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1. INTRODUCTION 

Following the loss-of-coolant accident (LOCA) at the Three Mile Island Unit 2 

(THI-Z)-facility, the NRC re-evaluated the power-operated relief valve (PORV) 

system requirements. Plant configuration changes were recommended toreduce 

the probability of PORV failures. Operating plants were required to raise 

PORV setpoints, lover high-pressure reactor protection system (RPS) setpoints, 

and install anticipatory reactor trips upon main turbine trips. These modifi

cations have reduced plant availability by increasing the number of reactor 

trips. The severity of these plant upsets can be reduced while meeting PORV 

reliability requirements. By returning the setpoints to their pre-TMI values 

and by installing an automatic PORV isolation system, both goals can be achieved.  

The NRC has,formalized guidance for the PORV system changes. The guidance is 

included in sections II.K.3.1 and II.K.3.2 of NUREG-0737. Section II.K.3.2 re

quires a report documenting the various actions that have been taken to decrease 

the probability of a small break LOCA caused by a stuck-open PORV or safety 

valve. If these actions reduce the probability of a small break LOCA caused by 

a stuck-open PORV so that it is not a significant contributor to the probabili

ty of a small break LOCA due to all causes, then no other actions are needed.  

If the contribution of the PORV to the total probability is more significant, 

then II.K.3.1 requires installation of an automatic PORV isolation system.  

This report provides the rationale for maintaining the PORV and the high-pres

sure RPS trip setpoints at their as-designed values thus reducing unnecessary 

reactor trips by allowing the PORV to operate as intended. Since maintaining 

the PORV's intended function results in a moderate challenge rate to the valve, 

an automatic PORV block valve isolation system is necessary to achieve overall 

system reliability as required by II.K.3.2. An isolation system description 

and reliability analysis are included to verify that the system will not be 

a major contributor to the probability of a small break LOCA. In addition, 

it is shown that safety valve reliability is not significantly affected by 

the isolation system.  
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1.1. Background 

Following the accident at THI, the NRC required changes to the PORV opening 

and high-pressure reactor trip setpoints and the addition of an anticipatory 

reactor trip on turbine trip for. all the-operating plants. These changes 

have increased the number of reactor trips per month caused by minor over

pressure events, turbine trips, and feedwater upsets. As intended, the modifi

cations-have reduced the number of challenges to the PORV, but they have con

currently increased the number of challenges to the reactor protection system 

(RPS)r:and-other safety systems required to support a trip. Data collected has 

shown that of-the 87 reactor trip events from September 1979 through December 

1981, 40% were caused by high RCS pressure and 29% by the anticipatory reactor 

trip on main turbine trip.  

In order to reduce the number of reactor trips, the operating plant owners 

embarked on a program to return the PORV and high-pressure reactor trip set

points to their pre-THI values. These actions would increase the number of 

PORV challenges, necessitating the installation of an automatic PORV closure 

system. A preliminary conceptual system design was prepared for -the Florida 

Power Corporation in May 1980. In principle, the proposed design was identi

cal to that proposed for backlog B&W 205-FA units. It consisted of a single 

PORV and a single block valve with an automatic closure feature. The system 

improved the probability of isolating a failed-open PORV by a factor of 25.  

However, its failure rate was still too high not to be considered a major 

contributor to the probability of a small break LOCA.  

1.2. Scope 

The results of the original automatic PORV isolation system proposed for Florida 

Power showed that the failure rate for isolating the PORV relief path prior to 

ESFAS actuation was 9.7 x 10- per reactor year. In order for the PORV not to 

be considered a significant contributor to the probability of a small break 

LOCA due to all causes, the calculated failure rate had to be reduced to approx

imately 3 x 10- per reactor year. To achieve this rate, a more detailed anal

ysis was conducted for the 205-FA plants. It addressed four major areas: 

PORV Relief System Setpoints - The automatic PORV isolation system was sub

jected to dynamic setpoint analysis using the POWER TRAIN V (PT-V) code. Set

point selection was based on (1) the expected minimum closure pressure for the 
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PORV.to preclude automatic block valve closure during normal PORV operation, 

(2) PORV block valve closure'early-enough-to avoid ESFAS.actuation due to low 

RCS pressur -fo4lowi=g a stuck opelpRV (assuming no additional failures 

causing loss of RCSupressure:cotroll, (3) POBlock alve stroke tme, and 

(4) nominal errors on applicable setpoints and .instrument strings.  

PORVISafety Valve Demand Frequency - The demand frequencies -of the PORV and 

sal ty-valves were-predicte & for the &itklb 205-FA plants.' Various overheat

ing events, such as turbine trips, reactor trips, and feedwater pump trips 

were considered, asell as overcookingevents esulting in BPI repressuriza

tion. The PT-V code was used to- mndgi he oe rheating transients, while the 

KPRZ code was used for the overcooling transients.  

PORV Relief Path Reliability - The probability of an open PORV flow path de

pends on the PORV demand frequency, the probability of a failed-open PORV 

(given that it has opened), and the probability of no block valve closure 

(given a stuck-open PORV). The probability calculations were based on valve 

hardware faults, valve operator faults, control faults, and human action 

pro&bilities.

Safety Valve Reliability - The probability of safety valve failure depends on 

the demand frequency, PORV position (open or closed), and the phase of the 

effluent (liquid or vapor). The probabilities for steam relief were estimated 

from applicable experience on steam safeties and B&W operating experience.  

Water relief probabilities were estimated using EPRI valve tests and applicable 

B&W experience.  

1.3. Results 

The results of these analyses indicate three significant points. First, by 

using an isolation valve closing setpoint of 2170 psig, ESFAS will not be 

actuated if nominal (as designed) trip setpoints are used. Premature isolation 

valve closure during normal PORV operation will also be prevented on more than 

95% of the isolation valve challenges. Second, PORV and safety valve failure 

rates will be limited to 1.66 x 10- (TVA). and .9.73 x 10 6 

failures per reactor year, respectively. At these levels, neither component can 

be considered a significant contributor to the probability of a small break 

LOCA. Third, the demand frequency analysis indicates that a main turbine 

trip will generate about 1.12 PORV lifts per reactor year. Even though this 
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represents .about 26% of the total PORV demand, failure to isolate the PORY 

relief path is not appreciably affected because the- additional. challenges are 

adequately of fsat by the automatic PORV isolation system.  

_1.tt.--Organz'ation 

In order to logically evaluate the PORV isolation system, the body of this re

port is organized-as follows. First, the basic conceptual design of the auto

matic PORV isolation system ii described-lbriefly to clarify system.operation.  

Next, a block valve setpoint analysis is included to justify the closing set

point -choice. Given this setpoint, the dnsamnd frequency of the PORV and safe

ty valves are predicted for various overheating/overcooling transients. With 

these predictions, the reliability of the PORV and safety valves is discussed.  

Finally, the post-TMI requirement of an anticipatory reactor 
trip on main tur

bine trip is evaluated objectively.
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2. SYSTEH DESCRIPTION 

The PORV has been deemed a probable source of failure that could lead to a 

small break LOCA. Should the PORV stick openor fail to reseat properly, cool

ant could be lost' continuously 'from the RCS. A PORV relief path isolation 

system was .designed to mitigate this event. The isolation system must function 

automatically to block the PORV wenever coincident "PORV flow" and low RC 

pressure signals are received. The system need not be safety grade to satisfy 

NUREG-0737 requirements, asiLnce it is not performing a safety function. The 

system must provide manual overrides for all automatic functions and allow 

the isolation valve to be opened by manual means alone. Within this framework, 

failure to close the PORV relief path must be significantly less than 1 x 10

failures per reactor year to keep the system from being considered a signifi

cant contributor to the probability of a small break LOCA.  

