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Executive Summary

This report documents the results of an engineering evaluation
performed to justify increasing the setpoint for reactor trip on
high pressure from its current value of 2300 psig to its pre-1979
value of 2355 psig. The potential benefit of the change is a
reduction in the fregquency of reactor trips.

The conclusion of this study is that the high pressure trip
setpoint can be raised to 2355 psig with negligible impact on
the frequency of opening the PORV during anticipated
overpressurization transients. The sum of the transient induced
pressure overshoots* and the total effective instrument string
errors would result in the PORV (set at 2450 psig) opening one
time out of 100,000 high pressure trip transients.** This is a
sufficiently low probability to assure that a normal high
pressure trip would virtually never open the PORV and, conse~
gquently, will satisfy the NRC small break LOCA (SBLOCA) criteria
for the PORV. Also, since 2355 psig is the design high pressure
trip setpoint, the original FSAR analyses remain applicable for
this setpoint.

Of the 47 high pressure trip transients reviewed in detail for
this study, twelve were judged to have high potential for
avoidance if more margin to reactor trip had been available. In
addition, if the high pressure trip setpoint were raised to 2355
psig, B&W plants would be capable of surviving turbine trips

*Overshoot is the difference between the maximum indicated RC
pressure and the actual trip pressure.

**In five years (1980 through 1984) all B&W NSS plants experi-

enced a total cf "65 high pressure trip transients. This is
less than 2 trips per plant per year.
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without reactor trips at power levels well above the current 20%
arming threshold for the anticipatory reactor trip (ART) on
turbine trip. Raising the ART arming threshold to a level
consistent with the runback capability at the 2355 psig trip
setpoint would have avoided twelve of the reactor trips on
turbine trip experienced during 1980-84. Based on 1980-84
experience, the results of this study suggest that the potential
benefit of raising the high pressure trip setpoint to 2355 psig
is a 10% reduction in the average reactor trip rate for B&W
plants.

The NRC requirements regarding the PORV are: (1) probability
of SBLOCA due t» stuck open PORV must be less than .001 per
reactor year and (2) less than 5% of the high pressure trips are
allowed to open the PORV. Both requirements are met with the
high pressure trip setpoint at 2355 psig.

The methods used for this analysis are similar to previous
analyses on this subject (see References 2 and 3). A major
difference is that this study predicts overshoot based on actual
plant high pressure trip transients in which the PORV did not
open. The previocus ana.yses calculated overshoots (for a closed
PORV) based on plant data where the PORV opened prior to reactor
trip. Compensating for the open PORV added more uncertainty to
these past calculations. The data used for the current analysis
provided a more realistic overshoot and probability distribution
©f the overshoot. The comparable results of these two studies
are 2.2 x 10 ~4 PORV opening per high pressure event (old)
verses 1.0 x 10~5 PORV opening per high pressure event (new).

- iV =
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1. BACKGROUND

The B&W NSSS, with its Once Through Steam Generators (OTSG) and
Integrated Control System (ICS), was designed with the capability
to adjust to minor plant upsets and certain anticipated events
without a reactor trip. The system was designed to initiate a
plant runback, upon detection of an upset or equipment malfunc-
tion, to a power level consistent with the limiting condition.
The effectiveness of this runback capability is illustrated by
Table 1-1. Table 1-1 was extracted from reference (l) and shows
47 successful runback actions for one B&W station for 5.5 years
of reactor operation prior to 1979.

Following the TMI-2 accident, several changes were made to B&W
plants for the purpose of reducing challenges to the Pilot
Operated Relief Valve (PORV). These changes have been effective
in reducing challenges to the PORV but have alsc resulted in a
substantial reduction in runback capability for B&W plants. The
changes which have had the greatest impact on runback capability
are:

- Raising the PORV opening setpoint from 2255 psig to
2450 psig

- lLowering the setpoint for reactor trip from 2355 psig
to 2300 psig

- Implementation of an Anticipatory Reactor Trip (ART) on
turbine trip for reactor power levels cf 20% and above.

A consequence of this loss of runback capability is that events
such as the loss of 1 of 2 main feedwater pumps or minor feed-
water upsets now nearly always result in a reactor trip.

The B&WOG is committed to reducing reactor trips to improve plant
availability by keeping plants on line and to improve safety by

i-1
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reducing challenges to safety systems. As part of a generic trip
reduction program, the B&WOG has identified the restcration of
runback capability as a prime candidate for achievement of trip
reduction. Accordingly, the B&WOG has undertaken various studies
to:

- Identify the current constraints on runback capability

- Examine the feasibility of removing or relaxing these
constraints

- Identify modifications which would enhance the prob-
ability of successful runbacks.
Included in this effort was a study to examine the potential
benefits and feasibility of restoring the setpoint for reactor
trip on high pressure to its original value of 2355 psig while
keeping the PORV setpoint at 2450 psig. The results of this
study are reported herein.

Iable 1-1. Successful Runback Actions (Pre 1979)
Initial
power Final power
Event No. -kange  _range §
Turbine trip/load rejection 14 15-100 2=-22
Feed pump trips (1 of 2) 14 100 55-75
Rod drops “ 100 50-60
10% step load increases 4 17=90 27-100
10% step load decreases p 37=100 15-90
Total 47
p L
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2. POTENTIAL BENEFITS

2:.1. Impact of Post-TMI Changes

In an effort to identify the potential benefits of restoring the
high pressure trip setpoint to its original value, a detailed
comparison of pre- and post-TMI trip frequency was made. A
primary objective of this comparison was to determine the impact
of the changes on high pressure trip fregquency.

