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October 31, 1986
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United States Nuclear Regulatory Commission
Washington, DC 20555

Attention: Mr. Steven M. Long, Project Manager
PWR Project Directorate No. 5
Division of PWR Licensing - A

References: (a) Facility Operating License NPF-56, Docket No. 50-443

(b) USNRC Letter, dated October 8, 1986, "Request
for Additional Information for Seabrook Station,
Units 1 and 2, Emergency Planning Sensitivity
Study”, S. M. Long to R. J. Harrison
USNRC Letter, dated October 23, 1986, "Request
for Additional Information for Seabrook Station,
Units 1 and 2, Emergencv Planning Sensitivity
Study”, S. M. Long to R. J. Harrison

Subject: Response to Request for Additional Information (RAIs)

Dear Sir:

Enclosed herewith are the majority of the responses of the
Requests for Additional Information forwarded in References (b) and
(¢). Attachment A identifies responses that are inciuded in this
transmittal. Attachment B is the responses.

An additional submittal addressing the remainder of the RAIs
will be forthcoming in the near future.

Very truly yours,

/W

John DeVincentis
Director of Engineering
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ATTACHMENT A

Responses are included in this transmittal for the following RAIs:

1 12 23 41 55 69
2 13 24 42 57 70
3 14 25 43 59 71
4 15 26 44 60 72
5 16 28 45 61 73
6 17 33 46 62

7 19 34 49 63

8 20 35 50 64

9 21 40 51 67

10 22 53 68

11

Responses to the following RAIs will be forthcoming in an additional
submittal:

4 36 54
18 7 58
27 38 65
29 39 66
30 47 74
31 48 5

32 52



ATTACHMENT B

RESPONSES TO REQUESTS FOR INFORMATION






RAI 2

A meeting should be arranged with the originator of these calculations
to assist the BNL reviewers in following these calculations and under-
standing the assumptions.

RESPONSE 2

Assumptions necd to be made in all engincering calculations, The
difference between the usual design calculations and this proba-

bilistic evaliation of the containment integrity is that here the

median ultimace strength needs to be estimated. This requires

evaluating the load carrying capacity in a limit state condition

in which integrity of the liner is lost. in most cases this involves
large inelastic deformations and extensive redistribution of stresses.
This requires different assumptions compared to design code calculations,
and these assumptions must be based on an understanding of the behavior
of the structure in its u't ‘mate condition.

The intent of the calculati« 18 is to document in a conventional manner
what was done and what ass: iptions were made, rather than to explain
in detail how the structurs ie expected to behave, and why the various
assumptions are justified Or. Wesley and Dr. Peek participated in a
detailed discussion of . e calculational methodology with your staff
on October 16th and 17th at BNL.




RAI 3

Document the basis for the assumptions in the calculations. 1In
particular, explain the uncertainty factors assigned to various
pressure capacities.

RESPONSE 3

The codes and standards used in design assure large margins of safety
beyond the design and test pressures. However ultimate capacities are
not computed in design. Virtually all decign calenlatione are limitad
to elastic conditions whereas ultimate load response involves large
nonlinear effects. Consequently, only limited data are available to
quantify the uncertainties associated with many areas of the calculated
ultimate pressure capacities. Uncertainty is introduced due to inexact
knowledge of the structures' material properties as well as the structure
behavior at extreme loads. Where data exist, as for instance on material
test properties for Seabrook, it is a straight-forward procedure to
fntroduce it into the overall variability for a given failure mode.

Other areas such as expected accuracy of analytical methods are estimated
based on the judgement of experienced engineers, and are so noted in

the calculations and the report.

In addition, as noted in the response to question |, the bhases for
assumptions will be independently verified.




RAL 4

Explain the mechanism for transferring the load from the penetration
sleeves to the containment wall, inparticular, the equipment hatch,
when subjected to high strain conditions. Explain how the rebars
around the penetrations were assessed to assure that they can resist
these loads in addition to the primary pressure induced loads.

ANSWER 4

At the ultimate containment pressure of 216 psi, the force per unit
length along the circumference of the equipment hatch penetration

that must be transferred from the sleeve to the containment wall is

18 kips/in. The | 3/4 in x 10 in annular plate shown in the calcu-
lations (Fig 14.5, Section 14, Part 1, as reproduced from FSAR report),
is more than sufficient to support this load, thus preventing a blow-
out of the penetration,

A typical calculatfon demonstrating that small diameter penetration
sleeves do not punch thru the containment wall at ultimate containment
capacity will be provided with the response to RAI 31.



RAL 5

The calculations use a rebar ultimate stain value of 4.7%, i.e., more
than 21 feet of linear extension for the hoop bars. This linear exten-
sion under the high pressure load will be accommodated by formation
cracks in the concrete totaling approximately 21 feet in width. Justify
the assumption that the pressure loads will be carried proportionately
by the linear plate and the rebars (similar to the elastic condition)

in this highly cracked ccadition. Also address the potential for
developiong a crack large enough for the local extension of the liner
plate to lead to its failure at that point.

RESPONSE 5

Since the strain is distributed in the steel and concrete between

the cracks, the total elongation is not all accumulated as open
crackss The reinforcing steel assures the cracks will be essentially
uniformly distributed and the crack growth controlled unctil failure.
Cracking of the concrete and strains above yield in the liner and
reinforcing steel assure that the local discontinuity elastic stresses
are proportionately less important at internal pressure which result
in a stress condition above vield. Both the reinforcing steel and
liner are ductile materfals with flat stress-strain curves in the range
of ultimate strength., This assures that brittle failures will not
occur in isolated elements and the proportional strengths of the rebar
and liner can be relied until failure.

The potential for sigrificant liner strain concentration in the
vicinity of concrete cracks is considered highly unlikely. The
surface of the reinforcing bars is deformed in order to create

a bond with the concrete whereas the liner is smooth and is in

contact with the concrete on only one side. At the failure

pressures of interest, the required coefficient of friction between
the liner and the concrete necessary to achieve the same concentration
of strain in the liner as in the reinforcing steel is not considered
credible, even if the thermal strains in the liner are neglected.
Inclusion of the thermal strains will increase the required coefficient
of friction and for the liner to fail prior to the rebar significantly
higher strains must accumulate in the liner since it has higher
elongation.




RAL 6

Was compatibility of strains in the rebars and the liner plate
satisfied in the calculations? For example, the outermost hoop
bars will fail before the inside bars and the liner plate reach
their respective ultimate strengths. Was this fact reflected in
the calculations? In addition how is the biaxial stress-strain
state of the liner plate considered.

RESPONSE 6

The controlling modes of failure in the concrete structure occur due
to membrane tension. For these modes, all reinforcing bars in a
given direction have essentially equal strain at failure and the
outermost hoop bars will not fail before the inside bars. The inner
bars are likely to have somewhat lower strengths due to the higher
temperatures toward the inside surface of the containment. However,
the strain at which the ultimate strengths of these bars is attained
is not significantly altered for temperature increases up to 700°F.
The bi-axial stress-strain state of the liner was considered in the
caleulatfonss A factor of 1.73 was computed to account for the
expected change in elongation properties for the liner.



RAL 7

The combined tension, shear and bending effect at base and spring line
levels was not considered in the calculations (Ref. p. 35, assumption 6).
Verify that the combined effect does not change the conclusions of the
analysis.

RESPONSE 7

Bending and shear effects occur not only at the springline, but
wherever the hoop reinforcement content changes. However, these
stresses are secondary in pature. This means that these stresses
are not necessary to carry the internal pressure loads, they merely
arise from displacement incompatibilities in the membrane solution.
It was judged that such displacement incompatibilities could be

| accommodated if necessary by plastic rotations of the containment
wall (flexural yielding due to meridional bending stresses) without
significant loss in the load carrying capacity of the containment
wall., The hoop bars especially, which are the most critical for
carrying the membrane stresses, are unaffected by these plastic
rotations.

Furthermore, the plastic rotations limit the shear forces which are
developed. This is important because whereas plastic rotations are
not expected to affect the integrity of the liner, the effects of
extensive shear cracking could be more detrimental. The possibility
of fatlure due to secondary shear stresses was considered for the
junction between the base slab and the containment wall. This is the
location where such secondary shear stresses were judged to be most
critical. The estimated median pressure capacity for this failure
mode is 408 psig as indicated in Table 3-3 of the SMA report. There-
fore failure modes involving secondary stresses in the containment
wall and dome are not considered critical.



RAI 8

Since 31 cadwelds out of a total of 169 test samples failed at a stress
lower than the rebar ultimate strength and there was apparently a construc-
tion problem concerning staggering of these welds, provide justification for
not using a reduced ultimate strength for the rebar.

RESPONSE 8

There was no construction problem involving the staggering of cadwelds in

the containment shell. Cadwelds are distributed throughout the struc-
ture as specified in design,

Failure of the containment shell in the controlling hoop direction is
expected to begin with vertical cracks forming in the concrete. These
cracks are expected to initiate at locations of vertical, rolled section
steel supports for the liner which are spaced uniformly approximately 20
inches apart around the circumference. This results in approximately

260 vertical cracks. As the pressure is increased, these cracks wil con-
tinue to open until the ultimate capacity of the combined reinforcing bars
and liner plate is reached across the crack with the lowest capacity. The
location of this crack cannot be predicted since the available information
predicts essentially equal probability of failure of any crack location.

However, it is important to realize that failure does not occur due to
failure of a single bar. The reinforcing bars and liner develop a ductile
system with the ability to provide significant load sharing and load
redistribution between the liner and a large number of reinforcing bars. An
estimate of the number of reinforcing bars over which failure of a single
bar is averaged can be obtained by multiplying the six equivalent bars
across the shell thickness by the meridional length required for the pertur-
bation damp out.

For the shell in the post yield condition, this length is conservatively

estimated at greater than twice the shell characteristic length, or over a
hundred bars,

The cadwelds are staggered throughout the structure and there is no way to
establish the location of those cadwelds with relatively high or low capaci-
ties, just as there is no way to establish the location of the crack with
the lowest median rebar strength. From the cadweld test data available for
3eabrook, less than 20% of the cadwelds can be expected to have capacities
below the median reinforcing bar strength, whereas by definition, 507 of
the reinforcing bars will have strengths below the median. Hence, the test
data shows that a conservative value of the median strength was used. The
relatively few cadwelds which may be expected to have lower capacities than
the median reinforcing steel are only slightly weaker (less than 10%
reduction). This corresponds approximately to the lower bound reinforcing
steel strength so that the minimum cadweld strength and the minimum rein-

forcing steel strength may be expected to be approximately equal. Away from
the crack, the stress in the rebar decreases due Lo the concrete bond, and
the effect of the cad-weld strength does not influence the strength of the
bar once the load in the weld is decreased to less than the strength of the

rebar across Lhe crack.



Even if the cadwelds were completely ineffective, the total reduction in the
hoop capacity would be less than 1% due to the averaging effect of the adja-
cent bars, Because of the limited number of cadwelds, there is very little
probability that more than one cadweld will be located in the same crack in
the area where the averaging effect occurs, and an even smaller probability
that two cadwelds with low capacities would be so located. Thus, the effect
of a few randomly distributed cadwelds with less than the median reinforcing
bar strength is considered neglibible, and this effect is accounted for in
the variabilities associated with the various structural failure modes.