On 205-FA units, the PORV isolation system will consist of a single PORV mount

ed downstream from a block valve with an automatic closure feature. For this 

study, original design setpoints will be used to ensure normal PORV operations.  

For a typical transient, an overheating event for example, the system response 

can be anticipated. Under design conditions, as the RC pressure rises above 

2295 psig, the PORV opens to limit additional pressure increases. Following 

the transient, the RC pressure will drop below 2270 psig and the PORV will 

close to maintain RC pressure.  

For off-design operation, the PORV may fail to open or may open but fail to 

close. If the PORV fails to open and the RC pressure reaches 2355 psig, the 

high-pressure RPS will trip the reactor. On the other hand, the PORV may'open 

but fail to close when RC pressure drops below the 2270 psig closing setpoint.  

If the pressure continues to drop to 2170 psig and the PORV remains open, the 

block valve will close to maintain RC pressure. Should the block valve fail 

to close, the RPS will trip on low RC pressure at 1987 psig (TVA).  
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3. PORY ISOLATION VALVE SETPOINT 

Since the PbRV failure at TMI-2, an automatic PORV isolation system has been 

proposed to increase system reliability. For this analysis, the PORV opening 

and high-pressure reactor trip setpoints are maintained at their original de

sign values. Th-o following analysis is included to verify that the 2170 psig 

block value closing setpoint (100 psi below the PORV closing setpoint) satis

fies the following three design criteria: (1) prevents unnecessary cycling of 

the block valve, (2) prevents low RC pressure ESFAS actuation, and (3) prevents 

lifting of the code safety valves for most transients.  

Prevent Block Valve Cycling 

Closure of the block valve during normal PORV operation defeats the original 

purpose of the PORV. The pressure sensors for the PORV and the isolation valve 

are located in the pressurizer and at the hot leg tap, respectively. Due to 

elevation differences and frictional losses during transients, a pressure dif

ference exists between the two sensors that may cause premature isolation 

valve closures.  

To evaluate the effects of this pressure difference, a Monte Carlo simulation 

was performed using the SAMPLE code (see Appendix F). POWER TRAIN V (PT-V) 

runs supplied representative pressure differentials between the PORV and iso

lation valve sensors for various transients. The Monte Carlo simulation uti

lized a range of representative pressure differentials and accounted for in

strument errors. This analysis predicted the probability of an isolation 

valve closure, prior to PORV closure, to be less than 5%. Consequently, the 

present 2170 psig block valve closing setpoint should allow normal PORV opera

tion, prevent unnecessary cycling of the isolation valve, and automatically 

mitigate a failed-open PORV small break LOCA.  
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Prevent Low RC Pressure ESFAS Actuation 

A block valve closing setpoint of 2170 psig prevents low RC pressure ESFAS 

actuation for most transients should the PORV fail-open. Overheating and 

overheating/overcooling transients were simulated on the hybrid computer code 

PT-V to verify this setpoint. Maximum instrument errors (i.e., the PORV block 

valve sensor reads low, while the low RC pressure RPS and ESFAS sensors read 

high) were used to establish worst-case performance. Pressures sensed in the 

hot leg by- the PORV block valve, RPS, -and ESFAS pressure sensors were trans

lated to the top of the core for use in the PT-V code. However, all pressures 

in the following discussion will be referenced from the hot leg -tap since this 

is the loction of the pressure sensors.  

Table 1 lists the nominal and error-adjusted setpoints used in the analysis.  

Computations were performed for the error-adjusted (low-side) block valve set

points.of 2120 psig, because they represented the worst-case.  

On the T7A model, an error-adjusted block valve closing setpoint of 2120 psig 

prevents reactor trips on low RC pressure for most transient. However, the 

-following events will probably trip the reactor on low RC pressure: 

Trip one RC pump at 100% end of life (EOL).  

Trip one RC pump at.80-100% beginning of life (BOL).  

Even with a reactor trip-induced pressure drop of approximately 200 psi, the 

lowest pressure indicated in the hot leg is 1825 psig. which is 75 psi above 

the error-adjusted ESFAS setpoint of 1750 psig. Therefore, even if maximum 

instrument error is encountered and the reactor trips on low RC pressure, low 

RC pressure ESFAS actuation will not occur for TVA if a nominal trip setpoint 

of 2170 psig is used.  
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Prevent Lifting of Code Safety Valves 

The block valve closing setpoint is also low enough to prevent lifting of the 

pressurizer safety valves. Repressurization of the RCS occurs after closing 

-the isolation valve. With the PORV now blockad, only the pressrizer spray and 

the high-pressure reactor trip -can decrease RC pressure.

The PT-V analysis can be used to verify another setpoint. Prelminry PT-V 

results indicate that the lowest nominal closing setpoint that can be justified 

is 2110 psig, which corresponds to an error-adjusted (low-sIday setpoint -6f 

2060 paig. Thus, the present analysis can be used to select and justify a set

point. lower :than- 2170 -psig..  

In summary, the PORV isolation valve closing setpoint of- 2170 psig -satisfies 

all design criteria. This setpoint prevents low RC pressure ESFAS actuation 

and prevents lifting of the pressurizer code safety valves. In addition, nor

mal PORV operation is preserved, while anecessary cycling of the isolation 

valve 'is prevented.:'
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Table 1. Setpoints for PORV Isolation Valve 
Closing Setpoint Analysis

TVA setruoints, psig

Nominal' 
7-' . : _

-With 
NAIEs 

OC Z

PORV block 
valve closin 

RPS low RC 
pressure.  

Low RC pres 
sure ESFAS

2170 (b) 
(2230) 

1987 
(2047).  

1700 
(1760)

2120 

(2180) 

.2012 

202) 

1750

* (1810)-

(a)NAIls: Non-accident instrument errors.  

(b)The setpoint in -parentheses is used in POWER TRAIN. V; 60 psi has been added 
. .to cais setpoint.o... Lanslate the' zatpziu fr..rn the i;ot leg tap t-. thc tcp 

of the core.  

Note: All three pressure sensors for the PORV block valve, RPS low RC pres
sure, and low RC pressure ESFAS are located at the hot leg tap.
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4. PORV/SAFETY VALVE DEMAND FREQUENCY 

In contrast to the operating 177-FA plants, the 205-FA design requires that 

the PORV setpoint be lower than the high-pressure reactor trip setpoint. This 

alignment increases the number of PORV challenges and raises questions about 

the reliability of the-PORV and the safety valves. Operating experience from 

177-FA plants (prior to the TMI-2 incident) indicates that a variety of tran

sients may lift the PORV. Similar transients at the 205-PA plants should also 

generate PORV lifts. The following analysis predicts the number of PORV/safety 

valve lifts on the 205-FA units for transients in wnich either or both valves

lift. With these demand requirements, the reliability of the PORV and the 

safety valves can be ascertained.  

Challenges to the PORV and/or safety valves depend on the specific transient 

and plant being considered. Differences between the 205- and 177-FA plants 

eliminate the loss-of-main-feedwater transient. The anticipatory reactor trip 

on loss of both main feedwater pumps and on high flux/feedwater flow ratio 

should trip the 205-FA reactor before the PORV lifts.  

