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ABSTRACT

The probability that steam generator tube ruptures (SGTR) will
result in containment bypass is reduced by current System 80+
design features. Two additional features will be added. A monitor
for N-16 will be added to one steam line from each steam generator
and modifications will be made to assure continuity of turbine i

steam bypass capability following a safety injection actuation ,,

signal. The resultant conditional probability for containment
bypass via opening of the Main Steam Safety Valves (MSSVs) during ,

a SGTR event becomes lower by two orders of magnitude than it was
on the earlier System 80 design. ,"

The System 80+ evolutionary ALWR was derived from the System 80
NSSS over an eight year period of design evaluations. Cha..ges that

were made concluding in the System 80+ systems and component
configurations, have resulted in substantial increases in plant i

safety. Significant changes at this point in the design evolution
'to accommodate new bases for safety analyses and/or new acceptance '

criteria for Design Basis Events must be thoroughly evaluated if
the effectiveness of the System 80+ integration is to be
maintained. With these considerations in mind, and after ;

considerable study involving tradeof fs and performance evaluations ,

of the System 80+ Standard Plant we consider the following design
features to best meet the goal of significantly reducing the i

probability of containment bypass due to SGTR. These features are: |

1) A design change to add two N-16 monitors, one per steam
generator, to assist in the diagnostics of the event.
The signal would be latched to prevent loss of signal on
reactor scram. These monitors would be in addition to'

the present System 80+ steamline area radiation monitors
and sample and blowdown radiation monitors.

2) A design change to the System 80+ Component Cooling Water
(CCW) system to permit the steam bypass system to
continue to operate after SIAS is reached. It assures
CCW to the air compressors following SIAS so that

2 actuation air is available to the steam bypass valves
,

indefinitely.

3) The main feedwater control system (FWCS) in the present
System 80+ design automatically terminates main feedwater
following a reactor trip with reduced primary coolant
temperatures. This helps to offset the leak flow,
extending the ruptured SG fill time.

4) The Rapid Depressurization System (RDS) discharging to
g

|
the IRWST is actuated by the operator when MSSVs are
challenged. The RDS is already a part of the System 80+
design.
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5) The NUPLEX 80+ control room assists the operator in the
'

diagnostics of events. NUPLEX 80+ is already a part of'

,

the System 80+ design. j
i !

. 6) The turbine bypass system for which all valves direct j
i secondary flow to the condenser eliminates two paths to !

the atmosphere and is already part of the present System |
'

80+ design.'

;

7) The IRWST in the current System 80+ design is both a
large source of safety injection water and a quench tank ;

that confines blowdown fluids within the containment. It 1|
j contains greater than 500,000 gallons of borated water ,

and can be refilled by the CVCS from the Boric Acid i
Storage Tank which contains 250,000 gallcos of borated ;

I water. -

!

| 8) The large secondary side volume of the System 80+ SGs !

i provides extra capacity and therefore extended operator |
action time before the MSSVs are challenged. ;

!'

The above features have been evaluated in order to obtain a measure ;

of their contribution to reducing the risk of containment bypass. !

It is estimated that the summation of the individual effects I

produce greater than two orders of magnitude reduction in risk of I
containment bypass from SGTR relative to the previous System 80 |
design. [

Not factored into the above quantification is the very real !

prevention feature inherent in the System 80+ design due to the [
,

ichange of material in the SG tubes from Inconel 600 to Inconel 690
and the lowered operating temperatures.
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1.0 INTRODUCTION

;
1.1 Background

The System 80+ design is an evolutionary ALWR derived from the
successful System 80 design. Changes incorporated into the System
80+ design provide significant increases in operating margins
relative to those on System 80. Also, changes prcvide
significantly greater capability in mitigating design basis events.
Despite these improvements, the NRC staff (Reference 6-1) believes
that greater improvement in the capability to prevent bypass of :

containment by primary coolant following a Steam Generator Tube
Rupture (SGTR) event should be investigated. In particular, it is 1

desired to reduce the reliance on manual operator actions to 'mitigate the event during the early post-trip period af ter the
event.

In Chapter 15 of CESSAR-DC an analysis of a single SGTR event is
presented assuming rupture of one tube and only automatic actuation
of only safety grade systems and components for 30 minutes. After j

30 minutes, operator action is assumed to mitigate the event. The !

offsite radiological dose acceptance criteria are satisfied, but f
the conservative Chapter 15 analysis methods predict the opening
of main steam safety valves (MSSVs) on the secondary side that
release primary coolant to atmosphere. The conservatively biased
calculations required for these safety analyses yield an upper
limit bound on the actual radiological release and are appropriate j
for their intended purposes.

A comprehensive study of candidate automatic systems was conducted
to identify options which might substantially improve SGTR

performance. In particular, the goal was set to try to

significantly increase the time before the MSSVs would first lift,
without credit for operator actions, following the rupture of five
SG tubes. Those which were most promising were assessed by
detailed performance anlayses and by system design evaluations.
This report presents the results of these analyses and design
evaluations including the attendant benefits and limitations of

,

each candidate approach.

In meetings with the NRC (Reference 6-2), ABB-CE has presented more
realistic analyses of the System 80+ design to survive a SGTR
assuming only automatic actuation of components and systems which
include both safety grade and non-safety grade equipment.
Conclusions presented at the meetings indicated that the realistic
response of the System 80+ design is to allow more than four hours
for operator action following a single tube rupture and to allow
more than 30 minutes following rupture of five tubes before MSSVs
open to release to atmosphere.

.

1
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To reduce reliance on operator action within 30 minutes or even
within several hours, ABB-CE has evaluated a number of potential
plant design changes. These changes were discussed at meetings
with the NRC (References 6-2 and 6-3), where additional variations
were also suggested.

1.2 Purcose of Report
1

This report presents the ABB-CE position on proposed mitigative
design changes to the System 80+ Standard Design to prevent
radiological release to the atmosphere following SGTR events. The

'

report fulfills this purpose in three ways. First, the current
System 80+ capability to mitigate SGTR events is evaluated.
Second, proposed design changes are evaluated to determine their
benefit. Third, the report establishes a criterion to use for
measuring the benefits of the various design options. This
criterion is the length of time from the initiation of the event s

until the operator must take action to prevent opening of the
MSSVs.

1.3 2.g.gne of Report

The report identifies the preventative and mitigative features of
the current System 80+ design that prevent or limit radiological
release following SGTR events. The report also identifies and
describes eleven design changes proposed to enhance the plant
response to SGTR. Methods employed to determine the realistic or
best estimate responses of the plant are presented. These methods
are employed to determine the response for the current plant design
and for each of the proposed design changes. The intent is to
provide realistic analytical estimates of the actual behavior, .

given the SGTR, so that valid comparisons may be made among the
various proposed changes.

An evaluation of each plant configuration is provided, based upon
the design and the plant response. As stated above, a criterion is
established as the time to open the MSSVs assuming no operator
action. In addition to this criterion, the evaluation bases
include other considerations. The economics of the plant response
consequences are considered. For example, the extent of cleanup
required or the likelihood of significant equipment damage is
evaluated. The complexity of the design change is considered along
with the complexity of utilizing it during an event.

Proveness of the design change is considered. This is especially
important at this stage in the System 80+ design process when much
has already been done to confirm the effective integrated behavior
of interacting systems and components. Uniqueness of the effects ;

of a proposed change is cautiously reviewed to assure that !
unexpected equipment responses do not occur during other design '

basis events or operational evolutions.

1-2
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A summary of'the proposed design changes is given in Table 1.3-1 i
~

where the significant benefits and limitations are listed for each |.-

Ichange.
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TABLE 1.3-1
SUMMARY OF THE BENEFITS & LIMITATIONS OF POTENTIAL DESIGN CHANGES

SECTION NO. & DESIGN CHANGE BENEFIT (S) LIMITATION (S)

e Extends MSSV lift time e Redesign of the turbine3.2. Automatically bypass
MSIS on high SG level. from 30 to 50 minutes for bypass system is

5 tubes ruptured. necessary. (
e Steam lines will flood I

e Minimal hardware changes causing significant |
required. equipment damage. I

e Conflicts with criterion
24 of Reg. Guide 1.153 i

which requires separation
of Protection and Control
Systems.

3.3 Automatically initiate e Very small extension of e Reduces RCS subcooling
auxiliary pressurizer spray MSSV lift time (1 minute) e Increases pressurizer
(APS) for 5 tubes ruptured. level early complicating

i e Minimal hardware changes diagnosis.
'

re_ quired.

3.4 Automatically open the e Very small extension of e Reduces RCS subcooling
Reactor Coolant Gas Vent MSSV lift time (3 minutes) e Increases pressurizer
System (RCGVS). for 5 tubes ruptured. level early complicating

Minimal hardware changes diagnosis.e
I requireds e Conflicts with criterion

24 of Reg. Guide 1.153

'

which requires separation
of Protection and Control
Systems.

i

!

,
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TABLE 1.3-1 (Cont'd)
SUMMARY OF THE BENEFITS & LIMITATIONS OF POTENTIAL DESIGN CHANGES

|

|
,

SECTION NO. & DESIGN CHANGE BENEFIT (S) LIMITATION (S)

New single failure safety3.5 Automatically open e MSSV will not lift for 5 e

the SG liquid blowdown ruptured tubes beyond analysis concerns.

system. 10,000 seconds. e New containment penetra-
tion piping & valves.

e Will require exemption
from regulatory isolation
requirements for the
containment.

3.6 Automatically reduce o small extension of MSSV e Pressure reduction
post-trip SBCS pressure to lift time (3 minutes) for limited to remain above
900 psia (vs. 1100 psia). 5 tubes ruptured. the low SG pressure MSIS

setpoint (850 psia).
Complicates SBCS withe
potential impact on plant
availability.

3.7 Automatic opening of e May extend MSSV lift time. e Conflicts with required
Turbine Bypass System and safety function for main
Bypass of MSIS on low steam steam line breaks.
generator pressure. e High steam generator

level MSIS still occurs.
e Conflicts with criterion

24 of Reg. Guide 1.153
which requires separation
of Protection and Control
Systems.

i

,

. _ _ . _ _ _ . _ . - . _ _ _ _ _ . _ - __________._.__.__.________.___.__.______m_______ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _m_ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____.___.mm____ ______.a._______.,_.________.______m_____-



TABLE 1.3-1 (Cont'd)
SUMMARY OF THE BENEFITS & LIMITATIONS OF POTENTIAL DESIGN CHANGES I

|
|

1

SECTION NO. & DESIGN CHANGE BENEFIT (S) LIMITATION (S)

3.8 Automatically open the e Will prevent MSSV lift for e Core subcooling lost
Rapid Depressurization >10,000 seconds for a five e Large reverse flow of
System (RDS) on the tube rupture. unborated water.

e Conflicts with criterionpressurizer.
24 of Reg. Guide 1.153
which requires seoaration
of Protection and Control
Systems.

e RDS is not currently
designed for design basis
events.

e Challenge to environ-
mental qualification of
containment equipment.

3.9 Increase main steam e Small extension of MSSV e Will require a redesign
safety valve setpressure. lift (5 minutes) for a of steam generator &

five tube rupture. secondary systems.
Higher RCS temperatures &e
pressures for decreased
heat removal events.

e The small break LOCA
peak clad temperature
will increase
significantly.

i

1
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TABLE 1.3-1 (Cont'd)
SUMMARY OF THE BENEFITS & LIMITATIONS OF POTENTIAL DESIGN CHANGES

SECTION NO. E DESIGN CHANGE BENEFIT (S) LIMITATION (S)

3.10 Automatic blowdown of e MSSV will not lift for 5 e New valves, piping sup-

steam generator liquid to ruptured tubes beyond ports, extensive first

IRWST. 10,000 seconds. of a kind engineering.
e Challenge to environ-
mental qualification of
containment equipment.

o Overheating of the IRWST.
* Potential for boron

dilution.

3.11 Automatic initiation e Minimal hardware changes e Steam lines will flood
of the atmospheric dump required. causing equipment damage,
valves, o Extension of MSSV lift e Vents to atmosphere

time. e Conflicts with criterion
24 of Reg. Guide 1.153
which require separation
of protection and control
systems.'

3.12 Passive secondary e Extension of MSSV lift e Steam lines will flood
cooling system. time. causing equipment damage.

e Extensive redesign of
containment and design of
suppression tank.

e Extensive first of a kind
engineering.

I
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2.0 S"==rv of Results

2.1 Desion of the System 80+ Plant For SGTR Mitication

The System 80+ evolutionary ALWR was derived from the System 80 ,

NSSS over an eight year period of design evaluations. Changes that
were made concluding in the System 80+ systems and component
configurations, have resulted in substantial increases in plant
safety. The plant changes that increase safety are evident in the
plant design and the verifications of their safety benefit are
evident in the increased operating margins and in the PRA
evaluations presented in CESSAR-DC. Interactions among the plant
systems and the control and protection systems have been studied
and refined to yield the integrated System 80+ design. Significant
changes at this point in the design evolution to accommodate new
bases for safety analyses and/or new acceptance criteria for Design
Basis Events must be thoroughly evaluated if the effectiveness of
the System 80+ integration is to be maintained. With these ,

cor.siderations in mind, and after considerable study involving !

tradeuffs and performance evaluations of the System 80+ Standard '

; Plant we consider the following design features to best meet the
goal of significantly reducing the probability of containment
bypass due to SGTR. These features are:

1) A design change to add two N-16 monitors, one per steam
generator, to assist in the diagnostics of the event.
The signal would be latched to prevent loss of signal on

|
reactor trip. These monitors would be in addition to the
presen*. System 80+ steamline area radiation monitors and
sample and blowdown radiation monitors.

2) A design change to the System 80+ Component Cooling Water
(CCW) system to permit the steam bypass system to
continue to operate after SIAS is reached. It assures
CCW to the air compressors following SIAS so that
actuation air is available to the steam bypass valves
indefinitely.

j

3) The main feedwater control system (FWCS) in the present
: System 80+ design automatically terminates main feedwater

following a reactor trip with reduced primary coolant
temperatures. This helps to offset the leak flow,
extending the ruptured SG fill time.

4) The Rapid Depressurization System (RDS) discharging to
the IRWST is actuated by the operator when MSSVs are
challenged. The RDS is already a part of the System 80+
design.

5) The NUPLEX 80+ control room assists the operator in the
diagnostics of events. NUPLEX 80+ is already a part of

,
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:
,

the System 80+ design.

6) The turbine bypass system for which all valves direct
secondary flow to the condenser eliminates two paths to
the atmosphere and is already part of the present System ,

80 design. |.

7) The IRWST in the current System 80+ design is both a
large source of safety injection water and a quench tank
that confines blowdown fluids within the containment. It
ccntains greater than 500,000 gallons of borated water !

and can be refilled by the CVCS from the Boric Acid
'

Storage Tank which contains 250,000 gallons of borated
!water.

8) The large secondary side volume of the System 80+ SGs
provides extra capacity and therefore extended operator '

action time before the MSSVs are challenged.

The above features have been evaluated in order to obtain a measure '

of their contribution to reducing the risk of containment bypass.
It is estimated that the summation of the individual effects
produce greater than two orders of magnitude reduction in risk of i

containment bypass from SGTR relative to the previous System 80
design.

Not factored into the above quantification is the very real
prevention f eature inherent in the System 80+ design due the change
of material in the SG tubes from Inconel 600 to Inconel 690 and the
lowered operating temperatures.

2.2 Response of System 80+ Plant to SGTR
i

The System 80+ plant design, as discussed in Section 2.1, was ;

analyzed for the rupture of one to five steam generator tubes. The
analyses, assumed only one change from the current System 80+
design. That is the change that assures continued operation of the
steam turbine bypass system following a SIAS. The only other ;

|change to the current design theit was proposed above in Section 2.1
is the addition of N-16 monitors to help the operator diagnose the
SGTR event. Although N-16 monitors would aid the operator during i

this event, their addition would not change the analysis results I

presented here because the analysis assumes no operator action )

prior to MSSV opening. i

The significant result of the analyses is the length of time
between event initiation and opening of the MSSVs. With the above
analysis assumption and only automatic response of plant systems
this time varies from greater than four hours for rupture of one
tube to one half hour for rupture of five tubes. Figure 2-1 shows
the relationship between the number of ruptured tubes and the time

2-2
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at which the MSSVs open. The times shown are adequate for the
operator to diagnose the SGTR event and to initiate appropriate
action to prevent release from the secondary system. (

Operator actions following a SGTR event normally include
minimization of the break flowrate and control of primary and ,

secondary pressures and levels by using plant operating and
emergency systems described in Section 3.1.1.

If the operator should fail to act prior to the opening of the MSSV
Ior if the bypass system should fail and cause the MSSV to open much

sooner, the current System 80+ design affords two additional
contingency actions the operator can take to halt the release to
atmosphere. One contingency action is actuation of the Reactor
Coolant Gas Vent System (RCGVS) or the Rapid Depressurization
System (RDS) The operator would manually open the RDS and blow
down the primary side, discharging into the IRWST. Af ter the MSSVs

.!
reseat, the primary pressure continues decreasing until the
pressure differential at the SGTR break location is approximately
zero, halting the release of primary coolant into the steam
generator. Using the combination of throttling capabilities of the
RCGVS or RDS and of the SIS (HPSI) pumps, the operator maintains
both primary subcooling and minimum pressure differential at the ;

tube break while holding secondary pressure below the MSSV
setpoint. Figure 2-2 shows the transient pressures on the primary
and secondary sides when the SDS is opened. *

The other contingency available to the operator when the MSSVs open
is the High Capacity Blowdown System. The current System 80+
design inlcudes the capability to blow down liquid from the steam
generators during shutdown conditions at a variable rate with a i
maximum equivalent to 8% of the full power main steam mass flow
rate. The operator would utilize the blowdown system to limit the
maximum water level and/or to reduce the pressure in the steam '

generator. Figure 2-3 shows the transient pressures on the primary
and secondary sides when the high capacity blowdown system is
utilized to prevent release tPrough the MSSVs.

Should a MSSV stick oper ther contingency actions would rapid.y
lower the secondary pr sure minimizing the release rate and
tending to reseat the st > ' .S SV .

2.3 Probabilistic Evaluation of System 80+ Pla.nt Containment
Bypass Give A SGTR

,

.

Emphasis in this evaluation is on containment bypass via an assumed
stuck open MSSV following a Steam Generator Tube Rupture (SGTR)
event. System 80+ includes a number of design features that
reduce the potential for lifting the MSSVs following an SGTR.
These were listed in Section 2.1.

2-3
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i

The purpose of this evaluation is to evaluate the impact of System |
80+ design features on the potential for containment bypass via a |

stuck open- MSSV. The evaluation - is based on the follow'.ng |
assumptions and conditions: ]

1) Best estimate transient analysis has shown that_ for a SGTR j

with 5 tubes ruptured, the operators have 30 minutes in which- ;

to take action to prevent lif ting the MSSVs in the ruptured SG !

if the Turbine Bypass Control System (TBCS) is operating.
i

2) Best estimate transient analysis has shown that for a SGTR i
with 5 tubes ruptured, the MSSVs on the ruptured SG will lift |

iif the TBCS fails to operate.

3) At 30 minutes for a five tube SGTR with the TBCS operating, ,

the operators must establish RCS pressure control by
throttling the HPSIs, and they must establish pressure and i

level control in the ruptured SG using either the ADVs or the ,

blowdown system in order to preclude lifting the MSSVs. ;

;

4) If the Rapid Depressurization System (RDS) valves are opened- *

*

within 30 minutes, they will depressurize the RCS suf ficiently
to preclude opening the MSSVs even if the Safety Injection |

pumps are not throttled. |
!

5) If the TBCS fails, only the first two banks of MSSVs on the !

'

ruptured SG will lift.

6) If the MSSVs lift and pass steam, the probability that they i
'

fail to reclose is calculated as 7.0E-03 per valve.
!

7) If the MSSVs open and pass water, the probability that they !

fail to reclose is assumed as 1.0. |
1

8) The N16 detectors, coupled with the NUPLEX 80+ Advanced ,

Control Complex make it much easier for the operators to i
'

diagnose and respond to an SGTR. Therefore the operator error
rate is significantly reduced. It was assumed the operator
error rate would be 50 % less than for a plant without the i

NUPLEX 80+ Advanced Control Complex and the N16 detectors.

9) The base operator error rates used in this analysis are based i
1

on the single tube rupture case which has longer time !
!

available for operator action. These values were not
recalculated for the 5' tube rupture case because only the i

changes in the conditional probabilities are of interest. |

Thus, the base conditional probabilities are purely figures of .!

merit on which the deltas are based.

The SGTR analysis in the System 80+ PRA includes a model for
failure to isolate / terminate the leak on the ruptured SG. Part of

2-4
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this model represents opening of the MSSVs and a consequential
failure to reseat. This portion of the model was modified slightly
and converted to a stand-alone model (see Appendix A) . This stand-
alone model was used to evaluate the impact of the various design
features. The model was first quantified using the System 80+ base
failure rate data to generate the conditional probability for a
stuck open MSSV for System 80+. Next, the TBCS portion of the
model and the RDS portion of the model were set to " Failed" and the
operator error rates were doubled to simulate not having the
benefit of the N-16 monitors and the NUPLEX 80+ Advanced Control
Complex to diagnose a SGTR. This represented the base case for a
generic System 80 plant. This modified model was quantified to
generate the conditional probability for a stuck open MSSV for a
generic System 80 plant. Next, a set of three cases were run to
evaluate the benefit of adding the various design features. These ,

cases are as follows:

1) The TBCS portion of the System 60+ model was disabled (set to
" Failed"), the SDS portion of model was disabled, and system
80+ operator error rates used. This evaluated the impact of
adding N16 detectors and the NUPLEX 80+ Advanced Control
Complex to the generic System 80.

2) The TBCS portion of model was enabled, the RDS portion of
model was disabled, and operator error rates twice those of
System 80+ were used. This evaluated impact of not isolating
CCW to the IA compressors on SIAS for the generic System 80
plant.

3) The TBCS portion of model was disabled, the RDS portion of
model was enabled, and operator error rates twice those of
System 80+ were used. This evaluated the impact of adding the
RDS to the generic System 80 plant.

The results of these cases are summarized in Table 2-1. The
listings of the cutsets for all three cases are given in Appendix
A. :

Two improved design features were not directly evaluated. First,

the System 80+ design has larger steam generators than System 80 *

plants. Transient analysis indicates that this additional SG size
provides about 5 additional minutes to respond to the transient.
This is a benefit, but the methodology used for quantifying
operator error rates for the System 80+ PRA does not have
sufficient resolution to calculate the benefit in terms of changes

,I in the operator error rates. Second, For System 80, two of the
.'

TBVs dump directly to atmosphere. These valves tend to be in the
last bank of TEVs that would open. If these valves are opened on
an SGTR, there is the potential that they could fail to reclose.
If the MSIV on the ruptured SG is not closed, this would present a >

bypass path, albeit a low probability one. For System 80+, all

TBVs dump directly to the condenser, so there is minimal bypass via

2-5'
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|

;

|

the TBVs for System 80+. This was not directly evaluated because !

it would have required extensive model changes. Bypass of |
radiation to the atmosphere _ via the condenser is reduced by !

retention in the liquid condensate. |
:

The results of this evaluation indicate that the conditional !
!probability of a containment bypass via the MSSVs given an SGTR for
:System 80+ is about two orders of magnitude lower than for System

80. The most important design feature is ensuring that the TBCS i

continues to operate following SIAS.
'

.

:

i
i

T

I

|
t

!
!

|
r

!
,
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TABl.E 2 -1
Evaluation of Benefit of Adding Design Features to System 80 to Preclude 1.ifting MSSVs on SGTR

PLANT FEATURE BENEFIT Conditional Probability %

of Stuck Open MSSV Reduction

System 80 n/a 6.96E-02 -

(Base)

Add Only N16 Detectors plus Faster and more accurate identification 6.30E-02 10 %

Advanced Control Room of SGTR and status of equipment.
Reduce operator error rates by 50%

Add Only Cooling Water to Turbine Bypass Control System not 9.39E-03 86 %

Instrument Air failed on SIAS
Compressors not lost on
SIAS

Add Only Safety Depressurization Alternate Metinod to achieve RCS 5.63E-02 19 %

System pressur6 control in time to prevent
lifting of MSSVs

Add Only Larger Steam Generators Approximately 5 minutes longer before not quantified
MSSVs lift. Slight increase in operator
reliability

Add Only All Turbine Bypass Eliminate potential containment bypass not quantified
Valves discharge only to path
containmer.t

System 80 + Includes all added 2.28E41 99.7 %-.

features above j
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FIGURE R - /

SYSTEM 80+ MULTIPLE SGTR
MSSV LILT TIME VS NO. OF TUBES RUPTURED
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FIG. 2-2 RCS and SG Pressure vs. Time for 5 Tubes Ruptured and Automatic
Rapid Depressurization System
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FIG. 2-3 RCS and SG pressures vs. Time for 5 Tubes Ruptured and
Automatic SG Liquid Blowdown
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3.0 DISCUSSION OF DESIGN CHANGES EVALUATED

Analysis and evaluations were performed on the current System 80+
design and on eleven proposed changes to the current design. This
section presents a summary of the analytical results and an
overview of the evaluation. Detailed analytical results are
presented in Section 4.0.

A description of each change is given. These changes have been
carried through design process sufficiently to support the

conclusions of the evaluations.
Benefits of each design change are highlighted, followed by the
limitations.

3-1
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3.1 Current System 80+ Desian

3.1.1 Descrintion of Current Desian

The current System 80+ design provides a number of systems for use
in mitigation of a tube rupture event. The design basis of these
systems are not typically for the prevention or mitigation of a
steam generator tube rupture event, however, their use, whether !

automatic or manual, decreases the probability of a main steam i

safety valve from lifting. The following systems will help )
mitigate the consequences of a tube rupture event: |

!

1 - The Turbine Bypass System is an automatic system which provides |

a path to remove steam from the steam generators. In the event of
steam generator tube rupture, the TBS will automatically relieve
secondary pressure and dump steam to the condenser (See Section 5.5 ;

for more detailed description) . This system will regulate the
pressure in the secondary system below the MSSV setpoint and
remains ef fective until a MSIS is generated on high steam generator
level.

2 - The operator has the capability to initiate pressurizer spray
if the Reactor Coolant pumps are operating or auxiliary pressurizer ,

spray if the RCPs are tripped. The pressurizer spray will reduce
the primary pressure, thus, decreasing the primary to secondary
leakage

3 - The operator has the capability to throttle the safety
injection pumps in order to lower the primary system pressure.
This, if used in conjunction with the main or auxiliary spray, will
allow the operator to reduce primary pressure, even to the point
where there is almost zero leakage.

4 - The operator has the capability to use high capacity steam ,

generator blowdown to remove secondary inventory and reduce
pressure. The blowdown system dumps to the condenser limiting

;

radioactive releases.

5 - The operator has the capability to operate the manually
controlled atmospheric dump valves. These valves vent to

atmosphere, however, their use allows for a controlled vent to
atmosphere unlike a MSSV lift. They also have upstream block ,

valves which are used to isolate unwanted atmospheric discharges.

6 - In the event that the non-safety main and auxiliary pressurizer e

spray systems are unavailable, the operator can use the RCGVS to
vent the pressurizer and lower RCS pressure. This may also be used
in-conjunction with throttling the SI pumps to minimize leakage.