Figure 2-1 displays the average high pressure trip frequency for
B&W plants for the pre-1979 and post-1979 periods. The pre-1979
data for each plant includes trips occurring from the date of
commercial operation thrcugh the end of 1978. The post-1979 data
includes trips from 1980 through 1984. The trips which occurred
in 1979 were not included in the comparison as the setpoint
changes were implemented at various times during the year.
Figure 2-1 shows that high pressure trip fregquency increased for
scme plants and decreased for others. The average for B&W plants
2s a group shows no change pre-1979 versus post-1979.

This simple comparison of pre- and post-1979 high trip rates does
not, however, accurately reflect the impact of the changes. The
reason for this is the effect of the addition of the Anticipatory
Reactor Trips which occurred in 1979. These trips, turbine trip
(power > 20%) and loss of both feedwater pumps, pre-empt high
pressure trins in the post-1979 period. These trips, in the
post-1979 period, are in fact anticipatory high pressure trips.
If the ART were not in place, a2 turbine trip or loss of both feed
pumps event would result in a high pressure trip with the current
setpoints. Thus, a more reascnable comparison, for assessing the
impact of post-TMI changes on trip frequency, is to compare pre-
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1979 high pressure trips with post-1979 high pressure plus ARTS
trips.

When this comparison is made, a different picture emerges, as
shown in Figure 2-2. This figure shows that, when trips due to
the same causes (turbine trip, loss of both MIWPs, other) are
compared, the average trip frequency due to these causes has
doubled for B&W plants as a group since the implementation of
post-TMI setpoint changes. Figure 2-2 also shows that sone
plants have been affected more than others by the changes. The
reason for this is that individual B&W plants differed in pre-
1979 runback capability. Those plants which had greater runback
capability show the larger increases in trip frequency due to the
loss of this capability.

2.2. Potential For Trip Reduction

As noted previously, two key factors contributing to the reduc-
tion of runback capability were the raising of the PORV cpening
setpoint and the lowering of the high pressure trip setpeint. It
is recognized that, prior to TMI-2, the PORV played a significant
role in keeping primary pressure below the trip setpoint during
i-mbacks. For this reason, restoration of rurback capability to
pra2-MI levels cannot be expected with the PORV set to open at
pressures above the high pressure trip setpoint. However, a
partial restoration could be achieved if the high pressure
setpoint were restored to its original 2355 psig value. The
basis for this statement is as follows:

A. Increasing the high pressure setpoint to 2355 psig would
increase the operating margin to high pressure trip by 55
psi. For slow moving transients resulting in primary
pressure increase rates of 1 to 2 psi/second, the increased
margin would provide an additiocnal 30 seconds to cne minute
before reaching the trip setpoint. This would provide
additional time for an operator to determine the cause of an
upset ~ 1 take manual actions to avoid a trip. Examples of
such - .ns8 are switching to an alternate input signal

2-2
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upon discovery of a failed input, initiation of pressurizer
spray, or placing appropriate portions of the ICS in manual.

It is not possible from a review of past transients to
establish with certainty that a given trip could have
been avoided by operator action if more margin were avail-
able. A qualitative indication of trip reduction potential
was developed, hcowever, by categorizing previous trips
according to their potential for avoidance by operator
acticen. For example, a fast moving transient such as that
initiated by 2 load rejection (CR-3, 7/5/82) was judged as
having poor potential for avoidance. A slow moving transient
which might be caused by a failed ICS input (CR-3, 7/29/83)
was judged as having good potential for avoidance. The 47
higch pressure trips for which sufficient data was available
were categorized as described above. This review identified
12 trips as having good potential for avoidance through
cperator action if increased margin were available. These
trips are identified in Table 2-1.

In a separate study, B&W demonstrated by analysis that if the
high pressure saetpoint were raised to 2355 psig, B&W plants
could survive a turbine trip from 40% power without a reactor
trip. Thus, if the high pressure setpoint were raised to
2355 psig and the power level for arming the Anticipatory
Reacter Trip on turbine trip were raised to a value above
40%, turbine trips occurring at powers below 40% would no
longer result in reactor trips. Figure 2=3 indicates the
potential reduction. Assuming successful runbacks for all
turbine trips at init‘al power levels < 40%, 12 of the
1980-1984 trips could have been avoided. These trips are
also listed in Table 2-1.

Had the 24 trips listed in Table 2-1 b»een avoided, the
average trip frequency for B&W plants for the 1980 through
1984 period would have been 4.6 trips/year/plant instead of
5.3 trips/year/plant. This represents a 13% reduction in

2=3



average trip frequency. Assuming a future mix of transients
similar to that of the 1980-1984 period, it is reascnable to
project a reduction in average trip frequency of approxi-
mately 10%.
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Table 2-1. Reactor Trips 'aving Good Potential for
idance with Increased Setpoint