RAI 9

The containment analysis is based on an axisymmetric geometry and
loading. This is not the case due to the presence of adjoining
structures such as the fuel building and main steam and feedwater
pipe chase. Identify these axisymmetric conditions and assess
their impact on the failure modes and analysis.

RESPONSE 9

The effect of local non-axisymmetric conditions is not expected to

ef fect the capacities computed for the axisymmetric failure modes

(1.e. cylinder hoop and meridional membrane failures, dome membrane
fai'ure, and base slab bending and shear failures etc.). This is

because the local effects damp out rapidly for the inelastic case.

Loca! failure modes such as interference between the fuel storage

building and the containment were evaluited and found to have significantly

higher capacities than the controlling axisymmetric failure mode (hoop
fatlura).

Also re’er to response to RAI 13.



RAI 10
Only a sample of pipe penetrations are considered in some detail

(X=23, X-26 and X=71). The justification to consider only these
should be provided.

RESPONSE 10

Virtually all the piping isometrics were reviewed by members of the SMA

ttaff and members of the Vankes Atomic stafl. The purpose ot this
review was to identify the lines considered most likely to fail, based
on support spacing from the penetration both inside and outside the
containment. Based on this review "worst case” lines for a multiple
plpe penetration, a thin wall (sch. 40) pipe penetration, and a thick
wall (sch. 160) pipe penetration were selected. Evaluations of these
"worst case" lines indicated that failure of the penetration (f.e.
breach of liner integrity) was not likely to occur for the thin

wall and multiple pipe penetrations, irrespective of relative dig~
placement, although fluid leaks or flow restriction in the pipes
could occur, Thus, any further investigation of lines associated with
this type of penetration was unnecessary. The evaluation indicated
that sufficient force could be generated in a thick-walled pipe to
potentfally fail the penetration, However, there are only a few
schedule 160 pipes entering the containment and the expected leak
path area associaced with this type of failure i{s so small that even
if all schedule 160 pipe penetrations should fail, the resulting leak
area is {nsufficient to prevent a continuing increase in ‘nternal
pressure with eventual failure from an independent failure mode,
Therefore detailed evaluations of individual penetrations were not
warranted, ovce the controlloing penetrations were identified,



RAL 11

A structural evaluation of electrical penetrations should be provided.

RESPONSE 11

The electrical penetrations were reviewed and it was deitetmined thelr pressurc
capacity would not be a controlling mode of failure for the following
reasons:

~« penetration are not subject to rigid pipe reaction which interact
with contalnment wall dispacement

- it was judged that the fallure of these penetrations is dominated
by thermal effect ({.e. leaks)

- a thermal analysis was performed in lieu of a structural analysis

Consequently, a detailed evaluation was not conducted in order to
concentrate on the more likely modes of structural failure modes.

This is consistent with the overall approach used for both the seismic
and overpressure capacity evaluations where detalled investigation 1s
only conducted on conceivable modes of failure,




RAL 12

The basis for the leakage area assigned to the flued head at failure
should be provided.

RESPONSE 12

The leakage area due to fallure of the flued head is a rather uncertain
quantity as indicated by the large varfability assigned to it. As a
median centered estimate, the flued head is expected to fall at a
radius 0,5 in less than the {nner radius of the sleeve. With a slight
inerease in containment pressure and the assoclated radially outward
displacement of the containment wall, the part of the fluld head which
remains attached to the pipe is pulled into the sleeve. As a result a
clearance of 0.5 in is available all around, as a leak area. The
logarithmic standard deviation of 0.6 indicates that the 95% confidence
intervals for this clearance width are about 0.2 In and 1.3 In respectively.
Thus no clalm is made that this leak area can be accurately predicted.
This uncertainty {s taken into account in the probabilistic consequence
analysis.




RAI 13

A more detailed evaluation of cthe impact of punching shear at the Fuel
Transfer Building should be provided.

RESPONSE |3

Punching shear stresses at the Fuel Storage Building begin to develop
only at a (median) contalnment pressure of 172 psi. This pressure, at
which the containment wall begin: to bear against the Fuel Storage
Building, is not “very approximate”. The main source of uncertainty
far this presenre fs the uncertaintr of the effect of bonding on the
stress-average strain relation for tie hoop reinforeing bars, and
could not be eliminated by a more detailed analysis. What is “very
approximate” is the existing evaluation of the increase in containment
pressure that could be supported aft.c the containment pressure begins
to bear against the Fuel Storage Butl ing. The large uncertainty

in this increment in internal pressure is reflected by the large
logarithmic standard deviation assigned to this quantity, and has been
{ncluded in the risk evaluation process. In doing so, it is found that
the fallure mode is not critical, This conclusion is not expected

to change even {f a more detailed analysis resulted in a slightly
different value for the median pressure increment or slightly reduced
uncertainties for the punching shear fallure.

Furthermore, even if some of the uncertainty in modeling could be
removed by a more detailed analysis, the uncertainty In strength would
remain. Finally the lack of knowledge of the behavior of construction
materials under such extreme loading condition renders the applicabilicy
of the results of the most sophisticated analysis open to debate and

is not warranted for this evaluation,



RAI 14

Clarify the extent to which double ended piping failures have been
considered in the overall containment performance assessment. Provide
isometric drawings of all piping attached to containment penetrations.

KEDPUNSE 14

The possibility of a pipe failure on the inside and outside of the
containment due to the pressure induced displacements of the containmeat
wall was considered. For some of the thick walled pipes, it is likely
that the penetration will fall prior to the pipe and thus relieve the
load on the pipe. For thin wall pipes, the most likely mode of failure
is bending of the pipe thus reducing fluid flow but not resulting in a
leak, However, there is some possibility that fracture of thin walled
pipes can occur, and a much reduced possibility that a fracture on both
sides of the penetration can occur for a given pipe., This possiblity
was considered for Penetrations X-=23, X~26, and X=71 and found to have

a negligible contribution to the overall risk., For the flued head pipes
(Penetration X-8) however, the double~ended pipe break failure mode
contributed about 55% of the total probability of this type of penetration
fatling before the concrete structure memhrane fallure mode.

Isometric drawings of all piping attached to containment penetrations were
supplied to BNL in feptember [986.



RAL 15

In PLG-0465, page 2-10, Figure 2-3, the conditional frequency of exceeding
whole body dose vs distance apprears to be driven by the S$2 source term,
If this is the case, please describe all accident sequences (internal

and external events) that contribute to the frequeacy of the S2 source
term given in Table 4~2, pg. 4-7. In particular, define how the timing
and size of containment leakage was determined for each of these classes
of accident sequences. Justify the appropriateness of the bounding of
each of the accidents into this particular source term.

RESPONSE 15

Our response to the overall question of how the contributors have changed
from the SSPSA to recent updates, is comprised of the response to question
23 along with the following additional information:

ASSIGNMENT OF SEQUENCES TO RELEASE CATEGORY S2

As discussed in Section 11.6.3 (starti on page il.6~5) of the SSPSA
(PLG-0300), the release categories 82, and S2V were originally defined

in the SSPSA to cover a class of accidents not modeled in the Reactor

Safety Study (WASH-1400). Of these, the category §2V was found to be a
aignificant risk contributor and was found to dominate the 200 rem dose

ve distaince cuive fo the BFZ sensitivity study (PLG-0465). Note that (ot
gimplicity, the release category notataion was simplified in the sensitivity
study., Hence 52 on the sensitivity study is actually the same as 87V in

the SSPSA.

The 52V release category was first defined to bound the releases that

could occur as a result of small penetration failure during hydrogen

burn pressure spikes that would occur shortly after the time of reactor
vessel melt through (see discussion on page 11.6-12 of PLG-0300). Then

to avold an excessive number of release caéilpricn (to 14), additional
sequences were conservatively assigned to S2V (now 82) as well as including
those in the 3FP and 7FP plant damage states (as well as some steam
generator tube rupture sequences). As noted in the response to question 23,
it turned out that the 3IFP and 7FP sequences fully dominated v,

The 3IFP and 7FP sequences are dominated by station blackout, RCP seal

LOCA sequences {n which the release path is the 3 inch seal return line
with fatled open motor operated valves., There are many different sequences
in but they all have the same release path. As noted above, the dominant
sequences are initiated by seismic events partly because no credit was
taken for operator recovery (closure of the outhoard MO manually) after
selsmic events., As discussed in Section ll.6.6.4 the assignment of seal
return path sequences to SV is conservative becuase the actual leak

rates would be much less than calculated for this category,



RALI 16

Provide justification for the liner yield stress increase from the
specified yield stress of 32 ksi to a mean yield stress of 45.4 ksi.

RESPONSE 16

Attached are liner plate certified materials test reports (CMTR)
representing ten distinct "heats” or "charges” of liner plate
material. These samples were selected at random. The average yield
stress in this ten charge samples exceeds the mean yield stress of
45.4 ksi which was utilized in the analysis.
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RAI 17

Indicate the correlation between containment failure sequences and the
containment failure modes.

RESPONSE 17

Thiee teims are uscd to describe the failure behaviour of the Seabrook
containment. These are:

o Containment Failure Mode: The term containment failure mode
is used to describe the structural member of the containment
system which fails as a result of an overpressure condition
in the containment. For example wall hoop failure or feedwater
penetration flued head failure are containment failure modes.
Table 11.3=1 of the $SPSA (FPLG-0303) lists the different
containment failure modes.

o Containment Failure Type: The term containment failure type
is used to discretize the range of leak areas which are predicted
for the different containment failures modes. Three containment
failure types have been defined, namely Types A, B and C as defined
in Section 11.3.1 of the SSPSA.

o Containment Failure Sequence: The term containment failure sequence

is used to describe the containment failure associated with each
release category. For example release category §3 is associated
with late containment overpressure failure sequences. In the SSPSA
two additional distinctions were made to characterize a release
category, namely whether the containment spray system worked and
whether the containment floor and reactor cavity were dry (vapori-
zation release) or wet. The release categories are described

in Section 11.6.4 and in Tables 11.6-1 and 2. Since all risk
dominant accident sequences involved dry containment conditions
without spray, the latter two distrinctions are dropped in the
RMEPS study and in the WASH-1400 sensitivity study. All release
categories were than based on dry containment conditions without
spray and the containment failure sequence was the only remaining
distinction for the release categories.

The correlation between containment failure modes and containment

failure type is given in Table 11.3-1 of the SSPSA. One containment
failure type is assigned to each containment failure mode. The correlation
between the containment [ailure sequences (or release categories in the
RMEPS and WASH-1400 Sensitivity Study) and the containment failure mode is
described below.

o Release category Sl model an early gross containment failure
sequence. It is equivalent to PWR-1 in WASH-1400. It is always
treaced as a gross (Type C) containment failure.

o Release category S2 models containment failure sequences with an
early increased leak rate. It models a Type A containment



failure occuring at the time of vesselbreach. From a containment failure
pressure point of view, the S2 release category is more conservative continues
until a late overpressure failure mode occurs as in release category S3.

o Release category S3 represents a late overpressure failure sequence.
It is modeled as a linearly increasing leak rate beginning at the
time when the first type A failure mode is predicted to occur
and building up to a full type A failure mode (6 square inches)
at the time when a type B or C failure mode is predicted. This
is followed by a type B or C failure type at that time. However,
because all $3 accident sequences had calculated containment
failure times longer than 24 hours they were always treated as
Type C failures. The lowest containment failure time estimated in
the uncertainty analysis was 22 hours and the type C failure
assumption was retained even for this case.