TVA's interlock to trip the reactor upon turbine trip-if 
reactor power is 

greater than 76%--eliminates a turbine trip from the transient 
list for TVA 

above 76% power. Based on 177-FA operating experience and plant differences, 

the resultant transient list includes the following: 

Turbine trip with reactor trip (TVA > 76% reactor power) 

Turbine trip without reactor trip 

Trip one FW pump 

Trip one RC pump 

Trip two RC pumps (one per loop) 

Load rejection 

Ramp one FW valve 50% closed 

Rod drop 

Overcooling with HPI/MU repressurization 
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This list, consisting primarily of moderately frequent events, does not include 

random instrument failures that occur as a result of hardware failures or human 

error.  

Two computer programs were used-to determine the number of PORV and safety 

valve lifts. POWER TR&IN V (PT-V); a hybrid coded--determines the number of PORV 

and/or safety valve lifts for overheating transients. Since 

PT-V cannot model high-pressure injection, KRPZ, a non-equilibrium pressurizer 

code, was used. KPRZ ascertains the number of PORv and/or safety valve lifts 

for overcooling events with EPI/MU repressurization.  

The overheating transients run on PT-V gave the number of POY 

lif ts. Table 2 shows the number of PORV lifts for beginning-of-life (BOL) and 

end-of-life (EOL) conditions. The results indicate an estimate of the expected 

maximum number of lifts plus or minus a number of possible lifts. The number 

of possible lifts represents variations in the PORV setpoint and in plant con

ditions at the beginning. of the transient. These variations .can cause peak 

pressures that previously missed the PORV setpoint, but later actuate the PORV 

in the same transient. In determining the PORV lifts, PT-V limits were ob

served and proper auxiliary feedwater (AFW) actuation and control were assumed.  

These lifts are valid over the reactors' 70-100% power range. Below 70% power, 

the PORV lifts approach zero since the plant, with the aid of the ICS, can 

handle RC pressure upsets without challenging the PORV. Consequently, the ma

jority of the PORV lifts will occur at high power levels.  

?T.-V aid 2PRZ provide the number of lifts for the overcooling events with EPI/ 

MD repressurization. PT-V models overcooling transients prior to ESFAS actua

tion. Pressurizer conditions (such as pressure, level, insurge, temperature, 

etc.) from PT-V enable KPRZ to model post-ESFAS events. Insurge flow was as

sumed to be due to high-pressure injection. The modeling also assumed that 

the operator correctly throttles HPI 10 minutes after ESFAS actuation in an ef

fort to control pressurizer level and subcooled margin. Post-ESFAS events mod

eled on KPRZ predict that an BPI repressurization will generate an estimated 

129 ± 13 POV lifts per demand. The normal repressurization due to makeup flow 

following a reactor trip is controlled by the pressurizer spray. In this case, 
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the PORV is not challenged. Therefore,. only, the overcooling with HPI represn 

surization lifts the PORV and may lift the pressurizer safety valves.  

The same transients were repeated with. the PORVn blocked. -For the overheating 

transients, the pressurizer safety valves-,do :not lift since the reactor tripe

on high RC pressure, and auxiliary.feedwater controls steam generator level 

to remove decay heat. For overcooling with makeup repressurization, the pres

surizer spray maintains pressure below the.PORV satpoint.. Therefore, the safi

ty-valves do not lift for this transient either. Overcooling by HPI repres

surization was the only transient that lifted the safety valves. As with the 

operable PORV case, the operator throttles HPI to control level 10 minutes 

after HPI begins. This HPI throttling assumption limits the safety valve lifts 

to 15 ± 2 lifts for either valve. Therefore, only overcooling with HPI repres

surization will lift a safety valve.  

Since both the PORV and-the safety valves may be challenged, the lifts may be 

coincident, or out of phase. Both operable and inoperable PORVs were consid

ered. With an-operable PORV, the time difference between the two lifts is not 

applicable since the PORV or the pressurizer spray (overcooling with makeup 

repressurization) maintains pressure below the safety valve setpoint. For an 

inoperable PORV with overcooling and makeup (MU) repressurization. the pres- , 

surizer spraypagain maintains pressure below the safety valve setpoint. As a 

result, the time difference between lifts is again not applicable. However, 

for an inoperable PORY with overcooling by HPI repressurization, one safety 

valve will lift. In this case, the valve lifts approximately 145 seconds 

(about 2.5 minutes) after the pressure exceeds the PORV opening setpoint.  

This time difference does not impact the PORV or safety valve reliability, 

however, it does characterize the time scale required for a safety valve lift 

that will be of use to the operator.  

In conclusion, input to the PORV reliability.analysis consists of transients 

that lift the PORV,,the number of PORV/safety valve lifts, and the time differ

ences between PORV and safety valve lifts. Operating experience on 177-FA 

plants has provided the basis for the transient list. KPRZ indicates that the 

only transient that lifts the safety valves occurs for an inoperable PORV with 

HPI/MU repressurization. None of the overheating transients lifts the safety 

valves. However, note that the number of valve lifts should be regarded as rep

resentative of the expected number of lifts since no operating data are available.  

- 12 - Babcock a Wilcox 
a Uc~ebMat my --



Table 2. PORV Lifts

Liftsdemand. (a) 
Transient BOL

Turbine tripvl 
reactor trip 

Turbine trip w/o 
feactor trip 

Trip one PW pump 

Trip one RC pump 

Trip two RC pumps 

Load rejection 

Ramp one FW 
valve 50% closed 

- Overcooling (c) 
HPI repress'n 
HU repress'n 

Rod drop 
0.09% Ak/k 

0.06% Ak/k 
0.03% Ak/k

Liftsdemand, (a) o. of (b) 
EOL liftslyr

O±0 -:76% pre _0 76% pw- 3±. Pu 
1±1 < 76% pwr -1-0 < 76% pwr Negligible 
111.  

1+0 1.12

C4+1.  
4 

2+0 

1±0

-o 
2 +0 

-1 

1±0 

- -11±0

2 +0 -I

129±13 
0±0

o 
2I

0. 92 

0.04 

Negligible 

0.10 

0.91

0.51 
0

0.74

(a)These lifts are valid over the power range from 
Below 70% power, the lifts will go to zero.  

(b)Predictions made with point estimates for BOL.

70 to 100%.

(c)Worst-case estimate based on two HPI pumps being operated for 
10 minutes prior to proper operator corrective action. The 

modeling also assumed that insurge to the pressurizer was due 

exclusively to HPI, while outsurge was due to PORV relief.  

Also note that the relief capacity of the PORV exceeds the 

capacity of the two HPI pumps.
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5. PORV RELIEF PATH RELIABILITY 7 

Having specified a PORV demand history, the reliability of the 205-FA auto

matic PORV isolation system can be evaluated. To meet NRC requirements, fail

ure to-isolate the PORV relief path must not appreciably impact the value of 

LO x 11! failures per reactor year. Isolation of the PORV may increase 

the demand on the pressurizer code safety valves, however. As a result, safety 71 

valve reliability must also be evaluated, as discussed in section 6.  

The probability of PORV isolation system failure was determined using a fault 

tree analysis. Fault trees were constructed for two classes of initiating 

events: pressure transients and spurious system operation. A statistical 

analysis was also performed, which predicted the PORV's challenge frequency.  