Avo

High Pressure Trips

Rate ~_ Plant Initial Power =~ Comment

3/19/80 CR~-3 53 Maneuvering/FWP Trip

12/5/80 0-2 14 Manual Underfeed

9/5/81 0-3 30 FW Valve Sticking

6/23/81 RS 50 Manual FWP Operation, Flow
Cscillations

6/17/81 RS 80 MFWP Trip

8/8/82 CR=-3 94 Loss of RC Flow Signal

7/15/82 CR=-3 100 Loss of RC Flow Signal

11/4/82 0=-2 100 MFW Pump Trip

5/21/82 0-1 90 Runback on Rod Drop

3/24/82 0-1 51 Turbine & ¥W A Control in
Manual

7/256/83 CR~-3 5 MFW Flow Reduction

12/3/83 RS 65 MFW Upset, Valves & Pumps in

Manual

Anticipat~~y Reactor Trips on Turbine Trip
initial Power

Rate
11/6/80
3/14/81
1/1/82
1/1/82
1/2/82
5/19/82
7/9/82
7/9/82
6/1/83
8/6/83
8/10/83
6/7/84

kaant

DB-1
0-3
0-1
o~1
o-1
0=2
CR-3
CR-3
0-1

18

4
24
20
28
20
1l
18
15
20
40
19
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3. IMPACT ON PORV OPENING FREQUENCY

The high pressure trip setpoint was lowered to 2300 psig and the
PORV opening setpoint raised to 2450 psig to reduce the prob-
ability of opering the PORV for several categories of events.
These are:

Overpressure transients

Transients with Delayed Auxiliary Feedwater

Operator Action Under ATOG Guidelines

Instrumentation and contreol faults

Overcooling transients that initizte HPI

Table 3-1 lists the PORV opening frequencies for these events as
estimated in previous studies (References 2&3) and the current
study. Tweo important points are illustrated by this table:

m o 0O w »

1. Only the PORV opening frequency for overpressure transients
is affected by the high pressure trip setpoint. Opening
frequencies for the other events are independent of the high
pressure trip setpoint.

2. The PORV opering frequency due to overpressure transients is
a relatively small contributor tn total PORV opening fre-
qguency, the total PORV cpening frequency is dominated by the
frequency of opening due to operator actions under ATOG.

The current study concludes that the PORV opening frequency for
overpressure transients is 1.86 x 1073 openings per reactor year
with a high pressure t.-ip setpcint of 2355 psig and a PORV
opening setpoint of 2450 psig. With the current 2300 psig high
prescsure trip setpoint, the frequency would be less than 1.86 x
10'5. The tota' PORV opening frequency for all other causes
(Reference 3) is 8.06 x 10'2. If we assume the PORV opening
frequency for overpressure transients to be zero at the 2300

J=1



owing comparison can

00 psig setpoin
Total PORV - 8.06 x 10" + 1.06 x 10~
Opening Frequency
at 2355 psig setpoint

Thus, rzising the high pressure trip setpoint from the current

value of 2300 psig to the original value of 2355 psig will have a

negligible impact on the frequency of PORV openings.
ection .0 of this report discusses differences between the
s

ent study results and the results of the previous study.




Overpressure
transients

Transients with
delayed aux. FW

Operator actions
under ATOG

I&C faulcs
Overcooling

transients that
initiate HPI

Total

Opening Per Reactor Year
B&W '81 TER
{Ref. 2) {Ref. 3) current Study
3.9%07° 2.2x1077  2x10”°
-4 -4
7.6x10 7.6x10 No change
1.58x10°9"2  7,7x10"%  No change
1.7%x10™3 1.7x10"°  No change
-4 -4
8.4x10 8.4x10 No change
1.9%10"2 8.28x10"%  8.06x10 2
3-3



4. ANALYSIS

4.1. Overview

4.1.1. Objectives

The purpose of this analysis was to determine if the high
pressure trip setpoint could be raised to a value above the
present 2300 psig setpoint without exceeding NRC guidelines for
PORV opening frequency. The maximum allowable set point was
based on the criterion that the probability of opening the
PORV will be sufficiently low so as not to exceed the maximum
allowable small break LOCA limit of 10" events per reactor
year. (This SBLOCA limit for the PORV was set by the NRC per
Reference 4).

4.1.2. Technical Approach

The main thrust of this analysis was to determine the maximum
reactor coclant (RC) pressure relative to opening the PORV during
over pressure transients. High pressure transients referred to
in this document do not include cases with excessive HPI or total
loss of main and auxiliary feedwater. These transients coula
open the PORV regardless of the high pressure trip setpoint:
although the PORV copening would occur well after reactor shut-
down.

This analysis included a2 statistical evaluation of instrumen-
tation errors (associated with the trip set point and PORV),
and the amount of indicated RC pressure increase above the trip
set point (overshoot). The transmitter and instrument errors
were based on actual plant set point and calibration data
and irnstrument design specifications. The maximum indicated
system pressure (overshoot) was evalvated based on (1) plant

4-1



data from Transient Assessment Program reports (Tap Reports),

and (2) information derived from "Digital Power Train" computer

code analyses.

The sequence of the analysis is outlined below.

1. First, plant transient data was reviewed to determine the
expectel range of overshoots during the anticipated over
pressure transients. This data was all based on the current
2300 psig trip setpoint (section 4.2).

- Secondly, Power Train analyses were performed to determine
whether the overshoot would change when the high pressure
trip setpoint was increased (section 4.3).

3. Next, this overshoot data was statistically combined with
instrumentation errors to predict the probabilities of the
PORV opening from various high pressure trip setpoints
(section 4.4).