3-2
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7 - If the RCS requires quick depressurization to prevent the MSSVs
from opening, the operator can use the Rapid Depressurization
System to blow down the RCS to the IRWST in Containment. This will
limit the primary to secondary leakage. The RDS can also be used
in conjunction with throttling the SI pumps to terminate primary to
secondary leakage through the tube rupture.

8 - N-16 radiation monitors are being added in the secondary system
to provide a quicker indication that a steam generator tube rupture
has occurred. These are additional to the area radiation monitors
currently located near each steam line upstream of the MSSVs.

The current System 80+ design allows a number of options for the
operator to prevent the MSSVs from lifting.

3.1.2 Benefits

If no operator action is assumed, the Turbine Bypass System will
continue to prevent MSSV opening for more than four hours for a one
tube rupture case. In the unlikely event that a five tube double
ended guillotine rupture occurs, the operator has approximately 30
minutes before the steam generator will become isolated by high
level and the MSSVs will lift shortly thereafter.

The operator has a number of options to limit secondary system
pressure to prevent the MSSVs from lifting and creating a
containment bypass.

3.1.3 Limitations

The System 80+ design does not have the capability to prevent MSSV
lift without operator action for an extended period of time (> 30
minutes) following rupture of 5 tubes.

I
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3.2 Aute== tic BvDass of Main Steam Isolation Sienal on Mich Steam
Generator Level

'
,

3.2.1 Descriotion of Chance

A Main Steam Isolation Signal (MSIS) is an Emergency Safety Feature ;

Actuation Signal (ESFAS) generated on either high steam generator
level or low steam generator pressure. In the current System 80+

design, when a high steam generator water level occurs

(approximately 95% narrow range level indication), the Plant
Protection System (PPS) generates a MSIS signal which closes the
MSIVs and the MSIV bypass valves, the MFIVs, the EFW isolation
valves, the Blowdown Isolation Valves and the Sampling System
Isolation Valves. These valves are containment isolation valves
(See Table 5-1) The isolation valves close or are confirmed
closed (sampling and MSIV bypass), effectively isolating the
affected steam generator. This function isolates paths which may ,

provide escape routes for radioactivity and also prevents steam
igenerator water level from reaching the steam lines downstream of

the MSSVs.

Bypassing the MSIS to the MSIVs on high steam generator level is an
option being considered to help mitigate the consequences of the
tube rupture event. If a tube rupture event occurs, a signal will
be generated from the N-16 radiation monitors on the steam lines.
This signal, coincident with a reactor trip signal and high steam
generator level signal, will bypass the MSIS to the MSIVs +

preventing the valves from closing and isolating the steam lines.
With the steam lines unisolated, the Turbine Bypass valves in the
Steam Bypass Control System are still available to remove steam and
regulate the secondary pressure below the main steam safety valve
setpoint.

(

3.2.2 Benefits
:

No new hardware is required to implement the change and extend the ,

time before operator action is required |

The high level MSIS is not credited in the Chapter 6 or 15 Safety
Analyses, therefore, it would not have an impact on these Analyses

i

3.2.3 Limitations

The affected steam generator will eventually overfill. The main
steam piping is not designed to accommodate flowing water. Stress

analysis for the piping and nozzles and water hammer analyses would
need to be done. This may result in additional piping supports
making the design more complex.i

,
.l
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The turbine bypass system is not designed to accommodate water.
Re-evaluation of the sizing of the turbine bypass valves and system
piping may result in different turbine bypass valves, and new
piping supports. Two phase flow to the condenser will affect its
structural design as a result of the higher flow loads.

The design of the turbine stop valves will have to be assessed to
determine the effects of water and two phase flow on water hammer
events.

The impacts of water flowing in the main steam system will have to
be addressed for other main steam system branches such as
extraction steam for the EFW turbine driven pump and feedwater
heaters. The possibility of boron depositing in the secondary
system due to water flow will have to be analyzed.
In addition, redesign of the control systems for this function may
impact the Probability Risk Assessment (FRA) or plant availability.
The ultimate configuration will be a first of a kind with unproven
performance and additional complexity.

New instrumentation will be a first-of-a-kind design.

3-5
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3.3 Autematic Initiation of Auxiliary Prgssurizer Sorav

3.3.1 Descriotion of Chance

The Chemical and Volume Control System (CVCS) auxiliary spray is
currently designed to provide auxiliary spray for control of
pressurizer pressure and to allow for pressurizer cooling during
final stages of normal shutdown when the RCPs are not operating to
provide main spray capability. The auxiliary spray design consists
of a pipe connection from the charging pumps that ties into the
main pressurizer spray lines. A normally closed isolation valve
prevents flow during normal operation. Operator action is required
to initiate auxiliary spray to depressurize the RCS. Auxiliary
spray is not required to perform any accident mitigation or safe
shutdown functions for design basis events.

A design change considered to mitigate the consequences of a steam
generator tube rupture event is to provide a signal to open the
auxiliary spray isolation valve based on radiation detection (N-16)
coincident with a reactor trip signal. In the event of a tube

'

rupture, the reactor will trip and the N-16 monitor will generate
a signal which will open the auxiliary spray isolation valve, start ,

a charging pump if one is not already operating, align a source of .

water and start to depressurize the RCS. Lower RCS pressures will i

decrease the primary to secondary leakage and delay or possibly |

prevent the secondary pressure from reaching the MSSV setpoint. ,

!

3.3.2 Benefits

|

This design change requires minimal hardware changes but may
require modification of control systems.

3.3.3 Limitations

In order to maximize auxiliary spray flow to obtain a rapid
depressurization, the charging pumps would . ave to be isolated from
the RCS. This would require additional changes to the control
system including interf acing safety and non safety control signals
A similar design has been used in Europe (Reference 6-4) where
rapid depressurization minimizes the primary to secondary flow.
However, the European design receives a SIAS with a coincident low |

pressurizer pressure and low pressurizer level. In the System 80+
design a SIAS occurs only on low pressurizer pressure. Therefore,

;

ithe Safety Injection pumps will actuate and keep the RCS pressure '

high effectively defeating the auxiliary pressurizer spray from
depressurizing the RCS. If the pressurizer goes solid, there is no
benefit for auxiliary spray. Controlling or terminating SI flow
using pressurizer level was not considered for System 80+ over

3-6
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| concerns for level measurement inaccuracies and increased core
damage frequency (PRA).
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3.4 Automatic Onenino of the Reactor coolant Gas Vent System on
the Pressurizer

3.4.1 Descriotion of Chance

The System 80+ Reactor Coolant Gas Vent System (RCGVS) is a safety
grade system designed to manually vent steam and non-condensible
gases from either the pressurizer and/or the reactor vessel upper
head. The RCGVS consists of piping and valves which come off of
the pressurizer and the reactor vessel upper head and normally vent
to the IRWST. During operation of the system, the operator manually
aligns the piping train from either the reactor vessel or the
pressurizer and depressurizes the RCS by venting to the IRWST. The
RCGVS is designed and required to be operable during all design
basis events

A change considered to prevent MSSVs from opening during a tube
rupture event is to automatically open the RCGVS valve train of f of
the pressurizer. If a tube rupture occurs, a N-16 monitor in the
secondary system will generate a signal which, coincident with a
reactor trip signal, will actuate the RCGVS valves providing a vent
path from the pressurizer to the IRWST. This will cause a ,

depressurization of the RCS and lower the primary to secondary leak '

rate, effectively extending the time before operator action is
required to prevent MSSV lifting.

3.4.2 Benefits

There are minimal hardware and software changes.

3.4.3 Limitations

!

The RCGVS function is required for design basis events. Supplying
non-safety grade signals from a new instrument control system to
these valves for actuation will complicate the design of the system |
and may impact the availability of the system for use during other
required operations.

Depressurization is similar t' using auxiliary pressurizer spray in
that the safety injection pumps will acuate and increase the RCS |

pressure. The RCGVS does not have the required capacity to remove
adequate safety injection flow to prevent the RCS from i

repressurizing above the MSSV lift pressure.
4
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3.5 Automatic Initiation of Steam Generator Blowdown System

- 3.5.1 Descriotion of Chance

The System 80+ steam generator blowdown system is designed to
operate manually and on a continuous basis as required to maintain
acceptable steam generator secondary side water chemistry. Each i

lsteam generator is equipped with its own blowdown line with the
capability of blowing down the hot leg and/or the economizer i

regions of the steam generator shell side. The liquid blowdown
effluent is routed outside containment to a blowdown flash tank
and/or the condenser. During normal operation the blowdown system I

removes either 0.2% or 1% (depending of water chemistry) of the ;

main steam rate from the steam generators. High capacity blowdown |

(approximately 8% of the main steam rate) is used periodically to |
'

remove any corrosion products on the tube sheet. The blowdown
system is isolated automatically on a Containment Isolation Signal,
a Main Steam Isolation Signal, or a Emergency Feedwater Actuation
Signal. For a more detailed description see Section 5.4.

The blowdown system provides a potential pathway to remove mass and
energy during a steam generator tube rupture event, thus,

preventing the MSSVs from opening. Because the isolation function
of the blowdown system is credited in the safety analysis, the
direct pathway to the condenser is unavailable (without manual i

override) during a tube rupture event. However, a modification in ,

i the design of the system could help mitigate the consequences of a
tube rupture event (see Figure 3.5-1). A new pipe line would tee
off of the common blowdown line upstream of the first containment |
isolation valve and bypass the containment isolation valves through

'

a new containment penetration. Outside containment, the pipe line
would tee back into the blowdown line just outside of containment
to minimize new piping. Two normally closed isolation valves in
series would be provided to isolate this bypass route during normal

.'
operation. A control system using coincident signal from a N-16
monitor, a high steam generator level and a reactor trip would open i

ithe bypass isolation valves and the high capacity blowdown control
: valve to the condenser. This action would remove mass and energy

from the affected steam generator and prevent MSSV lift.
!

3.5.2 Benefits'

Major benefit from this design change is realized for the high
capacity blowdown rate (8% full power steam flow rate). This rate
is adequate to accommodate the break flow from a 5 tube rupture. .

Draining the steam generator fluid via the blowdown delays the
generation of an MSIS on a high steam generator level (greater than ,

10000 seconds) and actuation of the MSSVs subsequent to isolation
of the steam bypass system.

Figure 3.5-2 illustrates the secondary side transient pressure for
a rupture of 5 tubes. It shows that automatic actuation of the
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steam bypass system and the high capacity steam generator blowdown
system maintains the secondary side pressure well below the MSSV
actuation setpoint of about 1200 psia. ,

3.5 3 Limitations

The current design of the blowdcwn system is able to accommodate 3
blowdown rates, 0.2%, 1.0% and 8% of the main steam rate. The 8%
blowdown rate is needed to remove the energy from multiple tube
ruptures (up to five tubes). For a one tube rupture . case, 8%
blowdown is sufficient to cause emergency feedwater to actuate and
still dry out the steam generator. Automatic actuation of blowdown "

without operator intervention results in a large pressure
differential between primary and secondary and a high flow rate >

from the break into the second ry and then out of containment
unless a level control system were also added.

The CIAS which isolates the blowdown cannot be interfaced with the
control grade N-16 signal per Regulatory Guide 1.75 and IEEE 384.
Therefore, this redesign requires the addition of new containment
penetrations, one for each steam generator. The impacts of new
containment penetrations that are not isolated on a Containment i

Isolation Signal, or a Main Steam Isolation Signal or a Emergency
Feedwater Actuation Signal, will have to be assessed with regard to
Containment design, Safety Analyses, Inservice Test and Inspection,
etc,.

Automatic blowdown to the condenser during a tube rupture event
still provides an indirect path for radioactivity to reach the '

atmosphere. To transport the 8% flow continuously to the
condenser, modifications are needed in the blowdown system.

If the condenser is unavailable the radioactive ef fluent will go to +

the flash tank which has a limited capacity (approximately 2 ,

minutes of high capacity). Eventually the flash tank safety valve ,

set pressure will be reached and the tank will vent directly to :

atmosphere.
t

i
f

:

i

!

!

!
!
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A FIGURE 3.5-1

AUTOMATIC STEAM GENERATOR LIQUID BLOWDOWN TO CONDENSERse i
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FIG. 3.5-2 RCS and SG Pressures vs. Time for 5 Tubes Ruptured and
Automatic SG Liquid Blowdown to Condenser
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3.6 Autt=mtic Reduction of Post Trio Turbine Byrass Control System
Set Pressure from 1100 osia to 900 osia

3.6.1 Descrietion of chance

The non safety grade Turbine Bypass System (TBS) is provided to
accommodate load rejection in conjunction with the Reactor Power
Cutback System without tripping the reactor or lifting tne primary
safety valves or the MSSVs. Eight valves tee off of the main steam
header and vent to the condenser. The valves are actuated by the
Steam Bypass Control System which uses steam flow, steam header
pressure, and primary pressure as inputs. For a more detailed
description see section 5.4

A change considered to help mitigate the consequences of a steam
generator tube rupture event is to lower the current post trip
secondary pressure setpoint from 1100 psia to 900 psia
automatically based on a signal generated from a N-16 radiation
detector in the main steam lines. In a normal post trip scenario,'

the TBS would open and remove the required steam to maintain the*

RCS average temperature at a no load condition. In a SGTR post
trip condition the TBS would remain open until the secondary
pressure is reduced to approximately 900 psia, essentially lowering
the RCS temperature.

3.6.2 Benefits |

There are no difficulties interfacing the non 1E N-16 signal with ;

the non lE SBCS. !

3.6.3 Limitations

This design change prevents pressure buildup in the steam
generators, however, for a five tube rupture, the level in the
steam generator would increase until a MSIS on high SG water level
occurs. An MSIS would isolate the TBS from the affected steam
generator which would allow the pressure to increase and the safety
valve set pressure to be reached.

During a five tube SGTR event, the System 80+ design with a lowered
pressure setpoint in the TBS gains only an added 3 minutes in
delaying MSSV lift. l

|

With a low setpoint and a single failure, there is a possibility of
blowing steam to the condenser until 900 psia is reached in the
steam generators. This scenario is not addressed in the design of
the TBS or the condenser.

1

|

|

3 - 11

. .

-_ _ _ _ _ _ _ .



_ ~ _

3.7 Aute== tic Onenine of Turbine Byones System and Bvoass of MSIS
on Low Steam Generator Pressure

3.7.1 Descriotion of Chance

This change proposes automatic opening of the turbine bypass system
to relieve pressure in the affected steam generator and bypassing
the main steam isolation signal on low pressure in order to allow
continued use of the turbine bypass system.

The current TBS valves open when a low steam flow and high pressure
is sensed in the steam lines. The design change would require a
new control system which would use a signal generated from an N-16
monitor on the main steam line coincident with a reactor trip to
automatically open the TBS valves to the condenser (as opposed to
the current TBS which modulates the TBS valves based on systen.
pressure). This would reduce secondary system pressure.

The second change in this option is to bypass the MSIS on low steam
generator pressure. If a MSIS is generated, the MSIVs will isolate
the TBS causing the MSSVs to lift. If the MSIS is bypassed, the
MSIVs will remain open allowing the TBS to reduce the steam
generator pressure.

3.7.2 Benefits

This design change will extend the time before operator action is
required to prevent MSSVs from lifting.

3.7.3 Limitations

Similar to Change 3.2, this design change will not prevent water
-

from eventually entering the steam lines if the operator does not
take action. This will require the steam system and the TBS to be
designed for steam, water and two phase flow conditions which '

require "first of a kind" engineering.
.

Adding a non lE controller to bypass the safety grade MS1s requires
an interface between lE and non lE signals which must be isolated j

based on the design guidance in IEEE Standards 279, 603, 384 and .

iRegulatory Guides 1.153 and 1.75.
i

IReducing the secondary pressure without any method of reducing the
primary pressure will cause an increase in the primary to secondary

|pressure drop and leak rate.

i

i
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3.8 Automatic Ooenine of the RaDid DeDressurization System

3.8.1 Descriotion of Chance

The System 80+ Rapid Depressurization System (RDS) provides a
manual means of quickly depressurizing the RCS when normal and
emergency feedwater are unavailable for core cooling. Two
independent pipe trains are connected to the pressurizer steam
space and discharge directly to the IRWST. In each train, there
are remote manually operated isolation and control valves. The
failure of any one component will not prevent the RDS from
fulfilling its design basis. During a total loss of feedwater
event, the operator opens the isolation and control valves to
depressurize the RCS and allow Safety Injection pumps to feed the
RCS.

A potential change considered to prevent MSSVs from opening during
a SG tube rupture event is to automatically open the RDS valves and
depressurize the RCS. This would require a new control system to
open the valves for unique symptoms of a tube rupture event. If

a tube rupture occurs, N-16 monitors on the steam lines will
generate a signal which, coincident with a reactor trip signal will
open the RDS valves providing a vent path from the pressurizer to
the IRWST. This will cause a rapid depressurization of the RCS
which will lower the primary to secondary leak rate, effectively
extending the time before operator action is required. The
capacity of the RDS is such that it can remove the safety injection
flow to an extent where primary and secondary pressures are
approximately equal. This prevents primary to secondary flow and
secondary pressure buildup and subsequent MSSV lift.

3.8.2 Benefits

The major benefit of this design change is the elimination of the
damaged SG level buildup and subsequent challenge to the MSSVs. As
shown in Figure 3.8-1, actuation of the RDS prior to generation of
an MSIS causes a rapid depressurization of the RCS resulting in the
RCS pressure decreasing below the steam generator pressure. This

would cause the break flow to decrease to zero and then reverse the
direction (i.e., flow from secondary side to primary side).

'

As long as the RDS is open, the differential pressure between the
secondary and primary sides would remain positive resulting in a
decrease in the damaged steam generator level and pressure. Hence,
no challenge to the MSSVs occurs.

3.8.3 Limitations
'

The Rapid Depressurization System was designed to be manually
operated for a beyond design basis event of a total loss of.

feedwater. Use of this system takes into account operator action
to trip the Reactor Coolant pumps to prevent damage if the RCS

3 - 13
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pressure drops below the NPSH requirements, operator action to
align cooling systems to remove heat from the IRWST, operator
action to throttle the RDS valves based on changing RCS parameters,
etc. Automating the RDS would require all the manual tasks required
with a use of the system to also be automated. The complexity of
the transient the RDS is designed for, constrains the design to
manual operation.

Similar to the new blowdown option into the IRWST, this design
change will cause environmental conditions inside containment, '

including the risk from containment spray actuation, to exceed the
design limitations of the non qualified hardware in containment. !

This has the potential to result in pre-mature replacement of the
hardware. This may also challenge the lifetime of the qualified
hardware by increasing the cumulative exposure of the equipment toi

high temperatures, high pressures, and high radiation resulting
from the RCS blowdown.

Inadvertant and/or automatic operation of this new system can ;

clearly result in a loss of RCS subcooling with attendent fuel ,

damage. This would exacerbate the possible radiation releases to
be controlled during the SGTR event and risk investment protection
for an inadvertant actuation.
If the RDS is going to be considered for design basis events, new

4

thermal and hydraulic loads will impact the design of the RDS'

nozzles, piping, support system. These transient loads will impact
the design of the RCGVS and the IRWST and may impose additional
transients on RCS components. ,

Reverse leakage that is caused by the actuation of the RDS has the
potential for boren dilution within the RCS. The original
inventory in the damaged steam generator does not contain boron and
mixing of this water with the RCS fluid causes the dilution.

;

r
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FIG. 3.8-1 RCS and SG Pressures vs. Time for 5 Tubes Ruptured and
Automatic Rapid Depressurization System
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3.9 Increase Main steam safety valve setoressure

3 9.1 Descriotion of Chance
.

Each steam lina in the System 80+ design has five main steam safety
valves (MSSVs) to provide overpressure protection for the secondary
side of the steam generators and the Main Steam System (MSS). The
setpoints for the MSSV are staggered to limit the number of valves
that will open dependent upon the severity of the accident. One
valve in each steam line is set to actuate at 1185 psia, one valve
in each steam line is set to actuate at 1220 psia and the last
three valves in each steam line are set to actuate at 1245 psia.
All MSSVs discharge directly to atmosphere.

Consideration was given to increasing the Main Steam Safety Valve
(MSSV) setpoint by up to 300 psia to help mitigate the consequences
of a steam generator tube rupture event. A higher pressure
setpoint would increase the margin between the normal operating
pressure and the relief valve setpoint which will extend the time 1

before the operator must take action to prevent MSSV opening.
Limitations from the impact on the small break LOCA prohibit an
increase as large as 300 psi (see discussion below in Section
3.9.3).

3.9.2 Benefits

No new functional requirements or new kinds of equipment to
implement the change which would delay opening of the MSSVs.

3.9.3 Limitations

This change would require the secondary system design pressure to
be increased by 300 psia. Consequently, the weight of the steam
generators would increase by up to 100 tons each. The added weight ,

'

would require an increase in containment heat sinks. These factors
would likely impact the volume and arrangement of the containment.

The RCS supports would need to be redesigned and/or re-evaluated to
accommodate the increased loads. Any contribution to containment
sizing must also be assessed.

For decreased heat removal events, RCS temperature and pressure
would rise to a much higher value than in current plants.
Pressurizer safety valve actuation would be more likely.

Unless the entire steam system and turbine are upgraded to 1500
psia, a second set of secondary side relief valves would be
required downstream of the MSIVs to protect the lower pressure i

portion of the steam system whenever the MSIVs are open and the
pressure is below 1500 psia but exceeds the downstream design -

pressure.
l

,
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Feedwater systems would have to be designed to accommodate a higher
design pressure. ;

The peak clad temperature calculated for the Design Basis small
b::eak LOCA would increase significantly as described in paragraph ,

4.3.9. The higher MSSV lift pressures would significant1" raduce !

the SI flow during the small break LOCA unless the at 3 ump

discharge head is increased accordingly. However, this is ;

undesirchle for the SGTR.
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3.10 AUTOMATIC BLOWDOWN OF STEAM GEfMRATOR LIOUID
TO IRWST

3.10.1 Descriotion of Chance

Each System 80+ steam generator is provided with both hot side and
cold side blowdown lines. The blowdown system from each steam
generator includes a 6-inch nozzle for hot leg blowdown and a 6
inch nozzle for the economizer blowdown. Both lines combine !

downstream of its respective isolation valve and is routed to the ,
'

blowdown flash tank and/or the condenser, see Section 5.3 for a
detailed description.

This design change is the addition of a new blowdown line connected ;

to the common line downstream of the first set of blowdown t

isolation valves. This new line is routed to the In-Containment
Refueling Water Storage Tank (IRWST) (see Figure 3.10-1) . This new
line (one per generator) contains two motor operated isolation
valves in series that are normally closed. The system is designed
to prevent the main steam safety valves from lifting in the event
of a SGTR or to sufficiently delay the opening permiting operator
intervention and the new system is designed to limit any impact on ;

'

the existing blowdown system and IRWST. The isolation valves would,

be opened on coincident signals from the N-16 radiation monitors in
the steam line, high steam generator water level, and a reactor
trip. The IRWST would receive and cool the secondary system
blowdown effluent by thermal mixing. In the event a low water
level (approximately the Emergency Feedwater Actuation Setpoint) ,

is reached in the affected steam generator, the isolation valves
would close to prevent dryout of the steam generator. This design
would effectively cycle the water level in the affected steam
generator between the Emergency Feedwater low level setpoint and
normal steam generator water level.

>

'

3.10.2 Benefits

The benefits of this change are the delay in actuation of the high
SG level MSIS which causes isolation of the steam bypass system and
the delay in opening of the MSSVs which causes release to tha ;

atmosphere. The magnitude of the delay is dependent on the
blowdown flowrate and the number of ruptured tubes. For a blowdown
rate equal to 7% (selected to be within current System 80+ design
capability yet yielding several hours delay) of the full power main
steam flowrate and with 5 ruptured tubes, the MSIS actuation is
delayed for more than 10000 seconds (2.8 hours) and the MSSV lift"

is delayed longer. For the one ruptured tube case, the damaged
steam generator level remains below the normal steam generator
water level,for more than 10000 seconds (2.8 hours) Therefore, ,

blowdown actuation will not occur until a later time (greater than
'

15000 seconds) when the damaged steam generator level would reach
the normal water level. Figure 3.10-2 shows the seconda" side
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transient pressure for a rupture'of 5 tubes. Additional analysis ;

details are given for this option in Section 4.3.10. i

Another benefit of this design change is the elimination of the
containment bypass by containing most of the break flow within the
IRWST for a larger number of tube ruptures. ;

f

3.10.3 Limitations
i

Implementation of this design requires new valves, piping and !

control systems. The valves and piping would have to be designed i

for high energy liquid and two phase conditions. New high energy [
lines inside containment would require new supports and shields to i
satisfy separation requirements. This leads to extensive first-of- i

'
a-kind engineering.

:

For long blowdown periods, there is the potential of heating up the !
!IRWST. With the selected 7% blowdown rate, the IRWST will become

saturated approximately one hour after initiation of blowdown (at i
'shutdown, the design value of blowdown is higher; the actual value

will depend upon fluid conditions in the steam generator [see .

Section 5.4]). In about two hours, 6% of the IRWST will have ;

evaporated. The high temperatures and evaporation of the heat sink '

will have an adverse impact on core cooling by reducing the
subcooling of the injected flow.

i

Secondary contaminents (such as chlorides) will be transported into :
the IRWST (an open tank) and eventually pass into the RCS by way of

tthe safety injection pumps. The new pipe train, when actuated,-

will direct secondary fluid into the IRWST, which will be
transported to the RCS via the safety injection pump. Experience ,

has shown that adding chlorides ,:ith oxygen present (oxygen ingress ;
from the'open tank atmosphere) and elevated temperatures can lead- e

to stress corrosion cracking of stainless steel. ,

If the new blowdown system is designed for rupture of 5 tubes, it |
will exceed the break flowrate from a single ruptured tube. In the
event the control system fails, the steam generator will reach the !

'

Emergency Feedwater actuation setpoint (approximately 25% Wide
range (WR) SG level). The emergency feed system will then feed up ;

to 800 gpm of unborated water into the IRWST resulting in a ;

potential loss of reactivity control.

Discharging into the IRWST will require analysis of the loads due ,

to potential concurrent SDS and steam generator blowdown. This may I

result in a redesign of the IRWST or a redesign of the sparger for
the blowdown line. Addition of another large blowdown quench tank
within containment has been suggested to prevent contamination of
the IRWST and to prevent degradation of the SIS -performance.
Limitations would include space and supports within containment for
a large enough tank, given that even the IRWST with 500,000 gallons
of water would heat up. Adding a large tank would reduce

3 - 18
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I

i

i
i

i

icontainment free volume which will have a detrimental impact on
results for MSLB and LOCA events Secondly, the ECCS coolant.and .

primary coolant would be lost out the break to the new tank.and
could not be recirculated without additional piping interfaces.

Operation of the system may cause an increased radiation exposure !

to personnel and may cause environmental conditions inside -

containment to exceed the design limitations of the non-qualified .

'
hardware in containment. This will result in pre-mature.

replacement of the hardware. This may also challenge the lifetime :

of the qualified hardware by increasing the cumulative exposure of |.

high temperature, pressures, and radiation resulting from a
containment blowdown. ,

.

i

i

!

!

!

!

+

$

;

!

i

.

i

!.

