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ABSTRACT

In April 1984 the staff of the Nuclear Regulatory Commission issued its Final
Environmental Statement (NUREG-0974) related to the operation of Limerick
Generating Station, Units 1 and 2 (Docket Nos. 50-352 and 50-353), located on
the Schuylkill River, near Pottstown, in Limerick Township, Montgomery and
Chester Counties, Pennsylvania,

The NRC has prepared this supplement to NUREG-0974 to present its evaluation
of the alternative of facility operation with the installation of further
severe accident mitigation design features. The NRC staff has discovered no
substantial changes in the proposed action as previously evaluated in the
Final Environmental Statement that are relevant to environmental concerns nor
significant new circumstances or information relevant to environmental

concerns and bearing on the licensing of Limerick Generating Station, Units 1
and 2.




SUMMARY AND CONCLUSIONS

In February 1989, the U. S. Court of Appeals for the Third Circuit ruled that
NRC failed to consider a “reasonable set" of Severe Accident Mitigation Design
Alternatives (SAMDAs) in the Final Environmental Statement (FES) for the
Limerick Generating Station (NUREG-0974, April 1984). The NRC staff has
completed consideration of a reasonable set of severe accident mitigation
design alternatives. The staff has discovered no substantial changes in the
proposed action as previously evaluated in the FES that are relevant to
environmental concerns nor significant new circumstances or information
reievant to environmental concerns and bearing on the licensing of Limerick
Generating Station, Units 1 and 2.

In assessing the risk reduction potential, the valv- of each SAMDA was initially
scoped based on risk information reported in the or .ginal Limerick Generating
Station Probabilistic Risk Assessment and Severe Accident Risk Assessment and
reviewed by the staff in the 1983-1984 timeframe (NUREG-1068, August 1984).
Modifications were made to this information base to account for the effect of
two plant improvements identified in NUREG-1068 and subsequently implemented by
PECo. The risk reduction scoping estimates were compared to the estimated

costs associated with each SAMDA. Based on a screening criterion of $1000 per
averted person-rem, the comdjarison indicated that some candidate SAMDAs

warre ‘=4 further evaluation,

The staff then further evaluated each of the SAMDAs, considering the qualitative
effect of several plant improvements made at Limerick since the time of the
staff review reported in NUREG-1068. Key plant improvements include the
implementation of: procedures for battery power load shedding, MSIV air supply
improvements, BWR Owners' Group Emergency Procedure Guidelines, Rev. 3 (and
parts of Rev, 4), the hardened containment vent line, and procedures for the
use of diesel-driven fire protection system pumps for core injection, The
staff also gave consideration to the results of a recent update to the Limerick
PRA described in an April 25, 1989 ACRS subcommittee meeting, 2 June 23, 1989
utility submittal concerning SAMDAs, and a July 27, 1989 meeting with the staff
concerning the SAMDA submittal, That study calculated values of CDF and
offsite dose which were about four times lower than the staff's. While the
staff has not reviewed these results in su.ficient detail to confirm the
quantitative results, the staff believes that these plant features would reduce
the COF and offsite doses. As a result, the averted offsite cose from
candidate SAMDAs could be appreciably less than estimated by the staff,

The staff also considered uncertainty in the cost and effectiveness of candidate
SAMDAs. For instance, the ATWS vent analyzed by the utility uses an existing

18 inch containment penetration which would be capable of removing 10 percent of
full power. There are existing analyses which predict ATWS power levels as high
as 30 percent for some scenarios. The staff identified operational disadvantages
for some of the candidate SAMDAs (Table 4).

0f the seven SAMDAs which passed the screening cost/benefit test, the staff has
identified two which have been implemented at Limerick. These are the Decay
Heat Sized Vent Without Filter (3.C.) and the Low Pressure Reactor Makeup
Capability (6.) The staff has not quantified the effectiveness of these SAMDAs



in reducing risk. However, the staff believes that these features will result
in an appreciable net decrease in COF and risk,

In summary, the risks and environmental impacts of severe accidents at Limerick
are acceptably Tow. We have found no new information that would call into
question the FES conclusion that, “the risks of early fatality from potential
accidents at the site are smal) in comparison with risks of early fatality from
other human activities in a comparably sized population, and the accident risk
will not add significantly to population exposure and cancer risks. Accident
risks from Limerick are expected to be a small fraction of the risks the

general public incurs from other sources. Further, the best estimate calculations
show that the risks of potential reactor accidents at Limerick are within the
range of such risks from other nuclear power plants,” (NUREG-0974, Page 5-126).

Furthermore, while the screening cost/benefit analysis performed above indicates
that several candidate SAMDAs might be cost effective based on a criterion of
$1000 per person-rem averted, a more recent utility PRA presents lower risk
estimates which indicate that SAMDAs are not justified. While the staff has

not verified the utility estimates, the staff is convinced that risk is now
Tower for Limerick than the estimates used in our cost/bencfit study. Moreover,
there are uncertainties about the costs, effectiveness, and/or operationa)
disadvantages of some SAMDAs. In light of these considerations, the staff has
no clear basis at this time for -oncluding that modifications to the plant are
Justified for the purpose of further mitigating severe accident risks.

In the Tonger term, these same severe arcident issues are currently being
pursued by the NRC in a systematic way for all utilities through the Severe
Accident Program described in SECY-88-147, “Integration Plan for Clusure of
Severe Accident Issues" (Reference 7). The plan includes provisions for an
Individual Plant Examination (IPE) for each operating reactor, a Containment
Performance Improvement (CPI) program, and an Accident Management (AM) program.
These programs will produce a more complete picture of the risks of operating
plants and the benefits of potential design improvements, including SAMDAs.

The staff believes that the severe accident program is the proper vehicle for
further review of severe accidents at nuclear power plants, including Limerick.

For example, the Containment Performance Improvement (CP1) program is in the
process of performing an integrated assessment of generic containment improvements
for Mark 11 plants, The assessment entails a broad perspective of all Mark 11
plants, including their vulnerabilities and potential improvements. A set of
SAMDAs is being considered which deals with the overall issue of containment
performance and fission product control, using the most current understanding
of source term behavior.

This supplement has made use of the risk insights and cost estimates from that
program for the purpose of performing our screening assessment of SAMDAs.
However, further work on SAMDAs for nuclear power plants including Limerick
should continue within the CP1 program. To do otherwise would duplicate effort,
and would not result in a2 consistent resolution for Mark II plants.

In addition, many of the candidate SAMDAs (2., 5.B., 6., and 7,) fall into the
category of Accident Management., The severe accident program is currethy
developing, in concert with the industry, an analytical "framework" which

Vi
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utilities will use for the purpose of identifying and implementing accident
management strategies. The identification process will include a balanced
assessment of risk contributors, a systematic evaluation of candidate strategies,
an evaluation of downsides and an assessment of plant specific problems associated
with implementation. The implementation process will include consideration of
instrumentation needs, training (including periodic exercises), consideration

of decision making processes, and associated information requirements (such as
computer codes to follow accident progression). The staff believes that

accident management strategies should be ir- '~mented in an integrated fashion

in the context of the NRC/industry framework.

Finally, the IPE, which consists of a full evaluation of the accident sequences |
which lead to core melt, will be performed by the licensee and reviewed by the

staff. This process will produce an up-to-date picture of plant vulnerabilities |
for each plant individually, and will produce a pool of information concerning |
generically applicable insights. The IPE process is thus the most complete

and efficient way of resolving the uncertainties discussed above associated

with the core damage frequency for nuclear power plants including Limerick.

Most significantly, the three efforts described above (as well as several

other related activities), will, as discussed in SECY-88-147, be brought to
closure in an integrated fashion to assure a balanced resolution of severe
accident issues.




FOREWORD

In February 1989, the U. S. Court of Appeals for the Third Circuit ruled that
the NRC failed to consider a “reasonable set" of Severe Accident Mitigation
Design Alternatives (SAMDAs) in the Final Environmental Statement (FES) for the
Limerick Generating Station (NUREG-0974, April 1984). The NRC staff has
completed consideration of a reasonable set of severe accident mitigation
design alternatives. The staff has discovered no substantial changes in the
proposed action as previously evaluated in the FES that are relevant to
environmental concerns nor significant new circumstances or information
relevant to environmental concerns and bearing on the licensing of Limerick
Generating Station, Units 1 and 2.

Copies of this supplement are available for inspection at the NRC Public
Document Room, 2120 L Street N.W., Washingt 2, D.C. and at the Local Public
Document Room at the Pottstown Public Libra) s, 500 High Street, Pottstown,
Pennsylvania 19464,

Gene Y. Suh is the NRC Project Manager for the evaluation presented in this
supplement. He may be contacted by telephone at (301) 492-1426 or by mail at
the following address:

U.S. Nuclear Regulatory Commission
Office of Nuclear Reactor Regulatiun
Washington, DC 20555
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Supplement To NUREG-0974
“Final Environmental Statement Related to the Operation of
Limerick Generating Station, Units 1 and 2"

NRC Staff Evaluation of Severe Accident
Mitigation Design Alternatives for Limerick

Summary and Conclusions

In February 1989, the U. S. Court of Appeals for the Third Circuit ruled that
NRC failed to consider a "reasorable set" of Severe Accident Mitigation Design
Alternatives (SAMDAs) in the Final Environmental Statement (FES) for the
Limerick Generating Station (NUREG-0974, April 1984). The NRC staff has
completed consideration of a reasonable set of severe accident mitigation
design alternatives (SAMDAs). The staff has discovered no substartial changes
in the proposed action as previously evaluated in the FES that are relevant to
environmental concerns nor significant new circumstances or information
relevant to environmental concerns and bearing on the licensing of Limerick
Generating Station, Units 1 and 2.

In assessing the risk reducticn potential, the value of each SAMDA was
initially scoped based on risk information reported in the original Limerick
Generating Station Severe Accident Risk Assessment (LGS-SARA, 1983) and
reviewed by the staff in the 1983-1984 timeframe (NUREG-1068, August 1984),
Modifications were made to this information base to account for the effect of
two plant improvements identified in NUREG-1068 and subsequently implemented hy
PECo. The risk reduction scoping estimates were compared to the estimated
costs associated with each SAMDA. Based on a screening criterion of $1000 per
averted person-rem, the comparison indicated that some candidate SAMDAs
warranted further evaluation.

