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19P.1.4 Summary of Results

Potentially attractive modifications were selected based on previous
evaluations of potential prevention and mitigation concepts applicable during
severe accidents, Of the modifications applicable to the ABWR desizn and
which were not already implemented, twenty were selected for additional
review,

None of the twenty modifications considered met the $ 1,000/person-rem averted
criteria as summarized in Section 19P.7. The most cost effecrive change was
the manually initiated containment vent sized for an Anticipated Transient
‘{thout Scram (ATWS) event which was evaluated at $111,000 per person-rem
averted. Since the most beneficial modification is more than a factor of 100
higher than the criteria, it was therefore concluded that no additional
modifications are warranted in the ABWR design to address severe accidents.

L9P .2 Severe Accident Risk of ABWR

The reference design for this studvy was the ABWR PRA as presented in the
treated in the internal events PRA (23A6100AS, Rev. A, Amendment 8,6 7/28/89)
and the seismic events PRA except as indicated below. Event frequencies were
the same as assumed in the base PRA.

The reference design for this evaluation was modeled to account for features
which are being included in the current ABWR design to address severe
accidents and discussed in Section 19.3.1.5. These features and the reference
description include:

1) Firewater pump crosstie (19G.2)
2) Passive containment flooder (19G.3)
3) Gas turbine generator (9.5.11)
4) Overpressure Protection (19G.4)

A summary of the core damage frequency and offsite exposure frequency with
these features included is shown in Table 197 .2-1.

Review of Table 19P.2-1 indicates that the dominant contributor to the ABWR
risk (64 .8%) ls from a sequence in which containment failure results from an
ATWS following a seismic event initiator. 1In this event the containment
rupture disc is insufficient to prevent containment failure and subsequent
release.

The offsite exposures shown in Table !9P.2-1 were calculated by the CRAC2
code. Exposures per event were calculated for five representative US regions
for the selected individual ABWR sequences. Table 19P.2-1 summarizes the
average values obtained among the five US regions. Table 19P.2-2 provides the
assumed regional values used in the analysis which were derived from Reference
19p.8.8.

Table 19P.2-3 provides additional detail on the individual contributors to the
total core damage frequency. Overall, the core damage risk is dominated by
low pressure transient events (48%), station blackout sequences (27%) and high
pressure transient events (21%).



L9P 3 Potential ABWR Modificarions

The list of potential modifications was derived from a survey of various
studies indicated in references 19P 8.1 through 19P 8 7 From these
references a composite list of modificatriuns considered on previous designs
was established. This list of potential modifications was then reviewed to
‘gentily concepts which were already included in the ABWR design or which are
not applicable.

Table 19P.3-1 summarizes these modifications and their classification
according to the follewing categories:

4 Modificatisn is applicable to ABWR and already incorporated
in the ABWR design. No further evaluatlion is needed.

2. Modification is applicable to ABWR and not incorporaced in
ABWR design.

3. Modification is not applicable to the ABWR design.

4, Modification is applicable to ABWR and is incorporated with

the referenced modification

Table 19P.3-2 lists .ne Category 2 modifications which are evaluated further
in this report,

19P .4 Risk Reduction of Potential Modifications

Tliis section provides evaluations of the benefits of potential modifications
to the ABWR design identified in Table 19P.3-2, For each modification the
basis for the evaluation and the concept is described. Table 19P.4-1
summarizes the benefit in terms of person-rem averted risk for each of the
avaluated modifications.

19P. 4.1 ACCIDENT MANAGEMENT
19P. 4.1 .a Severe Accident EPCs

The symptom based Emergency Proredure Guidelines (EPCs), developed by the BWR
Owners Group since the accident at Three Mile Island, Unit 2, are a
significant improvement which reduces the likelihood of a severe accident.
Elements of these guidelines (such as containment pressure and temperature
control guidelines) also deal with mitigating the effects of accidents. It is
assumed in the internal events PRA that ABWR Emergency Operating Procedures
(EOPs) are based on these guidelines. Additional extensions of the EPGs and
EOPs could be made to address arrest of a core melt, emergency planning,
radiological release assessment and other areas related to severe accidents.