!

1

i

i
J

>

l
i

1

3 - 19

)
J

i



F1GURE 3.10-1
NEW SYSTEM FOR AUTOMATIC STEAM GENERATOR LIQUID BLOWDOWN TO IRWST
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t

3.11 Ante =at ic Initiation of the Atmos 9heric Dnwe j
valves

3.11.1 Descriotion of Chance

Each main steam line in the current System 80+ design is provided
with one manually operated atmospheric dump valve (ADV) to allow
cooldown of the steam generators when the main steam isolation
valves are closed, or when the main condenser is not available as
a heat sink (see Figure 3.11-1) The ADVs are designed to maintain
the steam pressure below the lowest setting of the main steam
safety valves during emergency shutdowns or plant hot standby
conditions. Each valve is sized to allow a controlled plant

.

!

cooldown in the event of a line break or tube rupture, which I2

renders one steam generator unavailable for heat removal,
concurrent with a loss of normal AC power and a single active i

failure of one of the remaining two ADVs.

The current ADVs are remote manually cperated from the main control
room or the remote shutdown panel. Isolation valves are provided
upstream of each ADV which are capable of being remotely and
manually positioned from the Main Control Room or from the Remote
Shutdown Panel to isolate the ADVs. |

This design change includes a new control system which will cause
the ADVs to automatically open to remove mass and energy from the
steam generators and would prevent the main steam safety valves
from lifting. The new control system would actuate the automatic
ADV on coincidence of high steam generator secondary pressure
(approxima ly 1140 psia) and N-16 and either a reactor trip or an ,

SIAS. The afety grade status of the valves and the capability for j
remote mar. mal operation would be retained.

-

3.11.2 Benefits

Changing the current remote manual operation of the ADV to ;

automatic operation requires minimal hardware change.

One of the benefits from automatic actuation of the ADVs is the
prevention of uncontrolled steam releases through the MSSVs, should t

these valves be challenged and opened during an SGTR event. As
~

seen from Figure 3.11-2, the ADVs cycle open and close to maintain4

; the steam generator pressure below the MSSV setpoint subsequent to
the generation of an MSIS on a high steam generator level, for five
tube ruptures in one steam generator. i

I

Single tube rupture events will not challenge the automatic ADV
operation for more than four hours. Rupture of 5 tubes causes a
high SG 1evel MSIS at about 1600 sec, (see Figure 3.11-2) , which is
prior to automatic actuation of the ADVs at a pressure of 1140
psia, selected to be above the steam bypass pressure and below the
MSSV pressure. Af ter about 1700 sec, the automatic ADV would cycle

3 - 20
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t

,

!

!

to control steam generator pressure below the MSSV opening ['

pressure. |

A similar system (steam bypass control system) has already been
incorporated into the System 80+ design using different control
signal inputs for actuation. ;

3.11.3 Limitations- t

L

For a five tube rupture event, the pressure will be controlled by |
'the automatic ADVs, however, without operator intervention, the

level in the steam generator would increase until water and two
phase flow are exiting the valve. This will require the steam-

line, the automatic ADV, and downstream piping be designed for
steam, water and two phase flow condition. Although the steam

' !lines upstream of the MSIVs are qualified, this is a radical
departure for the ADV and discharge piping design. It would result !

in significant first-of-a-kind engineering to develop an
!atmospheric steam dump system for two phase and water conditions.
(There may also be a need to demonstrate performance of these valves

to pass ti.e various types of fluid. |
;

| Automating the ADVs may provide protection from opening the MSSVs, |

but the valves still are routed to atmosphere, creating an
intermittant (isolable) direct containment bypass. |

The System 80+ design utilizes an automatic Steam Bypass Control i

System (with a capacity of 55% total of full power steam flow) for i

control of overpressure conditions. In conjunction with the - i

~

iReactor Power cutback System, the design can accommodate 100% load
rejections. Therefore, automatic ADVs are not necessary. Using'

the Steam bypass control system as opposed .to an automatic ADV
retains the secondary system condensate instead of discharging the !

steam to atmosphere. This offers a significant radiation
'

,

: decontamination benefit (a factor of about 10,000) relative to
direct discharge of water through the ADV's. )

IJ

i

l

J
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FIGURE 3.11-1 SC PRESSURE
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3.12 Passive Secondary Cooline System j

3.12.1 Descriotion

An option considered was to include a passive secondary cooling
system which would remove energy from the steam generators. This
system would include pipe lines teeing off each steam generator
main steam line that are routed to a suppression tank. The tank
would condense the steam and the condensate would be returned to
the steam generators. This would allow for natural convection
cooling of the steam generators which would keep the pressure from
increasing to the main steam safety valve setpoint. This passive
heat removal system provides system cooling after the MSIVs have
isolated the steam generator. Obviously, the addition of such a
major new system into the System 80+ design would require very
ex v :ive plant layout and equipment changes. While the concept
may be possible; the details would have to wait for a demonstrated
need and commitment to make the change.

,

3.12.2 Benefits

This syst ,will continue to cool the secondary side after a MSIS
signal occurs.

3.12.3 Limitations

For a five tube rupture case, the water level, due to the large
primary to secondary leakage, will eventually fill the affected
steam generatc causing an MSIS. This will lead to water
eventually flow ..g out the MSSVs.

A new suppression pool at an elevation that allows for natural
convection cooling must be designed and incorporated into the
limited space inside containment. or outside in an auxiliary
building. This pool will require cooling capabilities

There is no current design which includes a natural circulation
cooling system for the steam generators. A lengthy first of a kind
design effort is required to incorporate this design into the
evolutionary ALWR. New piping, new isolation valves, new steam
generator nozzle penetrations and new containment design features,
all are required to incorporate this option into the system 80+
design.

. ,

|
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4.O SGTR ANALYSIS AND EVALUATION METHOD

4.1 Methods of Analysis

The SGTR events presented in this report were analyzed with best
es timate analysis methods and assumptions. In addition, the

analysis required the capability to actuate various plant
systems / components based on specific conditions being reached in

'

the plant during the transient. For these reasons the CEPAC
interactive computer code was chosen to analyze the SGTR events
with varying number of tubes being ruptured, i

A technical description of the CEPAC code is provided in Reference
6-4. An overview of the primary system components that are modeled
by the CEPAC is shown in Figure 1. The code models the key nuclear
steam supply system components such as the steam generators,
reactor vessel and core, hot and cold legs, pressurizer, and
reactor coolant pumps. For the primary system, key safety and
control systems / components are modeled. These systems include the
pressurizer sprays, heaters, relief and safety valves, safety
injection pumps, charging and letdown flows, and reactor regulating
and shutdown rods. Initial conditions and other plant design i

parameters pertaining to these models are provided by the user to
initialize the code and to initiate transient calculations.
The secondary system models include key components from the main
feedwater valve to the turbine admission valves as shown in Figure
2. The steam generators are modeled to receive feedwater from main
and auxiliary feedwater systems and a steam generator liquid
blowdown system is included. The main steam lines contain
atmospheric dump, main steam safety, main steam isolation, turbine
admission, and steam dump valves. Again, initial conditions and
other plant design parameters relevant to the secondary system
models are provided by the user to initialize and initiate
transient calculations.

The CEPAC code is an interactive code which allows for inputting
equipment and control system disposition as well as specific
operator actions. The outputs from the code includes time-
dependent graphical display, hard copy printouts of major transient
parameter values, and transient parameter plots.

,

*
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4.2 Analysis Assumptions ,

t

4.2.1 Initial Conditions

Normal, full power plant conditions are assumed for the analyses
(except intitial power is 102%). See Table 4.2.1-1 for parameter
values used in the analyses.

4.2.2 Best Estimate Assumotions ,

;

The following best estimate assumptions are made in the transient
analyses presented in this report. ;

,

(1) Offsite power is available during the transient.
!

(2) All control systems are assumed to be in the automatic mode.

(3) No operator actions are included in the analysis.

(4) Normal plant protection systems are assumed to be available. '

(5) Control system actuations during the transient are assumed to
be at nominal setpoint values. Table 4.2.1-1 gives the
setpoints.

(6) The condenser is assumed to be available for receiving steam
flowing through the steam bypass valves from the steam
generators and steam generator liquid that flows through

'

the blowdown piping.

(7) The plant protection systems are assumed to be functioning to |

provide automatic protection during the transient.
I

!

4-2



_ - _ _ _ _ _ _ _ - _ _ _ _ - _ - _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _

TABLE 4.2.1-1

PARAMETER VALUES FOR ANALYSES

INITIAL CONDITIONS (s SETPOINTS

1. INITIAL RCS PRESSURE, PSIA 2250
,

2. INITIAL SG PRESSURE (100% POWER), PSIA 1000

3. INITIAL POWER LEVEL 102%

4. INITIAL CORE INLET TEMPERATURE 5 5 8"F

5. INITIAL RCS FLOW RATE 100% OF DESIGN
FLOW

6. INITIAL STEAM GENERATOR LEVEL 76.4% WIDE RANGE

7. SIAS SETPOINT PRESSURE, PSIA 1835

f 8. CHARGING PUMP SHUTOFF PRESSURE, PSIA 3025

9. SAFETY INJECTION PUMP SHUTOFF PRESSURE, PSIA 1835

10. SBCS SETPOINT PRESSURE, PSIA 1078

11. MSIS SETPOINT - SG LOW PRESSURE, PSIA 870

SG HIGH LEVEL, % WIDE RANGE 9812. MSIS SETPOINT -

13. MSSV SETPOINT PRESSURE FOR FIRST VALVE BANK, 1200

PSIA

SYSTEM / COMPONENT CAPACITIES

1 TURE 44 9 1800 PSIA1. SGTR FLOW, LBM/SEC -

5 TURES 173 9 1600 PSIA

2. SAFETY INJECTION FLOW PER PUMP, LBM/SEC 25 9 1800 PSIA j

168 9 1600 PSIA

3. CHARGING PUMP FLOW, LBM/SEC 17 9 2250 PSIA

4. AUX. SPRAY FLOW, LBM/SEC 17 9 2250 PSIA

5. RCGVS FLOW, LBM/SEC 14 9 2500 PSIA

6. RDS FLOW, LBM/SEC 238 9 2500 PSIA

7. ADV FLOW PER VALVE, LBM/SEC (MIN) 264 9 1000 PSIA

1

!
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4.3 Results of Analysis

This section provides descriptions of the results of steam i

generator tube rupture (SGTR) analyses for various design options i

-|that are evaluated as potential fixes to minimize challenges to the
MSSVs and extend MSSV lift time.s during an SGTR event. Both one
tube ruptured in one steam generator as well as five tube ruptures
in one steam generator are considered. The design options

iconsidered are as follows:

(1) Base case with no automatic actuations other than those
currently included in the design,

4

(2) Automatic bypass of MSIS on high steam generator level,

(3) Automatic initiation of auxiliary pressurizer spray to reduce ,

RCS pressure in order to reduce break flow,

(4) Automatic opening of the reactor coolant gas vent system .

(RCGVS) to reduce RCS pressure and thereby reduce break flow, [
r

(5) Automatic blowdown (high capacity) of steam generator liquid
to the condenser to remove mass and energy from the damaged
steam generator (SG) and thereby reduce SG pressure and level, ,

(6) Automatic reduction of post-trip steam bypass control system ,

'initiation pressure from 1078 psia to 900 psia to reduce the
damaged steam generator pressure and level,

(7) Automatic opening of the rapid depressurization system (RDS)
to depressurize the RCS and to terminate or reverse break ,

flow,

(8) Increase main steam safety valve (MSSV) lift setpoint by 200
psia to delay MSSV opening,

(9) Automatic blowdown of steam generator liquid to IRWST to
control SG pressure and level,

(10) Automatic initiation of the atmospheric dump valves to reduce
SG pressure, and ,

(11) Natural convection cooling system for steam generator
secondary.

The analyses results are compared against the results for the base-

case to quantify the benefits in terms of delaying MSSV lifting
(containment bypass) which results in additional time available for
appropriate operator actions to stabilize the plant subsequent to
a tube rupture event. In addition the results are used to
demonstrate the dif ferences in benefits and/or limitations between
the one tube and five tube ruptures.

4 -3
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,

;
,

;

;
'The key measure in terms of eliminating or delaying uncontrolled

containment bypass for each of the design changes described below. ;

is the MSSV lift time. Table-4.3.0-1 summarizes the results for [
each of the design changes in terms of this measure.
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TABLE 4.3.0-1
SL40EARY OF CASES ANALYZED FOR MULTIPLE STEAM GENERATOR TUBE RUPTURE

Case 4 of SBCS Auto' Auto' Auto' Auto SG' Auto' Auto' MSSV Approximate5

# Tubes Bypass APS RCGV Blowdown RDS ADV Lift MSSV Lift Time
MSIS Setpoint (Minutes) ,

(11SCL ) (psia)

11 1 Auto e no no no no no no 1200 167+
900 ,

psia

12 5 Auto e no no no no no no 1200 33
900
psia

13 5 Auto 9 no no no no yes no 1200 167+
1100
psia

14 5 Auto 9 no no no yes, no no 1200 167+
1100 blowdown
psia to IRWST

15 5 Auto no no no no no yes 1200 No MSSV lift
9 1100 ADV lifts at
psia 28 mins.

16 5 Auto 9 no no no no no no 1400 35
1100
psia

1. SBCS . Steam Bypass Control System

2. Auto Bypass MSIS (llSGL) . Automatic Bypass of the High SG Level Initiation of Main Steam Line Isolation

3. Auto APS Automatic Initiation of Auxiliary Pressurizer Spray

4. Auto RCGVS . Automatic Initiation of the Reactor Coolant Gas Vent System
1

5. Auto SG Blowdown Automatic Initiation of the SG Liquid Blowdown System (to condenser)

6. Auto RDS Automatic Initiation of the Rapid Depressurization System (to IRWST)

7. Auto ADV . Automatic Initiation of the ADV on liigh SG Pressure (setpoint of 1160 psia)

-_ ,. - _. . ._ ... . . . _-, _. . _ - - . - . _ _ . , - - . . _ . - - - . _ - - , - . ~ . _ . - . . - - - . . - . . , , . _ - - _ . _ , -
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4.3.1 Current System 80+ Design
|

\

,

The analyses of the current design are aimed at quantifying the
'system performance under SGTR conditions and determine MSSV lift

times for two SGTR cases, case 1 with one tube rupture and case 2
with five tubes ruptured in one steam generator. Figures 4.3.1-1
through 4.3.1-5 presents the results for one tube rupture and
Figures 4.3.1-6 through 4.3.1-10 illustrate the results for the
five tubes ruptured case. The results consists of transient plots
for (a) RCS and SG pressures, (2) break, safety injection, and ,

steam bypass flow rates, (3) steam generator level, (4) pressurizer ;

level, and (5) hot and cold leg temperatures. The sequences of
events occurring during the transients are presented in Tables
4.3.1-1 and 4.3.1-2.

i

The RCS pressure transients for both cases illustrate that the
pressure decreases very rapidly following the rupture (s) resulting
in an increse in the charging flow and actuation of the pressurizer j

heaters. The major difference is that the changes in parameter i

'

values are more rapid for the five tubes ruptured case. This is
because of the large break flow rates for this case. As the
pressure decreases, a reactor trip on hot leg saturation is :
obtained at 1289 seconds for the one tube case and at 149 seconds
for the five tube case. A turbine trip occurs immediately
af terwards and the steam bypass system is opened within two seconds
after reactor trip. The safety injection actuation signal is j

generated upon reaching a low RCS pressure (at 1294 seconds for one '

tube rupture, and 165 seconds for five tube rupture) subsequent to :
the reactor trip. The safety injection flow eventually causes an |
increase in RCS pressure and as the break flow is balanced by this !
flow and charging flow, the RCS pressure reaches a quasi-steady !

state value (about 1800 psia for one tube rupture and about 1600 i
psia for 5 tubes ruptured).

'

|
'

For case 1, the steam generator pressure (Figure 4.3.1-1) decreases
rapidly after the initial quick opening of the bypass valves and
the pressure remains at about 1078 psia (opening setpoint for the
bypass valves) subsesequently reaching bypass valve modulation
mode. The bypass system rema. ins open for the one tube rupture case
during most of the remainder of the transient up to 10,000 seconds
(167 minutes). The damaged steam generator level (Figure 4.3.1-3 ) '

is controlled prior to the reactor trip on steam generator level
I'control and decreases rapidly subsequent to the reactor trip (due

to termination of main feedwater on low T,y and level collapse due
to increase in the steam generator pressure). Despite the break
flow (Figure 4.3.1-2) into the secondary side of the damaged steam
generator, the level continues decrease for the one tube rupture
case, since the steam bypass system remains open removing inventory
from the generator. The intact steam generator level also
decreases up to the time the auxiliary feedwater is initiated on
low steam generator level. Subsequently, the level in this steam

4-5
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generator continues to increase until a high steam generator level
signal shuts off auxiliary feedwater flow. As a result, the steam
generator level begins to decrease.

For the one tube rupture case (case 1), the RCS subcooling
decreases prior to the reactor trip due to the decrease in RCS j

i pressure that accompanies the tube rupture. The subcooling |
i increases thereafter due to cooling of the RCS and the increase in !

the RCS pressure to the quasi-steady state value resulting from |
safety injection flow (Figure 4.3.1-2) . Throughout the transient, !

subcooling of the RCS is maintained, thereby precluding core i-

damage. The pressurizer level (Figure 4.3.1-4) decreases rapidly ;

prior to the reactor trip and the pressurizer almost empties at the !2

time of reactor trip. The level increases to about 10% following'
i

sustained safety injection flow into the RCS. ji

For the five tubes ruptured case (case 2), the reactor trip and !

turbine trip occurs very early in the transient due to the large i

amount of break flow (about five times as much as the one tube !
I

rupture case). Subsequent to reactor trip the safety injection
,

flow (Figure 4.3.1-7) causes the RCS pressure (Figure 4.3.1-6) to i

reach the quasi-steady state value of about 1600 psia. The cooling -

effect of the safety injection flow maintains RCS subcooling and j

core cooling. The steam generator pressure (Figure 4.3.1-6) {

increases rapidly following the reactor trip and reaches the steam !
!bypass valve opening setpoint of 1078 psia. The bypass valves

quick open to relieve the pressure and close as the pressure
decreases below the opening setpoint. The valves reopen under i;

modulation control as the SG pressure increases again. The damaged !

steam generator level (Figure 4.3.1-8) builds up very rapidly prior !

to the reactor trip since the steam generator level control system !
cannot keep up with the large amount of break flow. The level |

decreases imm-diately af ter reactor trip due to the collapse of the i
two phase steam generator level on high SG pressure, termination 'of j

the main feedwater on low T and opening of the steam bypassm,

valves. The SG level increases subsequently as the break flow !

3 continues to be large and the bypass flow (Figure 4.3.1-8) is i"

terminated on low SG pressure at about 1625 seconds. The level ,

continues to increase and a Main Steam Isolation Signal (MSIS) is 3

generated on high level at 1540 seconds. The MSIS terminates the
steam bypass flow and results in an increase in the damaged SG ;

a
'

pressure (Figure 4.3.1-6) . As this pressure reaches 1200 psia the
'

MSSVs of the damaged SG lifts relieving the pressure. The MSSVs
close following the pressure relief. Subsequently the MSSVs cycle |

cpen and closed to remove mass and energy from the damaged steam i

generator. j

Thus, for the one tube rupture case (case 1) , the damaged steam !

generator MSSVs remain unchallenged for longer than 10,000 seconds !'

(167 minutes) due to the availability of the steam bypass system !

(no MSIS signal) and the relatively smaller break flow. However, I

for the five tube rupture case (case 2), the damaged steam !

!

4-6 |
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generator MSSVs are challenged as an MSIS is generated on a high
steam generator level. _MSSVs open at about 1800 seconds (30
minutes) and cycle open and close to relieve steam.' generator mass
and energy. The steam generator _ level is expected to increase even
after the MSSV opening since the break flow rate is larger than the
MSSV release rate to maintain the steam generator pressure around
1200 psia.

,
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TABLE 4.3.1-1

SEQUENCE OF EVENTS FOR CASE 1
STEAM GENERATOR TUBE RUPTURE (BASE CASE FOR 1 TUBE)

TIME
(Sec) EVENT SETPOINT

0.0 Tube Rupture Occurs

1100 Pressurizer Backup Heaters Actuated 2200
on Low Pressurizer Pressure, psia

1289 Reactor Trips on Hot Leg Saturation --

Trip Signal

1290 Turbine Trips --

1291 Steam Bypass System Actuated on 1078
High Steam Generator Pressure, psia

1294 Pressurizer Pressure Reaches safety 1835
Injection Actuation (SIAS)
Setpoint, psia

1295 Main Feedwater Terminated on Low T,,,, --

1296 Peak Steam Generator Pressure 1138
occurs, psia

2370 Auxiliary Feedwater to Intact Steam 20.09
Generator Actuated on Low Level,
ft. above tube sheet

5680 Auxiliary Feedwater to Intact Steam 40.46
Generator Terminated on High Level,
ft. above tube sheet

Main Steam Isolation Signal (MSIS) 98*

3enerated on High Level in the
Damaged Steam Generator, % wide
range level

Main Steam Safety Valves (MSSVs) on 1200*

Damaged
Steam Generator Actuated on High
Steam Generator Pressure, psia

'
!

Event does not occur during the 10000 seconds of transient*

simulation.

_ ______



_

TABLE 4.3.1-2

SEQUENCE OF EVENTS FOR CASE 2
STEAM GENERATOR TUBE RUPTURE (BASE CASE FOR S TUBES)

i

TIME
(Sec) EVENT SETPOINT

0.0 Tube Rupture Occurs -

130 Pressurizer Backup Heaters Actuated 2200
on Low Pressurizer Pressure, psia

149 Reactor Trips on Hot Leg Saturation --

Trip Signal

150 Turbine Trips --

152 Steam Bypass System Actuated on 1078 |

High Steam Generator Pressure, psia

165 Pressurizer Pressure Reaches Safety 1835

Injection Actuation Signal (SIAS)
Setpoint, psia

166 Main Feedwater Terminated on Low T., --

1590 Main Steam Isolation Signal (MSIS) 98
Generated on High Level in the
Damaged Steam Generator, % wide
range level

1800 Main Steam Safety Valves (MSSVs) on 1200
Damaged Steam Generator Actuated on
High Steam Generator Pressure, psia

:

.
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FIG. 4.3.1-1 RCS and SG Pressures vs. Time
L

Case 1 for 1 Tube Ruptured and Current System.80+ Design
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FIG. 4.3.1-2 Leak, HPSI and Bypass Flow Rates vs. Time
Case 1 for 1 Tube Ruptured and Current System 80+ Design
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FIG. 4.3.1-3 Steam Generator Level vs. Time
Case 1 for 1 Tube Ruptured and Current System 804 Design
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FIG. 4.3.1-7 Leak, HPSI and Bypass Flow Rates vs. Time
Case 2 for 5 Tubes Ruptured and Current System 80+ Design
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Steam Generator Level vs. TimeFIG. 4.3.1-8

-Case 2 for 5 Tubes Ruptured and Current System 80+ Design
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4.3.2 Automatic Bypass of MSIS on High Steam Generator Level

,

This design modification considers a potential change to the MSIS
such that a coincident 2 of 4 channel reactor trip signal and a 2
of 2 channel N-16 SG radiation detector signals cause a bypass of
the MSIV closure signal on high level in the damaged steam
generator. This modification allows for steam bypass flow r

capability as long as possible. Since a high steam generator level ;

is not reached for the one tube rupture case (case 3) for up to and
'

beyond 10,000 seconds (167 minutes), this design change would not
have any impact on the transient behavior for this case. Hence t

for one tube rupture with this modification Figures 4.3.1-1 through
4.3.1-5 and the sequence of events table, Table 4.3.1-1, are

applicable for the 10,000 seconds (167 minutes) transient

simulation time. Although not presented, the single tube rupture
case was run for 15,000 seconds (more than four hours) and the
MSSV's were still not challenged.

For the five tubes ruptured case (case 4), the transient behavior
would be similar to that for case 2 up to the time when the steam
generator level has increased to the MSIS setpoint. Subsequent to
this time frame (about 1590 seconds), the trans *nt behavior will '

be different than that for case 2 as shown u Figures 4.3.2-1
through 4. 3.2-5. A sequence of events for this case is provided in
Table 4.3.2-1.

As seen from Figure 4.3.2-1, the steam generator pressure remains
at about 1078 psia even after the high level setpoint for MSIS is
reached. This is a consequence of the bypassing of the MSIS signal
which makes the bypass system available for steam relief resulting
in no challenge to the damaged SG MSSVs. Figure 4.3.2-1 indicates ,

that the MSSV lift time is extended beyond 10,000 seconds (167 .

'

minutes) Even though the bypass allows for steam flow out of the
steam generators, it is seen that the break flow rate (Figure ,

4.3.2-2) is significantly higher than the bypass flow capability
'
,

and hence for case 4, the steam generator level is expected to
increase rapidly and enter the steam lines af ter 30 minutes and the
lines would be solid af ter about 50 minutes. The steam lines
upstream of the MSIVs are designed for carrying water, but not the
downstream piping and equipment. Thus, this approach risks
significant damage to the plant piping and equipment.

.

I

a
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,



i

!

i
i

TABLE 4.3.2-1

SEQUENCE OF EVENTS FOR CASE 3
STEAM GENERATOR TUBE RUPTURE (1 TUBE)

.|WITH MSIS ON HIGH SG LEVEL BYPASSED

TIME
(Sec) EVENT SETPOINT

0.0 Tube Rupture Occurs --

1100 Pressurizer Backup Heaters Actuated 2200
on Low Pressurizer Pressure, psia

1289 Reactor Trips on Hot Leg Saturation --

Trip Signal

1290 Turbine Trips --

1291 Steam Bypass System Actuated on 1078 ,

High Steam Generator Pressure, psia

1294 Pressurizer Pressure Reaches Safety 1835 |

Injection Actuation Signal (SIAS)
Setpoint, psia

i

1295 Main Feedwater Terminated on Low T.,,, --

1296 Peak Steam Generator Pressure 1138
occurs, psia

2370 Auxiliary Feedwater to Intact Steam 20.09
Generator Actuated on Low Level,
ft. above tube sheet

5680 Auxiliary Feedwater to Intact-Steam 40.46 ,

Generator terminated on High Level,
'

ft. above tube sheet

Main Steam Isolation Signal (MSIS) 98*
'

Generated on High Level in the
Damaged Steam Generator, % wide
range level

Main Steam Safety Valves (MSSVs) on 1200*

Damaged Steam Generator Actuated on |

High Steam Generator Pressure, psia ,

Event does no't occur during the 10000 seconds of transient*

simulation.

4
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TABLE 4.3.2-2

!SEQUENCE OF EVENTS FOR CASE 4
STEAN GENERATOR TUBE RUPTURE (5 TUBES)

WITH MSIS ON HIGH SG LEVEL BYPASSED

|
'

,

'

TIME
(Sec) EVENT SETPOINT

0.0 Tube Rupture Occurs --

i

130 Pressurizer Backup Heaters Actuated 2200
on Low Pressurizer Pressure, psia

li

149 Reactor Trips on Hot Leg Saturation --

Trip Signal

150 Turbine Trips --

152 Steam Bypass System Actuated on 1078
High Steam Generator Pressure, psia

165 Pressurizer Pressure Reaches Safety 1835
Injection Actuation Signal (SIAS)
Setpoint, psia

i t, a Main Feedwater Terminated on Low T.s.., --

1590 Main Steam Isolation Signal (MSIS) 98
would have been generated on High
Level in the Damaged Steam
Generator, % wide range level
(signal bypassed for this case)

Main Steam Safety Valves (MSSVs) on 1200*

Damaged Steam Generator Actuated on
High Steam Generator Pressure, psia

Event does not occur during the first 10000 seconds of*

transient simulation.