4. Next, these results were compared to NRC limitations on the
PORV and previous analyses on this subject (section 5).

4.2. Plant Data Review
4.2.1. Overview of Data

Various plant data were reviewaed. The data included high
pressure trip setpoints, calibration tolerances and errors
associated with these set points, and TAP reports involving over-
pressure transients. The trip setpoints and calibration data
were used to dJdetermine the pressure at which the reactors
actually tripped. This data was then factored into the TAP
report evaluation to determine the overshoot.

4.2.2. Data Evaluation
4.2.2.1. High Pressure Setpoints
As previously discussed, the existing nominal high pressure trip

setpoint is 2300 psig. The method used to insure that this
set] ~int is not exceeded is ocutlined below.

1. Pressure transmitters are calibrated during refueling.

4-2
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2. Each of the 4 high pressure trip set point channels are
initialized at a value that allows for drift and instrument

string errors. (See Table 4-1)

3. RPS channels are tested periodically througnout the sub-
sequent cycle by artificially induciny a ramping voltage to
the RPS bistable and determining the trip voltage (i.e.,
pressure) for the channel.

The set points and error limits based on this procedure are
listed in Table 4~1. The data in this table are based on
converzations with B&W site personnel.

As can be seen by the data in Table 4-1, the actual trip set
point varied from 2285 to 2298 and the reactors consistently trip
within 2 or 3 psi of the set points. Therefore, the initial RC
pressure used to calculate overshoot was assumed to be the
specific trip set point of each plant. However, a uniform
distribution of zero to plus five psi error was assumed for the
trip set point for predictions of maximum RC transient pressure
during the Monte Carlo simulaticn (see section 4.4).

4.2.2.2. Indjcated System Pressures During Transients

The maximum indicated RC pressure during an overpressure trans-
ient would include:

1. actual overshoot that occurred due to the nature of the
transient,

2. any additional instrument string error downstream c¢f the RPS
channel,

3. unceriainties due to the print out device readability,

4. uncertainties due to the frequency at which the data were
recorded.

Items 2, 3, and 4 are function J>f the device used to moniter
pressure and are=discussed in Section 4.2.2.4.

It was not apparent what part of the indicated RC pressure during
a transient was due to actual overshocot and what part to any

4-3



instrument errors. Therefcre, the indicated maximum RC pressure
minus the trip set point was all assumed due to overshoot. This
is a conservative assumption because any instrument error that
may be included in this overshoot s redundantly covered in
Section 4.4 (statistical evaluation of data).

4.2.2.3. Overshoot

Overshoot is the maximum RCS pressure in excess of the actual
trip pressure. It is primarily a function of the relative rates
of heat transfer in the steam generator compared tc heat transfer
in the core region - up through the first few seconds after the
trip. The relative rate of heat transfer determines the rate of
RC pressurizations. The delay time between the initiation of the
trip signal until the core thermal power is adegquately decreasing
dictates how long the heat up continues. This time delay is
usually one to four seconds after the trip. The maximum pressure
that occurs during this time is dependent on the pressuriza-
tion rate prior to the trip. This pressurizatior rate varies
from 2 to 3 psi/second for a mild feedwater upset to 40 psi/sec~-
ond for some load rejection transients.

4.2.2.4. Instrumentation Accuracy

The accuracy of the indicated RC pressure is primarily dependent
on whether it is a narrow range (NR) or wice range (WR) signal.
The NR signal is usually more accurate than WR. However,
determining a relatively accurate peak RC pressure during a
transient may be more dependent on the recording device. This is
becaus2 the readability of the device or the frequency of the
measvrement may introduce more uncertainty than the signal
itss<lf. For example, the frequency of the plant computer
ponitoring (every 15 seconds) could completely miss the peak RC
pressure during a load rejection since the peak pressure occurs
in about 5 seconds into this event. Similarly, even though the
analog signal to an indicator or recorder may be very accurate,
the scale of the readout device may make it difficult to read the
peak pressure within 10 psi. Because of these types of problems,

4-4
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the peak pressure from each high pressure trip transient was
evaluated based on the particular data available. Narrow range
signals were used where available. 1If more than cne channel or
device was available, the data was compared. Extrapolation or
curve fitting was applied when the appropriate data were avail-
able.

Using these methods for plant data evaluation, the following
general observations were noted:

1. Peak pressure from extrapolated digital output often agreed
well with analog strip chart data.

2. NR pressures from the A and B loops vere usually within a few
psi of each other.

3. Wid range pressure changes during a transient were about the
same as narrow range pressure changes.

These results led to the conclusien that, in general, the

overshoot predictions were relatively accurate and that the

degree of overshoot was primarily due to the transient itself and

not due to any large instrument errors.

4.2.2.2. Menitoring Device

The plant data evaluation was based on five different monitoring
devices. These includad:

1. Reactimeter

2. Plant Computer

3. Special Transient Monitoring Equipment
(i.e. Test Transient Monitor (TTM) at Oconee or the post trip
review at CR-3)

4. Control Room Alarms Data

5. Strip Charts

The following is a brief description of the data from each of
these devices:



e A etoscam

- -

L T N T B B

Reactimeter

The reactimeter is a digital device that is typically set to
track plant parameters at frequencies down to 2 seconds.* It
takes a "snap shot" of the data at each time step. The reacti-
meter is usually connected to NR channels.

Blant Computer

The Plant Computer is functionally similar to the reactimeter
except for the sampling fregquency. The data is averaged and
printed at intervals of 15 to 30 seconds. The usefulness of this
data for this study depended on the plant, the circumstance, and
the timing of the data.

