bearing failure occurred due to improper lubricant and insufficient 
preventive maintenance program.  

516 4899 1/15/92 UNIT 2 PLANT TRIP - - PS 2478 CALVERT CLIFFS UNIT 2 - 1/2/92 - During a plant trip on FDW Pump Failure 
UPDATE Heater steam leak, a charging pump tripped. Investigation 

determined that trip was due to faulty pump suction pressure 
switch which was unrelated to the plant transient.  

530 5630 1/21/92 HIGHLIGHTS OF NRC DAILY PLANT POINT BEACH 1 - Normal boration path failed due to boron Misc.  
STATUS REPORT: 21-JAN-92 solidification 

518 4991 2/27/92 SHAFT FAILURE OF CENTRIFUGAL Callaway - 2/3/92 - CCP pump shaft sheared on the outboard Pump Failure 
CHARGING PUMP end of the pump between the balance drum lock nut and balance 

drum mating area.  
532 5656 2/27/92 HIGHLIGHTS OF NRC DAILY PLANT Oconee - 2/26/92 - LTOP protection system - HPI components LTOP N/A 

STATUS REPORT: 27-FEB-92 not de-energized as required.  

520 5097 4/22/92 POTENTIAL PATHWAY FOR POST- DIABLO CANYON UNITS 1 AND 2 - Identified Post LOCA Design Containment Bypass Concern 
LOCA PRIMARY WATER LEAKAGE recirculation path which could potentially lift VCT relief valve.  

(Containment Bypass) 
519 5093 4/22/92 "TORQUE SWITCH ROLL PIN Maine Yankee - March 1992 - Volume Control Tank outlet valve Valve Failure 

FAILURE FOUND DURING VOTES to charging pump suction failed 
DIAGNOSTI 

536 5704 4/30/92 HIGHLIGHTS OF NRC DAILY PLANT CRYSTAL RIVER - 4/29/92 - Potential to overload EDG by Design N/A 
_STATUS REPORT: 30-APR-92 loading two HPI pumps to 1 EDG.  

523 5167 5/21/92 Broken "Puffer Tube" Prevents D. C. Cook Unit 2 - 3/1/92 - 4 kV breaker failed to close to start Breaker 
Charging Pump Auto Start charging pump 
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High Pressure Injection and Charging Systems 

0 Item D ate ItemSummary Description Event Class PRA Review Comments 
524 5273 7/2/9.2 INJCORRECT LUBE OIL CAUSES Trojan -6/19/92 - INCORRECT GEARBOX OIL USED IN Pump Failure Not an actual failure event.  

VISCOSITY STABILITY PROBLEM. CENTRIFICAL CHARGING PUMP (COP) SPEED INCREASER 
____ NO FAILURE EXPERIENCED 

538 5781 8/19/92 HIGHLIGHTS OF NRC DAILY PLANT TROJAN 8/18/92 - CCP excessive leakage Pump Leakage Control Room Habitability - Don't 
STATUS REPORT: 19-AUG-92 think CR Habitability is a problem 

for Oconee in this instance.  
541 5799 9/14/92 HIGHLIGHTS OF NRC DAILY PLANT CRYSTAL RIVER - 9/14/92 - Valves not able to close under Design N/A 

STATUS REPORT: 14-SEP-92 certain DBA conditions 
526 5448 9/28/92 REPLACEMENT VALVE PART Arkansas Nuclear One - Unit 2 - Incorrect disk assemblies Valve Failure COMMON CAUSE EVENT 

RESULTS IN LOW FLOW IN HIGH installed in five of eight high pressure injection valves, three on 
PRESSURE one safety train and two on another train. Both trains failed to 

provide flow capacity assumed in safety analyses.  
546 5856 12/9/92 HIGHLIGHTS OF NRIC DAILY PLANT MILLSTONE 3 - 12/9/92 - Low outside temperatures and room Misc.  

STATUS REPORT: 09-DEC-92 heating problems caused a portion of charging system and 
boration system to be declared inoperable. (HVAO) 

338 69 12/18/92 NRC INFORMATION NOTICE 88-23, Surry Unit 2, July 1992, observed pressure spikes in LHSI piping. Gas Binding Same as above except this is a 
SUPPLEMENT 4: POTENTIAL FOR G Discovered large gas voids in LPSI cold leg discharge piping and different source of gas than the 

piggyback line to HPSI. Gas believed to have come from small other events.  
leakage in RCS checkvalves in LPSI cold leg injection line.  

547 5866 12/23/92 HIGHLIGHTS OF NRC DAILY PLANT Diablo Canyon - 12/22/92 - VALVES SUSCEPTIBLE TO Seismic N/A 
STATUS REPORT: 23-DEC-92 SEISMICALLY INDUCED VIBRATION (DE-CLUTCHING 

DerISSUE). (included charging pump suction valves to the RWST) 
557 6107 1/5/93 HIGHLIGHTS OF NRC DAILY PLANT Zion 1 - 1/4/93 - WITH THE CB SAFETY INJECTION PUMP Pump Failure 

STATUS REPORT: 05-JAN-93 OUT OF SERVICE FOR REPAIRS THE A CHARGING PUMP 
WAS DECLARED INOPERABLE DUE TO VIBRATION 
READINGS OUTSIDE THE ACCEPTABLE RANGE 

561 6162 3/24/93 HIGHLIGHTS OF NRC DAILY PLANT McGuire 2 - 3/22/93 AN IMPULSE LINE FOR THE CHARGING Piping Failure 
STATUS REPORT: 24-MAR-93 SYSTEM PRESSURE TRANSMITTER RUPTURED, 

____ ~~RESULTING IN A LOSS OF INVENTORY(APPROX 600 GALS)______ 
563 6198 5/13/93 HIGHLIGHTS OF NRC DAILY PLANT Robinson - 5/12/93 - RS LEAK - LEAK WAS A RELIEF VALVE Relief Valve 

STATUS REPORT: 13-MAY-93 ON THE SUCTION OF THE SHUTDOWN CHARGING PUMP 
('A") WHICH OPENED AT 10 PSIG INSTEAD OF ITS 

8 9kSETPOINT OF 75 PS it -n dValve Failure C 
554 6063 5/27/93 SER 12-93, Dual-Unit Scram During Sequoyah I and 2 - 12/31/92 - Loss of charging pump suction 

Switchyard Circuit following a LOOP event.  
566 6237 7/8/93 HIGHLIGHTS OF NRC DAILY PLANT Crystal River - 7/7/93 - BWST OUTLET VALVES ON HPI Daetsign N/A 

STATUS REPORT: 08-JUL-93 SYSTEM UNABLE TO OPEN DUE TO REDUCED VOLTAGE 
____________DURING DBA EVENT.  
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568 6277 8/31/93 HIGHLIGHTS OF THE NRC DAILY Zion 1 - 8/30/93 - CCP BACKUP SUCTION SOURCE Human 

PLANT STATUS REPORT: 31-AUG-93 (CONTAINMENT SUMP) ISOLATION VALVE DISCOVERED TO 
BE OUT OF SERVICE IN EXCESS OF ADMINISTRATIVE 7 
DAY LCO. (It was left closed following maintenance) 

579 6585 1/10/94 HIGHLIGHTS OF THE NRC DAILY Sequoyah 2 - 1/7/94 - BROKEN SHAFT ON THE 2B-B Pump Failure 
PLANT STATUS REPORT: 10-JAN-94 CENTRIFUGAL PUMP 

665 10953 1/15/94 OE-6443 Inadvertent Repositioning of 1/15/94 - Increased seal injection flow was identified - CCP Valve 
a Motor Operated Val discharge bypass valve (CV-MOV-8348) was open in violation of Alignments 

Technical Specification 

582 6600 1/31/94 HIGHLIGHTS OF THE NRC DAILY DIABLO CANYON - 1/24/94 - Charging configuration used that Design N/A 
PLANT STATUS REPORT: 31-JAN-94 may not provide seal injection under some accident conditions.  

584 6616 2/24/94 HIGHLIGHTS OF THE NRC DAILY Zion 1 - 2/23/94 - HHSI pump did not meet flow criteria. Throttle Misc. Potential Failure - (Latent Human 
PLANT STATUS REPORT: 24-FEB-94 valves adjusted to increase flow. Unknown cause for low flow. Error?) 

585 6630 3/16/94 HIGHLIGHTS OF THE NRC DAILY Haddam Neck - 3/15/94 - POTENTIAL FOR CHARGING Design Containment Bypass Concern 
PLANT STATUS REPORT: 16-MARCH HEADER PRESSURE TO EXCEED THE SETPOINT OF THE 
9 METERING PUMP (PD CHARGING PUMP) DISCHARGE 

RELIEF VALVE DURING POST-LOCA SUMP RECIRC 
(Combination of SI & charging pump & containment pressure) 

586 6638 3/28/94 HIGHLIGHTS OF THE NRC DAILY Zion 1 - 3/26/94 - FAILURE OF TWO CHARGING PUMP Valve Failure 
PLANT STATUS REPORT: 28-MARCH SUCTION VALVES FROM THE RWST. Auto-close function 
9 disabled. CR manual switch still operable (2 wires were lifted for 

VOTES test but were not replaced) 

588 6667 5/4/94 HIGHLIGHTS OF THE NRC DAILY PALO VERDE UNIT 2 - 3/12/94 - Recirc line to RWST found Valve 
PLANT STATUS REPORT: 04-MAY-94 open - -28000gal of reactor coolant dirverted to RWST. Alignments 

602 7000 5/27/94 NRC Information Notice 94-29 During Palo Verde SGTR event 3/14/93, charging pump tripped Pump Failure 
due to inadequate suction pressure because too many pumps 
were aligned to a single suction path (3" line). (3 charging and a 
boron recycle pump were drawing suction through same line) 

590 6688 6/2/94 HIGHLIGHTS OF THE NRC DAILY North Anna 2 - 6/1/94 - REACTOR COOLANT PUMP SEAL Piping Failure 
PLANT STATUS REPORT: 02-JUN-94 INJECTION LINE PRESSURE BOUNDARY LEAKAGE 

GREATER THAN TS ALLOWED. (report didn't say what 
component failed other than pressure boundary) 
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591 6705 6/27/94 HIGHLIGHTS OF THE NRC DAILY South Texas 2 - 6/25/94 - Not Applicable Valve 

PLANT STATUS REPORT: 27-JUN-94 Diablo Canyon - 6/24/94 - INADEQUATE COOLING WATER Alignments 
FLOW TO CCP LUBE OIL COOLERS DURING ACCIDENT 
CONDITIONS (Throttled position OK for Normal Oper.) 

592 6718 7/15/94 HIGHLIGHTS OF THE NRC DAILY ZION 1 -Appendix R issue on CCP power cables. Fire N/A 
PLANT STATUS REPORT: 15-JUL-94 

593 6726 7/27/94 HIGHLIGHTS OF THE NRC DAILY Millstone 3 - 7/26/94 - TRAIN B CHARGING PUMP COOLING Pump Failure 
PLANT STATUS REPORT: 27-JUL-94 PUMP OIL LEVEL WAS LOW WHILE TRAIN A PUMP WAS 

OOS FOR SURVEILLANCE TEST. (Pump did not experience an 
actual failure.) 

604 7039 9/8/94 NRC Information Notice 94-63 North Anna Unit 1 - Severe corrosion damage of the carbon steel Pump Failure 
casing of a high head safety injection pump. Boric acid 
penetrated stainless steel inner cladding and attacked pump 
casing.  

595 6757 9/8/94 HIGHLIGHTS OF THE NRC DAILY Prairie Island 1 - 9/6/94 - CVCS LETDOWN ISOLATION VALVE Pump Failure 
PLANT STATUS REPORT: 08-SEPT- CLOSED ON A BREAKER INTERLOCK WHEN THE 
94 OPERATING CHARGING PUMP TRIPPED ON MOTOR 

OVERLOAD 
672 11397 9/14/94 OE-7056 OE AT INDIAN POINT #2- #23 Charging pump tripped on low oil pressure. Inspection found Pump Failure 

#23 CHARGING PUMP TRIPPED broken copper oil line inside the pump. #22 charging pump was 
immediately started but tripped. However, operators were able 
to restart #22 pump without further problems.  

596 6767 9/22/94 HIGHLIGHTS OF THE NRC DAILY Salem 2 - 9/22/94 -HIGH VIBRATION WAS DETECTED IN THE Pump Failure 
PLANT STATUS REPORT: 22-SEPT- SPEED INCREASER 
94 FOR THE #21 CENTRIFUGAL CHARGING PUMP 

606 7055 11/2/94 NRC Information Notice 94-76 Discussion of pump shaft failures at Sequoyah 1 &2, Callaway, Pump Failure 2 duplicates - 4 new events 
Shearon Harris, DC Cook 2, and Braidwood 1. Seem to all be Harris (3/28/93), Braidwood 1 
Westinghouse pumps manufactured by Pacific Pump (now (9/15/93), DC Cook 2 (7/93), 
Ingersoll-Dresser Pump Co.) Sequoyah 2 (2/7/94) 

599 6852 12/5/94 PLANT EVENT - MAINE YANKEE: 05- MAINE YANKEE - 12/4/94 - Cooling Water Valves not aligned Service Water N/A 
DEC-94 properly.  

608 7228 1/19/95 SEN 124, Recurring Events, October - Waterford 3 -8/19/94 - Check valve in the boric acid pump Checkvalve Reactivity Control Issue 
December, 1994 discharge line malfunctioned and restricted the flow of boric acid 

to the VCT causing an undesired boron dilution and perturbations 
in Rx power. Also had a series of VCT low level conditions.  
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679 11558 3/2/95 OE 7127 SEQUOYAH NUCLEAR SEQUOYAH NUCLEAR PLANT - POTENTIAL POST-LBLOCA Pump Failure 

PLANT-POTENTIAL POST-LBLOCA CCP/SIP RUNOUT DAMAGE DUE TO THROTTLE/BALANCE 
CCP/SIP VALVE SEAT EROSION CAUSED BY HIGH DP 

618 7789 5/2/95 PLANT EVENT - BEAVER VALLEY: Beaver Valley - 5/1/95 - FORTY-GALLON OIL SPILL FROM Pump Failure 
02-MAY-95 THE CHARGING PUMP OIL COOLER DUE TO A TUBE LEAK 

619 7973 6/21/95 PLANT EVENT - CRYSTAL RIVER: 21. Crystal River -6/20/95 - WHEN "A" HIGH PRESSURE Design 
JUNE-95 INJECTION (HPI) PUMP IS ALIGNED TO ITS ALTERNATE 

COOLING WATER SOURCE ITS COOLING WATER FLOW 
RATE IS LESS THAN ITS DESIGN BASIS VALUE 

620 7975 6/21/95 PNO - ROBINSON: 21-JUNE-95 THE "A" CHARGING PUMP RELIEF VALVE WAS LIFTING Relief Valve 
DIVERTING PRIMARY COOLANT 

621 8080 7/25/95 PLANT EVENT - ROBINSON: 25-JUL- Robinson - 7/24/95 -THE DISCHARGE RELIEF VALVE FOR Relief Valve 
95 THE "C" CHARGING PUMP HAD BEEN LEAKING WHEN A 

LEAK DEVELOPED NEAR A FLANGE ASSOCIATED WITH 
THE DISCHARGE RELIEF VALVE FOR THE "A" CHARGING 
PUMP. (total = 15 gpm leak) 

630 8516 11/17/95 PLANT EVENT - HADDAM NECK: 17- 11/7/95, A MINOR LEAK (4 DROPS PER MINUTE) WAS Piping Failure N/A Probably not a failure.  
NOV-95 DISCOVERED ON ONE OF 

THE TWO CHARGING PUMP DISCHARGE LINES 
631 8546 11/28/95 PLANT EVENT - COOK: 28-NOV-95 CCP TRIPPED DURING TESTING AFTER 7 MINUTES OF Pump Failure 

OPERATION DUE TO AN OVERLOAD PROTECTION RELAY 
THAT WAS INADVERTENTLY SET TOO LOW.  

613 7279 12/1/95 SEN 129, Significant Event Notification Kola Unit 2 (VVER-440) - March 3, 1994, during plant cooldown, Piping Failure 
Recurring Events, a primary makeup line ruptured, spilling approximately 11,000 

gallons of borated water into plant buildings 

637 9002 1/11/96 PLANT EVENT - SALEM: 11-JAN-96 MOTOR OPERATED VALVES WHICH WOULD NOT BE Valve Failure 
CAPABLE OF FULFILLING THEIR SAFETY RELATED 
FUNCTION OF MOVING TO THE OPEN POSITION DUE TO 
PRESSURE LOCKING OR THERMAL BINDING. (INCLUDED 
HIGH HEAD CENTRIFUGAL CHARGING PUMP DISCHARGE 
VALVES) 

636 8936 1/16/96 DISCS IN 3-INCH CHECK VALVES Sequoyah 1 - 9/24/95 - inspection of 3-inch primary (inboard) Checkvalve 
FOUND STUCK OPEN check valve for normal charging injection into the RCS was found 

to be stuck open. The cause appeared to be improper 
manufacture of the disc assembly.  

641 9239 2/2/96 PLANT EVENT - DIABLO CANYON 02- CLOSING OF CENTRIFUGAL CHARGING PUMP MINIMUM Design N/A 
FEB-96 FLOW RECIRCULATION LINE DUR TESTING PLACES UNITS 

IN UNANALYZED CONDITION (could cause 100 gpm more flow 
in a SGTR than assumed in DBA analysis) 
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Operating Experience Review 
High Pressure Injection and Charging Systems 

0 I _ __tem _ Date Item Summary Description Event Class PRA Review Comments 
644 9308 2/20/96 PLANT EVENT - CRYSTAL RIVER: 20. DETERMINED THAT THE POST ACCIDENT MONITORING Misc. N/A 

FEB-96 INSTRUMENTATION DOES NOT MEET THE TECH SPEC 
REQUIREMENTS FOR HIGH PRESSURE INJECTION (HPI) 
SYSTEM FLOW 

646 9374 2/29/96 Charging Pump Miniflow Orifice Erosion Diable Canyon -The charging recirculation orifices were Pump Failure Recirc/Min Flow 
& Pump Runout Potenti determined to be badly eroded, resulting in considerably higher 

recirculation flows than designed for and providing the potential 
for exceeding pump runout limits.  

653 9709 4/3/96 SCRAM - CALLAWAY: 03-APRIL-96 Callaway 4/2/96 - Fdw Trip followed later with CCP suction swap Relief Valve 
to RWST. Discharge relief valve lifted on charging system (don't 
know why or if it was supposed to) 

654 9817 4/17/96 Positive Displacement Pump Discharge Salem 1 - 5/13/95 - Leakage was detected through the seat of Relief Valve 
Relief Valve Seat Leaka the pump discharge relief valve. cause was chatter-induced seat 

leakage.  
656 10188 5/17/96 PLANT EVENT - INDIAN POINT: 17- INDIAN POINT #2 - (1) INSTRUMENT BUS MALFUNCTION Auto Swap Reactivity Control Issue 

MAY-96 RESULTED IN VCT OUTLET VALVE CLOSURE AND 
CHARGING PUMP REALIGNMENT FROM THE VCT TO THE 
RWST, then (2) A coolant makeup pump was running and had a 
higher disch press than RWST which caused a boron dilution.  

663 10791 7/15/96 PLANT EVENT - SAINT LUCIE: 15- St. Lucie Unit 2 - 7/13/96 - REACTOR COOLANT SYSTEM Pump Failure 
JULY-96 (RCS) LEAKAGE GREATER THAN 10 GALLONS PER MINUTE 

(GPM) CAUSED BY A PACKING LEAK ON 2B CHARGING 
PUMP 

668 11293 8/21/96 PLANT EVENT - OCONEE: 21-AUG- Oconee - 8/20/96 - LETDOWN STORAGE TANK (LDST) LEVEL Gas Binding 
96 INSTRUMENT CALIBRATION ERRORS COULD HAVE LED TO 

THE HIGH PRESSURE INJECTION (HPI) PUMP BECOMING 
HYDROGEN BOUND DURING AN ECCS ACTUATION.  

674 11422 8/27/96 Loss of Charging Flow Due to Failure of Same event as OEP-10791. However, this report explains that Checkvalve 
Charging Pump Discha most of the leak was not through the packing but instead through 

a stuck open check valve on the 2C charging train which allowed 
coolant to flow back to the VCT through the 2C pump recirc line.  

675 11463 8/30/96 PLANT EVENT - OCONEE: 30-AUG- VALVE 1HP-153, A VELAN STOP CHECK VALVE IN A HIGH Checkvalve 
96 PRESSURE INJECTION ECCS INJECTION FLOW PATH, 

FAILED TO PASS THE REQUIRED FLOW RATE. After 
inspection, cleaning, and polishing, the checkvalve was retested 
and passed the require flow.  
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Operating Experience Review 
High Pressure Injection and Charging Systems 

0 Item Date Item Summary Description Event Class PRA Review Comments 
676 11474 9/3/96 PLANT EVENT - MILLSTONE: 03- Millstone 3 - 8/30/96 - DURING SUMP RECIRCULATION Design 

SEPT-96 PHASE, THE HIGH HEAD SAFETY INJECTION PUMPS AND 
CHARGING PUMPS COULD EXPERIENCE A RUNOUT 
CONDITION. (Throttling adjustments had never considered the 
additional pressure of the low head pumps in piggy-back) 

681 11668 9/17/96 PLANT EVENT - MILLSTONE: 17- Millstone 3 - 9/16/96 - CHARGING SYSTEM POTENTIALLY Service Water 
SEPT-96 INOPERABLE DURING A LOSS OF INSTRUMENT AIR. Loss 

of air causes the cooling water valves to the pump to fail wide
open. At very the low service water temps, the lub oil would be 
overcooled.  

503 9/18/96 PIP 2-096-1777 Oconee Unit 2 - During normal operation (mode 1), the 2B HPI Pump Failure 
pump failed due to a breakdown in the stator ground wall 
insulation witch shorted out the motor windings and caused the 
pump breaker to trip on ground fault.  

682 11725 9/23/96 PLANT EVENT - OCONEE: 23-SEPT- 9/18/92, AT 0132, THE "B" HIGH PRESSURE INJECTION Pump Failure 
96 PUMP TRIPPED DUE TO AN ELECTRICAL SHORT IN THE 

PUMP MOTOR 

683 11726 9/23/96 PLANT EVENT -OCONEE: 23-SEPT- SMALL LEAK IDENTIFIED ON VALVE 2HP-491 AT THE Piping Failure 
96 SOCKET WELD ON THE INLET SIDE OF THE VALVE. 2HP

491 IS A DRAIN VALVE ON A I INCH LINE THAT TAPS OFF 
OF THE 2A1 HIGH PRESSURE INJECTION LINE.  

684 11769 9/27/96 Inadvertent Nitrogen Leak Into Reactor CONNECTICUT YANKEE - 9/1/96 - Nitrogen valve leaking into Gas Binding 
Coolant System Result VCT causing gradual loss of VCT level and introduction of 

nitrogen into RCS through the charging pumps.  
687 11827 10/4/96 PLANT EVENT - NORTH ANNA: 04- IDENTIFIED A SINGLE FAILURE IN THE CONTROL POWER Design N/A 

OCT-96 SYSTEM THAT COULD CAUSE THE LOSS OF TWO 
CHARGING PUMPS 

694 12223 11/13/96 PLANT EVENT - THREE MILE 4kV breakers not seismically qualified Seismic N/A 
ISLAND: 13-NOV-96 

697 12426 12/11/96 NRC INFORMATION NOTICE 96-65: Referred NRC IN 94-36, Undetected Accumulation of Gas in Misc.  
UNDETECTED ACCUMULATION OF G RCS. Described where VCT temps were very low due to 

excessive cooling water flow to letdown cooler. This caused 
higher dissolved H2 gas concentrations which came out of 
solution in RCS.  

278 3-097-0092 1/6/97 MOV 3HP-27 Fails To Close On Oconee Unit 3 - Valve position indication continued to indicate Valve Failure 
Demand open when Ops attempted to close MOV 3HP-27 from the CR.  

Problem was due to a sticking contact on the MCC start for 3HP
27. Aux contact was replaced.  
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Operating Experience Review 
High Pressure Injection and Charging Systems 

0 Item Date Item Summary --- Description Event Class PRA Review Comments 
712935 2/7/97 Centrifugal Charging Pump Speed Vogtle Unit 2 - 12/27/96 - Failure of the speed increaser for A Pump Failure 

Increaser Failure train centrifugal charging pump caused by fatigue failure of a 
bearing on the high speed shaft and other damage caused by 
subsequent heating and misalignment in this bearing.  

703 13104 2/25/97 PLANT EVENT - THREE MILE SUCTION PIPING OF IDLE HIGH PRESSURE INJECTION Piping Failure N/A 
ISLAND: 25-FEB-97 (MAKEUP) PUMP MAY HAVE BEEN OVER PRESSURIZED 

DURING ESFAS TESTING.  

285 3-0-97-0726 2/26/97 Cause Analysis -While placing HPI in Oconee 3 - Misposition of Valve 3HP-5 - The LDST level was Human 
service per OP/3/A/1 10 observed to increase from approximately 83 inches to 100 inches 

and the Pressurizer level was observed to decrease from 
approximately 105 inches to 75 inches when 3HP-78 was 
opened.  

713 14390 3/7/97 Network SEN 167 Zion Unit 2 - Gas accumulated in the RxV head requiring an Misc.  
inventory addition of 6900 gal to restore RxV level.  

287 3-0-97-0857 3/8/97 Description - After being manually Oconee Unit 3 - After being manually closed, 3HP-133 (RCP Valve Failure 
closed, 3HP-133 (RCP Seal Seal Filter 3B Outlet) opened without operator action.  

707 13533 4/7/97 SAFETY INJECTION TANK TEST LINE Palisades - Safety Injection Tank Test Line Redundant High Valve Failure 
REDUNDANT HIGH PRESSURE INJE Pressure Injection Isolation Valve failed to change position 

during post maintenance testing (AOV air supply) 
709 13813 5/6/97 LOSS OF 3A AND 3B HIGH Oconee - 3A and 3B HPI Pumps failed due to inadequate suction Gas Binding 

PRESSURE INJECTION PUMPS source of water from the Letdown Storage Tank. Tank level 
instrument common reference leg was empty and did not 
indicate low tank level.  

712 14027 5/30/97 SEN 163, Recurring Event, High Oconee Unit 2 - 4/21/97 - Reactor coolant system (RCS) leak Piping Failure 
Pressure Injection Line Leak (2.5 gpm) was discovered. Leak occurred on the stainless steel 

safe-end-to-pipe weld on the 2-1/2 inch high pressure injection 
(HPI) and makeup line to the RCS cold leg nozzle.  

329 7/4/97 Oconee PIP - Bailey controller tripped Oconee Unit 3 - 3HP-120 Bailey controller tripped to manual, Control 
PIP 3-097-2049 decreasing RC makeup flow and causing PZR level to decrease. Systems 

3HP-120 was placed in Auto and PZR level returned to normal.  
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No IIPI Flow Into Cold Leg 
3AI 

HPI900 
Page 1 
Page 70 

Page 84...  
See - f 

No Flow To Loop 3A Cold Legs No HPI Flow Through Injection 
From 3HP-194 Line For Cold Leg 3Al 

HPl1892 H1l896 
Page 17...  
See x-ref 

Page 16 

Check Valve 3HP-194 Transfers NoCFlMTo 3F-194 During Closed Injection 

33E-06 

No Flow To 3H1P-194 From No Flow To 3H1P-194 From 
3HIP-26 3H1P-410 

Page 3 Page I I



No Flow To 31P-194 From 
31IP-26 

HPl014 
Page 2 
See x-ref 

MOV 3HP-26 Is Not Opened Manual Valve 31-IP-1 18 
Transfers Closed 

H-PIO22 HIHPO0II8VVT 

9.00E-07 

Page 4 

No Flow To 31P-11 

Page 6 
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MOV 3HP-26 Is Not Opened 

HIPIO22 
Page 3 

Page 87.  
See x-ref 

Power Fromt 208 V ac MCC ES Digital Channel I Fails To Motor-Operated Valve 3HP2 Motor-Operated Valve 3H1P-26 
3XS I Breaker R2A Fails Open MOV 3H1P-26 And Fails To Open On Demian Transfers Closed After Opening 

Operators Fail to Recover 

HPI999 H412 HH02MOHP26V 

2F7-03 25E-06 

Loss Of Power Frot 208 V ac 208 V ac MCC 3XSI Breaker ES Digital Channel I Fails To Operators Fail To Respond to 
Motor Control Center 3XSI R2A Transfers Open (3HP-26) Open MOV 3IP-26 Engineered Safeguards Failure 

P2C3XSI HACOR2ACLTIPIO23A ESAOH 

3.00E-05 54E-06 4.00E-03 

Page 5 
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ES Digital Channel I Fails To 
Open MOV 311P-26 

IIl1023A 
Page 4 
See x-ref 
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No Flow To 3HP-1 18 

HPI017 
Page 3...  
See x-ref 

No Flow From H IPI Train A No Flow To 3HP- 118 From 
3HP- 15 

H1Pl026A HPI795 

Page 23 

No Flow From HI' Train B Or Motor-Operated Valve 3HP-1 15 
Train C Transfers Closed 

HTRNBC HHP0115MVT 

2.50E-06 

No Flow From HPI Train B No Flow From HP T1,1rain C Via 
3HP-409 

Page 7 Page 8 
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No Flow From IF Train B 

HP1033 
Page 23 
Page II 
Page 6..  
See 

No Flow To HPI Train B No Flow Through HPI Train 13 

Page 34 Page 36 
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No Flow From HIi Train C Via 
31P-409 

H ITRNC409 
Page 6...  
See x-ref 

I I 
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3HP-409 Is Not Open 

Page ItI 

iPg 9) 

Operators Fail to Open 3HP11-409 [Motor Operated Valve 3HP-409 
(-410) Fails To Open On Demand 

HHO409DHE HllHP0409MVO 

I.00E-03 2.47E-03 

Loss Of Power From 600 V ac Motor Operated Valve 311P-409 
Motor Control Center 3XS3 Transfers Position 

P6C3XS3 HPO409MVT 

.50E-05 2.50E-06 
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No Flow To 3HP-188 Via 
3HP-27 

HAPl889 
Page II 
Page 18 
Page 8...  
See 

No Flow From HPI Train C No Flow Through 3HP-27 Or 
3HP-148 

Page 13 Page 14 
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No Flow To 3HP-194 From 
311P-410 

11493 
Page 2...  
See x-ref 

3HP-410 Is Not Open No Flow to 3HP-410 

Page 12 

No Flow to 3HP-4 10 From No Flow From HIPI Train A Via No Flow Froii HI Trai A Via 3HP-409 HP-1 15 Or From HPI Train B 

H499 
Page 19..  
See x-ref 

3HP-409 Is Not Open No Flow To 3IP-188 Via No Flow From IPI Train A Via No Flow Froi IPI Train B 3HPI-27 H-11 N5 

Page 9 Page 10 Page 15 Page 7 
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3HP-410 Is Not Open 

11 10 
1Pge 87 

I I 
See X-rel 

Operators Fail to Opcn 3HlP'-409 Motor Operated Valve 31P-410 
(I4 0) Fails To Open On Demand 

HH-PO409DHIE HHP'O410MVO 

.00E-03 2.47E-03 

Loss Of Power From 600 V ac Motor Operated Valve 3HP-4 10 
Motor Control Center 3XS3 Transfers Position 

P6C3XS3 HilPO410MVT 

I.50E-05 2S5E-06 
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No Flow From HPI Train C 

H11Il060 
Page 23 

Page 10.  
See x-ref 

No Flow To HPI Train C No Flow Through I IP Train C 

HPl061 HPIO62 

I- Page 44 

No Flow To HPI Train C From No Flow To HPI Train C From 
3HP-100 311P-102 

HP1792 HPl098 

I DI O Page 30 
No Flow Through 3HP-99 Or No Flow To HPI Train B Fromt 

3H P-1 00 3HP-98 

Page 31 Page 35 
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No Flow Through 3HP-27 Or 
3HIP-148 

HP1887 
Page 10 

Page 91.  
See x-ref 

I I 
Motor-Operated Valve 3HP-27 Manual Valve 3HP-148 
Transfers Closed Afler Opening Transfers Closed 

HHP0027MVT IHP148VVT 

2.50E-06 2.43E-04 
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No Flow From HPI Train A Via 

HOO 

Page 11I 
Se x-ref 

Motor-Operated Valve 3HP-1 15 No Flow From H PI Train A 
Transfers Closed 

25E-06 

Page 23 
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No HPI Flow Through Injection 
Line For Cold Leg 3Al 

HP1896 
Page 2 

Page 86...  
See x-ref 

Manual Valve 3HP-127 Check Valve 31IP-487 
Transfers Closed Transfers Closed 

MHPO127VVT HHIlPO487CVT 

2.43E-04 8.94E-04 

Iligh Pressure Injection Flow 
Oritice 3AI Is Blocked 

Il PO3A IORF 

I.66E-05 

PPENDIX B1 - HPI SYSTEM ACCIDENT MITI N FAULT TREE e 16 

WWWmWmWWmWmW WWWm MI



No IlIP Flow Into Cold Leg 
3A2 

HI 11899 
Page I 

Page 70 
Page 84...  
See 

No Flow To Loop 3A Cold Legs No IIPI Flow Through Injection 
From 3H1P-194 Line For Cold Leg 3A2 

IIP892 1P1895 
Page 81...  
See x-ref 

Page 2 

Check Vaihe llP- tS IT.msfers M1nt1 \ h81e IlWlk11;, 

8 'L-t01 2.43-01 

IHigh Pressure Injection Flow 
Orifice 3A2 Is Blocked 

HHPO3A2ORF 

I .66E-05 
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No HPI Flow Into Cold Leg 3BI 

1P1898 
Page I 

Page 70 
Page 84..  
See 

No Flow To Loop 3B Cold Legs No HPI Flow Through injection 
From 3HP-188 Line For Cold Leg 31 

IIPI007 Hl9 
Page 21 ...  
See x-rel 

I 
Page 20 

Swing Check Valve 3H1P-188 Swing Check Valve 3H11P-188 No Flow To 3HP-188 During 
Fails To Open On Demand Transfers Closed Injection 

8E-05 33E-06 

No Flow To 3HIP-1 88 Via NFlwTo 3HP-188 Via 
3H1P-409 3HP-27 

Page 19 Page 10 
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m m e- -mm mm-me mm 

No Flow To 3HP-188 Via 
3HP-409 

HTRNABINJ 
Page 18...  
See x-ref 

3HP-409 Is Not Open No Flow From IPI Train A Via 
HP-I I5 Or From HPI Train B 

Page 9 Page 1 1 
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No lIIPI Flow Ilroiigl lInjectioni 
Line For 'Cold Leg 3131 

H P[II1894 
Page 18 

Page 86...  
See x-rcf 

SCheck Valve 311P-488 Fails To [ Clicek Valve 31 IP-488 Transfers 
Openi On Demand [ Closed 

I liglih I~~ iicm lo"s NIiitstl Vk 111.151 
Orifice 3131 Is Bloucked ,nI s( sc 

I6E-05 24E-04 
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No HPI Flow Into Cold Leg 3132 

I HP1897 
Page I 

Page 70 

H1Pl007 H-PI893 

See x-ref 

Page 18 

Check Valve 31IP-489 Fails To Check Valve 3HP-489 Transfers 
Open On Demand Closed 

HHPO489CVO HHIPO489CVT 

8.15E-05 3.31E-06 

High Pressure Injection Flow Manual Valve 3HP-152 
Orifice 3B2 Is Blocked Transfers Closed 

HHP3B20RF HIIIIPO52VVT 

V.66E-05 2.43E-04 
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Common Cause Failure Of 2 Of 
3 HPI Pumps To Restart For 

Injection After LOOP 

HLOOP2 
Page I 

Page 70...  
See x-ref 

LOCA/LOOP Occurs Common Cause Failure Of 2 Of 
3 HIfil Pumps To Restart For 

Injection After LOOP 

H1641 HHP23SICOM 
Page 8 I.9E-04 
See s-ref 

II 

LOCA/LOOP Occurs Loss Of Off-Site Power Due To 
Severe Weather initiating Event 

HLOCALOOP T5WEATH 

2 E+00 0.OE+00 

Failure Of Electrical Grid Or Loss Of The Oconee Station 
Main Feeders Initiating Event Switchyards Initiating Event 

T5FEEDF T5SUBF 

0.00E+00 2 0.OE+00 
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Loss of Two HIPI Pumps 

H-2PUMP 
5Pag 

NIP 

Page 70... 2 
See x-ref 

No Flow From HPI Train A No Flow From HPI Train 13 No Flow From H PI Train C 

HP1026AHl03H06 
Page 15 
Page 6.  
See x-re f 

Page 7 Page 13 

No Flow Through H PI Train A No Flow To HPI Train A 

HPIO26 HPIO26B 
Page 105... Page 1 10.  

See x-ref See x-re~fj 

No Flow From HIPI Pump 3A HITan A Valve Failure No Flow To HI I Train A Fr om NFlwTHPI Train A From 
3H-P-101 3HP-98 

Page 24 Page 25 Page 26 Page 30 
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No Flow From IPI Pump 3A 

H111 0321 
Page 23 

Page 94..  
See x-rdl 

No NPSW How Thouh Motor HI Sp 3A Fals To Ri M N F T 

- m -Pow-rmFrom 4160-Vmac 

Cooler Onr IIPI Pump 3A Switchgear 3TC Breaker 8 Fails 

HPI991 HPUAlRH[9 

3.3-04 

Manual Valve 3LPSZW-IS2Manrual Valve 3LP154 Loss Of Power From 46Vac 4160 V ac Switchgear 3TC 
Transfers Closed Transfers Close Switchgear 3TC Breaker 8 Transfers Open 

(HP-P3A) 

HLS01I52VVT HLSO7254VVT0 P3CAC00C4 

u 9.00E-.07 90E-07 27E0 5E0 

Manural Valve 3LPSW-1 53 Heat Exchanger On HPI Pump 
Transfers Closed 3A Clogs 

THLS0153VVT 
HPXAX 

9.00E-07 29E-05 
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IPI Train A Valve Failure 

HPI004 
Page 23 .  
See x-ref 

Manual Valve 3H1P-106 Manual Valve 3HP-103 
Tran sfers Closed Transfers Closed 

HHP0106VVT HHP0103VVT 
9.00E-07 9.OOE-07 

Check Valve 3HP-105 Transfers 
Closed 

HIHP0105CVT 

3.3E-06 
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No Flow To HPI Train A From 
3HP-101 

HIPl074 
Page 23 

Page 35...  
See x-ref 

II 

No Flow Through 31IP-24 Or No Flow From BWST Header 
311P-101 

11Pl075 L5 

I I Page 29II 

Tilting Disk Check Valve Tilting Disk Check Valve Motor Operated Valve 3HP-24 Motor-Operated Valve 311P-24 MOV 3HP-24 Suction Train Is MOV 3HP-24 Suction Train in 
3HP-101 Fails To Open On 3HP-101 Transfers Closed Does Not Open Transfers Closed After Opening Lef Unavailable After Test Or Maintenance 

Demand Maintenance 

HHPO01CVOHPP0024MVT HH00024LHE HHP0024TRM 
8.15E-05 E-2.50E-06 5.2013-05 5.0013-03 

Power From208V acMCC MVor-Operaed Valve 3HP-24 
3XSI Breakr RDI Fails Fails To Open On Demand 

H4l98 HHP024VO 

2 .47E-03 

Page 27 

ES Digital Channel I Fails To Common Cause Failure Of 
Open MOV 3HP-24 And MOVs 3HP-24 And 3HP-25 To 
Operators Fail to Recover Open On Demand 

H415 HPVVO 

1.24-04 

Page 28.  
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Power From 208 V ac MCC 
3XSI Breaker RDI Fails 

HPl986 
Page 26...  
See x-ref 

Loss Of Power From 208 V ac 208 V ac MCC 3XSI Breaker 
Motor Control Center 3XSI RDI Transfers Open (3HP-24) 

P2C3XSI HACORIDCLT 

3.00E-05 1.66E-05 
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ES Digital Channel I Fails To 
Open MOV 31IP-24 And 
Operators Fail to Recover 

H415 
Page 26...  
See x-ref 

II 
ES Digital Channel I Fails To Operators Fail To Respond to 

Open MOV 311P-24 Engineered Safeguards Failure 

1PI082A EKSFASODHE 

4.00E-03 

Enginered Safeguards Channel I Unit Control Module ES IB Fails 
Signal Fails 

ESAS I IIES001IBUCD 

2.00E-06 6.00E-08 
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No Flow From BWST Ileader 

Fails go 
OL55 

Page 26...  
see x-_ref 

BWST Fails To Suipply Flow Manual Valve k3LP-28 Transfers 3LP-28 Left Closed Due to 
Closed I luman Error 

I II 

IH-0I 

Vacu m-1h aker V ac 11.-Bre1 e IValve lm te 3t1r1 61 

Fails to Open 

LLP0061CVO510 
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No Flow To HPI Train A From 
3HP-98 

HPl026C 
Page 23...  
See x-ref 

II 
No Flow To HPI Train B From Motor-Operated Valve 3HP-98 

3HP-99 Transfers Closed 

HPl1092 HHPoo98MVT 
Page 34...  9 ~2.50E2-06 
See xIref 5 

No Flow Through 311P-99 Or No Flow To HPI Train C From 
3HP-100 3HP-02 

H1Pl793 HP1098 
Page 13...  