FIG. 4.3.2-1 RCS and SG Pressures vs. Time
for 1 Tube Ruptured and Automatic Bypass of 14 SIS onCase 3
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FIG. 4.3.2-2 Leak, HPSI and' Bypass Flow Rates vs. Time
Case 3 for 1 Tube Ruptured and Automatic Bypass of MSIS on
High SG Level
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Steam Generator Level vs. TimeFIG. 4.3.2-3
Ruptured and Automat ic E3ypass of MSIS onCase 3 for 1 Tube
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FIG. 4.3.2-4 Pressurizer Level vs. Time
Case 3 for 1 Tube Ruptured and Automatic Bypass of MSIS on
High SG Level
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and Cold Leg Temperatures vs. Time
FIG. 4.3.2-5 ilot

Tube Ruptured and Automatic Bypass of MSIS onCase 3 for 1
liigh SG Level
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FIG. 4.3.2-6 RCS and SG Pressures vs. Time
for 5 Tuben Ruptured and Automatic Bypass of MSIS onCase 4

fligh SG Level
25tWI

2tMM)

\ REACTOR Trit'
-

uJ
cr:
D -

15tNI RCS
cr:
o
O SIAS
tn

4
m

itHMI - sc

' ' ' '
i SIMI

il 2 1 6 8 111

Tliousaints
TIMii(sec)

_ _ _ - _ _ _ _ _ - - _ _ _ _ _ - - - _ _ _ _ _ _ -.. . .. . . -. .. .,



4

.-

;

FIG. 4.3.2-7 Leak, llPSI and Bypass Flow Rates vs. Time
for S Tubes Ruptured and Automatic Bypass of MSIS on .
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FIG. 4.3.2-8 Steam Generator Level vs. Time
;-
' Case 4 for 5 Tubes Ruptured and Automatic Bypass of MSIS on
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FIG. 4.3.2-9 Pressurizer Level vs. Time
for 5 Tubes Ruptured and Automatic Bypass of MSIS onCase 4
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FIG. 4.3.2-10 Hot and Cold Leg Temperatures vs. Time
Case 4 for 5 Tubes Ruptured and Automatic Bypass of MSIS on
liigh SG Level
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4.3.3 Automatic Initiation of Auxiliary Pressurizer Spray

i

IThis design change considers automatic initiation of the auxiliary '

pressurizer spray. The objective is to reduce the RCS pressure in
order to reduce the break flow rate. This would cause a reduction
in the rate of increase in the damaged SG level, delaying MSIS i

'signal and the resulting MSSV lift. The auxiliary spray actuation
is envisioned to take place on a 2 out of 4 channel reactor trip
signal and a 2 of 2 channel N-16 SG radiation detector signals. |

|Case 5 identifies the one tube rupture with auxiliary spray
actuation subsequert to the reactor trip. Figures 4.3.3-1 through
4.3.3-5 show the transient behavior for key RCS and SG parameters
for this case with Table 4.3.3-1 containing the sequence of major
events occurring during the transieat . Up until reactor trip these
parameters behave similar to these for the base case (case 1) '

Subsequent to reactor trip the pressurizer level (Figure 4.3.3-4)
increases very rapidly due to the actuation of the spray. The
spray flow rate is about 150 gpm. The pressurizer fills up with

water and becomes solid at about 1810 seconds. The RCS pressure

(Figure 4.3.3-1) decreases following the reactor trip allowing the :

safety injection fluid to reach the core. The safety injection

flow (Figure 4.3.3-2) causes cooling of the RCS as well as !

subsequent RCS repressurization to a quasi-steady state value of
about 1800 psia. The safety injection flow assures RCS subcooling
and core covery. Subsequent to fillup of the pressurizer, the
break flow (Figure 4.3.3-2) is essentially matched by the

combination of charging flow and safety injection flow such that
the pressurizer remains filled for the remainder of the transient.

For Case 5, the steam bypass valves remains open subsequent to
turbine trip at about 1290 seconds. Initially, the bypass system
functions in the quick open mode relieving large amounts of steam.
Subsequently, as the SG pressure (Figure 4.3.3-1) decreases and
then increases to a quasi-steady state value around 1078 psia, the
bypass functions in the modulation mode relieving enough steam to
maintain this constant pressure. This bypass flow rate is smaller
than the break flow rate (Figure 4.3.3-2) and hence the damage'
steam generator level increases [ Note that the bypass flow shown in
Figure 4.3.3-2 is the flow from both steam generators; bypass flow
from one generator is about half this flow rate. ] . The damaged ,

steam generator level (Figure 4.3.3-3) slightly decreases up to '

about 5000 seconds and increases later on as the bypass flow rate
decreases drastically and the break flow rate remains essentially ,

constant. The bypass flow rate increases again as the steam !
'

generator pressure increases and this causes a reduction in the >rate of increase of the damaged steam generator level after 600
seconds. The intact steam generator level decreases due to the I

high bypass flow rate (Figure 4.3.3-2) initially and the !

termination of the main feedwater flow. Auxiliary feedwater flow
is actuated when the low SG 1evel setpoint of 20.09 ft is reached.

4 -9
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!

!

This causes an increase in the intact SG level. The rate of
increase of this level is more rapid when the bypass flow rate is
reduced at about 5500 seconds. Subsequently when the bypass flow
rate increases, the rate o# increase of the SG level is reduced.'

At about 6045 seconds the auxiliary feedwater to the intact SG was ]
terminated on high level at which time the SG level begins >

decrease. )
Case 6 denotes the five tube rupture case with auxiliary spray )

actuation. The results for the analysis of this case are presented ';

in Figures 4.3. 3 -6 through 4. 3. 3-10. The sequence of major events
occurring during the transient is listed in Table 4.3.3-2. The
auxiliary spray actuation causes a sustained RCS pressure decrease j

subsequent to the reactor trip-(Figure 4.3.3-6). This develops a .

large amount of safety injection flow (Figure 4.3.3-7) resulting in
,

a pronounced decrease in the RCS temperatures (Figure 4.3.3-10). {
The pressurizer fills under the combined action of the auxiliary

'

'

spray and safety injection flow. Subsequently, the RCS pressure
remains at a large quasi-steady state value resulting in a reduced
safety injection flow rate. Since the break flow rate (Figure
4.3.3-7) is higher than the bypass flow rate the damaged steam r

generator level (Figure 4.3.3-8) builds up rapidly and reaches the ;

MSIS setpoint at about 1600 seconds and the bypass flow is
'

terminated. The damaged steam generator pressure (Figure 4.3.3-6) >

increases subsequently and the MSSVs on this SG lif ts at about 1750 i

seconds. The MSSVs cycle open and close to control the SG pressure ,

at about 1200 psia.
;

Thus, a design change that automatically actuates the auxiliary |
spray system does not result in a significant benefit for either !

the one tube rupture (case 5) or the five tube ruptures (case 6). |
'

ror the one tube case the damaged SG does not overfill or the MSSVs .

|

are not challenged for more than 10,000 seconds (167 minutes) as in i
'

! the base case (case 1). However, the actuation of the sprays !
results in the fill up of the pressurizer with water, which is t

undesirable from an RCS pressure and inventory control point of |

view. For the five tube rupture case (case 6), the auxiliary spray |
actuation hastens the fill up of the damaged SG. Hence the use of ;

automatic actuation of the auxiliary spray does not delay the i*

challenge to the damaged SG MSSVs.
1

i

I
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.
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i
i
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TABLE 4 . 3 . 3 - 1

SEQUENCE OF EVENTS FOR CASE 5
STEAM GENERATOR TUBE RUPTURE (1 TUBE)

WITH AUX.ILIARY SPRAY ON N-16 INDICATION

TIME
(Sec) EVENT SETPOINT

0.0 Tube Rupture Occurs --

1100 Pressurizer Backup Heaters Actuated 2200
on Low Pressurizer Pressure, psia

1289 Reactor Trips on Hot Leg Saturation --

Trip Signal

1290 Turbine Trips --

1291 Steam Bypass System Actuated on 1078
High Steam Generator Pressure, psia

1294 Pressurizer Pressure Reaches Safety 1835
Injection Actuation Signal (SIAS)
Setpoint, psia

1295 Main Feedwater Terminated on Low T.,,,, --

1296 Auxiliary Pressurizer Spray --

Actuated on Reactor Trip and N-16
Radiation Detector Signals

1810 Pressurizer Fills Level (%) 100
,

2820 Auxiliary Feedwater to Intact Steam 20.09
'

Generator Actuated on Low Level,
ft. above tube sheet .

s

6020 Auxiliary Feedwater to Intact Steam
Generator Terminated on High Level. 40.46

ft. above tube sheet !
i

Main Steam Isolation Signal (MSIS) 98*

Generated on High Level in the ;

Damaged Steam Ge.nerator, % wide j

range level
1 Main Steam Safety Valves (MSSVs) on*

Damaged Steam Generator Actuated on
High Steam Generator Pressure, psia

Event does not occur during the first 10000 seconds of*

transient simulation.

I

i



TABLE 4.3.3-2
-

!-

SEQUENCE OF EVENTS FOR CASE 6 i

STEAM GENERATOR TURE RUPTURE (5 TUBES) |

WITH AUXILIARY SPRAY ON N-16 INDICATION ,

I
i i

!

TIME
(Sec) EVENT SETPOINT '

O.0 Tube Rupture Occurs --

b
.

4

130 Pressurizer Backup Heaters Actuated 2200 ;
'

on Low Pressurizer Pressure, psia

i

149 Reactor Trips on Hot Leg Saturation --
;

Trip Signal
i

.;

!150 Turbine Trips --

!
i

152 Steam Bypass System Actuated on 1078 [
High Steam Generator Pressure, psia

165 Pressurizer Pressure Reaches safety 1835 [
Injection Actuation Signal (SIAS) {
Setpoint, psia j

<

!166 Main Feedwater Terminated on Low T.s., --

i
167 Auxiliary Pressurizer Spray -- )

Actuated on Reactor Trip and N-16
Radiation Detector Signals ,

i

1177 Pressurizer Fills, Level (%) 100 (
t

| 1730 Main Steam Isolation Signal (MSIS) 98 '|
Generated on High Level in the ;

Damaged Steam Generator, % wide |
range level |

!
<

1860 Main Steam Safety Valves (MSSVs) on 1200 j

Damaged Steam Generator Actuated on {
High Steam Generator Pressure, psia

,

i

*

4
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FIG. 4.3.3-1 RCS.and SG Pressures vs. Time
Case.5 for 1 Tube Ruptured and Automatic Initiation of
Auxiliary Pressurizer Spray .
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FIG. 4.3.3-2 Leak, HPSI and Bypass Flow Rates vs. Time

Case 5 for 1 Tube Ruptured and Automatic Initiation of
Auxiliary Pressurizer Spray
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FIG. 4.3.3-3 Steam Generator Level vs. Time
Case 5 for 1 Tube Ruptured and Automatic Initiation of
Auxiliary' Pressurizer Spray
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I FIG. 4.3.3-4 Pressurizer Level vs. Time

{
. Case 5 for 1 Tube Ruptured and Automatic Initiation of
Auxiliary Pressurizer Spray

j .
110

100 -

,

90 -

' go .

70 -

m

@
v

b 50 gu ,

N
A 40

30

20

'

10

, , , , , , , , , ,g.

0 1 2- 3 4 5 6 7~ 8 9 10 11

Thousands ,

TIME (sec) ;

I

!

_ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.._......u..._..-. ...4 . - . . . . - - . . . . , . . , . . . . . . . . . . _ - . . . . . . . . , . . . . - . . , . . . _ , . . _ _ . . _ , . . . . . . . . . . . . . , _ . . . . _ . . _ _ _ _ . . . _ . . . . .



.
..

.

,o
i

FIG. 4.3.3-5 llot and Cold Leg Temperatures vs. Time

Case 5 for 1 Tube Ruptured and Automatic Iaitiation of
Auxiliary Pressurizer Spray
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FIG. 4.3.3-6 RCS and SG Pressures vs. Time
Case 6 for 5 Tubes Ruptured and Automatic Ini.iation of
Auxiliary Pressurizer Spray
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FIG. 4.3.3-7 Leak, HPS1 md Bypass Flow Rates vs. Time <

for 5 Tubes Ruptured and Automatic Initiation ofCase 6
Auxiliary Pressurizer Spray
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FIG. 4.3.3-8 Steam Generator Level vs. Time
Case 6 for 5 Tubes Ruptured and Automatic Initiati'an of.

Auxiliary Pressurizer Spray
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FIG. 4.3.3-9 Pressurizer Level vs. Time
.

Initiation offor 5 Tubes Ruptured and AutomaticCase 6
Auxiliary Pressurizer Spray.,
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FIG. 4.3.3-10 Hot and Cold Leg Temperatures vs. Time
Case 6 for 5 Tubes Ruptured'and Automatic Initiation of
Auxiliary Pressurizer Spray
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4.3.4 Autornatic Opening of the Reactor Coolant Gas Vent System

This design change considers automatic opening of the reactor
coolant gas vent system (RCGVS) valves to lower the RCS pressure
and thereby reduce the break flow. This in turn may reduce the
rates at which the damaged SG pressure and level increase so as to ;

delay the challenge to MSSVs. The RCGVs would depressurize the RCS '

by blowing steam into the In-containment Refueling Water Storage
Tank (IRWST). In the analysis it is assumed that the automatic
opening of the RCGVS valves takes place on a 2 out of 4 channel
reactor trip signal and a 2 of 2 channel N-16 SG radiation detector
signals.

The results for one tube rupture case with this design change (Case ,

'

7) are provided in Figures 4.3.4-1 through 4.3.4-5 and the
corresponding sequence of major events are listed in Table 4.3.4-1.
The results for case 7 appears to be similar to those for case 5
(case with automatic auxiliary spray actuation) For case 7, the
RCGVS flow and the break flow combined with safety injection flow
(Figure 4.3.4-2) remove decay heat from the system subsequent to
reactor trip. For case 5 , decay heat removal is accomplished by
the cooling effect of the cold auxiliary spray water and the safety
injection flow and the mass and energy removal through the break.
Thus, for case 7, safety injection flow tends to be slightly higher
to compensate for the lack of the auxiliary spray flow. This flow
assures that RCS subcooling is maintained, thereby precluding core
damage. In addition, for case 7, RCS heat removal through the

steam bypass system is lower since the RCGVS removes some of the
decay heat. Since the steam bypass system flow rate is slightly
smaller than that is for case 5, the damaged SG level (Figure
4. 3. 4-3 vs 4. 3. 3 -3 ) remains at a relatively higher value during the
transient and the SG fills up slightly faster. However, the

damaged steam generator level remains below the MSIS setpoint even ,

at 10,000 seconds. As in case 5, the pressurizer fills early in
'

the transient (at about 2270 seconds) due to the relatively large
safety injection flow.

For the five ruptured tubes case with RCGVS valves actuated (case
8), the results are presented in Figures 4.3.4-6 through 4.3.4-10
and the sequence of major events that occur during the transient

is listed in Table 4.3.4-2. These results are also similar to
those for case 6 which is the base case with automatic actuation of
the auxiliary pressuriter sprays. Major difference is in the
safety injection flow rate (Figure 4.3.4-7) which is larger fory

case B in comparison to case 6. This is because of the RCS i

pressure (Figure 4.3.4-6) reaching a lower quasi-steady state value !

for case 8 due to the RCGVS opening. Since the larger safety
larger portion of theinjection flow (Figure 4.3.4-7) removes a

decay heat for case 8 the break flow rate is smaller for case 8
than for case 6. This results in a slower increase in the damaged
SG level (Figure 4.3.4-8) , slightly longer duration in reaching the
MSIS setpoint (1850 seconds) and opening of the MSSVs (2000

4 - 11
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seconds) for case 8. The pressurizer fills up (Figure 4.3.4-9) for
this case at about 1325 seconds due to the safety injection flow
and the opening of the RCGVS valves.

.

Thus, a design change that automatically actuates the RCGVS valves
flow does not result in a significant benefit for either the one
tube rupture (case 7) or the five tube ruptures (case 8). For the 3

one tube case the damaged SG does not overfill or the MSSVs are not i

challenged for more than 10,000 seconds (167 minutes) as in the 1
,

base case (case 1). However, the actuation of the RCGVS valves
4

results in the fill up of the pressurizer with water, which is
: undesirable from an RCS pressure and inventory control point of

.

|

view. For the five tube rupture case (case 8), the RCGVS valves |

actuation delays the fill up of the damaged SG only slightly (1590
seconds for the base case vs 1850 for case 8). Hence the automatic !:

actuation of the RCGVS valves does not appreciably delay the '

challenge to the damaged SG MSSVs. ;

!

|-

!

,

t

!

I
:

[
t

f
*

.

;

.

4

s

.

;

,

t

!

*
>

f

!

!

4 - 12 ;'

e

;

r

p

- - - - . _ _ _-_ _ _ _ _ _ _ _ _ . _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _



.. ;

iTABLE 4.3.4-1 ,

:

SEQUENCE OF EVENTS FOR CASE 7 |

STEAM GENERATOR TUBE RUPTURE (1 TUBE) |

WITH RCGVS ACTUATED ON N-16 INDICATION I

TIME
(Sec) EVENT SETPOINT

0.0 Tube Rupture Occurs --

110" Pressurizer Backup Heaters Actuated 2200
on Low Pressurizer Pressure, psia

1289 Reactor Trips on Hot Leg Saturation --

Trip Signal

1290 Turbine Trips --

1291 Steam Bypass System Actuated on 1078
High Steam Generator Pressure, psia

1294 Pressurizer Pressure Reaches Safety 1835
Injection Actuation Signal (SIAS)
Setpoint, psia

1295 Main Feedwater Terminated on Low T.,, --

1296 Reactor Coolant Gas Vent System --

Valves Actuated on Reactor Trip and
N-16 Radiation Detector Signals

2270 Pressurizer Fills. Level (%) 100

3250 Auxiliary Feedwater to Intact Steam 20.09
Generator Actuated on Low level,
ft. above tube sheet

6570 Auxiliary Feedwater to Intact Steam 40.46
Generator Terminated on High Level,
ft. above tube sheet

Main Steam Isolation Signal (MSIS) 98*

Generated on High Level in the
Damaged Steam Generator, % wide
range level

Main Steam Safety Valves (MSSVs) on 1200*

Damaged Steam Generator Actuated on
High Steam Generator Pressure, psia

Event does not occur during the 10000 seconds of trasient*

simulation.
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TABLE 4.3.4-2 i

SEQUENCE OF EVENTS FOR CASE 8 |

STEAM. GENERATOR TURE RUPTURE (5 TUBES) !

WITH RCGVS ACTUATED ON N-16 INDICATION .j

i
,

fTIMEi

(Sec) EVENT SETPOINT i

0.0 Tube Rupture Occurs --

i

130 Pressurizer Backup Heaters Actuated 2200 ,

on Low Pressurizer Pressure, psia
;

149 Reactor Trips on Hot Leg Saturation --

!Trip Signal
|

150 Turbine Trips --

152 Steam Bypass System Actuated on 1078
High Steam Generator Pressure, psia [

165 Pressurizer Pressure Reaches Safety 1835 i
4

Injection Actuation Signal (SIAS) ,

Setpoint, psia
,

s

166 Main Feedwater Terminated on Low T., --

167 Reactor Coolant Gas Vent System --

J

Actuated on Reactor Trip and N-16 !

Detector Signals
i

1325 Pressurizer Fills, Level (%) 100

1850 Main Steam Isolation Signal (MSIS) 98
Generated on High Level in the"

,

Damaged Steam Generator, % wide
range level

i
i

2000 Main Steam Safety Valves (MSSVs) on 1200
Damaged Steam Generator Actuated on |

High Steam Generator Pressure, psia j
!

|

|!

i

. . - _
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FIG. 4.3.4-2 Leak, HPSI and Bypass Flow Rates vs.

Case 7 for 1 Tube Ruptured and Automatic Opening of RCGVS'
on Pressurizer
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FIG. 4.3.4-3 Steant Generator Level vs. Time 1

Tube Ruptured and Automatic Opening of RCGVSCase 7 for 1
on Pressurizer
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FIG. 4.3.4-5 Hot and Cold Leg Temperatures vs. Time
Case 7 for 1 Tube Ruptured and Automatic Opening of RCGVS
on Pressurizer
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FIG. 4.3.4-6 RCS and SG Pressures vs. Time
Case 8 for 5 Tubes Ruptured and Automatic Opening of RCGVS
on Pressurizer
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FIG. 4.3.4-8 Steam Generator Level vs. Time
for 5 Tubes Ruptured and Automatic Opening.of RCGVSCase 8 ;

on Pressurizer
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FIG. 4.3.4-9 Pressurizer Level vs. Time
i

Case 8 for 5 Tubes Ruptured and Automatic Opening of RCGVS
on Presstirizer
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FIG. 4.3.4-10 Hot and Cold Leg Temperatures vs. Time
Case 8 for 5 Tubes Ruptured and Automatic Opening of RCGVS
on Pressurizer .
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4.3.5 Automatic Blowdown of Steam Generator Liquid
i

This design change would automatically initiate the high capacity
blowdown from the damaged steam generator to the condenser
subsequent to a reactor trip and radiation indication in the SG
that is a characteristic of a steam generator tube rupture. The
maximum blowdown flow rate would be about 8% of full power steam
flow rate. The blowdown would be initiated on a 2 out of 4 channel
reactor trip signal and a 2 of 2 channel N-16 SG radiation detector j

signal. Case 9 represents this design change for one tube rupture
'

case and case 10 denotes the design change for five tubes ruptured
in one steam generator.

Figures 4.3.5-1 through 4.3.5-5 provide the transient results and
Table 4.3.5-1 lists the sequence of major events for case 9. An
examination of Figure 4.3.5-3 indicates that actuation of the high
capacity blowdown immediately after reactor trip results in the
dryout of the damaged steam generator. This is because subsequent
to the reactor trip, the main feedwater is terminated and the break
flow for one tube rupture (about 50 lbm/sec) is significantly
smaller than the high capacity blowdown rate (about 195 lbm/sec).
Subsequent to SG dryout the SJ pressure ( Figure 4. 3. 5-1) decreases
resulting in an MSIS on low steam generator pressure at about 2868
seconds. Decay heat removal :s accomplished by safety injection
flow to the RCS and removal of RCS mass and energy through the
break and into the condenser via the SG blowdown. In order to
prevent these occurrences for the single tube rupture case, the
blowdown flow would need to be controlled on SG level.
For case 10, the results are presented in Figures 4.3.5-6 through
4.3.5-10 and the sequence of major events is listed in Table 4.3.5-
2. As can be seen from Figure 4.3.5-8 the actuation of the high
capacity SG blowdown and quick opening of the steam bypass valves
subsequent to turbine trip cause a drastic reduction in the damaged
SG level. The bypass flow is terminated at about 415 seconds.
Subsequently as the leak flow increases (due to the increase in RCS
pressure) and essentially matches the blowdown flow, the damaged
steam generator level reaches a quasi-steady state value of about
34 percent. The intact steam generator level decreases subsequent
to reactor trip due to termination of main feedwater and actuation
of the steam bypass flow. Eventually as the auxiliary feedwater
flow is actuated on low level in the steam generator the level
increases.

For both the one tube rupture case (case 9) and five tube ruptures
(case 10), the high capacity blowdown results in a reduction in the
damaged steam generator pressure and water level. Hence the MSSVs
of the damaged steam generator remains unchallenged for more than
10,000 seconds (167 minutes) thereby preventing containment bypass
due to the SGTR. However, the high capacity blowdown results in
the dryout of the damaged steam generator for the one tube rupture
case, which is not desirable from containment of the iodine species

4 - 13
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TABLE 4.3.5-1

SEQUENCE OF EVENTS FOR CASE 9
STEAM GENERATOR TUBE RUPTURE (1 TUBE)

WITH SG BLOWDOWN (HIGH) ON N-16 INDICATION

TIME
(Sec) EVENT SETPOINT

0.0 Tube Rupture Occurs -

1100 Pressurizer Backup Heaters Actuated 2200
on Low Pressurizer Pressure, psia

1289 Reactor Trips on Hot Leg Saturation -- I

Trip Signal

1290 Turbine Trips --

1291 Steam Bypass System Actuated on 1078
'

High Steam Generator Pressure, psia

1294 Pressurizer Pressure Reaches Safety 1835
Inje'ction Actuation Signal (SIAS)
Setpoint, psia

1295 Main Feedwater Terminated on Low T.,,, --

1296 Damaged Steam Generator Blowdown --

(High) Actuated on Reactor Trip and
N-16 Radiation Detector Signals

1850 Damaged Steam Generator Dries Out --

2210 Auxiliary Feedwater Actuated to 20.09

Intact Steam Generator on Low
Level, ft. above tube sheet

2868 Main Steam Isolation Signal (MSIS) 870
Generated on Low Pressure in the
Damaged Steam Generator, psia

5843 Auxiliary Feedwater to Intact Steam 40.46
Generator Terminated on High Level,
ft. above tube sheet

Main Steam Safety Valves (MSSVs) on 1200*

Damaged Steam Generator Actuated on
High Steam Generator Pressure, psia

Event does not occur during the 10000 seconds of transient*

simulation.
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TABLE 4.3.5-2 ,

SEQUENCE OF EVENTS FOR CASE 10 ,

STEAN GENERATOR TUBE RUPTURE (5 TURES)
WITE SG BLOWDOWN (HIGE) ON N-16 INDICATION i

l

TIME
(Sec) EVENT SETPOINT ;

0.0 Tube Rupture Occurs -- |
I

130 Pressurizer Backup Heaters Actuated 2200 |
fon Low Pressurizer Pressure, psia

149 Reactor Trips on Hot Leg Saturation --

{
I

! Trip Signal
!

4

150 Turbine Trips :--

i
'

152 Steam Bypass System Actuated on 1078 ;

High Steam Generator Pressure, psia |
5

I165 Pressurizer Pressure Reaches Safety 1835
2 Injection Actuation Signal (SIAS) i

iSetpoint, psia

166 Main Feedwater Terminated on Low T,,,, -- !
i

167 Damaged Steam Generator Blowdown -- i

(High) Actuated on Reactor Trip and t

N-16 Radiation Detector Signals |
t

415 Steam Bypass Valves closed on Low -- ,

SG Pressure, psia t

t

580 Auxiliary Feedwater to Intact Steam 20.09
Generator Actuated on' Low Level, ft i

'
above tube sheet

1380 Main Steam Isolation Signal (MSIS) 870 !

Generated on Low Steam Generator ,
4

'
Pressure, psia

?