Iest Iransient Monjtor

The TTM at Oconee is similar to the plant computer except it
monitors data at one second intervals. However, the output
format is usually in a graphical form (in the TAP Reports) with
data points often plotted every 6 to 12 seconds. The fregquency
of plotting is sometimes too coarse to accurately monitor peak RC
pressures during many transients. However, some of the trans-
ients reviewed had listed or plotted RC pressure data on a one,
two or three second interval. These cases provided accurate
resoluticon of the time delays to peak pressure during the
transient.

Alarms Data

Control room alarms data is a snapshot taken at the exact time a
limit is reached or in some cases it prints an "on demand"
listing of specific data groups. The usefulness of this data for
maximum RCS pressure predictions also depends on the plant, the
timing, and the circumstances.

*The reactimeter is capable of one second data monitoring but
usually only set at this fast frequency for test situations.
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Strip Chart Data

Strip Chart Data is an analog representi:tion of the assigned
plant parameters. Even though it is a real time analog signal,
its time scaling is so ccarse that it does not give a good
profile of the faster transients. Strip chart data is very
good, however, for showing maximum and minimum values.

Each plant has its own combination of devices and channels for
monitoring transient data. As pointed out in the above discus-
sion, each recording device has some disadvantage for determining
peak RC pressure. However, a combination of data from two or
more devices can give added confidence in predicting peak RC
transient pressures.

4.2.2.6. Operating Plant Data
Table 4-2 is a summary of the high pressure trips in the past few
years for which the best data was available. This table is based

on TAP report data. The maximun RC pressures were determined
using the methods previously discussed.

The¢ conclusions drawn from a review of the data in this table

are:

1. The three primary categories of high pressure trip events are
(a) total or partial loss of feedwater, (b) feedwater/power
mismatches during runbacks, and (c) load rejections/MSIV
closings. Many of these events were initiated by an errone-
ous ICS input signal. Also, the RCS pressurization rate
of these transients varied from 2 psi/sec to 40 psi/sec.
This correspends to a maximum transient time* of about 2.0
minutes down to a minimum time of 5 seconds.

2. The maximum transient pressure overshoots usually occurred
during the loss of load transients (see transients 1/23/85,
4,/11/85, 6/20/82, 1/19/82, 2/5/80).

*The transient time is from the initiation of the event to the
time of maximum RC pressure.
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3. For the 47 overpressure transients listed, the overshoot
distribution is as follows:

Overshoot Number of

Range (psi) —Events
0 - 10 a3
11 - 20 7
21 - 30 1l
31 - 40 3
41 - 50 2
51 - 60 1

This data was used to construct the overshoot distribution
for the Monte Carlo analysis.

4.3. POWER TRAIN Analysis

The five years of plant daa discussed in Section 4.2 provide a
sound basis for characterizing the overshoot distribution with a
2300 psig trip setpoint and no PORV opening. The objective of
the POWER TRAIN analysis was to determine whether or not this
overshoot distribution would change with a 2355 psig setpoint.

4.3.1. Analysis Method
The approach to this task was to:

© Select a representative transient for evaluation

© Develop a 177 FA plant model for evaluation

© Compare the model's predictions for a setpoint of 2300 psig

against predictions for a 2355 psig setpoint

The plant data from the 47 trip events indicates that a turbine
trip event from full power with no anticipatory trip causes the
largest RCS pressure overshoot. This transient represents a
severe primary to secondary power mismatch during those first few
seconds of the event when the steam generator nucleate boiling
region is suppressed. Therefore, it is a logical choice for
evaluation.

The second step of the evaluation was to compare the model's
results against plant data for a setpoint of 2300 psig. For all
cases that were run, the POWER TRAIN model overpredicted the peak
RCS pressure by approximately 20 to 60 psi. A typical comparison
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of POWER TRAIN results with plant data is shown in Figure 4.3-1.
Although duplication of the exact RCS pressure profile is not
essential, the goodness of agreement between the model results
and the plant data add confidence to the results.

The third part of the evaluation was to simulate the turbine trip
event with a high pressure trip setpoint of 2355 psig and compare
the overshoot to the overshoot generated at 2300 psig. The
difference between the overshoots for the two setpoints is the
result of primary interest.

4.3.2. Results

POWER TRAIN predicts an overshoot of 50 psi for the turbine trip
(and no ARTS trip) with the high pressure trip setpoint of 2300
psig. This compares with an observed 40 psi overshocot for
similar plant transients. POWER TRAIN predicts an overshoot of
30 psi for the same event but with the trip setpoint at 2355

psig. A comparative plot of these results is depicted in Figure
4.3=-2.

The conclusion from this comparison is that the pressure over-
shoot is a weak function of the high pressure trip setpoint in
the 2300 to 2355 psig setpoint range.

The results suggest that the overshoot actually decreases as the
setpoint is raised. For purposes of this evaluation, however,
the overshoot distribution was assumed not to change. This
conclusion can be explained in terms of the physical phenomena
affecting the heat transfer rate in the steam generators, as
discussed in the following paragraph.