Since the existing EPCs cover prevention actions and some mitigative actions,
the incremental benefit of this item would be primarily mitigative. If a 10%
improvement in mitigative actions results, especially in use of core melt
arrest processes, the offsite risk would be reduced about 10X. The benefit was
estimated to be about .47 person-rem over 60 years.



19P. 4.1 b Computer Aided Instrumentation

This item discusses computer aided artificial intelligence including attention
to risk issues in man-machine interfaces. Significant computer assisted
display and plant status monitoring is already part of the design. Additional
artificial intelligence could be designed which would display procedural
options for the operator to evaluate during severe accidents. The system would
be an extension of ERIS which already provides human engineered displays of
the important variables in the Emergency Procedure Guidelines (EPGs)

Operator actions are made significantly more reliable Ly new features such as
Emergency Procedure Guidelines, Safety Plant Parameter Displays (SPDS), and
training. If the improvemein.s described in section 19P . 4.1 a are assumed to
be implemented design, the incremental benefit of additional aides is expected
to be low. 1f preventive factors involving operator action are improved by
10%, the incremental benefit over severe accident EPCs (item 19P.G . 1.a) is
about 1.6% in Core Damage Frequency (CDF). Because the improvement affects
primarily low offsite impact sequences, the resulting benefit is about .012
person-rem.

19P.4.1.¢ Improved Maintenance Procedures/Manuals

For the GE scope of supply this item would provide additional inform- tion on
the components important to the risk of the plant. As a result of imp: - ved
maintenance manuals and information it would be expected that increased
reliability of the important equipment would occur. This item would be a
preventative improvement which would address several system or components to
different degrees.

Based on a 10% improvement in the reliability of the High Pressure Core
Flooder (HPCF), Reactor Core Isolation Cooling (RCIC), Residual Heat Removal
(RHR) and lLow Pressure Core Flooder (LPCF) systems, the CDF i{s reduced by
about 9%. This has an estimated person-rem reduction of about 36 person-rem,

19P.4.2 DECAY HEAT REMOVAL

Significant improvements in the reliability of ABWR high pressure systems have
been made. Among these are RCIC restart (NUREG 0737, II.K.3.13) and isclation
reliability improvements (NUREG 0737, II.K.3.15), Additionally the redundant
HPCF is an improvement over early product lines which used the single HPCS
system.

19P.4.2.a Passive High Pressure System

This conceprt is to provide additional high pressure capability to remove decay
heat through n isolation condenser type system. Such a system would have the
advantage of removing not only decay heat, but containment heat if a similar
system to that contemplated for the Simplified ABWR is employed.

The benefit of this system would be equivalent t an additional RCIC system in
addition to an additional containment heat removal system. If the system were
90% reliable, seismically qualified and designed to operate independent of
offsite power, the benefit would be about 2.2 person-rem averted.










Since this modification primarily affects type 11 events (see Table 19P.2-3),
the maximum benefit would be a 1.2 % reduction in CDF and associated offsite
costs. However, because these events are mitigated by the containment rupture
disc, they only contribute about .004 person-rem to the base case risk. The
assessed maximum benefit is therefore about 004 person-rem,

19P .4 4.b RWCU Decay Heat Removal

The Reactor Water Cleanup System (RWCU) contains nonregenerative heat
exchangers which can be used for reactor decay heat removal if normal shutdown
cooling fails. Use of this system is procedural and involves positioning of
valves which bypass the RWCU Regenerative Heat exchanger, increasing in the
service water flow rate and increasing the RWCU system flow. The availability
of the RWCU capacity for successful use has been assumed, It is also assumed
that with sufficient procedural actions the system could remove decay heat 4
hcurs after reactor scram. During that period the suppression pool has
adequate capacity to absorb all decay heat.