4130 Auxiliary Feedwater to Intact Steam 40.46
.

Generator Terminated on High Level,
,

ft. above tube sheet

Main Steam Isolation Signal (MSIS) 98 :*

Generated on High Level in the |

Damaged Steam Generator, % wide |
range level

Main Steam Safety Valves (MSSVs) on 1200*

Damaged Steam Generator Actuated on
High Steam Generator Pressure, psia

Event does not occur during the 10000 seconds of transient*

simulation time.
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FIG. 4.3.5-1 RCS and SG Pressures vs. Time
for 1 Tube Ruptured and Automatic SG Liquid BlowdownCase 9
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FIG. 4.3.5-2 Leak, HPSI and Bypass Flow Rates vs. Time
Case 9 for 1 Tube Ruptured and Automatic SG Liquid Blowdown
To Condenser
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FIG. 4.3.5-3 Steam Generator Level vs. Time
Case 9 for 1 Tube Ruptured and Automatic SG 1,iquid Blowdown
To Condenser
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FIG. 4.3.5-4 Pressurizer Level vs. Time
Case 9 for 1 Tube Ruptured and Automatic SG Liquid Blowdown
To Condenser
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FIG. 4.3.5-5 Hot and Cold Leg Temperatures vs. Time
Case 9 for 1 Tube Ruptured and Automatic SG Liquid Blowdown
To condenser
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FIG. 4.3.5-6 RCS and SG Pressures vs. Time
Case 10 for 5 Tubes Ruptured and Automatic SG Liquid
Blowdown To Condenser
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FIG. 4.3.5-7 Leak, HPSI and Bypass Flow Rates vs. Time
Case 10 for 5 Tubes Ruptured and Automatic SG Liquid
Blowdown To Condenser
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FIG. <, . 3 . 5 - 8 Stede Generator Level vs. Time
Case 10 for 5 "'ubes Ruptured and Automatic SG Liquid
Blowdown To Condenser
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FIG. 4.3.5-9 Pressurizer Level vs. Time
Case 10 for 5 Tubes Ruptured and Automatic SG Liquid
Blowdown To Condenser
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FIG. 4.3.5-10 Hot and Cold Leg Temperatures vs. Time

i Case 10 for 5 Tubes Ruptured and Automatic SG Liqui.d
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4.3.6 Automatic Reduction of Steam Bypass System Actuation
Pressure

This design change focuses on automatic reduction of the steam
bypass system actuation setpoint subsequent to the turbine trip (on
reactor trip) and initial opening of the bypass valves at the
normal setpoint (1078 psia). The automatic reduction of the
setpoint result in a delayed closing of the bypass valves

subsequent to the initial opening and in the reopening of the steam ,

bypass system at 900 psia. This would allow relief of steam from
the damaged steam generator (as well as from the intact steam
generator) for a longer period allowing for the removal of some of
the steam generator inventory.

Case 11 represents the one tube rupture case with the automatic
resetting of the steam bypass system actuation setpoint down to 900
psia from 1078 psia. Figures 4.3.6-1 through 4.3.6-5 provide the
results of this analysis and Table 4.3.6-1 lists the sequence of
major events occurring during the transient. Figure 4.3.6-1 shows
that after the initial opening of the bypass valves at a setpoint
of LO78 psia, the steam generator pressures decrease below this
value. However, the bypass valves do not close at this time due to
the resetting of the setpoint to 900 psia. Thus the bypass closes

only after the pressure reaches about 900 psia. A comparison of

Figures 4.3.6-3 (for case 11) and 4.3.1-3 (for one tube rupture
base case, case 1) shows that the damaged steam generator level
increases at a faster rate for case 11. This is due to the
increase in the break flow rate as a result of lowering the steam

.

bypass actuation setpoint. The lowering of the damaged SG pressure
results in the relatively higher break flow rate, since for both
case 11 and case 1 the RCS pressure reach essentially the same
quasi-steady state pressure. in the long term (see Figures 4.3.6-1
ar.d 4.3.1-1). In addition, the lowering of the bypass system
setpoint result in a relatively smaller bypass flow rate in
comparison to that for case 1 (see Figures 4.3.6-2 and 4.3.1-2)
Note that for the case 1, the bypass system remains open beyond
10,000 seconds (167 minutes) Therefore, for the one tube rupture

there is no relative benefit due to automatic resetting ofcase,
the bypass actuation setpoint pressure. In fact, the resetting is

expected to result in a slightly shorter time to damaged SG i

overfill and pressuritation to MSSV lift.
Case 12 denotes the five tube ruptured case with the resetting of.

the bypass opening setpoint to 900 psia. Figures 4.3.6-6 through
4.3.6-10 provide the results of the analysis with the sequence of
major occurrences listed in Table 4.3.6-2. As in the case of the
one tube rupture case (case 11) the bypass valves opens up at 1078
psia and remains open till the SG pressure reaches 900 psia due to !

.

the resetting of the bypass opening setpoint (see Figure 4. 3. 6-6 ) . i

The bypass valves open again as the steam generator pressure>

increases to 900 psia. For the five tube ruptured case, case 12,

4 - 15
i
i

m - -



_ . . - - _ - . - - - . . - _ . .-

the bypass flow is not enough to accommodate the large break flow
rate and hence the damaged SG level (Figure 4.3.6-8) increases
rapidly and reaches the MSIS setpoint at about 1700 seconds. Soon
afterwards, at about 200 seconds later, the MSSV lift pressure of j
1200 psia is reached and the MSSVs lift. In comparison to the base
case for five tube ruptures (case 2), case 12 results in only
marginal increase in the MSIS generation time (1590 seconds for :

case 1 and 1700 seconds for case 12) and MSSV lift time (1800
seconds for case 2 and 2000 seconds for case 12).

Thus, for the one tube rupture case there is no improved benefit
due to the automatic lowering of the steam bypass opening setpoint. i

In fact, resetting of this setpoint hastens the fill up of the !

damaged SG in comparison to the results for the base case. For the :

five tubes ruptured case, there is only marginal benefit (about 200 !
'

seconds delay in MSSV lift time) due to resetting of the steam
bypass opening pressure setpoint. '
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TABLE 4.3.6-1
SEQUENCE OF EVENTS FOR CASE 11

STEAM GENERATOR TUBE RUPTURE (1 TUBE)
WITH STEAM BYPASS SYSTEM SETPOINT RESET TO 900 PSIA

TIME
(Sec) EVENT SETPOINT

0.0 Tube Rupture Occurs --

1100 Pressurizer Backup Heaters Actuated 2200
on Low Pressurizer Pressure, psia

1289 Reactor Trips on Hot Leg Saturation --

Trip Signal

1290 Turbine Trips --

1291 Steam Bypass System Actuated on 1078
High Steam Generator Pressure, psia

1293 Steam Bypass System Actuation Reset 900
to Lower Setpoint on Reactor Trip
and N-16 Radiation Detector
Signals, psia

1294 Pressurizer Pressure Reaches Safety 1835
Injection Actuation Signal (SIAS)
Setpoint, psia

1295 Main Feedwater Terminated on Low T., --

2185 Auxiliary Feedwater to Intact Steam 20.09
Generator Actuated on Low Level,
ft. above tube sheet

2390 Steam Bypass Valves close on Low --

Steam Generator Pressure

2720 Steam Bypass Valves reopen on High 900
Steam Generator pressure, psia ,

5740 Auxiliary Feedwater to Intact steam 40.46
Generator Terminated on High Level,

,

ft. above tube sheet

Main Steam Isolation T rnal (MSIS) 98*

Generated on High Levet in the
Damaged Steam Generator, % wide
range level

Main Steam Safety Valves (MSSVs) on 1200*

Damaged Steam Generator Actuated on
High Steam Generator Pressure, psia ,

Event does not occur within the 10000 seconds of transient*

simulation time.

1
. - _ - _ _ - - _ _ _ _ _ _ _



TABLE 4.3.6-2

SEQUENCE OF EVENTS FOR CASE 12
STEAM GENERATOR TUBE RUPTURE (5 TUBES)

WITH STEAM BYPASS SYSTEM SETPOINT RESET TO 900 PSIA
|
.

iTIME
(Sec) EVENT SETPOINT ;

O.O Tube Rupture Occurs --

130 Pressurizer Backup Heaters Actuated 2200
on Low Pressurizer Pressure, psia

149 Reactor Trips on Hot Leg Saturation --

Trip Signal

150 Turbine Trips --

152 Steam Bypass System Actuated on 1078
High Steam Generator Pressure, psia

155 Steam Bypass System Actuation Reset 900
to Lower Setpoint on Reactor Trip
and N-16 Radiation Detector
Signals, psia

,

165 Pressurizer Pressure Reaches Safety 1835
Injection Actuation Signal (SIAS)
Setpoint, psia

!

166 Main Feedwater Terminated on Low T., --

810 Steam Bypass Valves close on Low --

Steam Generator Pressure

1240 Steam Bypass Valves reopen on High 900
Steam Generator Pressure, psia

1700 Main Steam Isolation Signal (MSIS) 99
Generated on High Level in the |

Damaged Steam Generator, % wide
range level

i

2000 Main Steam Safety Valves (MSSVs) on 1200
Damaged Steam Generator Actuated on |

'

High Steam Generator Pressure, psia

i

.,

i

_ _ _ _ _ _ _ _ - - _ - _ _ - _ _ _ _ . _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ - - _ _ _ _ _ - _ . _ _ _ _ _ _ _ _ _ -



FIG. 4.3.6-1 RCS and SG Pressures vs. Time
for 1 Tube Ruptured and Automatic Reduction of SBCSCase 11
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FIG. 4.3.6-2 Leak, HPSI and Bypass Flow Rates vs.
Case 11 for 1 Tube Ruptured and Automatic Reduction of SBCS
Initiation Pressure
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FIG. 4.3.6-3 Steam Generator Level vs. Time
i Case 11 for 1 Tube Ruptured and Automatic Reduction of SBCS

Initiation Pressure
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FIG. 4.3.6-4 Pressurizer Level vs. Time

Case 11 for 1 Tube Ruptured and Automatic Reduction of SBCS
Initiation Pressure
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FIG. 4.3.6-5 Hot and Cold Leg Temperatures vs. Time

Case 11 for i Tube Ruptured and Automatic Reduction of SBCS
Initiation Pressure
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FIG. 4.3.6-6 RCS and SG Pressures vs. Time
Case 12 for 5 Tubes Ruptured and Automatic Reduction of <

SBCS Initiation Pressure
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FIG. 4.3.6-7 Leak, HPSI and Bypass Flow Rates vs. Time
Case 12 for 5 Tubes Ruptured and Automatic Reduction of
SBCS Initiation Pressure
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FIG. 4.3.6-8 Steam Generator Level vs. Time

Case 12 for 5 Tubes Ruptured and Automatic Reduction of
SBCS Initiation Pressure

110

IIH)

-

WI
(N
-

A

$ 80
m
J k
a:
O 70 ,,ul'ruiml> sc

5
W

\Z (Al
W
O
-

50
W
v1

40
IttrACT SG

30 ' ' ' '

O 2 4 6 8 10
Thousands
TIME (sec)

- - . - . . .. - _

_ _ _ _ _ _ _ _ _ - - _ - - _ _ _ _ - _ _ _ .



- . .

a

l'

I

,

FIG. 4.3.6-9 Pressurizer Level vs. Time
.

for 5 Tubes Ruptured and Automatic Reduction ofCase 12
SBCS Initiation Pressure
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4 FIG. 4.3.6-10 Hot and Cold Leg Temperatures vs. Time

Case 12 for 5 Tubes Ruptured and Automatic Reduction of
SBCS Initiation Pressure
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4.3.7 Automatic Bypass of MSIS on Low Steam Generator Pressure

This design change pertains to opening of all of the steam bypass
system as long as necessary to prevent the SG pressure and level
from increasing rapidly and challenging the MSSVs. This change
would necessitate bypassing of the MSIS on low SG pressure to keep
the bypass system valves open. This bypassing would have to be
based on a reactor trip signal coincident with an N-16 SG radiation
detector signal. The N-16 detector signal is a control grade
signal. Thus, the safety grade MSIS signal would have to be
bypassed also using this control grade signal. This would be in
violation of the NRC guidelines which require that control grade-
and safety grade instrumentation channels be kept totally isolated ;

'

from one another. Since certain design basis events rely on the
low pressure MSIS (e.g., Main Steam Line Break) such a change was
rejected and no detailed analysis of this design change was carried
out.

f

,

f
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4.3.8 Automatic Opening of Rapid Depressurization System

The System 80+ design incorporates a Rapid Depressurization System
(RDS) which provides a manual means of depressurizing the RCS when
normal and emergency feedwater are unavailable for RCS heat

,

i

removal. A design change to use this depressurization mechanism
during a steam generator tube rupture event was considered. This
change pertains to making the RDS actuate automatically upon an N- >

16 SG radiation detector signal coincident with a reactor trip -

signal and a high steam generator level signal. Both RDS valves
are assumed to be open if the above conditions are reached.

.

For the one tube rupture case, it is expected that the RDS valves
will not open for several hours (more than 15,000 seconds) since
the damaged SG 1evel builds up slowly and does not reach the MSIS
setpoint on high SG 1evel until af ter 15,000 seconds (extrapolation
of Figure 4.3.1-3) It is expected that for the one tube rupture >

case this provides adequate time for the operator to take
mitigating actions prior to actuation of the RDS valves.

For the five tubes ruptured case, case 13 denotes the analysis
which assumes actuation of the RDS valves on a high level in the
damaged SG. Figures 4.3.8-1 through 4.3.8-5 provides the results ;

of this analysis and Table 4.3.8-1 lists the major sequence of
events occurring during the transient. The actuation of the RDS *

valves causes a rapid depressurization of the RCS resulting in the
primary to secondary break flow (figure 4.3.8-2) to decrease to
zero. The initial rapid depressurization causes mementary loss of
RCS subcooling. The core does not uncover, but two phase flow is
present for approximately 300 seconds. As the RCS pressure (Figure
4.3.8-1) falls below the secondary pressure, the break flow
reverses, subcooling is recovered, and the damaged SG inventory !

begins to drain into the RCS (see Figure 4.3.8-3). The break flow
reverses since RDS valves have & combined effective flow area of '

O.042 sq ft in contrast to the total break area for five tubes of
0.024 sq ft. Subsequent to the initial flow reversal, the break
flow remains negative or at zero causing a reduction in the SG f

level and pressure. Hence the MSSVs are not challenged during the
transient. The flow out through RDS valves causes an increase in |

the pressurizer level (Figure 4.3.8-4) as the safety injection flow
increases with decreasing RCS pressure. The pressurizer fills soon

iafterwards and the RDS valves begins to discharge water.

The major benefit of this design option is that the damaged SG
build-up and subsequent challenge to the MSSVs are eliminated.
However, this design change has the potential for boron dilution
within the RCS as well as the uncertain chemical ef fects caused by
introducing secondary coolant into the RCS. The original inventory
in the steam generator does not contain boron and mixing of this
water with the RCS fluid through reverse break flow has the
potential for significant dilution if the RDS is opened

4 - 18
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!automatically at an early time (prior to adequate boration of the
Iruptured SG secondary via-the leak flow).
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TABLE 4.3.8-1
i
i

SEQUENCE OF EVENTS FOR CASE 13
STEAM GENERATOR TUBE RUPTURE (5 TUBES) WITH AUTOMATIC
OPENING OF THE RDS ON N-16 INDICATION & HIGH SG LEVEL

i

I
iTIME

(Sec) EVENT SETPOINT I

00 Tube Rupture Occurs ---

130 Pressurizer Backup Heaters Actuated 2200
on Low Pressurizer Pressure, psia

149 Reactor Trips on Hot Leg Saturation ---

Trip Signal

150 Turbine Trips ---
!

152 Steam Bypass System Actuated on 1078
High Steam Generator Pressure, psia

>

165 Pressurizer Pressure Reaches Safety 1835
Injection Actuation Signal (SIAS)

Setpoint, psia

166 Main Feedwater Terminated on Low T,y ---

,

i

1590 Main Steam Isolation Signal (MSIS) 98
Generated on High Level in the
Damaged Steam Generator, % wide i

range level

1600 Rapid Depressurization System is ---

Actuated on
N-16 Indication & High SG Level

,

1610 Break Flow reverses as RCS Pressure ---

decrease below SG Pressure

1640 Pressurizer Fills to 100% ---

,

- - - _ - - - - - _ - - _ _ _ _ _ _ . _ _ - _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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FIG. 4.3.8-1 RCS and SG Pressures vs. Time
Case 13 for 5 Tubes Ruptured and Automatic Rapid
Depressurization System

25tWI

2 twill
- HEACil)K TH Il'

2
m
o.

N[ HDS ol'Etlit4GW

a N$ SIAS
W
M
L

cn itWWI
N R til' I'U R EI) SG

it1 TACT SGy;

N /
HCS

SIMI

I

, , , , , , , , i
g,

il 1 2 3 4 5 6 7 8 9 l(I il

Thousands
TIME (sec)

_ _ _ _ _ . . _ ____ .__ _ _ . . _ . , _ _ _ _ . _ _



.

1

.

'.
FIG. 4.3.8-2 Leak, HPSI and Bypass Flow Rates-vs. Time
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Case 13 for 5 Tubes Ruptured'and Automatic Rapid
Depressurization System
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FIG. 4.3.8-3 Steam Generator Level vs. Time

Case 13-for 5 Tubes Ruptured and Automatic Rapid
Depressurization System
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FIG. 4.3.8-4 Pressurizer Level vs. Time

! Case.13 for 5 Tubes Ruptured and Automatic Rapid <

Depressurization System
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FIG. 4.3.8-5 Hot and Cold Leg Temperatures vs. Time
Case 13 for 5 Tubes Ruptured and Automatic Rapid
Depressurization System
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4.3.9 Increase Main Steam Safety Valve Lift Satpoint by 200 psi j

|

This design change is aimed at delaying MSSV opening by increasing ;

the opening setpoint pressure by 200 psi. Current System 80+ j

design has an MSSV opening setpoint pressure for the first valve i

bank of 1200 psia. Increasing this setpoint by 200 psi impacts
primarily the five tube case in comparison to the one tube case,
since the one tube case does not result in opening of the MSSVs for
more than 15,000 seconds. For the five tube ruptured case it is
estimated that the increased setpoint of 1400 psia would delay the
MSSV opening by about 300 seconds (5 minutes).

The raising of the MSSV lift setpoint has an adverse impact on
certain Chapter 15 design basis events. In particular, for a small
break LOCA for which the RCS pressure reaches a plateau around the
MSSV setpoint the increase in setpoint would cause a reduction in

'

: the safety injection flow. This reduction results in increased
clad temperatures for the small break LOCA. Analyses were
performed to quantify this adverse effect. A parametric study was
conducted for the Small break LOCA event using the licensing
evaluation model. It used the CEFLASH-4AS and the PARCH computer
codes to determine the impact of raising the MSSV setpoint from
1200 psia to 1500 psia. Two different small break LOCAs were
analyzed, namely, 0.1 sq ft and 0.05 sq ft DVI line breaks. The
reduction in integrated safety injection flow is shown in Figure
4.3.9-2 and the peak cladding tempen.ture increase is shown in
Figure 4.3.9-1 as a function of MSSV setpoint. It is seen that for
the 0.1 sq ft break the reduction in the integrated HPSI flow is i

about 15 percent for an increase of 200 psi in the MSSV setpoint
(from 1200 psia to 1400 psia). The increase in peak cladding
temperature is about 700 deg F for the 0.1 sq ft break and about
1240 deg F for the 0.05 sq ft case. This increase is significantly
large to cause (1) the peak cladding temperature for small break
LOCA to exceed the peak cladding temperature for large break LOCAs,
and (2) peak cladding temperature for small break LOCAs to exceed
the Appendi.: K acceptance criterion of 2200 deg F.

;

Thus, raising the MSSV setpoint by 200 psi is considered not
desirable, since its benefit for a five tube rupture case is
minimal and its impact on a small break LOCA would be unacceptably
high peak cladding temperature.

,
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4.3.10 Automatic Blowdown of Steam Generator Liquid to IRWST |

|
1

This design change is similar to the high capacity SG blowdown to l
the condenser discussed in Section 4.3.5. It considers automatic
blowdown of ths damaged SG liquid to the IRWST upon a reactor trip
signal, N-16 SG radiation detector signal, and high water level in
the SG. The IRWST would receive and cool the blowdown fluid by
thermal mixing.

For the one tube rupture case, this option would not result in
actuation of the SG blowdown for more than 15,000 seconds since the
damaged SG water level does not reach a high value during this time
(see Figure 4.3.1-3).

For the five tubes ruptured case with this design change, case 14,
the analysis results are provided in Figures 4.3.10-1 through

4.3.10-5. The sequence of major events occurring during the
transient is listed in Table 4.3.10-1. The analysis considers a
blowdown rate of about 7% full power steam flow rate. In

comparison to the base case, case 2, the transient results are the
same for case 14 up to the time of actuation of the blowdown
system. Blowdown is initiated subsequent to the reactor trip and
upon reaching a high level in the damaged steam generator (blowdown <

actuation is assumed to occur when the level recovers to the ,

initial value). This occurs at about 1120 seconds. Subsequently
the damaged steam generator level (Figure 4.3.10-3) decreases and
then gradually increases. The level remains below 100 percent for ,

up to 10000 seconds. Following actuation of the blowdown the RCS
pressure as well as the steam generator pressure (Figure 4.3.10-1) .

'

decrease and the bypass system closes.

As the SG liquid is discharged into the IRWST, it is expected that
the IRWST fluid will get heated up since the blowdown liquid is at
a significantly higher enthalpy than the IRWST fluid.
Consequently, in the analysis the temperature of the IRWST fluid,
which is used as the source for safety injection flow, is assumed

*

to be at a higher temperature (about 55 deg F increase) than the
initial temperature. Despite this increase in temperature, it is
seen that the RCS fluid is cooled by safety injection flow as seen
in Figure 4.3.10-5.

Thus, controlled automatic SG blowdown into the IRWST delays the
MSIS generation for more than two hours consequently delaying MSSV
lift for the five tubes ruptured case. In addition, by draining '

the damaged SG liquid into the IRWST the radioactive fluid is
stored within the containment, thus eliminating any containment
bypass concern.

On the negative side, the continued SG blowdown would result in a
heat-up of the IRWST, resulting in boiling of a portion of the
IRWST liquid and eventual pressurization of the containment. It is

4 - 21
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!

.

b.

L

expected that for up to two hours the boiling of IRWST fluid should
be minimal and that the containment pressurization may not be that +

large (and containment sprays would not be actuated). Another
negative impact of draining the SG fluid into the IRWST is the
potential for boron dilution of the IRWST fluid. This potential i

exists since the original inventory in the SG is unborated. Since |

the IRWST fluid is source for safety injection, this potential
needs to be considered from a shutdown margin requirement concern.
It is expected that with about 4 million lbm of IRWST inventory and
an initial SG inventory of about 200,000 lbm, this dilution may not :

'

be that significant to impact the shutdown margin requirement for
the RCS as long as it can be assured that main and emergency
feedwater flow can be reliably terminated to the ruptured SG. |
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TABLE 4.3.10-1

SEQUENCE OF EVENTS FOR CASE 14
STEAM GENERATOR TUBE RUPTURE (5 TUBES) WITH
SG BLOWDOWN TO IRWST ON HIGH SG WATER LEVEL,

TIME
(Sec) EVENT SETPOINT

0.0 Tube Rupture Occurs ---

130 Pressurizer Backup Heaters Actuated 2200
on Low Pressurizer Pressure, psia

149 Reactor Trips on Hot Leg Saturation ---

Trip Signal

150 Turbine Trips ---

152 Steam Bypass System Actuated on 1078
High Steam Generator Pressure, psia

165 Pressurizer Pressure Reaches Safety 1835
Injection Actuation (SIAS)

Setpoint, psia

166 Main Feedwater Terminated on Low T., ---

1110 Damaged Steam Generator Water Level 40.46
Reaches Normal Water Level, ft

above tube sheet

1111 Damaged Steam Generator Blowdown to --- |
IRWST actuated on Reactor Trip and
N-16 Radiation Detector Signals and :

on High Water Level

j 1350 Steam Bypass Valves closes on Low ---
.

Steam Generator Pressure
j

! 9680 Main Steam Isolation Signal (MSIS) 98
Generated on High Level in the
Damaged Steam Generator, % wide

range level

Main Steam Safety Valves (MSSVs) on 1200*

Damaged Steam Generator Actuated on
High Steam Generator Pressure, psia

* Event does not occur during the 10000 seconds of transient
simulation.

_ _ _
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FIG. 4.3.10-1 RCS and SG Pressures vs. Time

Case 14 for 5 Tubes Ruptured and Automatic SG Liquid
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FIG. 4.3.10-2 Leak, HPSI and Bypass Flow Rates vs. Time
Case 14 for 5 Tubes Ruptured and Automatic SG Liquid
Blowdown to IRWST
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FIG. 4.3.10-3 Steam Generator Level vs. Time
Case 14 for 5 Tubes Ruptured and Automatic SG Liquid
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FIG. 4.3.10-4 Pressurizer Level vs. Time

Case 14 for 5 Tubes Ruptured and Automatic SG Liquid'
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FIG. 4.3.10-5 Hot and Cold Leg Temperatures vs. Time
Case 14 for 5 Tubes Ruptured and Automatic SG Liquid
Blowdown to IRWST
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4.3.11 Automatic Initiation of the Atmospheric Dump valves

For this design change, the atmospheric dump valves (ADVs) are
assumed to be actuated on a high steam generator pressure setpoint.
This setpoint value is chosen such that the ADVs open prior to ;

challenges to the MSSV and later than the steam bypass valve
'

actuation. The assumed benefit is that the ADVs open and relieve
mass and energy to control the SG pressure and level thereby
preventing the opening of the MSSVs. Although the ADVs relieve
steam to the atmosphere, such a release is preferred over MSSV
releases since the ADVs can be isolated by means of the associated
block valves.

Analyses were performed to determine the RCS and secondary side
performance with automatic actuation of the ADVs. The ADV opening
setpoint was fixed at 1160 psia. This value is higher than the
steam bypass valve setpoint of 1078 psia and lower than the opening *

setpoint of the first bank of the MSSVs of 1200 psia. For the one
tube rupture case the ADVs are not expected to be actuated since
the SG pressure remains below the ADV opening setpoint for longer
than 10000 seconds. This is due to the actuation of the steam
bypass valves which maintains the SG pressure at or below 1078
psia.

For the five tubes rupture base case (case 2), the steam bypass
actuation maintains the SG pressure at or below 1078 psia.
However, the bypass flow cannot keep up with the large break flow
and the damaged SG level builds up. As seen in Figure 4.3.1-8,

this level build-up initiates an MSIS. Subsequently the SG
pressure builds-up to the opening setpoint of the ADVs. The five
tube rupture case with automatic opening of the ADVs at 1160 psia
is designated case 15. The results of the analysis of this case
are shown in Figures 4.3.11-1 through 4.3.11-5. The sequence of
major events occurring during the transient are listed in Table
4.3.11-1.

As seen f rom Figure 4.3.11-3, the damaged steam generator level
increases very rapidly and an MSIS on high SG level is obtained at
about 1590 seconds. The ADvs are not actuated till a later time -

since the SG pressure has to increase to about 1160 psia for this
to occur. The steam generator continues to fill-up even after the
ADVs open since the break flow is significantly greater than the
ADV flow that is required to maintain the SG pressure at or below
1160 psia. In fact, the break flow is slightly higher than that
for case 2 (base case) since the opening of the ADV causes a
reduction in the SG pressure.

