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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

? 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 B0+ 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

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. Wwith these considerations in mind, and after
considerable study involving tradeoffs 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 [=zatures 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 1O

: continue to operate after SIAS is reached. It assures
j CCW to the air compressors following SIAS so that
actuation air is available te the steam bypass valves

indefinitely.

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

Lot

. 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 ED+

design.
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S)

€)

7)

8)
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The NUPLEX B0+ control room assists the operator in the
diagnostics of events. NUPLEX 80+ 1s already a part of
the System 80+ design.

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.

The IRWST in the current System B0+ design is both a
large source of safety injection water and a quench tank
that confines blowdown fluids within the containment. It
contains 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 gallcns of borated
water.

The large secondary side volume of the System B0+ SGs
provides extra capacity and therefore extended operator
action time before the MSSVs are challenged.

The above features have been evaluated in order to cobtain 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
containment bypass from SGTR relative to the previous System 80

design.

Not factored intc the above guantification is the very real
prevention feature inherent in the System 80+ design due to the
change of material in the SG tubes from Inconel 600 to Inconel €90
and the lowered operating temperatures.
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1.0 INTRODUCTION
1.1 Backezound

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

In Chapter 15 cof 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
30 minutes, operator action is assumed to mitigate the event. The
offsite radiclogical dose acceptance criteria are satisfied, but
+he 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 reguired for these safety analyses yield an upper
1imit bound on the actual radiclogical release and are appropriate
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 creait 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 €-2). ABB-CE has presented more
realistic analyses of the System B0+ design to survive a SGTR
assuming only automatic actuation of components and systems which
include both safety grade and non-safety grade eguipment.
Conclusions presented at the meetings indicated that the realistic
response of the System B0+ design is to allow more than four hours
for operator action fellowing a single tube rupture and to allow
more than 30 minutes following rupture of five tubes before MSSVs
open to release to atmosphere.
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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 Purpcse of Repoxt

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 purpcse 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 wvarious design options. This
criterion is the length of time from the initiation of the event
until the operator must take action to prevent opening of the
MSSVs.

1.3 gsScope of Report

The report identifies the preventative and mitigative features of
the current System B0+ design that prevent or limit radiclogical
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 methcds
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
conseguences are considered. For example, the extent of cleanup
required or the likelihood of significant egquipment damage is
evaluated. The complexity ot 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. Unigueness of the effects
of a proposed change is cautiously reviewed to assure that
unexpected eguipment responses do not occur during other design
basis events or operational evolutions.



A summary of the proposed design changes is given in Table 1.3-1
" 3 where the significant benefits and limitations are listed for each
Chﬂm e .
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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)

3.% Automatically open
the SG ligquid blowdown
system.

MSSV will not 1lift for 5
ruptured tubes beyond
10,000 seconds.

New single failure safety
analysis concerns.

New containment penetra-
tion piping & valves.
Will regquire exemption
from regulatory isolation
regquirements for the
containment .

1.6 Automatically reduce
post-trip SBCS pressure to
200 psia (vs. 1100 ps=sia).

Small extension of MSSV
lift time (3 minutes) for
5 tubes ruptured.

Pressure reduction
limited to remain above
the low SG pressure MSIS
setpoint (850 psia).
Complicates SBCS with
potential impact on plant
availability.

3.7 Automatic opening of
Turbine Bypass System and
Bypass of MSIS on low steam
generator pressure.

May extend MSSV lift time.

Conflicts with reqgquired
safety function for main
steam line breaks.

High steam generator
level MSIS still occurs.
Conflicts with criterion
24 of Reg. Guide 1.153
which requires separation
of Protection and Control
Systems.
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TABLE 1.3-1 (Cont'd)

SUMMARY OF THE BENEFITS & LIMITATIONS OF POTENTIAL DESIGN CHANGES

e — =¥
SECTION NO. & DESIGN CHANGE

BENEFIT(S)

eSS

LIMITATION(S)

3.10 Automatic blowdown of
steam generator liguid to
IRWST.

® MSSV will not lift for S
ruptured tubes beyond
10,000 seconds.

New valves, piping sup-
ports, extensive first
of a kind engineering.
Challenge to environ-
mental gqualification of
containment eguipment.
Overheating of the IRWST.
Potential for boron
dilution.

3.11 Automatic initiation
of the atmospheric dump
valves.

e Minimal hardware changes
regaired.

® Extension of MSsSV lift
time.

Steam lines will flood
causing eqguipment damag.y.
Ventes to atmesphere
Conflicts with criterion
24 of Reg. Guide 1.153
which require separation
of protection and control
systems.

1.12 Passive secondary
cooling system.

® Extension of MSSV lift
time .