Release category S4 represnets basemat melt-through failure
sequences. Because of the uncertainties in the release
fractions for basemat melt-through at a rock foundation site,
all basemat melt-through failures were conservatively modeled as
an S3 release category.

Release category S5 represents accident sequences where the containment
remains intact. A continuous release at a rate of 0.l v/o per day

was conservatively simulated as an equivalent instantaneous release

at the time of vessel breach.

o Release category S6 represents accident sequences where the
containment is ot isolated from the beginning. It is modeled
as the largest containment penetration which is allowed by
technical specificaticn to be temporarily open during normal
operation and which communicates directly between the containment
atmosphere and the environment. This is the 8 inch diameter
online purge penetration with a flow area of 50 square inches.
Thus in size it corresponds to a pre-existing Type B coatainment
failure.

0 Release category S7 represents containment bypass accident sequences.
It is modled as an RHR pump seal failure with a combined leak area
for both RHR pumps of 2.6 square inches. The frequency of the
traditional V-sequence failure mode (RHR pipe rupture) is included
in release category Sl.

In summary, it is noted that the analysis did not depend on the distinction
between a type B or a type C overpressure containment failure, except that

the inclusion of type B failures shifted the containment failure probability
distribution to lower pressures compared to the case where the type B failuires
are not considered.



RAI 18

Provide the basis for concluding that the sight glasses in the hatches
will not fail under high containment temperature and pressure conditions.

ANSWER 18

The sight glass in the personnel hatch was tested by its supplier, Owen
Corning Co., under the following conditions:

Pressure = 150 psig
Temperature = 550°F

In addition the pressure was cycled from 0 psig to 150 psig ten times
at a constant temperature of 550°F,

The Owens Corning data sheet is attached.

We are currently persuing discussion with Corning Glass to determine
if any testing has been done above these valves.



RAI 19

Document the effect that the recent update in seismic fragilities
will have on the conclusions of the PSA results.

RESPONSE 19

Seismic sequences dominate release categories S2 and S6 in the Risk
Management and Emergency Planning Study (RMEPS). The response to
question #23 discusses the principal contribution to early health
risk and explains how these release categories contribute to early
health risk. The foliowing explains how the seismic fragility update
is expected to change the frequency of S2 and S6; it is expected that
the effect on the frequency of all other release categories will be
insignificant., A complete requantification will be included in the
probabilistic safety assesment (PSA) update now in progress and
planned for completion in 1987.

In the complete seismic risk analysis, a point estimate analysis is first
performed using the plant event trees that are quantified for several
discrete values of ground acceleration. From the point estimate results,
dominant sequences initiated by seismic events are identified; then,
these sequences are reanalyzed using a computer code called SEIS4. This
code is described in the SSPSA Section 4 and 9. 1In SEIS4, the seismicity
curves and fragility curves are appropriately combined and uncertainties
in these curves are propagated to obtain uncertainty distributions on

the final result, which is either a core melt or plant damage state
frequency contribution. In the following approximate analysis, the

point estimate step is bypassed, so some assumptions are made about
dominant sequences. Hence, these results are only rough approximations
and should only be used for order-of-magnitude estimates. Again, a
complete reanalysis of seismic events is currently in progress and is
planned for completion in 1987.

1.1 RELEASE CATEGORY S2

This release category is dominated by earthquake and transient
initiating events. These sequences can be simply represented as

0G(DT + DG + SSPS) (1)

where
0G = Offsite Power Fragility

DT = Diesel Generator Day Tank Fragility
DG = Diesel Generator Fragility
SSPS = Solid State Protection System (SSPS) Fragility (actually

120V AC power panel required for SSPS success)
and only seismic unavailabilities are included.

Also, earthquake and large loss of coolant accident (LOCA) initiating
events provide a small contribution and can be represented as

LL*OG*(DT + DG + SSPS) (2)
where

LL = Large LOCA Fragility



Equation (1) was quantified with the SEIS4 computer code and resulted
in the following annual core melt frequency:

Mean = 2.84 x 1073

Variance = 2,24 x 10-9

Based on the fragility update, SSPS and DT can be dropped from the
model, based on significantly higher capacities. However, a relay
chatter fragility at a relatively lower capacity has been identified
in the 4,160V switchgear. This chatter could have a negative effect;
€.+, trip out the diesels. Until the consequences of this chatter
are evaluated, it is assumed that the chatter fails both diesels.
Therefore, Equation (1) can be changed as follows:

0G*(chatter + DG) (3)
where
Chatter = Relay Chatter Fragility (4,160V switchgear)

Quantifying equations (3) for annual core melt frequency with SEIS4
results in

Mean = 1.8 x 10'5
Variance = 9,58 x 10~10

Comparing the quantification of Equations (1) and (3) shows a slight
reduction (less than a factor of 2) in frequency. However, this assumes
the chatter fails the diesels without recovery. An ongoing relay
chatter review will determine whether this particular chatter is a

real concern. In addition, this review will determine whether there

are any other relay chatters that should be considered in the model.

1.2 RELEASE CATEGORY S6

This release category is dominated by earthquake and transient
initiating events. These sequences can be simply represented as

NOG*SSPS (4)
where
NOG = Offsite Power Available (negation of 0G - fragility)

As described above under release category S2, the solid state protection
system can be dropped from the model. Therefore, the simple model in
Equation (4) would go to zero. To actually determine the new S6
frequency, the whole plant model needs to be requantified and

unraveled to obtain new dominant sequences and frequen-ies. however,
the trend is a reduced frequency unless the ongoing relay chatter

review identifies new sequences.



RAI 20

Assess the impact on risk of assuming that the containment capability
corresponds to the pressure which produces 1% strain in the containment wall.

RESPONSE 20

A sensitivity analysis on the risk results in the SSPSA, the RMEPS and the
WASH-1400 Sensitivity Study was performed to determine whether any of the
basic conclusions with respect to risk or emergency planning requirements
would change substantialiy if the containment was postulated to fail at a
deformation strain of 1 percent, It is emphasized that there is no basis in
experimental data or analysis to support a | percent strain failure con-
dition as being a reasonable definition of failure or that containment
failure at this condition is any more likely than what is implied by Figure
11.3-14 in the SSPSA or Figure 4-7 in the RMEPS.

Since the failure definition is arbitrary, there is no meaning in assessing
uncertainty in this failure condition and it has been postulated to occur
with certainty when Lhe containment pressure reaches that pressure value
where the calculated deformation strain reaches | percent according to
Figure 4-2 in Appendix H.l of the SSPSA. This corresponds to a maximum
radial displacement of the containment wall of 8.4 inches and it occurs at a
pressure of 175 psig or 190 psia. This corresponds to the low temperature
wel containment condition in Figure 11.3-14 of the SSPSA or Figure 4-7 in
the RMEPS. Since in the analysis no distinction is made between type B and
type C containment failures (see answer to question 17), the composite wet
containment probability distribution (solid curve) is stepped from the
calculated value of 0.2 at 190 psia to 1.0 (guaranteed failure). Note this
implies that the containment failure analysis in the SSPSA predicted a 20
percent probability for containment failure at the pressure corresponding to
the | percent deformation strain. For dry containment conditions (dotted
curve), the elevated temperature conditions reduce the strength of the
innermost steel layers and the | percent deformation strains are reached at
a pressure of 158 psig or 173 psia. An containment failures which in the
original containment failure analysis were predicted at pressures below
these | percent strain pressures were retained without modifications. The
modified containment failure distributions of the 1 percent strain failure
sensitivity analysis are shown in the attached Figure 20-1.

Next, the impact of this change on the calculated risk and on the conclu-
sions with respect to emergency planning were examined. An impact would
result in one of two ways. Containment event tree split fractions would
change where these were determined from the containment failure pressure
probability distribution. Secondly, the timing and release magnitude of
late overpressure failure release categories (S2 and S$3) would change due to

earlier containment failure times. However, changes would o?;§ result in

cases which depended on containment failure pressures above psia for dry
cases.



The impact on release categories was examined first, New probability
distributions for the time of containment failure were generated for dry
containment sequences. These are shown in Figure 20-2, These curves do not
exhibit a steep change because the uncertainty in the containment pressure
versus time relationship calculated by the MARCH and COCOCLASS9 codes is
still a valid consideration. The net effect of these changes is to reduce
the time of release for release category S3B in the RMEPS from 89 hours to
70 hours and to reduce the release duration of release category S2B-3 from
56 hours to 37 hours. No changes result in either the conservative source
terms in RMEPS or in the source terms for the WASH-1400 Sensitivity Study,
because for all these source terms, the release timing was assessed as
occurring before the time when the pressure in the containment reaches the
| percent strain level., The release fraction factor for particulate
radionuclides is shown in Figure 11.6-3 of the SSPSA. It is shown that no
significant change occurs between 70 and 90 hours. Therefore, there would
be no change in the release fractions as a result of the above noted change
in release timing. Furthermore, in both cases (S3B and S2B-3), the warning
times are still much longer than required for complete evacuation. It is
thus concluded that no change whatsoever can be identified in any of the
consequences calculated either in the SSPSA or in RMEPS or in the WASH-1400
sensitivity study as a result of postulating containment failure at a 1 per-
cent deformation strain,

Lastly, the impact on containment split fractions was examined in Section
11.7 of the SSPSA. 1In no case is a split fraction dependent on a contain-
ment failure pressure in excess of the 1 percent strain value for dry con-
dition (173 psia). The split fractions for two top events in the
containment event tree are affected. The split fraction for top event 10B
on Table 11.7-8 in the SSPSA shifts slightly to increase the probability of
late overpressure failure and correspondingly decrease the probability of
basemat melt through. However, as explained in the answer to question 17,
all basemat melt through cases are conservatively treated as late
overpressure failures and this change therefore has no 1mpact on the
results., Secondly, the split fractions for top event 12A in Table 11.7-8 in
the SSPSA would shift significantly to increase the probability of type C
containment failure and decrease the probability of type B containment
failure. However, since in the analysis all late over pressure failures
were treated as type C failures, this change also has no effect on any of
the results,

Overall, it is concluded that the assumption of containment failure at a
pressure corresponding to | percent deformation strain has no discernible
effect on any of the results and conclusions documented in either the SSPSA
or the RMEPS or in the WASH-1400 Sensitivity Study. This conclusion can be
traced to three distinct reasons: (1) no early pressure transients reach a
magnitude of 190 psia, (2) the reduction in release timing for late
overpressure is insignificant with respect to warning times and release
fractions, and (3) conservative analysis assumptions in the containment

event tree quantification aosorb any effect which would otherwise be visible
in the release category frequencies.
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RALI 21

What is the impact on risk from accidents during shutdown and refueling when
the containment function may not be available?