Dominant cut sets for each fault tree were obtained using the fault tree anal

ysis program FTAP. With PORV challenge frequency and FTAP results as input, 

the SAMPLE code was used to predict the distribution of system failures.  

Failure data and initiating event frequencies are listed in Appendixes C and 

D.  

To evaluate the reliability of the PORV isolation system, the analysis was 

organized as follows: statement of assumptions, fault tree analysis, human 

reliability analysis, PORV challenge frequency, failure data, uncertainty 

analysis, and definition of mission success.  

In any complex problem, simplifying assumptions are a necessity. For the 

automatic PORV isolation system, the following assumptions were made: 

1. Degraded failures were not considered. That is, components were assumed 

to operate properly or were treated as failed.  

2. Failures of passive components, such as test points, were disregarded due 

to their infrequent occurrences.  

3. A monthly equipment test interval was assumed. Since time independent un

availability approximations were used to quantify the basic events, interim 

failureswould not be discovered until the succeeding test.  
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4. Operator errors of commission were not included in the fault tree.  

5. The failure rate for the block valve was based on generic data for an 

electric-motor-operated gate valve of that size and operator.  

6. Target Rock valves have experienced 125,000 total cycles (100,000 bench 

test and 25,000 field experience) on the pressurizer spray with no fail

ures. Since the spray valve is not subjected to the same environment as 

the PORV,.the value of zero failures in 25,000 cycles was used in the 

Bayesian updating procedure. This procedure uses the prior experience of 

the Dresser PORV (4 failures in 400 demands) and the evidence of zero 

failures in 25,000 cycles to arrive at a modified value for the Target 

Rock valve in the PORV application.  

A fault tree analysis, consistent with the methodology described in the Fault 

Tree Handbook (NUREG-0492), was used to evaluate the reliability of the PORV/ 

PORV block valve system. The fault trees for this system are included in Ap

pendix A. The GRAP software package (graphic reliability analysis package) 

was used to construct and evaluate the fault trees. Fault trees were con

structed with enough detail to identify the components that are dominant con

tributiors to system failure. No attempt was made to account for failures due 

to external events, such as fires, floods, or earthquakes.  

The FTAP code was used for identification of minimum cut sets, quantification 

of the fault trees, ranking of basic event importance, and identification of 

major contributors to system failure (See Appendix A.) 

A human reliability analysis (HRA) was also performed, which was consistent 

with the methodology described in NUREG/CR-1278. The basic human error prob

abilities used in this analysis are found in Chapter 20 of the Handbook.  

Probability tree diagrams for the human tasks of interest are presented in 

Appendix B.  

With the framework of the fault tree and human reliability analysis set, the 

PORV demand frequency was predicted. PORV lifts were initiated using seven 

transient sources. The number of lifts for each source, in a specified period 

of time, is described by a Poisson distribution. Each PORV lift may result 

in one or more cycles. The number of cycles for each source is described by 

a multinomial distribution. This distribution changes linearly from the be

ginning to the end of the core life (assumed to be 1 year). The statistical 
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treatment involved combining the Poisson and multinomial distributions to de

scribe the random number of cycles. Thereafter, the frequency of one, two, etc.  

cycles could be obtained, regardless of the source, by means of simulation.  

The complete list of generic data used in this analysis is given in Appendixes 

C and D. Failure data and initiating event frequencies were obtained from 

various sources. Repair times for components in the power distribution system 

were supplied by plant personnel.-

An uncertainty analysis was also performed. The SAMPLE code was used to evalu

ate uncertainties in the system unavailability results. Range factors obtained 

from the Reactor Safety Study were used to construct lognormal distributions.  

These distributions were localized around the point-estimate failure probabil

ities of the dominant unavailability contribut6rs. Three parameters influenced 

the form of the sample function used in this analysis. The form depended on the 

product of two terms, the simulated PORV demand frequency and the system re

sponse to the pressure transients, plus the contribution due to spurious system 

operation. The uncertainties surrounding system unavailability were evaluated 

in terms of the mean, the 5%, and the 95% levels of system probability distribu

tion.  

To finally judge the PORV isolation system, a formal definition of mission suc

cess is required. Mission success can be defined in terms of either system op

eration or reliability. In terms of system operation, mission success is de

fined as the ability to isolate the PORV relief path prior to low RC pressure 

ESFAS actuation (1700 psig). System failure, therefore, is defined as any fail

ure within the system boundaries that results in depressurization to the ESFAS 

actuation setpoint. In terms of reliability, the NRC requires a ceiling fail

ure rate significantly less than 1.0 x 10-s failures per reactor year for small 

break LOCAs. Based upon engineering judgement, B&W has selected a failure cri

teria of 3 x 10-4 failures per reactor year to represent an insignificant con

tributor to the probability of a small break LOCA. Consequently, system failure 

in this case is defined as a system with a probability of failure greater than 

3.0 x 10-4. With these definitions, mission success can be evaluated for the 

systems considered.  

The results of this study indicate that.the 205-FA automatic PORV isolation 

system satisfies -both definitions of mission success. Operationally, the iso

lation system (with original design trip setpoints) prevents low RC pressure 
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ESFAS actuation, effectively modulates RC pressure, reduces unnecessary reac

tor trips, and increases plant availability. From. a. reliability standpoint, 

the results are given in Table 3 at the mean, 5%, and 95%-confidence levels.  

At the 95% confidence level, for -example, failure to isolate the PORV. relief 

path is-limited to 1.66x10 failures per-reactor year. Therefore, the 

probability of.failing to isolate the PORV relief path at the 205-FA plants 
-3 

-is -significantly less-than 1x1O failures per reactor-year.  

Aside from strict design.,criteria, two other aspects of the design are worth 

mentioning., The results indicate that the Target Rock valves are extremely 

reliable and that the presence of the ATOG displays and PORV position switch 

in the control room increase operator awareness. Bowever, there is one dis

tinct drawback to-this design. Improved isolation of the PORV relief path 

could lead to elevated safety valve demand as discussed in section 6.

Table 3. PORV Automatic Block Valve Isolation System 

Failure Probability and Confidence Limits

Failure probability]year

TVA

Mean 

6.00 x 10-s

5%'confiLd.  
limit 

1.31 x 10-s

95% confid.  
limit 

1.66 x 10-

Babcock a WilcoX 
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6. SAF ftVALVE RELIABILITY 77 

A reliable automatic PORV isolation system had been developed for the 205-FA 

plants_ With this system, the probability of proper isolation of the PORV re

lief path is maximized. Isolation of the PORY, however, could increase demand 

on the pressurizer code safety valves. Consequently, a safety valve reliability 

analysis was conducted._.  

A small break LOCA due to a failed-open safety valve may occur along either 

of two pathways. The pathways identified include overcooling with subsequent 

repressurization and overheating transients.  

To quantify the LOCA probabilities, event sequences were constructed for the 

overcooling scenario and for three overheating events. The event sequences 

and supporting failure data are listed in Appendix E. The overcooling tran

sient was initiated by assuming that the ESPAS actuates on low RC pressure.  

No attempt was made to predict the frequency of occurrence of the three over

heating events analyzed. This method was chosen because the existing auxil

iary feedwater designs are very reliable and, in the event of a total loss of 

feedwater, EPI feed along with some form of pressurizer bleed would be used 

to cool the core.  