The staff then further evaluated each of the SAMDAs, considering the
qualitative effect of several plant improvements made at Limerick since the
time of the staff review of the LGS-SARA, Key plant improvements include the
implementation of: procedures for battery powzr load shedding, MSIV air supply
improvements, BWR Owners' Group Emergency Procedure Guidelines, Pev, 3 (and
parts of Rev, 4), the hardened containment vent line, and procedures for the
use of diesel-driven fire spray pumps for core injection. The staff also gave
consideration to the results of a recent upcdate to the Limerick PRA described
in an April 25, 1989 ACRS subcommittee meeting, a June 23, 1989 utility
submittal concerning SAMDAs, and a July 27, 1989 meeting with the staff
concerning the SAMDA submittal. That study calculated values of CDF and
offsite dose which were about four times lower than the staff's. While the
staff has not reviewed these results in sufficient detail to confirm the
quantitative results, the staff believes that these plant features would reduce
the CDF and offsite doses. As a result, the averted offsite dose from
candidate SAMDAs could be appreciably lesc than estimated by the staff,
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The staff also considered uncertainty in the cost and effectiveness o |

candidate SAMDAs. For instance, the ATWS vent analyzed by the utility uses an ]

existing 18 inch containment penetration which would be capable of removing 10

percent of full power. There are existing analyses which predict ATWS power

levels as high 25 30 percent for some scenarios. The staff identified

operational d’.advantages for some of the candidate SAMDAs (Table 4),
|
|

Of the seven SAMDAs which passed the screening cost/benefit test, the staff has
fdentified two which have been implemented at Limerick. These are the Decay
Heat Sized Vent Without Filter (3.C.) and the Low Pressure Reactor Makeup
Capability (6.) The staff has not quantified the effectiveness of these SAMDAs
in reducing risk, However, the staff believes that these features will result
in an appreciable net decrease in CDF and risk.

In summary, the risks and environmental impacts of severe accidents at Limerick
are acceptably low, We have found no new information that would call into
guestion the FES conclusion that, "the risks of early fatality from potential
accidents at the site are small in comparison with risks of early fatality from
other human activities in a comparably sized population, and the accident risk
will not add significantly to population exposure and cancer risks, Accident
risks from Limerick are expected to be a small fraction of the risks the
general public incurs from other sources. Further, the best estimate
calculations show that the risks of potential reactor accidents at Limerick are
within the)range of such risks from other nuclear power plants," (NUREG-0974,
Page 5-126),

Furthermore, while tne screening cost/benefit analysis performed above
indicates that sever:1 candidate SAMDAs might be cost effective, based on a
criterion of $1000 per person-rem averted a more recent utility PRA presents
lower risk estimates which indicate that SAMDAs are not justified. While the
staff has not verified the utility estimates, the staff is convinced that risk
is now lower for Limerick than the estimates used in our cost/benefit study.
Moreover, there are uncertainties about the costs, effectiveness, and/or
operations1 disadvantages of some SAMDAs. In light of these considerations,
the staff nas no clear basis at this time for concluding that modifications to
the plant are justified for the purpose of further mitigating severe accident
risks,

In the longer term, these same severe accident issues are currently being
pursued by the NRC in a systematic way for all utilities through the Severe
Accident Program described in SECY-88-147, "Integration Plan for Closure of
Severe Accident Issues" (Reference 7). The plan includes provisions for an
individual Plant Examination (IPE) for each operating :eactor, a Containment
Performance Improvement (CPI) program, and an Accident Manzgement (AM) program.
These programs will produce a more complete picture of the risks of operating
plants und the benefits of potential design improvements, including SAMDAs.

The staff believes that the severe uccident program is the proper vehicle for
further review of severe accidents at nuclear power plants, including Limerick,

For example, the Containment Performance Improvement (CPI) program is in the
process of performing an integrated assessment of generic containment
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improvements for Mark Il plants. The assessment entails a broad perspective of
all Mark I1 plants, including their vulnerabilities and potential improvements.
A set of SAMDAs is being considered which deals with the overall issue of
containment performance and fission product control, using the most current
understanding of source term behavior.

This supplement has made use uf the risk insights and cost estimates from that
program for the purpose of performing our screening assessment of SAMDAs,
However, further work on SAMDAs for nuclear power plants including Limerick
should coniinue within the CPI program. To do otherwise would duplicate
effort, and would not result in a consistent resolution for Mark IT plants.

In addition, many of the candidate SAMDAs (2., 5.B., 6., and 7,) fall into the
category of Accident Management. The severe accident pregram is currently
developing, in concert with the industry, an analytical “framework" which
utilities will use for the purpose of fdentifying and implementing an optimum
set of accident management strategies. The identification nrocess will include
@ balanced assessment of risk contributors, a systematic eveluation of
candidate strategies, an evaluation of downsides and an assessment of plant
specific problems associated with implementation. The implementation process
will include consideration of .nstrumentation needs, training (including
periodic exercises), consideration of decision making processes, and associated
information requirements (such as computer codes to follow accident
progression), The staff believes that accident management strategies should be
implemented in an integrated fashion in the context of the NRC/industry
framework.

Finally, the IPE, which consists of a full evaluation of the accident seuences
which lead *o core melt, will be performed by the licensce and reviewed by the
staff. Th s process will produce an up-to-date piciire of plant
vulnerabilities for each plant individually, end will produce a pool of
information concerning generically applicable insights. The IPE process is
thus the most complete and efficient way of resolving the uncertainties
discussed above associated with the core damage frequency for nuclear power
plants including Limerick,

Most significantly, the three efforts described above (as well as several other
related activities), will, as discussed in SECY-88-147, be brought to closure
in &n integrated fashion to assure a baianced resolution of severe accident
issues.

Estimate of Risk for Limerick

An estimate of the core damage frequency associated with operation of Limerick
was ceveloped by the staff based on the review of the original Limerick Genera-
ting Station Severe Accident Risk Assessment (LGS-SARA, 1983) as documented in
NUPEG-1068 (1984). Since the staff review, Philadelphia Electric Company
(PECo) has msde numerous modifications to plant hardware and procedures. These
are described by the utility in References 1-3. Two of the modifications
identified made by PECo were in response to insights/recommendations identified
in NUREG-1068, These involve improvements to Automatic Depressurization System
(ADS) initiction logic following the potential loss of high pressure coolant
sources, and improvements to achieve an alternate method of room cooling for
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high pressure injection systems during loss of offsite power events. These
improvements were estimated in NUREG-1068 to reduce core damage frequency from
internal events by about a factor of 2.5 if implemented. The staff believes
that PECo has satisfactorily implemented the plant improvements involving ADS
logic and room cooling and accordingly has applied this reduction factor in
establishing a baseline c~re damage frequency (CDF) and offsite dose estimate
for Limerick. The original and modified values for CDF are presented ir Table
1 by accident class, A description of the accident classes is also provided.
These frequency estimates are for internally-initiated events and fire- and
flood-initiated events, but do not include seismically-initiated events for
reasons discussed in NUREG-1068, pages C 41-42. For comparison, the results of
a recent (June 1989) update to the Limerick PRA are also provided in Table 1.

The Final Environmental Statement for Limerick, NUREG-0974, provides estimates
of societal risks from severe accidents initiated by internal events and
external events. These risk estimates wrre based on core damage frequency
estimates, containmen{ performance, source terms, and an offsite consequence
analysis appropriate at that time. For purposes of evaluating SAMDAS, the
staff requested its contractor, Brookhaven National Laborat=y (BNL), to
requantify the risk estimates to reflect the implementation of the two plant
modifications identified in NUREG-1068 Jescribed above. The new risk estimates
reflect only the changes in accident class frequencies. The containmen+
performance, source terms, and offsite consequence analysis remain the saie as
given in the FES. The modificd estimates are provided in Table 2 for selected
risk measures, along w' th the values previously reported in NUREG-0974.

The risk associated with all si?nificant containment failure modes considered
fer Limerick is provided in Table 3. This provides some insight into the risk
reduction potential of SAMDAs which influence a particular contai ent
challenge or failure mode. These insights were considered by tt Aff in
developing a set of candidate SAMDAs, recognizing that the analyses in the risk
assessment include many assumptions and uncertainties which can skew the
results (NUREG-0974, pages 5-108 to 5-115).

In considering the risk estimates, it is important to note that the core damage
frequency estimetes on which the risk reduction estimates are based do not
reflect many plant improvements made since the staff's review of the original
Limerick PRA, Core damage frequency estimates from the licensee's current
Limerick PRA would indicate that these improvements have reduced risk.

Development of a Set of SAMDAs

In order to develop a reasonable set of SAMDAs for consideration for Limerick,
the staff reviewed the 1985 report of RAD Associates (Reference 4) and the more
recent work performed in support of the Contzinment Performance Improvement
Program, Based on this review, the staff assembled a set of candidate SAMDAs.
Each SAMDA and its intended function is summarized briefly below. A
qualitative assessment of the relative edvantages and disadvantages of the
SAMDAs is pra2sented in Table 4,
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Dedicated Suppression Pool Cooling

An independent dedicated system could be installed “ur transferring heat
from the suppression pool to the spray pond. PECo evaluated this
alternative assuming a diese) driven 3,200 gpm pump and heat exchanger
without dependence on the Station's present AC electrical power or other
systems. The Jiesel would be cooled with water tapped off the spray pond
suction line, This system can mitigate accident sequences where
containment failure by overpressure occurs prior to core degradation for
Class 2 sequences, such as in the TW sequence. Also some benefit may be
obtained in Class 1 and 3 sequences if overtemperature failures can be
avoided. It is not clear that an independent power system is needed to
obtain the risk reduction associated with this SAMDA. Thus, the staff
considered an alternative means of performing this function as SAMDA #2.

Alternate Means of De-ay Heat Removal

Existing pumps, niping, and heat exchangers in the reactor water cleanup
(RWCU) or other installed system may be used to remove decay heat energy.
Use of the RWCU system could prevent core degradation, for Class 2
sequences, suth as the TW sequence, where the reactor scrams and normal AC
power is available. This means of heat removal hzs been identified and
analyzed by the licensee of another Mark 1] plant and appears to be a
viable alternativz to containment venting. While the feasibility for
Limerick has not been addressed by the staff, this option has been
included here on the basis that it might prove feasible after further
study.

Improved Venting Capability

Three cases were considered; these differed in terms of the system f ow
capacity (sized for ATWS versus decay heat power levels), and whether the
system included a filter external to the containment.