RESPONSE 21

The purpose of this technical note is to address the risk from accident sequences
that could potentially initiate during plant shutdown at Seabrook Station.
Specifically, this note is intended to answer a question posed by the NRC staff
during their review of the Risk Management and Emergency Planning Study
(Reterence 1), the companion sensitivity syudy (Reference 2), and Question

Number 21 (Reference 3).

All work performed to date to identify and to assess the risk of potential
accidents at Seabrook station has concerned itself primarily with scenarios

that could initiate at or near full power operation. 1In the original full

scope PSA (Reference 4), the coverage of accident sequences in terms of
initiating events, the possibilities for system success and failure states,

and the treatment of dependent events met or exceeded those of other published
PSAs. This coverage was certainly greater than was possible during the seventies
when the Reactor Safety Study was performed. A judgment normally made in a

PSA, and made in the SSPSA, is that the level of risk associated with accidents
that could initiate during full power operation, however small,




is substantially greater than that associated with accidents that occur

during shutdown. There are many reasons to support this judgment

including the fact that at full power there is a greater level of RCS

stored energy, after-heat level and inventory of radionuclides than the

case with plant shutdown. There is also generally more time available to

recover from adverse situations during shutdown.

Several years after the SSPSA was completed a research project was
performed for the Electric Power Research Institute in which the risk of
accidents at the Zion nuclear plant during plant shutdown and RHR system
operation was assessed (Reference 5). The only risk parameter quantified
in this study was core melt frequency. The results in comparison with
the results of the Zion plant PSA (Reference 6) for power operation

events that had been completed previously by the same PSA team are as

follows.
Core Damage Frequency
Description
Mean Median
Cold Shutdown (Reference 5) 1.8 x 10°° 2.6 x 10-6
Power Uperations (Reference 6) 6.7 x 10-° 5.0 x 105

Hence, the core melt frequency from cold shutdown events at Zion is less
likely but more uncertain than that from power operations. The Zion cold
shutdown study did not address consequences of these events; it only

addressed the frequency of core damage events.
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The Zion cold shutdown study examined plant shutdown and startup
procedures in detail to identify a wide spectrum of potential accident
sequences that could originate and develop during plant shutdown. It
also made use of an in-depth review of in-plant records and information
that covered 10 refueling outages, 24 maintenance outages, and some
27,888 hours of RHR system operations. Several person-years of effort

went into the Zion investigation.

It is of interest in this note to address the risk from plant shutdown
events at Seabrook Station, which like the Zion plant, is a four-loop
Westinghouse PWR with a large dry containment. In the brief time
available, it is not possible to complete the kind of in-depth
examination that was described in Reference 5. OUn the other hand, for
the purpose of addressing the implications on emergency planning, it is
not sufficient to measure risk simply in terms of core damage frequency.

With this perspective in mind, the objectives of this response are to:
® Provide an order of magnitude estimate of the frequency of core
damage events that could initiate at Seabrook Station during plant

shutdown,

e Estimate the frequency of the above events that result in containment

bypass, containment high leakage, or containment intact end states.

e Account for important specific and unique features of the Seabrook

plant hardware and procedures.
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e Provide a suitable allowance for uncertainties associated with a
preliminary level of analysis through the appropriate use of

conservative assumptions.

e Provide for a reasonable level of accountability of operating
experience with events that have occurred in similar plants during

plant shutdown.

APPROACH

The approach taken to address shutdown loss of cooling events at Seabrook
Station was first to review the Zion study (Reference 5), to compare the
design and operational features of Zion and Seabrook, and to identify key
differences important to the determination of shutdown cooling risk.
Based on this review and the key differences that were identified, a
determination was made of the extent to which all or part of the NSAC-84
results for Zion could be applied to Seabrook. In cases where Seabrook
specific features indicate a reduced level of risk, appropriate
corrections were made to the Zion results. Finally, a quantification was
made of sequences that could occur at Seabrook Station at a higher
frequency than that assessed for Zion. In summary, the risk of shutdown

cooling events at Seabrook Station was evaluated is follows:
Seabrook Risk = Zion Risk per NSAC-84

- Portion of Zion Risk Not Applicable to Seabrook

+ Portion of Seabrook Risk Not Applicable to Zion
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In other words, there are some design and operational features common to Zion
and Seahrook and some unique to each plant. The enhanced featuree of Seahrook
were accounted for by reducing the risk contribution of selected dominant
sequences in the Zion results. This resulted in a reduction of the core
damage frequency evaluated in NSAC-84. Then, the enhanced features of Zion
were accounted for by adding to those results a separate Seabrook specific
analysis of accident sequences that were not important in the Zion results
because of its unique enhanced features.

The above process resulted in a balanced and unbiased albeit conservative
assessment for Seabrook Station that was especially designed to make maximum
and appropriate use of the Zion results for core damage frequency. Then, all
the resultant core damage sequences were evaluated to determine the frequeny
of three types of core damage release states: core damage with intact
containment, smaj;; bypass, and large bypass. Finally bounding estimates were
made of the contributions of shutdown loss of cooling events to the 200-rem
dose versus distance curves in References | and 2.

COMPARSION OF ZION AND SEABROOK DESIGN FEATURES

The ability to respond ti this question quickly facilitated by the fact that

key plant and systems analysts of the Zion PSA team played major roles on the
Seabrook PSA team. The design features of the respective plants were compared
from two perspectives. First, the major differences between the two plants

were noted based in our general understanding of the plants, systems, components,
and PSA results. Second, the 34 dominant accident sequences for Zion shutdown
cooling



betwe2n these systems and the frontline systems, such as the RHR system.

For one thing, Lhete are ways to utilizc cquipment on Unit 2 for Uinit 1 and
vice versa at Zion that are not possible at Seabrook. These differences
stem from the fact that modern design criteria, to which Seabrook was designed
and Zion was not, call for a strict physical separation between redundant
trains of safety-related systems and greatly reduce the opportunities for
lining up cross-train pump and heat exchanger combination. In othere words,
there are more success paths in the older plants such as Zion. Ironically,
the introduction of these more restrictive design criteria in Seabrook
produces a relative advantage for Zion in this regard. Therefore, we would
expect to see a higher contribution from sequences involvong cross-train
combinatiors of electric power, service water, component cooling water, and

RHR systems at Seabrook, relative to Zion.

3., Other Plant Differences.

The remaining plant differences that were identified could be significant

in the determination of the risk of power operation events, but are not found
to be significant with respect to shutdown cooling risk. These differences
fnclude those in the containment heat removal systems (different configurations
of containment spray and fan cooler systems), use of solid state versus relay
technology in the safeguards actuation system at Seabrook and the ability to
utilize Unit 2 equipment for Unit 1 and vice versa at Zion. There is a high
degree of similarity between Zion and Seabrook in the procedures that govern
shutdown operation., Of the differences in this area, there are distinct
advantages to Seabrook (e.g. some of the local manual valve operations at
Zion are performed remote manually from the control room at Seabrook.



UTILIZATION OF NSAC-84 RESULTS FOR SEABROOK

Following the design and procedures review and comparison, the dominant

sequences from Table 6-1 in NSAC-84 were reviewed for applicability to

Seabrook Station. The following conclusions were reached.

e Because of the similarity between the plants and the procedures, the

dominant sequences from Table 6-1 are generally applicable to

Seabrook .,

e The NSAC-84 sequences would be expected to occur at the same

frequency at Seabrook, except for those sequences involving

inadvertent closure of RHR suction path MUVs and those involving

combinations of support system faults and RHR train failures.

The sequences involving suction path MOV closures would occur at a lower
frequency at Seabrook because Seabrook has a separate suction path for
each pump. The frequency of valve closures was calculated as part of Top
Event RM in NSAC-84., This top event asks whether RHR cooling is
maintained during maintenance and refueling outages. The cause table for

this event is shown in Table 1 (adapted from Table 5-5 of NSAC-84), Also
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shown in the table is a correction factor that shows the effect of two
drop lines at Seabrook in lowering the frequency of "hardware failures"
and "human errors.” The derivation of the correction factors is

explained below.

For spurious valve closure to cause a loss of RHR cooling at Seabrook
Station, it is necessary to postulate either a common cause event
involving one valve in each suction path, or a coincidence of a single
valve closure and maintenance being performed on the eother RHR train
(these could also be maintenance in a support system of the other RHR
train, but these sequences are parately accou..ed for below). The

correction factor for this cause of RM is given by

Bmov *+ (1-Bmov) (+5) QrHrM = .072

where
BMoy = MOV Common Cause Parameter = ,043 from L3PSA Section 6
QRHRM = Maintenance Unavailability of a Single RHR Pump Train During

Shutdown

6.1 x 10~2 Based on Zion Data in NSAC-84

The factor of .5 1s the chance that the maintenance is being done in one

of two specific trains.
The correction factor for errors in inverter switching is given by
.031

5 Uppipm =
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The result of the above corrections to this top event is a reduction in
the faiiure frequency to a factor of .145, This factor was applied to

applicable sequences in Table 6-1 and the following results were obtained:

Core Meit Frequency
Results
Mean Median
NSAC-84 Results for Cold 1.8 x 10°° 2.6 x 10°6
Shutdown
Results Corrected for two RHR 7.6 x 10-6 1.1 x 10-6*
Suction Paths

*Estimated as source factor reduction as calculated for mean results.

Hence, because of the dominance of the valve closure events in the
NSAC-84 results, the effect of having two suction paths is a reduction of
core damage frequency of the NSAC-84 sequences at Seabrook by a factor of

apout 2.

ANALYSIS OF SEABROUK SUPPORT STATE SEQUENCES

Because of differences in the support cystem interfaces with the RHR
system and because these particular differences are unfavorable for
Seabrook, separate event tree analyses were performed to cover these
events for Seabrook. The following initially events were selected for

this analysis.

10
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Designator Initiating Event

LOSP Loss of Offsite Power

L1RH Loss of Une RHR Train

L1PC Loss of One PCC Train

L2PC Loss of Both PCC Trains

L1SW Loss of Ore Service Water Train
L2SW Loss of Both Service Water Trains

As shown in Figure 1, these initiating events were first analyzed in
support system event trees whose sequences result in one of five
different plant siates, The plant states denote the number of RHR trains
and safety grade AC power trains rendered unavailable by the combination
of the initiating event and support system failures. These states
together with the sequences borrowed from NSAC-84 as corrected for
Seabrook were then fed into a frontline system event tree, which
considers additional events needed to resolve the end states of the event
sequences in terms of release categories. This main line event tree is
based in the event sequence diagram in Figure 2. In this analysis, the
NSAC-84 sequences were assigned to support state R2EQ (loss of both

trains of RHR with both trains of AC power available).