The following assumptions were used in analyzing the overcooling scenario: 

1. The PORV relief path is isolated.  

2. After 10 minutes of inadvertent BPI operation, the proba

bility that the operator will throttle HPI and realign normal 

makeup is 1.0.  

3. There is some type of uncertainty as to the type of discharge 

passed through the safety valves. However, a conservative 

failure estimate can be made by assuming that the discharge 

is water or two-phase (worst case).  
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Failure rates for the pressurizer safety valves (PSVs) can be 
ascertained by 

examining the failure rates of the main steam safety valves 
(MSSVs). This 

is possible because both operate on the sam principle; i.e., they both work 

against the closing force of a spring, and they both require an additional 

sudden opening force when they.reach their trip setpoints.  

Differences between the PSV and MSSV must also be pointed out: 

* The fluid passing through a PSV should containfewer suspended 

particulates than that passing through an MSSV.  

* The PSV-is stainless steel whereas the MSSV is predominantly 

carbon steel. Rusting of the carbon steel will introduce 

additional foreign matter into the fluid.  

* The PSV is an ASME Class I component, while the MSSV is an 

ASME Class II valve.  

* The PSV must operate with a variable backpressure, while the 

MSSV operates with a fairly constant backpressure. As a re

-sult, the PSV design is more sophisticated and- has more com

ponents that may fail.  

The first three differences suggest that the PSV may have a lower failure 

rate than the MSSV, while the last point suggests the opposite.  

Cumulative B&W operating experience indicates that there have been aproxi

mately 2850 MSSV demands. In all these cases, there has not been a single 

failure due to a valve reseating problem (remain in full-open position). A 

failure rate based on zero failures in 2850 demands was computed using a X2 

50% level test. The calculated failure rate for the steam relief was found 

to be 2.43 x 10- per demand. The failure rate for water relief was esti

mated to be 100 times larger than for steam relief, i.e., 2.43 x 10 - per 

demand.  

The safety valve failure rate was determined using a Bayesian updating proce

dure. The prior distribution was assumed to be lognormal with a mean of 

2.43 x 102 per demand. This lognormal distribution was then combined with 

the evidence of five safety valve water demands with no failures to determine 

the probability of failure. Four EPRI safety valve test programs (September 

1981) and a single demand at Crystal River 3 (February 26, 1980) accounted 

for valve performance history.  
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The results of this investigation indicate that an uncontrolled small break 

ICA through the pressurizer code safety valves is not a probable event. Dur

ing the course of this analysis, two paths were identified as dominant con

tributors to the probability of a safety valve failure. These are overcooling 

with subsequent repressurization and overheating transients. The probability 

of a LOCA due to overcooling events was found to be 9.73 x 10' per reactor 

year, while the cumulative frequency of. occurrences for the overheating tran

sients was calculated to be 6.27 x 10-s per reactor year. In addition, the 

unavailability of the PORV relief path was estimated to be 7.23 x 10-3 per 

year.  

The impact of the automatic PORV isolation system on safety valve reliability 

is insignificant because the unavailability of the PORV relief path is so low.  

The automatic isolation system achieves all operational requirements and NRC

mandated reliability requirements as originally designed.
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7- ANTICIPATORY REACTOR TRIP D:N TUREINE TRIP .T 

Following the PORV failure at THI-2, the NRC required PORV system modifica

tions on all operating plants. Changes were made to the PORV opening and 

high pressure reactor trip setpoints. The addition of an anticipatory reac

tor trip on main turbine trip was also required. These modifications have 

decreased PORV challenges, but have concurrently increased the number of re

actor trips (through RPS challenges). The intent of these modifications was 

to reduce PORV challenges and thus reduce the probability of a PORV failure.  

However, the probability of-PORV failure can be reduced using alternative ap

proaches that do not detract trom plant performance.  

On all 205-FA units, an automatic PORV isolation system using pre-TMI-2 (as

designed) trip setpoints has been proposed. This system consists of a.single 

PORV and a single block valve with an automatic closure feature. The use 

of the original design trip setpoints will ensure normal PORV operation, re

duce reactor trips, and increase plant availability. However, the question 

of the anticipatory reactor trip upon main turbine trip still remains.  

The anticipatory reactor trip upon turbine trip was mandated to help reduce 

the number of PORV challenges. Operating experience verifies that it has 

achieved this objective, but at the expense of plant availability. However, 

with the improved 205-FA design, it is no longer necessary to limit PORV chal

*lenges.  

The annual PORV challenge rate was predicted for the backlog 205-FA plants 

at BOL conditions (worst case). The annual challenge rate depends on two fac

tors; the number of challenges per trunsient and the number of transients per 

reactor year. The results of these calculations are given in Table 2.  

Three operating regimes exist in the TVA plant since it was designed with an 

interlock to trip the reactor upon main turbine trip (provided reactor power 

is greater than 76%). Above 76% power, a turbine trip followed by a reactor 

trip will generate zero PORV lifts. From 70 to 76% power, a turbine trip will 

Babcock & Wilcox 
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generate an insignificant number of lifts since the reactor rarely operates 

in this power range. Below 70% power. PORV lifts due to all causes approach 

zero.  

The number of PORV challenges - due to A turbine trip has been predicted as 1.12 

per reactor year. The addition of an anticipatory reactor trip on turbine trip 

can reduce this number to zero. Projected yearly PORV demand due to all causes 

should be in the 4-5 challenge range. With the addition of the automatic PORV 

isolation system. the NC-mandated reliability requirements can be achieved, 

even - with turbine trip-induced POEV challenges.  

The -post-THI modifications to the PORV relief path system must be re-evaluated.  

They represent but one ay to reduce the probability of a PORV-failure (reduced 

PORV challenges). .They--also tend to increase the number- _of RPS challenges, in

crease the number of reactor trips, and reduce.plant availability. B&W's 

automtic P0KV-isolation- systeamiI1 achieve the NRC's ?OY& VallailA7 e

quirements without these modifications. As a result, the PORV will be able to 

control RC pressure for mInor overpressure events and avoid the unnecessary re

actor trips, wihich have been a consequence of the post-THI modifications.
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-- 8. CONCLUSIONS 

An automatic PORV isolation -system will be Installed at BLN units 1 and 2.  

The system will operate reliably to-increase plant availability by reducing 

thenumbe± ofreactortrips. This will be accomplished using pre-TMI-2 trip 

setpoints to ensure proper RC pressure control and reduced RPS challenges.  

In addition, five significant conclusions can be drawn from the-supporting 

analysis: 

1. A block valve closing setpoint of 2170 psig will not actuate the ESFAS 

- using nominal trip setpoints, but it will prevent premature isolation 

valve closure on 95% or more of the isolation valve challenges.  

2.-- The PORV should-be challenged annually on--approximately-

3.22 occasions on TVA.  

3. The number of PORV challenges due to a turbine trip represents about 

26% of the total demand.  

4. By using the automatic PORV isolation system, the probability of failing 

to isolate the PORV relief path will be limited to 1.66 x 10

failures per reactor year. The NRC requires a failure rate significantly less 

than 1xO-3 failures per reactor year for isolation of the PORV relief path.  