A. ATWS-Sized Vent (without filter)

This SAMDA involves routing a large (3' to 5' diameter) hardened
wetwell vent Tine to an elevated release point, The system would be
passive and would operate without dependence on the station's present
AC electrical power or other systems. A 70 psig rupture 2isk would
be installed to minimize the 1ikeiihood of inadvertent opening. This
vent could prevent containment failure, and thereby prevent core melt
for accident sequences where the overpressurization is produced by
Class 4 ATHSs.,

B. Decay Heat-Sized Vent With Filter

This SAMDA involves routing a tmall hardened wetwell vent line to a
filter located outside containment. The system would be capable of
preventing containment overpressure for those sequences in which the
steam generation rates are less than the system flow capacity, but
would be ineffective for ATWS and containment bypass sequences. The
system would oprrate wittout dependence on the station's present
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support systems. The filter would be similar in design to the
Multi-Venturi Scrubber System (MYSS) and would remove essentially all
particulates., This system can mitigate the consequences of all siow
to moderate overpressure containment failures.

C. Decay Heat-Sized Vent Without Filter

This SAMDA entails a small harcened wetwell vent line. The system
would be capable of preventing containment over-pressure, thereby
averting core damage, for those sequences in which the steam genera-
tion rates are less than the vent flow capacity, but would be
ineffective for ATWS and containment bypass sequences. The system
would be remote-manually operated from the main control room and
would not be dependent on the station's present AC electrical power
system. Releases would be scrubbed by the suppression pool provided
the pool is not bypassed.

Core Debris Control

Core detris control involves, conceptually, a hardware modification that
would serve to achieve a coolable debris bed and long-term decay heat
removal. Two debris control systems were evaluated by PECo: a rubble bed
device and a cooled dry crucible device. The rubble bed device consists
of a floodable rubble bed in the lower pedestal pool area of the wetwell.
The in-pedestal drywell floor would be modified with one foot diameter
holes to allow the corium to flow onto the thoria plate cover .. rubble bed
in the lower pedestal area. A stainless steel liner would protect the
pedestal concrete from excessive decomposition. The rubble bed would be
kept dry until the curium had penetrated -into the rubble bed, thus
minimizing the potential for steam explosion. The cooled dry crucible
device is a truncated 70 foot long cone which has a forced cooled water
Jacket to remove the decay heat, The cone starts at the basemat and
extends under the current plant foundation. One foot diameter toles are
drilled into the in-pedestal floor to allow the corium to flow into the
cone. These designs may prevent overpressure drywell failure by limiting
core-concrete interactions for Class 1 and 3 sequences, but would not
prevent containment failure and subsequent core melt for Class 2 and 4
sequences. Given the expected disruption of existing structures and

equ .pment due to installation of this SAMDA, it may not be a feasible
option,

Drywell Overpressure/Overtemperature Protection

Two options that could help mitigate drywell failure were considered: an
enhanced drywell spray system, and drywell head flooding.

A. Enhanced Drywell Spray System

An enhanced drywell spray system would recirculate suppression pool
water through & heat exchanger and to the drywell sprays. PECo
modelled this option as an extension to the dedicated suppression
pool cooling system, discussed in Item 1 above. However, we have
used cost estimates consistent with a simpler design discussed in
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Reference 5. The suppression pool cooling system would prevent
containment overpressure failure and core melt for Class 2 sequences.,
Operation of sprays will cool the drywell atmosphere and the core
debris during Class 1 and 3 accidents and minimize the threat from
overtemperature., However, unless the sprays terminate core-concrete
interactions, the non-condersibles released from the concrete will
still cause the containment to evertually fail by overpressure. In
either case, the sprays would reduce the airborne fission product
cencentration and thus, lower the source term.

B. Drywell Head Flooding

Intentional post-accident flooding of the area above the drywell head
would cool the drywell head seal and provicde fission product
scrubbing in the event of drywell leakage. In Limerick, this area is
serviced by the standby gas treatment system (SGTS) which is normally
plugged with a blind fiange during refueling. To implement this
SAMDA this flange must be left in place during normal plant
operation. It is expected that flooding of this area must be
initiated early in the a<cident scenario and would prevent the
over-temperature failure of the drywell head flange seals.

Makeup to Reactor Using Low Pressure Diesel-Driven Pump

The diesel-d~iven low pressure reactor maskeup water pump would be an
existing or now pump(sg which can provide sufficient flcw to the reactor
vessel when the reactor is at low pressure. !f there his been no core
degradation, core melt could be prevented. If core melt has commenced,
this flow would prevent additiona)l fuel degradation for the intact portion
of the core and may prevent or delay bottom head faiiure from the corium
on the bottom head. This does not reduce the risk for AiWS sequences.

Enhanced Feactor Depressurization Capability

This SAMDA involves enhancement of the existing reactor depressurization
capability to provide additional backup power ?and nitrogen if needed) to
operate the safety relief valves (SRVs), either individually or as part of
the manually initiated automatic depressurization system (ADS).
Depressur-izing the reactor would permit low pressure injection, and would
convert high pressure melt ejection sequences to low pressure sequences,
thereby reducing the potential for early containment failure. This SAMDA
was evaluated assuming it would be implemented in combination with other
SAMDAs, as discussed below,

A. In Conjunction with Decay Heat-Sized Hardened Filtered Vonting (Item
3.8)

1f core debris is ejected from the reactor vessel under pressure,
then it is possible to fail containment during the blowdown and
bypass the filtered vent. With the reactor depressurized, thg
challenges to containment from early over-pressure are significantly
reduced, thereby increasing the effectiveness of the filtered vent.
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B. In Conjunction with Core Debris Contr~] (Item &)

Unless the core debris control device includes some means of
coliecting or diverting the debris into the device, it would not be
effective for accident: in which the reactor fails at high pressure.
Reactor depressurizatior would increase the effectiveness of the core

gebffs control device by assuring that debris is released into the
evice,

C. In Conjunction :/ith Enhanced Drywell Sprays (Item 5.A)

With the reactor depressurized, the corium would tend to exit the
reactor vessel in a more coherent mass and the time to containment
failure would be delayed. This would increase the effectiveness of
the sprays in scrubbing the aerosols and cooling the debris,

D.  In Conjunction with Drywel) Head Flooding (It;m 5.B)

With the reactor depressurized, early containment challenges would be
reduced and the time to containment failure would be delayed. This
would increase the likelihood of drywell head failure/leakage as a
containment failure mode, and would enhance the risk reduction
potential of drywell head flouding,

E. In conjunction with reactor vesse! makeup (1tem 6)

Reactor depressurization would permit the use of the diesel-driven
pump(s) discussed in Item 6 for injection into the resctor. This

would prevent core damage for some sequences that otherwise would

lead to core melt and reactor vessel failure at high pressure,

Reactor Building Decontamination Factor Improvement

This SAMDA involves modifications to the fire protection and/or standby
gas treatment system hardware/procedures to enhance the fission product
removal capabilities of the reactor building. The fire protection system
consists of diesel and motor driven pumps which discharge into
compartments or areas of the plant. Some of the plant areas have complete
spray coverage, other areas have partial or no spray coverage. The plant
would be retrofitted to have complete spray coverage. The capacity of the
fire pumps would need to be increased (either by capacity cr number of
pumpsg to ensure continuous spraying of the entire reactor building. Such
a capability would provide scrubbing of fission products, given that con-
tainment fails,

The risk reduction potential of each of these candidate SAMDAs was estimated by
the staff as described below. An additional SAMDA analyzed by R&D Associates
in Reference 4 is Vacuum Breaker enhancements. The staff did not give further
consideration to this system because our assessment is that is does not contri-
bute appreciably to the reduction of risk. Similarly, the staff did not give
further consideration to the hydrogen recombiner SAMDA, because the Limerick
containment atmosphere is inerted as a defense against hydrogen burns,
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Risk Reduction Potential of Candidate SAMDAS
M“

In assessing the risk reduction potential, the value of each SAMDA was
initially scoped based on the core damage frequency estimates reported in
NUREG-1068, modified to reflect the improvements to ADS inftiation logic and
improvements to room cooling discussed therein. The modified core damage
frequency estimates are reported in Table 1. The corresponding risk estimates
(person-rem per reactor-year) within 50 miles of the plant for each containment
failure mode are listed in Table 3. As noted above, these risk reduction
estimates do not account for some features which have been added to the
Limerick plant since completion of the LGS-SARA study.

Estimates of the risk reduction potential of each SAMDA were developed in
consuitation with the staff's contractor, Brookhaven National Laboratory (BNL).
The estimated reductions, in terms of person-rem and early fatalities per
reactor year are presented in Table 5. Details of the assessment for each
SAMDA are presented in Appendix A.

Cost Impacts of Limerick Severe Accident Mitigation Design Alternatives

The cost impacts of the various SAMDA mitigation systems have been investigated
by the staff. To fully integrate any one of these proposed systems into the
Limerick Station, costs on the order of millions to tens of millions of dollars
are likely to be incurred.

Relatively large costs are to be anticipated whenever physical modifications
are imposed on operating or existing nuclear power reactors. This is because
Tabor productivity is severely constrained due to problems with congestion,
access, and security requirements, Also, retrofits on existing power reactors
frequently require the removal and/or replacement of existing systems due to
access considerations or the new system's interdependency with existing equip~
ment and control panels. In addition, the introduction of a new system will
trigger a whole series of related requirements such as incremertal training,
procedural changes, and licensing requirements, Finally, the retrofit could
impose significi replacemen’. energy cost penalties on the licensee and its
customers if it results in incremental downtime or if it postponed the date of
initial full power operation for Unit 2. These are all legitimate costs that
require consideration in a comprehensive cost estimate.

Cost analyses for mogtsof the modifications under consideration have been
developed elsewhere. '~ The approach taken by the staff was to evaluate these
estimates in order to arrive at a representative cost for each mitigation
system. It should be recognized that only gross approximations of the costs of
specific mitigation systems are possible at this time. Large uncertainties
exist because detailed designs are not available and there is limited
experience with construction and licensing problems that could surface with
this type of work. Nevertheless, the staff views the results of this review as
adequate given the uncertezinties surrounding these underlying cost estimates,
and the level of precision necessary given the greater uncertainty inherent on
the benefit side, with which these impacts were compared.
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Table 6 depicts the.cost estimates available from R & D Associates (RDA).4 and
Bechtel Power Corp.” whose report was prepared for the Philadelphia Electric
Company (PECo). It shoculd be noted that RDA's report provides cost results on
a component basis and in several instances the staff has summed the component
costs to produce systems comparable with those costed by PECo (Bechtel report).