11
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The event tree gquantifications far L1RH, L1PC, L1SW, and LOSP are shown
in Figures 3, 4, 5, and 6, respectively. The quantifications were based
on the SSPSA and RMEPS results for the support systems and initiators,
except for maintenance unavailability. Train B of all systems was
assumed to be unavailable for maintenance with a conservative value of
unavailability of 0.1. This more than accounts for the higher chance of
maintenance during plant shutdown. The initiating events L2PC and L2SW
are assigned directly to support state R2EQ because of a very smali
char~2 of electric power failure with no loss of offsite power., The
results of the analysis up to the point of support state are presented in
Table 2, which is organized into three types of events: Type 1 is events
with one RHR train unavailable (R1EQ, R1E1l); Type 2, with two RHR
trains unavailable (R2EO, R2E1, and R2E2), and Type 3 is the set of
NSAC-84 sequences. When the sequences are combined according to support

state, the following results are obtained.

Support State (evgff? :::1:::§g;r-year)
RIEQ 1.7 x 101
RIE1 3.3 x 10-
R2E0 2,0 x 10-3
R2E1 2.0 x 107
R2E2 3.8 x 10-7

RXEY = Sequence with X RHR trains and Y electric
power train unavailable.

The event sequence diagram in Figure 2 defines the possible progression

for Type 1, 2, and 3 support state sequences. For Type 1 and

12
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2 sequences, consideration is given to cperator recovery to prevent core melt.
On the other hand, such consideration is not made for Type 3 because such
actions are already considered in NSAC-84. Next, the RO event question whether
the RCS pressure boundary is open initially; i.e., vessel head or steam generator
manway cover is removed. For RO closed sequences, the ESD tracks the possible
developement of interfacing LOCA conditions either through check valve closures
or RHR system repressurization via Top Events CV, RV, and MC. For pressure
bowndary open sequences or all other nonbypass sequences, consideration is given
to whether large and small penetrations are initially open and, when open,
whether or not operator actions to secure these penetrations are successful.
Since the containment sprays are not tracked in the ESD for simplicity,
successfully isolated sequences could result in either a containment intact

(85) or delayed overpressurization (S3). Those with large or small bypass
sequences are assigned to $6 and S2, respectively.




EVENT TREE QUANTIFICATION

With reference to Figure 1, the event trees were quantified in two
stages. First the support system event trees were quantified for

each initiating event resulting in the quantification of the uncon-
ditional frequencies of 5 different RHR support states. RIEO, RIEIl,
R2EO, RZEI and R2EZ (where RXEY is the state in whcih X RHR trains and
and Y trains of safety grade AC <lectric power are rendered unavailable.
Then, the main line event tree was quantified 6 times, one for each

RHR state and a separate quantifica ion for the sequences borrowea from
the NSAC-84 results. The derivation of the event tree split fractions
for each event tree quantification.

Support System Event Trees (Figure 3, 4, 5 and 6)

The support system event trees were quantified for the following initiating
events.

LIRH - loss of 1 RHR train

LIPC - loss of 1| PCC train

L2PC - loss of both PCC trains

LISW - loss of 1 service water train
L2WS - loss of both service water trains
LOSP - loss of offsite power

L1RH

The frequency of lcss of 1 RHR train during shutdown was estimated using
the following model.

» t
pLird ”ﬁmz RIR

where Mgy = frequancy of the initiating event
(everits per reactor year)

)\RHR = failure rate of 1 RHR train
(dominated by the RHR pump)

tgyr = the number of hours per year in shutdown

Note the mission of MOV closure events in the above is by design, these
events are included in the "type 3 events” borrowed from NSAC-84 and
corrected for Seabrook having 2 RHR suction paths from the RCS.

The time on RHR, tgup, is estimated using zion experience, whcih is viewed
as a conservative assumption for Seabrook. The reason for this view is
that the zion experience is worse than average for PWRs and does reflect



the generally higher availability factors of the Yankee system of plants
(Maine Yankee, Vermont Yankee, Yankee Nuclear Power Station). In the
first 16 reactcr-years of experience of zion |1 and 2 there were 12
refueling outages of average duration 1,992 hrs and 3.05 maintenance
outages per unit-year of average duration 488 hrs.

= 12 refuelings 4 3 g5 patnrence evente/reactor-year

truz
16 reactor-years

x 488 hrs/outage = 2982 hrs/year

Hence, in the first 16 reactor-years at zion the plant was shut down
about 34% of the time. We conservatively assume the same value for the
plant lifetime at Seabrook.

The support system event tree quantification for LIRH is shown in Figure 3.
In this event tree, it is assumed that the plant is initially being cooled
with RHR train A and train B is in the standby. Becuase of the strict
train-wise dependencies at Seabrrok Station, critical operation of RHR train
a precludes unavailability of service water and PCC trains A, since both

are needed to operate RHR train A. In normal power operation, the
unavailability of single service water and PCC trains is very low= no
greater than 1073 to 10 -2 per train. However, during plant shutdown,

the unavailability due to maintenance is generally higher. For example,

at sion the plant specific data shows single train maintenance unavailabilities
of RHR, SW and PCC the range of .03 to .06. It is conservatively assumed

in the analysis that all safety grade non-operating subsystem have shutdown
maintenance unavailabilities of 10~!, This is greater than any shutdown
maintence unavailabilities observed in the data.

L1PC

The loss of one PCC train initiating event is analyzed in Figure 4, The
initiating event frequency is estimated with the following model.

AIPC — 2)‘pc RHR Us “)pc 3
where

‘3\ pe = failure rate of 1 PCC pump = 3,4(.5) per hour from
PLG-0300 Section 6.

tpur = (.34) (8760) based on LIRH analysis

TA s = failure rate to start of standby PCC pump
= 2.4 x 1073 from PLG-0300 Section 6.

Z— = mean time to repair the initcally running pump
24 hours per PLG-0300 Section 6,

= 3 =4 -
Hence }ﬁJPC 6.3 x 107 /reactor-year



The LIPC event tree is quantified using information from the RMEPS and
SSPSA for service water train A and the same train B maintenance
assumptions as with the LIRH event.

L1Sw

The configuration and failure rate of the g systcm are comparable Lo iLhe
SW system, i.e., each train has an operating and a standby pump. The
event tree for LISW is quantified in Figure 5. The initiating event
frequency is the same as that for LIPC. Note that this analysis includes
the tunnel SW system only. The SW cooling tower system is considered in
the subsequent recovery analysis.

LOSP

The loss of offsite power event tree is quantified in Figure 6. The
initiating event frequency is estimated using the following model:

Jlose = > LosP tRHR EPR

where
LOSP = frequency of LOSP = .135 events/year (SSPSA Section 6)
RHR = time on RHR = .35 (see LIRH above)

FPR = frequency of non-recovery of LOSP before core damage = .01
(assumed )

The above assessment for EPR can be compared with EPR-1 in the SSPSA, a
value of .03 for full power operation. The.0l value is viewed as
conservative in comparison with EPR-1 since the time constants for core
recovery are much longer during plant shutdown.

The event tree split fraction for LOSP in Figure 6 are based on the results

of the SSPSA and RMEPS for train A and 10% maintenance unavailability for
train B used for all shutdown loss of cooling events.

L2PC and L2SW

The initiating event frequency for loss of both trains of PCC and loss of
both trains of service water are estimated with the following model.

/zpc = $L2pc tRHR Prasw =/ Lasu
—_ s L
where

= frequency of same event during power operation from SSPSA
Lpo = hours of power operation assumed in SSPSA (8760)



Top Event RH

For the LIRH and other RIAO support states sequences, it is assumed that
train A is initially used to provide RHR and train B is in standby. Hence,
it is the train A subsystem that is involved in the initiating eveat. For
these conditions, the failure to provide continued RHR cooling is estimated
from the following model.

’RH - II!I +)\>s +)‘PR,zp

where

)ﬁ; = RHR pumgs train maintenance unavailability during shutdown
= 6 x 10-< from Zion data in NSAC-84

)ps = standby pump failure to start vote
= 3.3(-3) from SSPSA Section 6

)\pr = running pump failure to run vote
= 3.4 x 10-7/hour from SSPSA Section 6

ﬂfUp = meantime to repair the initially failed pump = 21 hours from
SSPSA Section 6

PRi = 6(-2) + 3.3(-3) + 3.4(=5)(21) = 6.4(-2)
For RIAl, the same model is used except the standby pump must run longer
to cover the repair time of a diesel generator - assumed to be one week.

Hence, for R2E0, R2El, and R2E2, ARH = 1

URH = 6(=2) + 3.3(=3) + 3.4(~5)(168) = 6.9(=2)

Top Event OM

R1EO represents the most ideal conditions and minimum stress levels of
these considered for OM for these conditions, OM is estimated from:

OM = DEl = SC = BF
where
DEl = operators fail to recognize that RCS heat removal should be
restored after running RCS pump stops.

SC = operators fail to align and restart a core cooling system

BF = operators fail to provide long term makeup to chargining
system

Using appropriate values from Table 5-6 of NSAC-80, the following
quantitication is made:

OM = 1.0(=5) + 5.0(=4) + 1.0(=5) = 5.2(=4)

As shown in Table 3, higher values are used for the remaining support
states to reflect different and progressively greater stress and comparison
levels going through the sequence RIE0D, R2E0O, RIEl, R2El, R2E2. For

type 3 events, OM = | to avoid double counting recovery already
considered ir NSAC-84.



Top Event RO

The fraction of time the pressure boundary is open is keyed to the time
assumed for RHR shutdown cooling. For consistency, since Zion data was
used to quantify the latter, it musi be used to quantify the former. From
Table 3-4 of NSAC-84, the total time the RCS is opened during maintenance
outages is 5,014 hours. From table 3-1, the RCS open time during refueling
outages is above 3,000 hours. Hence, overall the 31,687 hours of the

Zion outage experience, the RCS was opened (8014/31,687) = .25 of the time.

Top Event CV

The frequency of CV is quantified per our response to question 47.
ﬂ6§ = 5.5 x 10-4

Top Event RV

This event is juantified in RMEPS; it is estimated using:
ARV = 2RV = 4.8(-5)
where LRV is the failure rate of each RHR
relief value = 2.4(-5) from SSPSA Section 6

Top Event MC

For both trains of AC power available, the top event is estimated using
the following model.
2 2
MC = 200MOV2 + By A MOV) + 4() eV + BACY)
where
) MoV

failure rate (fail to close on demand)
for MOVs - 4.3(-3) per SSPSA

\)\CV failure rate (fail to close on demand)
for check valves = 5.5(-4) per question 75 response.
jﬁ MOV ; BCV = Beta factors for each type of valve = .1
hence
e = 20423 x 10-3)2 + (4.3 x 10-3)(L 1)@ + 4[(5.5 x 10-4)2
+ (5.5 x 10=%)(.1)® = 1.1(-3)

For one AC power bus available (RIE1 and R2El) there is only one MOV
on each suction path potentially available. For these states

e = 20 M0V + 4C ) oV Bgy)
= 8.8(—3)

For two AC power basas unavailable lﬁMC = 1



Top Event LI

This event question whether any large penetrations are open initially. Large
is defined as a total equivalent single opening of greater than 3" in diamter.
Examples of such penetrations are equipment hatch, personnel hatch, and

containment purge penetrations.,

unless fuel is being moved.

These penetrations maybe opened during shutdown

The chance that large penetrations are opened is highly dependent on ht reason

for the shutdown.

If the reason is refueling, steam generator manintenance

or othere maintenance on reactor coolant system somponents, it is likely that

large penetrations such as the equipment hatch will open.