5. The reliability of the pressurizer code safety valves will not be signifi

.cantly affected by the isolation system. With the automatic PORV isolation 

system installed, the probability of a safety valve failure will be 

9.73 x 10O6 failures per reactor year.  
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APPENDIX A 

System Fault Trees
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Top event

Initiating event is a 
pressure transient 

Initiating event is 
spurious PORV open
ing 

PORV relief path un
available

Sum oftimplicants 

1.29 x 10-s 

2.78 x 10 

7.23 x 10

Notes: 

1. These fault trees are representative 
of the TVA system design.

2. The sum of implicants refers to the 
summation of each of the individual 
contributors responding to the top 
initiating event.  
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Table A-i. List of Major Contributors for 

Transient Initiating Event
Pressure-

'Unavailability 

0.22000 x 10

0.21800 x 10-s 

0.16720 x 10

0.16568 x 10-s 

0.60600 x 10' 

0.51200 x-107.' 

0.46056 x 10-6 

0.41250 x 10-6 

0.40875 x 10- 6 

0.38912 x 10-' 

0.32120 x 10-6 

0.32120 x 10 6 

0.31828 x 10

0.31828 x 10-6 

0.18480 x 10-6 

0.18312 x 10-6 

0.12320 x 10

0.12320 x 10- 6 

0.12208 x 10' 

0.12208 x 10-6 

0.11363 x 10-6 

0.10960 x 10-6

Note: Sum of implicants - 0.12858 x 10-4.
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Event 3

PTPORVCO 

EMOVPROC 

PORVXXCD 

SOLENXRE

Event 1 

GVEMOVOD 

BSPORVNF 

AME1MOVAK 

AMEMOVAM 

GVEMOVOD 

GVEMOVOD 

AKOVAM 

BISSACAT 

BISSACAT 

AMEMOVAM 

CBSSAXAM 

LBSSAXAM 

BSPORVNF 

BSPORVNF 

PTPORVCO 

BSPORVNF 

AMSSACAT 

PTPORVCO 

AMSSACAT 

BSPORVNF 

BISSACAT 

GVEMOVOD

Event 2

PTPORVCO 

GVEOVOD 

-EMoVPROC 

BSPORVNF 

.PORVXXCD 

SOLENXRE 

EMOVPROC 

PTPORVCO 

BSPORVNF 

EMOVPROC 

PTPORVCO 

PTPORVCO 

CBSSAXAM 

LBSSAXAM 

5TSTR120 

5TSTR120 

PTPORVCO 

PTSSACAT 

BSPORVNF 

PTSSACAT 

PORVXXCD 

TUJXKIAM



Tabl4 A-2. Ranking 6f Basic Event Importance-for 
Pressure Transient Initiating Event

Unavailability 

0.10000 x 10 

0.15200 710 

0.20000 x 10/d 

0.11000 x 10 

0.10900 10 

0.37500 x 10' 

0.30300 x 103/d 

0.29200 x 10-s 

0.29200 x 10-3 

0.25600 x 10-' 

0.16800 x 10-3 

0.11200 x 10-' 

0.11200 x 10-s 

0.54800 x 10-4

Event 

.EKVPROC 

PTPORVCO 

BSPORVNY 

BISSACAT 

PORVXXCD 

CBSSAXAM 

LBSSAXAM 

SOLENXRE 

5TSTR120 

AMSSACAT 

PTSSACAT 

TUJ7XAM

Note: "/d" refers to "per demand."
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Table A-3. List of Major Contributors for 
. PORV DOeninR .Initiating Event

Spurious -

Unavailability Event 1 

0.43800 x 10-- GENVGD

0.36000 x 

0.33288 x 

0.27360 x 

0.24600 x 

0.18696 x 

0.82125 x 

0.72000 x 

0.67500 x 

0.63948 x 

0.63948 x 

0.54720 x 

0.52560 x 

0.52560 x 

0.46125 x 

0.36792 x 

0.35916 x 

0.35916 x 

0.30240 x 

0.29000 x 

0.24528 x 

0.24528 x 

0.22040 x 

0.20664 x 

0.20160 x 

0.20160 x 

0.13776 x 

0.13776 x 

0.13500 x 

0.12001 x 

0.10512 x 

0.10512 x 

0.10315 x

t.

10-s BSPORVSP 

10-s AMEDVAM 

10-s AMM4OVAM 

10-s GVEMOVOD 

10-s AMEMOVAM 

10 - BISSACAT.  

10-6 GVEMOVOD 

10-6 BISSACAT 

10-6 CBSSAXAM 

10-6 LBSSAXAM 

10" AMEMOVAM 

10-6 BSPORVSP 

10"6 BSPORYSP 

10 6  BISSACAT 

10-' PTPORVTE 

10~' CBSSAXAM 

10-6 LBSSAXAM 

10'6 BSPORVSP 

10 - CTPORVSP 

10-6 AMSSACAT 

10-6 PTPORVFH 

10-6 AMEMOVAM 

10-6 SOLENXSP 

10-6 AMSSACAT 

10-6 BSPORVSP 

10-6 AMSSACAT 

10-6 PTSSACAT 

10-6 BISSACAT 

10" ANDSSAAM 

10 CBSSAXAM 

10-6 LBSSAXAM 

10-6 PTPORVFH

Event 2 

PTPORVFI 

GVEMDVOD 

EMOVPROC 

BSPORVSP 

SOLENXSP 

EMOVPROC 

PTPORVFH 

RLPORVSP 

BSPORVSP 

PTPORVFH 

PTPORVYH 

EMOVPROC 

CBSSAXAM 

LESSAXAM 

SOLENXSP 

5TSTR120 

SOLENXSP 

SOLENXSP 

5TSTR120 

GVEMOVOD 

PTPORVFH 

PTSSACAT 

CTPORVSP 

5TSTR120 

BSPORVSP 

PTSSACAT 

SOLENXSP 

SOLENXSP 

RLPORVSP 

PTPORVFH 

RLPORVSP 

RLPORVSP 

3CBRK480

Note: Sum of Implicants - 0.27773 x 10-4.  
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PTPORVFH 

EMOVPROC 

SOLENXSP 
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EMOVPROC



Table A-4. Ranking.of Basic Event-Inportance for 
Spurious PORV Opening Initiating Event

Unavailability 

0.10000 x.O-! 

0.15200 .x 10-1 

0.21900 x 10" /yr 

0.20000 x 10-7/d 

0.18000 x 10"2 /yr 

0.12300 x 10-2/yr 

0.37500 x 10-s 

0.36000 x 10S3/yr 

0.29200 x 10-s 

0.29200 x 10-3 

0.16800 x 10-3 

0.14500 x 10" /yr 

0.11200 x- 103 

0.11200 x 103 

0.54800 x 10-4 

0.47100 x 10-4

Event 

EMVPROC 

-AMMovAM 

PTPORVFH 

GVEOVOD 

BSPORVSP 

SOLENXSP 

BISSACAT 

RLPORVSP 

CBSSAXAM 

LBSSAXAM 

5TSTR120 

CTPORVSP 

AMSSACAT 

PTSSACAT 

ANDSSAAM 

3CBRK480

Note: "/d" refers to "per demand."
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Table A-5.  
I.

List of Major Contributors and Ranking of 

Basic Event Importance for Inoperable 
PORV--telief Path - .

Unavailability

0.17500 

0.17000.  