Where agaregation of this nature occurs, it is noted in Table 6. Also, the RDA
report provides different cost estimates based on reactor status (A - reactor
in design stage, B - reactor under construction, and C - operating reactor).
Cost estimates for operating reactors (case C), were Judged most consistent
with the current status of the Limerick Station and are adopted in Table 6
When comparable systems are costed by PECo and RDA, PECo's estimates are
consistently higher, in most instances by an order of magnitude. Smaller cost
differences are observed for the ATWS vent option (factor of 2), and for the
travel bed venting and filtering system (factor of 4),

The final cclumn of Table 6 contains the staff's estimate for each mitigation
system. These costs reflect decrements and increments to the PECo and RDA
estimates based on a critical assessment of the assumptions embedded in their
analyses and the staff's technical Judgement. A general discussion of the cost
elements contributing to the staff's cost estimates is provided in Appendix B.

Cost/Benefit Comparison for Candidate SAMDAs

A comparison of the estimated costs and benefits of the various SAMDAs is
presented in Table 7. For those SAMDAs that were not addressed by the
licensee, the costs estimates developed as part of the NRC Contaigment
Performance Improvements (CPI) program were used where available.” The risk
reduction potential for each option is based on the estimates given in Table 5.
The averted offsite dose (person-rem per reactor year) was used as a surrogate
measure of risk and environmental impact. A screening criterion of $1000 per
person rem averted was used to identify SAMDA's which warrant further
evaluation,

Based on this screening analysis, a set of seven potential SAMDAs was
identified for more detailed eveluation. These included:

Alternate Means of Decay Heat Removal (Opticiis 2. and 3.C.)
ATWS-Sized Vent

Enhanced Reactor Coolant System Depressurization

Enhanced Drywell Sprays

MVSS Filtered Containment Vent

Low Pressure Makeup to Reactor

Drywell Head Flooding

Evaluation

For the seven candidate SAMDAs which passed the cost/benefit screening, the
staff performed a further evaluation. The evaluation accounted for a number of
factors which were not considered in the screening analysis. Thesc included:
plant improvements made since the publication of NUREG-1068 which were not
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considered in the staff's estimates of CDF; SAMDAY which exist in the plant
which were nct credited in the screening ar- . 4s; uncertainties in the cost
a:dS:;;:ctfveness of candidate SAMDAs; and .- tiai operational disadvantages
0 S.

1.

2.

Alternate Means of Decay Heat Removal

Given the cost/benefit analysis performed above, this option appears to
have significant potential for risk reduction by lowering the core damage
frequency due to loss-of-containment-heat-removal sequences (TW).
However, a feature which is already installed in the plant, containment
venting, appears to be a viable means for achieving this function. The
staff has performed a preliminary assessment of the hardware and
procedures associated with this capability. It is the staff's Judgment
that the use of the existing system and procedures could be a viable
option for reducing the frequency of TW sequences, especially given the
slow moving nature of these sequences (20-30 hours to core melt), The
efficacy of this system and potential operationa] disadvantages have not
been reviewed by the staff. Accordingly, the benefit that an additional
heat removal system might provide would be minimal.

ATWS-Sized Vent

In Class IV ATWS sequences core melt occurs as a result of containment
feilure. The ATWS vent is intended to reduce risk by preventirg contain-
ment failure thereby lowering the ATHS core damage frequency. As shown in
Table 7, this cystem not only passes the screening analysis based on
averted offsite dose, but it could also reduce the principal source of
early fatalities. This is the only candidate SAMDA which substantially
reduces early fatalities.

A closer look at this system, however, raises questions about its
effectiveness, First, a large fraction of the risk reduction attributed
to this option in Table 5 is from Class II (TW) sequences. As noted
above, the staff believes that the existing containment vent appears
capable of effectively dealing with this class of sequences. Thus, the
risk reduction benefit of the ATWS vent would be confined to Class IV ATWS
sequences (an averied risk of 18 rather than 88 person rem per reactor
year). The licensee estimates an averted risk of 27 person rem per
reactor year.

An additional source of uncertainty is the basis for the utility's pro-
posal to use an existing 18 inch purge line peretration, based on the
assumption that ATWS power would be 10% of full power. Depending on the
circumstances of the event, and the assumptions used in the analysis, some
existing studies predict ATWS power to be considerably higher than 10
percent., This would require a new large containment penetration and
would, tnerefore, considerably increase the cost of this SAMDA.
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Enhanced Reactor lant System Depressurization

Class 1 and Class . .1 sequences consist of transients (and ATWS) in which

the core melts with the containment intact. The radiolo ical consequences

r€ those sequences can be mitigated sigrificantly 1f early containment
‘ailure can be avoided. For instance, a delay of several hours in the
time to containment failure can result in a significant reduction of the
fission product inventory in the containment atmosphere, as a result of
natural processes such as aeroso! deposition and operation of active
systems such as drywell sprays.

An important uncertainty about early containment failure for Limerick is
the possibility of vessel failure at high pressure due to unavailability
of the Automatic Depressurization System (ADS). Despite the ADS improve~
ments at Limerick since publication of the LGS-SARA study, the risk
estimates used for the screening analysis indicate a high Tikelihood of
reactor pressure vessel failure at high pressure versus low pressure.

R more recent assessment of core damage frequency performed by the
licensee concludes that (1) the overall frequency of Class I and Class I
sequences is considerably lower than the staff estimates and (2) the
fraction of high pressure sequences is much lower than indicated in the
FES. If this conclusien is correct, further improvements to assure
reactor depressurization would have a minor impact on risk reduction. The
staff has not reviewed the licensee analysis in sufficient detail to
verify these quantitative estimates.

Enhanced Drywell Sprays

Drywell sprays can be effective in delayirg containment failure and
reducing the radiological releases for Cluss 1 and Class III sequences in
which the containment does not fail early. In combination with the
depressurization of the RCS, enhancements t. containment sprays appear to
have considerable risk reduction potential (“able 5) and pass the
screening analysis (Table 7). However, the perre;ved risk reductior
benefits from enhanced sprays result from mitigation of Class I and Class
11T sequences. As noted above, the licensee's estimates of risk from
Class I and Class III sequences are considerably lower than those used by
the staff in our screening analysis.

Filtered Containment Vent

The MVSS filtered vent appears to have significant potential for risk
reduction (Table 5) for Class | and Class 1I] sequences and warrants
further evaluation based on cost/benefit ratio (Table 7). However, as
noted above, the licensee's estimates of Class I CDF 2.e considerably
lower than the staff's. Furthermore, if the existing containment vent is
effective in mitigating Class Il sequences, the perceivec benefit of MVSS
would be further reduced.




6. Low Prescure Makeup To Reactor

This SAMDA appears to have risk reduction potential for those Class I
accident sequences in which core melt would result from a failure of low
pressure injection,

There is a significant potential disadvantage of this type of SAMDA. If
the piping and hardware associated with this system is not designed to
withstand reactor system pressure, the possibility exists of creating a
LOCA outside of containment in the event that the RCS returned to high
pressure after the SAMLA was connected.

The staff is aware that Limerick has already implemented a SAMDA of this
type, using the existing diesel-driven fire suppression pump and piping
for injection intoc the RWCU. The staff has not reviewed this cai1sting
capability in detail.

7. Drywell Head Flooding

Examination of the table of costs, benefits and cost-effectiveness ratios
for Limerick indicates support for this SAMDA option. However, the
scoping analysis needs furiher refinement in order to be in a bnrtter
position to determine whether this option is worthwhile. The potential
benefit envisioned for this SAMDA is directed toward reducing the risks
from Class I and II] accidents., The averted offsite risk estimated for
this option in table 7 is approximately 50 person-rem. The utility has
performed an analysis with substantially lower core damage frequency and
risk-reduction benefits based on recent modifications made to the plant,
Although the staff has not verified the quantitative risk estimate: it ic
reasonable to expect that the plant modifications would reduce offsite
risk. Also, cost estimates are very uncertain due to unavailability of
detailed design information on modifying the drywell head configuration
and on corresponding cost estimates. Furthermore, this SAMDA does not
appear to preclude the possibility of other failures during accident
progression that would lead to source terms for radioactivity released to
the environment equivaient to those from the unmitigated case.

Summary and Conclusions

The NRC staff has completed consideration of a reasonable set of severe
accident mitigation design alternatives (SAMDAs). The staff has discovered no
substantial changes in the proposed action as previously evaluated in the FES
that are relevant to environmental concerns nor significant new circumstances
or infor-mation relevant to environmental concerns &nd bearing on the licen:ing
of Limerick Generating Station, Units 1 and 2.

In assessing the risk reduction potential, tne value of cach SAMDA was
initially scoped based or itk information reported in the original Limerick
Generating Station Severe A.cident Risk Assessment (LGS-SARA, 1983) and
reviewed by the staff in the 1983-1984 timeframe (NUREG-1068, August 1984),
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Modifications were made to this information base to account for the effect ¢f
two plant improvements identified in NUREG-1068 and subsequently implemented by
PECo. The ~isk reduction scoping estimates were compared to the estimated
costs associated with each SAMDA. Based on a screening criterion of $1000 per

averted person-rem, the comparison indicated that some candidate SAMDAs
warranted further evaluation,

\
|
|
|
|
\
|
\
|
|
|
|
|
The staff then further evaluated each of the SAMDAs, considering the

qualitative effect of several plant improvements made at Limerick since the |
time of the staff review of the LGS-SARA. Key plant improvements include the |
implementation of: procedures for battery powar load shedding, MSIV air supply |
improvements, BWR Owners' Group Emergency Procedure Guidelines, Rev. 3 (and

parts of Rev. 4), the hardened containment vent line, and procedures for the

use of diesel-driven fire spray pumps for core injection. The s*aff also gave
consideration to the results of a recent update to the Limerick PRA descrited

in an April 25, 1989 ACRS subcommittee meeting, a June 23, 1989 utility

submittal concerning SAMDAs, and a July 27, 1939 meeting with the staff

concerning the SAMDA submittal, That study calculated values of CDF and

offsite duse which were about four times lower than the staff's., While the

staff has not reviewed these results in sufficient detail to confirm the

quantitative results, the staff believes that these plant features would reduce

the CDF and offsite doses. As a result, the averted offsite dose from

candidate SAMDAs could be appreciably less than estimated by the staff,

The staff also considered uncertainty in the cost and effectiv2ness of
candidate SAMDAs, For instance, the ATWS vent analyzed by the utility uses an

existing 18 inch containment penetration which would be capable of removing 10

percent of full power. There are existing analyses which predict ATWS power

levels as high as 30 vercent for some scenarios. The staff identified

operational disadvantages for some of the candidate SAMDAs (Table 4).