If on the other hand,

the outage occurs due to need to repair or maintain equipment outside the
containment, (e.g. turbine generator related maintenance) there would not be
a compelling reason to open up large penetrations in the containment.

To reflect the above considerations, LI in assessed as a function of the

status of event RD.

If RO is true (reactor coolant system is opened), it is

assumed that LI is true (large penetrations are open) 90% of the time. If
RO is not true (reactor coolant system is closed), it 1s assumed that LI

is true on 10%Z of the time.

Note that at Zion, of the 8,014 hours during

shutdown that the RCS was opened, the fuel was being shuffled for 1600 hours

(roughly 160 hrs per refueling outage).

Hence 80 percent of the time that the

RCS was opened, it would have been permitted by tech specs to have the equipment
hatch open.

Top Event OL

Given a large penetration is opened initially, the event questions whether
the operators successfully close the penetrations before a potential release

situation could develop.

The probability of successful recovery is assessed

as dependent on the RHR support state, 1i.e. the combination of the initiating

event and the response of the plant support systems.

At different support

states then would be different levels of stress and confusion to inhibit
operator recovery actions.

To provide an indication of the amount of time available to close the equi pment
hatch or other large penetrations, the time to core damage, taken as the time

to uncover the core was estimated for the following cases:

3.

Cases

Reactor vessel head open with

water level at hot leg nozzle midplane

A. Loss of cooling at 2 days after shutdown
B. Loss of cooling at 30 days after shutdown

RCS filled at pressure £ 425 psig with

A. Lloss of cooling at l day after shutdown
B. Loss of cooling at 10 days after shutdown
C. Loss of cooling at 30 days after shutdown

Water at refueling level with
A. Loss of cooling at 5 days after shutdown
B. Loss of cooling at 30 days after shutdown

Time to core uncovery (hr)

5.4
14
22

72
162



It is not known how quickly the equipment hatch can be secured. Our current
information is it would take several hours to attach, and up to 8-12 hours

to secure all the bolts and establish a tight seal. Just how quickly this
process can be accelerated is uncertain., To address this uncertainty, a base
case and a bounding case are performed. In the base case, it is assumed that
the mean time to close the hatch is 4 hours. In the bounding analysis, it is
assumed that the hatch remains open with a probability of 1.

From the Zion data in NSAC-84, there were 10 reflueing outages and 24 forced
maintenance outages resulting in an average outage duration of about 39 days.
Of the entire 31,687 hours of outages, roughly 1%Z of the time the RCS was
drained, 5% of the time refueling was taking place, 5% of the time the plant
was not on RHR, and in most of the remaining 89% of the time, the reactor
system was filled on RHR. Based on the above recovery time, and assuming a
4=hour hatch recovery time, it is seen that with the RCS drained to the hot
leg nozzle midplanes, the chances of successful hatch recovery are not very
high. While under all other conditions, the chances are high. Therefore,
the base case and low stress levels, a value of .01 is used for failure to
isolate large penetrations. For degraded RHR states, this valve is increased
to correspond with higher stress levels, as indicated in Table 3. In the
bounding case, a failure frequency of | is assured for all states.

Top Events SI and 0S

It is conservatively assumed that small penetrations are open 907% of the time
and the chances of recovery are assessed at levels compoarable to those for
0L, even though all small penetrations can be isolated quickly.

Results

The results of this preliminary analysis of shutdown loss of cooling events are
shown in Table 4 for the base case assumptions on event OL. To bound the
consequences of these events, accident sequences were assigned to the existing
PSA release categories, even though the release fractions for shutdown events
would be expected to be considerably lower than those calculated for power
operation events. Based on what is believed to be a very conservative set of
assumptions in this base case, the impact of shutdown events is assessed to
result in no greater than a 14%Z increase in core melt frequency, and an 18%
increase in category S6 frequency. For the bounding case of no credit for
event OL, the frequency of S6 would increase to about 5 x lO°6/year.

The impact of these boumding estimates of shutdown events on the dose vs distance
curves for 50 rem and 200 rem whole body gamma doses are shown in Figures 13 and
14 for the base case OL and bounding case OL assumptions, respectively. Our
best current statement of risk levels is represented by Figure 13. As seen

from this figure, the addition of shutdown events impacts the right tails

of these curves, but the combined results at | mile are still less than the
NUREG=0396 valves at 10 miles. Even with no credit for equipment hatch recovery
as assumed Figure 14, the combined shutdown and power operation results fall
below the NUREG-0396 10 mile levels at less than 2 miles. Hence, even a

very conservative analysis of these events does not impact the conclusions of
the sensitivity study. It is expected that a more detailed investigation of
these events would result in much lower levels of risk than either set of
results presented here.
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Tabl2 1.

CORRECT™ N OF NSAC-84 RESULTS FOR RHR LOSS
TO ACTOUNT FOR 2 SUCTION PATHS

Seabrook Revised
Failure Cause Mean Value Dominant Contributor Correction Failure
Factor Frequency
Hardware Failures 6.08-2 Spurious Closure of RHB701 or RH8702 + 072 4.38-3
Maintenance 7.37-3 Running RHR Pump Fails with Standby Pump & | 7.37-3
Out for Maintenance
Human Errors 6.00-2 Errors During TSS 15.6.36 or Inverter X 031 1.86-3
Switching (RH8701 or RH8702 close)
Support System 2.94-6 Component Cooling Water Heat Exchanger x 1 2.94-6
Failures Failures
Dependent Component 6.03-3 RHR Pumps Fail During Operation x 1 6.03-3
Failures #
+
Total 1.34-1 J 1.96-2




TABLE 2.

CLASSIFICATION OF

SUPPORT MODEL ACCIDENT SEQUENCES FOR

MAIN LINE MODEL QUANTIFICATION CASES
Impact vector
AC Event
Sequence Frequency Power e Classification
A|lB|A|B
Type 1 Events - One RHR Trafn Made Unavailable
LI1RH 1.7-1 X R1EO
LIPC*PR 5.0-5 X RIEQ
LOSP*GBM*D1R 2.0-5 X X RIEY
LOSP*GAT*DIR 1.3-5 X X RIEY
L1SW*SR 5.1-6 X R1EO
LOSP*PBM*pR 3.4-6 X R1EQ
LOSP*WBM*SR 3.8-7 X X RIEY
LOSP*PA2#pR 8.9-¢ X R1EQ
LOSP*WA3*SR 5.6-8 X X RIEY
LIPC*WA3*SR 1.8-9 X R1EO
Type 2 Events - Two RHR Trains Made Unavailable
LTRH*PBM*pR 1.8-3 X X R2EQ
L TRH*WBM*SR 2.0-4 X | x R2EQ
LIPC*PBM*pR 5.5-6 R2EQ
L1SW*WBM*SR 6.3-7 X | x R2E0
L1SW*pgM=sR 5.7-7 2ix R2EQ
LOSP*GA] *GBM*D2R 3.5-7 IS TN R2E2
LOSP*GAY *PBM*DIR*PR| 1.4.7 X X | x R2E1
LOSP*PA2*GBM*DIR 6.0-8 X | X | X R2E)
LOSP*GAT*WBM*DIR*SR| 1.5.8 XX |x {x R2E2
LOSP*PA2*pPBM*pPR 9.8-9 X | X R2EQ
LOSP*WA3*WBM*SR 6.9-9 X35 1R IX R2E2
LOSP*WAI*PRM*SR 6.2-9 X X | x R2E1
LOSP*WA3*GBM*DIR*sR| 13.9.9 X | X)X |x R2E2
LOSP*PA2 *wBM*SR 1.1-9 XX |Xx R2E1
L1PC*WAI*WEM*SR 2.2-10 X | X R2EOQ
LTPC*WA3*PEM*SR 2.0-10 X | X R2EO
Type 3 Events - From 7.6-6 X |x R2EQO
NSAC-84
1

NOTE:

1448P10

Exponential no:a;ion 1:,1nd1cat¢d fn abbreviated form;
o x 10"V,

f.0., 1,7:1 =

2886




TABLE 3. SUMMARY OF SPLIT FRACTIONS FOR MAIN LINE EVENT TREE

Event Tree Quantification Cases

Main Line

Event Tree Type 1 Type 2 Type 3

Top Event (NSAC-84)

R1EOQ RI1E1 R2ED R2E1 R2E2

RH 6.4-2 | 6,9-2 1 1 1 1
m 5.2-4 100-2 2.0-3 100-1 1 1
RO .75 75 o715 o715 o75 75
W 5.5"4 5.5'4 5.5'4 5.5"4 5.5‘4 505-4
RV 4,8-5| 4,8-5 | 4,8-5 | 4,8-5 | 4,8-5 4,8-5
MC 1.1-3 ] 8,8-3 | 1,1-3 | 8.8-3 1 1.1-3
TT|RO .90 .90 .90 .90 .90 .90
[T|RD .10 .10 .10 .10 .10 .10
ot 1.0-2 | 3,0-2 | 1.0-2 | 3.0-2 .10 1.0-2
ST .90 .90 .30 .90 .90 .90
S 1.0-2 .10 1.0-2 .10 1 1.0-2

X = Event Success

X = Event Failure

NOTE: Exponential notation is_indicated in abbreviated form;
i.., 6,422 = 6,4 x 102,

1448P102886




TABLE 4, KEY RESULTS OF SHUTDOWN SEQUENCES
FOR SEABROOK STATION

Release Category

Event Tree
S5 or S3| S2 s6
R1EO 5.6-6 5.0-8 | 1.9-8
RIE1 1.9-8 1.7-9 | 2.0-10
R2EO 4,0-6 3.5-8 | 1.4-8
R2E1 1.8-8 1.8-9 | 1,9-10
R2E2 3.2-8 3.3-7 | 1.2-8
Type 3 7.5-6 6.8-8 | 2.6-8

Total for Shutdown 1.7-5 4,9-7 | 7.1-8
Events

Total for Power 1.1-4 2.0-5 | 3.2-7
Operation Events

Percent Increase 13.3 2.4 18.2
with Shutdown
Events

NOTE: Exponential notation is indicated in
abbreviated form; i.e., 5.6-6 = 5,6 x 10-6,

1448P102886
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INITIATING | SERVICE | SERVICE | pRiMARY PRIMARY FREQUENCY NUNGER OF
EVENT Tv;:m T‘”R:m COMPONENT | COMPONENT (EVENTSPER | RHR TRAING
LIRH COOLING A COOLING B REACTOR MADE

WA ws PA PE YEAR) UNAVAILABLE

. 20/YEAR 1 ~ .90 o~ 1 ~ .90 165 1

S K JEE e
.10 1.8 (-2) 2
0 . 0 1
T o :
10 -~ - O 2.0 (-2) 2
| g . :
0 ~ I S— 0 1
i 0 2
- e (Fe = «CFfe 0 2
GF = GUARANTEED FAILURES
FIGURE 3. SUPPORT SYSTEM EVENT TREE QUATIFICATION FOR