19 See x-ref 

Page 31 

No Flow Through 3HP-25 Or No Flow From BWST H eader 
3HP-102 

Page 32 Page 29 
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No Flow Through 3HP-99 Or 
3HP-100 

HP1793 
Page 30 
Page 13 
Page 95 

Page 9 

HPI Suction Crosstie Is Lef Manual Valve 31HP-100 
Unavailable After Test Or Transfers Closed 

Maintenance 

HHPOSGOLHIE l-HP100VVT 

3.20E-03 4.I4E-05 

Manual Valve 31-P'-99 Transfers 
Closed 

HH-P0099 VVT 

4.14E-05 
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No Flow Through 311P-25 Or 
311P-,,,2 

Page E3- 
11 19 

See x-ref 

Tilting Disk Check Valve Tilling Disk Check Valve Motor Operated Valve 311P-25 Motor-Operated Valve 311P-25 MOV 311P-25 Suction Train In MOV 311P-25 Suction Train Is 
3HP-102 Fails To Open On 3HP-102 Transfers Closed Does Not Open Ttansfers Closed Atr Opening Maintenance Left Unavailable Aller Test Or 

Demand Maintenance 

Hlll2C 11105 IIII10i25MVT litP025TRM ilPI25LHE 
.15E-05 3 E-06 2[0E-03 5.20E-05 

IU 

I-et, of P., vro, Ir Ope onre i e Ittu"l 

MUC 3X.S2 R I qlj, Wv HP %,j I I; 1 1) N 1 11W. I N t, f' sl 
01471 0" 1 24 04~ 

I I -0 

Loss Of Po ver Fromt 208 V ac 208 V ac MCC 3XS2 Breaker ES Digital Channel 2 Fails To Operators Fail To Respond to 
Motor Control Center 3XS2 RIA Transfers Open (3HP-25 Open MOV 311P-25 Engineered Safeguards Failure 

C3XS2 EfACORIACLT il6AEKSFASODHE 

3 00E-05 1.66E-05 4,00E-03 

Page 33 
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lS Digilal (hainel 2 Fails To 
Open ML)V 3111'-25 

IIPH1O6A 
Page 32 
See x-ref 

Engineered Safeguaids Channel Unil Control Module ES2B Fails 
2 Signal Fails 

ESAS2 HIES002B3UCD 

2.OOE-06 6.00E-08 
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. No Flow To HPI Train B 

H P1036 
Page 7 

Page 119.  
See x-ref 

No Flow To H1IPI Train B From No Flow To IIPI Train B From 
3H1P-99 3 IP-98 

Page 30 Page 35 
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No Flow To lHPI Train B From 
3HP-98 

H P1791 
Page 34 

Page 13...  
See x-ref 

Motor-Operated Valve 3HP-98 No Flow To IHPI Train A From 
Transfers Closed 3HP-101 

HHIIP0098MVT 11P074 
2.50E-06 

Page 26 
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No Flow Through HPI Train B 

HPl083 
Page 7 

Page 89..  
See x-ref 

HPI Pump 313 Does Not Ron Tilting Disk Check Valve 
311P-109 Transfers Closed 

HPO7 I Il'83110 lPOCVT 

3.31E-06 

Page 37 

I IPI Train 3B Is In Maintenance Tilling Disk Check Valve 
3HP-109 Fails To apes On 

Demand 

HHPllOTRB3TRM HHIPOIO9CVO 

2 .00E-02 8.ISE-05 

Manual Valve 3HP-107 HPI Train 3D Is Left 
Transfers Closed Unavailable After Test Or 

Maintenance 

HHIP0107VVT HHPO0TRB3LHEI 

1.44E-05 520E-05 

Manual Valve 3HP-110 HPI Pump 3B Does Not Start 
Transfers Closed 

HHPOlI10VVT HPl086 

I.44E-05 

Page 38 
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HPI Pump 3B Does Not Run 

HPIO87 
Page 36 

Page 111...  
See x-ref 

No LPSW Flow Through Motor HPI Pump 3B Fails To Run 60 V ac Switchgear TE 
Cooler On HPI Pump 3B [ Breaker 9 Transfers Open 

(HP-P3) 

H11l987HHP3HRHCT94 

3E-04 .5E-05 

Manual Valve 3LP'SW-157F Manual Valve 3LPSW-159 
Transfers Closed Transfers Closed 

HLS0157VVT I ILS01 59V VT 

1.44E3-05 ' I.44E-05 

Manual Valve 3LPSW-1 58 Heat Exchanger On HPI1 Pump 
Transfers Closed 313 Clogs 

HLSO158VVT HHPHX3BHXF 

E.44E-05 4.65E-04 
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IPI Puip 3B Does Not Start 

HP1086 
Page 36...  
See x-ref 

IPI Punip 313 Fails To Start On HPI Puimp 313 Fails To Be Control Power and Motive Common Cause Failure of HPI 
Demand Actuated And Operators Fail to Power are not Both Available Pumps B and C to Start For 

Recover for HPI Pump 3B3 Non-LOOP Events 

418HLOOPCOM 

r.8-03 

Page 41 Page 43 

HIPI Pump 3B3 Fails To Be Operators Fail To Respond to 
Actuated Engineered Safeguards Failure 

HP1088 ESAOH 

40E-03 

ES Digital Channel 1 al o ES Digital Channel 2 Fails To 
Start HPI Pump 3 Start HI Pump 313 

Page 39 Page 40 
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ES Digital Channel I Fails To 
Start HPI Pump 3B 

HPl088A 
'age 38..  
See x-ref 

II 

Enginered Safeguards Channel I Unit Control Module ES IC Fails 
Signal Fails 

ESASI HESO01CUCD 

2.OOE-06 6O0E-08 
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Start HPI Pump 3B 

1Pl088B 
Page 38 
See x-ref 

I I 

Engineered Safeguards Channel Unit Control Module ES2C Fails 
2 Signal Fails 

ESAS2 HES002CUCD 

2.OOE-06 6.00E-08 
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Control Power and Motive 
Power are not Both Available 

for HPI Pump 3B 

HPIP3BST 
Page 38 
Page 112 

Page 112...  
See e

DC Power Not Available to AC Power Not Available to HPI 
Close-in Breaker for HPI Pump Pump 3D 

3B 

HPIP3BDC HPIP3BAC 

AA ID T MPage 42 
Loss of Power On 125 V dc 125 V de Panelboard 3DI1C 

Panelboard 3DI1C Breaker 28 Transfers Open 

I.50E-07 85E-06 
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AC Power Not Available to HPI 
Pump 3B 

H1PIP3DAC 
Page 41.  
See x-ref 

I I = 
Loss Of Power From 4160 V ac 4160 V ac Switchgear 3TE 

Switchgear 3TE Breaker 9 Fails To Close (HPI 
Pump 3D) 

P3TE H ACOEO9C4C 

2.70E-05 5.31E-04 
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Common Cause Failure ofH11 
Pumps tB and C to Start For 

Non-LOOP Events 

HI LOOPCOM 
Page 38 

Page 45...  
See x-ref 

I -
Event is Not a LOOP Common Cause Failure of HPI 

Pumps 3B and 3C to Stan 

LO.CNLOUj .1 It' I ccurs~ 

HLOCALOOP 

AH00E+00 
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No Flow Through HPI Train C 

I 1P1062 
Page 13 

Page 92...  
See x-ref 

Tilling Disk Check Valve IPI Pump 3C Does Not Run 
31IP- 113 Fails To Open On 

Demand 

H-HP011I3CVO H-Pl068 

8.15E-05 

Page 47 

Tilting Disk Check Valve Manual Valve 3HP-1 14 
31P- 113 Transfers Closed Transfers Closed 

HH-P01 I3CVT H-HPOI H4VVT 

3.3 IE-06 4.14E-05 

HPI Pump 3C Does Not Start Manual Valve 3HP- Il1 
Transfers Closed 

H1Pl067 HHIP0111 VVT 

4 14E-05 

Page 45 

HPI Train 3C Is Left HI PI Train 3C Is In Maintenance 
Unavailable After Test Or 

Maintenance 

HIHPOTRCLHE HHI-POT RCT RM 

5E20E-05 1.00E-02 
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HPI Pump 3C Does Not Start 

HP1067 
Page 44..  
See x-ref 

IIPI P ump 3C Fails To Start On LS Digital hnnel 2 Fails To Control Power and Motive Comninon Cause Failure of- HPI 
Demand Sla iI INPump 3C! And Power are ot Botlh Available Pumps 13 and C to Start For 

Operators Fail to Recover for I lt' Pump 3C Non-LOOP Events 

426HPIP3CST LOOPCOM 

A- 0H I S TE A age 43 
ES Digital Channel 2 Fails To Operators Fail To Respond to DC Power Not Available to AC Power Not Available to H PI 

Start HPI Pumrp 3C Engineered Safeguards Failure Close-in Breaker for HIPI Pumip Purnp 3C 
3C 

I I~P3D 
HP104100E-03 

I I Page 46 

Engineered Safeguards Channel Unit Control Mouhle ES2A 125 V de Panielboard 3DIB L oss Of Power On 125 V de 
2 Signal Fails Fails Breaker 32 Transfers Open P~anelboard 3DIB 

12 2.00E-06 60E-08 85E-06 1.50E-07 
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AC Power Not Available to IPI 
Pump 3C 

H1PIP3CAC 
Page 45.  
See x-ref 

II 
Loss Of Power From 4160 V ac 4160 V ac Switchgear 3TD 

Switchgear 3TD Breaker 9 Fails To Close (H1PI 
Pump 3C) 

P3TD HACODO09C4C 

2.70E-05 5.31 I-04 
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I IPI Plump 3C Does Not Run 

H111068 
Page 44 
See x-ref 

No LPSW Flow Through Motor HPI Pump 3C Fails To Run 4160 V ac Switchgear 3TD 
Cooler Of Hi] Pump 3C Breaker 9 Transfers Open 

(H-P-P3C) 

HP993HPPU3CHPR HAC009C4T 

E-04 1 53E-05 

Manual Valve 3LPSW-162 Manual Valve 3LPSW-164 
Transfers Closed Transfers Closed 

HLSo162VVT HLS0164VV 
4.14E-05 4.14E-05 

Manual Valve 3LTPSW- 163 FAULTExcaer On I Pump 
Transfers Closed 3C Clogs 

HLS013VVTHPHX(3CHXF 

4 4E-05 1.34E-03 
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LDST Paramneters Are Out of Operating Envelope During 
Nonnial Operation 

I ILDSTPERN 
Page I 

Page 70 
P'.ge 83 

ID1 St Ic Let el Miies Oji, of' [ I SrPressure Is Above 
()peralng Fnvelope D1111119 Operatingp tivelope \61th 

Numinal 6 7t atoi ressure Inutrunuients Failed 

I ILDSTt.L IRESEI 

PPENDure to Swa HP YTE CID I Nu~o FAUL T~cE Is 48 
th-WTOnLwLS Lee Falr otLee Insnu i~
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LDST Level Is Low Enough To 
Require Swap To BWST 

H639 
Page 48...  
See x-ref 

Nonual Letdown Is Interrupted Excessive RC Makeup Is 
Required 

HNORMLDINT HEXCMAKEUP 

I .00H-02 

Operator Fails to Restore Nonnal Purification Leadown 
Appropriate Letdown Flow Flow Fails 

ILDRESTORE IILDFLOW 

M I DI O age 54 
Operator Fails to Main tain Letdown Flow Monitors Fail 
LDST Level > 40 " tru 
Appropriate Monitoring 

'iLSLI I.00E-03 

Page 50 
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Letdown Flow Monitors Fail 

Z HLDMONITOR 
Page 49 
See x-ref 

Electrical Receiver Gauge on Letdown Flo LDST Level Alanns Fail Pressurizer Level Alann Fails 
Unit Board 3 for Flow Xmr (ecei31.4.3) 

3H1PlFT6A Fails 

LUBFLOW HDFLWALM 

Page 5B Page 53 
Letdown Flow Transmitter, Common Cause Failure of Letdown Flow Transmitter Conuon Cause Failure of 

HPIFT0006A, Fails Letdown Flow T'ransititers HPIFT0006P Fails Letdown Flow'Transmitters 

HPILT6AFTFHPIFT6XCOMHPlFT6PFTFIIlTXO 

I6E-02 5.9-04 3.86E3-05 S2E-04 

Operator Fails to Check Unit Alarm Instrument Fails 
Board Leldown Flow Receiver 

Gauge 

HLDFLOWDH HLDFLOWAMF 

I.0+00 U 2.14E-02 
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LDST Level Alanns Fail 

HLDLVLALM 
Page 50.  
See x-ref 

LDST Level Alarm Device Fails LDST Level Instnuents Are .  
Failed 

HLDSLVLAMF HLDSTLEVEL 

2.14 E-02 

Page 52 
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LDST Level Instnunents Are 
Failed 

HLDSTLEVEL 
Page 48 

Page 51...  
See x-ref 

Comnuon Cause Failure of LDST Level Transmitters Fail Instnunent Root Valve (RefI nstnunent Root Valve (Sensing 
LDST Level Transmitters egs Common) 31H'l0085 Lines Conunon) 31H110087 

Transfers Closed Transfers Closed 

H ILDXMTRCOM HLDSTLVXMS HPIO085DEX HPIO087DEX 

-04 2.50E-05 2.50E-05 

LDST Level Transmitter String LDST Level Transmitter String 
I Fails 2 Fails 

Page 65 Page 66 
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Pressurizer Level Alann Fails 

PZRLVLV 
Page 50..  
See x-ref 

Pressurizer Level Alann Is Pressurizer Level Alann Fails 
Challenged 

PRZRCHAL PRZRLVLDEX 
I.O0Ei00 1.00E+00 
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Nonrisi Puri iculmo Lodotto 

Page 49 

Operators In d-uoetly Isolat No Flo- To Opesoieg uLdott Chock Valto 311P.78 Tr-fsar Macaol Valte3lIP-57Transfcrs Ledon Fitler 3A Clogs No Flo, Through 31111-17 NnoAl Ledote Path R.Opt-e 

7 Cl odClsd 

1IMSILCIL F, HPM679 11111Pl078CVTATIlOFX 

(j. 9c ltlE21 Senu-rcf E2 0 

No l-To31P.14F- Mto Ocrlo V c31P.14Air-Opcrated Vlt 311P-17 1 Lss 1 o r o 51901121V ae Operting Puifi-alut Traasrcrs Posifioo TsotslessClosed J [ Paceboard 3Y0 

Dc~j""a"rT"4. IoI n 

0Dorpe [ irliS-sTrti 

IIPM73 ]HP014NVT E-06'!F 
12.05 T AEI 0 

No Fow T roug Op tingNo T Puificii-n209120 P -lb .d3 D 1,ss o~ ux l .21 irS~tcrn 
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"M - Wt do a W-4k l 411111% E a ,o o o 

No Flow Through Operating 
Purification Demineralizer Train 

HPM672 
Page 54..  
See x-ret 

Check Valve 311P-47 Transfers Loss Of Power On 208/120 V 
Closed ac Panelboard 3KD 

tllIP0047CVT P2C3KD) 

3.31E-06 4.40E-05 

Irfi Iian Oc ie ctie 1A 200('lO V ac IPanelbomd WD) 
l1i.l,& owte.c 17i ink n e 

3 791F-05 1.1 I-05 

Air-Operated Valve 3H1P-8 Loss of Auxiliary Air System 
Transfers Closed Pressure 

HHIP0008AVT AUXAIRTOP 

I 52E-05 6 1.20E-04 
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No Flow To Purification 
Denineralizer Trains From 

3HP-195 

P11M671 
Page 54...  
See x-ref 

II 

No Flow To 3HP-195 Manual Valve 3HP-195 
Transfers Closed 

HPM670 HH11P0195VVT 

9.OOE-07 

No FlowTo3HP-15 FromNo llow To 3H11P-195 From 
311P-41 Flow Restrictor Line 

HIPM669 HIPM659 

No Flow Through 3HP-40, No Flow To 3HP-6 Or 3HP-40 No Flow To 317HP-6 Or 3HP-40 No Flow Through Flow 
3HP-7, Or 3HP-41 From 311 P-5 From 3HP-5 Restrictor Line 

Page 57 Page 58 Page 58 Page 60 
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No Flow Through 3HP-40, 
3HP-7, Or 3HP-4 I 

HIPM668 
Page 56..  
See x-ref 

Manual Valve 3HP-41 Transfers Manual Valve 3HP-40 Transfers Air-Operated Valve 3HP-7 3HP-7 Transfers Closed on Loss Loss of Auxiliary Air System 
Closed Closed Transfers Closed of Power Pressure 

HHP0041VVT l-IHP0040VVT IIH1P0007AVT HPM668AC AUXAIRTOP 
0E-07 9.007 .52E-05 6 .20E-04 

Loss of Power on 240/120 V ac 120 V ac Circuit Breaker 
Power Panelboards 3KI and 3KU-21 Transfers Opens (ICS 

3KU Cab. 7) 

H11D3KIKU HHPKU21CLT 

1.11E-05 

Loss of Power on 240/120 V ac Loss of Power on 240/120 V ac 
-Power Panielboard 3KI Power Panelboard 3KU 

D33KI]3K 

2 3.30E-05 3.30E-05 
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No Flow To 3HP-6 Or 3H4P-40 
From 3H1P -5 

A HPM667 
Page 56 

P'age 56, 
See x-ref 

311P-5 Fails To Remain Open No Flow T o 311P-5 From Either 

I Letdown 
Cooler Train 

Page 59 

Air-Operated Valve 31P5 Solenoid Valve 3HIPISV0090 
Transfers Closed Transfers Position 

Illl1P0005AVT 11llIPSV90SVTI 

I.521-05 2 55F06 

lh a c I I" J "......  

ill)Cill25CDT111'0 57l 
8.501E-06 U 1 .21 .ns 

Loss Of Power On 125 V de Low Instrument Air Pressure Panelboard 3DIB Switch 31APSN331 Spurious Operation 
D3DIB I PO3 31 PST 

1.50E-07 1.42E3-05 

Lo ssof Aux ilIiary A ir System 
Pressure 

AUXAIRTOP 

1.20E-04 
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No Flow To 3HP-5 From Either 
Letdown Cooler Train 

/N H601 
Page 58..  
See x-ref 

NO Flow To 31HP-5 rom No Flow To 3HP1'-5 From 
Leldmn Cooler Train A Ledown Cooler Train 13 

IPM665 H603 

Motor-Operated Valve 3HP-3 Motor-Operated Valve 3111- I Motor Operated Valve 311P-2 Motor Operated Valve 3HP-4 
Transfers Closed Transfers Closed Transfers Position Transfers position 

67E-04 67E-04 6 74 E-04 67E-04 

Letdown Cooler 3A Cloga Letdown Cooler 3B Clogs 

HHPLDCAHXF HHiPLDCBHXF 
7.84E-03 7.84E-03 
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No Flow Through Flow 
Restrictor Line 

HPM658 
Page 56..  
See x-ref 

Manual Valve 31P-39 Transfers Loss Of Power On 208/120 V 
Closed f ac Panelboard 3KD 

HIHP0039VVT P2C3KD 

9.OOE-07 4.40E-05 

r - - I 
Letdown Line Flow Reducer 120 V ac Panelboard 3KVID 

Plugs Breaker 19 Transfers Open 
(3HP-6) 

HHPOOLDORF HHPKDI9CLT 

6.14E-08 lIE-05 

Air-Operated Valve 31P-6 Loss ofAuxiliary Air System 
Transfers Closed Pressure 

HHPOO6AVT AUXAIRTOP 

I .52E-05 6 20E-04 
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Failure to Swap H1PI Suction to 
the BWST 

H626 
Page 48...  
See x-ref 

Failure to Swap HPI Suction to 
the BWST (Post-mod case)eae 

H2311629 
Page 105 

Page 116..  
See x-ref 

Failure of Auto Swap to the Operators Fail to Swap HPI Premod Condition Operators Fait to Swap HPI 
BWST Before LDST Depletion Suction to the BWST Before 

(Proposed Mod.) LDSTDepletionepletio 

CHPHPMUDHEPRODCHMUH 

-03 OOEi 2 -03 

APag6 29 

APPEDIX131- HP SYTEMACCDENTMITGATON AULTTRE Pae I



Failure of Auto Swap to the 
BWST Before LDST Depletion 

(Proposed Mod.) 

H600 
Page 61...  
See x-ref 

Postmod Condition Emergency Low Level Signal to 
13WST Suction Valves Fails 

POSTMOD 

0.00E+00 

Latent Human Error Associated LOST Emergency Low Interlock One of Two LOST Level 
with Interlock Maintenance Function Is in Maintenance Signals Fails 

Occurs 

HEMERLILHE HEMERLIMNT HLDSTSIG 

3.20E.03 1.00E-03 

LDST Level Signal I Fails LDST Level Signal 2 Fails 

HLDLVSIGI HLDLVSIG2 

Page 63 Page 64 
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LDST Level Signal I Fails 

HLDLVSIG 
Page 62...  
See x-ref 

Instrument Root Valve Loss of Power from 120 Vac 
HPilV0369 Transfers Shut Power Panelboard 3KVIC 

HPl0369VVT D3KVIC 

2.46E-04 2 1.70E-05 

Level Transmilter 33PI Fails Signal Monitor 3HP14-LSI Fails 

HIIP33PILTF Hll4LSISMF 

109E-05 1.98E-05 
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LDST Level Signal 2 Fails 

HLDLVSIG2 
Page 62...  
See x-ref 

Instrument Root Valve Loss of Power on 120 V ac 
HP11V0368 Transfers Shut Power Panelboard 3KVIB 

H-Pl0368VVT D3KVIB 

2.46E-04 T 60E-05 

Level Transmilter 33P2 Fails Signal Monitor 3HPIl4LS2 
Fails 

HHlIP33P2LTF HPl4LS2SMF 

2 09E-05 2 .98E-05 
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LDST Level Transinitter String 
I Fails 

HDLVXMRI 
Page 52...  
See x-ref 

Level Transmilter 33PI Fails LDST Level String I Is in 
Maintenance 

HHP33PILTF HLVLSTILTM 

2 .09E-05 1.00E-03 

Signal Monitor 3HPI4-LSI Fails Instrument Manifold Valve 
HIPllVOOS2r Transfers Position 

HPl4LSI SMF HIPIRO52DEX 

2 ,98E-05 9.00E-08 

Loss of Power 10 LDST Level Instnnuent Manifold Valve 
Transmitters 1111VO052s Transfers Position 

HLVLPWR HPISOS2VVT 

9.00E-07 

Page 66 

Insinment Root Valve 
HPIIV0369 Transfers Shut 

HPIO0369DEX 

9 OE-08 
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LDST Lcel T ransmitter String 2 
Fails 

ilDLVXMR2 
Page $2 
See x-f 

Levcl Transmillcr 33P2 Fails Signal Monitor 3HPII4LS2 Fails Loss of Power to LDST Lsecl Instument Rool Valte LDST Lec String 2 1s in Instrument Manifold ValIe Instrumtt Manifold Vatic 
Transmitters IIPIIVI36B Transfers Shto Maintenance IlPIlVol 3, Transfers Position HPIIVoIl3s Transfers Position 

HLVLS2SF 2LTMW IIIRI3DEX IPSI3V 
9E-I E-05 00e6-E-08 IE-03 9.I1E-18 IE-07 

Loss of Powver on 240/120 V ac Loss of Powver on 240/120 V ac 
Powver Panelboard 3K Power Panceoadl K 

3.30E-0S 3.30E3-05 
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LDST Presstre Is Above 
Pressure Inslrments Failed 

I .00E+~ OOEP00ESSFRES 

ent Failure;u.~ II(~rminCus alueo 
Presur iIsru I FailedIjeseIi;rrsr~le 

HNIVIOPRSDHI HL4E-04S 
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LDST Pressure Sensing String I 
Fails 

HPIPTF228 
Page 67..  
See x-ref 

Pressure Transmitter 1 IPIPTO228 24Vdc Power 
HPIPT0228 Fails Supply Fails 

HPTO228PTF HPTO228POF 

9.77E-06 4.13E-05 

Instrument Root Valve Loss of Power from 120 Vac 
I ItlV0371 Transfers Shut Power Panelboard 3KVIC 

HPlV371 VVT D3KVIC 

9.00E-07 2 .70E-05 

Instrument Root Valve LDST Pressure String #1 IIs in 
HPHlO362 Transfers Shut Maintenance 

HPV362VVT IPIPRSIIPRM 

9.00E-07 I.OE-03 
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LDST Pressure Sensing String 2 
Fails 

HPIPTF0O10 
Page 67...  
See x-ref 

Pneumatic Pressure Transducer Loss of Auxiliary Air System 
HIPJIPT0010 Fails Pressure 

HIPTO0I0APT AUXAIRTOP 

I.62E-04 1.20E-04 

Instrunent Root Valve LDST Pressure String #2 Is in 
HPIIV0370 Transfers Shut Maintenance 

H-PlV370VVT HPIPRS2PRM 

9.00E-07 1.00E-03 

Instrument Root Valve 
HP11V0097 Transfers Shut 

H]PI VO97 VVT 

9.00E-07 
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Failure of IIP During Injection 
(Feed and Bleed) 

lIII; INJ 

Common Cause Failure Of 2 Of Commnon Cause Failure Of 2 Of Loss of Flow Into Three Cold Pipe Rapture Fails lll'l Suipply Pipe Rupture Fails HP! Supply LDST Parameters Are Out of 3 11P! Pums To Resat For 3 HPI Pumps To Run During Legs Or Loss of Twko I INl From I3WST Through 31111-24 From BwsTr Through 314P-25 Operating Envelope During 
Injection After LOOPOperation 

HIP3RCMI IPUMPSLEGS HIWTAE BS3DXI )T 
3.2311-08 4 1.38E1-081 

Cono Ca FPage 48 

Lo ss of Flow in Three Cold Loss of Two 11111 Pumps 
Legs 

I 3I)l ILG 

NIINFlosw Into Cold Leg No lIP!1 Flow Into CoIl Leg 3111 

HP1900P19 

Page 22ag 1 

- I 

No II1P1 Flow Into Cold Leg No HPI Flow Into ColdLgII 

Pape Rupur Fails HP2upl 

)ENDIX~~~~~ro BWS Thog 3HPYSE-25DN MT FUTTRE7 

nI



am - - - - - -Mae 
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Lxn;s of Fl- nrough HPI Punip 
Motor Hearing Cooling Jackets 

A HPICOOL 
Page 71 
Page86 

Page 

100 

Page 

71 

P.. ed 
No Service W ter Flov To H P1 M...al Val, 3LPSW-711 Manual Vlalc 3LPSW-S()" M.nu.l Valc 3CCW.87 C.runn.. C.... Failure OfCuno Pipe Break Fails Cooling Water 

c %p Coolers Train Suctions Transfers Closed Transfers Closed Tra isfers Closed Filters 3LPSFI.0001, 0002, And Flo,, F-n LPSW and HPSW 

- I -
L 0018 

IIP1980 jWCW0087WI HLSFILTCOM HOIH75tFM 

E-07 E-07 U gow.,07 2 1 90E-06 LOOE-07 

No LPSW Flm To 14PI P.unp No HPSW Backup Flov 
Coolers Train Suctions A ailablc To HPI Purnp Motor 

Coolm 

11PI979 

Page 75 

Manual V.hc 3 LPSW. 149 M. ... I Val,. 3LPSW.246 
Trans(crs Closed Tr.,,srers Closed 

)E.07 JE-07 

No LPSW Fl- Fronn Either 
LPSW I rain 

Page 73 
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No LPSW Flow From Either 
LPSW Train 

H1P1977 
Page 72..  
See x-ref 

No Flow To HPI Pump Motor No Flow To lIP Pump Motor 
Coolers From LPSW 3A Header Coolers From LPSW 3B Icader 

H1PI975 HPI973 

Page 74 

Manual Valve 3LPSW-147 Check Valve 3LPSW-148 
Transfers Closed Transfers Closed 

HILSO147VVT HLSO148CVT1 
9.00E-07 3.31E-06 

Cuno Filter 3LPSFL000I Clogs No Flow From Low Pressure 
Service Water Header 3A 

HILSOC01FLE W100 

3.79E-05 3.00E-05 

Manual Valve 3LPSW-708 
Transfers Closed 

HLSO708 VVT 

9.0013-07 
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No Flow To HPI Pump Motor 
Coolers From LPSW 3B Header 

1P1973 
Page 73 
See x-rel 

Manual Valve 3l.PSW-1 50 Check Valve 31.PSW-503 
I Tansfes Closed Ilansfers Closed 

H LS0150 OVTF HLS0503CVT 

9.00E-07 3.31E-06 

Cuno Filler 3LPSFL0002 Clogs No Flow From Low Pressure 
Service Water Header 3B 

H LSOCO2FLF W200 

3.79E-05 3.00E-05 

Manual Valve 3LPSW-709 
Transfers Closed 

HLSO709 VVT 

9.00E-07 
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no M - m oil m - - -LM 

No IIPSW Boel-p Flow 

Page 72...  
See x-rcl 

Flow Doiflco 3LPSW-FE-2014 Cooo Filter 3LPSFL1)l 8l Clogs Manual Vatic 3LPSW-771 No IIPSbV Flow Froom A-c Maoual Voic IIPSW-555 Sell.Coowoioe Regulatiog Volsc Sclf-Coclaioed Regulainog Voc ClogssT-0- Closed Beildiog HPSW Supply Header Trassfer, Closed 311PSW-356 Tssers Closed 3IiFSXV.556 Fails To OpenaDo 

' 6I -8IILOCSL lL~tlb H-76tlbl55VTHS0b55SRGT lbllSbISWbR6 

9E.053-11eE-0 22EA15 li6 E-04 

NoSpl ro Ac lg i SbN Sup plly SupoplieBldg 
Floo IIS blede eooo FloEIPW oe 

APPENDIXuidin BiS Supl HPIadc SYSTEMe ACIETaIIATO A lTREPae7



No Supply From Aux. Bldg.  
First Floor HPSW Header 

HP1974B 
Page 75..  
See x-ref 

Locked-Open Manual Valve Motor Operated Valve 
31PSW-1 12 Transfers Closed IIIPSW-17 Transfers Position 

HHSOI112VVT HHS0017MVT 

135E-05 374E-05 
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No Supply From Aux. Bldg.  
Second Floor HPSW Header 

Hl1974C 
Page 75...  
See x-ref 

Locked-Open Manual Valve Motor Operated Valve 
HPSW-450 Transfers Closed 2HPSW-17 Transfers Position 

HHSO450VVT HHS2017MVT 

L35E-05 3.74E-05 

Locked-Open Manual Valve 
3HPSW-202 Transfers Cloned 

HHlSO202 VVT 

1.35E-05 
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Inadequate Flow Into 3B Cold 
Legs 

HBLOWFLOWR 
Page 71.  
See x-ref 

I I 
No HPI Flow Into Cold Leg 3BI No HPI Flow Into Cold Leg 3B2 

Page 86 Page 79 
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mlm- W WWm ILm-= m 

No HPI Flow Into Cold Leg 3132 

HPR897 
Page 86 

Page 78.  
See x-ref 

NoI 1111 I IIots ll l rt e to No Ilas I lo op 1. 1 til C Ie 

1 me f o l I l1l1 I 'n 1til'-la 

Page 21 Page 99 
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Inadequate Flow Into 3A Cold 
Legs 

IALOWFLOWR 
Page 71...  
See x-ref 

I I 

No HPI Flow Into Cold Leg No IPI Flow Into Cold Leg 
3Al 3A2 

Page 86 Page 81 

PPENDIX B1 - HPI SYSTEM ACCIDENT MITI N FAULT TREE e 80 

m-em memg m m m m m



m~~u m m m 

No HPI Flow Into Cold Leg 
3A2 

HPR899 
Page 86 

Page 80..  
See x-ref 

No HPI Flow Through Injection No Flow To Loop 3A Cold Legs 
Line For Cold Leg 3A2 From 31P-194 

Page 17 Page 87 
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HPI Suction Header Flow is 
Diverted to LDST 

11517 
Page 7I 

Page 86 
See x-ref 

Check Valve 311P-97 Is Open Operators Fail to Isolate 
Diversion Flow Fron RB Snip 

to LDST 

II6 I 

11 .00 

Check Valve 311P-97 kids In cck VllIo tI II' 7 IIP.9eI 
Close On )enand I'ntin 

IHHP0097CVC HHP0097CVT 

8.81E-03 3.3IE-06 
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111P m I Pah RE uI rd 

I 

I' 

Cons.so Case Failure 0(3 Of) Cousor Cause Failure 01 3 0(3 loadectums IPI Floss Intlo Cold Pipe Rupture Fails IIFI Supply Pipe Rupture Fails 1IPI Supply LOST Paramseters Are Out of Como Caus Faiur Ofp 3 Ofur 3~.1s 
IIPI Pusps To Restar For HPI PumpsTo Run During lgs Fso BWSr Tlrrougs 311P-24 Front BWST Through 3ll-25 Operating Esselopo During 

Injction Aner LOOP ieonNraOpatn 

HLOOP WS 3ADEX IIIWST3BDEX Page 85. I B LOCA/LOP Occrs Common Cause Failure Of 3 0133 
HPI Pumps To Runturin 

FH-HHP33RICOM 

U 75;55E-07 

Page I 
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Inadequate HPI11 Flow Into Cold 
Legs 

IIBREAK 
Page 83.  
See x-ref 

HPI Line Break on 3A Side And H PI Line Break on 3D Side And 
Inadequate Flow Into 3B Cold Inadequate Flow Into 3A Cold 

Legs Legs 

HBREAKAHREAKB 

I ITIr 

H PI Line Break Occurs on 3A Inadequate Flow Into 3B Cold H PI Line Break Occurs on 3B Inadequate Flow Into 3A Cold 
Side Legs Side Legs 

H3ABEAK BLOFLOWH3BBEAKHALOWFLOW 

5.0E-01 5.00-01 

No HPI Flow Into Cold Leg 3BI1 No HPI Flow Into Cold Leg 3B32 No HPI Flow Into Cold Leg No HPI Flow Into Cold Leg 
3AI 3A2 

Page 18 Page 21 Page 2 Page 17 
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Loss Of Flow From All Three 
Iligh Pressure Injection Pumps 

HPI001 

Common Cause Failure Of 3 Of Pipe Rupture Fails HPI Supply 
3 11PI Pumps To Restart For From BWST Tlirough 3HP-24 

Injection After LOOP 

IILOOP IHBWST3ADEX 

3.2313-08 

Page 83 
II 

Common Cause Failure Of 3 Of Pipe Rupture Fails IPI Supply 
3 HPI Pumps To Run During From BWST Through 3IP-25 

Injection 

TIHP33RICOM HBWST3BDEX 

2 5.55E-07 I.38E-08 

I '1 
Loss of Flow Into Three Cold LDST Parameters Are Out of 

Legs Operating Envelope During 
Nonnal Operation 

H3COLDLEGS HILDSTPERN 

Page 70 Page 48 
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Fail- of Iligh P-s
Reei-Imico, 

op-1.11 Fad 1. Initime High Cononion Cause Failore or 3 Qr3 Ussol'I'loo'lln-ghlipipvul, Loss of Flo" lot,) 11- Cold Icg, I'iwR p:,.PzF.iIr Flo" r'o"i PipcRupturc Fails I:iox% Froni IIPI su wo Header Fl- is 
P-surc Recirculation HP, P.rnp, To R"a Do. ing Motor B-ing Cooling Iukm Ill' Pui o 3A Cold i g' IIP Pu ps 1. 313 Cold Leg, Di-led 1. LDST 

-1 
1 

alon, 

1111PI-1PRODUE 11111?33RRCO 
II3CLDLEGSR 11DISCHADr-ix I]DISCILIBDE X 2.20E-03 U, "Ill"11" 3 E-08 E-119 

Pagc72 Page 82 

No HPI Ff- Into Cold Leg 3A I No HPI Ff- Into Cold Leg 3A2 No HPI Ff- lot. C No 1011 Flcn, Into Cold Leg 3132 

A - Iff"', IIPR898 Fl I PR".11 

FH P .79. "If ".7, 
Page 80. Page 79 
S- 

See x ne, -E 
1cf Sm.x.rcf 

No HPI FI-Through Injmfion No Ff.,, To p 3A Cold Up No HP Ff- Thro gh Injeclion No Fl- To Loop 3 B C Id Legs -- 'IF - Page 8 1 Page 79 Line For Cold Leg 3A I Fro. 3 if P. 194 Lii!c For Cold Lg 3B I Fro., 311 P- 188' 

FHPI.Tj FIIIR"007 

T It 19 -E 
Page 16 Page 87 Page 20 Page 99 
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No Flow To Loop 3A Cold Legs 
From 3HP-194 

HPR892 
Page 86 

Page 81...  
See x-ref 

Check Valve 31P-194 Transfers No Flow To 3HP-194 During 
Closed Recirculation 

HHPOI4CVT1507 

33E-06 

No Flow To 3HP-194 From No Flow To 3IP- 194 From 
3HP263H-P-4 10 

PR14H509 

No Flow To 31P-118 MOV 3HP-26 Is Not Opened 31P-410 is Not Open No Flow to 3HIP-410 

Page 88 Page 4 Page 12 Page 91 

Manual Valve 3HP-1 18 
Transfers Closed 

H-ilP011I8VVT 

9.00E-07 
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No FlowTo 3HP-I 18 

HPR017 
Page 87...  
See x-ref 

No Flow From HPI Train A No Flow To 3HP- 118 From 
3HP- 15 

Page 94 

Motor-Operated Valve 3H P- 115 No Flow From HPI Train Or Transfers Closed Train C 

HHP015MVT1468 

25E-06 

No Flow From HPI1 Train B No F1low From H PI Train C Via 
3HP-409 

Page 89 Page 90 
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No Flow From HPI Train B 

HPRO33 
Page 94 

Page 88...  
See x-ref 

No Flow To HPI Train B No Flow Through HPI Train B 

HPRO36 HPIO83 

Page 36 

No Flow To HPI Train B From No Flow To HPI Train B From 
3HIP-99 3HP-98 

Page 95 Page 93 
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No Flow From HPI Train C Via 
311P-409 

Z M11470 
Page 88.  
See x-ref 

31H-11409 Is Not Open No Flow To 3HP-188 Via 
311P-27 

Page 9 Page 91 
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No Flow to 3HP-410 

H511 
Page 87 
See x-ref 

No Flow to 3HP-410 From No Flow From H1P Train A Via 
3HP-409 HP-I15 Or From HPI Train B 

11513 H486 

Page 94 

3HP-409 Is Not Open No Flow To 3HP-188 Via 
3HP-27 

H409 HPR889 
Page 99 

Page 90...  

Page 9See x-ref 

No Flow From HIPI Train C No Flow Through 3H-P-27 Or 
3HP1-148 

P'age 92 Page 14 
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No Flow From HPI Train C 

HPRO60 
Page 91 
See x-ref 

No Flow To HPI Train C No Flow Through HPI Train C 

IIPRO61 HPIO62 

Page 44 

No Flow To HPI Train C From No Flow To HPI Train C From 
3HP-100 3LP-56 

HPR792 HR9 

Page 95 

3HP1-98 3HP-100 

Page 93 Page 31I 
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No Flow To HPI Train B Froi 
3HP-98 

HPR791 
Page 89 

Page 92.  
See x-ref 

Motor-Operated Valve 3HP-98 No Flow To IIPI Train A From 
Transfers Closed 3LP-54 

HHPO098MVT HPRO74 

2.50E-06 

Page 97 
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No Flow From HPI Train A Via 
HP-I 15 Or From HPI Train B 

11486 
Page 91 

Page 99...  
See x-ref 

No Flow From I m Train A Via No Flow From, iPI Train B 
HP-l15 

Page 89 

IIPIII 

Motor-Operated Valve 3HP-1Il5 No Flow From IIm 'ITrain A 
Transfers Closed 

No IHo, I., IIHi Ir an A 1,,low I- Ia lIN Pomnp 3A 

HP126B HP032 

Page 24 

No Flow To 11IPI Train A From NFlwTo I IPlI Trai n A From 
3HIP-98 3LP-54 

Page 95 Page 97 
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No Flow To HI wTrain A From 
3HP-98

Pageg 924 
NoFlow To HPI Train B FromMor-patdVle3P9 

CLosed IP-5r Trest O i nsr s 

IILIPOS6LIIE I-ILPOOS7CV 

[ analVave3L-5 ~ 3oLer oo l~a Valve 3LP 11 

HIPRO98 

PaPag 94. 1 
SSee x-ref 

PI 

T k Valve 3 PI TraFniBsFromsMotor-OperatedVal 

os Oe1 O1neanP Transfers Closed 

iLP 5 I LPRO9 HHP098M 

3.205E-03 3.3012-0.  