Of the seven SAMDAs which passed the screening cost/benefit test, the staff has
identified two which have been implemented at Limerick. These are the Decay
Heat Sized Vent Without Filter (3.C.) and the Low Pressure Reactor Makeup
Capability (6.) The staff has not quantified the effectiveness of these SAMDAs
in reducing risk., However, the staff believes that these features will result
in an appreciable net decrease in CDF and risk.

In summary, the risks and environments! impacts of severe :ccidents at Limerick
are acceptably low. We have found no new information that would call into
question the FES conclusion that, "the risks of early fatality from potential
accidents at the site are small in comparison with risks of cerly fatality from
other human activities in a comparably sized population, and the accident risk
will not add significantly to population exposure and cancer risks. Accident
risks from Limerick are expected to be a small fraction of the risks the
general public incurs from other tources. Further, the best estimate
calculations show that the risks of potential reactor accidents at Limerick are
within the range of such risks from other nuclear power plants," (NUREG-0974,
Page 5-126).
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Furthermore, while the screening cost/benefit analysis performed above
indicates that several candidate SAMDAs might be cost effective, based on a
triterion of $1000 per person-rem averted a more recent utility PRA presents
Tower risk estimates which indicate that SAMDAs are no* justified. While the
staff has not verified the utility estimates, the staff is convinced that risk
is now lower for Limerick than the estimates used in our cost/benefit study.
Moreover, there are uncertainties about the costs, effectiveness, and/or
operational disadvantages of some SAMDAs. 1In Tight of these considerations,
the staff has no clear basis at this time for concluding that modifications to
t?ekplant are justified for the purpose of further mitigating severe accident
risks.

In the longer term, these same severe accident issues are currently being
pursued by the NRC in a systematic way for all utilities through the Severe
Accident Program described in SECY-88-147, “Integration Plan for Closure of
Severe Accident Issues" (Reference 7). The plan includes provisions for an
Individual Plant Examination (IPE) for each opsrating reactor, a Containment
Performance Improvement (CPI) program, and an Accident Management (AM) program,
These programs wili produce a more complete picture of the risks of operating
plants and the berefits of potential design improvements, including SAMDAs,

The staff believes that the severe accident program is the proper vehicle for
further review of severe accidents at niclear power plants, including Limerick.
For example, the Containment Performance Improvement (CPI) program is in the
process of performing an integrated zssessment of generic containment
improvements for Mark II plants. The assessment entails a broad perspective of
all Mark II plants, including their vulnerabilities and potentia’ improvements,
A set of SAMDAs is being considered which deals with the overall issue of
containment performance and fission product control, using the most current
understanding cf source term behavior,

This supplement has made use of the risk insights and cost estimates from that
program for the purpose of performing our screening assessment of SAMDAS.
However, further work on SAMDAs for nuzlear power plants including L imerick
should continue within the CPI program. To do otherwise would duplicate
effort, and would not result in a consistent resolution for Mark I plants.

In addition, many of the candidate SAMDAs (2., 5.E., 6., and 7.) fall into the
category of Accident Management. The severe .ccident program is currently
developing, in concert with the industry, an analytical "framework" which
utilities will use for the purpose of identifying and implementing an optimum
set of accident management strategies. The identification process will include
8 balarced assessment of risk contributors, a systematic evaluation of
candidate strategies, an evaluation of dowrsides and an assessment of plant
specific problems associated with implementation, The implemertation process
will include consideration o1 instrumentation needs, training (including
periodic exercises), consideratiun of decision making processes, and associated
information requirements (such as computer codes t¢ follow accident
progression). The staff believes that accident management strategies should be
implemented in an integrated fashion in the context of the NRC/industry
framework.
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Finally, the IPE, which consists of a full evaluation of the accident sequences
which lead to core melt, will be performed by the licensee and reviewed by the
staff, This process will produce an up-to-date picture of plant
vulnerabilities for each plant individually, and will produce a pool of
information concerning generically applicable ir.ights, The IPE process is
thus the most complete and efficient way of recolving the uncertainties

discussed above asscciated with the core damage frequency for nuclear power
plants including Limerick.

Most significantly, the three efforts described above (as well as several other
related activitiess. will, as discussed in SECY-88-147, be brought to closure

in an integrated fashion to assure a balanced resolution of severe accident
issues,
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TABLE 1 - ESTIMATES OF CORE DAMAGE FREQUENCY FOR LIMERICK
(EXCLUDING SEISMICALLY-INITIATED EVENTS)

ACCIDENT CLASS®
1
I
111
Iv
s

TOTAL

FREQUENCY (PER REACTOR-YEAR)

0GINAL {NUREG-1068) MODIFIED? RA_ UPDATE
8.0 E-5 3.4 E-5 8.8 E-6
4.1 E-6 4.1 E-6 1.7 E-7
3.3 £-6 3.3 E-6 2.7 €7
3.2 £ 3.2 E-7 1.1 E-6
8.8E-5 4.2 E-5 1.0 -5

! Accident Class Definitions

CLASS 1 (or I)

CLASS 2 (or I1)

CLASS 3 (or I1I)

CLASS 4 (or 1V)

CLASS §

2
NUREG-1068.

Transients or LOCAs involving loss of coolant makeup
to the core. Core melts in an intact containment,

Transient or LOCA invclving loss of long term heat
removal. Long term core melts in a failed or open
containment,

Transients with failure to scram with failure of all
injection. Rapid core melt in an intact containment.

Transient with failure to scram and failure to shutdown.

Rapid core melt in a failed or open containment.

Core melt due to reactor pressure vessel failure with
early containment failure.

Modified to reflect ADS and room cooling enhancements identified in

Bl AL B e e e B /it s T et S R
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TABLE 2 - RISK ESTIMATES FOR LIMERICK UNIT 2
(EXCLUDING SEISMICALLY-INITIATED EVENTS)

ESTIMATED RISK WITHIN ENTIRE REGION,
PER REACTOR YEAR

CONSEQUENCE TYPE FES MODIFIED!
(EXCLUDING STAFF
_SELSMIC) ESTIMATES

Early fatalities with 2(-4) 1.9(-4)

supportive medical

treatment (persons)

Latent Cancer 5(=2) 3.2(-2)

fatalities (excluding

thyroid) (persons)

Total person-rems 1(3) 5.4(2)

Land area for long-term N/A2 6.3(2)

interdiction (m?)

i Based on mocified accident class frequencies in Table 1 (excludes seismically-

initiated events).
P4

Not Available
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TABLE 3 - CONTRIBUTION TO RISK BY CONTAINMENT |
FAILURE MODE |

ESTIMATED RISK

CONTAINMENT FAILURE MODE (PERSON-REM/REACTOR-YEAR)1
Entire Region 50 Mile Region
Overpressure due to failure of decay heat 114 80

removal - core melts into failed containment
(Class 1I)

Overpressure due to ATWS - core melts into 25 18
failed containment (Class IV) 1

Transient leads to core meit followed by 129 90
dryweil failure (Class I and 1I1)

Transient leads to core melt followed by 46 32
wetwell failure (Class [ and 1]1])

Transient leads to core melt - 198 139
containment leakage exceeds standby yas
treatment system capacity (Class | and III)

Other 15 11

TOTAL 527 370

\
1 Based on modified accident class frequencies in Table 1.
|
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TABLE 4 QUALITATIVE ASSESSMENT OF THE RELATIVE
ADVANTAGES AND DISADVANTAGES OF SAMDAS

Potential
Imgrovcmnnt

Dedicated Suppression
Pool Cooling

Alternate Means of
Decay Heat Removal
(e.g., use of RWCU
system)

ATWS- ized Vent

Decay Heat-Sized Vent
with Filter

Agvantages Disadvantages

° Helps to mintain
suppression pool subcooled
Reduces overpressure
challenge from Class II
sequences

Reduces pressurization
rate for ATWS

¢ Very expensive

° Helps to maintain ° Less reliable than
pool subcooled dedicated system due
° Reduces overpressure to reliance on shared
challenge for Class II] romponents
sequences
° Reduces pressurization
rate from ATWS
“ Less expensive than
dedicated pool cooling
system

® Reduces overpressure ¢ Suppression pool
failures for ATWS and bypass would result
Class 1] sequences in unscrubbed release
¢ Preemptive venting ® Can lead to
reduces base pressuce inadvertent releases
prior to core -damage

“ Reduces overpressure ° Can lead to inadvertent
failures for transients releases of nchle gases
with scram

° Delays ATWS

® Preemptive venting reduces
base pressure pirior to core
Jdamage

“ Helps to assure all releases
will be scrubbed

® Unaffected by suppression
pool bypass



Potential
Imgrovement

Decuy Heat-Sized Vent
without Filter

Core Debris Control
(Conceptual)

Adding in-pedestal
downcamers and
debris barrier

Strengthening
ex-pedestal
downcomers

Enhanced Drywell
Spray System

-2 .