The main benefit from automatic actuation of the ADVs is that
unisolable releases from a stuck open MSSV can be prevented. As
seen from Figure 4.3.11-1, subsequent to initial actuation of the
ADVs, the ADVs close, and then as the SG pressure builds up in the

4 - 23
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absence of the steam-bypass, the ADvs open again. This behavior
will repeat in time as the ADVs cycle open and close to remove.SG
fluid and control SG pressure.

In the unlikely event an ADV sticks open, the ADV can be manually i

isolated by using the associated block valve. I
i

One of the major limitations of this case is the potential for two
phase and water release through the ADVs for the five tube rupture
case. Prior to ADV actuation the damaged steam generator level- -

builds up to the main steam isolation signal setpoint resulting in ,

the closure of the steam bypass. Subsequently the steam generator
pressure builds up and the ADVs are opened. Thus at the time of -

ADV opening, the damaged SG level is beyond the high steam
generator level setpoint for the generation of an MSIS. The ADV ,

opening is controlled by the steam generator pressure. Since the
ADV opens only to control this pressure, with a five tube rupture |

the steam generator level can build up rapidly. This could result
in build up of the level to the stemm generator nozzles, and !
eventaully flooding of the steam lines with two phase and liquid ;

potentially discharging a two phase mixture to the atmosphere. The !
iADVs are not currently qualified to pass two phase or liquid, and

hence this must be addressed. In addition, release of two phase or '

water could result in significantly more adverse radiological
Iconsequences.

;
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TABLE 4.3.11-1 ;

SEQUENCE OF EVENTS FOR CASE 15
STEAM GENERATOR TUBE RUPTURE (FIVE TUBES) WITH AUTOMATIC ADV i

OPENING AT HIGH SG PRESSURE .

,

,

TIME
(Sec) EVENT SETPOINT

0.0 Tube Rupture Occurs ---

130 Pressurizer Backup Heaters Actuated 2200
on Low Pressurizer Pressure, psia

149 Reactor Trips on Hot Leg Saturation ---

Trip Signal

150 Turbine Trips ---

152 Steam Bypass System Actuated on High 1078
Steam Generator Pressure, psia

165 Pressurizer Pressure Reaches Safety 1835
Injection Actuation Signal (SIAS)

Setpoint, psia

166 Main Feedwater Terminated on Low T,s,, ---

1590 Main Steam Isolation Signal (MSIS) 98
Generated on High Level in the ,

Damaged Steam Generator. % wide
range level

1700 Automatic Atmospheric Dump Valves 1160
(ADVs) on Damaged Steam Generator
Actuated on High Steam Generator

Pressure, psia

,

|

|

|

|
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FIG. 4.3.11-1 RCS and SG Pressures vs. Time
Case 15 for 5 Tubes Ruptured and Automatic ADVs
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FIG. 4.3.11-2 Leak, HPSI and Bypass Flow Rates vs. Time

Case 15 for 5 Tubes Ruptured and Automatic ADVs
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FIG. 4.3.11-3 Steam Generator Level vs. Time
for 5 Tubes Ruptured and Automatic ADVsCase 15
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FIG. 4.3.11-4 Pressurizer Level vs. Time
Case 15 for 5 Tubes Ruptured and Automatic ADVs
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FIG. 4.3.11-5 Hot and Cold Leg Temperatures vs. Time
Case 15 for 5 Tubes Ruptured and Automatic ADVs
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4.3.12 Natural Convection Cooling System for Steam Generator
Secondary

i

A qualitative evaluation was performed to assess the benefit of
this design change relative to the base cases, cases 1 and 2. The
major difference between this design change and the base cases is
that, in addition to steam relief throught he steam bypass valves,

'

steam is also removed from the damaged steam generator via the
natural convection pathway into the suppression pool. Although
this would remove some of the secondary system energy via the t

suppression pool, the resulting reduction in the steam pressure
'

could close the steam bypass valves (or close the valves sooner)
thereby preventing the removal of some of the break flow from the
steam generator. Since the steam released from the damaged steam
generator (SG) via the suppression pool is condensed and returned
to the SG the closure of the bypass valves hastens the damaged
steam generator level buildup. This could result in an earlier SG ,

overfill and the generation of an MSIS. Therefore, even with the
cooling through the suppression pool the SG pressure will buildup
and result in the opening of the MSSVs and subsequent flooding of
the steam lines with two phase and/or water. ,

Thus, for the one tube rupture event with this design change, the
damaged steam generator level is expected to build up more rapidly
than that for the base case (case 1) and challenge the MSSVs

For the five tubes ruptured case, this design change wouldsooner.
hasten the MSSV lif t in comparison to the base case (case 2), since
the bypass system may be closed sooner causing an earlier MSIS
generation. Therefore, the proposed design change does not result
in any benefit in terms of containment bypass prevention during an

'

SGTR event.

,
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5.0 SYSTEM 80+ SYSTEM DESCRIPTIONS

5.1 Steam Generators

5.1.1 Descriotion

I

The two System 80+ steam generators provide the heat removal
i

function of the RCS. The primary side of each steam generator i

consists of approximately 12,600 3/4 " tubes which provide a large i

'
surface area for heat to transfer from the primary reactor coolant
to the secondary feedwater. The steam produced by the primary side
heat is transferred from the steam generators via the main steam ,

system to the turbine generator which drives the electrical :

generator to produce electricity. When the reactor is operating at
100% power, the total steam flow produced by both steam generators
is approximately 17.6 x 10' lbm/hr. Figure 5-1 presents a
schematic of the steam generator including the nozzle penetrations.
The primary side of the steam generator is designed to be safety
class 1 and the secondary side is designed to be safety class 2.
The total secondary volume of each steam generator is approximately
11280 ft The secondary side of each steam generator is protected3

f rom overpressurization by 10 main steam safety valves (MSSVs).
Each steam generator is equipped with 2 atmospheric dump valves
(ADVs) which vent directly to atmosphere. A blowdown system is
provided to help control secondary water chemistry and remove
sludge buildup on the steam generator tube sheet. A sampling
system is also provided to allow the capability of remotely
monitoring secondary water chemistry.

5.1.2 Oneration

A steam generator tube rupture incident 4. s a penetration of the
barrier between the reactor coolant system and the main steam
system. The integrity of this barrier is significant f rom the .

standpoint of radiological safety in that a leaking steam generator r

tube allows the transfer of reactor coolant into the main steam
system. Radioactivity contained in the reactor coolant would mix
with the water in the shell side of the affected steam generator.
This radioactivity will be transported by the steam through the
turbine and then to the condenser, to atmosphere via the Main Steam
Safety Valves / Atmospheric Dump Valves, or directly to the condenser
via the Turbine Bypass System. ,

5.1.3 Steam Generator Instru~entation

Level instrumentation is provided on each steam generator to
indicate the secondary water level. See Figure 5-2 for approximate
locations of level instrument taps. Signal from the narrow range

5-1"
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level instruments are sent to the feedwater control system, which |
'

.in turn controls the feedwater flow to the steam generators. In
addition to controlling water level, the narrow range level signals
are used for initiation of a Main Steam' Isolation Signal (MSIS)
which isolates the steam, feedwater, blowdown and sampling systems. i

,

Wide range level instruments are used as' safety signals to actuate ;

the emergency-feedwater system in the event of a low water level ,

'

and isolate potential leak path out of the steam - generators.
Pressure instrumentation performs a safety function, initiating a. .

MSIS upon a low steam generator pressure, j
,
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5.2 Feedwater System

5.2.1 Descriotion

The main feedwater system (MFWS) provides the secondary water to
the steam generators which removes heat from the primary side. The
MFW system consists of: three motor driven feedwater pumps which
take feedwater from the condensate system and supply it to the
steam generators; a feedwater control system (FWCS), which
regulates the feedwater flow to the steam generators based on level
inputs from the steam generator, receives flow inputs from the
feedwater flow instrumentation, the steam flow instrumentation, and
reactor power; the economizer and downcomer control valves which
are modulated by the FWCS to adjust feedwater flow to the steam
generators; and containment isolation valves which isolate the MFWS
when a MSIS occurs on low steam generator pressure (s 850 psia) or
high steam generator level ( ;t 95%NR)

5.2.2 Oceration

The feedwater system supplies feedwater to each steam generator
through a downcomer nozzle and 2 economizer nozzles located on the
steam generator (see Figure 5-3). During startup and shutdown, a
motor driven startup pump is capable of providing 0-5% of full
power f eedwater flow to both steam generators through the downcomer
nozzle. Startup and shutdown require manual operation for control
of the feedwater. During operation between 5% and 20% power, the
FWCS controls all the flow through the downcomer line keeping the
economizer valves shut. For this range of power, the FWCS uses
only the narrow range level instrumentation to control the

feedwater flow. During operation between 20% and 100% power, the
FWCS automatically controls flow to the steam generators by
modulating the downcomer and economizer valves based on inputs f rom i

the steam generator level instrumentation, and the steam and feed
flow instrumentation. In the event of a reactor trip, the FWCS
will close the economizer flow control valve and regulate flow
based on the average reactor coolant temperature and a preset 0%
load feedwater setpoint using the downcomer feedwater control
valve. If T, ,, of the RCS is greater than the T, .,, setpoint '

(approximately 557 F), the FWCS will send a signal to open the
downcomer control valves to allow more flow to the steam

generators. If T,y, is below the T,., setpoint, the feedwater
control valves will be closed which terminates main feedwater to
that steam generator.

5.2.3 Instrumentation

Flow meters are provide on the economizer and downcomer feedwater
lines to measure feedwater flow rate. The economizer flow meter i

!
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signal is.~directly input into the FWCS to control _.feedwater flow. |
Temperature indication is also provided on the feedwater - lines :

These instruments-perform no safety function.
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5.3 Main Steam System

5.3.1 Descrintion
|

The main steam system (MSS) , which is shown schematically in Figure
5-4, consists of 28" ID piping which carries the steam from the
steam generators to the turbine generator. Four safety grade
Atmospheric Dump Valves (two per generator) are located off of
the main steam lines and are vented to atmosphere. Isolation
valves are provided upstream of the ADVs in the event of an
inadvertent opening. These valves are used by the operator to dump
steam during plant startup, cooldown or during transients. Ten

,

Main Steam Safety Valves per generator are connected to the main
steam lines upstream of the Main Steam Isolation Valves and are
vented directly to atmosphere. These valves provide overpressure
protection for the steam generators and the main steam piping.
Four Main Steam Isolation valves (one per steam line) are provide
which isolate the steam generator upon receipt of a MSIS (see ,

'

figure for a general schematic). Also included in the MSS are
Main Steam Isolation Bypass Valves. These valves are manually
operated during heat up of the plant to warm the secondary system.
They are closed during normal operation. (See Table 5-1.)

5.3.2 Ooeration

During normal operation the MSS carries the steam produced by the
steam generators to the turbine generator to produce electricity.
In the event of high steam generator level or low steam generator
pressure an MSIS is generated which closes the main steam isolation
valves. The operator is then required to use the ADVs to relieve
steam to atmosphere or the MSSVs set point will be reached on high
pressure and the MSSVs will actuate.

,

5.3.3 Instrumentation ;

Flow meters are provided at the outlet of the steam generators to
measure steam flow rate. The meter signals are directly input into
the FWCS to control feedwater flow. These instruments perform no
safety function. The main steam header pressure is also monitored
and used as input to the Steam Bypass Control System. The pressure
indication is also non-safety grade.

!
l

5-5

i

I

!

,

. . _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ ____ __ _



. - __ _

|

|

l
+

5.4 Blowdown System

5.4.1 Descriotion

Each steam generator is equipped with its own blowdown line with
'

the capability of blowing down liquid from the hot leg or the
economizer regions of the steam generator shell side. The blowdown :

Ipiping is attached to two six inch blowdown nozzles in the tube
fsheet region of each SG and is routed outside containment to a
'blowdown processing system (see Figure 5-5) . Containment isolation

valves are provided in the blowdown lines which isolate upon '

receiving a Containment Isolation Signal (CIAS), an Emergency
Feedwater Actuation Signal (EFAS), an Alternate Feedwater Actuation i

Signal (AFAS), or a MSIS. Three manual blowdown control valves ;

located outside containment allow the operator to adjust the liquid
blowdown rate. The blowdown piping is vented directly to a flash
tank or the condenser. |

f5.4.2 Ooeration

During normal full power operation there is a continuous blowdown ,

of either 0.2 or 1% of the main steam rate (MSR) per generator
depending on water chemistry. The system is also designed for a ;

high capacity blowdown (approximately 10% MSR) to remove crud ;

buildup on the steam generator tube sheet. . High capacity blowdown |
can be operated for a short period of time (2 minutes) when the

2 effluent is directed to the blowdown flash tank and for an
indefinite period of time to the condenser. The blowdown system
is isolated by a MSIS, a CIAS, a SIAS, and an EFAS to prevent loss
of steam generator inventory in the event a transient occurs. This
system provides no safety function except to isolate upon receipt
of a safety signa'

1

5.4.3 Instrumentation

Sampling lines off of the blowdown nozzles continuously sample
steam generator blowdown for radioactivity which would be
indicative of a steam generator tube leak. Samples from each of -

the steam generator are monitored individually by a detector
,

mounted in a shielded liquid sampler.'

:
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5.5 Turbine Bvnass System

5.5.1 Descriotion |
>
,

!The non safety grade Turbine Bypass System (TBS), schematically
shown in Figure 5-4, consists primarily of eight turbine bypass ;

valves and. the Steam Bypass Control System (SBCS). The TBS is
.

provided to accommodate load rejection in conjunction with the !

Reactor Power Cutback System without tripping the reactor or !
lifting the primary safety valves or the MSSVs. All eight turbine i

'bypass valves are located in two lines branching off of the main
steam header downstream of the MSIVs and are routed to the :

condenser. The turbine bypass valves are air operated valves i

with a combined capacity of 55% of the total full power steam flow i

at normal full power operation. These valves are normally I

controlled by the SBCS, but can be remote manually controlled. |
tThese valves are also designed to fail closed. The SBCS used

reactor power, steam header pressure and steam flow to actuate the
valves to dump steam to the condenser.

5.5.2 Coeration j
f

i

The turbine bypass system takes steam from the main steam header
upstream of the turbine stop valves and discharges it directly to
the main condenser, bypassing the turbine generator. During
normal operation, the valves are under the control of the steam
bypass control system. In the event of a reactor trip or a i

turbine trip, the SBCS provides either an open signal or a >

modulation signal to the TBS valve controllers, based on steam ,

flow, pressurizer pressure and main steam header pressure. During ;

cooldown or hot shutdown, the turbine bypass valves may be actuated ,

individually from the main control room to regulate steam generator
pressure and RCS temperature change.

5.5.3 Instrumentation ;

i

Pressurizer level, steam flow and steam pressure instrumentation |
are all inputs used in the SBCS to regulate the turbine bypass !

I

system. The turbine bypass system does not include any
instrumentation for monitoring flow, pressure, temperature, or i

radiation. !,.

4
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5.6 Radiation Monitorina

5.6.1 Descriction of Current Radiation Detection Monitors '

1 The System 80+ design is equipped with a Radiation Monitoring
System (RMS) to assist plant operators in evaluating and
controlling the radiological consequences of a potential equipment
failure. The RMS consists of process and airborne radiation
monitors. The process and effluent monitors typically consist of .

components such as a microprocessor, one or more detectors, a
shielded detection chamber, sample pump flow instrumentation, and
associated tubing and cabling. The area radiation monitors consist
of a microprocessors and Geiger-Mueller tubes or ionization
chambers for gamma radiation detection. Each process and ef fluent,

,

and airborne monitor is located in an easily accessible area.
,

Radiation level signals, high level alarms, and operation status< .

alarms are generated by each microprocessor for local alarm
capability and for transmittal to the Data Processing System (DPS)

: and the Discrete Indication and Alarm System (DIAS). Via the DPS
! and the DIAS, control room operators can obtain detailed

information on monitor readings, alarm setpoints, and operating
status.

'

Both types of radiation monitors are used in the secondary systems.
The main steam lines are continuously monitored using area*

radiation monitors placed near the steam piping upstream of the ;

MSSVs. These monitors alarm in the control room and are provided
;

with non 1-E power. An off-line monitor samples the steam ,

generator blowdown liquid. Sample lines upstream of the blowdown
isolation valves carry effluent to the sampling room where it is
continuously monitored for radiation. These monitors are provided
with local alarms in the sampling room and also alarm in the

,

control room via the DPS and DIAS. The blowdown radiation monitors
are provided with non-lE power. This monitor uses a gamma*

scintillation detection system. The main condenser evacuation .

system is provided with an on-line monitor which continuously
analyzes the gaseous effluent from the condenser vacuum pump
discharge. A sample tap is also provided to allow the collection'

of periodic grab samples. This monitor is alarmed in the control
room and is non-1E. This monitor uses a beta scintillation

; detection system. ,

y
'

5.6.2 Descrintion of Added N-16 Radiation Monitors
:

'

! Nitrogen-16 is formed in the primary reactor coolant when the fluid
passes through the core region of the reactor vessel by a neutron,,

proton interaction with Oxygen-16. It has a half life of
approximately 7 seconds. N-16 is essentially non-existent outside ;

of nuclear reactors, which means the N-16 background levels outside
the RCS are very low. Therefore, detection of the high energy N-16

.

:
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,

,

i

gamma radiation in the secondary side of a PWR steam generator is ,

a definite indicator of a primary to secondary leak. I
4

Unfortunately, because of the 7 second half life, large amounts of-

N-16 must be produced in the core in order to be detected in the>

secondary system. Current monitoring devices will only detect N-16 ,

'

'when the reactor power level is 2 25%. Currently N-16 monitors
planned for the System 80+ design are powered with non-lE i

electrical power.

! At power levels below 25%, the current monitors are used. They
include steam line area, condenser vacuum exhaust and blowdown.

.'

Latching of these signals will be considered along with the N-16 ,

latched signal described below. i

.

i The N-16 radiation monitors to be incorporated into the System 80+ |
design are scintillation detectors with microprocessor based signal -

conditioning. A detector would be installed outside of containment ,

on one steam line leaving each steam generator. In the event of '

a tube rupture, the alarm will initiate and then may clear as
reactor power decays due to the reactor trip. Therefore, when a N-'

16 radiation monitor detects the high gamma radiation condition, '

the alarm will be latched. Acknowledging the alarm does not reset ,

the latch, the alarm latch must be reset separately by the i-

i operator. This logic is presented by Figure 5-6. In addition to .j
i alarming, the signal generated by the N-16 monitor would be

utilized in coincidence with another signal to initiate some
automatic function (s) to mitigate the consequences of a tube
rupture event.
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5.7 Reactor Coolant Gas Veptjystem
;

5.7.1 Descriotion |

i

The System 80+ design includes a safety grade reactor coolant gas
vent system used to vent non-condensible gases and steam from the |

| reactor vessel upper head and the pressurizer steam space. The |
|system is comprised to two independent piping trains, one frcm the

reactor vessel and one from the pressurizer each with parallel
valve paths in each train allowing for single failure operation.
The parallel path from the pressurizer and the reactor vessel upper
head contains two isolation valves in series. The pipe trains are

routed to the IRWST and the RDT. The valves are remote manually
controlled.

5.7.2 Ooeration

The RCGVS is designed to be operable during all design basis
events. In the event a void forms in either the reactor vessel
upper head, the RCGES may be used to depressurite the RCS and
remove the void in the upper head. In the pressurizer, if

pressurizer spray is not available, the operator manually opens the
RCGVS valves to vent steam and depressurire the reactor coolant
system.

5.7.3 Instrumentation

i solation valves inPressure indication is provided netween the
each RCGVS train which alarms and provides the operator with
indication that a valve did not reseat or the valve leaks. |
Temperature indication is provided downstream of RCGVS isolation |

fvalves to monitor leakage from the reactor coolant pressure
boundary.

|

|

|
.
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5.8 RAPID DEPRESSURIZATION SYSTEM

5.8.1 Descriotien 1

|
The rapid depressurization system (RDS) is provided in the system :

!80+ design to mitigate the consequences of the beyond design basis
event of a total loss of feedwater. Two independent pipe trains i

off of the pressurizer steam space provide a means to rapidly
depressurize the RCS. Each train has an isolation valve and a
control valve to provide single failure proof operation. Both RDS
trains are routed to the IRWST. ;

,

5.8.2 Ooeration ;'

The RDS is designed as a safety grade system to be employed in the;

event of a total loss of feedwater. Once the operator diagnoses
the event, he manually opens the RDS isolation and control valves
to depressurize the RCS and initiate safety injection flow to the
RCS (feed flow). The RDS removes energy from the RCS and the feed
flow prevents core uncovery. With the RDS valves open, the RCS !

fwill depressurize until the safety injection actuation pressure is
reached. At this point safety injection flow will be provided to
the RCS to make up for the inventory being removed by the RDS.

,

t

a i

5.8.3 Instrumentation
i

Pressure indication is provided between the isolation valves in
each RDS train which alarms and provides the operator with

,

indication that a valve did not reseat or that the valve leaks. !

Temperature indication is provided downstream of RDS isolation :
valves to monitor leakage from the reactor coolant pressure j:

' boundary. i

'
.

i

1
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5.9 PRESSURIZER AUXILIARY SPRAY SYSTEM
,

|

5.9.1 Descrirtion [
,

The Auxiliary Pressurizer Spray (APS) system is a non saf ety grade
'
,

system which is employed to depressurize the RCS in the event that
main pressurizer spray is unavailable. Auxiliary spray is part of
the chemical volume and control system for the System 80+ design.
The charging pumps provide makeup water to the auxiliary spray
system. The APS design consists of a pipe train teeing off of the ,

charging line with a manual isolation valve which is normally |
closed.

t'

5.9.2 Ooeration

In the event that main pressurizer spray is unavailable and the RCS
requires depressurization, the operator manually opens the APS
isolation valve to allow makeup water from the CVCS to depressurize
the RCS. The operator has the capability to modulate the isolation
valve to control the APS flow entering the pressurizer.

5.9.3 Instrumentation

The operator uses the pressurizer pressure and level indications
along with APS valve position indication, pump performance and
charging line flow indication.-

N

f

.

1
1
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TABLE 5-I
SYSTEM 80+ SECONDARY SYSTEM VALVES

VALVE AUTOMATIC
NO VALVES VALVE OPERATOR SAFETY SAFETY ACTUATION MANUAL

TITLE PER SG TYPE TYPE CLASS FUNCTION ON CONTROL

Main Steam 2 Globe Pneumatic 2 To close MSIS Open/8

Isolation Valves Close

Main Steam Isol.' 2 Gate Pneumatic 2 To close MSIS Open/
Bypass Valves Close

,

Main Steam Safety 10 Safety Self 2 To open liigh SG None
Valves Actuated Pressure

Atmospheric Dump 2 Globe Solenoid 2 To open None Throttle
Valves

:Steam Bypass 8 Globe Pneumatic 4 None High SG Throttle
Control Valves Pressure

Blowdown & 2 Gate Motor 2 To close EFAS, CIAS Open/'

Racirc. Valves MSIS, AFAS Close

Main Feedwater ' 4 Gate Pneumatic 2 To close MSIS Open/
Isolation Valves close

Emergency Feed. 4 Gate Motor 2 To open on EFAS, AFAS Open/
Isolation Valves AFAS, EFAS MSIS Close

To close on
MSIS

Emergency Feed. 1 Gate Pneumatic 2 EFAS, AFAS Open/
Steam Supply To open Close

Sampling Sys.' 4 Globe Solenoid 2 EFAS, CIAS Open/
Valves To Close MSIS, AFAS Close

Recirculation ' 1 Gate Solenoid 2 Remain None Open/
Wet 1,ayup Valves closed Close

Nitrogen Sys, 2 Globe Manual 2 Remain None Open/
Valves closed Close

1 designates containment isolation valves
2 8 valves total located on Main Steam lleader

CIAS - Contalment Isolation Actuation Signal AFAS - Alternate Emergency Feedwater Actuation Signal
(high containment pressure or low (Iow steam generator level)
pressurizer pressure) EFAS - Emergency Feedwater Actuation Signal

MSIS - Main Steam Isolation Signal (low steam generator level)
(low steam generator pressure. or Instrument Hoot Valves are not included
high steam generat or level or
high containment pressure)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ . _ , _ . - . . - - . _ .. _ . . - _ . . . . . - _ _ _ - . . _ - _ - -. . -- . ____ _ - ___ . _ . ,__ ,-- .
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FIGURE 5-3

FEEDWATER SYSTEM SCHEMATIC
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FIGURE 5-4

MAIN STEAM AND TURBINE BYPASS SYSTEMS
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FIGURE 5-5A
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APPENDIX A

|

PRA METHODS AND RESULTS
!

Fault Trees and Cutsets

These results provide the separate and cumulative conditional ,

probabilities for a stuck open MSSV in the System 80+ design with
,

various features that influence the SGTR event. ,
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VALVE LN-404 VALVE uv-oos

ME wi t B1 1 E theteeCini150VLV1 E IPEEN01D11 N DmMMCTMfl50VLv2 i

I I t I

PWUN. DI APtAAGe4 PNELPt. DIAPHRAGM PNEUM. DIAPtGAGM PNEUM. O!APnRAGM
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(PEN OPEN
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PV0008 O$0 -

INENbiY11 E DuMmHI'G6fhTE E
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filter: *ACilVE'
B.E. M00./CS.

MOOutE/ EVENT WAME DESCRIPil0N RATE EXPOSURE PROS. PR 06.

................. ........... .... ........ ..... .....