AYg A g 3TI 

Mainualec Valve 3LP-5 als Lfs Swin Choeck Vale 3lP-57ro 
Cose A enes Or Mnenan ce Trnser Co led 

HLP0056LHE 
HLP2057CV4 

3.20SE-03 IE0 

APPManual Valv 3LP-6STEM AsfersT MotoTIO Operate Valve 3LP-165



Motor Operated Valve 3LP-16 
Does Not Open 

IPRO98A 
Page 95...  
See x-ref 

Motor-Operated Valve 3LP-16 Common Cause Failure Of Motor-Operated Valve 3LP-16 Power Fails From 208 V ac 
Fails To Open On Demand MOVs 3LP-15 And 3LP-16 To TransfersClosed Afler Opening MCC 3XN Breaker 6D 

Open On Demand 

HLP016HLPSVLVCOM HLP0016MVT HPR09813 

E-03 -04 2.50E-06 

Loss Of Power From 208 V ac 208 V ac MCC 3XN Bicaker 
Motor Control Center 3XN 6D Transfers Open (3LP-16) 

P2C3XN HACXN6DCLT 

3.00E-05 1.66E-05 
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No Flow To 11PI Train A From 
3LP-54 

IPRO74 
Page 94 

Page 93...  
See x-ref 

Manual Valve 3LP.54 Is Lcf 1 Swing Check Valve 3LP-55 
Closed Afier Test Or Fails To Open On Demand 

Maintenance 

HILPO054LHIE IILPO055CVO 

320E-03 8.ISE-05 

Manual Valve 3LP-54 Transfers Motor Operated Valve 3LP-15 
Closed Does Not Open 

I-ILPO054 VVT HPRO74A 

2.43E-04 

Page 98 

Swing Check Valve 3LP-55 Loss Of Cooled Water Flow 
Transfers Closed From LPI Cooler 3A 

HILPO055CVT LR20A 

3.3 I E-06 2.20E-04 
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Motor Operated Valve 3LP-15 
Does Not Open 

I IPRO7.1 A 
Page 97.  
See x-rel 

Motor-Operated Valve 3LP- 15 Common Cause Failure Of Molor-Operated Valve 3LP- 15 Power Fails From 208 V ac 
Fails To Open On Demand MOVs 31.P-15 Aid 3LP-16 To Transfers Closed Afler Opening MCC 3XL Breaker 91) 

Open On Demand 

HP001HIP005MVT 11PR074B 

2.47E-03 -04 2.50E-06 

Loss Of Power From 208 V ac 208 V ac MCC 3XL Breaker 9D 
Motor Control Center 3XL Transfers Open (3LP-15) 

P2C3XL IIACXL9DCLT 

3.00E-05 1 .66E-05 
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No Flow To Loop 3B Cold Legs 
From 3HP-188 

HPRO07 
Page 86 
Page 79..  
See x-ref _ 

Swing Check Valve 3HP- 188 Swing Check Valve 3H1P- 188 No Flow To 3H-P-188 Drn 
Fails To Open On Demand Transfers Closed Recirculation 

SHHP0188CVO HIHP0188CVT H8 

8.15E-05 T 3.31 E-06 

No Flow To 3H P- 188 Via No Flow To3H1P-188 Via 
3HP-27 3HP1-409 

HTRNRECIRC 

Page 91 

3H P-409 Is Not Open No Flow From HIPI Train A Via 
HIP- 115 O1 From H PI Train B 

Page 9 Page 94 
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Loss Of High Pressure Seal 
Injection From HPI (Non-LOCA 

Case) 

HPSOOIX 

Loss of Flow Through HPI Failure Of HP Seal Injection Common Cause Failure Of High Pump Motor Bearing Cooling From Causes Other Than A Loss Pressure Seal Injection 
Jackets Of HPI Pump Cooling 

HPS002 IS0AI 

Page 72 Pae13 

No Flow To RCP-3AlI From *No Flow To RCP-3A2 From No Flow To RCP-3B I From No Flow To RCP-3B32 From 
3Al Seal Injection Line 3A2 Seal Injection Line 3B81 Seal Injection Line 3B2 Scal Injection Line 

Page 121 Page 122 

No Flow Through RCP-3Al No Flow To RCP Seal Injection No Flow' Through RCP-3A2 No Flow To RCP Seal Injection 
Seal Injection Line Lines From Common Header Seal Injection Line Lines From Common H eader 

Page 101 Page 102 Page 120 Page 102 
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No Flow Through RCP-3Al 
Seal Injection Line 

IIPS012 
Page 100...  

See x-ref 

Manual Valve 311P-447 Check Valve 3HP-390 Transfers 
Transfers Closed Closed 

HHPO447VVT HHPO1'390CVT 

9.00E-07 3.31-06 

Check Valve 3HP-145 Transfers Manual Valve 31P-482 
Closed Transfers Closed 

HHP1045CVT HIIPO482VVT 

3.31E-06 9.00E-07 

Manual Valve 3HP-283 Manual Valve 31HP-64 Transfers Transfers Closed Closed 

HH-PO283VVT HHP0064VVT 

9.00E-07 9.00E-07 
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No Flow To RCP Seal Injection 
Lines From Common Header 

P ge 100 
Page 121 

ex-ref 
No Flow Through HP Seal No Flow To RCP Seal Inj.  
Injection Common Header Common Ileader From Filler 

Train A 

HPS016 HIPS018 

Manual Valve 3HP-138 Air-Operated Valve 3HP-31 No Flow Through HP Seal No Flow To Filter Train A From 
Transfers Closed Transfers Closed Injection Filter Train A 3HP-128 

HP18VHH03ATHPS020 HPSO21 

9E-07 15E-05 91 

Page 103 Page 104 

Manual Valve 31IP-139 Solenoid Valve 3HPISV0191 
Transfers Closed Transfers Position, Closing 

3HP-31 

HHIIPo139VVT HHP0191SVT 

9.00OE-07 9.55E-06 
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No Flow Through HlP Seal 
Injection Filter Train A 

HPS020 
Page 102...  
See x-ref 

Reactor Coolant Pump Seal Manual Valve 3HP-28 Transfers 
Supply Filter 3A Clogs Closed 

HHPOSFAFLF HHP0028VVT 
3.79E-05 9.00E-07 

Manual Valve 311P-129 Manual Valve 3HP-130 
Transfers Closed Transfers Closed 

liiPOI29VVT HHP0130VVT 

9.00E-07 9.00E-07 

Manual Valve 3HP-131 
Transfers Closed 

HHIIP0 13 IVVT 

9.00E-07 
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No Flow To Filter Train A From 
31P-128 

HPS021 
Page 102...  
See x-ref 

No Flow To 3HP-128 Manual Valve 3HP- 128 
Transfers Closed 

HPS500 HHP0128VVT 

9.00E-07 

No Flow To 3HP-128 From HPI No Flow To 3HP-128 From HPI 
Train A Through 3HP-IIS 1Train B 

HIPS884 HIPMO33 

No Flow To 3HP-115 From lPI Motor-Operated Valve 31P- 115 No Flow Through HI Train B No Flow To HPI Train B From 
Train A Transfers Closed .Borated Water Storage Tank 

25E-06 

Page 105 Page 111 Page I19 

No Flow To HPI Train B From 
Letdown Storage Tank 

H PM693A 

Page 116 
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No Flow To 3HP-I 15 From HPI 
Train A 

/A flPMO26A 
Page 104.  
Seec x-ref 

No Flow Through HPI Train A Suction Failure of HPI Train A No Flow To HPI Train A From 
From Letdown Storage Tank Horated Water Storage Tank 

APEN IXB026I E AT I IPM400A U 

Page 61 

No Flow To H:PI Train A From Letdown Is Spuriously Isolated 
3H1P-98 Wilth No ES Signal 

Present 

Page 106 Page 109 
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No Flow To HPI Train A From 
31P-98 With No ES Signal 

Present 

H528 
Page 105...  

See x-ref 

Transient Does Not Cause An No Flow To HIPI Train A From 
Engineered Safeguards 3HP-98 

Actuation 

Page 107 

No Flow From 3H1P-23 Motor-Operated Valve 3HIP-98 
Transfers Closed 

H1PM693 HIHPO098MVT 

2.50E-06 

Page 108 
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Transint Does Not Cause An 

g ine etred Safeguards 
O c a uation 

HPM400B 
page 116 
Page 106 

page 11 2.  
See -

Reactor / Turbine Trip Initiating LossOf Off-Site Power Duce  
Even t Seere Weather Initiating Event 

0.0OOE00 OE+00 

Loss Of Main Feedwater Loss OfComprssed Air Syst 
Initiating Event Pressure Initiating Event 

.00.:+00 0.00E+00 

Loss Of 4160 V AC Switchgear TI0 Does Not Causes An ES 
3TC Initiating Event Actuation 

2 . II PM400TI 

0D0E+00 
Pae117 

Loss Of Condenser vac"um Loss Of Integrated Control 
Initiating Event SysIcm Power Bus 3KI Initiating 

.Event 

0.00E3+00. 0.008400 

L~oss Of He, Oconce Station Loss Of Low Pressure Sciic 
Switchyards in itiating Event Water Initiating Event 

0F,.00E+00 0 00E:+00 

Failure Of Elctrical Grid Or 
Main Feedcts Initiating Event 

TSFEEDF 

0.00OE+00 
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No Flow From 3HP-23 

HFPM693 
Page 116 

Page 106...  
See x-ref 

No Flow Through 3HP-23 Or No Flow To 311P-97 From Pipe Rupture Fails Flow From 
3HP-97 Letdown Storage Tank LDST 

PM69 HPM690HOOLDSTDEX 

L00E-07 

Motor-Operated Vale 311l'-23 Check Valve 3111'-97 fimikrs No I Inw t I tS I I rI Check Vale 31ll'-79 Transfers 
Transfers Closed Positio Opr tv I cutownl I I1tr I 1an llo-al 

IIIP003MV IIll'097 VI II'r47IIl lP0078C VT 

-06 -063.31E-06 

Page 118 

Letdown Storage Tank Fails 

I IHPLDST'KF 

I ,45E-05 
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Letdown Is Spuriously Isolated 

H532 
Page 116 

Page 105...  
See x-ref 

Spurious Engineered Safeguards Operators Inadvertently Isolate 
Signal Initiating Event Letdown 

I 
8HLDISOLCHE 

0.00E+00 I.00E-02 
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No Flow To HPI Train A From 
Borated Water Storage Tank 

I lPM026BA 
Page 105...  
See x-ref 

Transicnit Cnscs An 1I ginccied No Flov To I in is A 
Saf'egnads Actuation 

H IPMO360HPO21 
Page 112 

Page 119..  
See x-rel 

Page 23 

Excessive Main Feedwater Spurious Engineered Safeguards Steam Line Break Initiating TIO Causes A ES Actuation Transient Causes An Engineered Initialing Event Signal Initiating Event Event Safeguards Actuation 

0.OOE+00 0.00E+00 0.OOE+00 1.OOE+00 

Large Feedwater Line Break Fraction of- t) Transients 
initiator Which Cause an ES Signal to 

Occur 

HOEDEX 

0.00E+00 I.00E-01 
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No Flow Through IIPI Train B 

HPM083 
Page 104.  

See x-ref 

HPI Pump 3B Fails To Start Manual Valve 3HP-1 10 
Transfers Closed 

HPM086 HH-P01 I0VVT 

I.44E-05 

Page 112 

HPI Pump 3B Does Not Run Tilting Disk Check Valve 
31HPl-109 Transfers Closed 

HPI087 HIHP009CVT 

2 3.31E-06 

Page 37 

IHPI Train 3B Is In Maintenance Tilting Disk Check Valve 
3HP-109 Fails To Open On 

Demand 

HH-POTRBTRM HH1-PO I O9CVO 

2.00E-02 8.15E-05 

Manual Valve 3HP-107 HPI Train 3B Is Left 
Transfers Closed Unavailable After Test Or 

Maintenance 

HHP0IO7VVT HHPOTRBLHE 

2 I.44E-05 5.20E-05 
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HPI Pump 3B Fails To Star 

HPM086 
Page IILI 
See x-ref 

HPI Pump 3B Fails To Slart HIn Pump 3D Fails To Start On lIPI Pump 3B Fails To Stool On Control Power and Motise Power 
nGien An ES Signal Low RCP Seal Injection Flos Demand ae not Both Available for IIPI 

Pump 3B 

HPM500 iPPU3BIIPS HPIP3DST 

I .I 3 E -41 3 

1 Page 41 

Transient Causes An Engineered HPI Pump 313 Fails To Be Operators Fail To Respond to HPI Pump 31 Is Not Started On Transient Does Not Cause An 
Safegoards Actuation Actuated By ES Channels 1 Engineered Safeguards Failure los Seal Flo Engineered Safeguards Actuation 

And/Or 2 

EKSFASDII IEHPM50P 

U, 4.00E-03 

Pa8e 110 IIIIPage 107 

Engineered Safeguards Digital Engineered Safeguards Digital HPI Punp 313 Fails To Slt On Control Poer and Motive Powser 
Channel I Fails To Start IIPI Channel 2 Fails To Start lIPI Demand are not Both Asailable for IIPI 

Pumnp 3B Pump 3B IPUBISPump 3B 

TIll 
P 1.PS8E-03 

Page 113 Page I1I4 Page 41 

Failure Of Control Circuitry To 
Start HPI Punp 313 On Low Seal 

Flow 

Page 115 
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Engineered Safeguards Digital 
Channel I Fails To Start HPI 

Pump 3B 

HPM088A 
Page 112.L 

See x-ref 

Enginered Safeguards Channel I Unit Control Module ES IC Fails 
Signal Fails 

ESASI HES001CUCD 

2.00E-06 6.00E-08 
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Engineered Safeguards Digital 
Channel 2 Fails To Start 1IPI 

Pump 3B 

HPM088B 
Page 112..  

See x-ref 

I ---- rI 

Engineered Safeguards Channel Unit Control Module ES2C Fails 
2 Signal Fails 

ESAS2 H-ES002CUCD 

2.OOE-06 -6.00E08 
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Failure Of Control Circuitry To 
Start HPI Pump 3B On Low 

Seal Flow 

HPM502 
Page 112..  
See x-ref 

Loss Of Power On 125 V dc Pressure Switch 31P53-FS Fails 
Panelboard 3DID To Operate On Low RCP Seal 

Flow 

D3DID HHP53 FSPSO 

I.50E-07 2.01 E-04 

125 V dc Panelboard 3DID Auxiliary Relay liP53XR Fails 
Breaker 5 Transfers Open (Low To Operate On Low RCP Seal 

Seal Flow Pump 3B Start) Flow 

HIDCIDO5CDT HHPS3XRRYD 
I.36E-04 1i .E-04 
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No Flow To IPI Train B From 
Letdown Storage Tank 

HPM693A 
Page 104..  
See x-ref 

Letdown Is Isolated Failure to Swap HPI Suction to 
the BWST (Post-mod case) 

H535 
32 

Page 61 

No Flow To HPI Train B3 From Leidowvn is Spuriously Isolated 
3HP-23 With No ES Signal 

Present 

I I Page 109 

Transient Does Not Cause An No Flow From 3H1P-23 
Engineered Safeguards 

Actuation 

Page 107 Page 108 
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TIO Does Not Causes An ES 
Actuation 

IIPM400TIO 
Page 107 

See x-ref 

Large Ie ed s ter I te t l I ra o f I Ir) t ilns 
h"r At ) tN c up t IS 
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No Flow To LDST From 
Operating Letdown Filter Train 

HPM687 
Page 108.  
See x-ref 

No Flow To Operating Letdown [ No Flow Through 3lP-17 
Filter Train From 3HP-14 

Page 54 Page 54 
I I 

Manual Valve 3HP-57 Transfers Nonmal Letdown Path Ruptures 
Closed 

IIH P0057VVT HLDPATHDEX 

2 9.OOE-07 1.00E-07 

Letdown Filter 3A Clogs 

HHIPOLDAFLF 

3.79E-05 
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No Flow To HPI Train B From 
Borated Water Storage Tank 

HPM036A 
Page 104.  
See x-ref 

Transient Causes An Engineered No Flow To HPI Train B 
Safeguards Actuation 

Page 110 Page 34 
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No Flow Through RCP-3A2 
Seal Injection Line 

H PS026 
Page 100..  

See x-ref 

Manual Valve 311P-449 Manual Valve 3HP-477 
Transfers Closed Transfers Closed 

IlilPO449VVT HilPO477VVT 

9.00F-07 9 E00E-07 

I I 

[Checck V;ilse 1111W. 144'1 un114ls 1 (hcL V~il~e 1 P l an'4
S l -cf 

III 11 1 I I Ill hlQt5tlV I 

3.31E-06 3 -06 

Manual Valve 311P-284 Manual Valve 3HP-65 Transfers 
Transfers Closed Closed 

II 
1111PO284VV lillP0065VVT 

9.00-07 900F-07 
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No Flow To RCP-3BI From 
3B1 Seal Injection Line 

HIPS028 
Page 100.  

See x-ref 

No Flow Through RCP-3BI No Flow To RCP Seal Injection 
Seal Injection Line Lines From Common I leader 

I llS029)Il'O1 

IPage 102 

Manual Valve 311P-446 1 Check Valve 31P-457 Transfers 
Transfers Closed Closed 

HHP'0446VVT HHPO457CVT 

9.00E-07 3.31E-06 

Check Valve 3IP-147 Transfers Manual Valve 31P-385 
Closed Transfers Position 

HH1POI47CVT HH11PO385VVT 

3.31E-06 9.00E-07 

Manual Valve 31P-285 Manual Valve 3HP-66 Transfers 
Transfers Closed Closed [I 
H1HPO285VVT HHP0066VVT 

9.00E-07 9.00E-07 
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No Flow To RCP-3B2 From 
3B2 Seal Injection Line 

HPSO31 
Page 100...  

See x-ref 

No Flow Through RCP-3B2 No Flow To RCP Seal Injection 
Seal Injection Line Lines From Common Ileader 

HPSO32 HPS014 

Page 102 

Manual Valve 3HP-448 Check Valve 3HP-393 Transfers 
Transfers Closed Closed 

HH-PO448VVT H-HPO393CVT 

9.00E-07 3.3IE-06 

Check Valve 311P-146 Transfers Manual Valve 3HP1-387 
Closed Transfers Position 

33E-06 90E-07 

Manual Valve 3HP-286 Manual Valve 3HP-67 Transfers 
Transfers Closed Closed 

90E-07 90E-07 
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Common Cause Failure Of High 
Pressure Seal Injection 

HPS001A 
Page 100...  

See x-ref 

Comminon Cause Failure Of Cuno Pipe Rupture Fails Seal Injection 
Filters 3LPSFL000 1, 0002, And 

0018 

HLSFILTCOM HSEALINDEX 
1.90E-06 1.00E-07 
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Name Page Zone Name Page Zone Name Page Zone 
AUXAIRTOP 54 7 H3COLDLEGS 85 1 H601 58 3 
AUXAIRTOP 55 2 H409 8 1 H601 59 3 
AUXAIRTOP 57 5 H409 9 2 H603 59 4 
AUXAIRTOP 58 2 H409 11 1 H614 82 2 
AUXAIRTOP 60 2 H409 19 1 H626 48 2 
AUXAIRTOP 69 2 H409 90 1 H626 61 3 
CHPHPMUDHE 61 2 H409 91 1 H629 61 4 
CHPHPMUDHE 61; 4 H409 99 3 H638 48 2 
D3DIB 45/ 4 H410 11 1 H639 48 1 
D3DIB 58 1 H410 12 2 H639 49 3 
D3DIC 41 1 H410 87 3 H641 . 22 2 
D3DID 115 1 H412 4 4 H641 83 1 
D3KI 57 3 H415 26 3 H646 43 1 
D3KI 66 3 H415 28 2 HAC0008C4T 24 4 
D3KU 57 4 H418 38 2 HAC0009C4T 47 4 
D3KU 66 4 H423 32 4 HACODO9C4C 46 2 
D3KVIB 64 2 H426 45 2 HACOEO9C4C 42 2 
D3KVIC 63 2 H468 88 3 IIACOR1ACLT 32 2 
D3KVIC 68 2 H470 88 3 HACOR1DCLT 27 2 
DDCIB32CDT 45 3 H470 90 2 HACOR2ACLT 4 2 
DDCIC28CDT 41 2 H472 18 3 HAC3TE9C4T 37 4 
EKSFASODHE 4 4 H482 99 3 HACXL9DCLT 98 5 
EKSFASODHE 28 3 H486 91 3 HACXN6DCLT 96 5 
EKSFASODHE 32 4 H486 94 2 HALOWFLOW 84 4 
EKSFASODHE 38 3 H486 99 4 HALOWFLOWR 71 6 
EKSFASODHE 45 3 H487 94 2 HALOWFLOWR 80 2 
EKSFASODHE 112 3 H491 2 2 HBLOWFLOW 84 2 
ESAS1 5 1 H493 2 3 HBLOWFLOWR 71 4 
ESAS1 28 1 H493 11 2 HBLOWFLOWR 78 2 
ESAS1 39 1 H498 11 3 HBREAK 83 4 
ESAS1 113 1 H499 11 2 HBREAK 84 3 
ESAS2 33 1 H507 87 3 HBREAKA 84 2 
ESAS2 40 1 H509 87 4 HBREAKAR 71 3 
ESAS2 45 1 H511 87 4 HBREAKB 84 4 
ESAS2 114 1 H511 91 2 HBREAKBR 71 5 
HOO5 11 4 H513 91 2 HBREAKR 71 4 
HOO5 19 2 H517 71 7 HBWST3ADEX 1 6 
H006 11 3 H517 82 2 HBWST3ADEX 70 4 
H006 15 2 H517 86 7 HBWST3ADEX 83 5 
HOOCOOLDEX 72 7 H523 61 2 HBWST3ADEX 85 2 
HOOHP97RHE 82 3 H523 105 3 HBWST3BDEX 1 7 
HOOLDSTDEX 108 5 H523 116 3 HBWST3BDEX 70 5 
H1COLDLEG 1 2 H525 105 2 HBWST3BDEX 83 6 
H2PUMPS 1 5 H528 105 1 HBWST3BDEX 85 2 
H2PUMPS 23 4 H528 106 2 HBWSTOPEN 62 2 
H2PUMPS 70 4 H532 105 2 HCH15BREAK 1 1 
H3ABREAK 71 3 H532 109 2 HCH15INJ 1 5 
H3ABREAK 84 1 H532 116 3 HD3KIKU 57 4 
H3BBREAK 71 5 H535 116 2 HDCIB25CDT 58 1 
H3BBREAK 84 3 H537 116 2 HDCID05CDT 115 1 
H3CLDLEGSR 86 4 H600 61 1 HDFLWALM 50 4 
H3COLDLEGS 70 3 H600 62 2 HDISCHADEX 71 5 
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Name Page Zone Name Page one Name Page Zone 
HDISCHADEX 86 5 HHP0066VVT 121 2 HHP0147CVT 121 1 
HDISCHBDEX 71 6 HHP0067VVT 122 2 HHP0148VVT 14 2 
HDISCHBDEX 86 6 HHP0078CVT 54 3 HHP0152VVT 21 3 
HDLVXMR1 52 2 HHP0078CVT 108 4 HHP0153VVT 20 2 
HDLVXMR1 65 2 HHP0097CVC 82 1 HHP0188CVO 18 1 
HDLVXMR2 52 3 HHP0097CVT 82 2 HHP0188CVO 99 1 
HDLVXMR2 66 4 HHP0097CVT 108 2 HHP0188CVT 18 2 
HEMERLILHE 62: 1 HHP0098MVT 30 3 HHP0188CVT 99 2 
HEMERLIMNT 62! 2 HHP0098MVT 35 1 HHP0191SVT 102 2 
HES001BUCD 28 2 HHP0098MVT 93 1 HHP0194CVT 2 1 
HES001CUCD 5 2 HHP0098MVT 95 3 HHP0194CVT 87 1 
HES001CUCD 39 2 HHP0098MVT 106 3 HHP0195VVT 56 4 
HES001CUCD 113 2 HHP0099VVT 31 2 HHPO283VVT 101 1 
HES002AUCD 45 2 HHPOOLDORF 60 1 HHPO284VVT 120 1 
HES002BUCD 33 2 HHP0100VVT 31 2 HHPO285VVT 121 1 
HES002CUCD 40 2 HHP0101CVO 26 1 HHPO286VVT 122 1 
HES002CUCD 114 2 HHP0101CVT 26 2 HHPO331PST 58 2 
HEXCMAKEUP 49 3 HHP0102CVO 32 1 HHPO357PST 58 2 
HFLOW 1 2 HHP0102CVT 32 2 HHPO385VVT 121 2 
HFNBINJ 70 4 HHP0103VVT 25 2 HHPO387VVT 122 2 
HHP0001MVT 59 2 HHP0105CVT 25 2 HHPO390CVT 101 2 
HHP0002MVT 59 3 HHP0106VVT 25 1 HHPO393CVT 122 2 
HHP0003MVT 59 1 HHP0107VVT 36 1 HHPO3A1ORF 16 2 
HHP0004MVT 59 4 HHP0107VVT 111 1 HHPO3A20RF 17 2 
HHP0005AVT 58 1 HHP0109CVO 36 2 HHPO3B1ORF 20 1 
HHP0006AVT 60 1 HHP0109CVO 111 2 HHPO3B20RF 21 2 
HHP0007AVT 57 3 HHP0109CVT 36 2 HHPO409DHE 9 1 
HHP0008AVT 55 1 HHP0109CVT 111 2 HHPO409DHE 12 1 
HHP0014MVT 54 3 HHP0110VVT 36 1 HHPO409MVO 9 2 
HHP0017AVT 54 6 HHP0110VVT 111 2 HHPO409MVT 9 2 
HHP0023MVT 108 1 HHP0111VVT 44 2 HHPO410MVO 12 2 
HHP0024LHE 26 5 HHP0113CVO 44 1 HHPO410MVT 12 2 
HHP0024MVO 26 4 HHP0113CVT 44 1 HHPO446VVT 121 1 
HHP0024MVT 26 4 HHP0114VVT 44 2 HHPO447VVT 101 1 
HHP0024TRM 26 6 HHP0115MVT 6 3 HHPO448VVT 122 1 
HHP0025LHE 32 7 HHP0115MVT 15 1 HHPO449VVT 120 1 
HHP0025MVO 32 5 HHP0115MVT 88 2 HHPO454CVT 120 2 
HHP0025MVT 32 5 HHP0115MVT 94 1 HHPO457CVT 121 2 
HHP0025TRM 32 6 HHP0115MVT 104 2 HHPO477VVT 120 2 
HHP0026MVO 4 5 HHP0118VVT 3 2 HHPO482VVT 101 2 
HHP0026MVT 4 6 HHP0118VVT 87 2 HHPO486CVT 17 2 
HHP0027MVT 14 1 HHP0126VVT 17 3 HHPO487CVT 16 2 
HHP0028VVT 103 2 HHP0127VVT 16 1 HHPO488CVO 20 1 
HHP0031AVT 102 2 HHP0128VVT 104 4 HHPO488CVT 20 2 
HHP0039VVT 60 1 HHP0129VVT 103 1 HHPO489CVO 21 2 
HHP0040VVT 57 2 HHP0130VVT 103 2 HHPO489CVT 21 3 
HHP0041VVT 57 1 HHP0131VVT 103 2 HHPOLDAFLF 54 5 
HHP0047CVT 55 1 HHP0138VVT 102. 1 HHPOLDAFLF 118 2 
HHP0057VVT . 54 4 HHP0139VVT 102 1 HHPOSFAFLF 103 1 
HHP0057VVT 118 1 HHP0144CVT 120 1 HHPOSGOLHE 31 1 
HHP0064VVT 101 2 HHP0145CVT 101 1 HHPOT1ODEX 117 2 
HHP0065VVT 120 2 HHP0146CVT 122 1 HHPOTRBLH8 36 2 
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Name Page Zone Name Page Zone Name Page Zone 
HHPOTRBLHE 111 2 HLDFLOW 49 3 HLP0055CVT 97 1 
HHPOTRBTRM 36 1 HLDFLOW 54 4 HLP0056LHE 95 1 
HHPOTRBTRM 111 1 HLDFLOWAMF 50 4 HLP0056VVT 95 1 
HHPOTRCLHE 44 1 HLDFLOWDHE 50 2 HLP0057CVO 95 1 
HHPOTRCTRM 44 2 HLDISOLCHE 54 1 HLP0057CVT 95 2 
HHP23RICOM 1 4 HLDISOLCHE 109 2 HLPSVLVCOM 96 2 
HHP23RICOM 70 2 HLDLVLALM 50 5 HLPSVLVCOM 98 2 
HHP23SICOM 22: 3 HLDLVLALM 51 2 HLS0147VVT 73 1 
HHP33P1LTF 63/ 1 HLDLVSIG1 62 3 HLS0148CVT 73 2 
HHP33P1LTF 65 1 HLDLVSIG1 63 2 HLS0149VVT 72 1 
HHP33P2LTF 64 1 HLDLVSIG2 62 4 HLS0150VVT 74 1 
HHP33P2LTF 66 1 HLDLVSIG2 64 2 HLS0152VVT 24 1 
HHP33RICOM 83 3 HLDMONITOR 49 2 HLS0153VVT 24 1 
HHP33RICOM 85 1 HLDMONITOR 50 4 HLS0154VVT 24 2 
HHP33RRCOM 71 2 HLDPATHDEX 54 7 HLS0157VVT 37 1 
HHP33RRCOM 86 2 HLDPATHDEX 118 2 HLS0158VVT 37 1 
HHP33SICOM 83 2 HLDPXTRCOM 67 4 HLS0159VVT 37 2 
HHP53FSPSO 115 2 HLDRESTORE 49 2 HLS0162VVT 47 1 
HHP53XRRYD 115 2 HLDSLVLAMF 51 1 HLS0163VVT 47 1 
HHPDEMAFLF 55 1 HLDSTL1DHE 49 1 HLS0164VVT 47 2 
HHPHPRODHE 71 1 HLDSTLEVEL 48 4 HLSO204ORF 75 1 
HHPHPRODHE 86 1 HLDSTLEVEL 51 2 HLSO246VVT 72 2 
HHPHX3AHXF 24 2 HLDSTLEVEL 52 3 HLSO500VVT 72 4 
HHPHX3BHXF 37 2 HLDSTLVL 48 3 HLS0503CVT 74 2 
HHPHX3CHXF 47 2 HLDSTLVXMS 52 2 HLSO708VVT 73 2 
HHPKD17CLT 55 2 HLDSTPERN 1 8 HLSO709VVT 74 2 
HHPKD18CLT 54 6 HLDSTPERN 48 3 HLSO711VVT 72 3 
HHPKD19CLT 60 2 HLDSTPERN 70 6 HLSO771VVT 75 3 
HHPKU21CLT 57 5 HLDSTPERN 83 7 HLSOC01FLF 73 1 
HHPLDCAHXF 59 2 HLDSTPERN 85 2 HLSOC02FLF 74 1 
HHPLDCBHXF 59 4 HLDSTPRESS 67 3 HLSOC18FLF 75 2 
HHPLDSTTKF 108 4 HLDSTPRXMS 67 3 HLSFILTCOM 72 6 
HHPPMPSCOM 43 2 HLDSTSIG 62 3 HLSFILTCOM 123 1 
HHPPU3AHPR 24 3 HLDXMTRCOM 52 1 HLVLPWR 65 1 
HHPPU3BHPR 37 3 HLEVELFAIL 48 4 HLVLPWR 66 3 
HHPPU3BHPS 38 .1 HLOCALOOP 22 1 HLVLST1LTM 65 2 
HHPPU3BHPS 112 4 HLOCALOOP 43 1 HLVLST2LTM 66 5 
HHPPU3BHPS 112 6 HLOOP 83 2 HNMOPLVDHE 48 3 
HHPPU3CHPR 47 3 HLOOP 85 1 HNMOPRSDHE 67 2 
HHPPU3CHPS 45 1 HLOOP2 1 3 HNMOPRSLHE 67 1 
HHPSV90SVT 58 2 HLOOP2 22 2 HNORMLDINT 49 2 
HHPSVLVCOM 26 4 HLOOP2 70 1 HP14LS1SMF 63 2 
HHPSVLVCOM 32 6 HLOOPCOM 38 4 HP14LS1SMF 65 1 
HHPT10EDEX 110 5 HLOOPCOM 43 2 HP14LS2SMF 64 2 
HHS0017MVT 76 2 HLOOPCOM 45 5 HP14LS2SMF 66 2 
HHS0112VVT 76 1 HLP0015MVO 98 1 HPI001 85 2 
HHSO202VVT 77 2 HLP0015MVT 98 3 HPI004 23 2 
HHSO450VVT 77 1 HLP0016MVO 96 1 HPI004 25 2 
HHSO555VVT 75 5 HLP0016MVT 96 3 HPIOO7 18 2 
HHS0556RGO 75 7 HLP0054LHE 97 1 HPI007 21 1 
HHS0556RGT 75 6 HLP0054VVT 97 1 HPI0085DEX 52 3 
HHS2017MVT 77 2 HLP0055CVO 97 2 HPI0087DEX 52 4 
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Name Page Zone Name Page one Name Page Zone 
HPI0O95VVT 67 2 HPI083 36 2 HP1897 70 3 
HPI014 2 2 HPIO83 89 3 HP1897 84 3 
HPI014 3 2 HPI086 36 2 HP1898 1 3 
HPI017 3 2 HPI086 38 3 HPI898 18 3 
HPI017 6 2 HPI087 36 1 HP1898 70 3 
HPI022 3 1 HPI087 37 3 HP1898 84 2 
HPI022 4 4 HPI087 111 1 HPI899 1 2 
HPI022 87! 2 HPI088 38 2 HP1899 17 2 
HPIO23A 4: 3 HPIO88A 38 1 HPI899 70 2 
HPIO23A 5 2 HPIO88A 39 2 HP1899 84 5 
HPI026 23 2 HPIO88B 38 2 HPI900 1 2 
HPI026 105 1 HPIO88B 40 2 HPI900 2 2 
HPIO26A 6 1 HPI092 30 2 HPI900 70 2 
HPIO26A 15 2 HPI092 34 1 HPI900 84 4 
HPIO26A 23 3 HPI098 13 3 HP1973 73 3 
HPIO26B 23 4 HPI098 30 2 HP1973 74 2 
HPIO26B 110 4 HPI099 30 2 HP1974 75 4 
HPIO26C 23 4 HPI099 32 4 HP1974B 75 3 
HPIO26C 30 2 HPI105 32 4 HP1974B 76 2 
HPI032 23 1 HPI106A 32 3 HP1974C 75 4 
HPI032 24 3 HPI106A 33 2 HP1974C 77 2 
HPI032 94 3 HP1791 13 2 HP1975 73 2 
HPI033 6 1 HP1791 34 2 HP1976 75 4 
HPI033 7 2 HP1791 35 2 HP1977 72 2 
HPI033 11 4 HP1792 13 2 HP1977 73 2 
HPI033 23 4 HP1793 13 1 HP1978 72 3 
HPI036 7 1 HP1793 30 1 HP1978 75 4 
HPI036 34 2 HP1793 31 2 HP1979 72 2 
HPI036 119 2 HP1793 92 2 HP1980 72 2 
HPIO368DEX 66 4 HP1793 95 3 HP1985 32 2 
HPIO368VVT 64 1 HP1795 6 2 HP1986 26 3 
HPIO369DEX 65 2 HP1887 10 2 HP1986 27 2 
HPIO369VVT 63 1 HP1887 14 2 HP1987 37 2 
HPIO60 10 1 HP1887 91 3 HP1991 24 2 
HPIO60 13 3 HPI889 8 2 HP1993 47 2 
HPIO60 23 5 HP1889 10 2 HP1997 24 4 
HPIO61 13 2 HP1889 11 2 HP1999 4 2 
HPI062 13 3 HP1889 18 4 HPIBREAKIN 83 4 
HPI062 44 2 HP1892 2 2 HPIBREAKRC 71 4 
HPI062 92 3 HPI892 17 1 HPICOOL 71 3 
HP1067 44 1 HP1893 21 2 HPICOOL 72 5 
HPI067 45 3 HP1893 79 1 HPICOOL 86 3 
HPI068 44 2 HPI894 18 3 HPICOOL 100 1 
HPI068 47 3 HPI894 20 2 HPIFT6PFTF 50 3 
HPIO71A 45 2 HP1894 86 4 HPIFT6XCOM 50 2 
HPI074 23 3 HP1895 17 2 HPIFT6XCOM 50 4 
HPI074 26 4 HP1895 81 1 HPILT6AFTF 50 1 
HPI074 35 2 HP1896 2 3 HPIP3BAC 41 3 HPI075 26 4 HP1896 16 2 HPIP3BAC 42 2 HPIO80 26 3 HPI896 86 2 HPIP3BDC 41 2 HPIO82A 28 2 HPI897 1 3 HPIP3BST 38 3 HPI083 7 2 HP1897 21 2 HPIP3BST 41 2 
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Name Page Zone Name Page Zone Name Page Zone 

HPIP3BST 112 5 HPM502 115 2 HPR074 94 2 
HPIP3BST 112 7 HPM658 56 4 HPRO74 97 2 
HPIP3CAC 45 5 HPM658 60 2 HPRO74A 97 2 
HPIP3CAC 46 2 HPM659 56 4 HPRO74A 98 3 
HPIP3CDC 45 4 HPM665 59 2 HPRO74B 98 4 
HPIP3CST 45 4 HPM666 58 2 HPR092 89 1 
HPIPRS1PRM 68 2 HPM667 56 2 HPRO92 95 2 
HPIPRS2PRM 69; 2 HPM667 56 3 HPR098 92 3 
HPIPTF010 67' 4 HPM667 58 2 HPRO98 95 2 
HPIPTF010 69 2 HPM668 56 1 HPRO98A 95 2 
HPIPTF228 67 3 HPM668 57 3 HPRO98A 96 3 
HPIPTF228 68 2 HPM668AC 57 4 HPR098B 96 4 
HPIR052DEX 65 2 HPM669 56 2 HPR791 89 2 
HPIR103DEX 66 6 HPM670 56 3 HPR791 92 1 
HPISO52VVT 65 2 HPM671 54 2 HPR791 93 2 
HPIS103VVT 66 7 HPM671 56 3 HPR792 92 2 
HPIV097VVT 69 2 HPM672 54 1 HPR795 88 2 
HPIV362VVT 68 1 HPM672 55 2 HPR889 90 2 
HPIV370VVT 69 1 HPM673 54 2 HPR889 91 2 
HPIV371VVT 68 1 HPM679 54 2 HPR889 99 3 
HPMO26A 104 1 HPM679 118 1 HPR892 81 2 
HPMO26A 105 2 HPM680 54 6 HPR892 86 3 
HPMO26BA 105 3 HPM680 118 2 HPR892 87 2 
HPMO26BA 110 4 HPM687 108 3 HPR897 78 2 
HPM033 104 4 HPM687 118 2 HPR897 79 2 
HPMO36A 104 4 HPM690 108 4 HPR897 86 6 
HPMO36A 119 2 HPM691 108 2 HPR898 78 1 
HPMO36B 110 3 HPM693 106 2 HPR898 86 5 
HPMO36B 112 1 HPM693 108 3 HPR899 80 2 
HPMO36B 119 1 HPM693 116 2 HPR899 81 2 
HPMO36T10 110 4 HPM693A 104 4 HPR899 86 4 
HPM083 104 3 HPM693A 116 3 HPR900 80 1 
HPMO83 111 2 HPRO01 86 4 HPR900 86 3 
HPMO86 111 1 HPROO7 79 2 HPRESSFAIL 48 .4 
HPMO86 112 4 HPROO7 86 5 HPRESSFAIL 67 2 
HPMO86A 112 2 HPRO07 99 2 HPS001A 100 5 
HPMO88 112 2 HPRO14 87 2 HPS001A 123 2 
HPMO88A 112 2 HPRO17 87 1 HPS001X 100 3 
HPMO88A 113 2 HPRO17 88 2 HPS002 100 4 
HPMO88B 112 3 HPRO26A 88 1 HPS011 100 2 
HPMO88B 114 2 HPRO26A 94 2 HPS012 100 1 
HPM400 106 2 HPRO26B 94 2 HPS012 101 2 
HPM400A 105 2 HPRO26C 94 1 HPS014 100 2 
HPM400B 106 1 HPRO26C 95 3 HPS014 100 4 
HPM400B 107 2 HPRO33 88 2 HPS014 102 3 
HPM400B 112 5 HPRO33 89 2 HPS014 121 3 
HPM400B 116 1 HPRO33 94 3 HPS014 122 3 
HPM400T1O 107 2 HPRO36 89 2 HPS016 102 2 
HPM400T10 117 2 HPRO60 91 2 HPS018 102 4 
HPM500 112 5 HPRO60 92 3 HPSO20 102 3 
HPM501 112 4 HPRO61 92 2 HPSO20 103 2 
HPM502 112 4 HPRO74 93 2 HPSO21 102 4 
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M - ow am at -#a- so -= do M 
Name Page Zone Name Page one Name Page Zone 
HPS021 104 3 PZRLVLV 50 6 
HPSO25 100 4 PZRLVLV 53 2 
HPSO26 100 3 T 110 5 
HPS026 120 2 Ti 107 1 
HPSO28 100 5 T1O 110 4 
HPSO28 121 2 T10 117 1 
HPSO29 121 2 T1l 107 2 
HPSO31 100 6 T12 107 2 
HPSO31 122!: 2 T2 107 1 
HPS032 122 2 T3 107 1 
HPS500 104 3 T4 107 1 
HPS884 104 2 T5FEEDF 22 1 
HPT0010APT 69 1 T5FEEDF 107 2 
HPTO228POF 68 2 T5SUBF 22 2 
HPTO228PTF 68 1 T5SUBF 107 1 
HPUMPSLEGS 70 3 T5WEATH 22 2 
HSEALINDEX 123 2 T5WEATH 107 2 
HTRNABINJ 18 3 T6 107 2 
HTRNABINJ 19 2 T7 110 1 
HTRNBC 6 2 T8 109 1 
HTRNC409 6 2 T8 110 2 
HTRNC409 8 2 T9 110 3 
HTRNRECIRC 99 4 W100 73 2 
HUBFLOW 50 2 W200 74 2 
L55 26 5 WCW0087VVT 72 5 
L55 29 3 WH3 75 5 
L55 30 3 
L56 29 2 
LLP0028LHE 29 4 
LLP0028VVT 29 3 
LLP0061CVO 29 2 
LLP0061CVT 29 1 
LLPOBWTTKF 29 2 
LR20A 97 2 
LR20B 95 2 
P2C3KD 54 7 
P2C3KD 55 2 
P2C3KD 60 2 
P2C3XL 98 4 
P2C3XN 96 4 
P2C3XS1 4 1 
P2C3XS1 27 1 
P2C3XS2 32 1 
P3TC 24 3 
P3TD 46 1 
P3TE 42 1 
P6C3XS3 9 1 
P6C3XS3 12 1 
POSTMOD 62 1 
PREMOD 61 3 
PRZRCHAL 53 1 
PRZRLVLDEX 53 2 
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I APPENDIX B2 

g HPI SYSTEM 

RC MAKE-UP AND RCP SEAL INJECTION 

FAULT TREE 

I 
I 

I 
I.