Advantages

e e e et e

® Reduces overpressure
failures for transients
with scram

® Delays ATWS

¢ Preemptive venting
reduces base pressure
prior to core damage

° Less expensive than
filtered vent

° Helps to maintain
core debris coolable

° Helps to eliminate con-
tainment challenges
following reactor vessel
failure

¢ Increases likelihood
of quenching the core
ex-vessel

° Reduces importance of
containment sprays and
venting

® Decreascs the probability
of suppression pool
bypass

“ Reduces containment
overpressure from
condensibles

° Reduces drywell over-
temperature failure

¢ Scrubbing of fission
products

® Reduce core-concrete
interactions

Disadvantages

Suppression pool
bypass would result in
unscrubbed release

Can lead to inadvertent
releases

May not be effective
if reactor pressure
vessel fails at high
pressure

Very expensive

Increnses the likelihood

of st:am explosion/spikes
Increases the probability

of suppression pool
bypass

Requires re-analysis of
containment pressure
suppression capability
and seismic design
Expensive

Does not reduce
erosion of the drywell
floor

Requires re-analysis of
containment pressure
suppression capability
and seismic design
Expensive

None identified
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Potential
Iﬂgrovemogg

Drywell Head
Flooding

Makeup to Reactor
Using Low Pressure
Diesel-Driven Pump

Enhanced Reactor
Depressurization
Capability

Reactor Buiiding
Decantamination
Factor Improvement

g - ot

Advantages

° Mitigates drywell head
seal overtemperature
failure

® Drywell head leakage
would be scrubbed by
overlaying water pool

Helps to prevent core melt

in low pressure transients

with scram

“ Some cooling and scrubbing
of ex-vessel debris

° Independent of RHR

® Relatively low cost, if

fire system pumps are

used

Can prevent high pressure

core melt transients

° Reduces containment
challenges from high
pressure melt ejection

“ Relatively low cost

Scrubbing of fission
products

® Much of the hardware
already in place

Disadvantages

® Must be initiated
early in the accident

Requires reactor at
low pressure for
injection

Potential conflict

for concurrent fire,
if fire system used
Requires many operator
actions

® None identified

Existing hardware
provide limited spray
coverage

May provide a greater
benefit as an alternate
containment spray or
RPY injection system
Increased probability
of hydrogen fumes



‘sse|2 juapiooe

IBY] JOJ ISOP 1S40 JO ANPRA JUIUAND Y] Juasauadas _yse(s, ayl 4o Iybra ay3 03 sJaquny

Gl

‘SYUWYS 40 uOLlB|[eIsul 34043q
{

dWfid N3IATE0-13S310 3WNSSIHd

A
A
|
|
|
. A
001 0 e 08 174 _ON MOT INISH ¥OLOVIY QL dNIXwW "9 h
[ 0 r & ap ON INIQ00T OV3H T13MANQ “8 M
A
8.1 0 {2 08 £ SIA SAVHAS 113IMANG Y L
NOILD3108d FMNIVEIdWIL |
~HIAQ/JUASS IUHIAD 11IMANG °S M
08 0 9 s & . 74 SdA 108INOD SINGI] JH0D “§ |
0L 0 0 0L 0 ON 431114 O/M _
L ]
< 512 0 6¢ o/ 901 SIA FETRIETL,)
“a ANJA QIZIS-AV3H A¥D3IQ °§
-0l X 2 28 81 0 0L 0 S3A INIA QIZIS-SMIV ¥
(JAISSVd “QINIOHWH)
ALLIGYAYD ONLINIA GJAQHdWI "€
(WILSAS NOMY “5°3) TVAOWIY LVIH
08 2 0 oy 9 ON ANIIG 40 SNYIW JLIVYNNILTY "2
04£/08 81/0 64/0 08/08 (£61/0 S3A 9N 1002
1004 NOISSI¥dANS QILVDIIaIg 1
ANM/SIT1I WLV W01 Al it 11 1 (0334 A4 IANIVIS NOILVOILIN
AT8Y3 NI SSY1) SSY1) SSY D SSY10  Qilvnival

NSNS = vrreeesesses (AU/WIH-NOSUIA NI NOLLINOTY ---==--=-=-=

SAIONINOIYS INIGIDIY BI0T-9IUNN G114 100K
NO 03SvE SYOWYS 04 SLI4INIE NOLIONAIY XSI¥ 40 SIIWWIIST 44¥IS S I18vi




"SINIAZ I SSVYID ¥O4 HOV3NWE T3ISSIA LV JWNTIVA INIWNIVINGD O3IWNSSY HOIHM “8901-934NN NI ONNOE ¥3ddn WL
"NOI9IY IVW-0S IHL HO4 IHY QIINISTY SINTWA

“IHNTIVA INTWNIVINGD ¥314Y OINIVINIVW 38 NVD NOILDIPNI 3807 LVHL SIWNSSY

£
“a3ona3y g 1M
e

"B90T-93UNN NI OIT41INIAT SINIWIONVHNI 9NIT00D WOOH ONY

SOV 1031424 0L Q3141004 (€861) VEV.-S97 NO QISYE SILVWILST 44viS “[SSY1D 404 WL0L]/[NOTLINGTY 40 3NTVA) I

INIWIAOYMI

03 - R 3 n. ON 40 IONIGNING YOLOVIY '8
Z ow00y g2 0 ¢ 08 €61 9 HLIG NOILONACNOD NI 3
Z 9j0u3004  gg 0 v 0 v8 85 HLIM NOLLONNCNOD NI "0
2 dj0u300y 97 0 L2 08 621 VS HLIR NOILONACNOD NI °D
Z 9j0uw004 g6l 0 0 0 £61 b HLIM NOILINACNOD NI ‘8
2 ¥jouw00y  z0¢ 0 6¢ 0L €61 8E HLIM NOTLONAPNOD NI °¥
ALITISVAYD NOTLVZINNSS 34430

ON HOLIVIY QIINVHNT “/

A¥/SITLTWLVS w101 Al 1] 11 I é033d A JHNLYIS NOTIVOLLIN

ATdV3 NI SSY1) SSY1) SSV1)  SSV12  A3LvNIvA3

NOILING Y

~>¢\tuzuswzua NI NOILONGIN



o .

TABLE 6 PER REACTOR COSTS FOR SAMDAS*
(Millions of 1990 Dollars)

RDA PECo NRC®
1. DEDICATED SUPPRESSION POOL COOLING {SAMDA 1.)
I.1 Dedicated Suppression Pool 25.6 20.9
Cooling
1.2 Dedicated Surface Sited Heat 2.8 19.4
Removal System
1.3 Dedicated L derground Heat 2.5 19.0

Removal System

IT. DRYWELL SPRAY (SAMDA 5.A.)

I1.1 Enhanced Drywell Spray b 46.5 37.3
Systen (new spray headers)

I1.2 Enhanced Drywell Spray . 27.0 21.4
System (existing spray headers)‘
I1.3 External Drywell Spray S.ystemc 3.7 35.9
11.4 Internal Drywell Spray System 3.3 35.2
T11. CORE DEBRIS CONTROL (SAMDA 4.)
I11.1 Rubble Bed Core Retention Device 38.4 35.5
I11.2 Centr71 Basemat Core Retention 3.4 33.3
System ;
I11.3 Dry CrucibledCore Retention Device 118.8 108.8
I11.4 Dry Crucible 18.7 116.1
I11.5 Core Distribution on Diaphragm 3.3 9.2
Floor
IV. ATWS-SIZED VENT (SAMDA 3.A.)
IV.1 ATWS Clean Steam Vent 3.9 2.6
IV.2 (lean Steam Venting to Stack 1.7 %
V. DECAY HEAT SIZED VENT WITH FILTER (SAMDA 3.B.)
V.1 Gravel Eed Filter 1.3 9.2
V.2 Venting and Filtered System 2.8 5.9



V.3
V.4
V.5

V.t

1.
A

1.

T N

Table 6 (Con't)

RDA PECo NRC®
Multi-Venturi Scrubber System 8.7 4.0
Hardened Wet Well Vent 3.1 2.0
Combination Venting System 4,2 9.0
Large Chilled Filter System 2.9 6.7

Footnotes

Systems that are grouped together are viewed as reasonably comparable
(e.g., VI and V2.

8. NRC estimates were derived based on adjustments to PECo and RDA estimates.
PECo estimates were revisecd downward in the following two areas:

all AFUDC was disallowed;

engineering cost was recalculated based on 25% of direct construction
cost.

RDA estimates were revised upward based on the following adjustments:

RDA options 1.2, 1.3, I11.2, and 111.4 are assumed to incur
replacement energy cost penalties. Costs are based on number of days
assumed for comparable systems costed by PECo and daily cost of
$500,000 based on NUREG/CR-8012, Vol. 2. RDA items I11.3 and 1I1.4
also include replacement costs because they include option 1.2 (see
footnote c). For all these options, this is the dominant NRC
adjustment;

engineering cost was rec2lculated based on 25% of direct construction
cost;

cost allowance was made for the present worth of 40 years of
operation and meintenance expenses;

cost allowance was made for regulatory/licensing, and procedura’
activities;

cost allowance was made for training;

labor installation cost was increased to rcflect lower labor
productivity for completed and operating reactors, and learning curve
effects;

total cost is adjusted to account for general inflation between
1983-4 and 1990; and

RDA's contingency factor of 1.25 is applied to the recalculated total
cost.

b. These systems include costs of system 1.1
€. These systems include costs of system 1.2
d. This system includes cost of system ].2
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TABLE 7
COMPARISON OF COSTS AND BENEFITS OF SAMDAs FOR LIMERICK
?;::?:ted Cgst ?vortad Risk
ons o Person-rem per Dollars per.” «rson-

Design Alternative 1850 Dollars! Reactor-Year Kem Av!r::dl

Dedicated Suppression 2l 80 6600

Pool Cooling

Alternate Means of Minima1l 80 300

Decay Heat Removal

Improved Venting

Capability

A, ATWS-S1zed Vent 3 88 850

B. Decay Heat-Sized a3 215 500

vent with Filter
C. Decay Heat-Sized 2 70 700
vent without Filter

Core Debris Control 35 20 44000
. Drywell Overpressure/

Overtemperature Protection

A. Drywell Sprays 3S 178 400

B. Drywell Head Flooding  Minimal? 50 500
. VMakeup to Reactor Using  Minimal’ 100 250

Lw Pressure Diesel-Driven

Pump
. Enhanced Reactor 25

Depressurization Capability

A. In Conjunction with #3R L 302 500

B. In Conjunction with #4 37 193 4800

C. In Conjunction with #5A 5 - 236 500

D. In Conjunction with #58 Minimal &8 300

E. In Conjunction with #6 3 273 300
. Reactor Building Decontam- 3° 50 1500

fnation Factor Improvement

% Estimated assuming ~ 40 year plant lif..
Detailed cost estimates not avaflabie but expected to be minimel, SAMDA
would involve minor modifications to hardware, procedures, and training.
For purposes of estimating the cost/benefit ratfo, & cost of 1 million

- dollars was assumed,

s Cost for @ multi.vantur! scrubber system (MVSS)

5 Not available.

& Reference 6.
This modification was assumed to be similar in cost to option 5.A,
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APPENDIX A: RISK REDUCTION PENEFITS FOR CANDIDATE SAMDAS

The risk reduction benefitsl for the various candidate SAMDAs are based on
the information in Tatles 1, 2, and 3. The tables present total person-
rem/reactor-year, land arza for long-term interdiction and early fatality
estimates. These risk estimates are based on accident frequerzy estimates that
resulted from the BNL review (NUREG/CR-3028) of the Limerick PRA but which also
take into account the NRC staff's recommendations given in NUREG-1068. The NRC
recommendations have been impiemented at Limerick and result in @ 2.5 reduction
in the Class 1 accident frequency estimates relative to the numbers given in
NUREG/CR-3028.