Steam lines will flood
causing equipment damage.
Extensive redesign of
containment and design of
suppression tank.
Extensive first of a kind
engineering.

o i B e e e e



W WE—————— e w— —— _—— Igry— I, _——— ——— ———

2.0 gSummary of Results
2.1 Dpesign of the System 80+ Plant For SGTR Mitigation

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
configuraticons, have resulted in substantial increases 1n plant
safety. The plant changes that increase safety are evident in the
plant design and the verifications cf 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 B0+ integration is to be maintained. With these
cor.siderations in mind, and after considerable study involving
rrade.ffs 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 tc 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.

rD

A design change to the System 80+ Component Cocling Water
(CCW) system to permit the steam bypass system to
continue to operate after SIAS 1s rea~hed. It assures
CCW to the air compressors following SIAS so that
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 coclant
remperatures. 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.

£) 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
E.+ 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.

The large secondary side volume of the System 80+ SGs
provides extra capacity and therefore extended operator
action time before the MSSVs are challenged.

o

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

Not factored into the above gquantification is the very real
prevention feature inherent in the System 80+ design due the change
of mate~ial in the SG tubes from Inconel 600 to Inceonel 690 and the
lowered operating temperatures.

2.2 Response of Svstem 80+ Plant to SOTR

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 “hat 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
this event, their addition would not change the analysis results
presented here because the analysis assumes no operator action
prior to MSSV opening.

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
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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 contrcl of primary and
cecondary pressures and levels by using plant operating and
emergency systems described in Sectionm 3.1.1.

1f the operator should fail to act prior to the opening of the MSSV
or if the bypass system should fail and cause the MSSV to open much
sooner, the current System B0+ cesign affords two additional
contingency actions the operator can take to halt the release to
atmosphere. One contingency action is actuation of the Reactor
Coclant 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. After 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 cpened.

The other contingency available to the operator when the MSSVs open
is the High Capacity EBlowdown System. The current System 80+
design inlcudes the capability to blow down liquid from the steam
generatcrs during shutdown conditions at a variable rate with a
mavximum 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 ard/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 trrough the MSSVs.

Should a MSSV stick oper the  Contingency actions would rapid.y
lower the secondary pr sure minimizing the release rate and
tending to reseat the st « ".S5V.

2.3 Probabiligtic Evaluation of System 80+ Plant 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.



The purpose of this evaluation is to evaluate the impact of System
B0+ 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)

3)

S)

6)

7)

8)

9)

Best estimate transient analysis has shown that for a SGTR
with 5 tubes ruptured, the operators have 30 minutes in which
to take action to prevent lifting the MSSVs in the ruptured SG
if the Turbine Bypass Control System (TBCS) is operating.

Best estimate transient analysis has shown that for a SGTR
with 5 tubes ruptured, the MSSVs on the ruptured SG will 1ift
if the TBCS fails to operate.

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
level control in the ruptured SG using either the A"Vs or the
blowdown system in order to preclude lifting the MsSVs.

1f the Rapid Depressurization System (RDS) valves are opened
within 30 minutes, they will depressurize the RCS sufficiently
to preclude opening the MSSVs even if the Safety Injection
pumps are not throttled.

If the TBCS fails, only the first two banks of MSSVs on the
ruptured SG will lift.

I1f the MSSVs lift and pass steam, the probability that they
fail to reclose is calculated as 7.0E-03 per valve.

If the MSSVs open and pass water, the probability that they
fail to reclose is assumed as 1.0.

The N16 detectors, coupled with the NUPLEX 80+ Advanced
Control Complex make it much easier for the operators to
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
NUPLEX 80+ Advanced Control Complex and the N16é detectors.

The base operator error rates used in this analysis are based
on the single tube rupture case which has leonger time
available for operator action. Tnese values were not
recalculated for the 5 tube rupture case because only the
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
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this model represents opening of the MSSVs and a conseguential
failure to reseat. This portiocn 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 mcdel was guantified 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 80+ 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 BO.

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 Popendix
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 S5G size
provides about S5 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
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 TBVs that would open. If these valves are opened on
an SGTR, there is the potential that they could fail to reclose.
1f 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
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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 ligquid condensate. ,

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

centinues to operate following SIAS.

The results of this evaluation indicate that the conditional i
I
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TABLE 2 -1

Evaluanion of Benefut of Adding Design Features to System 80 1o Preclude Lifung MSSVs on SGTR

PLANT FEATURE BENEFIT Conditional Probabiuy § %
of Stuck Open MSSV Reduction
System &0 n/a 6 96E-02
(Base) '
Add Only § N16 Detectors plus Faster and more accurate wentification
Advanced Control Room § of SGTR and status of equipment
Reduce operator error rates by 50%
Add Only § Cooling Waier o Turbine Bypass Control System not 9 59E-03
Instrument Air failed on SIAS
Compressors not {ost on
SIAS
Add Only § Safety Depressurization Alternate Metiiod to achieve RCS 5 63E 02
System pressure control in time to prevent
lifting of MSSVs
Add Oniy § Larger Steam Generators § Approximaiely S minutes longer before § not quantified
MSSVs lift.  Shight incre