LOSS OF ONE RHR TRAIN (L1RH




mumrmo pmmnv PRIMARY FREQUENCY | NUMBEROF
WATER WATER COMPONENT
(EVENTSPER | RHR TRAINS
upc TRA'NA TRA'NB OOOLI~GA COOUNG B REACTOR MADE

PB YEAR) UNAVAILABLE

63 (4) ~~1 .90 O 90 0 0

I.!O 0 1

l.to 55 (.5) 2

~0 — - 0 ]

-G 6.2 (-5) 2

LY .90 1.8 (-7) 1

10 2.0 (-8) 2

P 2.2 (-8) 2

GF = GUARANTEED FAILURES

FIGURE 4,

SUPPORT SYSTEM EVENT TREE QUA'.TIFICATION FOR
LOSS OF ONE PCC TRAIN (LIPC




SEQUENCE
INITIATING | SERVICE | SERVICE | pRIMARY PRIMARY FREQUENCY | NUMBEROF
EVENT WATER | WATER | COMPONENT | COMPONENT (EVENTSPER | RHR TRAINS
LISW TRAINA | TRAINB | COOLNGA COOLING B REACTOR MADE
WA w8 PA PB YEAR) UNAVAILABLE
63 (-4 0 ~ ~_ 1 2 0
r
2 0 1
O 3 9 )
T ol :
o — - GF - S 0 .
jr - GFe 5 0 2
1 o~ .90 -CF- _?,90 7 51 (-4) 1 Tk
10 8 5.7 (-5) 2
10 - bl s il 9 8.3 (-5) o
GF = GUARANTEED FAILURES

FIGURE 5. SUPPORT SYSTEM EVENT TREE QUANTIFICATION FOR
LOSS OF ONE SERVICE WATER TRAIN /L1SW)

—




PRIMARY PRIMARY SEQUENCE
ELECTRIC | ELECTRIC SERVICE SERVICE | componNENT COMPONENT FREQUENCY | NUMBEROF
INITIATING
POWER POWER WATER WATER COOUNG COOUNG (EVENTS PER | RHR TRAINS
EVENT
LOSP TRAIN A TRAIN B TRAIN A TRAIN B TRAIN A TRAIN B REACTOR MADE
GA G8 WA ws PA | P8 YEAR) UNAVAILABLE
46 (-4 93 90 98 S0 1 31 (-4) 0 P
r 34 (.5) |
3 89 (-7) 1
4 98 (-8) 2
10 o S - olla 5 38 (.5) 1
29 (-3 e - 11 (-7) 2
PA2
18 (. S0 0 7 $6 (-6) 1
TWA3 i ?
10 3 62 (-7) 2
10 i ki 5 6o (n | 2
10 98 . -1 - cfe bl ]l 41 (8 1
izg;-a; P 12 (-7) 2
PA2 -
18 (-2 Py 12 22 (7
WA3 TR WP el —i
(23 c2 90 _ 90 90 13 25 (-5) 1
GA1 W = GF=
10 14 27 (-6) 2
10 o i «te 5.1 30 (6 pasl
10 - =GFe m— e (fe —— -G —— e 16 34 (.6) 2

LOSP « LOSS OF OFFSITE POWER WITH NO RECOVERY BEFORE CORE DAMAGE
GF = GUARANTEED FAILURE

FIGURE 6. SUPPORT SYSTEM EVENT TREE QUANTIFICATION FOR
LOSS OF OFFSITE POWER (LG3P )
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RAI 22

It is the staff's understanding that preexisting violations of containment
integrity weiz "included” in the PSA by assuming the average effect was
to raise the containment leak rate to the design basis value of 0.1%/day.

a. Compare this assumpiLion with the containment integrity violation
data presented in NUREG/CR 4220.

b. What contributions would these containment integrity violation data
make to the probabilities for each of the release categories (assume
the S5W category is redistributed over all the appropriate categories
by the conditional probabilities of preexisting leakage paths of the
size appropriate for each category).

RESPONSE 22

As discussed in Section 11.6.3 of the SSPSA (PLG-0300), release category

S5 represents accident sequences where the containment remains intact (does
not fail). All containment failures and bypasses, including failure to
isolate the containment are included ‘n the other release categories (Sl1,
$2, 83, S4, and S6). Preexisting con.ainment leakage is quantified in §5

by assuming an effective average leak rate equivalent to the containment
design leak rate of 0.1% per day, As shown in Section 1l.6.4.1, this is a
reasonably good approximation when compared to Weinstein's Containment
Integrity availability work (reference 11.6-18 of PLG-0300 - also referenced
in NUREG/CR-4220). This leakage is also imposed on category S3 but is
increased to reflect the predicted higher containment pressures. Weinstein's
work found PWR containment integrity to be available 97.3% of the time and
an average leak rate of 31 times design basis the rest of the time.

ae. NUREG/CR-4220 suggests that PWR containment integrity availability
could be as low as 71% with leakage in the range of | to 10 times
allowable 29% of the time. The probability of larger leaks (28 square
inches) is estimated to be in the range of 0.001 to 0.0' with a
point estimate of .005. Section 9 of NUREG/CR-4220 states that these
are upper bound estimates of containment unavailability. Section 6.1
indicates that the 0.29 unavailability is based on 215 events in
740 reactor years where type B and C leak testing results exceeded
60% of allowable leakage; a leakage duration of one year is simply
assumed for each event. Section 6.2 indicates that the .01 to .00l
chance of a 28 square inch leak is based on 4 events in 740 reactor
years ranging from "small drilled holes” to an open six inch valve;
again a one year duration {s simply assumed with little, if any,
basis. There is insufficient information presented in this document
to assess the applicability to Seabrook of each event.

We belfeve it is highly conservative to assume that 0.29 events
per year will occur at Seabrook in which 60% of allowable leakage
is exceeded to a level one to ten times allowable leakage and that
such conditions will exist 29% of the time. It is also highly



conservative to assume that 0.005 events per year ranging "from
small drilled holes to an open six inch valve" represents a 0.01
to 0.001 chance of a 28 square inch leak. The reasons why we
believe the application of these assumptions tu Seabrook to be
conservative are as follows. First, it seems extreme to assume
that evidence of exceeding Technical Specification limits with
LERS will mean that the extent of the leakage is ten times the
limit. Also, events involving mispositioning of manual valves are
subjected to monthly surveillance testing at Seabrook, therefore,
one year is an inappropriate fault duration for Seabrook. Many
of the possibilities for mispositioned valves will be covered by
automatic containment isolation actuation, whose failures are
included in the PSA.

With regard to the four large leakage events noted in sections 4.1.7
and 6.2 of the NUREG, the information provided is insufficient to
compare directly with Seabrook; however, it may be that none of
these events are applicable to Seabrook (especially for durations of
one year) for the following reasons.

1. The containment purge valves at Seabrook are leak tested every
six months or less; their position is checked monthly; they are
actuated valves which receive containment isolation signals
(failure of containment isolation signals/valves is included in
the risk models).

Seabrook's containment is three to four feet thick; it is
difficult to imagine that a hole could inadvertantly be drilled
through it, never mind go undetected.

At Seabrook, valves, flanges, penetrations, airlocks, etc., are
leak tested and position checked after any maintenance activities
on them.

Manual isolation valves outside containment are position checked
every months All isolation valve positions are checked before
return to power operation and at least once per 18 months.

The upper bound frequency of pre-existing leakage derived in
NUREG/CR=4220 is greater than that included in the Seabrook PSA;
however, they are overly conservative estimates which are
inappropriate for use in the Seabrook risk models.

Regardless of the above, the effects of applying the NUREG/CR-4220
preexisting leakage estimates to Seabrook was evaluated; it was
found that even these upper bound estimates would not result in any
of the emergency planning risk criteria to be exceeded.

The effect of an assumed small preexisting leakeage, one to ten times
allowable, was evaluated as follows. Assume a preexisting leak of

ten times design leak rate 100%Z of the time. This would increase the
source terms for S5 and the first part of S3 by a factor of ten,

Since the source terms for the first 24 hours of 83 are greater than
§5, 83 will be evaluated. (For the first 24 hours, 83 and S5 are the
same leak size but the driving containment pressure is higher for S3.)
Using Tables 4-14 of PLG-0432 and 4-4 of PLG-0465, it can be seen




that the first 24 hours of the release for S2C clearly envelopes ten
times the first 24 hours of S$3W in terms of source terms; release timing
{s also conservatively enveloped. Table D~1 of PLG-0432 shows that S2C
is an insignificant contributor to early fatality risk and, in fact,
§2C has zero consequences (early fatalities), Table I, which follows,
is a partial reproduction of the no evacuation case risk summary table
for the EPZ Sensitivity S:udy (PLG-0465) which was provided in the
response to question 23; however, the S3 and S5 releases have becn
replaced by S2C. (The S2C source term represents 50 to 100 times the
Seabrook maximum design lcakage ra:e and assumes it exists 100% of the
time. 1In other words, Table | represents a 100% chance of five to ten
times the preexisting "Technical Specification Violations" leakage
predicted to occur in the NUREG 30% of the time.) As Table 1 shows,
this extremely conservative case still shows zero early fatalities

and a small contribution to early injuries.

NUREG/CR-4220 estimates an upper bound of 5E-3 for "large leakage”
which is conservatively assumed to be a s!x inch valve (or 28 square
inch hole). We can conservatively bound the risk contribution of
this by assigning this frequency to release category S6W.

In Figure 1, we plot the upperbound effects of both small and large
leaks in the 200- and 50-rem dose versus distance cvrves based on

the assignment of small leaks to $2-CM and the large leaks to S6W
according to the NUREG-4220 probabilities. While we don't agree that
these results are reasonable for Seabrook, they show that the
NUREG-0396 results at ten miles do not occur at Seabrook at one

mile or less. Hence, a conservative interpretation of the
NUREG/CR-4220 experience with pre-existing holes has no impact on
the conclusions of the sensitivity study.
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RAI 23

a. Provide a narrative description that quantitatively
delineates the dominant contributors to the dose prob-
ability vs distance curves and the early fatality prob-
ability curves. The dominant release categories should
be specified and the dominant accident sequences contrib-
uting to each of these release categories should be
specified. The probability of occurence of each release
category should be stated. These data should be provided
for the current study and for the original PSA results.
Changes between the two studies should be attributed to
specific differences in the analysis.

b. Provide a set of early fatality conditional probability
curves for each release category, assuming evacuation
distances of 1 mile and 2 miles.

c. Provide the conditional mean risk of early fatality for
each of the curves provided in b.

RESPONSE 23

the following describes the principal contributors to early health risk

at Scabrook Station, as determined in the original probabilistic safety
assessment (PSA) in 1983 (PLG-0300), in the PSA updates of 1985 (PLG-0432),
and in the sensitivity study (PLG-0465). The risk measures of interest
here are the early fatality risk curves and the frequency of exceedance

of dose and distance curves for the whole body dose of 200 rem. The

three (3) parts of this question are addressed collectively.