0.11000 

'0..10900 

01000 

0.25600 

0. 13400 

0.42000 

0.38400 

0.38400 

0.35400 

0.21200 

0.21200

x 10-2 

x.10"
2 

x 10-2 

x 10-2 

x 10-2 

X 10-s 

X 10-4 

x 10-4 

x 10-4 

x 10-4 

X 10-4 

x 10.-"

Event 

EMOVMOCS 

PORVLEAK 

PORVPTFL 

PORVBISF 

PORVTLOP 

PORVSDNE 

EMOVMSAS 

PORVCFTC 

EMOVCBOE 

EMOVLBOE 

PORVRPTC 

PORVCPVA 

PORVMPVA

Note: Sum of implicants - 0.72266 x 10-2.
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Figure A-1.
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APPENDIX B 

Human Error Analysis
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HPITHROC - Goerator fails to throttle HPI

001
4

.999

F2

.99
F3

F4

P (F)=FF+ F + F 
1 2 3  4 

P(F) = 1.49 x 10-2 

"A" = Operator fails to realize ESFAS initiates HPI pumps 
(Table 20-3).* 

"B" = Fails to resume attention to legend light.(Table 20-3).  

"C" = Fails to recognize the return of pressurizer level on 
ATOG scope (Table 20-5).  

"D"= Fails to throttle HPI and realign normal make-up 
(Table 20-13).  

*Note: Tables identified in this appendix are from NUREG/CR 1278.  
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EMOVAMOC - Operator fails to close block valve 

Based on [Acoustical Monitor Signal (TVA) or Position Switch (PPSS)] 

A=. 0001

.9999

.999 b

.999

F1

F2

F
3.997

F 4

P(F) F1 2 3 + F4 

P(F) = 5.09 x 103

Fails to respond to alarm (Table 20-3) (.00005 to .001) 

Incorrectly reads message (Table 20-3) (..0005 to .005) 

Fails to resume attention (Table 20-3) (.0001 to .01) 

Selects wrong MOV switch (Table 20-14) (.001 to .01)

B-3

"A"l = 

"B" 211 

"C" = 

"D"I =
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EMOVPROC - Operator fails to close block valve.based on RC pressure

.95 .05.

F I

.95

F
2

F
3

P(F) -F 1 + F + F 3 

P(F) .1002 .1

"A" = Operator fails to detect low RC pressure display (Table 20-12).  

"B" = Operator fails to properly diagnose that RC pressure drop is 

due to open PORV path (i.e.) fails to detect quench tank 

temperature/level rise. (Table 20-14) 

"C" Operator selects wrong MOV switch (Table 20-14).
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APPENDIX C 

Statistical Modeling of PORV Lifts
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Assumptions 

PORV lifts are initiated by seven transient sources with failure rates Pi, 

imi ... 7. Since the time to failure (initiation of transient) is assumed to 

be exponential, the number of times the PORV lifts (Xi) in time t for each 

transient is given by the Poisson distribution 

xi1 
(Fit) exp(-F t) 

prob(Xi) -11 

After a transient has been initiated. it may lead to a random number of PORV 

lifts. The probability distribution of a given number of PORV lists is dif

ferent for each source, and it changes from the beginning to the end of each 

fuel cycle. For a given transient source, if the transient is initiated in 

the time interval t+At, the number of lifts (yi) is given by the multinomial 

distribution 

x I 1 Y70j 711 Yki 

P y/x i't yo# 11 yI! kit IPOi(t)Pii (t) PkiL(t) 

PP 

P: P 

The marginal distribution of P(yi't) is obtained as 

/x tP~x(PAtx exp (-FAt) x . I 
x (y£ / tP At x I (x i )y 

x (1-P -P P x (x y Y ) Tyi .. kt 

x 1-lit 2it ** kit) x(i it 2t kt) xiPt '" kt 

(FAtP it) y1t exp(-FdtP it) (76tPt 2 t exp(-FAt? 2tx 

y it a t 

x(FAtP kt 7kt excp(-FAtP kt 

x kt 

C-2 Babcock . Wcox 
aP )- mpay



Thus, each number (1. 2, etc.) of PORV lift cases for source i is distributed 

indepepdently by Poisson distributions at any time interval t+At. The number 

of lifts over the entire time interval 0-t can be obtained -by adding the Pois

son distributions over the interval. If At.is taken to be small, thisamounts 

to integration. .Thus..the number of-single lifts is 

No, of F (Pt) exp(-F IP 1 t) 

lifts y I 

T T 
F Pkt exp(-F Pkt) 

k lifts , etc.  
yki 

Since the sum of independent Poisson distributions is again Poisson distribu

tions, we can obtain the number of single lifts, double lifts, etc. for all 

transient sources. Thus, the number of single PORV lift cases for all tran

sient sources will have a Poisson distribution with the following parameters: 

rT T T7 
GI - F, P 1 1 (t)4t + Ff Pk 2 (t)dt + ... + F P 1 ,(t)dt 

0 0 

and 

T T T 
G- F1  Pkl(t)dt + F2 ? 2(t)dt + + F7 Pk(t)dt.  

o 0 o 

If the Poisson distributions with parameters Gi, G2 , Gk are simulated in 

SAMPLE, yielding simulated variables zj, zz, zk, then the total number of lifts 

for each simulation will be given as 

No. of lifts per . zi + 2z2 + 3Z3 + + kk 
simulation 

The probabilities P oi (t) ... Pk (t) were obtained from the histograms at the 

beginning and end of fuel life. Assuming that the change occurs linearly with 

time, the probabilities are given as 

Poi0 +~(t) -P Po (0) 
an (t 0 PoiCT) - P0 (0) t 

P (t) P (0)(0)x Joi * oi 2tx 
Poi(t) =Poi(0) + 01 2 0 x T 
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where. P i(0) and P oCT) denate the-probability of zero lifts at the beginning 

and end of the fuel cycle, :respectively. -The -probabilities P (t) are seen 

to be:appropriate multinomial :probabilities since- the snna over 0, 1, .2, etc.  

adda up to I1 for any-value of-t, :given::that this is true for the initial and 

final histograms. Similar modeling was used to derive the probabilities for 

the number of lifts equal to 1 ... k. This type of modeling was used for 

cases 1 and 2. !rasanthenamber of transients in time t is assumed to be 

given by a Poisson distribution as before. However, in this case, the number 

of lifts for each transient will be defined by a normal distribution with 

specified mean and.-standard-devlation (mean - nominal No. of lifts, std - 612, 

where tA denotes the maximum and minimum deviations from the mean).  

The number of PORV lifts for case 3 is taken as normal with mean xm and vari

ance xa 2 , where x is the simulated Poisson value. Thus, a random value of x 

was obtained first, and then a random number of lifts could be determined: 

No. of lifts - X+z + a 

where z is simulated normal with mean zero and a variance of 1.0.  

Statistical Simulation Cases 

Case I Case 2 Case 3 

Turbine trip without Turbine trip with Overcooling: HPI 
reactor trip reactor trip repressurization 

Trip one FW pump Trip one FW pump 

Trip one RC pump Trip one RC pump 

Load rejection Load rejection 

Ramp one FW valve Ramp one FW valve 
50% closed 50% closed 

Rod drop Rod drop 

Note: The expected contribution to total PORV demand from 
case 3 must be qualified by an operator error probabil
ity (operator fails to throttle EPI) before it can be 
added to cases 1 and 2.  
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Initiating Event Frequencies

Fr 
tiTransient

Turbine trip m.a 

,Tri;Lp -one FW pump 

Trip one RC pump 

Load rejection--e

Ramp one FW valve 50% 
closed 

Overcooling: HPI re
* resourization 

Rod drop

equency, 
mes /rx-yr* 

0.229 

0.01w 

0.095 

0.457 

0.263 

0.372

*rx-yr: reactor year.  