m mmma m mm mo m m mm 

Loss Of Seal Injection Fromo H PI 
Pumps 3A And 3B 

I ISFAL.NJ 

No Flow From 1P Pumps 3A rFaihrc Of An Ill' Seal Injection 
And 313 Line 

HPIPUJMPS HSEALLINE 

Page 19 Page 8 

Loss of Flow Through HPI 1 Conunon Cause Run Failure of 
Purnp Motor Bearing Cooling HPI Pumps 3A and 3B 

Jackets 

1PICOOL HIPl2-2RCOM 

S 7.22E-04 

Page 2 
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Pumsp Coolers Train Sections Tranfers ClosedTosesClndTonesCoeFitr PSLIt .ttt2,Adls rotPS odIPS 

H-Pl980l HLSo7VT 
IL7VVTIU)COLF 

No LPSW Flow To HPI Pump No HPSW Backup Flows 
Coolers Train Suctions Asuilobic To HPI Pumsp Motor 

Coolcrs 

NossLofSFlFlossrorgotHPItPur 

Motor Bearing Cooling Jackets 

AI IPCOOL 
Page I 
See X-rd 

APPManual Valve 3LPSW.5n Manual Vale 3CCW-87 Common Caue Failure Of Cuno Pip Break Fails Cooling Water PTransfers Closed Transfers Closed Filters 3LPSFLO ll L 0002. And Flow From LPSW and HPSW 
0018 

HLS5NVV WCoo7VTLSFILTCO E0OODE 

2;96E-04 29E-04 1.90E1-116 .0E-04 

No LPSW Flow TF mp P Bher lo 
CoLPS Train eios AibloH PmMtr 

Pagee 3



No LPSW Flow From Either 
LPSW Train 

1PI977 
Page 2...  
See x-ref 

No Flow To IIPI Pump Motor No Flow To HPI Pump Motor 
Coolers From LPSW 3A Header Coolers From LPSW 3B Header 

11P1975 HPl973 

Page 4 

Manual Valve 3LPSW-147 Check Valve 3LPSW-148 
Transfers Closed Transfers Closed 

HLS0147VVT HLSO148CVT 

2.96E-04 109E-03 

Cuno Filter 3LPSFL000I Clogs No Flow From Low Pressure 
Service Water Header 3A 

H-LSOC01FLF W100 

1.25E-02 1.1 OE-02 

Manual Valve 3LPSW-708 
Transfers Closed 

HLS0708VVT 

2.96E-04 
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No Flow To HPI Pump Motor 
Coolers From LPSW 3B Header 

HP1973 
Page 3.  
Sec x-rcf 

Manual Valve 31.SW-150 Check Valve 3LPSW-503 
Transfers Closed Tiansfers Closed 

HLSO150VVT ILS0503CVT 

9E00E-07 3.31 E-06 

Cuno Filter 3LPSF-L-0002 Clogs No Flow From Low Pressure 
Service Water Hteader 313 

HILSOCO2FLF W200 
3.79E-05 1.1OE-02 

Manual Valve 3LPSW-709 
Transfers Closed 

HLSO709VVT 

9.00E-07 
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M -m -M-- WWm mWW M too 

No HPSW Backup Flow 
AvaelbI To HP Punp Motor 

Coolers 

Page 2 
See x-f.  

Flow Orince 3LPSW-FE-204 Cuno Filter 3LPSFLOU 8 Clogs Manual Valve 3LPSW-771 SopPSW Flow From Aux. Manual Vale lPSW-555 ScifConN pined Regulating Vale ScfContained Regulaing Vale 
Clogs Transfers Closed Building HPSW Supply Headeir Transfers Closed 3llPSWa556 Transfers Closed 311PSW-556 Fails To Open On 

Floor o Sewom Au l or S A r er Building HPSW Supply HJeader Supplies Fail 

6.1311E-07 

No Supply From Aux, Bldg First No Supply From Aux. Bldg.  
Floor HPSW Hicader Second Floor HPSW [leader 

Page 6 Page 7 
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No Supply From Aux. Bldg.  
First Floor IPSW Header 

HP1974B 
Page 5 
See x-ref 

II 
Locked-Open Manual Valve Motor Operated Valve 

3HPSW. 112 Transfers Closed IHPSW-17 Transfers Position 

HHlS01 I2VVT H-HS0017MVT 

1.35E-05 3.74E-06 
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No Supply From Aux. Bldg.  
Second Floor HPSW Header 

HPl974C 
Page 5...  
See x-ref 

Locked-Open Manual Valve Locked-Open Manual Valve 
311PSW-202 Transfers Closed HPSW-450 Transfers Closed 

HHSJ202VVT HHSO450VVT 

l.35E-05 I.35E-05 

Motor Operated Valve 
211PSW-17 Transfers Position 

HHIS2017MVT 

3.74E-06 
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Failure 
Of An 

HP Seal 
njection Line 

HSEALLINE 
Page 

I_.  See x-ref 

No Flow% Throug h RCP-3AlI Seal No Flow Through RCP-3A2 Sea] No Flow Through RCP-3BI Seal No Flow Through RCP-3B2 Seal No Flow To RCP Seal Injection Pipe Rupture Fails Seal Injection 
Injection Line Injection Line Injection Line Injection Line Lines From Common Header 

H S9D ) E-04 

Manual Valve 311P-447 Transfers Check Vale 3HP-390 Transfers 
Closed Closed 

HHP4VVT HHP390CVT 

2.6-04 I.09E3-03 

Check Valve 3H1P.145 Trasfers Manual Valve 311P-482 Transfers 
Closed Closed 

I 
I 

HP 45CVT HPP482VVT 
S1.0903 2,96E-04 

M~anual Valve 3H4P-283 Transfers Manual Valve 3HP.64 Transfers 
Closed Closed 

HH1PO283VVTr HHIP0064VVT 

U 2,96L-04 
2.96E-04 
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No Flow Through RCP-3A2 
Seal Injection Line 

IHPS026 
Page 8..  
See x-ref 

Manual Valve 3HP-449 F Manual Valve 3H1P-477 
Transfers Closed Transfers Closed 

HHl PO449VVT HHPOl'477VVT 

2 096E-04 2.96E-04 

Check Valc 31 H -P 111 I ransferi s f Check Value 111 1-M I r nf 

III 0, 1cVl IIIIt I 

S.09V53 1 09-03 

Manual Valve 3HP-284 Manual Valve 3HP-65 Transfers 
Tiansfers Closed Closed 

HHP1O284VVT HHP0065VVT 

2E96E-04 2.96E-04 
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No Flow Through RCP-3BI 
Seal Injection Line 

HPSO29 
Page 8...  
See x-ref 

Manual Valve 3HP-446 Check Valve 31P-457 Transfers 
Transfers Closed Closed 

HH-PO446VVT H-HPO457CVT 

2.96E-04 1.09E-03 

Check Valve 31P-147 Transfers Manual Valve 31P-385 
Closed Transfers Position 

HHP0147CVT 01HPO385VVT 
1.09E-03 2.96E-04 

Manual Valve 3HP-285 Manual Valve 3HP-66 Transfers 
Transfers Closed Closed 

HHPO285VVT HHP0066VVT 

U 2.96E-04 
2.96E-04 
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No Flow Through RCP-3B2 
Seal Injection Line 

HPS032 
Page 8...  
See x-ref 

Manual Valve 3HP-448 Check Valve 31P-393 Transfers 
Transfers Closed Closed 

HHPO448VVT HHPO393CVT 

2.96E-04 1.09E-03 

Check Valve 31P-146 Transfers Manual Valve 3HP-387 
Closed Transfers Position 

HHPOI46CVT HHPO387VVT 

1.09E-03 2.96E-04 

Manual Valve 31P-286 Manual Valve 31P-67 Transfers 
Transfers Closed Closed [I 
HHPO286VVT HHIPO067VVT 

2.96E-04 2.96E-04 
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No Flow To RCP Seal Injection 
Lines From Common Header 

17HEADER 
Page 8 
See x-ref 

No Flow Through IIP Seal No Flow Through HIP Seal Manual Valve 3HP-128 
Injection Common Header Injection Filter Train A Transfers Closed 

HPS016 IIPSO20 HHP0128VVT 

296E-04 

I i.I 

Mn ual Valve 3111'-138 Ait-Oprdated Vailic 3111-31 
Tanrss Closcd Itrasfes Clcd 

hIIIP 38VVTl Ilil1',31AVI 

2.96E-04 5 Ii-03 

Manual Valve 3HP-139 Solenoid Valve 3HPISVO191 
Transfers Closed Transfers Position, Closing 

31P-31 

HIPOI39VVT HFP191SVT 

2.96E-04 314E-03 
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No Flow Through HP Seal 
Injection Filter Train A 

HIPS020 
Page 12..  
See x-ref 

Reactor Co~olant Pinp Seal Marnual Vale 311 -28 Transfers 
Supply tilter 3A Clogs Closed 

IH IPOSFAFLF HHPQ028VVT 

3.79E-05 296E-04 

Manual Valve 3HP-129 Manual Valve 3111P-130 
Transfers Closed Transfers Closed 

HH P01I29VVT HH-PO0130VVT 

296E-04 2.96E-04 

Manual Valve 3HP-131 
Transfers Closed 

HFHPO0131 VVT 

2.96E-04 
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Loss Of Nonnal Injection From 
HPI Pumps 3A And 3B 

HPINORMINJ 

Connon Cause Run Failure of No HPI Flow Into 3A Cold Legs Pipe Rupture Fails Flow From HPI Pumps 3A and 3B HPI Pumps to 3A Cold Legs 

7E-04 13FO F 230E-05 

No HPI Flow into Cold Leg No H PI Flow Into Cold Leg 
3Al 3A2 

HPl900 HP1899 

No Flow To Loop 3A Cold Legs No HPI Flow Through Injection No HPI Flow Through, Injection No Flow To Loop 3A Cold Legs 
Fromt 3HP- 194 Line For Cold Leg 3AlI Line For Cold Leg q 3A2 Fromt 3HP-194 

Page 15 Page 66 Page 67 Page 15 
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No Flow To Loop 3A Cold Legs From 3H P- 194 

HPTs92 
Page 14 

Page 14.  
See x-ref 

Check Valve 3HP- 194 Transfers No Flow To 3H P-194 
Closed 

HHP0194CI 11VT117 

1L09E-03 

No Flow To 3H P-194 From No Flow To 3H1P.-194 From 
3 HP- 121 3 HP-26 or 3H P-12 2 

I I Page 19 

No Flow To 3HP-1 IS Make-up Control Valve 3HP-120 
Transfers Position 

TI 

Page 16 Page 18 

Manual Valve 3HP-118 Transfers Manual Valve 3HP-121 Transfers 
Closed Position 

HHPO 18VVT HIHP0121VVT 

2.96E-04 2.96E3-04 

Manual Valve 3H1P-1 19Tranrs .  
Position 

H1pl19VVT 

2.96E-04 
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No H-ow lo 3111'-1 IS8 

1111017 
Page 15..  
See x-ref 

No Flow From IIPI Train A No Flow to 3HP-1 18 From 
3HP-1 15 

HITRAN HTRAINBlN 

Page 17 Page 19 
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No Flow From IPI Train A 

HTRAN 
Page 19 

Page 16..  
See x-ref 

No Flow Through HP! Train A Letdown Flow Is Diverted From 
HPI Pumps, Suction 

Nonnal Operation 

IlLDSTPERN HPl026H 2 

IT Page 30 

LDST Level Migrates Out of LDST Pressure Migrates Out of No Flow From HPI Pump 3A HPI Train A Valve Failure 
Operating Envelope During Operating Envelope during 

Nonnal Operation Nonnal Operation 

HLDSTLVL HLDST SHP1032H 

I |Page 31 Page 29 

Failure to Swap HPI Suction to LDST Level Is Low Due to No LPSW Flow Throulgh Motor Power From 4160 V ac 
the BWST On Low LDST Level Failure of Level Instruments Cooler On HPI Pump 3A Switchgear 3TC Breaker 8 Fails 

or No Flow From LDST 

Page 21 Page 26 Page 27 Page 28 

H1PI Pump 3A Fails To Run Motor-Operated Valve 3H P-98 
Transfers Closed 

HHPU3APR HP0098MVT 

I.16E-01 8.20E-04 
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Make-up Control Valve 
3HP-120 Transfers Position 

HIMAKE-UP 
Page 15..  
See x-ref 

Air Operated Valve 3HP-120 Electro-Pneunatic Positioner 
Transfers Position 311PIEP0003 Spuriously Closes 3HP-120 

HHIP01I20AVT HHPEPO3PCF 

5.0E-03 8.67E-04 

Loss ofAuxiliary Air System Loss of Power on 240/120 V ac 
Pressure Power Panelboards 3KI and 

3KU 

AUXAIRTOP HID3KlKU 

4.32E-02 

Page 42 

APP B2 - HPI SYSTEM RC MAKE-UP AND RCP S NJECTION FAULT TREE e 18 

m M- -- am-F, mm-m- m



m m-m m m ------ M 

No Flow To 31sPs 194 From 
311P-26 or 3H P.122 

I Ir onII 

111301 

An/O 32OPne d55 

Ap e ME ra SEd Transfers Page 1 

HI34 HHHl2VO HOIIMV TRNHiPll5VTH1 

Page 20 Page I7Pge6 

Operatos Failto OpenRIP-26 3HP-26 nd, 3H -LDSTFParametersow Are VLetdoinnAVFlowoFiswDi VcPted18From 

And/0 ;3H.122Openn D ad 31POperaHPtion 

WIP00213t% "32 IlPHLDSTPERNBNB 

E03Page 16Pge3 
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3HP-26 Fails to Open on 
Demand 

H134 
Page 19..  
See x-ref 

Motor-Operated Valve 3HP-26 Power From 208 V ac MCC 
Fails To Open On Demand 3XSI Breaker R2A Fails 

HHP0026MVO HP1999 

2.4713-03 

Loss Of Power From 208 V ac 208 V ac MCC 3XS I Breaker 
Motor Control Center 3XS II R2A Transfers Open (3H]P-26) 

3.00E-05 54E-06 
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mgmm ma i~~Im m a nm e maum 

-- rom LDS (and- Operators 
Failure to Swap HPI Suction to 

the BWST On Low LDST Level 
or No Flow From LDST 

H1638 
Page 17...  
See x-ref 

LowLDS Leelor o FowNo Flow From BWST toHP 
FromLDST(andOpertorsTrain A 

h1ave LDSTILevel Indication) 

ItI 

LDST Level Is Low Enough To No Flow From LDST No Flow From, BWST to H PI No Flow From BWST to H PI 
Require Swap To BWST Train A {PRE-MOD) Train A (POST-MOD) 

H69HFRMLDTORM] HBSWFPREA HIBSWTPOSTA 

Page 32 Page 32 T

Auto-Swap to BWST on Low Oprators Fail to Swap to Auto-Swap to BWST on Low Failureto Swapto BWST orl 
INSTALLED Fails INSTALLED 

00E+00 O.OOE+00 

Page 22 Page 23 
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Operators Fail to Swap to 
BWST or Flow From BWST 

Fails 

H096 
Page 21...  
See x-ref 

I I 

Operators Fail to Swap IPI No Flow to HPI Train A 
Suction to the BWST Before 

LDST Depletion 

CIHIIHPMUDIIE0 

2.OOE-03 

Page 23 
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Failure to Swap to BWST or 
Flow From BWST Fails 

'age 21 
See x-ref 

Failure to Swap to BWST No Flow to IPI Train A 

HIO2 11066 
Page 22...  
See x-ref 

Page 24 

No I low to III'l Ifmin A I wi N, I Io, to, iI I anij A l wIn...  

111(1o tlljt 

Page 53 
No Flow To H PI Train B From Motor-Operated Valve 3HP1-98 

3HPI-99 Transfers Closed 

'R8.20r-04 

Page 25 
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Failure to Swap to BWST 

H 102 
Page 47 

Page 23...  
See x-ref 

Emergency Low Level Signal to Operators Fail to Swap HPI 
BWST Suction Valves Fails Suction to the BWST Before 

LDST Depiction 

HBWSTOPEN CHPHPMUDIIE 

2.00E-03 

Latent Human Error Associated LDST Emergency Low Interlock One of Two LDST Level 
with Interlock Maintenance Function Is in Maintenance Signals Fails 

Occurs 

HEMERLILH-IE HEMERLIMNT HLDSTSIG 
3E-03 10E-03 

LDST Level Signal I Fails LDST Level Signal 2 Fails 

LVIG HLDLVSIGj H LDLVSIG2 

Page 49 Page 50 
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No Flow To HPI Train B From 
3HP-99 

H1PIO92 
Page 48 

P'age 23..  
Sce x-ref 

No Hlow Through 3111-99 Or No Flow to I]PI Suction I leader 
3111-100 From 31HP-102 

HiPl793 Hi098 

IPI Suction Crosstie Is Left Manual Valve 31HP-100 No Flow From BWSTI eader No Flow Through 31IP-25 Or 
Unavailable After Test Or Transfers Closed 31IP-102 

Mainiteniance 

HHPOSGOLIIE HHPOI0OVVT 5HP099 

3.00E3-03 4.14E-05 

Page 51 Page 52 

Manual Valve 31P-99 Transfers 
Closed 

HHl P0099VVT 

4.14E-05 
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LDST Level Is Low Due to 
Failure of Level Instruments 

HLEVELFAIL 
Page 31 

Page 17...  
See x-ref 

Operators Fail to Recognize LDST Level Instruments Are 
Level Instrument Failure Failed 

HNMOPLVDHE HLDSTLEVEL 

1.00E+00 

Page 35 
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No LPSW Flow Through Motor 
Cooler On HPI Pump 3A 

HPl991 
Page 17 
See x-ref 

Manual Valve 3LPSW-152 Manual Valve 3LPSW-154 
Transfers Closed Transfers Closed 

IILS0152VVT HLSO154VVT 

2.96E-04 296E-04 

II 
Manual Valve 3LPSW-153 HeaI Exchanger On HI1 Pump 

Transfers Closed 3A Clogs 

HLS01 53VVT HPHX3AHXF 

2.96E-04 9.54E-03 
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Po%,cr I:romi 4 16,0 V a 
SN, itscigem 3I1C Ificaker 8 Fail~s 

A 11 P1997 
Page I 7...  
See x-ref 

4160 V ac Switcligcsr 3TC LosOf Powe'r From 40Va 
Breaker 8 Transfers Openi Switcligear 3T 

(I IP- P3A) 

.E-03 9.80E-03 
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HPI Train A Valve Failure 

IHPI004 
Page 17..  
See x-ref 

Manual Valve 3HP-106 Manual Valve 3HP-103 
Transfers Closed Transfers Closed 

HHPI06VVT HHPOI03VVT 

2.96E-04 296E-04 

Check Valve 3HP-105 Transfers 
Closed 

HHP0105CVT 

1.09E-03 
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Letdown Flow Is Diverted From 
HPI Pumps' Suction 

11128 
Page 19 

Page 17...  
Sce x-ref 

Operators Inadvertently Divert Relief Valve 3H1P-79 Spurious 
Letdown Flow Operation 

lILDDIVTCH E HHIPO079RVT 

I.00E-02 1.24E-02 
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LDST Parameters Are 
Perturbated During Nonnal 

Operation 

HLDSTPERNB 
Page 19...  
See x-ref 

LDST Level Migrates Out ofof 
Operating Envelope Duringdring 

Nonnal OperationOperation 

LDSTLVLBSTPRS 
Page 17...  
See x-ref 

Failure to Swap HPI Suction to LDST Level Is Low Due to LDST Pressure Is Above LDST Pressure Fails Low 
the BWST On Low LDST Level Failure of Level Instruments Operating Envelope with or No Flow From LDST Pressure Instuents Failed 

H1646HLVLALHRSAIHPSO 

IIPage 26 Page 55 Page 58 

Low LDST Level or No Flow No Flow From BWST to H PI 
From LDST (and Operators Train B 

have LDST Level Indicatilon) 

II 
H648 HFROMBWSTB 

Page 32 Page 47 
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Low LDST Level or No Flow 
From LDST (and Operators 

have LDST Level Indication) 

rH648 
Page 31..  
See x-ref 

LDST Level Is Low Enough To No Flow From LDST 
Require Swap To BWST 

H639 iFRMLDSTNORM 
Page 21 ... Page 21...  
See x-ref See x-ref 

I 

g 
Nonnal Letdown Is Interrupted Excessive RC Makeup Is Check Valve 3HP-97 Transfers Pipe Rupture Fails Flow From 

Required Position LDST 

INORMLDINT HEXCMAKEUP HHPO097CVT HOOLDSTDEX 

00.09E-03 I.00E-04 

Operator Fails to Restore Nonnal Putification Letdown Motor-Operated Valve 3HP-23 LDST Ruptures 
Appropriate Leldown Flow Flow Fails Transfers Closed 

H HHP0023MVT HOOLDSTTKF 

8.20E-04 4.75E-03 

Page 33 Page 39 
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Operator Fails to Restore 
Appropriate Letdown Flow 

HLDRESTORE 
Page 32...  
See x-ref 

Operator Fails to Maintain Letdown Flo Monitors Fail 
LrDSTt Level > 40 " thn 
Appropriate Monitoring 

HLDSTLIDHE ILDMONITOR 

OO.00E-03 
Electrical Receiver Gauge on Letdown FlowU Alann Fails LDST Level Alanns Fail Pressurizer Level Ala3 Fails 

Unit Board 3UB I for Flow Xmntr (DBD31,4.3) 
3H1PIFT6A Fails 

HUBFLOW HIDFLWALMHLVAMPZ VV 

I IPage 34 Page 38 

Letdown Flow Instnurnent Common Cause Failure of Letdown Flow Transmitter, Common Cause Failure of 
HilFTA Fails Letdown Flow Transmitters HPlFT0006P, Fails 17Letdlown Flow Transmitters 

IE-02 5.29E-04 1.3E-05 52E-04 

Operator Fails to Check Unit Alann Instrnment Fails 
Board Letdown Flow Receiver 

Gauge 

HLDFLOWDHE HDLWM 

I.00E-02 2.4-02 
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LDST Level Alanns Fail 

HLDLVLALM 
Page 33...  
See x-ref 

LDST Level Alann Device Fails LDST Level lstniments Are 
Failed 

HLDSLVLAMF [HLDSTLEVEL 

214E-02 

Page 35 
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LIDST Level Instrmaents Are 
Failed 

IHLDSTLEVEL 
Page 34 

Page 26...  
See x-ref 

Comnmon Cause Failure of LDST Level Transmitters Fail Instnmsent Root Valve (Ref. Instunient Root Valve (Sensing 
LDST Level Transmitters legs Conuon) 3Hl'110085 Lines Conunon) 3HP110087 

Transfers Closed Transfers Closed 

I ILh-0 I RC"E1 ET 
' 2 50W-05 

I. DS T Ievl T1aunsinitc m s[t r H )s I nCcl h i ll"nte sing! 
1 1al 1 Fadls 

HDLVXMR2I HDLVXMR2 

Page 36 Page 37 
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LDST Level Transmitter String 
I Fails 

Page 35... HDLVXMRI 

See x-ref 

I 
I= 

Level Transmitter Type 33P71 LDST Level String I Is in 
Fails Maintenance 

HHIP33PILTF HLVLSTILTM 

1.09E-05 I.00E-03 

Signal Monitor 31P14-LSI Fails Instrument Manifold Valve 
HPllV0052r Transfers Position 

HPl4LSI SMF HIPIRO52DEX 

I.98E-05 900E-08 

Loss of Power on 240/120 V ac Instrunent Manifold Valve 
Power Panelboards 3KI and HIPilVO052s Transfers Position 

3KU 

HD3KlKU IIPISO52VVT 

9O0E-07 

Page 42 

Instrument Root Valve 
HIPIIV0369 Transfers Shut 

HIPIO369DEX 

9OUE-08 
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LDST Level Transmitter String 
2 Fails 

HDLVXMR2 

Page 35...  
See x-ref 

Level Transmitter 33P2 Fails LDST Level String 2 Is in 
Maintenance 

HHP33P2LTF H-LVLST2LTM 

.09E-05 1.00E-03 

Signal Monitor 3HPII4LS2 Instrument Manifold Valve 
Fails HPllVO103r Transfers Position 

HPI4LS2SMF HPIRIO3DEX 

2 .98E-05 9.OOE-08 

I I 

Loss of Power on 240/120 V ac Instrumnent Manifold Valve 
Power Panelboards 3KI and HPilVO 03s Transfers Position 

3KU 

HD3KlKU HPIS103VVT 

9.00l-07 

Page 42 

Insrumnent Root Valve 
11PilV0368 Transfers Shut 

HIPl0368DEX 

9.00E-08 
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P'ressuirizer Level Alanii Fails 

P>ZRLVLV 
i'age 33...  
Sec x-rcf 

f ,Iitcr IC'tl ,Ihrim ks l'io..iiircr I odc Al i al 
CJ 

o OUOI 01F'.01E0 
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Nonal Purilcation Letdown 

IIIDILOW" 

IDasocITFE E-2HPM679 IlIlPI78CVT E43IfHPfot57VVTE0411PODFIE02F_--,IFIPtE)XE4 

No Flow, To 3HP- 14 Fromt Motor Operated Vaho 311P. 14 
Operating Purifieation Traonsfers Position 
Denineraliter Train 

HPM673 lillP001I4MYE 

.2E-04 

No IFlow Through Operating No Flowv To Purification 
Purification Deaninerali.e Train Dernineraliter Trains Fromt 

311P-195 

Page 40 Page 41 
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No Flow Through Operating 
Purification Demineralizer Train 

HPM672 
Page 39..  
See x-ref 

Check Valve 3HP-47 Transfers Loss Of Power On 208/120 V 
Closed ac Panelboard 3KD 

HIHP0047CVT P2C3KD 

I.09E-03 I.60E-02 

Purification Denineralizer 3A 208/120 V ac Panelboard 3KD 
Fails To Pass Flow Breaker 17 Transfers Open 

(3HP-8) 

HHIPDEMAFLF HHFPKDI7CLT 

I.25E-02 3.64E-03 

I I 
Air-Operated Valve 3HP-8 Loss of Auxiliary Air System 

Transfers Closed Pressure 

HHIP0008AVT AUXAIRTOP 

5.01E-03 32E-02 

APP B2 HPI SYSTEM RC MAKE-UP AND RCP S JECTION FAULT TREE e 40 
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No Flow To Purification 
Dernineralizer Trains From 

3HP-195 

lIM671 
Page 39.  
See x-ref 

No Flow To 3HP-195 Manual Valve 311P-195 
Transfers CLosed 

HPM670 HHP0195VVT 

2.96E-04 

No Flow To 3HP-195 From No Flow To 311P-195 From 
311P-41 Flow Restrictor Line 

HIPM669 HPM659 

No Flow Through 3HP-40, No Flow To 31H1P-6 Or 3HP-40 No Flow To 3HP-6 Or 3HP-40 No Flow Through Flow 
3HP-7, Or 3HP-41 From 3HP-5 From 311P-5 Resirictor Line 

HPM668HI'65 

Page 42 Page 43 Page 43 Page 45 

APPENDIX B2 - HPI SYSTEM RC MAKE-UP AND RCP SEAL INJECTION FAULT TREE Page 41



No Flow Through 3HP-40, 
3H!P-7, Or 311P-41 

IHPM668 
Page 41..  
See x-ref 

Manual Valve 3HP-41 Transfers Manual Valve 311IP-40 Transfers Air-Operated Valve 3HP-7 3HPI-7 Transfers Closed on LosLoss of Auxiliary Air System 
Closed Closed Transfers Close d of Power Pressure 

HHP0041VVT HHP0040VVT HHP0007AVT HM6A UARO 

2E-04 29E-04 S .01E3-03 43E-02 

Loss of Power on 240/120 V ac 120 V ac Circuit Breaker 
Power Panelboards 3KI and 3KU-2I Transfers Opens (ICS 

3KU Cab. 7) 

HD3KlKUHH 

Pag 36. 6E-03 

Page 18..  
See 

Loss of Power on 240/120 V ac Loss of Power on 240/120 V ac 
Power Panelboard 3KI Power Panelboard 3KU 

1.20E3-02 1.20E3-02 
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No Flow To 3HP-6 Or 3HP-40 From 3HP-5 
A HPM667 

Page 41I 
Page 41.  
See x-ref 

3HP-5 Fails To Remain Open No Flow To 3HP-5 From Either 
Letdown Cooler Train 

I I Page 44 

Air-Operated Valve 3P-5 Solenoid Valve 31PISVo090 
Transfers Closed Transfers Position 

HHP0005AVT HH1PSV90SVT 

5.01E03 3.14E-03 

125 V de Panelboar o 3DIB High Letdown Temp. Pressure 
Breaker 25 Transfers Open Switch 3HPIPSO357 Spurious 

(3CC-8, 3HP-5) Operation 

SHDCIB25CDT HH11PO357PST1
2.79E-03 4.68E-03 

Loss Of Power On 125 VAde Low Instrument Air Pressure 
Panrelboard 3DI1B Switch 31APSO331 Spurious 

Operation 

D3DIB HHPO33 IPST 

5.40E-05 4.68E-03 

Pressure 

AUIXAIRTOPI 

8 4.32E-02 
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No Flow To 3HP-5 From Either 
Letdown Cooler Train 

H601 
Page 43...  
See x-ref 

No Flow To 3HP-5 From No Flow To 3HP-5 From 
Letdown Cooler Train A Letdown Cooler Train B 

HPM665 H603 

Motor-Operated Valve 3HP-3 Motor-Operated Valve 3HP-1 Motor Operated Valve 3HP-2 Motor Operated Valve 3HP-4 
Transfers Closed Transfers Closed Transfers Position Transfers Position 

8E-04 82E-04 82E-04 82E-04 

Leldown Cooler 3A Clogs Letdown Cooler 313 Clogs 

HIIPLDCAHXF lHPLDCBHXF 

9.54E-03 9.54E-03 
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No Flow Through Flow 
Restrictor Line 

HPM658 
Page 41...  
See x-ref 

Manual Valve 3HP-39 Transfers Loss Of Power On 208/120 V 
Closed ac Panelboard 3KD 

HHP0039VVT P2C3KD 

2.96E-04 1.60E-02 

Letdown Line Flow Reducer 120 V ac Panelboard 3KVID 
Plugs Breaker 19 Transfers Open 

(3HP-6) 

HHP00LDORF] IHPKDI9CLT 

2.02E-05 3.64E-03 

Air-Operated Valve 31HP-6 Loss of Auxiliary Air System 
Transfers Closed Pressure 

HH1P0006AVT AUXAIRTOP 

501E-03 8 432E-02 
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No Flow Through 3HPI-17 

HPM680 
Page 39..  
See x-ref 

Air-Operated Valve 3HP-17 Loss Of Power On 208/120 V 
Transfers Closed ac Panelboard 3K) 

HIHPOO017AVT P2C3KD 

5.01E-03 l.60E-02 

I I 
208/120 V ac Panelboard 3KD Loss of Auxiliary Air System 

Breaker 18 Transfers Open Pressure 
(3HP-1 7) 

HIHPKD ISCLT AUXAIRTOP 

3.64E-03 4.32E-02 
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No Flow From 13WST to HPI 
Train B 

HIFROMBWSTB 
Page 3 1 
See x-ref 

No Flow From BWSTtoHP No PNow TFrom BWST to HI 
. Train B3 {PRE-MOD) Train B I POST-MOD) 

HlBSWTPREB HlBSW1POSTB 

Ato-Swap to ilWSTI on I.w 1pe.0ar En t S a, AeoS,,., to HWSV I on I < sI n to Swap to ilWST or 
LDST Lev~el Mod. is NOT ilWS I 1r low 1-1orn IMWS I I D)s II Ic Mmi ;f I low From I WS I Fails IN STIA E.D I al IN 'sI A I II I" , 

Operators Fail to Swap HPI NFowTo HInTrain B Failure to :Swap to BWST No-low To HITriB 
Suction to the BWST Before N lwT P ri 

LDST DepletionI 

CHF 2 OOE-03 
11.0108 

Page 48 Page 24 Page 48 
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No Flow To HPI Train B 

H083 
Page 47 

Page 47. .  
Sec x-ref 

II 

No Flow To HPI Train B From No Flow To HPI Train B From 
3HP-99 3HP-98 

Page 25 Page 53 
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LDST Level Signal I Fails 

ILDLVSIGI 
Page 24..  
See x-ref 

Instrument Root Valve Loss Of Power On 120 V ac 
HPlV0369 Transfers Shut Vital I&C Power Panelboard 3KVIC 

HP10369VVT D3KVIC 

2.46E-04 1.70E-05 

Level Transmitter Type 33PI Signal Monitor 311tPl4-LSI Fails 
Fails 

HHP33PILTF H-Pl4LSISMF 

.09E-05 1.98E-05 
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LDST Level Signal 2 Fails 

I ILDLVSIG2 
Page 24...  
See x-ref 

Instniment Root ZValve 7[Loss of P'ower on 120 V ac 
I INPI1V0368 Transfers Shut [Poswer Paselboard 3KV113 

Lecwl Ilratissiilrci 11112 1 iiIs si-1 %,v l N1mir I1 It'I t.S2 
Fails 

2 0E-05 2 98r-0S 
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No Flow Front BWST Header 

L55 
Page 25 

Page 53 .  
See x-ref 

VWST Fails T Supply lw% Mnraleake V:l% L Tangfers 3LP-28 Le0 Closed Due to 
Closed liuman ror 

LLP008VVTLLP028LH 

E-07 2 E-05 

Vacuum-Breaker ValveH3LP-61 Borated Water Storage Tank 
Transfers Closed Ruptures 

LLP001C~jLLPolBWTFKF 

33I E-06 1.45E2-05 

Vacutum-Bre aker Valve 3L.P-61 
Fails to Open 

LLP10061 CVO 

85E-05 
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No Flow Through 311P-25 Or 
3HP-102 

HPl099 
Page 25...  
See x-rer 

Tilling Disk Check Valve Tilting Disk Check Valve Motor Operated Valve 3HP-25 Motor-Operated Valve 311P-25 MOV 3HP-25 Suction Train in MOV 31HP-25 Suction Train Is 
31P-102 Fails To Open On 3HP-102 Transfers Closed Does Not Open Transfers Closed After Opening Maintenance Left Unavailable After Test Or 

Demand Maintenance 

HHOO2V HPl2CTHil5HP0025MVT HHAP0025TRM HHlP0025LHE 
E-05 E-06 2.50E-06 5E00E-03 3.00E-03 

Loss Of Power From 208 V ac Motor-Operated Valve 31P-25 Common Cause Failure Of 
MCC 3XS2 Breaker RIA Fails To Open On Demand MOVs 31HP-24 And 3HP-25 To j Open On Demand 

P985HHP02MVO HPSVLVCOM 

2.47E-03 1.24E-04 

Loss Of Power From 208 V ac 208 V ac MCC 3XS2 Breaker 
Motor Control Center 3XS2 R IA Transfers Open (3H P-25) 

30E-05 I6E-05 
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III= mW W m -m - Wm 

No Flow To HPi Train B From 
3HP'-98 

HO87 
Page 48...  
See x-ref 

Motor-Operated Valve 3HP-98 No Flow to HPi Train A From 
Transfers Closed 3HP-101 

HHPO098MVT HP1074 

8.20E-04 Page 23 
See x-ref 

No Flow Through 3HP-24 Or No Flow From BWST Header 
3HP-101 

11PI075 5 

Page 54 Page 51 

APPENDIX B2 - HPI SYSTEM RC MAKE-UP AND RCP SEAL INJECTION FAULT TREE Page 53



No Flow Through 3HP-24 Or 
3HP-101 

HPl075 
Page 53...  
See x-ref 

Tilling Disk Check Valve Tilling Disk Check Valve Motor Operated Valve 3111P-2.1 Nlotr-perated Valve 3111P-24 MO 3111'-24 Suction TraiI MOV 3HP-24 Suction Train in 
311p- 101 Fails To Open On 3111-101 Transfets Closed Does Not Open Iransfers Closed Aller Opening I l Unavailable Aflerest Maintenance Demand Mitenance 

I HHPOI01CVT II1,1080 HP0024MVT 
8.15E-05 E-06 2.5013-06 E-03 E-03 

Power From 208 V ac MCC Motor-Operated Valve 3111-24 Common Cause Failure Of 
3XSI Breaker RDI Fails Fails To Open On Demand MOVs 3HIP-24 And 31P1-25 To 

Open On Demand 

I 

IP98 

HPI86 HPO024MVO HH-PSVLVCOM 

2.47E-03 1.24E-04 

Loss Of Power From 208 V ac 208 V ac MCC 3XSI Dreaker MMitn ncen 

T EOOE3.00E-03 
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LDST Pressure Is Above 
Operating Envelope with 

Pressure Instnunents Failed 

j~e3 - HPRESSFAIL 

See x-ref 

I 

Operators Fail to Recognize Operators Overcharge the LDST LDST Pressure Instruments Are 
Pressure Instnunent Failure Failed 

HINMOPRSLH E HNMOPRSDHE HILDSTPRESS 
1.00E3+00 L.00E+00 

Instnument Root valve LDST Pressure Transmitters Fail Common Cause Failure of 
HP 11VO095 Transfers Shut LDST Pressure Transmitters 

H VLDSTPRXMS HLDPXTRCOM 

6E-04 34E-04 

LDST Pressure Sensing String I LDST Pressure Sensing String 2 
Fails Fails 

Page 56 Page 57 
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LDST Pressure Sensing String I 
Fails 

HPIPTF228 
Page 55...  
See x-ref 

Pressure Transmitter HPIPTO228 24Vdc Power 
HPIPTO228 Fails Supply Fails 

HPTO228PTF HIPTO228POF 

9,77E-06 4.13E-05 

Instrument Root Valve Loss Of Power On 120 V ac 
HPII0371 Transfers Shut Vital l&C Power Panelboard 