4.3.3. Overshoot at 2355 psig vs 2300 psig

The RCS pressure overshoot is a function of the steam generator
heat transfer rate. Since the heat transter is predominantly in
the nucleate beoiling regicon of the steam generator (S8G), the
relative height of this region throughout the transient is an
indication of the rate of SG heat transfer and consequently RC
pressure. The nucleate boiling (NB) region is in turn dependent
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on the SG pressure and steam flow rate. As the SG pressure
increases during the transient, the NB level tends to decrease
thereby decreasing heat transfer and increasing RC pressure.
However, as the various steam reliefs open, the flow increases
and the ¥B level increases promoting more SG heat transfer. When
the RCS trips at 2355 psig, the steam line is already at or very
close to the setpoint for the first bank of main steam safety
valves. When the MSSVs open, the steam flow rate starts increas-
ing sharply. This increased steam flow increases the NB level
and gquickly turns RC pressure around. The same transient
with a 2300 psig trip setpoint requires more post trip time to
reach the MSSV opening pressure resulting in a longer time to
turn the RC pressure around.

4.4. Statistical Evaluation of Data

The probability of cpening the PORV was estimated using Monte
Carle simulation methods. This technigque is described in
reference 5. The procedure and assumptions used are discussed
generally in section 4.4.1. The details are covered in section
4.4.3. The conclusion of this activity is that there is very
little chance that the PORV will be called upon to actuate at any
high pressure reactor t:i:ip setpoint below 2375 psig for the
transients covered by this study. The original plan was t> start
with the trip setpoint at 2300 psig and proceed to 2355 psig in §
psi increments. It was noted, however, that there would be no
PORV actions generated in the lower pressure ranges. Therefore,
in doing the study, it was necessary to turn the problem around
in order to find situations in which the PORV would be actuated.
This was done by varying the reactor high pressure trip setpoint
from 2355 to 2375 psig.

4.4.1. Method

The Monte Carlo simulation accouats for the effects of errors
on the pressure signals ‘o the RPS and the control of the PORV.
Instrumentation errors are a combination of signal processing
errors associated with the individual RPS channels and set points
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for the decision to trip the reactor and analogous errors
associated with the PORV. In addition to these errors, the study
accounts for the pressure overshoot phenomenon.

The model is straightforward. It is assumed that there is
a single true system pressure observed at each of the four
narrow range pressure sensors. This true value is processed by
each of the RPS channels and is subject to instrumentation errors
in individual channels. This information is used to determine
when, in terms of true pressure, the RPS trips. Of the four RPS
channels, two are available for NNI signal processing. (For the
Oconee plants, the signal to the NNI is selected from a fifth
(inactive) RPS channel. As the errors for this channel are the
same as for the active channels, the analysis results are
applicable.) Of these two potential NNI signals only one is used
by the NNI for processing to the PORV bistable. This study
compares the output of these two channels and conservatively
selects the larger indicated pressure to activate the PORV.

4.4.2. Results

The results of the Monte Carlo simulation approach indicate
a very low probability of opening the PORV. For a trip setpoint
corresponding to a true system pressure of 2355 psig, one trial
in 100,000 resulted in opening the PORV. The average margin for
PORV actuation relative to true pressure was 66.6 psi, with a
standard deviation of 13.9 psi. Additional runs at 2365 psi and
2375 psi are included in Figure 4.4-1 to exhibit behavior of the
system. The results of these two cases show that 55 PORV
openings occurred at the 2365 psi set point, and 1485 occurred at
the 2375 psi setpoint.

4.4.3. Detalls of The Monte Carlo Analysis

The direct Monte Carlo procedure used in this study will be
detailed in this section. A simple drawing of the process to
be modelled is shown in Figure 4.4-3.
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The conservatively assumed error associated with the PORV and
the RPS trip set point is treated as a uniformly distributed
random contribution in the range from zero to five psi. It
inflates the pressure at which the reactor will trip and
decreases the pressure at which the PORV will open. These
errors are included for conservative contributions due to
set point variations.

The pressure overshoot is a physical phenomenon which is
associated with high pressure trips. The probability model
used for the pressure overshoot is an exponential distribu-
tion truncated at 10 psi and 60 psi. This distribution is
based on plant data (Table 4.2) and is represented in Figure
4.4-2. While uncertainty of pressure overshoot is not directly
treated, the distribution parameter is conservatively estimated
as shown in Figure 4.4-2.

Any case that predicted an overshoot less than 10 psi was
conservatively redone and any case that predicted overshoots
greater than 60 psi were truncated to a 60 psi value. This
tended to generate higher overshoot cases than the actual
distribution would predict.

The program treats the single true system pressure input to
each of the four RPS channels with individual channel processing
errors. The result is four individual values of sensed
pressure. Each of these is identified with a channel. 1In each
channel there is a bistable with an internal setpcint. Each of
the channel set points is also treated with its own random
setpoint error mentioned above. Trip logic is met if two or more
of the sensed pressures exceed or equal the actuation values of
RPS setpoint plus the 0 to 5 psi random portion. If this trip
condition is not satisfied on the first pass through, the true
pressure is incremented by two psi and another iteration is made
on the trip logic. This continues until the trip criterion is
met.
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At this point in a particular trial, the reactor has tripped.
The true pressure which yielded the trip was then incremented by
the overshoot. This new value (original true pressure plus
overshoot) was then subjected to the RPS error treatment. As
noted previously, one pressure signal can be selected from
either of two RPS channels for transmittal to the NNI PORV
circuit. The Monte Carlo program was set to select the highest
of the two RPS channels available to the NNI. Thus, the pressure
signal selected for the NNI in a given trial was the highest
value of (true pressure + overshoot) + RPS errors for the two
channels available. This value of indicated pressure was then
treated with NNI buffer amplifier errors and sent to the PORV
bistable to determine if a PORV actuation was required. The
comparison at the bistable incorporated the zerc to minus five
psi errcr previocusly mentioned.