1) M55VSENS *2.28E-04

1) DVR8MS$V S MAIN $1E LM SAFEIV VALVES (MS$V) FAIL $ 10 RESEAT AfiER EARLY OPENIN 5.60E 02 5.60E-02 8. 96E - 05

KVDKD 18v5 COtMON CAUSE FAILURE of ALL $ IURBINE SYPASS VALVES To OPEN 1.60E-03 1.60E-03

2) DVR$MS$V S MAIN $1EAM $AfEIT VALVES (MS$V) FAILS TO RESEAT Af fER EARLY OPENIN 5.60E 02 5.60E 02 4.48E u5

ESGPII CRIO COLL AP5E ON TURIluE IRIP 8.00E-04 8.00E-04

3) DVRBM55V-t MAIN STE AM sAf ETY VALVES (MsSV) f Alt TO RESEAT AflER PAsslNG WATER 1.00 1.00E*00 4.29E-05

PHffRCSP OPERATOR FAILS E$IASLISM RCS PRESSURE ' ONTROL 4.69E-05 4. 69E -03C

VHfffEE08 TEED OPERATOR FALL $ 10 INillATE FEED 1 BLEED $YSTEM 9.15E 03 9.15E 03

4) DVRBMS$V L MAIN $fEAM $AfEIY VALVES (MS$V) Fall TO RESEAT AFTER PASSING WAIER 1.00 1.00E*00 2.25E 05

PuffRCSP OPERATOR FAILS E51ASLl5N ACS PRESSURE CONIROL 4.69E 03 4.69E-03

VVMx8L OV COMMON CAUSE FAILURE Of BLEED VALVES 4.80E-03 4.80E-03

5) Ovt8Ms5V s MAIN SIE AM SAf EIY VALVES (M55V) F AILS 10 RE SEAT AflER L ARLT OPENIN 5.60E 02 5.60E 02 1.11E-05

ISERIAS 14 CONTROLS FAIL 10 OPERATE PROPERLY 1.99E-04 1.99E-04

6) DVRSMS5V-S MAIN SIE AM EAFETV VALVES (M15V) F AILS 10 RESE AT AflER EARLY OPENIN 5.60E 02 5.60E 02 4.06E-06

KlEPTBCS FAILURE Of TURBINE STPASS CONIROL SYSTEM To OPERATE T.25E 05 T.25E 05

7) DVRBMS$V-L MAIN $IE AM 5AfEf f VALVES (MS1V) ( All IO RESEAT AFIER PA$$lkG kAIER 1.00 1.00E*00 2. 70E - 06

PNffRCSP OPERATOR FAILS E$iASLISM RCS PRESSURE CONTROL 4.69E 03 4.69E 03

VVMARC-406 MOV RC 406 fAlts to OPEN 2.40E-02 2.40E-02

VVMARC 409 MOV RC-409 f Alts 10 OPEN 2.40E-02 2.40E 02

8) DVRBMSSV L MAIN $1E AM LAf ETT VALVES (M55V) Fall 10 RESEAT Af f ER PA$$ LNG WAIER 1.00 1.00E*00 2.70E 06

PHffRC5P OPERATOR FAILS ($lASLl1H RCS PRESSURE CONTROL 4.69E-03 4.69E 03

VVMARC-407 MOV RC-407 f AILS 10 OPEN 2.40E 02 2.40E-02

VVMARC-408 MOV RC 408 FAILS TO OPEN 2.40E-02 2.40E 02

9) DVRBMS$V L MAIN $1E AM 5AFETY VALVES (MsSV) F All 10 RESE AI Af1ER PAS $ LNG WA1ER 1.00 1.00E+00 2. TDE - 06

PMffRCSP OPERATOR TAILS E$iABLl5N RCS PRESSURE CONIRot 4.67E 05 4.69E-03

VVMARC-406 MOV RC*406 f AILS 10 OPEN 2.40E 02 2.40E 02

VVMARC 407 MOV RC 407 (AILS 10 OPEN 2.40E 02 2.40E 02

10) DVRBMS$v L MAIN SIEAM $AfETT VALVES (MSSV) F AIL 10 RESE AT AfiER PASSING WATER 1.00 1. 00E * 00 2. 70E - 06

PhifRCSP OPERAIDE F AILS ESI ASLl5N RCS PRESSURE CONTROL 4.69E-05 4.69E-03

VVMARC-408 Mov RC-408 f AILS TO DPEN 2.40E-02 2.40E 02

VVMARC-409 MOV RC 409 f AILS TO OPEN 2.40E-02 2.40E-02

11) DVRBMSiv S MAlW SIE AM $Af fiY VALVES (MisV) # AILS 10 RESEAT Af!ER EARLY OPENIN 5.60E 02 5.60E-02 8.464-07

KGPPSWC0 CONDENSER PRES $URE SWIICM SWCD f AILS 10 Def RATE 6.30E-07 24 1.51E 05*

12) DVR8MS$V S MAIN SIE AM SAf fiY VALVES (M$5V) F AILS TO RESE AT Af f ER E ARL T OPENIN 5.60E 02 5.60E-02 6.12E-07

E88QPx08015 125 VOC circuli 8REAKER Px0801$ OPENS iPURIOU5LY 5.00E-07 24 1.20E-05

13) DVR$MSiv L MAIN $fE AM $Af EIT VALVES (MSSV) f All 10 RESEAT aller PASSING WATER 1.00 1.00E*00 4.50E-07

PMffRCSP rtERATOR F AILS ESI ASLISM RCS PRESSURE CONIROL 4.69E-03 4.69E 03

VCluRLOV COMMON CAU$f I AILURE of SLEED WALVE INVER1ERS 9.60E-05 9.60E-05

14) DVRBR$5V 5 MAIN $lE AM SAFElf VALVES (M55V) FAILS 10 RESEAT Af1ER E ARLT OPENIN 5.60E-02 5.60t 02 2.69t-01

.

a =
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,

ELCPen0801: RuS FAULT ON 135 WDC RUS Px0801. 2.00E 0T 24 4.80E 06

15) DVRAMSSV-S MAIN STEAM SAFEif VALVES (MS$V) FAILS 10 RESEAT AflER EARLY OPENIN 5.60E 02 .5.60E-02 1. TSE -01

9 ADIAIRDAYS -' COMMON CAUSE IAltuRE Of INSIRUMENT AIR OTTERS 3.18E 06 3.18E-06

16) DVERMSSV S MAIN SIE AM SAf EIT VALWS (MS$V) FAILS tr RESEAT Af f ER EARLY OPENIN 5.60E 02 5.60E-02 4.34E 07a

|WCEC-14 AIR COMPRESSOR C-1A FAILS TO OPERATE (fJN) 1.00E-04 24 2.40E 03

IWCMDCOMP COMMON CAUSE DEMAND FAILURE of AIR c'APRESSORS 1.00E 03 1.00E-0',

17) DVRAMSSV L MAIN STEAM SAFETY VALWS (MSSV) IAll TO RESEAT AfiER PASSING WAIER 1.00 1.00E*10 1.08E-01

ELCx125C1E COMMON CAUSE FAILURE Of 125 VOC CLASS 1E RUS 1.08E 01 1.08E- d

e
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filter ' ACTIVE *
8.E. M00./CS.

MODULE / EVENT NAME DESCRIPil0N RAIE EXPOSURE PROS. PROS.

................. ........... .... ........ ..... ........

1) MSSVSEN1 *6.96E-02

1) DVRBMSSV-S MAIN SIE AM SAFEIT VALVES (MSSV) FAILS 10 RESEAT AflER E ARLT OPENIN 5.60E 02 5.60E-02 5.60E-02
2) DVRBMS$V L MAIN STEAM SAFEIT VALWS (MSSV) Fall 10 RESEAT AflER PAS $1NG WAIER 1.00 1.00E+00 9.38E 03

PMffRCSP OPERATOR FAILS ESTASLISM RCS PRESSURE CONTROL 9.38E-03 9.38E-03
3) ONffADVS SG2 OPERATOR FAILS TO OPEN ATMOSPNERIC DOMP VALVES ON SG-2 4.66E-03 4.66E 05 4.66E 03

DVR8MS$V L MAIN SIEAM SAffiY VALVES (MSSV) fall TO RESEAT AFIER PASSING WATER 1.00 1.00E*00

4) DVRSMSSV L MAIN STEAM SAFEIT VALWS (MSSV) Fall 10 RESEAT Af fER PAS $ LNG WATER 1.00 1.00E*00 2.00E 04
WSKD Sell CCMMON CAUSE FAILURE Of RCCVS VALVES RC 418/RC-41910 OPEN 2.00E 04 2.00E-04

5) ovMxo ADVSG2 C0 pee 0N CAuSE FAILURE of 2 ADWs ON STEAM GENERAi08 2 To OPEN 2.00E 04 2.00E-04 2.00E 04
DVRSMSSV 'l MAIN SIEAM SAf Elf VALVES (MSSV) f All 10 RESEAT AflER PAS $1NG WATER 1.00 1.00E e 00

6) DVMASG-179 ADV SG 179 FAILS TO OPEN 4.00E 03 1 4.00E 03 1.60E 05
DVMASG-185 ADV SG 185 FAILS TO OPEN 4.00E 03 1 4.00E 03

DVRBMSSV L MAlW SIEAM SAfEIY VALVES (MS$V) Fall 10 RESEAI AfiER PAS $1NG WATER 1.00 1.00E*00

7) DVRSMSSW*L MAIM SIEAM SAFETT VALVES (MSSV) Fall 10 RESEAI AfiER PASSING WATER 1.00 1.00E+00 6.40E-07

vv5KD SEI2 COMMON CAUSE FAILURE Of RCGVS VALVES RC-410/RC 413 IO OPEN 8.00E-04 8.00E 04
VVSXD SEI3 COpee0N CAUSE F AILURE Of RCGVS VALVES RC 414/RC-41710 OPEN 8.00E-04 8.00E 04

8) DVR&MSSV-L MAIM STEAM SAFEli VALW S (MSSW) Fall TO RESEAT AFIER PASSING WATER 1.00 1.00E*00 1.0$E-07

ELCx125CIE COMMON CAUSE FAILURE OF 125 VOC CLASS 1E Sus 1.08E - 07 1.08E-07

9) DVMASG-185 ADV SG 185 FAILS TO (PEN 4.00E 03 1 4.00E-03 4.80E 08
DVRSMS$V L MAIN STEAM SAFETT VALVES (MSSV) Fall 10 RESEAT Af fER PAS $1NG WATER 1.00 1.00E*00

Essass08015 125 VDC circuli sREAKER $808015 OPENS SPuelouSLY 5.00E 07 24 1.20E 05

10) DVMASG 179 ADV SG 179 FAILS TO OPEN 4.00E-03 1 4.00E 03 4.80E 08
OVASMSSV L MAIN SIE AM SAf f f f VALVES (MSSV) F AIL TO RESE AT Af fER PASSikG WATER 1.00 1. 00E + 00

ESSQSD08015 125 VDC circuli SREAKER 500801$ OPENS SPURIOUSLY 5.00E 07 24 1.20E-05

11) DVMASG-179 ADV SG-179 FAILS TO OPEN 4.00E 03 1 4.00E-03 1.92E-08

DVRSMSSV-L MAIM SIEAM $4fEIY VALVES (MSSV) FAIL 10 RESEAT AfiER PASSING WATER 1.00 1.00E*00

ELCPSD0801 805 f AULT ON 125 VOC sus 500801. 2.00E-01 24 4.80E-06

12) OVMASG-185 ADV SG-185 FAILS TO OPEN 4.00E 03 1 4.00E 03 1.92E 08
DVRBMSSV L MAIN STE AM SAFEIT VALVES (MSSV) f All 10 RESE AT Af1ER PASSING WAIER 1.00 1.00Ee00 j
ELCPSB0801 BUS FAULT 081 1?5 VDC SUS $80801, 2.00E-07 24 4.80E-04 !

13) DVMASG-179 ADV SG-179 FAILS TO OPEN I 4.00E 03 1 4.00E-03 1.34E-08 j

DVNDSG 185 ADV SG-185 f AILS TO REMAIN OPEN 1.40E-07 24 3.36E 06

DVB8MS$V L MAIN STEAM SAFEif VALVES (MSSV) FAIL 10 RESEAI AFIFR PASSING WATER 1.00 1.00E*00

14) DVMASG 185 ADV SG-185 FAILS 10 OPEN 4.00E 03 1 4.00E 03 1.34E 08 !

DVtOSG-179 ADV SG-179 F AILS 10 REMAIN OPEN 1.40E-07 24 3.36E-06

DVRBMSSV-L MAIN SIEAM SAf EIT VALWS (MS$V) Fall 10 RESEAI AfiER PASSthG WAIER 1.00 1.00E+00

15) DVMASG 179 ADV SG 179 FAILS 10 OPEN 4.00E 03 1 4.00E-03 1.34E 08
DVNDSG 107 SLOCK VALVE SG-107 70R ADV SG-185, f AILS TO SEMAIN OPEN 1.40E 07 24 3.36E 06

DVRSMSSV L MAIN STEAM SAFEIY VALVES (MS$V) f A1L 10 RESEAT AflER PASSING WATER 1.00 1. 00E * 00
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4 filter ' ACTIVE'
S.E. M00./CS. - j

MODutE/ EVENT NAME DESCRIPilON RAIE EXPOSURE PR08. PROS.
,

.... ........ ..... ........
................. ...........

1) MSSVSEN2 *6.30E-02

1) DVRGM$$V $ MAIN STEAM SAFETY VALVES (MSSV) FAILS TO RESEAT Af1ER EARLY OPENIN 5.60E-02 5.60E-02 5.60E 02

2) DVRens5V L MAIN STEAM $AFEIT VALVES (M55V) FAIL 10 RESEAT AffER PA$$PNG WATER 1.00 1.00E*00 4.69E-03

PNffRCSP OPERAIOR FAILS ESIAOLI$3B BCS PRESSURE CONIROL 4.69E-03 4.69E-03'

3) ONffADVS-SG2 GPERAIOR FAILS TO OPEN AIM 05PleERIC DUMP VALVES ON SG 2 2.33E-03 2.33E 03 2.33E 03
,

]
DVR9M55V L MAIN STEAM $AFEIV VALVES (MS$V) f AIL 10 RESEAT AFIER PAS $ LNG WATER 1.00 1.00E*00

4) DVRSMS$V-L MAIM STEAM $Affli VALW S (MS$V) Fall 10 RESEAT AffER PA$$1NG WATER 1.00 1.00E+00 2.00E 04

VVsx0 SEl1 Casse0N CAUSE FAILURE Of RCGWS VALWS RC-418/RC-41910 OPEN 2.00E 04 2.00E 04

5) DVMxo-ADVSG2 C0 pee 0M CAUSE FAILURE Of 2 ADWs ON SIEAM GENERATOR 2 TO OPEN 2.00E 04 2.00E-04 2.00E 04
4 DVROMS$V L MAIN SIEAM SAFEIT VALVES (Ms5W) FAIL 10 RESEAT AFIER PAS $1NG WATER 1.00 1.00E*00

6) OvuA5G-179 ADV SG-179 FAILS 10 OPEN 4.00E-03 1 4.00E 03 1.60E 05

DVMASG-185 ADV $G-185 FAILS 10 OPEN 4.00E-03 1 4.00E-03

DVReMSSV-L MAIN STEAM SAFETY VALVES (MSSV) Fall 10 RESEAT Af1ER PASSING WATER 1.00 1.00E*00

7) DVRBM55V-L MAIN SIEAM SAFEff VALVES (Ms5V) FAIL 10 RESE AT AFTER PASSING WAIER 1.00 1.00E*00 6.40E 07

VV$xO-SEf2 Casse0W CAUSE FAILURE Of RCGV5 VALVES RC-410/RC-413 TO OPEN 8.00E 04 8.00E-04 j

VVSx0 SE13 C0 pee 0N CAuSE FAILURE of aCGVS VAlvts RC-414/RC-41710 OPEN 8.00E 04 8.00E 04

8) DVRBMS$V L MAIN SIEAM SAFETY VALVES (M55V) (All TO RESE AT Af fER PAS $1NG WATER 1.00 1.00E*00 1.08E 07

ELCM125C1E Copee0N CAUSE FAILURE of 125 VOC CLA5s 1E SUS 1.08E-07 1.08E-07

9) DVMA5G-185 ADV SG 185 FAILS 10 OPEN 4.00E-03 1 4.00E-03 4.80E-08

DVRAMSSV-L MAIN STEAM SAFEif VALVES (M15V) (AIL 10 RESEAT AFIER PASSihG WAIER 1.00 1.00E*00

Essess080ls 125 VDC circuli BREAKER $808015 OPENS SPUR 100$LY 5.00E 07 24 1.20E 05

10) DVMA5G-1T9 ADV $G-179 F AILS TO OPEN 4.00E-03 1 4.00E 03 4.80E-08

DVROM55V L MAIN $1EAM 5AFETT VALVES (MSSV) f AIL 10 RESEAT AFIER PAS $lkG WATER 1.00 1.00E*C0

E8805008015 125 WDC circuli stEAKER $008015 OPENS SPUR 100$tY 5.00E 07 24 1.20E 05

11) DVMASG-179 ADV SG-179 FAILS TO OPEN 4.00E-03 1 4.00E 03 1.92E-08

OVRSMSSV-L MAIN SIEAM $AffiY VALVES (MS$V) FAIL 10 RESEAT AFIER PASSING WATER 1.00 1.00E*00

ELCP500801 sus f AULT ON 125 WC SUS 500601. 2.00E-07 24 4.80E-06
/

12) DVMASG-185 ADV SG-185 FAILS TO OPEN 4.00E 03 1 4.00E 03 1.92E 08

DVRsMS$V-L MAIN $1EAM $AfEIT VALVES (MS5V) f All 10 RESEAT AFIER PAS $1NG WAIER 1.00 1.00E*00

ELCPS80801 sus FAULT ON 125 VOC sus $50801. 2.00E-07 24 4,80E-04

13) DVMASC-179 ADV SG-179 FAILS TO OPEN 4.00E 03 1 4.00E-03 1.34E 08

DVMD5G 185 ADV SG-185 FAILS TO REMAIM OPEN 1.40E-07 24 3.344 06

DVR8MSSV L MAIN STEAM $Affff VALVES (MS5V) fall 10 RE5EAI aller PASSlhG WAIER 1.00 1.00E*00

14) DVMASG-185 ADV $G-185 FAILS 10 OPEN 4.00E 03 1 4.00E 03 1.34E-08

DVM0sG 179 ADV $G 179 FAILS TO REMAIN OPEN 1.40E 07 24 3.36E 06

DVROMSSV L MAIN $lEAM $4fETY VALVES (MS$W) FAIL 10 RESEAT AfiER PA5 SING WAIER 1.00 1.00E*00

15) DVMA$G-179 ADV $G-179 FAILS 10 OPEN 4.00E 03 1 4.00E 03 1.34E 08

. DVve5* 107 BLOCE VALVE SG-107 f 0R ADV SG-185 f AILS 10 REMAIN OPEN 1.40E 07 24 3.36E 06

DVRSMSiV L ' MAIN 5 TEAM $4fElf VALVES (MSSV) Fall 10 RESEAT AFIER PA55thG WATER 1.C4 . 00E*00

" T
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16) DVMASG 185 ADV SG 185 F AILS 10 OPEN 4.00E-01 1 4.00E-01 1.34E-08

DVM)SG 108 SLOCIC VALVE SG-108 IOR ADV SG-179 f AILS TO REMAIN OPEN 1.40E 07 24 3.36E-04

DVRSMSSV-L MAIN SIEAM SAFEIT VALVES (MSSV) FAIL 10 RESEAT AFIER PAS $1MG WAIEa 1.00 1.00E*00

|

i

e
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fl(ter: ' Acil VE '
S.E. MOD./CS.

MODULE /EVENI NAME DESCRIPil0N RAIE EXPOSURE PROS. PROS.

........... ..... ........... .... ........ ..... ........

1) MSSVSEN3 * 9.59E - 03

1) DVR8MSSV L MAlh STEAM SAf EIT WALVES (MSSV) f All 10 RESEAI Af1ER PAS $1NG WAIER 1.00 1.00E*00 9.38E-03
PNffRCSP OPERATOR FAILS ESTABLISM RCS PRES $uRE CONTROL 9.38E 03 9.38E-03

2) DVESMS$V S MAIN STEAM SAFEif VALVES (MSSV) FAILS 19 RESEAI AfiER EARLY OPENIN 5.60E-02 5.60E-02 S.96E-05
KVONO ISVS COMMON CAUSE FAILURE Of ALL 8 TUR$1NE BVPASS VALVES TO OPEN 1.60E 03 1.60E-03

3) DVRSMSSV S MAIN SIEAM SAFEIY VALVES (MSSV) FAILS TO RESEAT AFIER E ARLY OPENIN 5.60E-02 5.60E-02 4.48E 05
ESGPli CRl0 COLLAPSE ON IURtlNE TRIP 8.00E-04 8.00E 04

4) ONff A0VS SG2 OPER ATOR F AILS TO OPEN AIMOSPNERIC OtseP VALVES ON SG-2 4.66E-03 4.66E-03 2.93E 05

DNffCIMilSOVLVS OPERATOR f AILS 10 REOPEN CONTAINMENT ISOLAll0N VALVES (UV-006 AND 6.28E-03 6.28E-03

DVRSMSSV L MAIM STEAM SAFEif VALVES (MSSV) FAIL 10 RESEAT AFTER PAS $1NG WATER 1.00 1.00E*00

$) ONf f ADVS SG2 OPERATOR FAILS TO OPEN AIMOSPNERIC DUMP VALVES ON SG-2 4.66E-03 4.66E-03 1.38E-05

DVOAUV 006 PMELM. DI APNRAGM OPERATED WALVE UV-006 f AILS TO REOPEN 2.96E-03 1 2.96E-03

DVR8MSSV L MAIN SIEAM SAFETY VALVES (MSSV) Fall 10 RESEAT AFIER PAS $1NG WAILR 1.00 1.00E*00

6) DNf f ADVS SG2 OPERATOR FAILS 10 CPEN hlMOSPNERIC DUMP VALVES ON SG 2 4.66E 05 4.66E 03 1.38E 05

DVDAuv 008 PNELM. Di APNRAGM OPERAIED VALVE UV 008 i AIL $ 10 RE0 PEN 2.96E-03 1 2.96E 03

DVRSMSSV-L MAIN SIEAM SAFETV VALVES (MSSV) FAIL 10 RESEAT AFTER PASSING WATER 1.00 1.00E*00

7) DVRSMSSV S MAIN SIEAM SAFEIT VALVES (MS$v) FAILS TO RESEAT Af fER EARLY OPENIN 5.60E 02 5.60E-02 1.11E 05

ISXRIAS lA CONIROLS FAIL 10 OPERAIE FROPERLY 1.99E 04 1.99E-04

8) DVERMSSV-S MAIN SIEAM SAFEIV VALVES (RSSV) FAILS to RESEAT AfiER EARLY OPENIN 5.60E 02 5.60E-02 4.06E 06

KIEPitCS FAILURE of TUR8INE BVPASS CONIROL STSIEM TO OPERAIE 7.25E 05 7.25E 05

9) DNTF ADVS SG2 GPERATOR F AILS 10 OPEN AIMOSPNERIC DUMP VALVES ON SG-2 4.66E-05 4.66E-03 3.73E 06

DVRBMSSV L MAIN STEAM SAFEIY VALVES (MSSV) IAll TO RESEAT AflER PAS $1NG WATER 1.00 1.00E*00

ESGP11 GRIO COLLAPSE OM IUR$lkE IRIP 4.00E-04 8.00E-04

10) DNffCIMilSOVLVS OPERAIOR FAILS TO REOPEN CONTAINMENT ISOLAllau VALVES (UV 006 AND 6.28E-05 6.2SE 03 1.26E-06

DWID ADVSC2 COMMON CAUSE FAILURE of 2 ADVs ON SIEAM CENERAIOR 2 TO OPEN 2.00E-04 2.00E-04

DVASMSSV L MAIN SIEAM SAFEIT VALVES (MS$v) FAIL 10 RESEAT Af1ER PAS $ LNG WATER 1.00 1.00E*00

11) DNf f ADVS-SG2 OPERATOR FAILS TO OPEN ATMOSPNERIC DUMP VALVES ON SG-2 4.66E-03 4.66E-03 9.27E 0T

DVRSMSSV L MAIN STEAM SAFEif VALVES (MSSV) FAIL TO RESEAT AFIER PASSING WATER 1.00 1.00E*00

ISXRIAS lA CONIROLS IAll 10 0?fRATE PROPERLY 1.99E-04 1.99E 04

12) DVRbMSSV-S MAIN SIEAM SAFEIY VALVES (MSSV) f/LILS 10 RESEAT Af f ER E ARLY OPENIN 5.60E-02 5.60E 02 8.4et 07
KGPPSWC0 CONDENSER PRESSURE SWIICN SWC0 f AILS 10 OPERATE 6.30E-07 24 1.51E-05<

13) DVR6MSSV S MAIN SIE AM SAf ETT VALVES (MSSV) FAILS TO RESE AT AfiER ( ARLT OPENIN 5.60E-02 5.60E-02 6.72E 07

EsaQPX08015 125 VDC circuli sREA1ER PX08015 OPENS SPunicOSLT 5.00E -07 24 1.20E-05

14) DVDAUV-006 PNEUM. DI APNEAGM OPERATED VALVE UV-006 f AILS TO REOPEN 2.96E 03 1 2.96E-03 5.92E 01

DVMx0-A0VSC2 COMMoM CAUSE FAILURE of 2 ADVs ON STEAM CENERATOR 210 OPEN 2.00E 04 2.00E-04

DVetMS$V-L MAIN SIEAM SAfEIT VALVES (MSSV) FAIL 10 RESEAT AFIES PAS $1NG WATER l.00 1.00E*00

15) DVDAUV-004 PNELM. DI APMRAGM OPERATED VALVE UV-008 (AILS TO REOPEN 2.96E-03 1 2.96E-03 5.921 07

DWMKO ADVSG2 COMMON CAUSE FAILURE Of 2 ADVs ON' STEAM CENERATOR 2 To OPEN 2.00E - 04 2.00E 04

DVRSMSSV L MAIN STEAM SAFEff VALVES (MS$v) (AIL 10 RESEAI aller PAS $ LNG WAIER 1.00 1.00E*00
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16) DVReMSSV S ' MAIM SIEAM SAFETT VALVES (MSSV) f AILS 10 RESEAT AflER EARLY OPENIN 5.60E-02 .5.60E 02 2.69E 07

ELCPPN0801 aus FAULT ON 125 VOC sus PN0801. 2.00E-07 24 4.80E 06

17) DNffA0VS SG2 OPERATOR f AILS TO OPEN ATMOSPWRIC DUMP VALVES OM SG-2 4.66E 05 4.66E 03 1.79E 07 -

OWDOUV 008- PWist. DI APNRAGM OPERAIES WALVE UV-006 FAILS TO REMAIN OPEN 1.60E-06 24 3.84E-05

DVetMSSV-L MAIN STEAM SAFEiv VALWS (MSSV) F AIL TO RESEAT Af1ER PASSING WAIER 1.00 1.00E*00

'18) ONff40VS SC2 OPERATOR FAILS TO OPEN AIMOSPWalC DUMP VALWS ON SG 2 4.66E-03 4.66E-03 1.79E 07

DVo0UV 006 PWtst. DI APNRAc4 OPERA 1ED VALVE UV 006 FAILS TO REMAIN OPEN 1.6')f 06 24 3.84E-05

DVR8MSSV L' . MAlM SIEAM SAf ETY WALWS (MSSW) f All To RESEAT AfiER PAS $lMG WATER 1.00 1.00E*00

19) DVReMSSV S MAIN SIEAM SAfElf WALVES (MSSV) FAILS TO RESEAT AfiER EARLY OPENIN 5.60E-02 5.60E 02 1.78E-07

IADMAIRORTS COMMON CAUSE FAILURE Of INSTRUMENT AIR ORTERS 3.1M 06 3.18E 06

20) DVMNS ADVSC2 COI000N CAUSE FAILURE Of 2 A0vs ON STEAM GENERATOR 210 OPEN 2.00E 04 2.00E-04 1.60E 07

OVROMSSV L MAIN SIEAM SAfEIY WALVES (MS$V) Fall TO RESEAT AflER PAS $1NG WATER 1.00 1.00E*00 -

ESGPii CalO COLLAPSE ON IUS$1NE 1 RIP 8.00E-04 8.00E-04

-21) DVRenSSV-L MAIN STEAM SAfETV VALVES (MSSV) Fall 10 RESEAT AFIER PASSIWG WAIER 1.00 1.00E*00 1.60E-07

EsGPTI GRIO COLLAPSE ON IUR8tNE IRIP 8.00E 04 8.00E-04

VVSMS-SEl1 COMMON CAUSE f ALLURE Of RCGVS VALVES AC-418/RC 41910 OPEN 2.00E-04 2.00E-04

22) DVReMSSV S MAIN SIEAM SAfEIY WALWS (MSSV) f alls 10 RESEAT AFIER EARLY OPENlN 5.60E 02 5.60E-02 1.34E 07

IWCKC 14 AIR COMPRESSOR C 1A f AILS TO OPERAIE (RUN) 1.00E 04 24 2.40Ee03 *

IWCMOCOMP COMMON CAUSE DEMANO FAILURE Of Alt COMPRESSORS 1.00E-03 1.00E-03

23) DVReMSSV-L MAIM SIEAM SAFEif WALWS (MS$V) f All To RESEAT AflER PASSING WATER 1.00 1.00E*00 1.08E 07

ELCN125CIE COMMON CAUSE FAILURE Of 125 Voc CLASS 1E SUS 1.08E 07 1.08E-07

24) DuffCIMilSOVLVS OPERATOR F AILS 10 REOPEN CONTAINMENT ISOL ATION VALVES (UV 006 AND 4.28E-03 6.28E-03 1.00E 07

DVMASG-179 ADV SG-179 FAILS TO QPEN 4.00E-03 1 4.00E-03

DVMASG 185 ADV SG-185 FAILS TO QPEN 4.00E 03 1 4.00E-03

OvetMSSV L MAIM SIEAM SAf EIV VALVES (MSSV) f All 10 RESEAT AflER PASSING WATER 1.00 1.00E*00-

1

- .
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filters * ACTIVE'
8.E. M00./CS,

MODULE /EVENI NAME DESCRIPil0N RATE EXPOSURE PROS. PROS.