3KVIC 

HPlV371VVT D3KVIC 

9.00E-07 1.70E-05 

Instrument Root Valve LDST Pressure String #I Is in 1 
HP110362 Transfers Shut Maintenance 

HPIV362VVT IIPIPRSIPRM 

9.00E-07 1.00E-03 
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LDST Pressure Sensing String 2 
Fails 

H1PIPTFO10 
Page 55...  
See x-ref 

I - I 

Pneumatic Pressure Transducer Loss of Auxiliary Air System 
HPIPT0010 Fails Pressure 

II 
HPT00I0APT AUXAIRTOP 

I.62E-04 4.32E-02 

Instrument Root Valve LDST Pressure String #2 Is in 
I IPil V0370 Transfers Shut Maintenance 

H1PIV370VVT HPIPRS2PRM 

2 9.00E-07 2 00E-03 

Instrument Root Valve 
I PVO097 Transfers Shut 

HIPIVO97VVT 

2 9.OOE-07 
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LDST Pressure Fails Low 

HPR SLOW 
Page 31...  
See x-ref 

Operator Error Causes Low Low Pressure Trend with 
Pressure Condition Operator Failing to Correct 

HLDSTLPDHE 11003 
1.OOE-02 

Operator Fails to Correctly LDST Pressure Drops 
Respond to Decrease in LDST 

Pressure 

HOPDCPRS HPRSSDEC 

Page 61 

Instrument Root valve LDST Pressure Low Alanus Fail 
HPH11V0095 Transfers Shut 

HPI0095V VTHDXT 

2 2.46E-04 

Page 59 

Common Cause Failure of Inadequate Operator Guidance 
LDST Pressure Transmitters Regarding LDST Underpressure 

H-LDPXTRCOM HOPUNPRDHIE 

.34E-04 1.O0E-03 
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LDST Pressure Low Alarms Fail 

HDPXMTL 
Page 58.  
See x-ref 

Pressure Transmitter IIPI11TO228 Pressure Transmitter if PIPTOO10 Low Pressure Alarm Fails Low Pressure Alarm Fails 

Page 60 

Instrument Root Valve IlfPHO371 Instrument Root Valve II1 il0362 
Transfers Shut Transfers Shut 

lIPIV37IVVT HPlV362VVT 

2 00E-07 9 OOE-07 

reue Ians IW1112 Power tS up V 

fill 1P 22811 iFI 

9.7717-U(, 0Fo 

LDST Pressure String # 1 Is in OAC Is OOS 
Maintenance 

HPIPRSlPRM HIOACSERDEXI 

2 I.00E3-03 LO00E-02 

HPIPTO228 24Vde Power Supply 
Fails 

I IPTO228POF 

2 4.13E-05 
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Pressure Transmitter 
HPIPT0010 Low Pressure 

Alan Fails 

IIPIPTLOIO 
Page 59..  
See x-ref 

Pneumatic Pressure Transducer Pressure Switch 31 IPIPS004 
HIPIPTO010 Fails Fails low 

HPT0010APT HPIPSO4PSL 

1.62E-04 5.58E-03 

Instrument Root Valve Alann Module Fails to Operate 
HIPIIV0370 Transfers Shut on Demand 

HIPIV370VVT HPTO04LAMF 

9.00E-07 2.14E-02 

LDST lressure String #2 Is in Loss of Auxiliary Air System 
Maintenance Pressure 

HPIPRS2PRM AUXAIRTOP 

I.001E-03 4.32E-02 

Instrument Root Valve 
HPlIV0097 Transfers Shut 

HPlVO97VVT 

9.0E-07 
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LDST Pressure Drops 

HPRSSDEC 
Page 58...  
See x-ref 

Air Operated Valve 3GWD-l19 Level Change or Other 
Transfers Position Operational Condition Causes 

Pressure to Drop 

H3GWDI9AVT HLVLDRPDEX 

5.01E-03 1.00E+00 

Check Valve 31H-2 Leaks 
Externally 

H-3H000O2CVL 

5.99E-04 
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No Fl l o Through II Train 3B 

Page 19 
Seec x-ref 

HPI Pump 3B Fails To Start Tilling Disk Check Valve 
3HP-109 Transfers Closed 

illPOIO9CVT 

33 31E-06 

I 44 IO 

HPITPUp 3B Does Not Run Til ng Disk Check Valve 311P 109 Fails To Open On 
Demand 

HPI087 HHP0109CVO 

8.151E-05 

I11 I 

1111P01RKilliRM H111 ill I 1 I 
2 001:.0(2 10E0 

Manual Valve 3HP-107 Transfers Operators Fail to Align HI' Train 
Closed 3B 

HHP0107VVT IlHJPTRNBDilE 

I.44E-05 1.00E-02 

Manual Valve 3H1P-1 10 Transfers 
Closed 

U1.44E-05 
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H PI Pump 3B Fails To Start 

HI122 
Page 62.  
See x-ref 

Fa-,ilute Uf Cotrol C'irmilty To I IN ll p 313 Fails To Stall OnlC nrlP w rn oi 
Sinnr I IP unmp 38 1Uni LOW Delmand Pwracnt101 vial 

I IPM502HHP3 1S 

14E-02 

Loss Of Power On 12 5 V de Pressure Switch 3HP1153-FS FailsDCPwrNtAaloer otviabeoI]P 
Panelboard 3DID To Operate Onl Low RCP Scal ls-nBekrfrH up3 

FHPIP33S 

D3WDID HHP53FSPSO 
HI33 CHI3 A 

9 5.40E-05 2.01 E-04 

I 4 Page 64 

125 V de Panelboard 3DID AuIxiliary Relay HP153XR Fails Loss Of Power Onl 125 V de 125 V de Panielboard 3DIC 
Breaker 5 Transfers Open (Low To Operate Onl Low RCP Seal Panelboard 3DIC Breaker 28 Transfers Open Seal Flow Pumrp 3B Start) Flow 

HDCID05CDT H~HPS3XRRYDIDDCDCC8D 

LE-04 1. 11E-04 19 5.40E-05 85E-06 
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AC Power Not Available to IIPI 
Pump 3D 

IPIP3BAC 
Page 63...  
See x-ref 

Loss Of Power From 4160 V ac 4160 V ac Switchgear 3TE 
Switchgear 3TE Breaker 9 Fails To Close (IIPI 

Pump 3B) 

P3TE HIACOEiO9C4C 

9.80E-03 6.37E-03 
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HPI Pump 3B Does Not Run 

HPIO87 
Page 62..  
See x,-ref 

No LPSW Flow Through Motor HI'l Pump 3B Fails To Runs 4160 V ac Switchgear 3TE 
Cooler On HI Pump 3B3 Breaker 9 Transfers Open 

(HP-P3B) 

Hl98IHPP'U3B3HPR HAC3TE9C4T 

E-04 1,53E-05 

Manual Valve 3LPSW-I 57 Manualg Valve 3LPSW- 159 
Transfers Closed Transfers Closed 

. HLSO 157VVTIHS19V 
IE-05 14E-05 

Manual Valve 3LP'SW-IS8 IHeat Exchanger On HPI Pump 
Transfers Closed 3B Clogs 

HLS0158VVT llIPHX3BHIXF 

1.44E-05 4.65E-04 
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No HI' Flow Through Injection 
Line For Cold Leg 3AI 

111'1896 
Pag C4 .  
See X-10l 

Manual Valve 3H1P-127 Check Valve 3H]P-487 
Transfers Closed Transfers Closed 

HHP0127V VT IlHPO487CVT 

2.96E-04 1.09E-03 

High Pressure Injection Flow 
Orifice 3A I Is Blocked 

HH-PO3AIORF 

202E-05 
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mLine mFrm Cl Leg 3A2 

No HPI Flow Through Injection 
Line For Cold Leg 3A2 

Hll1895 
Page 14 
See x-ref 

Check Valve 3HP-486 Transfers Manual Valve 3HP-126 
Closed Transfers Closed 

HHPO486CVT HIHP0126VVT 

1.09E-03 2.96E-04 

High Pressure Injection Flow 
Orifice 3A2 Is Blocked 

HHIPO3A20RF 

2.02E-05 
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Name Page Zone Name Page Zone Name Page Zone 

AUXAIRTOP 18 1 H132 19 2 HHP0001MVT 44 2 
AUXAIRTOP 40 2 H134 19 2 HHP0002MVT 44 3 
AUXAIRTOP 42 5 H134 20 2 HHP0003MVT 44 1 
AUXAIRTOP 43 2 H3AFLOW 14 3 HHP0004MVT 44 4 
AUXAIRTOP 45 2 H3GWD19AVT 61 1 HHP0005AVT 43 1 
AUXAIRTOP 46 2 H3HO002CVL 61 2 HHP0006AVT 45 1 
AUXAIRTOP 57 2 H601 43 3 HHP0007AVT 42 3 
AUXAIRTOP 60 2 H601 44 3 HHP0008AVT 40 1 
CHPHPMUDHE 22!: 1 H603 44 4 HHP0014MVT 39 3 
CHPHPMUDHE 24 3 H638 17 1 HHP0017AVT 46 1 
CHPHPMUDHE 47 2 H638 21 3 HHP0023MVT 32 4 
D3DIB 43 1 H639 21 1 HHP0024LHE 54 5 
D3DIC 63 3 H639 32 2 HHP0024MVO 54 3 
D3DID 63 1 H640 21 2 HHP0024MVT 54 4 
D3KI 42 3 H646 31 2 HHP0024TRM 54 6 
D3KU 42 4 H648 31 1 HHP0025LHE 52 6 
D3KVIB 50 2 H648 32 3 HHP0025MVO 52 3 
D3KVIC 49 2 HAC0008C4T 28 1 HHP0025MVT 52 4 
D3KVIC 56 2 HACOEO9C4C 64 2 HHP0025TRM 52 5 
D3KVIC 59 2 HACOR1ACLT 52 3 HHP0026DHE 19 1 
DDCIC28CDT 63 4 HACOR1DCLT 54 3 HHP0026MVO 20 1 
H003 58 2 HACOR2ACLT 20 3 HHP0028VVT 13 2 
HOOCOOLDEX 2 7 HAC3TE9C4T 65 4 HHP0031AVT 12 2 
HOOLDSTDEX 32 5 HBSWTPOSTA 21 5 HHP0039VVT 45 1 
HOOLDSTTKF 32 5 HBSWTPOSTB 47 4 HHP0040VVT 42 2 
H017 19 7 HBSWTPREA 21 3 HHP0041VVT 42 1 
H017 62 2 HBSWTPREB 47 2 HHP0047CVT 40 1 
H066 22 2 HBWSTOPEN 24 2 HHP0057VVT 39 4 
H066 23 2 HD3KIKU 18 2 HHP0064VVT 8 2 
H083 47 3 HD3KIKU 36 1 HHP0065VVT 9 2 
H083 47 5 HD3KIKU 37 1 HHP0066VVT 10 2 
H083 48 2 HD3KIKU 42 4 HHP0067VVT 11 2 
H087 48 2 HDCIB25CDT 43 1 HHP0078CVT 39 3 
H087 53 2 HDCID05CDT 63 1 HHP0079RVT 30 2 
H096 21 4 HDFLWALM 33 4 HHP0097CVT 32 4 
H096 22 2 HDISCHADEX 14 4 HHP0098MVT 17 4 
H100 21 6 HDLVXMR1 35 2 HHP0098MVT 23 3 
H100 23 2 HDLVXMR1 36 2 HHP0098MVT 53 1 
H102 23 1 HDLVXMR2 35 3 HHP0099VVT 25 2 
H102 24 3 HDLVXMR2 37 2 HHPOOLDORF 45 1 
H102 47 4 HDPXMTL 58 2 HHP0100VVT 25 2 
H110 47 2 HDPXMTL 59 2 HHP0101CVO 54 1 
H112 47 4 HEADER 8 6 HHP0101CVT 54 2 
H117 15 2 HEADER 12 3 HHP0102CVO 52 1 
H122 62 1 HEMERLILHE 24 1 HHP0102CVT 52 2 
H122 63 3 HEMERLIMNT 24 2 HHP0103VVT 29 2 
H128 17 5 HEXCMAKEUP 32 3 HHP0105CVT 29 2 
H128 19 7 HFRMLDSTNORM 21 2 HHP0106VVT 29 1 
H128 30 2 HFRMLDSTNORM 32 4 HHP0107VVT 62 1 
H130 15 3 HFROMBWSTA 21 4 HHP0109CVO 62 2 
H130 19 3 HFROMBWSTB 31 2 HHP0109CVT 62 2 
H131 19 2 HFROMBWSTB 47 3 HHP0110VVT 62 2 
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Name Page Zone Name Page one Name Page Zone 
HHP0115MVT 19 4 HHP33P1LTF 49 1 HLDSTLEVEL 35 3 
HHP0115MVT 19 6 HHP33P2LTF 37 1 HLDSTLPDHE 58 1 
HHP0118VVT 15 1 HHP33P2LTF 50 1 HLDSTLVL 17 2 
HHP0119VVT 15 2 HHP53FSPSO 63 2 HLDSTLVLB 31 2 
HHP0120AVT 18 1 HHP53XRRYD 63 2 HLDSTLVXMS 35 2 
HHP0121VVT 15 2 HHPDEMAFLF 40 1 HLDSTPERN 17 2 
HHP0122VVO 19 3 HHPEPO3PCF 18 2 HLDSTPERNB 19 6 
HHP0126VVT 67 2 HHPHX3AHXF 27 2 HLDSTPERNB 31 3 
HHP0127VVT 66! 1 HHPHX3BHXF 65 2 HLDSTPRESS 55 3 
HHP0128VVT 12 4 HHPKD17CLT 40 2 HLDSTPRS 17 3 
HHP0129VVT 13 1 HHPKD18CLT 46 1 HLDSTPRS 31 4 
HHP0130VVT 13 2 HHPKD19CLT 45 2 HLDSTPRXMS 55 3 
HHP0131VVT 13 2 HHPKU21CLT 42 5 HLDSTSIG 24 3 
HHP0138VVT 12 1 HHPLDCAHXF 44 2 HLDXMTRCOM 35 1 
HHP0139VVT 12 1 HHPLDCBHXF 44 4 HLEVELFAIL 17 2 
HHP0144CVT 9 1 HHPPU3AHPR 17 3 HLEVELFAIL 26 2 
HHP0145CVT 8 1 HHPPU3BHPR 65 3 HLEVELFAIL 31 3 
HHP0146CVT 11 1 HHPPU3BHPS 63 3 HLS0147VVT 3 1 
HHP0147CVT 10 1 HHPSV90SVT 43 2 HLS0148CVT 3 2 
HHP0191SVT 12 2 HHPSVLVCOM 52 4 HLS0149VVT 2 1 
HHP0194CVT 15 1 HHPSVLVCOM 54 4 HLS0150VVT 4 1 
HHP0195VVT 41 4 HHPTRNBDHE 62 2 HLS0152VVT 27 1 
HHPO283VVT 8 1 HHS0017MVT 6 2 HLS0153VVT 27 1 
HHP0284VVT 9 1 HHS0112VVT 6 1 HLS0154VVT 27 2 
HHPO285VVT 10 1 HHSO202VVT 7 1 HLS0157VVT 65 1 
HHPO286VVT 11 1 HHSO450VVT 7 2 HLS0158VVT 65 1 
HHP0331PST 43 2 HHS0555VVT 5 5 HLS0159VVT 65 2 
HHP0357PST 43 2 HHS0556RGO 5 7 HLS02040RF 5 1 
HHP0385VVT 10 2 HHSO556RGT 5 6 HLSO246VVT 2 2 
HHPO387VVT 11 2 HHS2017MVT 7 2 HLS0500VVT 2 4 
HHPO390CVT 8 2 HLDDIVTCHE 30 1 HLS0503CVT 4 2 
HHPO393CVT 11 2 HLDFLOW 32 2 HLS0708VVT 3 2 
HHPO3A1ORF 66 2 HLDFLOW 39 4 HLSO709VVT 4 2 
HHPO3A20RF 67 2 HLDFLOWAMF 33 4 HLSO711VVT 2 3 
HHP0446VVT 10 1 HLDFLOWDHE 33 2 HLSO771VVT 5 3 
HHPO447VVT 8 1 HLDISOLCHE 39 1 HLSOC01FLF 3 1 
HHPO448VVT 11 1 HLDLVLALM 33 5 HLSOCO2FLF 4 1 
HHPO449VVT 9 1 HLDLVLALM 34 2 HLSOC18FLF 5 2 
HHPO454CVT 9 2 HLDLVSIG1 24 3 HLSFILTCOM 2 6 
HHPO457CVT 10 2 HLDLVSIG1 49 2 HLVLDRPDEX 61 2 
HHPO477VVT 9 2 HLDLVSIG2 24 4 HLVLST1LTM 36 2 
HHPO482VVT 8 2 HLDLVSIG2 50 2 .HLVLST2LTM 37 2 
HHPO486CVT 67 1 HLDMONITOR 33 4 HMAKE-UP 15 2 
HHPO487CVT 66 2 HLDPATHDEX 39 7 HMAKE-UP 18 2 
HHPOLDAFLF 39 5 HLDPXTRCOM 55 4 HMOD 21 5 
HHPOSFAFLF 13 1 HLDPXTRCOM 58 1 HMOD 47 3 
HHPOSGOLHE 25 1 HLDRESTORE 32 1 HNMOPLVDHE 26 1 
HHPOTRBLHE 62 2 HLDRESTORE 33 2 HNMOPRSDHE 55 2 
HHPOTRBTRM 62 1 HLDSLVLAMF 34 1 HNMOPRSLHE 55 1 
HHP2-2RCOM 1 2 HLDSTL1DHE 33 1 HNOMOD 21 3 
HHP2-2RCOM 14 1 HLDSTLEVEL 26 2 HNOMOD 47 1 
HHP33P1LTF 36 1 HLDSTLEVEL 34 2 HNORMLDINT 32 2 
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Name Page Zone Name Page Zone Name Page Zone 

HOACSERDEX 59 2 HP1974C 5 4 HPIV362VVT 59 2 
HOPDCPRS 58 2 HP1974C 7 2 HPIV370VVT 57 1 
HOPUNPRDHE 58 2 HP1975 3 2 HPIV370VVT 60 1 
HP14LS1SMF 36 1 HP1976 5 4 HPIV371VVT 56 1 
HP14LS1SMF 49 2 HP1977 2 2 HPIV371VVT 59 1 
HP14LS2SMF 37 1 HP1977 3 2 HPM502 63 2 
HP14LS2SMF 50 2 HP1978 2 3 HPM658 41 4 
HPI004 17 5 HP1978 5 4 HPM658 45 2 
HPI004 29! 2 HP1979 2 2 HPM659 41 4 
HPI0085DEX 35 3 HP1980 2 2 HPM665 44 2 
HPI0087DEX 35 4 HP1985 52 2 HPM666 43 2 
HPI0095VVT 55 2 HP1986 54 2 HPM667 41 2 
HPIO095VVT 58 1 HP1987 65 2 HPM667 41 3 
HPI014 15 2 HP1991 17 3 HPM667 43 2 
HPI017 15 1 HP1991 27 2 HPM668 41 1 
HPI017 16 2 HP1997 17 4 HPM668 42 3 
HPI026 17 4 HP1997 28 2 HPM668AC 42 4 
HPIO26C 23 3 HP1999 20 2 HPM669 41 2 
HPI032 17 4 HPIATRN 19 4 HPM670 41 3 
HPI0368DEX 37 2 HPICOOL 1 1 HPM671 39 2 
HPI0368VVT 50 1 HPICOOL 2 5 HPM671 41 3 
HPIO369DEX 36 2 HPIFT6PFTF 33 3 HPM672 39 1 
HPIO369VVT 49 1 HPIFT6XCOM 33 2 HPM672 40 2 
HPI074 23 2 HPIFT6XCOM 33 4 HPM673 39 2 
HPI074 53 2 HPILT6AFTF 33 1 HPM679 39 2 
HPI075 53 2 HPINORMINJ 14 2 HPM680 39 6 
HPIO75 54 4 HPIP3BAC 63 5 HPM680 46 2 
HPIO80 54 3 HPIP3BAC 64 2 HPRESSFAIL 31 4 
HPI087 62 1 HPIP3BDC 63 4 HPRESSFAIL 55 2 
HPI087 65 3 HPIP3BST 63 4 HPRSLOW 31 5 
HPI092 23 2 HPIPRS1PRM 56 2 HPRSLOW 58 2 
HPI092 25 3 HPIPRS1PRM 59 1 HPRSSDEC 58 3 
HPI092 48 1 HPIPRS2PRM 57 2 HPRSSDEC 61 2 
HPI098 25 4 HPIPRS2PRM 60 1 HPS012 8 2 
HPI099 25 4 HPIPSO4PSL 60 2 HPS016 12 2 
HPI099 52 4 HPIPTF010 55 4 HPSO20 12 3 
HPI105 52 3 HPIPTF010 57 2 HPSO20 13. 2 
HP1793 25 2 HPIPTF228 55 3 HPSO26 8 3 
HP1892 14 1 HPIPTF228 56 2 HPSO26 9 2 
HP1892 14 4 HPIPTLO10 59 3 HPSO29 8 4 
HPI892 15 2 HPIPTLO10 60 2 HPSO29 10 2 
HP1895 14 3 HPIPTL228 59 2 HPSO32 8 5 
HP1895 67 2 HPIPUMPS 1 1 HPS032 11 2 
HP1896 14 2 HPIPUMPS 19 5 HPT0010APT 57 1 
HPI896 66 2 HPIRO52DEX 36 2 HPT0010APT 60 1 
HP1899 14 4 HPIR103DEX 37 2 HPT004LAMF 60 2 
HPI900 14 2 HPIS052VVT 36 2 HPTO228POF 56 2 
HP1973 3 3 HPIS103VVT 37 2 HPTO228POF 59 2 
HP1973 4 2 HPISEALINJ 1 2 HPTO228PTF 56 1 
HP1974 5 4 HPIVO97VVT 57 2 HPTO228PTF 59 1 
HP1974B 5 3 HPIVO97VVT 60 2 HSEALINDEX 8 7 
HP1974B 6 2 HPIV362VVT 56 1 HSEALLINE 1 2 
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Name Page Zone Name Page one Name Page Zone 
HSEALLINE 8 4 
HTRAINBN 16 2 
HTRAINBN 19 6 
HTRAN 16 1 
HTRAN 17 4 
HTRAN 19 5 
HUBFLOW 33 2 
L55 25' 3 
L55 51' 3 
L55 53 3 
L56 51 2 
LLP0028LHE 51 4 
LLP0028VVT 51 3 
LLP0061CVO 51 2 
LLP0061CVT 51 1 
LLPOBWTTKF 51 2 
P2C3KD 40 2 
P2C3KD 45 2 
P2C3KD 46 2 
P2C3XS1 20 2 
P2C3XS1 54 2 
P2C3XS2 52 2 
P3TC 28 2 
P3TE 64 1, 
PRZRCHAL 38 1 
PRZRLVLDEX 38 2 
PZRLVLV 33 6 
PZRLVLV 38 2 
W100 3 2 
W200 4 2 
WCWOO87VVT 2 5 
WH3 5 5 
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/ .Loss of Aux. Pressurizer Spray 
From HPI Pumps 3A and 3B 

HPZRSPRAY 

No flow to Aux Spriay Line No Flow I lrough Aux. Spray Common Cause Run Failure of Loss of Flow Through IIPI 
Line II14 Pumps 3A and 3B Pump Motor Bearing Cooling 

Jackets 

IIPZRFLOWHP2-2RCOM PICOO 

2.20E-06 

IIage 48 Page 51 

Manual Valve 3HP-1 18 No Flow To 3HIP-I 18 
Transfers Closed 

HHP018VVT PIO17 

9.01-07 

No Flow Fromt HPI Train A No Flow to 3HP-1 18 From 
3H1P-Il15 

Page 2 Page 13 
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No Flow From HPI Train A 

HTRAN 
Page I...  
See x-ref 

No Flow Through HPI Train A Letdown Flow Is Diverted From 
IIPI Pumrps' Suction 

Normial Operation 

HILDSTPERN HPIO26 H2 

I I Page 12 

LDST Level Migrates Out of LDST Pressure Migrates Ot of NoFlow From HPI Pump 3A HPI Train A Valve Failure 
Operating Envelope During Operating Envelope during 

Normal Operation Normal Operation 

HLDSTLVL 
IILDSTPHPIO32 

H 
Page 13 Page e Failure to Swap HPI Suction o LDST Level Is Low Due to No LPSW Flow Through -Moor Power From 4160 V ac 

(lhe DWST On Low LDST Level Failure of Level Instruments Cooler On HPI Pump 3A Switchigear 3TC Breaker 8 Fais 

Page 3 Page 8 Page 9 Page 10 

IHPI Pump 3A Fails To Run Motor-Operated Valve 3HP-98 
Transfers Closed 

HHIIPPU3AHPRHlP08V 
3.53E- 04 2.50E-06 
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/ . Failure to Swap HPI Suction to 
the BWST On Low LDST Level 

P 9c 2 AH638 
Page 2..  
See x-ref 

Low LDST Level or No Flow No Flow From BWST to IPI 
From LDST (and Operators 'Train A 

have LDST Level Indication) 

H640 HFROMBWSTA 

LDST Level Is Low Enough To No Flow From LDST No Flow From BWST toHP 
No Flow From BWST to HPI 

HFRML ORM2 HBSWTPREA HBSWTPOSTA 

Page 14 Page 14 SP 
Auto-Swap to BWST on Low Operators Fail to Swap to Auto-Swap to BWST on Low Failure to Swap to BWST or 

LDST Level Mod. is NOT BWST or Flow From BWST LDST Level Mod. is Flow From B3WST Fails 
INSTALLED Fails INSTALLED 

00E+000.00E2+00 

Page 4 Page 5 
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13WST or Flow From RWST 
Fails 

1096 

Page 3.  
See x-ref 

Operators Fail to Swap HPI No Flow to IPI Train A 
Suction to the BWST Before 

LDST Depletion 

CHIPHPMUDHE HO66 

2.00E-03 

Page 5 
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Failure to Swap to BWST or 
Flow From BWST Fails 

HIM0 
Page 3 
See x-ref 

Failure to Swap to BWST No Flow to HPI Train A 

H211066 
Page 4...  
See x-ref 

Page 6 

No Flow To HPI Train A From No Flow To HPI Train A From 
3HP-101 3HP-98 

HP1074 l-P1026C 

Page 31 
No Flow To HPI 7Train B ]From jMotor-Operated Valve 3H1P-98 

3HP-99 Transfers Closed 

H1Pl092 HP08V 

92.50E-0 

Page 7 
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/ . Failure to Swap to BWST 

H 102 
Page 30 
Page 5...  
See x-ref 

Emergency Low Level Signal to Operators Fail to Swap HPI 
BWST Suction Valves Fails Suction to the BWST Before 

LDST Depletion 

AHBWSTOPEN CHAPHP MDHE 

I 
2.00E-03 

Latent Human Error Associatled LDST Emnergency Low Interlock One of Two LDST Level 
with Interlock Maintenance Function Is in Maintenance Signals Fails 

Occurs 

3E-03 
10E-03 

I 

LDST Level Signal I Fails LDST Level Signal 2 Fails 

Page 32 Page 33 
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No Flow To HPI Train B From 
3HP-99 

HPl092 
Page 31 
Page 5...  
See x-ref 

No Flow Through 3HP-99 Or No Flow To HPI Train C From 
3HP-100 3HP-102 

P9HP7098 

HPI Suction Crosstie Is Left Manual Valve 3HP-100 No Flow From BWST Header . No Flow Through 3HP-25 Or 
Unavailable A naer Test Or Transfers Closed 

Maintenance+ H-0 

HHPOSGOLHE HP10VTHl9 

U 3.20E-03 4.14E-0 5 

I Page 34 Page 35 

Manual Valve 3HP-99Trnfs 
Closed 

i-l PO099VVT 

4.14E-05 
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LDST Level Is Low Due to 
Failure of Level Instnrunents 

HLEVELFAIL 
Page 13 
Page 2 
See x-ref 

Operators Fail to Recognize LDST Level Instnunents Are 
Level Instrument Failure Failed 

HINMOPLVDHE HILDSTLEVEL 

I.00E+00 

Page 18 
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I.  

No LPSW Flow Through Motor 
Cooler On IPI Pump 3A 

HIP1991 
Page 2...  
See x-ref 

Manual Valve 3LPSW-152 Manual Valve 3LPSW-154 
Transfers Closed Transfers Closed 

HLSOI52VVT ULSO154VVT 
9.OOE-07 9.0E-07 

Manual Valve 3LPSW-153 Heat Exchanger On HPI Pump 
Transfers Closed 3A Clogs 

HLS153VVT HHPHX3AHIXF 
9.00E-07 2.90E-05 
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Power From 4160 V ac 
Switchgear 3TC Breaker 8 Fails 

HP1997 
Page 2..  
See x-ref 

4160 V ac Switchgear 3TC Loss Of Power From 4160 V ac 
Breaker 8 Transfers Open Switchgear 3TC 

(H P-P3A) 

HAC0008C4T P3TC 

1.53E-05 2.70E-05 
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1PI Train A Valve Failure 

HPI004 
Page 2.  
See x-ref 

Manual Valve 31lP-106 Manual Valve 3HP-103 
Transfers Closed Transfers Closed 

thcck Valhe 311l-l(1S Transfe i 
Closed 

HH P0105OCVT 

3.31E-06 
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Letdown Flow Is Diverted From 
HPI Pumps' Suction 

HI128 
Page 13 
Page 2..  
See x-ref 

Operators Inadvertently Divert Relief Valve 3HP-79 Spurious 
Letdown Flow Operation 

-- I I 

HLDDIVTCHE HHPO079RVT 

1.00E-03 3.77E-05 
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No Flow to 3HP-1I 18 From 
3H1P-II15 

HTRAINBN 
Page I.  
See x-ref 

MTorsra Valvsed3P-1 Penrtuaed murine Noenal No Flow Through Hi Train 3B Letdlown Flowv Is Divertd From 

Operation 
II up'ulo 

HHIPOI 15MVTJ HIDTEN 
25E-06mT 

LDST Level Migrates Out of 
Operating Envelope During DTPesrMiatsO o 

Nonnall Operation 

HLDSTLVLB HDTR 

Pageg4 

LST rue Mirae OuT of 
Failre f LvelInsrumntsOperating Envelope during NonlOprto 

L A AILHLDSTPRSO 

Page 14 Page 8Page 27.ag..  
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Failure to Swap lPI Suction to 
the BWST On Low LDST Level 

or No Flow From LDST 

11646 
Page 13..  
See x-ref 

Low LDST Level or No Flow No Flow From BWST to I IPI 
From LDST (and Operators Train B 

have LDST Level Indication) 

H648 HFROMBWSTB 

Page 30 

LDST Level Is Low nough To 
No Flow From LDST 

Requir SwpTo S 

Nouial Lctdown Is Internipled Ece:ssiv R MAkeup Is lhckl Valke 3HP-97 T1 uders Pipe Rupture Fails Flow From 
Required Po'Sition LDST 

HNORMLDINT 1PEXCMAKEUP ilP0097CVT HOOLDSTDEX 

1A00-02 u 3.3 1E-06 10E-07 

Page 15 

Motor-Operated Valve 3HIP-23 LDST Ruptures 
Transfers Closed 

Il P0023MVT H-OOLDSTTKF 

2.50E-06 I.45E-05 
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Nonnal Letdown Is Interrupted 

INORMLDINT 
Page 14...  
See x-ref 

Operator Fails to Restore Nonnal Purification Letdown 
Appropriate Letdown Flow Flow Fails 

mLDRESTORE HLDFLOW 

|1 -Page 22 

Operator Fails to Maintain Letdown Flow Monitors Fail 
LDST Level > 40 "thru 
Appropriate Monitoring 

HLDSTLIDHE IILDMONITOR 
I.00E-03 

Electrical Receiver Gauge on LDST Level Alanus Fail 
UntBoard 3UBI3I for Flow Xrt 

3HPlFT6A Fails wXt 

HFLWM HLDLVLAVL 

Page 16 Page 18 

Letdown Flow Alann Fails Pressurizer Level Alann Fails 
(DBD31.4.3) 

H DFLWALMPZL V 

Page 17 Page 21 
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Electrical Receiver Gauge on 
Unit Board 3UB I for Flow Xintr a 

3FHP'IFT6A Fails 

Page 15..  
See x-ref 

II 

Leldown Flow TransmiFter, Common Cause Failure of 
HPIFT0006A, Fails Letdovn Flowv TransiFters 

H-PLT6AFTF HIPlFT6XCOM 

F06E-02 5.29E-04 

Operator Fails to Check Unit 
Board Letdown Flow Receiver 

Gauge 

HLDFLOWDHFE 

FO0E+00 
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Letdown Flow Alann Fails 
(DBD31.4.3) 

HDFLWALM 
Page 15..  
See x-ref 

Letdown Flow Transmitter Common Cause Failure of 
HPIFT0006P Fails Letdown Flow Transmitters 

HPlFT6PFTF IIPIFT6XCOM 

3.8613-05 2 5.29EL-04 

Alarm Instnunent Fails 

HLDFLOWAMF 

2.14E-02 
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LDST Level Alarns Fail 

HLDLVLALM 
Page 15...  
See x-ref 

LDST Level Alarm Device Fails LDST Level Instruments Are 
Failed 

HLDSLVLAMF HLDSTLEVEL 

2.14E-02 Page 8 
See x-ref 

Common Cause Failure of LDST Level Transmitters Fail Instnment Root Valve (Ref Instrunent Rool Valve (Sensing 
LDST Level Transmitters Legs Common) 311P10085 Lines Common) 3HP110087 

Transfers Closed Transfers Closed 

HLDMTRCOM HLDSTLVXMS HlPI085DEX 11Pl0087DEX 

7.6E-07 9.00E-08 9.0013-08 

LDST Level Transmitter Sitring LDST Level Transmitter String 
I Fails 2 Fails 

HDLV XMI lLVMR 

Page 19 Page 20 
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o si 4-m 'tp m "m "m 11 

ILI/ST LoonI Traostnilor Suring I 
Fails 

HDIVXMRI 
Page I I.  

Looni T--snittcr 33PI Fails Signal Monitor 31 IPI4.LS I Foills Loss of Poor to LI/ST Lcl Innironsnt Root Valoc LI/ST LUo, Sting I Isin Inoronsuent Manilold Voloc Intnont Manifold Vls Traont-ittrs llItVtt369 TrnotlornSho Maininnn HPlIV~lt52, Tonslr Position IIV00l/s/ Trnsfers Position 

HVPRHP10369DEX FIYSILT IIo21 &lxIFSI2VVT 

l.IOEII -teft~ S.IJ/E.1 

Pooor Paocibotod 3K1 Poocr Fonclbonrd 3KU 
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LDST Level Transmiter String 
2 Fails 

HDLVXMR2 
Page 18...  
See x-ref 

Level Transmitter 33P2 Fails LDST Level String 2 Is in 
Maintenance 

HHIP33P2LTF HLVLST2LTM 

I.09E-05 1,00E-03 

Signal Monitor 3HPi1l4LS2 Insrumnent Manifold Valve 
Fails HPilV0103r Transfers Position 

HIPl4LS2SMF HIPIRIO3DEX 

I 0.98E-5 9,00E-08 

Loss of Power to LDST Level Instrument Manifold Valve 
Transmitters HPIlVOIO3s Transfers Position 

HILVLPWR. HPISIO3VVT 

9.00E-07 

Page 19 

Instrument Root Valve 
HPilV0368 Transfers Shut 

HI l0368DEX 

9.00E-08 
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Pressurizer Level Alann Fails 

PZRLVLV 
Page IS...  
See x-ref 

Pressurizer Level Alarn Is Pressurizer Level Alann Fails 
Challenged 

PRZRCHIAL PRZRLVLDEX 

.0E+00 1.00E+00 
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Normal PcofciooLlo 
Foo ol 

HLDFLOW 
Page IS...  
Soe x-rc( 

Operators Inaddcrtcniy Isolat No Flo,To Operating Lod.- Chock V.I,,c311P.78 Toocro, Manual Wo3H-P-57 Transfers Lctdo%%o Filter 3A Clogs No Flon, Though 3HP- 17 Normal Lobdoo Path Ruptures 

HLDISPCIIEHPM67 H"OLDAFLF IMa ILPTDX 

page 29 

Operating Purification Trasfers Posiion 

APEDerIXcat B3THraYTMAUIIRiSnUTTREe2 

-- mHPM673



No Flow Through Operating 
Pui fication Demineralizer Train 

HPM672 
Page 22...  
See x-ref 

Check Valve 3HP-47 Transfers Loss Of Power On 208/120 V 
Closed ac Panelboard 3KD 

HtIP0047CVT P2C3KD 

3.31E-06 4.40E-05 

Pudict1)"De ... Ineraley 5A 2(1). lI' V .c I'mclnl d 3K) 
Cac mil, ( St ' 

Illll'l.MA l t IIIll)7(1.1 

3 791 -05 II P.05 

Air-Operated Valve 3HP-8 Loss of Auxiliary Air System 
Transfers Closed Pressure 

HHIP0008AVT AUXAIRTOP 
I.52E-05 1.20E-04 
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No Flow To Purification 
Dernineralizer Trains From 

3HP-195 

HPM671 
Page 22...  
See x-ref 

No Flow To 3HP-195 Manual Valve 3HP-195 
Transfers Closed 

HIPM670 HHP0195VVT 

9.00E-07 

No Flow To 3HP- 195 From No Flow To 3HP-195 From 3HP-4I Flow Restrictor Line 

HIPM669 H-PM659 

No Flow Through 3H1P-40, No Flow To 3HP-6 Or 3HP1-40 No Flow To 3H1P-6 Or 3HP11-40 E No Flow Through Flow 
3HP-7, Or 3HP-41 From 3H1P-5 From 3HPI-5 Restrictor Line 

HPM668 ~~HPM667 HM6 HM5 

Page 25 Page 26 Page 26 Page 28 
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No Flow Through 31IP-40, 
3HP-7, Or 3H1P-41 

HPM668 
Page 24 
See x-ref 

Manual Valve 3HP-41 Transfers Manual Valve 3HP-40 Transfers Air-Operated Valve 3HP-7 3HP-7 Transfers Closed on Loss Loss of Auxiliary Air System 
Closed Closed Transfers Closed of Power Pressure 

HHP00141VVT Hl-IPO040VVT HHP0007AVT HPM668AC AUXAIRTOP 
9 -07 E-07 1.52E-05 1.20E-04 

Loss of Plower on 240/120 V ac 120 V ac Circuit Breaker 
Power Panelboards 3K and 3KU-21 Transfers Opens (ICS 

3KU Cab. 7) 

HD3KlKU HKU1L 

11E-05 

Loss of Power on 240/120 V ac Loss of Power onl 240/120 V ac 
Power Panelboard 3KI Power Panelboard 3KU 

2 3.30E-05 T 3.30E3-05 
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No Flow To 311P-6 Or 3sP-40 
From 3H3P-5 

IIPM667 
Page 24 

Page 24.  
See x-ref 

3HP-5 Fails To. Renia Open No Flow To 3H1P-5 From Either 
Letdown Cooler Train 

AUXAIRTOP 

Page 27 

Air-Operated Valve 3HP-5 Solenoid Valve 31 IPISV09 
Transfers Closed Tranisfers Position 

HH-P0005AVT IIPSV90SVT 

8.52E-05 9 55F06 

125 V dc Paebor 1)Il1 1thph I eldown I m PrI I e 
Brae 2sranfer,,open S-0.t1ha 1,l1's'.57 slumous 

(i f R 311P'.5)1p a n 

1113011125(DT II t15711N 8.50E06 I 421 -05 
Loss Of Power On 12 5 V de Low Instrument Air Pressure 

Panelboard 3DIB Switch 31APSO331 Spurious 
Operation 

D3DIB HPO331IPST 

1.50E-07 L 142E-05 

Loss of Auxiliary Air System 
Pressure 

AUXAIRTOP 

A8 I.20E-04 
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No Flow To 3HP-5 From Either 
Letdown Cooler Train 

H1601 
Page 26 .  
See x-ref 

No 1low T o 31ll-5 From No Flow To 311P-5 From 
Letdown Cool er Train A Letdown Cooler Train B 

HPM665 H603 

Motor-Operated Valve 3HP-3 Motor-Operated Valve 31Pl-1 Motor Operated Valve 3HtP-2 Motor Operated Valve 3HP-4 
Transfers Closed Transfers Closed Transfers position Transfers Position 

HHIIP0003MVT HHP0001MVT HHPOO02MVT -H1-P0004MVT 
6.74E-04 E-04 6.74E-04 6.74E-04 

Letdown Cooler 3A Clogs Letdown Cooler 3B Clogs 

IHHPLDCAIIXF IIHPLDCBHXF 
7.84E-03 7.84E-03 
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No Flow Through Flow 
Restrictor Line 