The margins to PORV actuation for these cases were grouped in
S psi ranges to provide estimates of the probability of opening,
or being near to opening, the PORV. This data is shown in Figure
4.4~1.
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Table 4-1. Plant RPS Settings for High Pressure Trip

Rancho Oconee
Seco  (J.2 & 23) ANO-1 CR-3 DRB-1

Trip setpoint

(psig) 2290 2290 2298 2296 2285
Max expected
string error
at bistable 2.4 1.55 2.0 2.96 4.0
during weekly (RMS) (RMS) (RMS) (Algebraic
checks (+/-psi) fum)
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6/2+/80
8/ /%0
8/22,%
8/29/8%0
10/28/80
11/08/80
1/12/80
12/05/80
4/08/8"
FYARY 3
VAR U
23/81
e/27/8
e/30/8
7/08/81
9/01/81
9/05/8
10/16/81
110782
1719/82
S//82
S72v82
6/20/82
T/05/82
71%/82
8/08/82
9/11/82
11/04/82
3/19/83
S/vo/88

T/26/83

8/22/83
8/26/83
a3/
1"y
12/03/83
2/16/8
S/12/8
1/22/85
LYARYY ]

Table 4-2. Plant Data for Hiah Pressure Trips
AVERAGE

MAX RCS DELTA

PRESSURE  OVERSHOOT  PRESSURE  INITIAL RECORD I NG

(P$16G) Ps1) (PS1/SEC) POMER DEVICE COMMENT S
2336 LAl 57.0 100 WR REACTIMETER TURS GOVERNOR VALVES CLOSED
2320 2% 100 STRIP CHARTY LOSS OF wN1 X
229 0 11 MR TAP PLOY N1 CAL WITH ROD [N WAN.
2300 10 10.0 95 WR REACTIMETER  WAMUAL RUNBACK
20 12 100 MR STRIP CHART  LOAD REJ. MAN RUNBACK ATTEMPT
2300 . S3 MR STRIP CRART  WFW PUMP TRIP
«2300 @ 90 MR ALARMS NEW PUNP TRIP
2300 - T2 MR, 1S SEC DATA M8 GOVERNOR VALVE PROBLENS
<2300 «10 cras 94 MR STRIP CHART  AIR FAILURE, MFW VALVES LOCKED uP
2300 1 7.0 28 WR REACTIMETER  FW OSCILLATIONS
PAL 9 10.6 40 MR REACTIMETER  LOSS OF ICS IWNPUTS FROM RPS
29 1 6.2 14 MR, TTHCISEC) MANUAL UNDERTEED
2300 2 6.0 98 W FAILED NI POMER SIGNAL
2308 9 10.0 100 MR TAP PLOT LOSS OF POVER 10 Ww| ¥
2300 10 2.5 80 WR TAP PLOY WEW PUNP TRIP
230% 15 SO wR TAP PLOT FW OSCILLATIONS
230% 9 55 WR STRIP CHARY PV OSCILLATIONS
0 4 2.5 SO MR TAP PLOT MFW CONTROL PROBLENS
2500 2 100 Wh TAP PLOT WEWP TRIP DURING MAN RUNBACK
*2300 « boo S W TAP PLOY FAULT IN T AVE SIGMAL
«2300 «0 .5 30 VR, TTMCISEC) Fw OSCILLATION
«2300 % ’ 100 WR REACTIMETER  MAMUAL UNMDERFEED
«2300 “ 100 MR STRIP CHART  MFy PUMP TRIP
3% “ 15.0 100 WR A STRIPCHART  LOSS OF TOTAL RC FLOw SIGMAL
«2300 «10 '} 51 WR,TTH(ISEC) TURE & P A CONTROL [N AN
«2300 «10 2.0 90 W DURING ROD DROP RUNBACK
2300 . 21.0 B2 WR STRIPCHART INADVERTENT WS |V CLOSURE
2300 “ 10.0 B1 MR STRIPCHART LOAD REJECTION
«2300 “ 5.0 100 wR PTR FAILED RC FLON [NPUT
2300 . 94 NR STRIP CHART  LOSS OF RC FLOW SIGNAL
2301 1" 42 W, 1M W TRANSIENT
«2300 «10 1.5 100 WR, YTW(ISEC) NIV UM TRIP
«2300 “ suie 20 MR STRIP CHARTY N ThiP
«2300 «13 4.0 " - ICS uPsE"Y
«2300 “ 5.0 16 R STRIP CHART  LOSL OF Py FLOW [NPUT TO ICS
«2300 Ry 1.0 9 W STRIP ChARY P TLOM REDUCT | OM
«2300 < 2.% 65 WR STRIP CHARY TURE GOVERNOR VALVES CLOSED
<2300 “ ™ WA NIV UM PROBLENS
2310 12 ‘.5 100 W PV PUNP TRIP DURING RUNBACK
«2300 “ 5.0 ™ oA P BLOCK VALVE CLOSURE
«2300 «10 4.0 65 MR B STRIP CHART FW UPSET, VALVES & PUNPS [N WAN,
«2300 «10 100 W, TTH FAILED RC FLON XNITTER
D22 52 4.0 100 W, TTMC1SEC) FAILED T WOt Iw ICS
2328 18 .0 100 Wm, TTN(ISEC) TURE INTERCEPT VALVE CLOSURE
2293 3 3.8 17 ., TTHOISEC) PV OBCILLATIONS
2% 40 100 WR STRIP CHART TURS INTERCEPT VALVE CLOSURE
2300 10 18.0 7S MR, TTMCISEC)
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4 Table 4-3. Summary of Major Inputs to Monte
Carlo Simulation Program