1. Enhanced Suppression Pool Cooling

This SAMDA is designed to maintain suppression pool subccoling. The main
potential benefit is to prevent the overpressure challenge for Class 2
accident sequences. The assumption is that the SAMDA would be designed
for decay heat levels and would not therefore be effective for mitigating
Class 4 accident sequences. In addition maintaining suppression pool
cubcooling does not mitigate the containment challenges for Class 1 and 3
accidents so that this SAMDA is only effective for Clags 2 accidents.

Potential benefit: 80 person-rem/reactor-year

2. Alternative RHR sttem

This TAMDA will provide the same potential benefit as described above,
3. Improved YentiggﬁCapabili*!

3A. ATWS Sized Vent

This weuld be a “clean" vent system sized for mitigating Class 4 ATWS
accidents. The vent would be opened prior to core damage in order to
prevert structura] failure of the containment. The main potential benefit
is, therefore, to prevent containment failure and hence core damage for
Class 4 accidents. However, the vent would also be nelpful for preventing
cortainment failure and core melt for Class 2 accidents. The vent could
not be very effective for mitigating Class 1 and 2 2ccidents without some
form of filtering. Even if the vent was taken from the wetwel) air space
suppression pool bypuss mechanisms could stil) result in a significant
fission product release (principally from core/concrete interactions and
revolatilizations from the reactor vessel). Therefore no mitigation of
Class 1 and 2 accidents was assumed for this vent.

Potential berefit:

Class 1 (No mitigation) = .-

Class 2 §Factor of 10 reduction) = 70

Class 3 (No mitigation) = .-

Class 4 (100% mitigation) = 18

TOTAL “BE person-rem/year

1 The risk reduction estimates in this appendix have been rounded in some
cases. These agproximations have no appreciable impact on the outcome of

the cost benefit analysis. J
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38, Decg! Heat Sized Vent with Filter

This SAMDA would provide some mitigation of Clasc 1, 2, and 3 accidents
but not Class 4 ATVS events. However, some fraction of Class 1 accidents
and the majority of Class 3 accidents are predicted to have the reactor
vessel at high pressure during core meltdown. If the core debris is
ejected from the reactor vesse) under pressure then it is possible for the
containment to fail during the blowdown. Because of uncertainty in
containment performance during high pressure core meltdown accidents, the
vent is assumed to be only 50% effective for mitigating these events.

Potential benefit:

Class 1 high pressure (50% mitigation) 87
Class 1 low pressure (100% mitigation) 19
Class 2 (Factor of 10) 70
Class 3 high (50% mitigation) 39
Class 4 (no mitigationg

TOTAL ZT% person-rem/reactor-year

3C. Deca! Heat Sized Vent Without Filter

This vent would be effective for mitigating only Class 2 accidents. It
would not be effective for Class 4 ATWS events or for Class 1 and 3
accidents (because of suppression pool bypass).

Potential benefit:

Class 1 (No mitigation) = -
Class 2 (Factor of 10) = 70
Class 3 (No mitigation) = .
Class 4 (No mitigation) = -
TOTAL “70 person-rem/reactor-year

Core Debris Control

This SAMDA would be designed to prevent core/concrete interactions and
remove decay heat from the core debris. The SAMDA would therefore be
effective for mitigating containment challenges associated in the high
pressures and temperatures caused by core/concrete interactions § VA
Class 1 and 3 accidents only). However, unless the SAMDA includes some
form of collection device (or way of directing the core into the SAMDA) it
would not be effective for core meltdown accidents with the reactor vesse)
at high pressure., Thus the SAMDA is assumed to be effective for
mitigating only those fraction of Class 1 accidents that are at low
pressure during core meltdown.
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Potential benef’t:

Class 1 high pressure (No mitigation)

Class 1 low pressure (100% mitigation) 20
Class 2 (No mitigation) .-
Class 3 high (No mitigation) -
Class 4 (No mitigation) -
TOTAL "0 person-rem/year

gr!well Overgressure(0vertgggerature Protection
5A. Enhanced Drz!gll Spray sttem

Ensuring spray operation during Class 1 and 3 accidents has the potential
to cool the drywell atmosphere and the core debris and thus minimize the
threat from overtemperature. However, unless the sprays terminate core/
concrete interactions, the non-condensibles released form the concrete
will still cause the containment to eventually fail because of
cverpressure.  However, even if the containment fails, the sprays would
reduce the airborn fission product concentration and thus lower the source
term. A DF of 3 was assumed for the sprays if the containment eventually
fails. Again because of uncertainty associated with high pressure core

meltdown the sprays are assumed to mitigate only 50% of the high pressure
accident sequences.

The enhanced spray system would be designed to remove the decay heat so
that it could potentially mitigate Class 2 sequences. However, it could
not prevent containment failure and core melt for Class 4 ATWS events.

Potentia] Benefit:

Class 1 high pressure (50% mitigation with DF-3§ = 59
Class 1 Tow pressure (100% mitigation with DF-3) = 13
Class 2 (100% mitigation) = 80
Cless 3 high pressure (50% mitigation with DF-3) = 26
Class 4 (nc mitigation) = -
TOTAL 178 person-rem/
reactor-year

5B. Drywell Head Flooding
This modification requires flooding of the drywell head. It could

patentially mitigate those accidents that result in leakage through the
drywell head (refer to Table 1).

Potential Benefit:

Class 1 (high pressure) leakage = 113 person-rem/reactor-year
Class 1 §1ow pressure) leakage = 13 person-rem/reactor-year
Clast 2 (high pressure) leakage = 13 person-rem/reactor-year




A-4

Because of uncertainty in containment performance for high pressure core
melt accidents a 50% effectiveness is again assumed. Also a pool DF of
only 3 was assumed for assessing the effectiveness of this SAMDA.

Potential Benefit:

Class 1 high pressure (50% mitigation, DF-3) = 38
Class 1 low pressure (DF-3) = 5
Class 3 high pressure (50% mitigation, DF-3) = 4
TOTAL E0 person-rem/year

Enhanced Reactor Vessel Depressurization

Enhanced reactor vessel depressurization will have very little impact on
the plant risk estimates unless used in conjunction with other SAMDAs.
This is because even with the reactor ves.el depressurized the containment
is predicted to fail early (within 3 hours) so that there is rittle
attenuation of the source term curing this time perioa using WASH-1400
methods.

However, some of the SAMDAs considered above that were assumed to be only
effective for 50% of the high pressure accidents will be more effective
when coupled with depressurization. For the purpose of this analysis, all
Class 1 sequences were assumed to be at low pressure, but Class 3
sequences were assumed to be high pressure events.

6A. In Conjunction with 3B

Potential Benefit:

Class 1 all low pressure (100% mitigation) = 193

Class 2 (Factor of 10) = 70
Class 3 high pressure (50% mitigation) = 39
Class 4 (No mitigation) = .-
TOTAL 02 person-rem/recctor-year

6B. In Conjunction with 5A

Potentia]l Berefit:

Class 1 all low pressure (DF-3) = 129
Class 2 (100% mitigation) = 80
Class 3 high pressure (50%, DF-3) = 27
Class 4 (No mitigation) = —
TOTAL 738 person-rem/reactor-year
6C. In Conjunction wiih 5B

Potential Benefit:

Class 1 all low pressure (DF-3) = e g4
Class 3 high pressure (50%, DF-3) = 4

TOTAL “BE person-rem/reactor-year




6D. In Conjunction with 4

Potential Benefit:
Class 1 all low pressure = 193

Class 3 high pressure (no mitigation) -
TOTAL T93 person-rem/raactor-year

Diesel-Driven Low Pressure Reactur Makeup Water System

This SAMDA can potentially prevent core damage for those accident sequences
fn which the reector vessel is depressurized and a1l other ways of
fnjecting water have been lost. This SAMDA is therefore potentially of
benefit for some Class 1 and Class 2 sequences. It will be of benefit for
Class 2 sequences provided it can continue to operate after the pool
becomes saturated and the containment fails,

Potentia)l Benefit:

Class 1 high pressure (no mitigation) = .-
Class 1 low pressure (100% mitigation) = 20
Class 2 (100% mitigation) = 80
Class 3 (no mitigation) = -
Class 4 (no mitigation) = -

TOTAL 100 person-rem/ eactor-year

Alternate Low Pressure Reactor Makeup Weter System

This SAMDA is similar to SAMDA 7 but has the additional capability of
depressurizing some of the Class 1 accident sequences so that core damage
can be prevented for a larger fraction of this accident class. The
potential benefit is 193 and 80 person-rem per reactor year from Class !
and Class 2 sequences, respectively,

Secondary Containment Improvement in DF

This SAMIA would be effective for those accidents that result in leakage.
Mitigation of these failure modes by drywel]l head flooding was addressed

in SAMDA 5.B. and in SAMDA 6C (with enhanced reactor vessel depressurization).