HPM658 
Page 24...  
See x-ref 

I 
ITr Manual Valve 3HP-39 Transfers Loss Of Power On 208/120 V 

Closed ac Panelboard 3KD 

HHP0039VVT P2C3KD 

9.00E-07 4.40E-05 

Letdown Line Flow Reducer 120 V ac Panelboard 3KVID 
Plugs Breaker 19 Transfers Open (3HP-6) 

HPOOLDORF HIHPKDI9CLT 

6.14E-08 1.11 E-05 

Air-Operated Valve 311P-6 Loss of Auxiliary Air System 
Transfers Closed Pressure 

HHIPO006AVT AUXAIRTOP 

I.52E-05 8 1.20E-04 
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No Flow Through 3HP- 17 

HPM680 
Page 22...  
See x-rer 

Air-Operated Valve 3HP-17 Loss Of Power On 208/120 V 
Transfers Closed ac Panelboard 3KD 

HHP0017AVT P2C3KD 

I.52E-05 4.40E-05 

208/120 V ac Panelboard 3KD Loss of Auxiliary Air System 
Breaker 18 Transfers Open Pressure 

(3HP- 17) 

i mIPKDI8CLT AUXAIRTOP 

1. 11 E-05 1.20E-04 
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o No Flow From BWST to HPI 
Train B 

IIFROMBWSTB 
Page 14...  
Sce x-ref 

No I lowv Ftom IIWST to 1]P1No Hlol From 13WST to I lPI 
ITrain i 1PRE-MOD) Train 13 ( POST-MOD) 

HBSWTPREB HBSWTPOSTB 

Auto-Swap to BWST on Low Operators Fail to Swap to Auto-Svap to BWST on Low Failure to Swap to BWST or 
LDST Level Mod. is NOT BWST or Flow From BWST LDST Level Mod is Flow From 13WST Fails 

INSTALLED Fails INSTALLED 

00E+00 0.00E+ 00 
IHII12 

Operators Fail to Swap HPI No Flow To IIPl Train B Failure to Swap to BWST No Flow To HPI Train B 
Suction to the BWST Before 

LDST Depletion 

2.0-03 

Page 31 Page 6 Page 31 
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No Flow To IHPI Train B 

H083 
Page 30 

Page 30...  
See x-ref 

No Flow To HPI Train B From No Flow To HPI Train B From 
3HP-99 3HP-98 

Page 7 

Motor-Operated Valve 3HP-98 No Flow To HPI Train A From 
Transfers Closed 3HP-101 

HHP0098MVT H-1PI074 

2.50E-06Page 5 

xI 

3 
See s-ref 

7 vF o 
No Flow Through 3HP-24 Or No Flow From BWST Header 

3HP-101 

Page 36 Page 34 
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LDST Level Signal I Fails 

HLDLVSIGI 
Page 6...  
See x-rcf 

Instrument Root Valve Loss of Power fron 120 Vac 
HP11V0369 Transfers Shut Power Panelboard 3KVIC 

HPIO369VVT D3KVIC 

2.46E-04 1.7013-05 

Level Transmitter 33PI Fails Signal Monitor 3HIPl4-LSI Fails 

HHP33PILTF H-Pl4LSISMF 

I.09E-05 1.98E-05 

APPENDIX B3 - HPI SYSTEM AUXILIARY SP AULT TREE e 32 
WI -mMms man me 1M



LDST Level Signal 2 Fails 

HLDlLVSIG2 
Page 6...  
See x-ref 

Instrument Root Valve Loss of Power on 120 V ac 
HP11VO368 Transfers Shut Power Panelboard 3KVIB 

H-Pl0368VVT D3KVIB 

2.4613-04 1.6013-05 

Level Transmitter 33P2 Fails Signal Monitor 3H]il4LS2 
Fails 

HHP33P2LTF HPl4LS2SMF 

2 I.0913-05 I.98E-05 
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No Flow From BWST Header 

L55 
Page 7 

Page 31 ...  
See x-ref 

BWST Fails To Supply Flow Manual Valve 3LP-28 Transfers 3LP-28 Left Closed Due to 
Closed Human Error 

LLP0028VVT LLPO028LHE 

E-07 2.60E-05 

Vacuum-Breaker Valvc 3LP-61 Borated Water Storage Tank 
Transfers Closed Ruptures 

LLP0061 CVT LPBTK 

u 3.3 1E-06 I4E-05 

Vacuum-Breaker Valve 3LP-61 
Fails to Open 

I 
LLP0061CVO 

8.15E-05 
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No Flow Through 31HIP-25 Or 
3HP-102 

H11P1099 
Page 7...  
See x-ref 

Tilting Disk Check Valve Tilling Disk Check Valve Motor Operated Valve 31H1P-25 Motor-Operatcd Valve 3H1P-25 MOV 3HP-25 Suction Train) In MOV 3HP-25 Suction Train Is 
3HP- 102 Fails To Open On 3HP-102 Transfers Closed Does Not Open Transfers Closed After Opening Maintenance Len Unavailable After Test Or 

Demand Maintenance 

HHPO IH0102CVOP025MVT HHP025TRM H1llP0025LIE 
8.15E-05 E-062.50E-06 5.00E-03 5.20E-05 

Loss Of 'owser tFron 209 Vac M oar-Opemded Vahe 3111P-25 [ m(nton Cassc le I Of 
t(IC 3XS2 thcaker RItA F.ls lop,( en n c l mtl MOVs IIII'21 And 1Il' i 

111985 IllHMVII I'VI V0 1%t 

2 47E-03 2 2IF-04 

Loss Of Power FromS 208 V ac 208 V ac MCC 3XS2 Breaker 
Motor Control Center 3XS2 RI A Transfers Open (3HP-25) 

3.00E-05 .6E-05 

APPENDIX B3 - HPI SYSTEM AUXILIARY SPRAY FAULT TREE Page 35



No Flow Through 3HP-24 Or 
311P-101 

II1Pl075 
Page 31...  
See x-ref 

Tilting Disk Check Valve Tilling Disk Check Valve Motor Operated Valve 3HP-24 Motor-Operated Valve 3HP-24 MOV 3HP-24 SuctionTrain Is MOY 3HP-24 Suction Train to 
31P-101 Fails To Open On 3HP-101 Transfers Closed Does Not Open Transfers Closed After Opening Left Unavailable AfterTest Or Maintenane 

DemandMaintenance 

HHPO01CV HHPO0C2VT HO8 HHPP00424LHEMVT 

E-05 E-065.20E-05 2.50E003 

Power From 208 V ac MCC Motor-Operated Valve 3HP-24 Common Cause Failure Of 
3XSI Breaker RDI Fails Fails To Open On Demand MOVs 3HP-24 And 3HP-25 To 

Open Oit Demand 

HP986 HIP0024MVO HHPSVLVCOM 

2.47E-03 I.24E-04 

Loss Of Power From 208 V ac 208 V ac MCC 3XS I Breaker 

MotorContol Ceter XS I RDI TansMainOpnenance4 

.0013-05.20E-050 
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LDST Pressure Is Above 
Operating Envelope with 

Pressure Instnuments Failed 

HPRESSFAIL 
Page 13.._ 
See x-ref 

Operators Fail to Recognize Operators Overcharge the LDST LDST Pressure Instrumnts Are 
Pressure Instrument Failure Failed 

HNMOPRSLHE HNMOPRSDHE ILDSTPRESS 
I.00+E+00 

Instnunent Rool valve LDST Pressure Transmitters Fail Common Cause Failure of 
HPlV0095 Transfers Shut I I LDST Pressure Transmitters 

IILDSTPRXMS HLDPXTRCOM 

E-07 3.80-07 

LDST Pressure Sensing String I LDST Pressure Sensing String 2 
Fails Fails 

Page 38 Page 39 
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LDST Pressure Sensing String I 
Fails 

/N HPIPTF228 
'age 37...  
See s-red 

l'rcsstire Transm~itter f HPIPT0228 24Vdc Power I PIPTO228 Fails [ Supply Fails 

H~l028P112
HPT0228PF 

2 M-7E06 2 4.13E-05 

In1mirmew R( P I \'aIIe f I "sof ' if~l ... 1 1 V:,c 
I1111 V(J7I I miu'tcri Sl,,t Ii cl I',, I u K Vi.  

2 9* 001JI-07 I 70F-05 

lInstrumitent Root Valve LDs'r Pressure String I Is in 
111110362 Trantsfers Sht Maitntenatnce 

11PIV362VVTHPRSPM 

2 9 (lOh-07 2 I .OGE-03 
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LDST Pressure Sensing String 2 
Fails 

HPIPTFOO 
Page 37...  
See x-ref 

Pnunmatic 'ressure Transducer Loss of Auxiliary Air System 
IT' 0010 Fails Pressure 

HPT0010APT AUXAIRTOP 

2 .62E-04 .20L-04 

Instnunent Root Valve LDST Pressure String 12 Is in 
HtPilVO370 Transfers Shut Maintenance 

HPIV370VVT IIPIPRS2PRM 

2 9.00E-07 2 I.OOE-03 

Instrument Root Valve 
HPIV0097 Transfers Shut 

HIPlVO97VVT 

2&9.00E-07 
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LDST Pressure Fails Low 

HPRSLOW 
Page 13...  
See x-ref 

Operator Error Causes Low Low Pressure Trend with 
Pressure Condition Operator Failing to Correct 

HLDSTLPDHE 11003 

1.00E-03 

Operator Fails to Correctly LDST Hydrogen Pressure Drops 
Respond to Decrease in LDST Below Operating Envelope 

Pressure 

HOPDCPRSHPRSSDEC 

Page 43 

Instrument Rout valve 7LDSTPressure Low Alanns Fail 
HPIlV0095 Transfers Shut 

HPl0095VVTHDXT 

U2 9.00E-07 

Page 41 

Common Cause Failure of inadequate Operator Guidance 
LDST Pressure Transmitters Regarding LDST Underpressure 

'HLDPXTRCOM 
HPNRH 

2 3.80E-07 .00E-03 
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LDST Pressure Low Alarms Fail 

A [HDPXMTL 
Page 40 
See x-ref 

I 0 0 )lOE0 

Pressure Transmitter HPIPTO228 Pressure Transmitter HPIPTp0l 
Low Pressure Al m Fails Low Pressure Alam Fails 

IPTL 228O 

I IPage 42 

Instrument Root Valve Instrument Root Valve HIPHO362 
HPI1VO371 Transfers Shut Transfers Shut 

HPIV371 VVT HPIV362VVT 

9.00-07 2 9.00-07 

Pressure Transmitter HPIPTO228 Lo ss of Power from 120 Vac 
Fails Power Panelboard 3KVIC 

HIPTO228PTF D3KVIC 

9.77E-06 19,.70E-05 

I 

LDST Pressure String # I Is in OAC Is OOS 
Maintenance 

HPIPRSIPRM HO)ACSERDEX 

2 1.00E2-03 I.00E-02 

HPIPTO228 24Vde Power Supply 
Fails 

2 4.13E3-05 
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Pressure Transmitter 
HIPIPTO010 Low Pressure 

Alan Fails 

HPIPTLOI0 
Page 41...  
See x-ref 

Pneumatic Pressure Transducer Pressure Switch 3HPIPS004 
HPIPTI0010 Fails Fails Low 

IHPT0010 APT I IlIPS04P'SI.  

2 .621-01 5.58E-03 

Instrument Root Valve Alam Module Fails to Operate 
IIPIIVO370 Transfers Shut on Demand 

HPlV370VVT IPT004LAMF 

9.00E-07 2.14E-02 

LDST Pressure String #2 Is in Loss of Auxiliary Air System 
Maintenance Pressure 

HPIPRS2PRM AUXAIRTOP 

.E-03 1.20E-04 

Instnnent Root Valve 
H PIlV0097 Transfers Sht 

HPIlVO97V VT 

9.0E-07 
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LDST Hydrogen Pressure Drops 
Below Operating Envelope 

HPRSSDEC 
Page 40...  
See x-ref 

Air Operated Valve 3GWD-19 Level Change or Other 
Transfers Position Operational Condition Causes 

Pressure to Drop 

H3GWDI9AVT HILVLDRPDEX 

LS2E-05 1.00E+00 

Check Valve 3H-2 Leaks 
Externally 

I I3HO002CVL 

1.82E-06 
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No Flow ThroughHITan3 

Page 13..  
Se e x-ref 

I 

I 

HPI Pump 3B Fails To Start Tilting Disk Check Valve 
311P-109 Transfers Closed 

HH11P0109CVT 

.310E-06 

Page 45 

IIPO IIV 

I IPI Pump 3 B Does Not Run Tilling Disk Check Valve 
3HP-109 Fails To Open On 

I Demand 

HPIO87HHP0109CVO 

8.1E-05 

APPENDIX B3 - HPI SYSTEM ag AU47 R S UTTREe4 

3B Is In Maintenance Hi Train 3B Is Let Unavailable 
I I Aller Test Or Maintenance 

HHPOTRBTRM ~ 11 IHPOTRBI1IE 

2.00E3-02 5120E-05 

Manual Valve 3HP-IO7 ransfers Operators Fail to Align HPI Train 
Closed 3B 

HIHPOIO7VVTI HHJPTRNBDHE 

I.44E3-05 I.00E-02 

Manual Valve 3iP-I 10T'ransfers 
Ckosed 

HIHPOI I0VVT 

1.44E3-05 
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HPI Pump 3B Fails To Start 

H122 
Page 44.  
See x-ref 

Failure OfControl Circuitry To HPI Pump 3B Fails To Start On i 
Sart H PI Pumnp 3B On Low Demand PwraentBt vial 

Seal Flowfo PPup3 

HPMSO2 HHPPU3BHPSl' 

18E-03 

Loss Of Power On 125 V de Pressure Switch 3HP53-FS FailsDCPwrNtAalbeoAC oerotvialeo P Panelboard 3DID To Operate On Low RCP Seal ls-nBekrfrIP umPmp3 

Contro Poe3ndMtv 

WDID~fo HPIIBD Pump3 3B 

125 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ D Poe Not Availabled to ACilar Power No53X Avaiabl tos HPPwrI 2 Vd 2 cPaebad3 
Breaker ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ loei 5reakerffor HPIn Pump Pum 3Brt nLwRPSalPnlor 11 Bea 8TasesOe 

SelFo up3 tr)Flow 3 

HD3IDIH53SSOHIPBC 
PP3A 

1E-07 20E-041.0 07-6 
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AC Power Not Available to HPI 
Pump 3B 

HPIP3BAC 
Page 45...  
See x-ref 

Loss Of Power From 4160 V ac 4160 V ac Switchgear 3TE 
Switchgear 3TE Breaker 9 Fails To Close (11PI 

Pump 3B) 

P3TE HACOE09C4C 

2.70E-05 5.31E-04 
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Il Pump 3B Does Not Run 

HPIO87 
Page 44..  
See x- ref 

No LPSW Flow Through Motor 11I Pump 3B Fails To Run 4160 V ac Switchgear 3TE 
Cooler On Valve Pump 3 Breaker 9 Transfers Open 

(HiP-P3B) 

HI1987HHP3HRHCT94 

3.3 -041 .5E-05 

Manimal Valve 31.P1SW-.157 Mianu1l Vale c 1.P1SW. I59 
Translcrs Closed 3fe Cloed 

- I I 

IIL1SO 157 V VT1 III.Sols9VV 1 

- 144E -0 5 I 44F-05 

Manual Valve 3LPSW-158 Heat Exchanger On HPI Pump 
Transfers Closed 3B Clogs 

IILS0158VVT HHPHX3BHXF 

.44E-05 4.65E-04 
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No Flow Through Aux. Spray 
Line 

HAUXSPRAY 
Page 1. .  
See x-ref 

Manual Valve 3HP-340 [ Check Valve 31.P-131 
Transfers Closed Transfers Closed 

HHPO340VVT HLP0131CVT 

2.43E-04 3.31E-06 

Aux. Spray Block Orifice Is Check Valve 3LP-46 Fails To 
Plugged Open On Demand 

HHlIPOPZRORF RLP0046CVO 

6.14E-08 8.15E-05 

I I 

Check Valve 3LP-131 Fails To Check Valve 3LP-46 Transfers 
Open On Demand Closed 

RLP0131CVO HLP0046CVT 

8.15E-05 3.31EI-06 

No Flow to 31HP-340 Aux. Spray Line Ruptures 

HOO14 H-ASPRAYDEX 

I.00E-07 

Page 49 
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m -mWWm mm -mamm-em-ns 

No hy t 1. 3 0 

11004 
Page48, 

No Flow to 311P-355 Check n.I IP11-253 Fatilslo Check Valve 3l IP2531 Tansfer Check VaI31IP-419 FilkT Check Valve 31I ;1419 Ta fes Manual Valve 31l W236 rasfr Air Oerated Valv-n311IP-355 1, 

5051506 1F-05 U E0 3. 1-24E-04 

I I Page 50 
Matnual Vlve 31IP1-2314 Ta fes Operaors Fil to Align Aur 

Closal, Pe suirSpray, by Opening 
3HP1-472 
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Air Operated Valve 3HP-355 Is 
Not Open 

IIP355FAILS 
Page 49..  
See x-ref 

Air Operated Valve 311P-355 [Manual Loader 311PIML0064 
Fails To Open On Demand Spuriously Closes 31P-355 

HHIlPO355AVO IlHPIIML64PCF 

I.40E-03 2.64E-06 

Aii Opciacd Vlake 1111-13 5 1 M of Poler I'wn I2 Vac 1 
TransfsIs d I'maC ~ ci I'mncho-jid sKV'I( 

itlt'355AY I t10K VtI 

1.521-05 T .70E-05 

Loss of Auxiliary Air Systemn 
Pressure 

AUXAIRTOP 

I.20E-04 
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mI of mlx -1og I I Pm mP-u-mp-m 

N -..Ta u.'. 11 4 ,C.' lceC ..d F,It~ 3LP.SFr ilI dI(wr2, And Flo,, F'ron IPSWV nod HP(SW 

F I 1T 1LO F0 9.011E-117V CV'o[7VVT EI07 I ETCO 6 1IOOCO OLDEX E0 

No LPSW ('ion To H-PI Pumrp No I 'WBackup FI'(on 

Coolers Traio Snutons A,oilsbo To EP1 Pumrp (oor 

I Cooler, 

llP1979 

PPage 54 
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No LPSW Flow From Either 
LPSW Train 

HP1977 
Page SI...  
See x-ref 

No Flow To IPI Pump Motor No Flow To HPI Pump Motor 
Coolers From LPSW 3A Header Coolers From LPSW 3B Header 

11975 
HT 97 

Page 53 

Manual Valve 3LPSW-147 Check Valve 3LPSW-148 
Transfers Closed Transfers Closed 

HLS0147VVT ILS0148CVT 

9.00E-07 3.31E-06 

Cuno Filter 3LPSFLOOOI Clogs No Flow From Low Pressure 
Service Water Header 3A 

H-LSOC01IFLF WI100 

3.79E-05 3.OOE-05 

Manual Valve 3LPSW-708 
Transfers Closed 

H LSO708 VVT 

9.00E-07 
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Cun FiteroPFlo Tog HI um Noto 

Coolers From LPSW 3B Hleader 

HP1973 
Page 52..  
See x-ref 

Manual Valve 3LPSW- 150 
Transfers Closed Transfers Closed 

HLS0150VVTHLS 

9.00E-07 33 I9 E-06 

CunoN Filter 3LPSFL-02 Clogs No Flow From Low Pressure 
Service Water H eader 313 

HILSOCO2FLF 
W200 

T3.79E-05 3.00E-05 

Manual Valve 3LPSW-709 
Transfers Closed 

9E-07.  
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No IIPSS'. Bacl"o Fl,,oe 

Cookcs 

Flo,, Oesfie 3LFSW.FE-214 C.noF.eer 3LSFLI)018C Cogs Manual Valec 3LFSNV.7l No IIFSW lo%, Froom Au'. Malnual Voace 1IIFSW.SS Scif-Conoloed Regolating Voine Self-Contaned Regoloting Vale 
CosTro.rfe.. Closed BIding IIPSSV Supp1 leedee T...sf- Closed 3IIFSW-556 Transfers Closed SIIFSW.556 Foils To Open On 

lILS0240RF 11 V97 HHSII556RGTj llS0356RGO 

6.4-0 E.5E-4E-04 
2. 2E.115 6.66E.04 

No Supply Froot Auxe Bldg. First No Sopply Front Aoo. Bldg.  
Floor IIFSW leader Second Floor IIFSW Header 

APPENDIX B3 -HPI SYSTEM AUXILIARY SP AULT TREE e 54 

= M = M-=-- - -= = -M - --M



No Supply From Aux. Bldg.  
First Floor IPSW IHleader 

HP1974B 
Pagc 54.  
See x-ref 

Locked-Open Manual Valve Motor Operated Valve 
3HPSW-1 12 Transfers Closed tIHPSW-17 Transfers Position 

HHSOI 12VVT HHS0017MVT 

I.35E-05 3.74E-05 
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I.  

No Supply From Aux. Bldg.  
Second Floor HPSW Header 

1P1974C 
Page 54...  
See x-ref 

Locked-Open Manual Valve Locked-Open Manual Valve 
3HPSW-202 Transfers Closed HPSW-450 Transfers Closed 

HHSW202VVT HHSO450VVT 

L35E-05 1.35E-05 

Motor Operated Valve 
2HPSW-17 Transfers Position 

HH IS20 17M VT 

3.74E-05 
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Name Page Zone Name Page ne Name Page Zone 

AUXAIRTOP 23 2 H128 13 5 HHP0007AVT 25 3 
AUXAIRTOP 25 5 H3GWD19AVT 43 1 HHP0008AVT 23 1 
AUXAIRTOP 26 2 H3H0002CVL 43 2 HHP0014MVT 22 3 
AUXAIRTOP 28 2 H601 26 3 HHP0017AVT 29 1 
AUXAIRTOP 29 2 H601 27 3 HHP0023MVT 14 3 
AUXAIRTOP 39 2 H603 27 4 HHP0024LHE 36 5 
AUXAIRTOP 42 2 H638 2 1 HHP0024MVO 36 3 
AUXAIRTOP 50;: 2 H638 3 3 HHP0024MVT 36 4 
CHPHPMUDHE 4 1 H639 3 1 HHP0024TRM 36 6 
CHPHPMUDHE 6 3 H639 14 2 HHP0025LHE 35 6 
CHPHPMUDHE 30 2 H640 3 2 HHP0025MVO 35 3 
D3DIB 26 1 H646 13 1 HHP0025MVT 35 4 
D3DIC 45 3 H646 14 3 HHP0025TRM 35 5 
D3DID 45 1 H648 14 3 HHP0039VVT 28 1 
D3KI 19 3 HAC0008C4T 10 1 HHP0040VVT 25 2 
D3KI 25 3 HACOEO9C4C 46 2 HHP0041VVT 25 1 
D3KU 19 4 HACOR1ACLT 35 3 HHP0047CVT 23 1 
D3KU 25 4 HACOR1DCLT 36 3 HHP0057VVT 22 4 
D3KVIB 33 2 HAC3TE9C4T 47 4 HHP0078CVT 22 3 
D3KVIC 32 2 HASPRAYDEX 48 2 HHP0079RVT 12 2 
D3KVIC 38 2 HAUXSPRAY 1 3 HHP0097CVT 14 3 
D3KVIC 41 2 HAUXSPRAY 48 2 HHP0098MVT 2 4 
D3KVIC 50 2 HBSWTPOSTA 3 5 HHP0098MVT- 5 3 
DDCIC28CDT 45 4 HBSWTPOSTB 30 4 HHP0098MVT 31 2 
H003 40 2 HBSWTPREA 3 3 HHP0099VVT 7 2 
H004 48 1 HBSWTPREB 30 2 HHPOOLDORF 28 1 
H004 49 5 HBWSTOPEN 6 2 HHP0100VVT 7 2 
HOOCOOLDEX 51 7 HD3KIKU 25 4 HHP0101CVO 36 1 
HOOLDSTDEX 14 4 HDCIB25CDT 26 1 HHP0101CVT 36 2 
HOOLDSTTKF 14 4 HDCID05CDT 45 1 HHP0102CVO 35 1 
H012 49 2 HDFLWALM 15 2 HHP0102CVT 35 2 
H017 13 4 HDFLWALM 17 2 HHP0103VVT 11 2 
H017 44 2 HDLVXMR1 18 2 HHP0105CVT 11 2 
H066 4 2 HDLVXMR1 19 4 HHP0106VVT 11 1 
H066 5 2 HDLVXMR2 18 3 HHP0107VVT 44 1 
H083 30 3 HDLVXMR2 20 2 HHP0109CVO 44 2 
H083 30 5 HDPXMTL 40 2 HHP0109CVT 44 2 
H083 31 2 HDPXMTL 41 2 HHP0110VVT 44 2 
H087 31 2 HEMERLILHE 6 1 HHP0115MVT 13 1 
H096 3 4 HEMERLIMNT 6 2 HHP0118VVT 1 1 
H096 4 2 HEXCMAKEUP 14 2 HHP0195VVT 24 4 
H100 3 6 HFRMLDSTNORM 3 2 HHPO234VVT 49 1 
H100 5 2 HFRMLDSTNORM 14 4 HHPO236VVT 49 7 
H102 5 1 HFROMBWSTA 3 4 HHPO253CVO 49 3 
H102 6 3 HFROMBWSTB 14 4 HHPO253CVT 49 4 
H102 30 4 HFROMBWSTB 30 3 HHPO331PST 26 2 
H110 30 2 HHP0001MVT 27 2 HHPO340VVT 48 1 
H112 30 4 HHP0002MVT 27 3 HHPO355AVO 50 1 
H122 44 1 HHP0003MVT 27 1 HHPO355AVT 50 1 
H122 45 3 HHP0004MVT 27 4 HHPO357PST 26 2 
H128 2 5 HHP0005AVT 26 1 HHPO419CVO 49 5 
H128 12 2 HHP0006AVT 28 1 HHPO419CVT 49 6 
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Name Page Zone Name Page Zone Name Page Zone 
HHP0472DHE 49 2 HLDPXTRCOM 37 4 HMOD 30 3 
HHPOLDAFLF 22 5 HLDPXTRCOM 40 1 HNMOPLVDHE 8 1 
HHPOPZRORF 48 1 HLDRESTORE 15 2 HNMOPRSDHE 37 2 
HHPOSGOLHE 7 1 HLDSLVLAMF 18 1 HNMOPRSLHE 37 1 
HHPOTRBLHE 44 2 HLDSTL1DHE 15 1 HNOMOD 3 3 
HHPOTRBTRM 44 1 HLDSTLEVEL 8 2 HNOMOD 30 1 
HHP2-2RCOM 1 4 HLDSTLEVEL 18 3 HNORMLDINT 14 1 
HHP33P1LTF 19 1 HLDSTLPDHE 40 1 HNORMLDINT 15 2 
HHP33P1LTF 32!' 1 HLDSTLVL 2 2 HOACSERDEX 41 2 
HHP33P2LTF 20 1 HLDSTLVLB 13 2 HOPDCPRS 40 2 
HHP33P2LTF 33 1 HLDSTLVXMS 18 2 HOPUNPRDHE 40 2 
HHP53FSPSO 45 2 HLDSTPERN 2 2 HP14LS1SMF 19 2 
HHP53XRRYD 45 2 HLDSTPERNB 13 3 HP14LS1SMF 32 2 
HHPDEMAFLF 23 1 HLDSTPRESS 37 3 HP14LS2SMF 20 1 
HHPHX3AHXF 9 2 HLDSTPRS 2 3 HP14LS2SMF 33 2 
HHPHX3BHXF 47 2 HLDSTPRS 13 4 HP355FAILS 49 8 
HHPKD17CLT 23 2 HLDSTPRXMS 37 3 HP355FAILS 50 2 
HHPKD18CLT 29 1 HLDSTSIG 6 3 HPI004 2 5 
HHPKD19CLT 28 2 HLDXMTRCOM 18 1 HPI004 11 2 
HHPKU21CLT 25 5 HLEVELFAIL 2 2 HPI0085DEX 18 3 
HHPLDCAHXF 27 2 HLEVELFAIL 8 2 HPI0087DEX 18 4 
HHPLDCBHXF 27 4 HLEVELFAIL 13 2 HPI0095VVT 37 2 
HHPML64PCF 50 2 HLP0046CVT 48 2 HPI0095VVT 40 1 
HHPPU3AHPR 2 3 HLP0131CVT 48 2 HPI017 1 2 
HHPPU3BHPR 47 3 HLS0147VVT 52 1 HPI026 2 4 
HHPPU3BHPS 45 3 HLS0148CVT 52 2 HPIO26C 5 3 
HHPSV90SVT 26 2 HLS0149VVT 51 1 HPI032 2 4 
HHPSVLVCOM 35 4 HLS0150VVT 53 1 HPIO368DEX. 20 2 
HHPSVLVCOM 36 4 HLS0152VVT 9 1 HPIO368VVT 33 1 
HHPTRNBDHE 44 2 HLS0153VVT 9 1 HPIO369DEX 19 4 
HHS0017MVT 55 2 HLS0154VVT 9 2 HPIO369VVT 32 1 
HHS0112VVT 55 1 HLS0157VVT 47 1 HPI074 5 2 
HHSO202VVT 56 1 HLS0158VVT 47 1 HPI074 31 3 
HHSO450VVT 56 2 HLS0159VVT 47 2 HPI075 31 2 
HHS0555VVT 54 5 HLSO204ORF 54 1 HPIO75 36 4 
HHSO556RGO 54 7 HLSO246VVT 51 2 HPIO80 36 3 
HHSO556RGT 54 6 HLS0500VVT 51 4 HPI087 44 1 
HHS2017MVT 56 2 HLS0503CVT 53 2 HPI087 47 3 
HLDDIVTCHE 12 1 HLSO708VVT 52 2 HPI092 5 2 
HLDFLOW 15 3 HLSO709VVT 53 2 HPI092 7 3 
HLDFLOW 22 4 HLSO711VVT 51 3 HPI092 31 1 
HLDFLOWAMF 17 2 HLSO771VVT 54 3 HPI098 7 4 
HLDFLOWDHE 16 2 HLSOC01FLF 52 1 HPI099 7 4 
HLDISOLCHE 22 1 HLSOCO2FLF 53 1 HPI099 35 4 
HLDLVLALM 15 3 HLSOC18FLF 54 2 HPI105 35 3 
HLDLVLALM 18 2 HLSFILTCOM 51 6 HP1793 7 2 
HLDLVSIG1 6 3 HLVLDRPDEX 43 2 HP1973 52 3 
HLDLVSIG1 32 2 HLVLPWR 19 3 HP1973 53 2 
HLDLVSIG2 6 4 HLVLPWR 20 1 HP1974 54 4 
HLDLVSIG2 33 2 HLVLST1LTM 19 5 HP1974B 54 3 
HLDMONITOR 15 2 HLVLST2LTM 20 2 HP1974B 55 2 
HLDPATHDEX 22 7 HMOD 3 5 HP1974C 54 4 

APPENDIX B3 - HPI SYSTEM AUXILIARY SP AULT TREE e 58 
m = mM - - - M---- - -



Name Page Zone Name Page ne Name Page Zone 
HP1974C 56 2 HPM658 28 2 P2C3KD 29 2 HP1975 52 2 HPM659 24 4 P2C3XS1 36 2 HP1976 54 4 HPM665 27 2 P2C3XS2 35 2 HP1977 51 2 HPM666 26 2 P3TC 10 2 HP1977 52 2 HPM667 24 2 P3TE 46 1 HP1978 51 3 HPM667 24 3 PRZRCHAL 21 1 HP1978 54 4 HPM667 26 2 PRZRLVLDEX 21 2 HP1979 51 2 HPM668 24 1 PZRLVLV 15 3 HP1980 51 1 2 HPM668 25 3 PZRLVLV 21 2 HP1985 35 2 HPM668AC 25 4 RLP0046CVO 48 2 HP1986 36 2 HPM669 24 2 RLP0131CVO 48 1 HP1987 47 2 HPM670 24 3 W100 52 2 HP1991 2 3 HPM671 22 2 W200 53 2 
HP1991 9 2 HPM671 24 3 WCWOO87VVT 51 5 HP1997 2 4 HPM672 22 1 WH3 54 5 
HP1997 10 2 HPM672 23 2 
HPICOOL 1 5 HPM673 22 2 
HPICOOL 51 5 HPM679 22 2 
HPIFT6PFTF 17 1 HPM680 22 6 
HPIFT6XCOM 16 2 HPM680 29 2 
HPIFT6XCOM 17 2 HPRESSFAIL 13 3 
HPILT6AFTF 16 1 HPRESSFAIL 37 2 
HPIP3BAC 45 5 HPRSLOW 13 4 
HPIP3BAC 46 2 HPRSLOW 40 2 
HPIP3BDC 45 4 HPRSSDEC 40 3 
HPIP3BST 45 4 HPRSSDEC 43 2 
HPIPRS1PRM 38 2 HPT0010APT 39 1 
HPIPRS1PRM 41 1 HPT0010APT 42 1 
HPIPRS2PRM 39 2 HPT004LAMF 42 2 
HPIPRS2PRM 42 1 HPTO228POF 38 2 
HPIPS04PSL 42 2 HPTO228POF 41 2 
HPIPTF010 37 4 HPTO228PTF 38 1 
HPIPTF010 39 2 HPTO228PTF 41 1 
HPIPTF228 37 3 HPZRFLOW 1 2 
HPIPTF228 38 2 HPZRSPRAY 1 3 
HPIPTLO10 41 3 HTRAINBN 1 3 
HPIPTLO10 42 2 HTRAINBN 13 3 
HPIPTL228 41 2 HTRAN 1 2 
HPIR052DEX 19 6 HTRAN 2 4 
HPIR103DEX 20 2 HUBFLOW 15 2 
HPIS052VVT 19 7 HUBFLOW 16 2 
HPIS103VVT 20 2 L55 7 3 
HPIVO97VVT 39 2 L55 31 3 
HPIVO97VVT 42 2 L55 34 3 
HPIV362VVT 38 1 L56 34 2 
HPIV362VVT 41 2 LLP0028LHE 34 4 
HPIV370VVT 39 1 LLP0028VVT 34 3 
HPIV370VVT 42 1 LLP0061CVO 34 2 
HPIV371VVT 38 1 LLP0061CVT 34 1 
HPIV371VVT 41 1 LLPOBWTTKF 34 2 
HPM502 45 2 P2C3KD 23 2 
HPM658 24 4 P2C3KD 28 2 
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APPENDIX Cl 

HPI SYSTEM ACCIDENT MITIGATION DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
AUXAIRTOP Loss of Auxiliary Air System Pressure * *.20E-04 
CHPHPMUDHE Operators Fail to Swap HPI Suction to the BWST Before LDST Depletion * *2.OOE-03 
D3DIB Loss Of Power On 125 V dc Panelboard 3DIB .50E-07 
D3DIC Loss Of Power On 125 V dc Panelboard 3DIC 1.50E-07 
D3DID Loss Of Power On 125 V dc Panelboard 3DID 1.50E-07 
D3KI Loss of Power on 240/120 V ac Power Panelboard 3K I 3.30E-05 
D3KU Loss of Power on 240/120 V ac Power Panelboard 3KU 3.30E-05 
D3KVIB Loss of Power on 120 V ac Power Panelboard 3KVI3 1.60E-05 
D3KVIC Loss of Power from 120 Vac Power Panelboard 3KVIC * *.70E-05 
DDCIB32CDT 125 V dc Panelboard 3DIB Breaker 32 Transfers Open 3.54E-07 /H 24 H 8.50E-06 
DDCIC28CDT 125 V dc Panelboard 3DIC Breaker 28 Transfers Open 3.54E-07 /H 24 H 8.50E-06 
EKSFASODHE Operators Fail To Respond to Engineered Safeguards Failure * *4.OOE-03 
ESASI Enginered Safeguards Channel I Signal Fails * *2.OOE-06 
ESAS2 Engineered Safeguards Channel 2 Signal Fails * *2.OOE-06 
HOOCOOLDEX Pipe Break Fails Cooling Water Flow From LPSW and HPSW * *.E-07 
HOOHP97RHE Operators Fail to Isolate Diversion Flow From RB Sump to LDST * *.E+00 
HOOLDSTDEX Pipe Rupture Fails Flow From LDST * *.E-07 
H3ABREAK HPI Line Break Occurs on 3A Side *5.OOE-0 

H3BBREAK HPI Line Break Occurs on 3B Side 5.OOE-0I 
HAC0008C4T 4160 V ac Switchgear 3TC Breaker 8 Transfers Open (HP-P3A) 6.38E-07 /H 24 H I.53E-05 
HAC0009C4T 4160 V ac Switchgear 3TD Breaker 9 Transfers Open (-P-P3C) 6.38E-07 /H 24 H 1.53E-05 
HACODO9C4C 4 160VacSwitchgear3TDBreaker9FailsToClose(HPl Pump3C) 5.31E-04 /N I N 5.31E-04 
HACOEO9C4C 4160 V ac Switchgear3TE Breaker 9 Fails To Close (HPI Pump 3B) 5.3 1E-04 IN I N 5.3 1E-04 
HACORIACLT 208 V ac MCC 3XS2 Breaker RIA Transfers Open (3HP-25) 4.62E-07 /H 36 H 1.66E-05 
HACORIDCLT 208 V ac MCC 3XS1 Breaker RDI Transfers Open (3HP-24) 4.62E-07 /H 36 H 1.66E-05 
HACOR2ACLT 208 V ac MCC 3X51 Breaker R2A Transfers Open (3HP-26) 4.62E-07 /H 12 H 5.54E-06 
HAC3TE9C4T 4160 V ac Switchgear 3TE Breaker 9 Transfers Open (HP-P3B) 6.38E-07 /H 24 H 1.53E-05 
HACXL9DCLT 208 V ac MCC 3XL Breaker 9D Transfers Open (3LP-25) 4.62E-07 /H 36 H 1.66E-05 
l-iACXN6DCLT 208 V ac MCC 3XN Breaker 6D Transfers Open (3LP-16) 4.62E-07 /H 36 I-I 1.66E-05 
HBWST3ADEX Pipe Rupture Fails HPI Supply From BWST Through 3HP-24 3.23E-08 
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APPENDIX Cl 

HPI SYSTEM ACCIDENT MITIGATION DATABASE 
NAME DESCRIPTION RATE FACTOR [ PROB 

HBWST3BDEX Pipe Rupture Fails HPI Supply From BWST Through 3HP-25 * * * * 1.38E-08 
HCHI5BREAK HPI Line Break Occurs on Another HPI Line * * * * 7.50E-01 
HDCIB25CDT 125 V dc Panelboard 3DIB Breaker 25 Transfers Open (3CC-8, 3HP-5) 3.54E-07 /H 24 H 8.50E-06 
HDCIDO5CDT 125 V dc Panelboard 3DID Breaker 5 Transfers Open (Low Seal Flow Pump 3B 3.54E-07 /H 16 D 1.36E-04 

Start) 