\
| RANDOM ERRORS

Probability Distribution Distribution
! source {Model) Parapeters
Reactor Normal Average 4.83
Protection psi
System Standard Deviation
6.217% psi
Non-Nuclear
Instrumentation
~Buffer Amplifier Normal AVI:IQ. 0.0
ps
Standard Deviation
1.4 psi
-Bistable Normal Average 0.0
psi
Standard Deviation
1.3 psi
Setpoints
' RPS Uniform Range © to
+ 5 psi
NNI (PORV) Uniform Range -5 to
0 psi
EHYSICAL PHENOMENA
!
Pressure Exponential 16.4 psi
Overshoot (Truncated

€ 60 psi > 10 psi)
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Figure 4.3-1. POMER TRAIN Vs. Plant Data
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Flgure 4. 4-3. Model for Monte Carlo Analysis
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S§. NRC REQUIREMENTS/PREVIOUS ANALYSIS COMPARISONS

Shortly after the PORV and high pressure trip set points were
reset in 1979 the NRC reguested an analys.is showing the
probability of a small break LOCA at the PORV. A response was
submitted in January 1981 (reference 2). This study included a
statistical analysis of all the possible methods the PORV could
open, one of which was the high pressure trip transient. The NRC
evaluation of this submittal was subsequently documented in a
safety evaluation based on a Technical Evaluation Report (TER),
Reference ). Table 3.1 summarizes the results of these previous
studies. This section compares the results of this current study
with the previous work and discusses both realtive to the NRC
requirements on this subject.

2.4, Guidelines

Reference 4 describes the guidelines for the maximum alllowable
SBLOCA porbability at the PORV. The overall requirement is
that this type of SBLOCA occur less than .001 times per reactor
year. The specific requirement for the high pressure trip
transient is that no more than 5% of them are allowved to open the
PORV.

2.2, Current Study Eesults

The current study develcped an estimated PORV opening frequency
for overpressure transients of 1 x 10°% openings per event. For
the period 1980 through 1984, the seven B&W cperating plants
experienced 65 high pressure trip transientss. This is an
average of 65/(7x5) = 1.86 events per reactor year. Thus, the
estimated PORV opening frequency for overpressure transients is:

5~1



1.86 Events x 10°3 Qpenings = 1.86 x 107°

Reactor year Event

Reactor vyear

As stated previously, raising the high pressure trip setpoint
affects only the PORV opening fregquency for overpressure
transients. Thus, the previous analyses (References 2 & J) need
only be compared for the impact of the overpressure transient
contribution to PORV cpenings. Reference J estimated a PORV
opening freqguency for overpressure transients of 2.2 x 10773,
Since the 2.2 x 10°? PORV opening frequency yielded acceptable
results, it follows that the 1.86 x 10~° openings per reactor
year frequency will also result in a probability of a small break
LOCA due to a stuck open PORV of less than 1 x 1077,

The results of the current study are summarized as follows:

NRC Guidelines Current Study Results

Probability of SBLOCA <1 x 1077 2.53 x 1074
due to Stuck-open PORV

PORV Openings on <5 x 1072 1 x 1070
Overpressure

Transients

2.3, Compazison of Current Previous Analyses

The previous analyses addressed all aspects of PORV opening
frequency and probability of a SBLOCA due to a stuck open PORV,
The current analysis focused on only the PORV opening frequency
for overpressure transients since only this freguency is affected
by a change in high pressure trip setpoint. The PORV opening
frequency for overpressure transients developed in this study is
considerably lower than that estimated in reference 3

(1.86 x 10°% v 2.2 x 107?). The reasons for this difference are
discussed below.

The methodology and statistical components of the previous and
the current analyses are similar with the exception of overshoot
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predictions. The previous analysis was based on transient plant
data where the PORV was open prior to the high pressure reactor
trip. If the PORV had been closed, it was estimated that the
pressure overshoot would be 17.4 psi higher. Therefore, without
the PORV the mean pressure overshoot was calculatd to be 26.6 psi
(9.2 + 17.4 from reference 2 page 4) on a normal distribution
with a 27.52 standard deviation. The normal distribution was
assumed due to the wide scatter of plant data used. On the other
hand, the current analysis used plant data where the PORV did not
cpen during the transient and consequently eliminated the need to
estimate the effect of the PORV. Also, the data scatter in the
overshoot prediction was reduced due to the methods discussed in
section 4.2. This current data allowed for a more realistic
distribution (see section 4.4) with a 16.4 mean overshoot. The
effect of the inlet skewed overshoot distribution is reflected in
the lower probability calculation of (1.86 x 10°9) compared to
2.2 x 10°3 openinge per reactor year of the 1581 results.

2.4, Sumpary

The previous analysis (Reference 1) calculated 2.2 x 10°% PORV
cpening per high pressure event when the PORV was set 150 psi
above the trip set point. The current analysis calculated 10-5
PCRV cpening per high pressure event when the PORV was 35 psi
above the trip set point. Based on the last 5 years of operating
experience and data, the current analysis is considered the more
realistic of the two. However, both analyses meet the NRC SBLOCA
regquirements.
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