Notes 

1. Rod drop frequency was determined over all 
power ranges. All other event frequencies 
were determined when the reactor was in 

operation above 70% power.  

2. The fuel cycle was assumed to be 12 months.  

3. Downtimes are inherent in the initating 

event frequency.

.3.
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APPENDIX D 

Failure Data

e.

D-1 Babcock & Wilcox 
a Mcem seepmy



Code 

PORVXxCD 

SOLENXRE 

PTPORVCO 

BSPORVNF 

RLPORVFO 

CTPORVFO 

PTPORVFH 

BSPORVSP 

RLPORVSP 

GVEMOVOD 

CTPORVSH 

TUJXXXA 

SOLENXSP 

CTPORVSP 

AMTEOVAM 

PSEMOVAM 

PTEMOVFH 

3 FUSE 480 

3 CBRK 480 

3 THOR 480 

MCCMSFNS 

1 FUSE 120 

5TC1C120 

TUSSCS AM 

RLSSCS SP 

AMSSACAT 

PTSSACAT 

BISSACAT 

ANDSSAAM 

LBSSAXAM 

CBSSAXAM 

ICISSAAM

Source 

B&W Proprietary 

IEEE, p. 387* 

IEEE, p. 428 

IEEE, p. 483 

IEEE, p. 155 

IEEE, p. 174 

IEEE, p. 428 

IEEE, p. 483 

IEEE, p. 155 

B&W Proprietary 

IEEE, p. 174 

B&W Proprietary 

IEEE, p. 387 

IEEE, p. 174 

B&W Proprietary 

IEEE, p. 452 

IEEE, p. 428 

IEEE, p. 193 

IEEE, p. 148 

IEEE, p. 155 

IEEE, p. 171 

IEEE, p. 193 

IEEE. p. 162 

B&W Proprietary 

B&W Proprietary 

IEEE. p. 475 

IEEE, p. 475 

IEEE, p. 483 

B&W Proprietary 

MIL-HDBK 217-C 

MIL-HDBK 217-C 

IEEE, p. 177

Unavailability 

3.03 x 10" /d 

2.56 x 10

1.10 x 10

1.09 x10

3.54 x 10-s 

4.20 x 10-s 

2.19 x 10 3 /yr 

1.80 x 10 3 /yr 

3.6 x 10 /yr 

2.00 x 103/d 

6.02 x 106 

5.48 x 10-s 

1.23 x 10-3 /yr 

1.45 x 10" /yr 

1.52 x 10-2 

4.89 x 10-4 

9.13 x 10-s 

2.30 x 10-s 

4.71 x 10- 5 

3.94 x 10-s 

4.42 x 10-s 

7.67 x 10-6 

2.45 x 10-s 

5.48 x 10-s 

1.69 x 10-s 

1.12 x 10-" 

1.12 x 10-4 

3.75 x 10" 

5.48 x 10-s 

2.92 x 10

2.92 x 10-4 

2.10 x 10-s

*IEEE: IEEE Std 500-1977.
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Code 

TV120VAM 

TV120VAC 

TV120VSS 

TV480VAC 

5TSTR120 

PORVFLOP 

PORVLEAK 

PORVSDNE 

PORVMPVA 

PORVPTFL 

PORVBISF 

PORVRFTC 

PORVCFTC 

PORVCPVA 

EMOVMSAS 

EMOVMOCS 

EMOVSCOS 

EHOVAGOE 

EMOVLBOE.  

EMOVCBOE

Source 

B&W Proprietary 

B&W Proprietary 

B&W Proprietary 

B&W Proprietary 

IEEE, p. 372 

B&W Proprietary 

NPRDS, p; 573 

IEEE. p. 387 

B&W Proprietary 

IEEE, p. 428 

IEEE, p. 483 

IEEE, p. 155 

IEEE, p. 174 

B&W Proprietary 

IEEE, p. 171 

NPRDS, p. 617 

IEEE, p. 162 

B&W Proprietary 

MIL-HDBK 217C 

MIL-HDBK 217C

Babcock & Wilcox 
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Unavailability 

3.11 x 10 

3.11 x 10-s 

3.00 x 10-s 

2.12 x 10-s 

1.68 x 10-4 

1.00 x 10 3 /d 

1.70 x 10

2.56 x 10-
4 

2.12 x 10-5 

1.10 x 10 

1.09 x 10-
3 

3.54 x 10-s 

4.20 x 10-s 

2.12 x 10-s 

1.34 x 10' 

1.75 x 10

2.02 x 106 

7.20 x 10

3.84 x 10-s 

3.84 x 10-s
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APPENDIX E 

Event Sequences
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1. Overcooling Scenario

Operator 
throttles 

HPI

PORV 
relief path 
available

Code 
safeties 
reseat

S 

S 

S 

F 1

F, - (0.2 6 3 /yr)(1.4 9 x 10 2)(7.23 x 103)(2.29 x 102)(15) 

- 9.73 x 106/yr* 

2. Overheating Events 

F 2 : loss of main feedwater and no auxiliary feedwater, given that normal 
electric power is available.  

F, = (LMFW) (AFW/AC) 

- (1.78/yr)(3 x 10-) 

= 5.34 x 10-5 /yr

F 3: loss of offsite power and 
operative.

no auxiliary feedwater, given that diesels are

F- (LOOP)(AFW/diesels) 

(0.03/yr)(3 x 10-4) 

- 9 x 10-s/yr 

*In this scenario the safety valves are challenged 15 times.
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F 4 : loss of offsite power and no auxiliary feedwater, given that-diesels fail.  

F4 - (LOOP)(diesels)(AFW/diesels)

- (0.03/yr)(3.2 x 10-3)(3 x 10 ) 

- 2.88 x 10-7 /yr

Event Sequence Failure Data

Event 

LOOP 

diesels 

AFW/diesels 

AFW/diesels 

AFW/AC 

LMFW 

ESFAS 

HPITEROC 

PORV 

-9-V

Failure-rate 

-0.03/yr 

3.2 x 10-3 /demand 

3 x 10- /demand 

3 x 10/demand 

3 x 10-s/demand 

1.78/yr 

0.263/yr 

1.49 x 10-2/demand 

7.23 x 10 3 /demand 

2.29 x 10- 2/demand

E-3
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APPENDIX F 

Monte Carlo Simulation
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A Monte Carlo simulation was executed using the SAMPLE code to verify that the 

incidence of PORV block valve closures, prior to PORV closures, is reasonably 

low. The model considers three random variables. First, one variable is used 

to adjust the true (without error) pressurizer pressure to the true (without 

error) RCS pressure. This variable, X(1), is assumed to be uniformly distrib

uted over the range of 40 to 60 psi. A second random variable is used to re

flect the error on the RCS. This variable, X(2), is assumed to be normally 

distributed with a mean of zero and a variance of 306.25 (standard deviation 

of 17.5 psi). The third random variable is the sensed pressurizer pressure, 

X(3), which is taken to be normally distributed about 2270 psi with a variance 

of 625 (standard deviation of 25 psi).  

The Monte Carlo program samples a pressurizer value, X(3), and compares it to 

an adjusted sensed RCS pressure, RCS, where 

RCS - 2270.0 - X(1) + X(2) * 17.5.  

If X(3) is greater than 2270.0 and RCS is less than or equal to 2170.0, then 

the trial results in a block valve closure prior to a PORV closure.
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