HDISCHADEX Pipe Rupture Fails Flow From HPI Pumps to 3A Cold Legs * * * * 6.24E-08 
HDISCHBDEX Pipe Rupture Fails Flow From HPI Pumps to 3B Cold Legs * * * * 5.97E-08 
HEMERLILHE Latent Human Error Associated with Interlock Maintenance Occurs * * * * 3.20E-03 
HEMERLIMNT LDST Emergency Low Interlock Function Is in Maintenance * * * * 1.00E-03 
HES001BUCD Unit Control Module ESIB Fails 6.OOE-08 /N I N 6.OOE-08 
HESOOICUCD Unit Control Module ESIC Fails 6.OOE-08 /N I N 6.OOE-08 
HES002AUCD Unit Control Module ES2A Fails 6.OOE-08 /N I N 6.OOE-08 
HES002BUCD Unit Control Module ES2B Fails 6.00E-08 /N 1 N 6.OOE-08 
HES002CUCD Unit Control Module ES2C Fails 6.OOE-08 /N I N 6.00E-08 
HEXCMAKEUP Excessive RC Makeup Is Required * * * * 1.00E-02 
HHP0001MVT Motor-Operated Valve 3HP-1 Transfers Closed 1.04E-07 /H 9 M 6.74E-04 
HHP0002MVT Motor Operated Valve 3HP-2 Transfers Position 1.04E-07 /H 9 M 6.74E-04 
HHP0003MVT Motor-Operated Valve 3HP-3 Transfers Closed 1.04E-07 /H 9 M 6.74E-04 
HHP0004MVT Motor Operated Valve 3HP-4 Transfers Position 1.04E-07 /H 9 M 6.74E-04 
HHP0005AVT Air-Operated Valve 3HP-5 Transfers Closed 6.35E-07 /H 24 H 1.52E-05 
HHP0006AVT Air-Operated Valve 3HP-6 Transfers Closed 6.35E-07 /H 24 H 1.52E-05 
HHP0007AVT Air-Operated Valve 3HP-7 Transfers Closed 6.35E-07 /H 24 H 1.52E-05 
HHP0008AVT Air-Operated Valve 3HP-8 Transfers Closed 6.35E-07 /H 24 H 1.52E-05 
HHP0014MVT Motor Operated Valve 3HP-14 Transfers Position 1.04E-07 /1-1 24 H 2.50E-06 
HHP0017AVT Air-Operated Valve 3HP-17 Transfers Closed 6.35E-07 /H 24 H 1.52E-05 
HHP0023MVT Motor-Operated Valve 31-IP-23 Transfers Closed 1.04E-07 /H 24 H 2.50E-06 
HHP0024LHE MOV 3HP-24 Suction Train Is Left Unavailable After Test Or Maintenance * * * * 5.20E-05 
IHP0024MVO Motor-Operated Valve 3HP-24 Fails To Open On Demand 2.47E-03 /N I N 2.47E-03 
HHP0024MVT Motor-Operated Valve 3HP-24 Transfers Closed After Opening 1.04E-07 /H 24 H 2.50E-06 
HHP0024TRM MOV 3HP-24 Suction Train In Maintenance * * * * 5.OOE-03 
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HPI SYSTEM ACCIDENT MITIGATION DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
HHP0025LHE MOV 3HP-25 Suction Train Is Left Unavailable After Test Or Maintenance * * I * 5.20E-05 
HHP0025MVO Motor-Operated Valve 3HP-25 Fails To Open On Demand 2.47E-03 /N I N 2.47E-03 
HHP0025MVT Motor-Operated Valve 3HP-25 Transfers Closed After Opening 1.04E-07 /H 24 H 2.50E-06 
HHP0025TRM MOV 3HP-25 Suction Train In Maintenance * * 5.OOE-03 
HHP0026MVO Motor-Operated Valve 3HP-26 Fails To Open On Demand 2.47E-03./N I N 2.47E-03 
HHP0026MVT Motor-Operated Valve 3HP-26 Transfers Closed After Opening 1.04E-071IH 24 H 2.50E-06 
HHP0027MVT Motor-Operated Valve 3HP-27 Transfers Closed After Opening 1.04E-07 /H 24 H 2.50E-06 
HHP0028VVT Manual Valve 3HP-28 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0031AVT Air-Operated Valve 3HP-31 Transfers Closed 6.35E-07 /H 24 H 1.52E-05 
HHP0039VVT Manual Valve 3HP-39 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0040VVT Manual Valve 3HP-40 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0041VVT Manual Valve 3HP-41 Transfers Closed 3.75E-08 /H 24 1-1 9.OOE-07 
HHP0047CVT Check Valve 3HP-47 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHP0057VVT Manual Valve 3HP-57 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0064VVT Manual Valve 3HP-64 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0065VVT Manual Valve 3HP-65 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0066VVT Manual Valve 3HP-66 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0067VVT Manual Valve 3HP-67 Transfers Closed 3.75E-081/1 24 H 9.OOE-07 
HHP0078CVT Check Valve 3HP-78 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHP0097CVC Check Valve 3HP-97 Fails To Close On Demand 8.81E-04 /N 10 N 8.81E-03 
HHP0097CVT Check Valve 3HP-97 Transfers Position 1.38E-07 /H 24 H 3.3 1E-06 
HHP0098MVT Motor-Operated Valve 3HP-98 Transfers Closed 1.04E-07 /H 24 H 2.50E-06 
HHP0099VVT Manual Valve 3HP-99 Transfers Closed 3.75E-08 /H 46 D 4.14E-05 
HHPOOLDORF Letdown Line Flow Reducer Plugs 2.56E-09 /H 24 H 6.14E-08 
HHPO1OOVVT Manual Valve 3HP-100 Transfers Closed 3.75E-08 /H 46 D 4.14E-05 
HHPO1OlCVO Tilting Disk Check Valve 3HP-101 Fails To Open On Demand 8.15E-05 /N I N 8.15E-05 
HHPOIOICVT Tilting Disk Check Valve 3HP-101 Transfers Closed 1.38E-07 /H 24 H 3.31E-06 
HHP0102CVO Tilting Disk Check Valve 3HP-102 Fails To Open On Demand 8.15E-05 IN I N 8.15E-05 
HHP0102CVT Tilting Disk Check Valve 3HP-102 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 HH P0103 VV2T Manual Valve 3HP-103 Transfers Closed 3.75E-08 /H 2 H 9.OOE-07 
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HPI SYSTEM ACCIDENT MITIGATION DATABASE 
NAME JDESCRIPTION RATE FACTOR PROB 
HHP0105CVT Check Valve 3HP-105 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHP0106VVT Manual Valve 3HP-106 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0107VVT Manual Valve 3HP-107 Transfers Closed 3.75E-08 /H 16 D 1.44E-05 
HHP0109CVO Tilting Disk Check Valve 3HP-109 Fails To Open On Demand 8.15E-05 /N I N 8.15E-05 
HHP0109CVT Tilting Disk Check Valve 3HP-109 Transfers Closed 1.38E-07 /H 24 -1 3.31E-06 
HHP01 10VVT Manual Valve 31IP-1 10 Transfers Closed 3.75E-08 /H 16 D 1.44E-05 
HHP0I I IVVT Manual Valve 3HP- I1I Transfers Closed 3.75E-08 /H] 46 D 4.14E-05 
HHPOI13CVO Tilting Disk Check Valve 3HP-113 Fails To Open On Demand 8.15E-05 IN I N 8.15E-05 
HHPO I 13CVT Tilting Disk Check Valve 3HP-1 13 Transfers Closed 1.38E-07 /H 24 H 3.31 E-06 
HHPOI 14VVT Manual Valve 3HP-1 14 Transfers Closed 3.75E-08 /H 46 D 4.14E-05 
HHPOI 15MVT Motor-Operated Valve 3HP-1 15 Transfers Closed 1.04E-07 /H 24 H 2.50E-06 
HHPOI 18VVT Manual Valve 3HP-1 18 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0126VVT Manual Valve 3HP-126 Transfers Closed 3.75E-08 /H .9 M 2.43E-04 
HHP0127VVT Manual Valve 3HP-127 Transfers Closed 3.75E-08 /H 9 M 2.43E-04 
HHPO128VVT Manual Valve 3HP-128 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHPO129VVT Manual Valve 3HP-129 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HI-IP0130VVT Manual Valve 3HP-130 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0131VVT Manual Valve 3HP-131 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0138VVT Manual Valve 3HP-138 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0139VVT Manual Valve 3HP-139 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0144CVT Check Valve 3HP-144 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHPO145CVT Check Valve 3HP-145 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHP0146CVT Check Valve 3HP-146 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHP0147CVT Check Valve 3HP-147 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHP0148VVT Manual Valve 3HP-148 Transfers Closed 3.75E-08 /H 9 M 2.43E-04 
HHP0152VVT Manual Valve 3HP-152 Transfers Closed 3.75E-08 /H 9 M 2.43E-04 
HHP0153VVT Manual Valve 3HP-153 Transfers Closed 3.75E-08 /H 9 M 2.43E-04 
HHP0188CVO Swing Check Valve 3HP-188 Fails To Open On Demand 8.15E-05 /N I N 8.15E-05 
HHP0188CVT Swing Check Valve 3HP-188 Transfers Closed 1.38E-07 /H 24 H 3.31E-06 
HHP0191SVT Solenoid Valve 3HPISVOI91 Transfers Position, Closing 3HP-31 3.98E-07 /H 24 H 9.55E-06 
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HPI SYSTEM ACCIDENT MITIGATION DATABASE 
NAME IDESCRIPTION RATE FACTOR PROB 
HHP0194CVT Check Valve 3HP-194 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHP0195VVT Manual Valve 3HP-195 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHPO283VVT Manual Valve 3-IP-283 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
H-1HPO284VVT Manual Valve 3HP-284 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHPO285VVT Manual Valve 3HP-285 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHPO286VVT Manual Valve 3HP-286 Transfers Closed 3.751E-08 /H 24 H 9.OOE-07 
HHPO33IPST Low Instrument Air Pressure Switch 31APS0331 Spurious Operation 5.93E-07 /H 24 H 1.42E-05 
HHPO357PST High Letdown Temp. Pressure Switch 3HPIPS0357 Spurious Operation 5.93E-07 /H 24 H 1.42E-05 
HHPO385VVT Manual Valve 3HP-385 Transfers Position 3.75E-08 /1-1 24 H 9.OOE-07 
HHPO387VVT Manual Valve 3HP-387 Transfers Position 3.75E-08 /H 24 H 9.OOE-07 
HHPO390CVT Check Valve 3HP-390 Transfers Closed 1.38E-07 /H 24 H 3.31E-06 
HHPO393CVT Check Valve 3HP-393 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHPO3AIORF High Pressure Injection Flow Orifice 3Al Is Blocked 2.56E-09 /H 9 M 1.66E-05 
HHPO3A2ORF High Pressure Injection Flow Orifice 3A2 Is Blocked 2.56E-09 /H 9 M 1.66E-05 
HHPO3BIORF High Pressure Injection Flow Orifice 3B1 Is Blocked 2.56E-09 /H 9 M 1.66E-05 
HHPO3B2ORF High Pressure Injection Flow Orifice 3B2 Is Blocked 2.56E-09 /H 9 M 1.66E-05 
HHPO409DHE Operators Fail to Open 3HP-409 (-410) * * * * 1.00E-03 
HHPO409MVO Motor Operated Valve 3HP-409 Fails To Open On Demand 2.47E-03 /N I N 2.47E-03 
HHPO409MVT Motor Operated Valve 3H-1P-409 Transfers Position 1.04E-07 /H 24 H 2.50E-06 
HHPO410MVO Motor Operated Valve 3HP-410 Fails To Open On Demand 2.47E-03 /N I N 2.47E-03 
HHPO410MVT Motor Operated Valve 3HP-410 Transfers Position 1.04E-07 /H 24 H 2.50E-06 
HHPO446VVT Manual Valve 3HP-446 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHPO447VVT Manual Valve 3HP-447 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHPO448VVT Manual Valve 3HP-448 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHPO449VVT Manual Valve 3HP-449 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHPO454CVT Check Valve 3HP-454 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHPO457CVT Check Valve 3IP-457 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHPO477VVT Manual Valve 3HP-477 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHPO482VVT Manual Valve 3HP-482 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHPO486CVT Check Valve 3HP-486 Transfers Closed 1.38E-07 /H 9 M 8.94E-04 

Cl-5



APPENDIX Cl 

HPI SYSTEM ACCIDENT MITIGATION DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
HHPO487CVT Check Valve 3HP-487 Transfers Closed 1.38E-07 /H 9 M 8.94E-04 
HHPO488CVO Check Valve 3HP-488 Fails To Open On Demand 8.15E-05 /N I N 8.15E-05 
HHPO488CVT Check Valve 3HP-488 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHPO489CVO Check Valve 3HP-489 Fails To Open On Demand 8.15E-05 /N I N 8.15E-05 
HHPO489CVT Check Valve 3HP-489 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHPOLDAFLF Letdown Filter 3A Clogs 1.58E-06 /H 24 H 3.79E-05 
HHPOSFAFLF Reactor Coolant Pump Seal Supply Filter 3A Clogs 1.58E-06 /H 24 H 3.79E-05 
HHPOSGOLHE HPI Suction Crosstie Is Left Unavailable After Test Or Maintenance * * * * 3.20E-03 
HHPOTIODEX Fraction of T10 Transients Which Do Not Cause an ES Signal to Occur * * * * 9.00E-01 
HHPOTRBLHE HPI Train 38 Is Left Unavailable After Test Or Maintenance * * * * 5.20E-05 
HHPOTRBTRM HPI Train 3B Is In Maintenance * * * * 2.OOE-02 
HHPOTRCLHE HPI Train 3C Is Left Unavailable After Test Or Maintenance * * * * 5.20E-05 
HHPOTRCTRM HPI Train 3C Is In Maintenance * * * * 1.00E-02 
HHP23RICOM Common Cause Failure Of 2 Of 3 HPI Pumps To Run During Injection * * * * 9.57E-07 
HHP23SICOM Common Cause Failure Of 2 Of 3 HPI Pumps To Restart For Injection After LOOP * * * * .19E-04 
HHP33PILTF Level Transmitter 33PI Fails 4.55E-07 /H 24 H 1.09E-05 
HHP33P2LTF Level Transmitter 33P2 Fails 4.55E-07 /H 24 H 1.09E-05 
HHP33RICOM Common Cause Failure Of 3 Of 3 HPI Pumps To Run During Injection * * * * 5.55E-07 
HHP33RRCOM Common Cause Failure Of 3 Of 3 HPI Pumps To Run During Recirculation * * * * 6.1 IE-06 
HHP33SICOM Common Cause Failure Of 3 Of 3 HPI Pumps To Start * * * * 5.98E-05 
HHP53FSPSO Pressure Switch 3HP53-FS Fails To Operate On Low RCP Seal Flow 2.01E-04 /N I N 2.01E-04 
HHP53XRRYD Auxiliary Relay HP53XR Fails To Operate On Low RCP Seal Flow 1.11 E-04 /N 1 N 1.11 E-04 
HHPDEMAFLF Purification Demineralizer 3A Fails To Pass Flow 1.58E-06 /H 24 H 3.79E-05 
HHPHPRODHE Operators Fail to Initiate High Pressure Recirculation * * * * 2.20E-03 
HHPI-IX3AHXF Heat Exchanger On HPI Pump 3A Clogs 1.21 E-06 /H 24 H 2.90E-05 
HHPHX3BHXF Heat Exchanger On HPI Pump 3B Clogs 1.2 1E-06 /H 16 D 4.65E-04 
HHPHX3CHXF Heat Exchanger On HPI Pump 3C Clogs 1.21E-06 /H 46 D 1.34E-03 
HHPKDI7CLT 208/120 V ac Panelboard 3KD Breaker 17 Transfers Open (3HP-8) 4.62E-07 /H 24 H 1.1 IE-05 
HHPKD18CLT 208/120 V ac Panelboard 3KD Breaker 18 Transfers Open (3HP-17) 4.62E-07 /H 24 H 1.11 E-05 
HHPKDI9CLT 120 V ac Panelboard 3KVID Breaker 19 Transfers Open (3HP-6) 4.62E-07 /H 24 H 1.1 IE-05 
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/IPI SYSTEM ACCIDENT MITIGATION DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
HHPKU21CLT 120 V ac Circuit Breaker 3KU-21 Transfers Opens (ICS Cab. 7) 4.62E-07 1 24 H 1./H1 E-0 
IHPLDCAHXF Letdown Cooler 3A Clogs 1.21 E-06 /H 9 M 7.84E-03 
HHPLDCBHXF Letdown Cooler 3B Clogs 1.2 1E-06 /H 9 M 7.84E-03 
HHPLDSTTKF Letdown Storage Tank Fails 6.03E-07 /H 24 H 1.45E-05 
HHPPMPSCOM Common Cause Failure of HPI Pumps 3B and 3C to Start * *8.87E-04 
HHPPU3AHPR HPI Pump 3A Fails To Run 1.47E-04 /H 24 H 3.53E-03 
HHPPU3BHPR HPI Pump 3B Fails To Run 1.47E-04 /H 24 H 3.53E-03 
HHPPU3BHPS HPI Pump 3B Fails To Start On Demand 1.18E-02 /N I N 1.18E-02 
HHPPU3CHPR HPI Pump 3C Fails To Run 1.47E-04 /H 24 H 3.53E-03 
HHPPU3CHPS HPI Pump 3C Fails To Start On Demand 1.18E-02/N I N /.18N-02 
HHPSV90SVT Solenoid Valve 3HPISV090 Transfers Position 3.98E-07 /H 24 H 9.55E-06 
HHPSVLVCOM Common Cause Failure Of MOVs 3HP-24 And 3HP-25 To Open On Demand * *24E-04 
HHPTIOEDEX Fraction of T10 Transients Which Cause an ES Signal to Occur * **.1-01 

IHS0017MVT Motor Operated Valve IHPSW-17 Transfers Position 1.04E-071/K 0.5 M 3.74E-05 
HHSOI 12VVT Locked-Open Manual Valve 3HPSW-1 12 Transfers Closed 3.75E-081/1 0.5 M .35E-05 
HHSO202VVT Locked-Open Manual Valve 3HPSW-202 Transfers Closed 3.75E-08 /H 0.5 M 1.35E-05 
HHSO450VVT Locked-Open Manual Valve HPSW-450 Transfers Closed 3.75E-08 /H 0.5 M 1.351-05 
HIHS0555VVT Manual Valve HPSW-555 Transfers Closed 3.75E-081/K 9 M 2.43E-04 
HHSO556RGO Self-Contained Regulating Valve 3HPSW-556 Fails To Open On Demand 6.66E-04 /N I N 6.66E-04 
HHSO556RGT Self-Contained Regulating Valve 3HPSW-556 Transfers Closed 9.27E-07 /H 24 H 2.22E-05 
HHS2017MVT Motor Operated Valve 2HPSW-17 Transfers Position 1.04E-07 /H 0.5 M 3.74E-05 
-1LDFLOWAMF Alarm Instrument Fails 3.26E-06 /H 6570 H 2.14E-02 

HLDFLOWDHE Operator Fails to Check Unit Board Letdown Flow Receiver Gauge * **.1+00 
HLDISOLCHE Operators Inadvertently Isolate Letdown .*+E-02 

HLDPATHDEX Normal Letdown Path Ruptures *l.OE-07 

HLDPXTRCOM Common Cause Failure of LDST Pressure Transmitters * *.34E-04 
HLDSLVLAMF LDST Level Alarm Device Fails 3.26E-06 /H 6570 H 2.14E-02 
HLDSTLIDHE Operator Fails to Maintain LDST Level > 40 " thru Appropriate Monitoring * *I.OOE
HLDXMTRCOM Common Cause Failure of LDST Level Transmitters * * 
JHLOCALOOP LOCA/LOOP Occurs * ** * 1OE0 
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HPI SYSTEM ACCIDENT MITIGATION DATABASE 
NAME IDESCRIPTION RATE FACTOR PROB 
HLP0015MVO Motor-Operated Valve 3LP-15 Fails To Open On Demand 2.47E-03 /N I N 2.47E-03 
HLP0015MVT Motor-Operated Valve 3LP-15 Transfers Closed After Opening 1.04E-07 /H 24 H 2.50E-06 
HLP0016MVO Motor-Operated Valve 3LP-16 Fails To Open On Demand 2.47E-03 /N I N 2.47E-03 
HLP0016MVT Motor-Operated Valve 3LP-16 Transfers Closed After Opening 1.04E-07 /H 24 H 2.50E-06 
HLP0054LHE Manual Valve 3LP-54 Is Left Closed After Test Or Maintenance * * * * 3.20E-03 
HLP0054VVT Manual Valve 3LP-54 Transfers Closed 3.75E-08 /H 9 M 2.43E-04 
HLP0055CVO Swing Check Valve 3LP-55 Fails To Open On Demand 8.15E-05 /N I N 8.15E-05 
HLP0055CVT Swing Check Valve 3LP-55 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HLP0056LHE ManualValve 3LP-56 Is Left Closed After Test Or Maintenance * * * * 3.20E-03 
HLP0056VVT Manual Valve 3LP-56 Transfers Closed 3.75E-08 /H 9 M 2.43E-04 
HLP0057CVO Swing Check Valve 3LP-57 Fails To Open On Demand 8.15E-05 /N I N 8.15E-05 
HLP0057CVT Swing Check Valve 3LP-57 Transfers Closed 1.38E-07 /H 24 Hi 3.31E-06 
HLPSVLVCOM Common Cause Failure Of MOVs 3LP-15 And 3LP-16 To Open On Demand * * * * 1.24E-04 
HLSO147VVT Manual Valve 3LPSW-147 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLS0148CVT Check Valve 3LPSW-148 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HLS0149VVT Manual Valve 3LPSW-149 Transfers Closed 3.75E-08 /1-1 24 H 9.OOE-07 
HLS0150VVT Manual Valve 3LPSW-150 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLS0152VVT Manual Valve 3LPSW-152 Transfers Closed 3.75E-08 /H 24 H 9.00E-07 
HLS0153VVT Manual Valve 3LPSW-153 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLS0154VVT Manual Valve 3LPSW-154 Transfers Closed 3.75E-08 /-1 24 H 9.OOE-07 
HLS0157VVT Manual Valve 3LPSW-157 Transfers Closed 3.75E-08 /H 16 D 1.44E-05 
HLS0158VVT Manual Valve 3LPSW-158 Transfers Closed 3.75E-08 /H 16 D 1.44E-05 
HLS0159VVT Manual Valve 3LPSW-159 Transfers Closed 3.75E-08 /H 16 D 1.44E-05 
HLS0162VVT Manual Valve 3LPSW-162 Transfers Closed 3.7513-08 /1-1 46 D 4.14E-05 
HLS0163VVT Manual Valve 3LPSW-163 Transfers Closed 3.75E-08 /H 46 D 4.14E-05 
HLSOI64VVT Manual Valve 3LPSW-164 Transfers Closed 3.75E-08 /H 46 D 4.14E-05 
HLSO204ORF Flow Orifice 3LPSW-FE-204 Clogs 2.56E-09 /H 24 H 6.14E-08 
HLSO246VVT Manual Valve 3LPSW-246 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLSO500VVT Manual Valve 3LPSW-500 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLSO503CVT Check Valve 3LPSW-503 Transfers Closed 1.38E-071/H 24 H 3.31E-06 
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HPI SYSTEM ACCIDENT MITIGATION DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
HLSO708VVT Manual Valve 3LPSW-708 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLSO709VVT Manual Valve 3LPSW-709 Transfers Closed 3.75E-08 /H 24 I-I 9.00E-07 
HLSO71I VVT Manual Valve 3LPSW-71 I Transfers Closed 3.75E-08 /H 24 H 9.001-07 
HLSO771VVT Manual Valve 3LPSW-771 Transfers Closed 3.75E-08 /H 9 M 2.43E-04 
HLSOCOIFLF Cuno Filter 3LPSFLOOOI Clogs 1.58E-06 /H 24 H 3.791-05 
HLSOCO2FLF Cuno Filter 3LPSFL0002 Clogs 1.58E-06 /H 24 H 3.79E-05 
HLSOCl8FLF Cuno Filter 3LPSFL0018 Clogs 1.58E-06 /H 24 H 3.791-05 
HLSFILTCOM Common Cause Failure Of Cuno Filters 3LPSFL0001, 0002, And 0018 * *.90E-06 
HLVLSTILTM LDST Level String I Is in Maintenance * *1.1-03 
HLVLST2LTM LDST Level String 2 Is in Maintenance * *.E-03 
HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure * **.E+00 
HNMOPRSDHE Operators Overcharge the LDST * **.O130 
HNMOPRSLHE Operators Fail to Recognize Pressure Instrument Failure * **.1+00 
HPl4LSISMF Signal Monitor 3HP14-LSI Fails 8.26E-07 /U- 24 H /.98H-05 
HPl4LS2SMF Signal Monitor 3HPI14LS2 Fails 8.26E-07 /H 24 H 1.98E-05 
HPI0085DEX Instrument Root Valve (Ref. Legs Common) 3HP110085 Transfers Closed * *2.50-05 
HPI0087DEX Instrument Root Valve (Sensing Lines Common) 3HP110087 Transfers Closed * *2.50-05 
HPI0095VVT Instrument Root valve HP1lVO095 Transfers Shut 3.75E-08 /H 6570 H 2.46E-04 
HPIO368DEX Instrument Root Valve HP11V0368 Transfers Shut * *9.0-08 
HPIO368VVT Instrument Root Valve HP11V0368 Transfers Shut 3.75E-08 /H 6570 H 2.46E-04 
HPl0369DEX Instrument Root Valve HP11V0369 Transfers Shut * ** * 9.0-08 
HPIO369VVT Instrument Root Valve HP11V0369 Transfers Shut 3.75E-08 /H 6570 H 2.461-04 
HPIFT6PFTF Letdown Flow Transmitter HPIFT0006P Fails 1.58E-06 /H 24 H 3.86E-05 
HPIFT6XCOM Common Cause Failure of Letdown Flow Transmitters * ** * 5.29-04 
HPILT6AFTF Letdown Flow Transmitter, HPIFT0006A, Fails 1.58E-06 /H 6570 H 1.061-02 
HPIPRSIPRM LDST Pressure String #1 Is in Maintenance * *.E-03 
HPIPRS2PRM LDST Pressure String #2 Is in Maintenance * *.E-03 
HPIRO52DEX Instrument Manifold Valve HPIIV0052r Transfers Position * *90E08 
HPIRIO3DEX Instrument Manifold Valve HPIIVO103r Transfers Position * *9.OOE-08 
HPIS052VVT Instrument Manifold Valve HPIIV 52s Transfers Position 3.7513-08 /H 24 H 9.00E-07 
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NAME DESCRIPTION RATE FACTOR PROB 
HPIS103VVT Instrument Manifold Valve HPIIV0I03s Transfers Position 3.75E-08 /H 24 H 9.00E-07 
HPIV097VVT Instrument Root Valve HP11V0097 Transfers Shut 3.75E-08 /H 24 H 9.00E-07 
HPIV362VVT Instrument Root Valve HP110362 Transfers Shut 3.75E-08 /H 24 H 9.OOE-07 
HPIV370VVT Instrument Root Valve HPIlVO370 Transfers Shut 3.75E-08 /H 24 H 9.OOE-07 
HPIV371VVT Instrument Root Valve HP11V0371 Transfers Shut 3.75E-08 /H 24 H 9.00E-07 
HPT0010APT Pneumatic Pressure Transducer HPIPT0O10 Fails 6.76E-06 /H 24 H 1.62E-04 
HPTO228POF HPIPT0228 24Vdc Power Supply Fails 1.72E-06 /H 24 H 4.13E-05 
HPTO228PTF Pressure Transmitter HPIPTO228 Fails 4.07E-07 /H 24 H 9.77E-06 
HSEALINDEX Pipe Rupture Fails Seal Injection * * * * 1.00E-07 
LLP0028LHE 3LP-28 Left Closed Due to Human Error * * * * 2.60E-05 
LLP0028VVT Manual Valve 3LP-28 Transfers Closed 3.75E-08 /H 24 H 9.00E-07 
LLP006ICVO Vacuum-Breaker Valve 3LP-61 Fails to Open 8.15E-05 /N I N 8.15E-05 
LLP006 I CVT Vacuum-Breaker Valve 3LP-61 Transfers Closed 1.38E-07 /H 24 H 3.31E-06 
LLPOBWTTKF Borated Water Storage Tank Ruptures 6.03E-07 /H 24 1] 1.45E-05 
LR20A Loss Of Cooled Water Flow From LPI Cooler 3A * * * * 2.20E-04 
LR20B Loss Of Cooled Water Flow From LPI Cooler 3B * * * * 2.20E-04 
P2C3KD Loss Of Power On 208/120 V ac Panelboard 3KD * * * * 4.40E-05 
P2C3XL Loss Of Power From 208 V ac Motor Control Center 3XL * * * * 3.OOE-05 
P2C3XN Loss Of Power From 208 V ac Motor Control Center 3XN * * * * 3.00E-05 
P2C3XSI Loss Of Power From 208 V ac Motor Control Center 3XSI * * * * 3.00E-05 
P2C3XS2 Loss Of Power From 208 V ac Motor Control Center 3XS2 * * * * 3.00E-05 
P3TC Loss Of Power From 4160 V ac Switchgear 3TC * * * * 2.70E-05 
P3TD Loss Of Power From 4160 V ac Switchgear 3TD * * * * 2.70E-05 
P3TE Loss Of Power From 4160 V ac Switchgear 3TE * * * * 2.70E-05 
P6C3XS3 Loss Of Power From 600 V ac Motor Control Center 3XS3 * * * * 1.50E-05 
POSTMOD Postmod Condition * * * * 0.OOE+00 
PREMOD Premod Condition * * * * 1.00E+00 
PRZRCHAL Pressurizer Level Alarm Is Challenged + * * * 1.00E+00 
PRZRLVLDEX Pressurizer Level Alarm Fails * * * * 1.00E+00 
T [Transient Causes An Engineered Safeguards Actuation * * * * I.00E+00
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APPENDIX Cl 

HPI SYSTEM ACCIDENT MITIGATION DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
W100 No Flow From Low Pressure Service Water Header 3A * * 3.OOE-05 
W200 No Flow From Low Pressure Service Water Header 3B ***_ * 3.OOE-05 
WCW0087VVT Manual Valve 3CCW-87 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
WH3 All High Pressure Service Water Supplies Fail * 6.80E-07 
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APPENDIX C2 

HPI SYSTEM RC MAKE-UP AND RCP SEAL INJECTION DATABASE 
NAME DESCRIPTION RATE FACTOR, PROB 
AUXAIRTOP Loss of Auxiliary Air System Pressure + . * * 4.32E-02 
CHPHPMUDHE Operators Fail to Swap HPI Suction to the BWST Before LDST Depletion * * * * 2.OOE-03 
D3DIB Loss Of Power On 125 V dc Panelboard 3DIB * * * * 5.40E-05 
D3DIC Loss Of Power On 125 V dc Panelboard 3DIC * * * * 5.40E-05 
D3DID Loss Of Power On 125 V dc lanelboard 3D!l) * * * * 5.40E-05 
D3KI Loss of Power on 240/120 V ac Powcr Panelboard 3KI * * * * 3.30E-05 
D3KU Loss of Power on 240/120 V ac Power Panelboard 3KU * * * * 3.30E-05 
D3KVIB Loss of Power on 120 V ac Power Panelboard 3KVIB * * *1 * .60E-05 
D3KVIC Loss Of Power On 120 V ac Vital l&C Power Panelboard 3KVIC * 1 * * 1.70E-05 
DDCIC28CDT 125 V dc Panelboard 3DIC Breaker 28 Transfers Open 3.54E-07 /H 24 H 8.50E-06 
HOOCOOLDEX Pipe Break Fails Cooling Water Flow From LPSW and HPSW * * * * 1.00E-04 
HOOLDSTDEX Pipe Rupture Fails Flow From LDST * * * * 1.00E-04 
HOOLDSTTKF LDST Ruptures 6.03E-07 /H 7884 H 4.75E-03 
H3GWDI9AVT Air Operated Valve 3GWD-19 Transfers Position 6.35E-07 /H 7884 H 5.0 1E-03 
H3H0002CVL Check Valve 3H-2 Leaks Externally 7.60E-08 /H 7884 H 5.99E-04 
HAC0008C4T 4160 V ac Switchgear 3TC Breaker 8 Transfers Open (HP-P3A) 6.38E-07 /H 7884 H 5.03E-03 
HACOEO9C4C 4160 V ac Switchgear 3TE Breaker 9 Fails To Close (HPI Pump 3B) 5.3 1E-04 /N 12 N 6.37E-03 
HACORIACLT 208 V ac MCC 3XS2 Breaker RIA Transfers Open (3HP-25) 4.62E-07 /H 36 H 1.66E-05 
HACORIDCLT 208 V ac MCC 3XSI Breaker RDI Transfers Open (3HP-24) 4.62E-07 /H 36 H 1.66E-05 
HACOR2ACLT 208 V ac MCC 3XSI Breaker R2A Transfers Open (3HP-26) 4.62E-07 /H 12 H 5.54E-06 
HAC3TE9C4T 4160 V ac Switchgear 3TE Breaker 9 Transfers Open (-IP-P3B) 6.38E-07 /H 24 H 1.53E-05 HDCIB25CDT 125 V de Panelboard 3DIB Breaker 25 Transfers Open (3CC-8, 3HP-5) 3.54E-07 /H 7884 H 2.79E-03 
HDCIDO5CDT 125 V dc Panelboard 3DID Breaker 5 Transfers Open (Low Seal Flow Pump 3B 3.54E-07 /H 16 D 1.36E-04 

Start) 
HIDISCHADEX Pipe Rupture Fails Flow From HPI Pumps to 3A Cold Legs 2.30E-05 
HEMERLILHE Latent Human Error Associated with Interlock Maintenance Occurs 3.OOE-03 
HEMERLIMNT LDST Emergency Low Interlock Function Is in Maintenance *.OOE-03 

HEXCMAKEUP Excessive RC Makeup Is Required 3.00E300 
HHPOOIMVT Motor-Operated Valve 3HP-1 Transfers Closed 1.04E-07 /H 7884 H 8.20E-04 
HHP0002MVT Motor Operated Valve 3HP-2 Transfers Position 1.04E-07 /H1 7884 H 8.20E-04 
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APPENDIX C2 

HPI SYSTEM RC MAKE-UP AND RCP SEAL INJECTION DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
HHP0003MVT Motor-Operated Valve 3HP-3 Transfers Closed 1.04E-07 /H 7884 H 8.20E-04 
HHP0004MVT Motor Operated Valve 3HP-4 Transfers Position 1.04E-07 /H 7884 H 8.20E-04 
HHP0005AVT Air-Operated Valve 3HP-5 Transfers Closed 6.35E-07 /H 7884 H 5.01E-03 
HHP0006AVT Air-Operated Valve 3HP-6 Transfers Closed 6.35E-07 /H 7884 H 5.01E-03 
HHP0007AVT Air-Operated Valve 3HP-7 Transfers Closed 6.35E-07 /H 7884 H 5.01E-03 
HHP0008AVT Air-Operated Valve 3HP-8 Transfers Closed 6.35E-07 /H 7884 H 5.0 1E-03 
HHP0014MVT Motor Operated Valve 3HP-14 Transfers Position 1.04E-07 /H 7884 H- 8.20E-04 
HHP0017AVT Air-Operated Valve 3HP-17 Transfers Closed 6.35E-07 /H 7884 H 5.01E-03 
HHP0023MVT Motor-Operated Valve 3HP-23 Transfers Closed 1.04E-07 /H 7884, H 8.20E-04 
HHP0024LHE MOV 3HP-24 Suction Train Is Left Unavailable After Test Or Maintenance * * * * 3.OOE-03 
HHP0024MVO Motor-Operated Valve 3HP-24 Fails To Open On Demand 2.47E-03 /N I N 2.47E-03 
HHP0024MVT Motor-Operated Valve 3HP-24 Transfers Closed After Opening 1.04E-07 /H 24 H 2.50E-06 
HHP0024TRM MOV 3HP-24 Suction Train In Maintenance * * * * 5.00E-03 
HHP0025LHE MOV 31-IP-25 Suction Train Is Left Unavailable After Test Or Maintenance * * * * 3.00E-03 
HHP0025MVO Motor-Operated Valve 3HP-25 Fails To Open On Demand 2.47E-03 /N I N 2.47E-03 
HHP0025MVT Motor-Operated Valve 3HP-25 Transfers Closed After Opening 1.04E-07 /H 24 H 2.50E-06 
HHP0025TRM MOV 3HP-25 Suction Train In Maintenance * * * * 5.OOE-03 
HHP0026DHE Operators Fail to Open 3HP-26 And/Or 3HP-122 * * * * 1.00E-03 
HHP0026MVO Motor-Operated Valve 3HP-26 Fails To Open On Demand 2.47E-03 /N I N 2.47E-03 
HHP0028VVT Manual Valve 3HP-28 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHP0031AVT Air-Operated Valve 3HP-31 Transfers Closed 6.35E-07 /H 7884 H 5.0 IE-03 
HHP0039VVT Manual Valve 3HP-39 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHP0040VVT Manual Valve 3HP-40 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHP0041VVT Manual Valve 3HP-41 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHP0047CVT Check Valve 3HP-47 Transfers Closed 1.38E-07 /H 7884 H 1.09E-03 
HHP0057VVT Manual Valve 3HP-57 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHP0064VVT Manual Valve 3HP-64 Transfers Closed 3.75E-08 /1 7884 H 2.96E-04 
HHP0065VVT Manual Valve 3HP-65 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHP0066VVT Manual Valve 3HP-66 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHP0067VVT Manual Valve 3HP-67 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
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APPENDIX C2 

HPI SYSTEM RC MAKE-UP AND RCP SEAL INJECTION DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
HHP0078CVT Check Valve 3HP-78 Transfers Closed 1.38E-07 /H_ 7884 H .09E-03 
HHP0079RVT Relief Valve 3HP-79 Spurious Operation 1.57E-06 /H 7884 H 1.24E-02 
-IHP0097CVT Check Valve 31P-97 Transfers Position 1.38E-07 /H 7884 H1.09E-03 

HHP0098MVT Motor-Operated Valve 3HP-98 Transfers Closed 1.04E-07 /H 7884 H 8.20E-04 
HHP0099VVT Manual Valve 3HP-99 Transfers Closed 3.75E-08 /H 46 D 4.14E-05 
HHPOOLDORF Letdown Line Flow Reducer Plugs 2.56E-09 /H 7884 H 2.021-05 
HHPOIOOVVT Manual Valve 3HP-100 Transfers Closed 3.75E-08 /H 46 D 4.14E-05 
HHPOIOICVO Tilting Disk Check Valve 3HP-101 Fails To Open On Demand 8.15E-05 /N I N 8.15E-05 
HHPOIOICVT Tilting Disk Check Valve 3HP-101 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHP0102CVO Tilting Disk Check Valve 3HP-102 Fails To Open On Demand 8.15E-05 /N I N 8.15E-05 
HHP0102CVT Tilting Disk Check Valve 3HP-102 Transfers Closed 1.38E-07 /H 24 H 3.31E-06 
HHP0103VVT Manual Valve 3HP-103 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHP0105CVT Check Valve 3HP-105 Transfers Closed 1.38E-07 /H 7884 H 1.09E-03 
HHP0106VVT Manual Valve 3HP-106 Transfers Closed 3.75E-08 /H 7884 H 2.961-04 
HHP0107VVT Manual Valve 3HP-107 Transfers Closed 3.75E-08 /H 16 D .44E-05 
HHP0109CVO Tilting Disk Check Valve 3HP-109 Fails To Open On Demand 8.15E-05 /N I N 8.15E-05 
HHP0109CVT Tilting Disk Check Valve 3HP-109 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHPOI IOVVT Manual Valve 3HP-1 10 Transfers Closed 3.75E-08 /H 16 D 1.44E-05 
HHP0115MVT Motor-Operated Valve 3HP-1 15 Transfers Closed 1.04E-07 /H 36 H 3.74E-06 
HHPOI 18VVT Manual Valve 3HP-1 18 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HIHPOI l9VVT Manual Valve 3HP- 19 Transfers Position 3.75E-08 /H 7884 H 2.96E-04 
HHP0120AVT Air Operated Valve 3HP-120 Transfers Position 6.35E-07 /H 7884 H 5.0IE-03 
HHP0121VVT Manual Valve 3HP-121 Transfers Position 3.75E-08 /H 7884 H 2.96E-04 
HHP0122VVO 3HP-122 Fails to Open on Demand 2.90E-04 /N I N 2.90E-04 
HHP0126VVT Manual Valve 3HP-126 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHP0127VVT Manual Valve 3HP-127 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHP0128VVT Manual Valve 3HP-128 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHP0129VVT Manual Valve 3HP-129 Transfers Closed 3.75E-08 /H 7884 H 2.961-04 
HHP0130VVT Manual Valve 3HP-130 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 HHP0131VVT Manual Valve 3HP-131 Transfers Closed 3.75E-08 J/H 7884 H 2.96E-04 
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APPENDIX C2 