................. ........... .... ........ ..... ........

l) MSSVSEN4 *5.63E 02

1) DVRBMS$V S MAIN STE AM SAffif VALVES (MSSV) F AILS TO RESE AT AFTER EARLY OPENIN 5.60E-02 5.60E 02 5.60E-02
2) DVRBMSSV-L MAIN STEAM SAFETY VALVES (MSSV) Fall TO RESEAT AFTER PASSING WATER 1.00 1. 00E * 00 1.72E 04

PNffRCSP OPERATOR FAILS ESI ASLISM RCS PRESSURE CONTROL 9.38E-03 9.38E-03
'

VNfffEEDALEED OPERAIOR FAILS 10 INiilATE FEE 0 & SLEE0 SYSTEM 1.83E-02 1.83E-02

3) ONffADVS-SG2 OPERAIOR FAILS TO OPEN AIMOSPNERIC OUMP VALVES ON SG-2 4.66E 03 4.66E 03 8.53E 05
DVRBMSSV-L MAIN SIEAM SAFEIT VALVES (MSSV) f All TO RESEAT AfiER PASSING WATER 1.00 1.00E * 00

VMfffEEDSLEED OPERAIOR FAILS 10 INIIIATE FEED 1 SLEE0 SYSTEM 1.83E-02 1.83E-02

|4) DVRSMSSV L MAIN STEAM SAFEIT VALVES (MSSV) Fall TO RESEAT AfiER PASSING WAIER 1.00 1.00E * 00 4.50E-05

PNffRCSP OPERATOR FAILS ESTA8LISM RCS PRES $URE CONTROL 9.3BE-03 9.38E 03 ;

VVMMSLOV COMMON CAUSE FAILURE Of SLEED VALVES 4.80E 03 4.80E-03

5) ONffADVS-SG2 OPERATOR FAILS 10 OPEN AIMOSPNERIC OUMP VhlVES ON SG-2 4.66E-03 4.66E 03 2.24E-05 |

DVRDMSSV L MAIM STEAM SAfEif VALVES (MSSV) FAIL TO RESEAT AfiER PAS $1NG WAIER 1.00 1.00E * 00

VYMMBLOW COMMON CAUSE FAILURE Of BLEED VALVES 4.80E-03 4.80E 03

6) DVRBMSSV-L MAIN SIEAM SAfEIY VALVES (MS$V) Fall TO RESEAT AfiER PAS $1NG WATER 1.00 1.00E*00 5.40E 06 |

PNffRCSP OPERATOR FAILS ESI ASLISM RCS PRESSURE CONTROL 9.3SE-03 9.38E 03 |

VVMARC-406 MOV RC-406 FAILS To OPEN 2.40E-02 2.40E 02

VVMARC-409 MOV RC-409 FAILS 10 OPEN 2.40E-02 2.40E 02

T) DVRBMS$v-L MAIN SIEAM SAIEff VALVES (MSSV) f All 10 RESEAT AfiER PAS $1NG WAIER 1.00 1.00E * 00 5.40E-06

PNffRCSP OPERATOR FAILS ESTABLISH RCS PRESSURE CONTROL 9.38E-03 9.38E 03

VVMARC 408 MOV RC-408 FAILS 10 DPEN 2.40E 02 2.40E-02

VVMARC-409 MOV RC-409 FAILS TO OPEN 2.40E 02 2.40E 02

8) DVRBMSSV-L MAIN SIEAM SAfElf VALVES (MSSV) Fall 10 RESEAT aller PAS $ LNG WATER 1.00 1.00E * 00 5.40E 06

PNffRCSP OPERATOR FAILS ESIASLISM RCS PRESSURE CONTROL 9.38E 03 9.38E-03

VVMARC 407 MOV RC 407 FAILS 10 DPEN 2.40E-02 2.40E-02

VVMARC-408 MOV RC-408 f AILS 10 DPEN 2.40E-02 2.40E 02

9) DVRBMS$v L MAIN SIE AM SAfEif VALVES (MSSV) FAIL 10 RESEAT Af fER PAS $ LNG WAIER 1.00 1.00E*00 5.40E-06

PNffRCSP OPERATOR f AILS ESIABLISM RCS PRESSURE CONTROL 9.3&E 03 9.38E 03

VvhARC-406 MOV RC 406 FAILS TO OPEN 2.40E-02 2.40E-02

VVMARC-407 MOV RC 407 FAILS TO DPEN 8 2.40E-02 2.40E 02

10) OvanMSSV-L MAIN STE AM SAFEIV VALVES (MSSV) f All 10 RESEAT AFIER PAS $1NG WATER 1.00 1.00E*00 3.66E-06

VNfffEEDALEED OPERATOR f AILS 10 INIII ATE TEED & SLEED STSTEM 1.83E 02 1.83E-02
VVSKO Sfit COMMON CAuSE FAILURE Of RCGVS VALVES RC-418/AC-41910 OPEN 2.00E-04 2.00E 04

11) OvMx0-ADVSG2 COMMON CAUSE f AILURE Of 2 ADVs ON STEAM GENERAIOR 210 OPEN 2.00E-04 2.00E 04 3.66E-06

DVRSMSSV L MAIN SIEAM SAFEIY VALVES (MSSV) f AIL 10 RESEAT AFIER PASSING WAIER 1.00 1.00E*00

VNfffEEDRLEED OPERAIOR FAILS 10 INiilAIE FEED & SLEED SisiEn 1.83E-02 1.83E-02

12) ONffADVS SC2 OPERAIOR f AILS 10 OPEN AIMOSPNERIC OLMP VALVES ON SG 2 4.66E-03 4.66E 03 2.68E 06

DVASMS$v L MAIN SIEAM SAf tlY VALVES (MSSV) FAIL TO RESEAT AflER PAS $1NG WAIER 1.00 1.00E*00

VVMARC 406 MoV RC 406 FAILS 10 DPEN 2.40E-02 2.40E -02

.
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filter 'ACilVE'

B.E. M00./CS.

M000LE/ EVENT NAME DESCRIPil0N RAIE EXPOSURE PROS, PROS.

.... ........ ..... ......................... ...........

1) MSSWSEN5 *4.87E-03

1) DVRBMSSV L MAIN SIEAM SAfETT WALVES (MSSV) Fall TO RESEAT AFIER PASSING WATER 1.00 1.00E*00 4.69E-03

PuffRCSP OPERATOR FAILS ESTASLISM RCS PRESSURE CONTROL 4.69E 03 4.69E-03

2) DVReMS$v-S MAIN STEAM SAFETT VALVES (RSSV) FAILS 10 RESEAT Af fER EARLY OPENIN 5.60E-02 5.60E-02 8.Vc.E 05

EVoxO-isvs COMMON CAUSE FAILURE Of ALL 8 IURSIM SYPASS VALVES To OPEN 1.60E-03 1.60E 03

3) DVRsMSSV-S MAIN SIEAM SAFElf VALVES (MSSV) FAILS To RESEAT AFTER EARLY OPENIN 5.60E-02 5.60E-02 4.48E 05

ESGPIT Gal 0 COLLAPSE ON iuRBIM TRIP 8.00E-04 8.00E 04

4) DVR$MSSV S MAIN STEAM SAfEif VALVES (MSSV) FAILS 10 RESEAT AflER EARLY OPENIN 5.60E 02 5.60E-02 1.11E 05 I

ISMRIAS IA CONTROLS FAIL 10 OPERAIE PROPERLY 1.99E-04 1.99E-04

5) DNf f A0VS-SG2 OPERATOR FAILS 10 OPEN AIMOSPWRIC OtetP VALVES ON SG 2 2.33E-03 2.33E-03 7.32E-06

DNf f CTMilSOVLVS OPERAIOR FAILS TO REOPEN CONIAINMENT ISOLAll0N VALVES (UV 006 ANO 3.14E-05 3.14E 03

DVReMSSV L MAIN $1EAM SAFEIT VALVES (MSSV) FAIL 10 RESEAT AfiER PAS $1NG WAIER 1.00 1.00E*00

6) DNFfA0VS-SG2 OPERATOR FAILS TO OPEN ATMOSPWRIC DUMP VALVES ON SG-2 2.33E 03 2.33E 03 6.90E 06

DVDAUV-006 PNEUM. DIAPNRAGM GPERATED valve UV 006 FAILS TO REOPEN 2.9M -03 1 2.96E-03

DVRSMS$V L MAlu STEAM SAFEif VALWS (MSSV) Fall TO MSEAT AFTER PASSING WATER 1.00 1.00E*00

?) DNffA0VS SG2 OPERATOR FAILS 10 OPEN ATMO$PM RIC OUMP VALVES ON SG 2 2.33E-03 2.33E-03 6.90E 06

DVDAUV-008 PWtal. DI APMRAGM OPERATE 0 VALVE UV 008 FAILS 10 REOPEN 2.96E-03 1 2.96E 03

DVROMS$v L MAIN $1EAM SAFETV VALVES (MS$v) Fall TO RESEAT AFTER PASSING WATER I 00 1.00E*00

8) DVR8MS$V-S MAIN SIEAM SAfEff VALVES (MSSV) FAILS TO RESEAT Af fER EARLV OPENIN 5.60E-02 5.60E-02 4.06E 06

EIEPTBCS FAILURE Of TURSINE BfPASS CONTROL SitiEM 10 OPERATE T.25E-05 7.25E-05

9) ONffA0VS SG2 OPERATOR F AILS TO OPEN AIMOSFWRIC OLatP VALVES ON SG-2 2.33E 03 2.33E 03 1.86E-06

DVRBMS$V L MAIN STEAM SAFEIT VALVES (MSSV) FAIL TO RESEAT AfiER PASSING WATER 1.00 1.00Ee00

ESCPIT GRIO COLLAPSE ON TURSIM TRIP 8.00E-04 8.00E 04

10) DVRSMSSV-S MAIN STCAM SAFETT VALVES (MS$V) FAILS 10 RESEAT AfiER EARLY OPENIN 5.60E-02 5.60E-02 8.46E-07
EGPPSWCD CONDENSER PRESSURE SullCN SWCD FAILS 10 OPERATE 6.30E 07 24 1.51E-05<

11) DVRSMS$V S MAIN STEAM SAFETT VALVES (MSSV) FAILS TO RESEAT AffER EARLY OPENIN 5.60E-02 5.60E-02 6.72E 07

EteQPX0801S 125 VOC circuli SREAKER PM08015 OPENS SPtAll0USLV 5.00E-07 24 1.20E 05

f 12) DNf f CIMilS0VLVS OPERATOR FAILS TO RE0 PEN CONIAIMMEhi ISOLAll0N VALVES (UV 006 AND 3.14E-03 3.14E-03 6.28E-07
DVMED ADVSG2 CCset0N CAUSE FAILURE OF 2 ADVs ON STEAM GENERAIOR 2 TO OPEN 2.00E-04 2.00E-04

DVRSMS$V L MAIN STEAM SAFEIT VALWS (MS$V) Fall TO RESEAT AFIER PASSING WAIER 1.00 1.00E*00

13) DVDAUV 006 PNElst. DI APNRAGM OPERATED VALVE W 006 F AILS 10 REOPEN 2.96E 03 1 2.96E-03 5.92E -07

DVMx0 A0VSG2 COMMON CAUSE FAILURE Of 2 ADVs ON STEAM GENERATOR 2 To OPEN 2.00E-04 2.00E 04

OVRBMSSV L MAIN $1EAM SAffli VALVES (MS$v) Fall TO RESEAT AfiER PAS $1NG uAIER 1.00 1.00Ee00

l 14) DV04UV 008 PWUM. DIAPNEAGM OPERATE 0 VALv7 UV DOS FAILS 10 REOPEN 2.96E 03 1 2.96E 03 5.92E-07

OVMx0 ADvsG2 COMMON CAUSE FAILURE of 2 ADVs ON STEAM GEWRATOR 2 TO OPEN 2.00E-04 2.00E 04

DVRSMSSV L MAIN $1EAM SAfETT VALVES (MSSV) FAlt 10 RESEAT Af fEk FAS$1NG WATER 1.00 1.00E*00

.
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filters 'ACilVE'

8.E. M00./CS.

HCDULE/EVENI MAME DESCRIPil0N RAIE EXPOSURE PR08. pro 8.

................. ........... .... ........ ..... ........

1) MSSVSEN6 *3.93E-04

1) DVR8MSSV L MAIN SIEAM SAfEIT VALVES (MS$V) FAIL 10 RESEAT AflER PASSING WAIER 1.00 1.00E*00 1.T2E 04
PuffRCSP OPERATOR FAILS ESIABLISM RCS PRESSURE CCNTROL 9.38E-03 9.38E-03
VNfffEEDSLEED OPERATOR FAILS TO INiilATE FEED 1 SLEE0 SYSTEM 1.83E-02 1.83E 02

2) DVRSMS$V-S MAIN STEAM $AfEif VALVES (MS$V) FAILS TO RESEAT Af fER EARLY OPENIN 5.60E-02 5.60E 02 8.96E-05
EWDRD T8vs COMMON CAUSE FAILURE Of ALL 8 IUR8tNE STPAS$ VALVES TO OPEN 1.60E-03 1.60E 03

3) DVRBMS$V-L MAIN SIEAM SAffiT VALVES (M5$V) Fall 10 RESEAT AFTER PASSING WATER 1.00 1.00E*00 4.50E-05
PNFfRCSP OPERAT0ft FAILS ESTA8tlSN ACS PRESSURE CONTROL 9.38E-03 9.38E 03
VVMISLOV C0 pet 0M CAUSE FAILURE of SLEE0 VALVES 4.80E-03 4.80E 03

4) DVRSMS$W $ MAIN SIEAM SAFETY VALW S (MSSV) FAILS TO RESEAT AfiER EARLY OPENIN 5.60E-02 5.60E-02 4.48E-05
ESCPIT Cal 0 COLLAPSE ON TURRINE TRIP 8.00E-04 8.00E 04

5) DVR8MssV s MAIN STEAM SAFETY VALVES (M55V) FAILS 10 RESEAT AFIER EARLT OPENIN 5.60E-02 5.60E-02 1.llE-05
l$xRIAS lA CCNIROLS FAIL 10 OPERATE PROPERLY 1.99E-04 1.99E-04

6) DVRBMSSV L MAIN SIEAM SAFEIT VALVES (MSSV) Fall 10 RESEAT AfiER PAS $lkG WATER 1.00 1.00E*00 5.40E 06

PNffRCSP OPERATOR FAILS ESIASLI$N ACS PRESSURE CONTROL 9.38E-03 9.38E-03
VVMARC-406 MOV RC-406 FAILS TO OPEN 2.40E-02 2.40E 02
VVMARC 409 MOV RC-409 FAILS TO OPEN 2.40E-02 2.40E 02

T) DVRSM55V-L MAIN $IEAM SAfEIT VALVES (M$$V) FAIL 10 RiSEAI AflER PAS $ LNG WATER 1.00 1.00E*00 5.40E-06

PNFfRCSP OPERATOR FAILS ESTABLISM RCS PRESSURE CONTROL 9.38E-03 9.38E-03

VVMARC-408 MOV RC-408 FAILS TO OPEN 2.40E 02 2.40E 02

VVMARC-409 MOV RC 409 FAILS 10 OPEN 2.40E-02 2.40E-02

8) DVRBMS$v-L MAIN STE AM SAf fit VALVE 5 (M55V) F All 10 RESEAT AflER PAS $1NG WATER 1.00 1.00E*00 5.40E-06

PMffRCSP OPERATOR FAILS ESIASLISM RCS PRES $URE CONTROL 9.38E-03 9.38E-03

VVMARC 406 MOV RC-406 FAILS TO OPEN 2.40E 02 2.40E-02

VVMARC-40T M(N RC 407 i AILS TO OPEN 2.40E-02 2.40E-02

9) DVRSMSSV L MAIN SIEAM SAFETY VALVES (MSSV) FAIL TO RESEAT AFTER PASSING WATER 1.00 1.00E*00 5.40E-06

PuffRCSP OPERAIOR FAILS ESI ABLISH RCS PRESSURE CONTROL 9.38E 03 9.38E-03

VVMARC 407 MOV RC 407 FAILS 10 OPEN 2.40E 02 2.40E-02

VVMARC-408 MOV RC-408 FAILS TO OPEN 2.40E 02 2.40E-02

10) DVREM55V+$ MAIN SIEAM SAFEIY VALVES (HSSV) ffiLS TO RESEAT AflER EARLT OPENIN 5.60E-02 5.60E 02 4.06E-06
KlEPISCS FAILURE of TUR8thE STPASS CONTROL SYSIEN 10 OPERATE ?.25E-05 7.25E 05

11) DVRSMSSV L MAIN SIEAM SAf EIT WALVES (MSSW) F AIL 10 RESE AT AflER PAS $1NG WAIER 1.00 1.00E*00 9.00E-07

PMffRCSP OPERATOR FAILS ESTAttish RCS PRESSURE CONTROL 9.3SE-03 9.38E-03

VCIE8 LOW COMMON CAUSE f AILURE of STEED VALVE INVERIERs 9.60E-05 9.60E 05

12) ovR8MSSV S MAIN SIE AM SAFEIT VALVES (MSSV) FAILS TO RESE AT AflER EARLT OPENIN 5.60E 02 5.60E-02 d.46E-07
ECPPSWCD Com0ENSER PRESSURE SWITCH SWCD FAILS 10 OPERATE A.30E-07 24 1.51E 05<

13) DVRSMSSV S MAIN STEAM 5AFEIT VALVES (M$$V) FAILS 10 RESEAT AfiER EARLY OPENIN 5.60E-02 5.60E-02 6. 72E - 0 7

E080PX080ls 125 VOC circuli SAEAKER PX08015 OPENS SPURIt1JSLT 5.00E-07 24 1.20E 05

14) ONf f ADVS-5G2 OPERATOR F AIL 510 OPEN ATMOSPMERIC DUMP VALVES ON SG-2 4.64E-05 4.66E 03 5.16E -0 7

L
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filters 'ACilVE'
8.E. M00./CS.

RAIE EXPOSURE PROS. PROS. .

MODULE / EVENT NAME DESCRIP110N
.... ........ ..... ........

................. ...........

+5.61E 02
13 MS$VSENT

1) DVARM11V S MAIN STEAM 1Af EIV VALVES (MSSV) FAILS 10 RESEAT AFIER EARLT OPENIN 5.60E 02 5.60E 02 5.60E 02

2) DVRANSSV L MAIN SIEAM SAfEIT WALWs (Mssv) FAIL 10 RESEAT AfiER PA$$ LNG WATER 1.00 1.0CE*00 4.29E 05
4.69E-03 4.69E 03

PNffRCSP OPERATOR FAILS ESIASLI$N RCS PRES $uBE CONIROL

VNfffEEDSLEED GPERATOR f AILS 10 INillAIE FEED & BLEEB SYSTEM 9.15E-03 9.15E 03

3) DVRtMSSV L MAIN $iE AM SAf Elf VALVES (M55V) F All 10 RESEAT AflER PAS $1NG WATER 1.00 1.00E*00 2.25E 05
4.69E 03 4.69E-03

PNifRCSP OPERAIOR FAILE ESIASLISM RCS PRES $uRE CONTROL
4.80E 03 4.80E 03

vvMmeLOV COMMON CAUSE FAILURE OF SLEED VALW5

' 4) Duf f A0v5-5G2 OPERATOR FAILS 10 OPEN AIMOSPNERIC DUMP VALVES ON EG 2 2.3M 03 2.33E 03 2.1M 05

DVRAM$$V L MAIN $lEAM $Affly VALVES (MS$V) Fall TO RESEAT AFIER PAS $1NG WATER 1.00 1.00E*00

9.15E-03. 9.15E 03
VNfffEE04LEED OPERATOR FAILS 10 IMlIIATE FEED & & LEE 0 ST51EM

5) ONffADVS 5G2 OPERATOR f AILS to OPEN AIMotPNERIC OUMP VALWS ON SG 2
2.35E-03 2.33E 03 1.12E-05

DVR4MS$V L MAIN STEAM SAFElf VALW S (MSSV) FAIL TO RESEAT Af1ER PAS $1NG WATER
1.00 1.00E*00

4.80E 03 4.30E-05
VVMNGLOV COMMON CAUSE f AILURE Of SLEED WALWs

6) DVReM55V L MAlW STEAM $AfEIY VALVES (M55V) FAIL 10 RESEAT Af1ER PASSING WATER
1.00 1.00E*00 2.70E-06
4.69E 03 4.69E-03

PNffRC$P OPERATOR FAILS EstASLIEN RCE PRESSURE CONTROL
2.40E 02 2.40E 02

VVMARC-407 MOV RC 407 f AILS 10 OPEN '

2.40E-02 2.40E 02
VVMARC-408 MOV RC 404 FAILS 10 OPEN

T) DVRSMS$V L MAIM SIEAM SAIETT VALVES (MS$V) FAIL 10 RESEAT Af1ER PAS $1NG WATER
1.00 1.00E*00 2.70E 06

PNfFRCSP OPERATOR FAILS E51ASLl5N AC$ PRES 5URE CONTROL
4.69E 03 4.69Ea03 '

2,40E 02 2.40E-02
VVMARC 406 MOV BC 406 FAILS TO OPEN

2.40E 02 2.40E 02
VVMARC 407 MOV BC 407 IAILS 10 GPEN

R) DVReMS$v L MAIN SIEAM $4fEIT VALWS (M15V) Fall 10 RESEAI aller PASSING WATER 1.00 1.00E*00 2.70E-06
4.69E 03 4.69E-03

PNffRC$P . OPERATOR FAILS ESIASLI$N AC$ PRE $$URE CONIROL
2.40E 02 '2.40E 02

VVMARC 406 MOV RC 406 f AILS 10 OPEN
2.40E 02 2.40E 02

VVMARC-409 MOV RC 409 I ABLS 10 OPEN

9) DVRAMS5V L MAIN SIEAM $AIEIT VALVES (MSSV) f All 10 RESEAT aller PAS $1NG WATER
1,00 1.00E*00 2.70E-06

PNffRCSP OPERAIOR FAILS ESIAttitu ACS PRES $URE CONTROL 4.69E 03 4.69E 03
2.40E 02 2.40E 02

VVMARC 408 - MOV RC-404 FAILS 10 OPEN
2.40E-02 2.400 02

VVMARC 409 MOV RC 409 I ABLS 10 OPEN :

10) DVMND ADV$42 - C0poiod CAust f AILURE OF 2 A0vs ou stE AM GENERAIOR 210 OPEN 2.00E-04 2.0CC-04 1.83E 06

DVRAMS$V L MAIN SIEAM 5AFEIY VALWS (MS$V) FAIL 10 RESEAT AfiER PAS $1NG WATER 1.00 1.00E*00

VNifffE0eLEED CMRA10A FAILS 10 INillATE FEED & SLEED lisTEM 9.15E 03 9.15E 03

- 11) DVAGMSSV-L MAIN STEAM SAFElf VALVES (M55V) FAIL TO RESEAT AfiER PAS $1NG WAIER 1.00 1.00E*00 1.83E 06

VNiffEE0alEED OPERATOR FAILS 10 lutilATE FEED & SLEED $YSTEM 9.15E 03 9.15E 03
'

VVSNO-SEl1 cmee0N CAuSE F AltuRE of RCGV5 VALVES RC-418/RC 41910 OPEN 2.00E 04 2.00E 04

12) 087FA0VS $G2 OPERATOR FAILS TO OPEN ATPeOSPNERIC OUMP VALVES ON sG-2 2.33E-03 2.33E 03 1.34E 06

DVRAMS$V-L MAIN $1E AM SAf ETY VALVES (MS$V) # AIL TO RESEAT AflER PA$$1NG WATER - 1.00 1.00C*00

2.40E-02 2.40E 02
VvMARC 407 MOV RC 40T FAILS 10 OPEN

- -- .



. - - _ _ _ . -. . _ _ . _ _ - - . _ . _ - . _ . - - . - . _ - - - - . . - - -.. . . . . . . , . _ _. . . - . _ . -. . . . . . . . _ . . - . . . - . . _ . . ~ . -,. . .

'

,

VVMARC 408 MOV AC 408 f AILS TO OPEN 2.40E 02 2.40E 02

13) DNffA0vs-sG2 OPEmatos FAILS TO OPEN AIMO5PNERIC DUMP VALVES ON SG 2 2.33E-03 2.35E 03 1.34E 06
DVRSMSSV-L MalM SIEAM SAFETV VALVES (MS$V) f AIL 10 RESEAI AFTEA PAS $1NG WATER 1.00 1.00E*00

VVMARC 406 MOV AC 406 FAILS 10 OPEN 2.40E 02 2.40E 02
VVMARC-409 MOV RC-409 FAILS TO OPEN 2.40E 02 2.40E 02

14) DuffADVS 5G2 OPERAlot FAILS 10 OPEN AIMO$PMERIC OuMP VALVES ON SG 2 2.33E-03 2.33E 03 1.34E-06
DVR8MS$v L MAIM SIEAM $AfEIT VALVES (M$5V) Fall TO RESEAT Afita PAS $1NG WATER 1.00 1.00E*00

VVMARC-408 MOV AC 408 FAILS TO OPEN 2.40E-02 2.40E-02

VVMARC-409 MOV AC 409 FAILS 10 CPEN- 2.40E-02 2.40E 02

15) DNffADVS-sG2 OPf aA10e FAILS TO OPEN ATMDSPNERIC DOMP VALVES ON SG-2 2.33E-03 2.33E 03 1.34E 06

DVABMS5V L MAIM STEAM $AfETT VALVES (MS$V) Fall TO RESEAT AFTER PASSING WAII A 1.00 1.00E+00

VVMAac 406 MOV AC 406 F AILS 10 OPEN 2.40E 02 2.40E 02
VVMARC-407 MOV RC 407 (AILS TO OPEN 2.40E 02 2.40E-02
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