A DF of I was assumed for the flooding SAMDA. A similar benefit would be
expected from an improved secondary containment DF.
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TABLE 1
Person-rem/year Within 50 Miles As a Function of
Accident Class and Failure Mode
Assuming FES Results with Modified Class 1 Frequency

Accident Overpress/Overtemp Failure Leakage
- Total
Burn
Class Drywell Wetwell Wetwell With Without
Airspace Pool SGTS SGTS

Class 1 52 2 Neg! & 2 10 I
(High Pressure)
Class 1 6 Neg Neg ] Neg 13 19
(Low Mrassure)
Class 2 40 2% 4 Neg newe  NCM 80
Class 3 33 30 3 Neg Neg 13 79
Class 4 9 8 1 Neg Zero Zero 18
Total 140 76 8 5 2 139 370

1. Negligible

2. No Core Melt
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TABLE 2
Land Area for Longc-Term Interdiction (m2/year)
As a Function of Accident Class and Failure Mode
Assuming FES Results with Modified Class 1 Frequency

Accident Overpress/Overtemp Failure Leakage
H Total
Burn
Class Drywell Wetwell Wetwell With Without
kLirspace Poo) SGTS SGTS
Class 1 7 Neg Neg 6 Neg 243 256
(High Pressure)
Class 1 1 Neg Neg 1 Neg 27 29
(Lo Pressure)
Class 2 95 85 10 Neg NCM NCM 190
Class 3 47 a3 5 1 Neg 26 122
Class 4 17 15 3 Neg Zero Zero 35
296 632




Early Fatalities (per year) £s a Function of
Accident Class and Fatlure Mode
Assuming FES Results with Modified Class 1 Frequency

A-8

TABLE 3

Accident

Overpress/Overtemp Failure Leakage
H Tota”
Burn
Class Drywell Wetwell Ketwell With Without
Rirspace Pool SGTS SGTS
Class 1* Zero* lero* Zero* Neg Zero Neg Neg
(High Pressure)
Class 1 Zero lero lero Neg Zero Neg Neg
(Low Pressure)
Class 2 Zero Zero Zero Neg NCM NCM Zero
Class 3* lero* Zero* Zero* Neg lero Neg Neg
Class 4 1(-8) 7(=5) 1(-5) Neg Zero Zero 1.8(-4)
Tota! 1(-4) 7(-5) 1(=5)  Neg Neg Neg 1.9(-4)

* The base case results in NUREG/CR-3028 did not calculate any early fatalities
for Class 1 and Class 3 accidents because of the assumed warning time (4 hours)

before fission product release.

It was noted in NUREC-1068 that for high

pressure core meltdown accidents it is possible for the containment to fail at

the time the core debris penetrates the reactor vessel.

then the warning time for evacuation would be shorter than assumed in
NUREG/CR-3028 and some early fatalities would be predicted for Class 1 and 3
sequences.

If this were to occur
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APPENDIX B - STAFF ESTIMATES OF COST OF SAMDAs FOR LIMERICK

This Appendix provides a general discussion of the cost elements cov-
tributing to the staff's estimates of the costs of SAMDAs for Limerick.

1. Gemeral Inflation

The RDA rcsultsl were prepared in early 1984 (1983-1984 dollars) whereas
the PECo estimates™ were developed in mid 1989 (1989 dollars). Assuming
implementation of a mitigation system 1s approved, work would (1kely
commence in 1990 or beyond. Costs should be expressed in 1990 dollars.
For PECo's estimates the impact is negligible. lowever, RDA'c estimates
should be adjusted upward by 25 percent based on actual and projected
changes in the GNP Impliicit Price Deflator between 1984 and 1990,

2. Replacement Energy Costs

Replacement energy cost penalties are potentislly a daminagt cost factor
for backfits to existing power reactors. In NUREG/LR-4012° the staff
estimates incremental costs on the order of $500,500 for each day one of
the Limerick units 1s out of service in the 1997 timeframe.

The RDA study notes that replacement energy costs have not been
factored into their analysis although for several of the modifications
the avthors do acknewledge the neeu for plant downtime.

The PECo study assumes that for each mitigation system a portion of
the construction activity will recuire the reactor to be shut down.

However, in most instances the downtime 1s projected as i3 weeks in
duration ana is assumed to be accommodated during normally scheduled
outages. However, for three of these options, incremental outages
of about 1, 2, 2no 5 months are projected and for these options
replacement energy costs 2re included in their cost estimate. For
these options, this cost element is the major contributor to the cost
differential observed between PECo and RDA. In the staff's view,
PECo's inclusion of replacement energy costs under these select
circumstances is reasonable, particularly since most downtime has
been assumed to be accommodated within scheduled outages.

Select adjustments 7o RDA system costs were made in the staff's cost
estimates. The systems impacted and bases are indicated in the notes
to Table 1. Essertially, the staff adopted the incremental downtime
reported by PECo but applied the NRC daily replacement energy cost
penalty of $500,000 vs PECo's own estimate of $850,000 per day. Never-
theless, for these select systems, the addition of replacement energy
costs constituted the dominant adjustment to the RDA cost estimates.

PECo estimates that any one of the modifications will require 2
construction perfod of from about 1 to 2 years. The staff cautions
that 1f Limerick 2 operationis delayed pending installatien of one

of these mitigation systems, replacement energy cost penaltie: on the
order of hundreds of milliors of dollars would be incurred.
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*Enhanced Drywell Spray System, Water-Cooled Rubble Bed, Dry
Crucible.

Labor Installation Costs

“RC's generic cost methodology recognizes a dramatic fall off in labor
productivity when the work environment shifts frgmscsnew construction
environment to 2 completed or operating reactor. *“'" \Vorker productivity fis
affected by access and handling constraints, congestion and interference,
radiation environments, manageabil{ity considerations, removal activities, and
security constraints. For example, an outage activity performed in containment
at an operating reactor, which best characterizes a good deal of the work
proposed here, requires over three times the manpower requirements of compar-
able work in a new cons;ruction environment, based on NRC generic cost
estimating assumptions.

The staff's review of the RDA report suggests that their costs have not been
adjusted adequately to account for this. The cost differences for reactors in
the design stage (Case A) vs. operating reactors (Case C) are minimal, and since
costsaunder Cese C allow for “...radiation protection, draining of equipment,
etc.™ 1t is Tikely that no adjustment has been made for lower labor
productivity. The PECo report, 0f the other hand, acknowledges the inclusion
of labor productivity adjustments” and clearly, 1ts labor cost category fis
consistently significantly higher than RDA's.

PECo's higher labor cost estimates are also consistent wit?oNRC’s fnclusion
of leerning curve factors in its gencric cost methodology. If 1t is the
first or second time industry will be performing these activities, which
appears likely for much of the work proposed here, labor costs are estimated
to be 2.5 to 3.6 times higher than for activities that have been performed
by industry 3 or more {imes. For these reasons the higher labor costs
embedded in PECo's estimates appear more reasonable. Consequently, the
labor installation cost component for the RDA systems was adjusted upward

by @ factor of 6 to account for NRC generic cost labor productivity and
learning curve effects.

Engineering

The NRC's generic cost estimate for engineering effort for complex modifi-
cations to operating reactors consists ofla 25 percent cost factor to be
épplied to the direct construction cost. Wide variability in this cost
factor is acknowledged. For example, & much lar?er engineering cost factor
is to be expected for relatively minor structural/system changes where
engineering analysis is required. Alternatively, large modifications
involving primarily off-the-shelf items are likely to require a2 minima)
amount of engineering as a percentage of the direct cost.

Both RDA and PECo include engineering effort in their overall cost estimates.
RDA assumes engigeering constitutes 12 percent of the direct labor and
material costs. PECo's engineering cost is significantly higher. For

the more expensive mitigation systems, PECo's “"engineering” cost category
typically ranges in the mid to high 30 percent range as a percentage of
direct costs. For the less expensive options, the engineering effort
typically epproaches ano exceeds 100 percent of the direct construction
cost. Additional engineering effurt associated with the PECo Nuclear
Engineering Department and Field Encineering are included in their overall
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estimates. These engineering efforts are embedded in their "station/owner"
cost category.

The staff's cost estimate moaifies both RDA's and PECo's engineering cost
based on a 25 percent cost factor applied to the direct construction cost.

5. Regulatory and Procedural Costs

In the staff's view, the RDA study attempts to quantify only the most direct
costs associated with the proposed mitigation systems. In reality, physical
modifications of this nature are likely to necessitate numerous regulatory/
licensing and procedural requirements. For exanple, the issuance of new
technical specifications, rewriting of procedures and trefning manuals,
training sessfons for operators and supervisors, issuance of detailed
documentation anc analytical reports, and extensive interfaces wita the NRC
are ¢11 likely to materialize if one of these mitigation systems is adopted.
The RDA report does not include any costs for these activitfes. PECo
captures most of these costs under 1ts "regulatory" cost category. These
regulatory costs range from about 1 percent to 5 percent of the total cost
for the various options under consideration, and were Yssed on 25 percent
of PECo and Bechtel engineering and home office costs. In absolute
dollars these regulatory costs range from about $0.15 million to $1 million
per reactor. The PECo estimates included additional cost allowances for
training related activities that in some instances exceed $0.5 million.

In the staff's view an allowance for these factors is not unreasonable

and are an appropriate sadition to a comprehensive cost estimete. The
staff's cost estimates modified RDA's costs by incorporating allowances

for regulatory/licensing and procedura] requirements. An ciiimate of

$0.5 million was derfvea from NRC's ?eneric cost estimating”  methodo)ogy
and was incorporated in RDA's overall cost calculation unless PECo
identified lower costs for & comparable system. In those circumstances,
PECo's Tower estimates for regulatory and training requirements were
adopted by the staff,

QA/QC, O&M, Land, Profit, Insurance

The RDA study includes no allowance for QA/QC, O&M costs, land costs, profit
(assuming contractors perform part or &1] of the work), or 11ability insurance.
The RDA authors, in recognition of comments that their estimates were
unrealistically low performed a sensitivity analysis on one of their baseline
estimates. Adaing allowances for just land co§§s and QA/QC caused their
baseline cost to increase by & factor of 1.75. In the staff's view, most of
these factors are efther already accounted for by the staff's earlier adjustments
[e.g., engineering factor of 25% includes an allowance for QA/QC], or are sunk
costs that are not incremental to the nitigation system [e.g., land]. However,
O8M costs are a legitimate cost of all physical modifications. For example,
maintenance, cleaning, testing, and inspection of the new hardware will be
required over its assumed 40 year life. The present worth cost of this stream
of expenditure is included in the PECo estimates. An allowance of either
$50,000 or $100,000 has been added to the RDA estimates.

6. AFUDC
Allowance for funds used during construction captures the interest paid

on monies expended during the life of the project. PECo's estimates
include this item which typically constitutes between 8 percent and 14
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percent of the total cost, and for two
excoeds $10 million of the total cost.

of the mitior%ion . rstems analyzed

The staff recognizes that AFUDC is & real cost to the utility, but disallows

it for value-impact analysis purposes.

in a value impact context al)

future costs are subject to present worth considerations and discounting.
PECo's inclusion of AFUDC acknowledges that the monies will be expended

over time, but these same cost streams

have not been discounted in the PECo

enalysis. Assuming PECo's cost of money s reasonably commensurate with
the discount rate would minimize the importance of the distinction between
AFUDC and present worth considerations.
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