HPI SYSTEM RC MAKE-UP AND RCP SEAL INJECTION DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 

HHP0138VVT Manual Valve 3HP-138 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHP0139VVT Manual Valve 3HP-139 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHP0144CVT Check Valve 3HP-144 Transfers Closed 1.38E-07 /H 7884 H 1.09E-03 
HHP0145CVT Check Valve 3HP-145 Transfers Closed 1.38E-07 /H 7884 H 1.09E-03 
HHP0146CVT Check Valve 3HP-146 Transfers Closed 1.38E-07 /H 7884 H 1.09E-03 
HHP0147CVT Check Valve 3HP-147 Transfers Closed 1.38E-07 /H 7884 H 1.09E-03 
HHP0191SVT Solenoid Valve 3HPISV0191 Transfers Position, Closing 3HP-31 3.98E-07 /H 7884 H 3.14E-03 
HHP0194CVT Check Valve 3HP-194 Transfers Closed 1.38E-07 /H 7884 H 1.09E-03 
HHPO195VVT Manual Valve 3HP-195 Transfers CLosed 3.75E-08 /H 7884 H 2.96E-04 
HHPO283VVT Manual Valve 3HP-283 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHPO284VVT Manual Valve 3HP-284 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHPO285VVT Manual Valve 3HP-285 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHPO286VVT Manual Valve 3HP-286 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHPO331PST Low Instrument Air Pressure Switch 31APS0331 Spurious Operation 5.93E-07 /H 7884 H 4.68E-03 
HHPO357PST High Letdown Temp. Pressure Switch 3HPIPS0357 Spurious Operation 5.93E-07 /H 7884 H 4.68E-03 
HHPO385VVT Manual Valve 3HP-385 Transfers Position 3.75E-08 /H 7884 H 2.96E-04 
HHPO387VVT Manual Valve 3HP-387 Transfers Position 3.75E-08 /H 7884 H 2.96E-04 
HHPO390CVT Check Valve 3HP-390 Transfers Closed 1.38E-07 /H 7884 H 1.09E-03 
HHPO393CVT Check Valve 3HP-393 Transfers Closed 1.38E-07 /H 7884 H 1.09E-03 
HHPO3AIORF High Pressure Injection Flow Orifice 3Al Is Blocked 2.56E-09 /H 7884 H 2.02E-05 
HHPO3A2ORF High Pressure Injection Flow Orifice 3A2 Is Blocked 2.56E-09 /H 7884 H 2.02E-05 
HHPO446VVT Manual Valve 3HP-446 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHPO447VVT Manual Valve 3HP-447 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHPO448VVT Manual Valve 3HP-448 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHPO449VVT Manual Valve 3HP-449 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHPO454CVT Check Valve 3HP-454 Transfers Closed 1.38E-07 /H 7884 H 1.09E-03 
HHPO457CVT Check Valve 3HP-457 Transfers Closed 1.38E-07 /H 7884 H 1.09E-03 
HHPO477VVT Manual Valve 3HP-477 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HHPO482VVT Manual Valve 3HP-482 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
lHHPO486CVT Check Valve 3HP-486 Transfers Closed 1.38E-07 /H 7884 H 1.09E-03 
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APPENDIX C2 

HPI SYSTEM RC MAKE-UP AND RCP SEAL INJECTION DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
HHPO487CVT Check Valve 3HP-487 Transfers Closed 1.38E-07 /H 7884 H 1.09E-03 
HHPOLDAFLF Letdown Filter 3A Clogs 1.61E-06 /H 7884 H 1.25E-02 
HHPOSFAFLF Reactor Coolant Pump Seal Supply Filter 3A Clogs 1.61 E-06 /H 24 H 3.79E-05 
HHPOSGOLHE HPI Suction Crosstie Is Left Unavailable After Test Or Maintenance * * * * 3.00E-03 
HHPOTRBLHE HPI Train 3B Is Left Unavailable After Test Or Maintenance * * * * 3.OOE-03 
HHPOTRBTRM HPI Train 3B Is In Maintenance * * * * 2.OOE-02 
HHP2-2RCOM Common Cause Run Failure of HPI Pumps 3A and 3B * * * * 7.22E-04 
HHP33PILTF Level Transmitter Type 33PI Fails 4.55E-07 /H 24 H 1.09E-05 
HHP33P2LTF Level Transmitter 33P2 Fails 4.55E-07 /H 24 H 1.09E-05 
HHP53FSPSO Pressure Switch 3HP53-FS Fails To Operate On Low RCP Seal Flow 2.01E-04 /N I N 2.01E-04 
HHP53XRRYD Auxiliary Relay HP53XR Fails To Operate On Low RCP Seal Flow 1.11 E-04 I/N 1 N 1.11 E-04 
HHPDEMAFLF Purification Demineralizer 3A Fails To Pass Flow 1.61 E-06 /H 7884 H 1.25E-02 
HHPEPO3PCF Electro-Pneumatic Positioner 3HPIEP0003 Spuriously Closes 3HP-120 1.1OE-07 /H 7884 H 8.67E-04 
HHPHX3AHXF Heat Exchanger On HPI Pump 3A Clogs 1.21E-06 /H 7884 H 9.54E-03 
HHPHX3BHXF Heat Exchanger On HPI Pump 3B Clogs 1.21E-06 /H 16 D 4.65E-04 
HHPKD17CLT 208/120 V ac Panelboard 3KD Breaker 17 Transfers Open (3HP-8) 4.62E-07 /H 7884 H 3.64E-03 
HHPKDI8CLT 208/120 V ac Panelboard 3KD Breaker 18 Transfers Open (3HP-17) 4.62E-07 /H 7884 H 3.64E-03 
HHPKDI9CLT 120 V ac Panelboard 3KVID Breaker 19 Transfers Open (3HP-6) 4.62E-07 /H 7884 H 3.64E-03 
HHPKU21CLT 120 V ac Circuit Breaker 3KU-21 Transfers Opens (ICS Cab. 7) 4.62E-07 /H 7884 H 3.64E-03 
HHPLDCAHXF Letdown Cooler 3A Clogs 1.21E-06 /H 7884 H 9.54E-03 
HHPLDCBHXF Letdown Cooler 3B Clogs 1.21E-06 /H 7884 H 9.54E-03 
HHPPU3AHPR HPI Pump 3A Fails To Run 1.47E-05 /H 7884 H 1.16E-01 
HHPPU3BHPR HPI Pump 3B Fails To Run 1.47E-05 /H 24 H 3.53E-04 
HHPPU3BHPS HPI Pump 3B Fails To Start On Demand 1.18E-03 /N 12 N 1.42E-02 
HHPSV90SVT Solenoid Valve 3HPISV090 Transfers Position 3.98E-07 /H 7884 H 3.14E-03 
HHPSVLVCOM Common Cause Failure Of MOVs 3HP-24 And 3HP-25 To Open On Demand * * * * 1.24E-04 
HHPTRNBDHE Operators Fail to Align HPI Train 3B * * * * 1.00E-02 
HHS0017MVT Motor Operated Valve IHPSW-17 Transfers Position 1.04E-07 /H 36 H 3.74E-06 
HHS0112VVT Locked-Open Manual Valve 3HPSW-112 Transfers Closed 3.75E-08 /H 0.5 M I 1.35E-05 
HHSO202VVT Locked-Open Manual Valve 3HPSW-202 Transfers Closed 3.75E-08 /H 0.5 M 1.35E-O5 
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HPI SYSTEM RC MAKE-UP AND RCP SEAL INJECTION DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
HHSO450VVT Locked-Open Manual Valve HPSW-450 Transfers Closed 3.75E-08 /H 0.5 M 1.35E-05 
HHSO555VVT Manual Valve HPSW-555 Transfers Closed 3.75E-08 /H 9 M 2.43E-04 
HHSO556RGO Self-Contained Regulating Valve 3HPSW-556 Fails To Open On Demand 6.66E-04 /N I N 6.66E-04 
HHSO556RGT Self-Contained Regulating Valve 3HPSW-556 Transfers Closed 9.27E-07 /H 24 H 2.22E-05 
HHS2017MVT Motor Operated Valve 2HPSW-17 Transfers Position 1.04E-07 /H 36 H 3.74E-06 
HLDDIVTCHE Operators Inadvertently Divert Letdown Flow * * * * 1.00E-02 
HLDFLOWAMF Alarm Instrument Fails 3.26E-06 /H 6570 H 2.14E-02 
HLDFLOWDHE Operator Fails to Check Unit Board Letdown Flow Receiver Gauge * * * * 1.00E-02 
ILDISOLCHE Operators Inadvertently Isolate Letdown * * * * 1.00E-02 

HLDPATHDEX Normal Letdown Path Ruptures * * * * 1.00E-04 
HLDPXTRCOM Common Cause Failure of LDST Pressure Transmitters * * * * 1.34E-04 
HLDSLVLAMF LDST Level Alarm Device Fails 3.26E-06 /H 6570 H 2.14E-02 
HLDSTLIDIE Operator Fails to Maintain LDST Level > 40 " thru Appropriate Monitoring * * * * 1.00E-03 
HLDSTLPDHE Operator Error Causes Low Pressure Condition * * * * 1.00E-02 
HLDXMTRCOM Common Cause Failure of LDST Level Transmitters * * * * 2.09E-04 
HLSO147VVT Manual Valve 3LPSW-147 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HLSO148CVT Check Valve 3LPSW-148 Transfers Closed 1.38E-07 /H 7884 H I.09E-03 
HLSO149VVT Manual Valve 3LPSW-149 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HLS0150VVT Manual Valve 3LPSW-150 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLS0152VVT Manual Valve 3LPSW-152 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
-ILS0153VVT Manual Valve 3LPSW-153 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HLS0154VVT Manual Valve 3LPSW-154 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HLSO157VVT Manual Valve 3LPSW-157 Transfers Closed 3.75E-08 /H 16 D 1.44E-05 
HLS0158VVT Manual Valve 3LPSW-158 Transfers Closed 3.75E-08 /H 16 D 1.44E-05 
HLS0159VVT Manual Valve 3LPSW-159 Transfers Closed 3.75E-08 /H 16 D 1.44E-05 
HLSO204ORF Flow Orifice 3LPSW-FE-204 Clogs 2.56E-09 /H 24 H 6.14E-08 
HLSO246VVT Manual Valve 3LPSW-246 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HLSO500VVT Manual Valve 3LPSW-500 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HLSO503CVT Check Valve 3LPSW-503 Transfers Closed 1.38E-07 /H 24 H 3.31E-06 
HLSO708VVT Manual Valve 3LPSW-708 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04
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HPI SYSTEM RC MAKE-UP AND RCP SEAL INJECTION DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
HLSO709VVT Manual Valve 3LPSW-709 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLSO71 IVVT Manual Valve 3LPSW-711 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
HLSO771VVT Manual Valve 3LPSW-771 Transfers Closed 3.75E-08 /H 9 M 2.43E-04 
HLSOCOIFLF Cuno Filter 3LPSFL00I Clogs 1.61E-06 /H 7884 H 1.25E-02 
HLSOCO2FLF Cuno Filter 3LPSFLOO02 Clogs 1.61E-06 /H 24 H 3.79E-05 
HLSOCl8FLF Cuno Filter 3LPSFL0O18 Clogs 1.6 1E-06 /H 24 H 3.79E-05 
HLSFILTCOM Common Cause Failure Of Cuno Filters 3LPSFLOOO1, 0002, And 0018 * * * * 1.90E-06 
HLVLDRPDEX Level Change or Other Operational Condition Causes Pressure to Drop * * * * 1.00E+00 
HLVLSTILTM LDST Level String I Is in Maintenance * * * * 1.00E-03 
HLVLST2LTM LDST Level String 2 Is in Maintenance * * * * 1.00E-03 
HMOD Auto-Swap to BWST on Low LDST Level Mod. is INSTALLED * * * * 0.OOE+00 
HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure * * * * 1.00E+00 
HNMOPRSDHE Operators Overcharge the LDST * * * * 1.00E+00 
HNMOPRSLHE Operators Fail to Recognize Pressure Instrument Failure * * * * I.00E+00 
HNOMOD Auto-Swap to BWST on Low LDST Level Mod. is NOT INSTALLED * * * * 1.00E+00 
HOACSERDEX OAC Is OOS * * * * 1.OOE-02 
HOPUNPRDHE Inadequate Operator Guidance Regarding LDST Underpressure * * * * 1.00E-03 
HPl4LSISMF Signal Monitor 3HP14-LSI Fails 8.26E-07 /H 24 H 1.98E-05 
HPl4LS2SMF Signal Monitor 3HPI 14LS2 Fails 8.26E-07 /H 24 H 1.98E-05 
HPI0085DEX Instrument Root Valve (Ref. Legs Common) 3HP110085 Transfers Closed * * * * 2.50E-05 
HPI0087DEX Instrument Root Valve (Sensing Lines Common) 3HP110087 Transfers Closed * * * * 2.50E-05 
HPI0095VVT Instrument Root valve HP11V0095 Transfers Shut 3.75E-08 6570 2.46E-04 
HPIO368DEX Instrument Root Valve HP11V0368 Transfers Shut * * * * 9.OOE-08 
HPl0368VVT Instrument Root Valve HP11V0368 Transfers Shut 3.75E-08 /H 6570 H 2.46E-04 
HPIO369DEX Instrument Root Valve HP11V0369 Transfers Shut * * * * 9.OOE-08 
HPl0369VVT Instrument Root Valve HP11V0369 Transfers Shut 3.75E-08 /H 6570 H 2.46E-04 
HPIFT6PFTF Letdown Flow Transmitter, HPIFT0006P, Fails 1.61 E-06 /H 12 H 1.93E-05 
HPIFT6XCOM Common Cause Failure of Letdown Flow Transmitters * * * * 5.29E-04 
HPILT6AFTF Letdown Flow Instrument HPIFT6A Fails 1.61E-06 /H 6570 H 1.06E-02 
HPIPRSIPRM LDST Pressure String #1 Is in Maintenance * * * * 1.OOE-03 
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HPI SYSTEM RC MAKE-UP AND RCP SEAL INJECTION DATABASE 
NAME IDESCRIPTION RATE FACTOR PROB 
HPIPRS2PRM LDST Pressure String #2 Is in Maintenance * * * * 1.00E-03 
HPIPSO4PSL Pressure Switch 3HPIPS004 Fails Low 8.50E-07 /H 6570 H 5.58E-03 
HPIRO52DEX Instrument Manifold Valve HPIIV0052r Transfers Position * * * * 9.00E-08 
HPIRIO3DEX Instrument Manifold Valve HP1lVO103r Transfers Position * * * * 9.OOE-08 
HPIS052VVT Instrument Manifold Valve HPIIV0052s Transfers Position 3.75E-08 /H 24 H 9.OOE-07 
HPIS103VVT Instrument Manifold Valve HPIIV0103s Transfers Position 3.75E-08 /H 24 H 9.00E-07 
HPIVO97VVT Instrument Root Valve HPIIVO097 Transfers Shut 3.75E-08 /H 24 H 9.OOE-07 
HPIV362VVT Instrument Root Valve HP10362 Transfers Shut 3.75E-08 /H 24 H 9.OOE-07 
HPIV370VVT Instrument Root Valve HP11V0370 Transfers Shut 3.75E-08 /H 24 H 9.OOE-07 
HPIV371VVT Instrument Root Valve HP10371 Transfers Shut 3.75E-08 /H 24 H 9.OOE-07 
HPT0010APT Pneumatic Pressure Transducer HPIPTOO10 Fails 6.76E-06 /H 24 H 1.62E-04 
HPT004LAMF Alarm Module Fails to Operate on Demand 3.26E-06 /H 6570 H 2.14E-02 
HPTO228POF HPIPTO228 24Vdc Power Supply Fails 1.72E-06 /H 24 H 4.13E-05 
HPTO228PTF Pressure Transmitter HPIPTO228 Fails 4.07E-07 /H 24 H 9.77E-06 
HSEALINDEX Pipe Rupture Fails Seal Injection * * * * 1.00E-04 
LLP0028LHE 3LP-28 Left Closed Due to Human Error * * * * 2.60E-05 
LLP0028VVT Manual Valve 3LP-28 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
LLP0061CVO Vacuum-Breaker Valve 3LP-61 Fails to Open 8.15E-05 /N I N 8.15E-05 
LLP006ICVT Vacuum-Breaker Valve 3LP-61 Transfers Closed 1.38E-07 /H 24 H 3.31E-06 
LLPOBWTTKF Borated Water Storage Tank Ruptures 6.03E-07 /H 24 H 1.45E-05 
P2C3KD Loss Of Power On 208/120 V ac Panelboard 3KD * * * * 1.60E-02 
P2C3XSI Loss Of Power From 208 V ac Motor Control Center 3XSI * * * * 3.00E-05 
P2C3XS2 Loss Of Power From 208 V ac Motor Control Center 3XS2 * * * * 3.OOE-05 
P3TC Loss Of Power From 4160 V ac Switchgear 3TC * * * * 9.80E-03 
P3TE Loss Of Power From 4160 V ac Switchgear 3TE * * * * 9.80E-03 
PRZRCHAL Pressurizer Level Alarm Is Challenged * * * * 1.00E+00 
W100 No Flow From Low Pressure Service Water Header 3A * * * * 1.1 OE-02 
W200 No Flow From Low Pressure Service Water Header 3B * * * * I.1OE-02 
WCWOO87VVT Manual Valve 3CCW-87 Transfers Closed 3.75E-08 /H 7884 H 2.96E-04 
WH3 All High Pressure Service Water Supplies Fail * * * * 6.80E-07
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APPENDIX C3 

HPI SYSTEM AUXILIARY SPRAY DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
AUXAIRTOP Loss of Auxiliary Air System Pressure * *1.20E-04 

CHPHPMUDHE Operators Fail to Swap HPI Suction to the BWST Before LDST Depletion * *2.OOE-03 
D3DIB Loss Of Power On 125 V dc Panelboard 3DIB * *1.50E-07 
D3DIC Loss Of Power On 125 V dc Panelboard 3DIC * *1.50E-07 
D3DID Loss Of Power On 125 V dc Panelboard 3DID * *1.50-07 

D3KI Loss of Power on 240/120 V ac Power Panelboard 3KI * *330E05 

D3KU Loss of Power on 240/120 V ac Power Panelboard 3KU * *330E05 
D3KVIB Loss of Power on 120 V ac Power Panelboard 3KVIB * *.60E-05 
D3KVIC Loss of Power from 120 Vac Power Panelboard 3KVIC * *.70E-05 
DDCIC28CDT 125 V dc Panelboard 3DIC Breaker 28 Transfers Open 3.54E-07 /H 24 H 8.50E-06 
HOOCOOLDEX Pipe Break Fails Cooling Water Flow From LPSW and HPSW * *.E-07 
HOOLDSTDEX Pipe Rupture Fails Flow From LDST * *.E-07 
HOOLDSTTKF LDST Ruptures 6.03E-07 /H 24 H 1.45E-05 
H3GWDI9AVT Air Operated Valve 3GWD-19 Transfers Position 6.35E-07 /H 24 H 1.52E-05 
H3HOO02CVL Check Valve 3H-2 Leaks Externally 7.60E-08 /H 24 H 1.82E-06 
HAC0008C4T 4160 V ac Switchgear 3TC Breaker 8 Transfers Open (HP-P3A) 6.38E-07 /H 24 H 1.53E-05 
HACOEO9C4C 4160 V ac Switchgear 3TE Breaker 9 Fails To Close (HPI Pump 3B) 5.31E-04 /N I N 5.31E-04 
HACORIACLT 208 V ac MCC 3XS2 Breaker RIA Transfers Open (3HP-25) 4.62E-07 /H 36 H 1.66E-05 
HACORIDCLT 208 V ac MCC 3XSI Breaker RDI Transfers Open (3HP-24) 4.62E-07 /H 36 H 1.66E-05 
HAC3TE9C4T 4160 V ac Switchgear 3TE Breaker 9 Transfers Open (HP-P3B) 6.38E-07 /H 24 H 1.53E-05 
HASPRAYDEX Aux. Spray Line Ruptures * * *.OOE-07 

HDCIB25CDT 125 V dc Panelboard 3DIB Breaker 25 Transfers Open (3CC-8, 3HP-5) 3.54E-07 /H 24 H 8.50E-06 
HDCID05CDT 125 V dc Panelboard 3DID Breaker 5 Transfers Open (Low Seal Flow Pump 3B 3.54E-07 /H 16 D 1.36E-04 

Start) 

HEMERLILHE Latent Human Error Associated with Interlock Maintenance Occurs * *3.20E-03 
HEMERLIMNT LDST Emergency Low Interlock Function Is in Maintenance * *.E-03 
HEXCMAKEUP Excessive RC Makeup Is Required * *.E-02 
HHP0001MVT Motor-Operated Valve 3HP-1 Transfers Closed 1.04E-07 /H 9 M 6.74E-04 
HHP0002MVT Motor Operated Valve 3HP-2 Transfers Position 1.04E-07 /H 9 M 6.74E-04 
HHP0003MVT Motor-Operated Valve 3HP-3 Transfers Closed 1.04E-07 J/H 1 9 M 6.74E-04 

C3-1



APPENDIX C3 

HPI SYSTEM AUXILIARY SPRAY DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
HHP0004MVT Motor Operated Valve 3HP-4 Transfers Position 1.04E-07 /H 9 M 6.74E-04 
HHP0005AVT Air-Operated Valve 3HP-5 Transfers Closed 6.35E-07 /H 24 H 1.52E-05 
HHP0006AVT Air-Operated Valve 3HP-6 Transfers Closed 6.35E-07 /H 24 H 1.52E-05 
HHP0007AVT Air-Operated Valve 3HP-7 Transfers Closed 6.35E-07 /H 24 H 1.52E-05 
HHP0008AVT Air-Operated Valve 3HP-8 Transfers Closed 6.35E-07 /H 24 H 1.52E-05 
HHP0014MVT Motor Operated Valve 3HP-14 Transfers Position 1.04E-07 I/H 24 H 2.50E-06 
HHP0017AVT Air-Operated Valve 3HP-17 Transfers Closed 6.35E-07 /H 24 H 1.52E-05 
HHP0023MVT Motor-Operated Valve 3HP-23 Transfers Closed 1.04E-07 /H 24 H 2.50E-06 
HHP0024LHE MOV 3HP-24 Suction Train Is Left Unavailable After Test Or Maintenance * * * * 5.20E-05 
HHP0024MVO Motor-Operated Valve 3HP-24 Fails To Open On Demand 2.47E-03 IN I N 2.47E-03 
HHP0024MVT Motor-Operated Valve 3HP-24 Transfers Closed After Opening 1.04E-07 /H 24 1-1 2.50E-06 
HHP0024TRM MOV 31IP-24 Suction Train In Maintenance * * * * 5.00E-03 
HHP0025LHE MOV 31P-25 Suction Train Is Lefl Unavailable Aftier Test or Maintenance * * * * 5.20E-05 
HHP0025MVO Motor-Operated Valve 31HP-25 Fails To Open on Demand 2.471-03 /N I N 2.47E-03 
HHP0025MVT Motor-Operated Valve 3H11P-25 Transfers Closed After Opening I.41:-07 /11 24 I-I 2.50E-06 
HHP0025TRM MOV 3HP-25 Suction Train In Maintenance * * * * 5.OOE-03 
HHP0039VVT Manual Valve 3HP-39 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0040VVT Manual Valve 3HP-40 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0041VVT Manual Valve 3HP-41 Transfers Closed 3.75E-08 /H 24 HI 9.00E-07 
HHP0047CVT Check Valve 3HP-47 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHP0057VVT Manual Valve 31-P-57 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0078CVT Check Valve 3HP-78 Transfers Closed 1.38E-07 /H 24 H 3.31E-06 
HHP0079RVT Relief Valve 3HP-79 Spurious Operation 1.57E-06 /H 24 H 3.77E-05 
HHP0097CVT Check Valve 3HP-97 Transfers Position 1.38E-07 /H 24 H 3.31E-06 
HHP0098MVT Motor-Operated Valve 3HP-98 Transfers Closed 1.04E-07 /H 24 H 2.50E-06 
HHP0099VVT Manual Valve 3HP-99 Transfers Closed 3.75E-08 /H 46 D 4.14E-05 
HHPOOLDORF Letdown Line Flow Reducer Plugs 2.56E-09 /l 24 H 6.14E-08 
HHPOIOOVVT Manual Valve 3HP-100 Transfers Closed 3.75E-08 /H 46 D 4.14E-05 
HHPOIOICVO Tilting Disk Check Valve 3HP-101 Fails To Open On Demand 8.15E-05 /N I N 8.15E-05 
HHPO101CVT Tilting Disk Check Valve 3HP-101 Transfers Closed 1.38E-07 /H 24 H 3.31E-06 

m P.m mm mm -m -map==.



- m. m mm--mmi m - m m m ib= 

APPENDIX C3 

HPI SYSTEM AUXILIARY SPRAY DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
HHP0102CVO Tilting Disk Check Valve 3HP-102 Fails To Open On Demand 8.1513-05 /N I N 8.15E-05 
HHP0102CVT Tilting Disk Check Valve 3HP-102 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HHP0103VVT Manual Valve 3HP-103 Transfers Closed 3.75E-08 /H 24 H 9.001-07 
HI-IPO105CVT Check Valve 3HP-105 Transfers Closed 1.38E-07 /H 24 H 3.31E-06 
HHP0106VVT Manual Valve 311P-106 Transfers Closed 3.75E-08 /1-1 24 -1 9.001-07 
HHP0I07VVT Manual Valve 3HP-107 Transfers Closed 3.75E-08 /H 16 D j.44E-05 
HHP0I09CVO Tilting Disk Check Valve 311P-109 Fails To Open On Demand 8.15E-05 I/N I N 8.15E-05 
HHP0109CVT Tilting Disk Check Valve 3HP-109 Transfers Closed 1.38E-07 /H 24 H 3.31E-06 
HHPOI IOVVT Manual Valve 3HP-1 10 Transfers Closed 3.75E-08 /H 16 D 1.44E-05 
HHPOI 15MVT Motor-Operated Valve 3HP-1 15 Transfers Closed 1.04E-07 /H 24 H 2.50E-06 
HHPOI 18VVT Manual Valve 3HP-1 18 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHP0195VVT Manual Valve 3HP-195 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HHPO234VVT Manual Valve 3HP-234 Transfers Closed 3.75E-08 /H 9 M 2.43E-04 
HHPO236VVT Manual Valve 3HP-236 Transfers Closed 3.75E-08 /H 9 M 2.43E-04 
HHPO253CVO Check Valve 3HP-253 Fails To Open On Demand 8.15E-05 IN I N 8.15E-05 
-H11PO253CVT Check Valve 3HP-253 Transfers Closed 1.38E-07 /H 24 H 3.31E-06 

HHPO331PST Low Instrument Air Pressure Switch 31APS0331 Spurious Operation 5.93E-07 /H 24 H I.42E-05 
HHPO340VVT Manual Valve 3HP-340 Transfers Closed 3.75E-08 /H 9 M 2.43E-04 
HHPO355AVO Air Operated Valve 3HP-355 Fails To Open On Demand 1.40E-03 I/N I N 1.40E-03 
HHPO355AVT Air Operated Valve 3HP-355 Transfers Closed 6.35E-07 /H 24 H 1.521-05 
HHPO357PST High Letdown Temp. Pressure Switch 3HPIPS0357 Spurious Operation 5.93E-07 /H 24 H I.42E-05 
HHPO419CVO Check Valve 3HP-419 Fails To Open On Demand 8.15E-05 /N I N 8.15E-05 
HHPO419CVT Check Valve 31-IP-419 Transfers Closed 1.38E-07 /H 24 H 3.31E-06 
IHPO472DHE Operators Fail to Align Aux. Pressurizer Spray by Opening 3HP-472 * *E-02 
HHPOLDAFLF Letdown Filter 3A Clogs 1.58E-06 /H 24 H 3.79E-05 
HHPOPZRORF Aux. Spray Block Orifice Is Plugged 2.56E-09 /H 24 H 6.14E-08 
HHPOSGOLHE HPI Suction Crosstie Is Left Unavailable After Test Or Maintenance * *3.20E-03 
HHPOTRBLHE HPI Train 3B Is Left Unavailable After Test Or Maintenance * *5 
HHPOTRBTRM HPI Train 3B Is In Maintenance * *2.OOE-02 
HHP2-2RCOM lCommon Cause Run Failure of HP! Pumps 3A and 3B * ** * 2.2013-06 
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HPI SYSTEM AUXILIARY SPRAY DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
HHP33PILTF Level Transmitter 33PI Fails 4.55E-07 /H 24 H 1.09E-05 
HHP33P2LTF Level Transmitter 33P2 Fails 4.55E-07 /H 24 H 1.09E-05 
HHP53FSPSO Pressure Switch 3HP53-FS Fails To Operate On Low RCP Seal Flow 2.01E-04 /N I N 2.01E-04 
HHP53XRRYD Auxiliary Relay HP53XR Fails To Operate On Low RCP Seal Flow 1.1 E-04 /N I N 1.11 E-04 
HHPDEMAFLF Purification Demineralizer 3A Fails To Pass Flow 1.58E-06 /H 24 H 3.79E-05 
HHPHX3AHXF Heat Exchanger On HPI Pump 3A Clogs 1.2 1E-06 /H 24 H 2.90E-05 
HHPHX3BHXF Heat Exchanger On HPI Pump 3B Clogs 1.2 1E-06 /H 16 D 4.65E-04 
HHPKDI7CLT 208/120 V ac Panelboard 3KD Breaker 17 Transfers Open (3HP-8) 4.62E-07 /H 24 H 1.11 E-05 
HHPKDI8CLT 208/120 V ac Panelboard 3KD Breaker 18 Transfers Open (3HP-17) 4.62E-07 /H 24 H 1.1 IE-05 
HHPKDI9CLT 120 V ac Panelboard 3KVID Breaker 19 Transfers Open (3HP-6) 4.62E-07 /H 24 H 1.1 IE-05 
HHPKU21CLT 120 V ac Circuit Breaker 3KU-21 Transfers Opens (ICS Cab. 7) 4.62E-07 /H 24 H 1.1 IE-05 
HHPLDCAHXF Letdown Cooler 3A Clogs 1.21E-06 /H 9 M 7.84E-03 
HHPLDCBHXF Letdown Cooler 3B Clogs 1.2 1E-06 /H 9 M 7.84E-03 
HHPML64PCF Manual Loader 3HPIMLOO64 Spuriously Closes 3HP-355 1.1OE-07 /H 24 H 2.64E-06 
HHPPU3AHPR HPI Pump 3A Fails To Run 1.47E-05 /Hl 24 H 3.53E-04 
HHPPU3BHPR HPI Pump 3B Fails To Run 1.47E-05 /H 24 H 3.53E-04 
HHPPU3BHPS HPI Pump 3B Fails To Start On Demand 1.18E-03 /N 1 N 1.18E-03 
HHPSV90SVT Solenoid Valve 3HPISVO090 Transfers Position 3.98E-07 /H 24 H 9.55E-06 
HHPSVLVCOM Common Cause Failure Of MOVs 3HP-24 And 3HP-25 To Open On Demand * * * * 1.24E-04 
HHPTRNBDHE Operators Fail to Align HPI Train 3B * * * * 1.00E-02 
HHSOO I 7MVT Motor Operated Valve I HPSW- 17 Transfers Position 1.04E-07 /.H 0.5 M 3.74E-05 
HHSOI l2VVT Locked-Open Manual Valve 3HPSW-1 12 Transfers Closed 3.75E-08 /H 0.5 M 1.35E-05 
HHSO202VVT Locked-Open Manual Valve 3HPSW-202 Transfers Closed 3.75E-08 /H- 0.5 M 1.35E-05 
HHSO450VVT Locked-Open Manual Valve HPSW-450 Transfers Closed 3.75E-08 /H 0.5 M 1.35E-05 
HHSO555VVT Manual Valve HPSW-555 Transfers Closed 3.75E-08 /H 9 M 2.43E-04 
HHSO556RGO Self-Contained Regulating Valve 3HPSW-556 Fails To Open On Demand 6.66E-04 /N I N 6.66E-04 
HHSO556RGT Self-Contained Regulating Valve 3HPSW-556 Transfers Closed 9.27E-07 /H 24 H 2.22E-05 
HHS2017MVT Motor Operated Valve 2HPSW- 17 Transfers Position 1.04E-07 /H 0.5 M 3.74E-05 
HLDDIVTCHE Operators Inadvertently Divert Letdown Flow * * * * 1.00E-03 
HLDFLOWAMF Alarm Instrument Fails 3.26E-06 /H 6570 H 2.141-02
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HPI SYSTEM AUXILIARY SPRAY DATABASE ___FACOR___ 

NAME IDESCRIPTION RATE 
HLDFLOWDHE Operator Fails to Check Unit Board Letdown Flow Receiver Gauge * *.E+00 
HLDISOLCHE Operators Inadvertently Isolate Letdown * *1.E-02 
HLDPATHDEX Normal Letdown Path Ruptures * 1.E-07 
HLDPXTRCOM Common Cause Failure of LDST Pressure Transmitters * *380E07 
HLDSLVLAMF LDST Level Alarm Device Fails 3.26E-06 /H 6570 H 2.14E-02 
HLDSTLIDHE Operator Fails to Maintain LDST Level > 40 " thru Appropriate Monitoring * *.E-03 
HLDSTLPDHE Operator Error Causes Low Pressure Condition * *1.E-03 
HLDXMTRCOM Common Cause Failure of LDST Level Transmitters * *7.60E-07 
HLP0046CVT Check Valve 3LP-46 Transfers Closed 1.38E-07 /H 24 H 3,31E-06 
HLP0131CVT Check Valve 3LP- 131 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
HLS0147VVT Manual Valve 3LPSW-147 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLS0148CVT Check Valve 3LPSW-148 Transfers Closed 1.38E-07 /H 24 H 3.31E-06 
HLS0149VVT Manual Valve 3LPSW-149 Transfers Closed 3.75E-08 /H 24 1-I 9.OOE-07 
HLS0150VVT Manual Valve 3LPSW-150 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLSOI52VVT Manual Valve 3LPSW-152 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
-ILS0153VVT Manual Valve 3LPSW-153 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLS0154VVT Manual Valve 3LPSW-154 Transfers Closed 3.75E-08 /H 24 1- 9.OOE-07 
HLS0157VVT Manual Valve 3LPSW-157 Transfers Closed 3.75E-08 /H 16 D 1.44E-05 
HLS0158VVT Manual Valve 3LPSW-158 Transfers Closed 3.75E-08 /H 16 D 1.44E-05 
HLSO159VVT Manual Valve 3LPSW-159 Transfers Closed 3.75E-08 /H 16 D 1.44E-05 
HLSO204ORF Flow Orifice 3LPSW-FE-204 Clogs 2.56E-09 /H 24 H 6.14E-08 
HLSO246VVT Manual Valve 3LPSW-246 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLSO500VVT Manual Valve 3LPSW-500 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLS0503CVT Check Valve 3LPSW-503 Transfers Closed 1.38E-07 /H 24 H 3.31E-06 
HLSO708VVT Manual Valve 3LPSW-708 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLSO709VVT Manual Valve 3LPSW-709 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLSO71 IVVT Manual Valve 3LPSW-711 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
HLSO771VVT Manual Valve 3LPSW-771 Transfers Closed 3.75E-08 /H 9 M 2.43E-04 
HLSOCOIFLF Cuno Filter 3LPSFL0001 Clogs 1.58E-06 /H- 24 H 3.79E-05 HLSOC02FLF Cuno Filter 3LPSFLOO02 Clogs I.58E-06 1/f 24 H 3.79E-05 
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HPI SYSTEM AUXILIARY SPRAY DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
HLSOCl8FLF Cuno Filter 3LPSFLOO18 Clogs 1.58E-06 /H 24 H 3.79E-05 
HLSFILTCOM Common Cause Failure Of Cuno Filters 3LPSFLO0OI, 0002, And 0018 * * * * 1.90E-06 
HLVLDRPDEX Level Change or Other Operational Condition Causes Pressure to Drop * * * * 1.00E+00 
HLVLSTILTM LDST Level String I Is in Maintenance * * * * 1.00E-03 
IILVLST2LTM LDST Level String 2 Is in Maintenance * * * * 1.00E-03 
I]MOD Auto-Swap to BWST on Low LDST Level Mod. is INSTALLED * * * * 0.OOE+00 
HNMOPLVDHE Operators Fail to Recognize Level Instrument Failure * * * * 1.00E+00 
HNMOPRSDHE Operators Overcharge the LDST * * * * 1.OOE+00 
HNMOPRSLHE Operators Fail to Recognize Pressure Instrument Failure * * * * 1.00E+00 
HNOMOD Auto-Swap to BWST on Low LDST Level Mod. is NOT INSTALLED * * * * 1.00E+00 
HOACSERDEX OAC Is OOS * * * * 1.00E-02 
HOPUNPRDHE Inadequate Operator Guidance Regarding LDST Underpressure * * * * 1.00E-03 
HPl4LSISMF Signal Monitor3HIP14-LSI Fails 8.26E-07 /H 24 H 1.98E-05 
HPl4LS2SMF Signal Monitor 3HPI14LS2 Fails 8.26E-07 /H 24 H 1.98E-05 
HP10085DEX Instrument Root Valve (Ref. Legs Common) 3HP110085 Transfers Closed * * * * 9.00E-08 
HPI0087DEX Instrument Root Valve (Sensing Lines Common) 3HP110087 Transfers Closed * * * * 9.00E-08 
HPI0095VVT Instrument Root valve HP11V0095 Transfers Shut 3.75E-08 /H 24 H 9.OOE-07 
HPIO368DEX Instrument Root Valve HP11V0368 Transfers Shut * * * * 9.OOE-08 
HPIO368VVT Instrument Root Valve HP11V0368 Transfers Shut 3.75E-08 /H 6570 H 2.46E-04 
HPl0369DEX Instrument Root Valve HP11V0369 Transfers Shut * * * * 9.00E-08 
HPl0369VVT Instrument Root Valve HP11V0369 Transfers Shut 3.75E-08 /H 6570 H 2.46E-04 
HPIFT6PFTF Letdown Flow Transmitter HPIFT0006P Fails 1.58E-06 /H 24 H 3.86E-05 
HPIFT6XCOM Common Cause Failure of Letdown Flow Transmitters * * * * 5.29E-04 
HPILT6AFTF Letdown Flow Transmitter, HPIFT0006A, Fails 1.58E-06 /H 6570 H 1.06E-02 
HPIPRSIPRM LDST Pressure String#1 Is in Maintenance * * * * 1.00E-03 
HPIPRS2PRM LDST Pressure String #2 Is in Maintenance * * * * 1.00E-03 
HPIPSO4PSL Pressure Switch 3HPIPS004 Fails Low 8.50E-07 /H 6570 H 5.58E-03 
HPIRO52DEX Instrument Manifold Valve HPIIV0052r Transfers Position * * * * 9.OOE-08 
HPIRIO3DEX Instrument Manifold Valve IIPIIVOI03r Transfers Position * * * * 9.OOE-08 
IHIPISO52VVT Instrument Manifold Valve HPIIV0052s Transfers Position 3.75E-08 /H 24 H 9.00E-07 
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HPI SYSTEM AUXILIARY SPRAY DATABASE 
NAME DESCRIPTION RATE FACTOR PROB 
HPIS103VVT Instrument Manifold Valve HPIIV0103s Transfers Position 3.75E-08 /H 24 H 9.OOE-07 
HPIVO97VVT Instrument Root Valve HPIlVO097 Transfers Shut 3.75E-08 /H 24 H 9.OOE-07 
HPIV362VVT Instrument Root Valve HP110362 Transfers Shut 3.75E-08 /H 24 H 9.00E-07 
HPIV370VVT Instrument Root Valve HPH1VO370 Transfers Shut 3.75E-08 /H 24 H 9.00E-07 
HPIV371VVT Instrument Root Valve HPH1VO371 Transfers Shut 3.75E-08 /H 24 H 9.OOE-07 
HPT0010APT Pneumatic Pressure Transducer HPIPT0010 Fails 6.76E-06 /H 24 H 1.62E-04 
HPT004LAMF Alarm Module Fails to Operate on Demand 3.26E-06 /H 6570 H 2.14E-02 
HPTO228POF HPIPTO228 24Vdc Power Supply Fails 1.72E-06 /H 24 H 4.13E-05 
HPTO228PTF Pressure Transmitter HPIPT0228 Fails 4.07E-07 /H 24 H 9.77E-06 
LLP0028LHE 3LP-28 Left Closed Due to Human Error * *2.60E-05 

LLP0028VVT Manual Valve 3LP-28 Transfers Closed 3.75E-08 /H 24 H 9.00E-07 
LLP0061CVO Vacuum-Breaker Valve 3LP-61 Fails to Open 8.15E-05 /N I N 8.15E-05 
LLP006ICVT Vacuum-Breaker Valve 3LP-61 Transfers Closed 1.38E-07 /H 24 H 3.3 1E-06 
LLPOBWTTKF Borated Water Storage Tank Ruptures 6.031E-07 /H 24 H 1.45E-05 
P2C3KD Loss Of Power On 208/120 V ac Panelboard 3KD * *4.40E-05 

P2C3XSI Loss Of Power From 208 V ac Motor Control Center 3XSI * *3.0E-05 
P2C3XS2 Loss Of Power From 208 V ac Motor Control Center 3XS2 * *3.OOE-05 
P3TC Loss Of Power From 4160 V ac Switchgear 3TC * *2.70E-05 
P3TE Loss Of Power From 4160 V ac Switchgear 3TE * *2.70E-05 
PRZRCHAL Pressurizer Level Alarm Is Challenged * *.E+00 

PRZRLVLDEX Pressurizer Level Alarm Fails * ** .1+00 
RLP0046CVO Check Valve 3LP-46 Fails To Open On Demand 8.15E-05 /N I N 8.15E-05 
RLPO 131 CVO Check Valve 3LP- 131 Fails To Open On Demand 8.15E-05 fN I N 8.1/NE-0 
W100 No Flow From Low Pressure Service Water Header 3A * *3.OOE-05 
W200 No Flow From Low Pressure Service Water Header 3B * *3.0-05 
WCW0087VVT Manual Valve 3CCW-87 Transfers Closed 3.75E-08 /H 24 H 9.OOE-07 
WH3 All High Pressure Service Water Supplies Fail 6.80E-07 
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