The benefit of this system change would be in the reduction of Class II type
events which contribute less than 1.3%1 to the total core damage frequency. If
a 90 reduction in the type Il events were achieved (including seismic
events), the benefit would be similar to that discussed for item 19P.4 .4.a or
about .004 person-rem,

19P . 4.8 CONTAINMENT ATMOSPHERE MASS REMOVAL

No additional modifications to the ABWR were identified in this group.
19P 4.6 COMBUSTIBLE GAS CONTROL

No additional modifications to the ABWR were identified in this group.
19P. 4.7 CONTAINMENT SPRAY SYSTEMS

19P.4.7.a Drywell Head Flooding

This concept would provide intentional flooding of the upper drywell head such
that {f high drywell temperatures occurred, the drywell head seal would not
fail. Additionally, if the seal were to fail due to overpressurization of the
drywell, some scrubbing of the released fission products would occur. This

s -tem would be designed to operate passively or use an AC independent water
source.

If an extension of the Fire pump to drvwell spray crosstie were considered for
manual initiation of upper head flooding, additional reduction in the high
temperature containment failure sequences would result. The estimated benefit
of this is about .002 person-rem assuming a 50% reliability of initiation.
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Table 19P.5-1
Summary of Costs

Meodification Letimated Cost
| ACCIDENT MANAGEMENT
la Severe Accident EPCs § 600K
ib Computer Alded Instrumentation $ 600K
le Improved Maintenance Procedures /Manuals 8 100K
2 DECAY HEAT REMOVAL
2a Passive High Pressure System $ 1750K
b Improved Depressurization $§ 6GO0K
lc cuppression Pool Jockey Pump $ 120K
2d Safety Related Condensate Storage Tank $ 1000k
3 CONTAINMENT CAPABILITY
la Larger Volume Containment $§ 8000K
ib Increased Containment Pressure Capacity $ 12000K
ie. Improved Vacuum Breakers § 100¥
4 CONTAINMENT HEAT REMOVAL
4a. lLarger Volume Suppressior Pool $ B000K
4b RWCU Decay Heat Removal $ BSK
7 CONTAINMENT SPRAY SYSTEMS
7a. Drywell Head Flooding $ 60K
8 PREVENTION CONCEPTS
8a, Additional Service Water Pump $§ 6000K
9 AC POVER SUPPLIES
9a. Steam Driven Turbine Generator $ 6000K
9b . Alternate Pump Power Source $ 1200K
10 DC POVER SUPPLIES
10a. Dedicated RHR DC Power Supply $§ 2500K
11 ATVS CAPABILITY
lla. ATWS Si{zed Vent $ 300K
12 SEISMIC CAPABILITY
12a. Increased Seismic Margins $ 1200k
13 SYSTEM SIMPLIFICATION
13a. Reactor Building Sprays $ 60K
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Summary of Results
e Modificatlon
lla. ATWS Sized Vent
13a.  Reactor Building Sprays
Je Improved Vacuum Breakers
2¢. Suppression Pool Jockey Pump
10a. Dedicated DC Power Supply
2a. Passive High Pressure Systen
le. Improved Maintenance Procedures/Manuals
la. Severe Accident EPGs
ib. Increased Containment Pressure Cap- ity
9a. Steam Driven Turbine Generator
12a. Increased Selsmic Margins
2d.  Safety Related Condensate Storage Tank
4b.  Alternate Pump Power Source
Ja. Larger Volume Containment
b, Improved Depressurization
fa  Additional Service Water Pump
4b. RWCU Decay Heat Removal
7a. Drywell Head Flooding
1b. Computer Alded Instrumentation
4a. Larger Volume Suppression Pool

e e e e

Table 19P.6-1

$ 111K
3 1BK
$ 625K
$ 150K
$ 181K
$ 795K
$ 833K
$ 1276K
$ 2553k
$ 3000K
$ 31750K
$ SB82K
$ 7500K
$ 9411K
$ 12000K
$ 16666K
§ 21250K
$ 30000K
$ 50000K
$§ 2000000K