1. SSPSA RESULTS (1983)

l.1 EARLY FATALITY RISK CURVES

The only results available for early health risk in the Seabrook
Station Probabilistic Safety Assessment (SSPSA) (PLG-0300) assume

a 10-mile evacuation zone. Significant and costly analysis would

be required to produce these results assuming evacuation distances
of 1| and 2 miles. The contributors to risk can be expressed in a
number of different ways. Alternative ways to group accident
sequences are to group the individual sequences by initiating

event, by plant damage state, and by release category. A graphic
display of how sequences grouped by release category contribute to
the mean risk of early fatalities in the original PSA is shown in
Figure 1, which is taken from Figure 13.2-1a in PLG-0300. As seen
in this figure, release category S6 (large isolation failure) makes
a small contribution, and all other categories make negligible
contributions that are at frequency levels below 1079 per reactor
year. Note that the mean risk curve, whose contributions are being
discussed here, is the mean of a family of curves that characterize
uncertainty in the risk estimate. This family is shown in Figure 2,
which is reproduced from Figure 13.1-5a in PLG-0300. The fact that
the mean curve falls well outside the median (.50) risk curve
indicates large uncertainties. These uncertainties are due to
uncertainties in estimating the accident frequencies, source terms,
and site model parameters. The conditional risk curves for each release
category can be found in Figure 3.2-2A of the SSPSA. (See page 13.2-78
ot PLG-0300.)

A tat..ar representation of the information in Figure 1 is provided

in Table 1, which is adopted from Table 13.2-7a in PLG-0300. This table
shows that more than 99Z of the mean risk curve comes from release
category S6. Most of the remaining contribution comes from S2. Only

in the extreme right hand tail, at frequencies below 10-9 per reactor
year, does another category appear, Sl (eariy containment rupture due

to steam explosion, early overpressure, or external missile).

The next step in breaking down the SSPSA risk contributors is to
examine the contribution of sequences grouped by initiating event.
Because nearly all of the early health risk comes from Sé and a

small contribution from, S2, it is more efficient to confine our
search to these release categories. The initiating events that

make significant contributions to S6 and S2 are provided in the table
below, which was adapted from Table 13.2-5a in PLG-0300. As can be
seen, release category S6, which indicates early fatality risk, is,
in turn, dominated by the interfacing system loss of coolant accident
(LOCA) (V-sequence).



Initiating Event Percent Contribution
S6 S2
V, Interfacing LOCA 76. 0
ET, Seismic Transient 22. 95
EL, Seismic LOCA 2. 5
Others <1 <1
Total 100. 100.

In a similar fashion, accident sequences can be grouped with respect to
plant damage states (sometimes referred to as a bin). The following is
the plant damage state breakdown of the S6 and S2 release categories.

Plant Percent Contribution |
Damage

State* S6 S2
8 78 0
1FP 0 5
3F 21 0
3FP 0 35
7F 1 0
7FP 0 60
Others <1 <1
Total 100 100

in comparing the previous two tabvles, note that 100% of the interfacing
systems LOCAs were modeled as 1F states. Hence, of the 24% of the
seismic contribution to S6, 21% terminated in plant damage state 3F, 27
in 1F, and 1% in 7F. Hence, most of the overall risk contribution comes
from the interfacing system LOCA initiator and plant damage state lF.
Essentially, all the remainder are seismically initiated sequences ending
in plant damage state 3F. Note that all the FP states, and have more
than 99% of the release category S2 and are dominated by similar sequences
with the same release path and characteristics, namely Station Blackout
with a RCP seal LOCA and failed open seal return line isolation valves.
The result is high early leakage and delayed overpressurization of the
containment.

* See Table 1-2 in the Seabrook Station Risk Management and Emergency

Planning Study (RMEPS) (PLG-0432) for definitions. Numbers denote containment
and reactor coolant system conditions at time of reactor v2ssel melt-

through; letters denote status of containment systems and leak paths.

F states are isolation failures or bypasses more than 3 inches in diameter;

FP states are isolation failures less than 3 inches in diameter.



The final step in breaking down the early health risk is to examine
specific accident sequences. In the SSPSA, an accident sequence is a
single path that can be traced through the plant event trees from the
point of entry (the initiating event) to the point of termination (the
plant damage state). As with other PRAs, the interfacing system LOCA was
analyzed as a single sequence. That is, the event was analyzed as an
initiating event and assigned directly to the most severe plant damage
state considered in the study and denoted as 1F. This reflects the
conservative assumption that multiple failures of the interfacing valves
automatically result in a core melt and early large containment bypass.
All other initiating events were modeled through the plant event trees,
which include more than 4.5 billion sequences counting all the initiating
events, the plant damage states, and paths connecting them through the
plant event trees. Therefore, the above contributions from the
V-sequence are from a single sequence, whereas the seismic contributions
come from many sequences.

The nature of the specific sequences initiated by seismic events is next
described. Of the seismically induced transients that make up 22% of the
frequency of release category S6, the single sequence having the greatest
frequency makes up only about one-fourth of this contribution and was
analyzed as follows.

Event Frequency
Earthquake Occurs (.3g) 1.1 x 10 =4/year
Offsite Power Does Not Fail «35
Solid State Protection Fails D41
Charging Pumps Fail «88
Containment Is Initially in Purge Mode «10

Emergency Core Cooling System,

Containment Isolation, and Containment
Sprays Fail [dependent failures resulting
from loss of solid state protection system

(SSPS)w 1.0
Other Equipment Does Not Fail 86
Total | 1.2 x 10-7/year

The remaining three-fourths of the seismic sequences in S6 are made up
from a large number of sequences, some involving loss of offsite power
and others involving failures of other equipment.



In a similar fashion, the seismic contributors to release category
§2 are also spread over many sequences. The single most frequent
sequence in this category is a seismically induced loss of offsite
power and failure of both diesels due to either seismic causes or
independent causes. This sequence appears several times in the
scenario identification tables (in Section 13.2 of PLG-0300) once
for each discrete range of ground acceleration. The total frequency
of this sequence summed over all values of ground acceleration is
6.9 x 1076 per reactor year, or about 40% of the total release
category frequency.

In summary, the early health risk curves in the SSPSA, which were

only performed for a 10-mile evacuation zone, were dominated by the
interfacing LOCA sequence (about 76% contribution to the mean
exceedance frequency in the risk curves). Most of the remaining
contributions come from seismically induced sequences with release
paths either through the purge lines (the S6 sequences) or through the
reactor coolant pump seal return line (the S2 sequences).

1.2 DOSE VERSUS DISTANCE CURVES

The 200 rem and 50 rem dose versus distance curves that correspond with
the SSPSA results are compared with the RMEPS and sensitivity study in
Figure 3. The SSPSA curves are dominated by release categories S2 and

S6.



2. PSA UPDATE PESULTS (RISK MANAGEMENT AND
EMERGENCY PLANNING STUDY, 1985)

2.1 EARLY FATALITY RISK CURVES

In the RMEPS update of the Seabrook PSA, the following changes were made
that had an impact on the risk levels and the ordering of the risk
contributors.

Plant Model Changes

Item 1. The single sequence int:rfacing LOCA model was replaced

by a two-event tree model, one for suction side and one for
injection side residual heat removal/reactor coolant system
(RHR/RCS) interfacing valve ruptures. This led to a reduction
in the frequency of plant damage state IF and the addition of
three new plant damage states (1FV, 1FPV, and 7 FPV).

Two plant damage states (1FPV and 7FPV) were added to model new
scenarios with a submerged RHR pump seal bypass. This, in turn,
led to the introduction of a new release category, S7, which
takes credit for decontamination and scrubbing in the source term
determination. Plant damage state lFV contains interfacing LOCAs
resulting from unsubmerged piping failures.

Item 2. A conservatism in the treatment of certain seismically

initiated sequences in release category S6 (plant damage states
1F, 3F, and 7F) was eliminated. In the updated results, credit
was taken for loss of instrument air to the air-operated valves
(AOVs) in the purge lines on loss of offsite power; hence, a

high probability of purge isolation valve closures in these
instances. This resulted in a shift in some of the frequency of
release category S6 to S2 because, when the large purge valves
are assumed to close, there remain small open lines with
motor-operated valves that fail in these same sequences. There
still remain some seismic sequences in S6 with the purge
isolation failure. Those that remain either involve a no loss of
offsite power condition or mechanical failure of the purge valves.

Item 3. In support of the effort to optimize plant technical

specifications (PLG~0431), the PSA systems modeled were revised

to incorporate revision to the technical specifications and a
more complete treatment of common cause failures. This led to
many minor changes to individual sequence frequencies, with the
most significant change being an increase to the unavailability
of the primary component cooling system. This led to a slight
increase in core melt frequency from 2.3 x 10-4 to

2.7 x 10-“, most of which occurred in plant damage state 8D.

Item 4, The updated results take credit for recovery of certain
containment systems (principally the containment building spray)
during core melt scenarios initiated by loss of offsite power and



involving a station blackout. Both the original and updated
results took credit for recovery of electric power prior to and
in prevention of core melt. This new recovery action results in
a small shift in frequency from release category S3 (gradual
containment overpressure) to S5 (containment intact). This
change does not appreciably affect the results of the RMEPS or
sensitivity studies since neither S3 nor S5 contributes to early
health risk with at least 1 mile of evacuation.

Containment Model Changes

- Item 5. Uncertainties in source terms were reasssessed for all
release categories with the net effect of a reduction in the mean
source terms for all categories.

- Item 6. A new release category and three new plant states for
interfacing system LOCA scenarios were added.

- Item 7. Interfacing system LOCAs resulting in unsubmerged RHR
piping failures (plant state 1FV) were reassigned from release
category S6 to Sl (small conservative effect).

Site Model Changes

- Item 8., Site model uncertainties were reassessed (minor effect).

- Item 9. The evacuation distance and sheltering assumptions were
varied.

- Item 10. The Unit 2 construction workers were eliminated from
the population distribution.

Although all the above changes contribute in some way to differences in
the updated results, the ones that had the most significant impact on
early healch risk are items 1, 5, 6, and 9. A more (uantitative picture
of the significance of each change is provided below.

The results in the RMEPS update for early fatality risk are presented in
Tables 2, 3, and 4 for evacuation cases of no evacuation, l-mile
evacuation, and 2-mile evacuation, respectively. These are the
comparison tables for Table | and the original SSPSA results. The
conditional risk curves for each release category and evacuation distance
can be found in Appendix C of PLG-0432. There are two kinds of
differences exhibited in the new tables. One is that the risk levels
(exceedance frequency values) are lower although less evacuation is
assumed, and, as expected, the levels decrease as the evacuation zone is
increased from 0 to 2 miles. The other difference is that several new
release categories, in addition to S6 and S2, appear as making significant
contributions: S3, S7, and Sl. Release categorv S3 contributes only
under the assumption of no evacuation. This result is viewed as purely
academic because the time of release for S3 is some 89 hours after the
initiating event, during which even ad hoc protective actions would be
affective.

For | or 2-mile evacuation, release categories S2, S6, S7, and Sl are
significant. The contribution of S2 only appears in the low consequence,



relatively high frequency portions of the risk curve. In comparison of
these results with Table 1, the shift in the ranking of contributors is
due to the following.

1. The frequency of S6 in RMEPS is lower because of the deletion of
the interfacing LOCA and some seismically initiated sequences with
station blackout.

- 4 The frequency of 82 increased slightly from the same seismic sequence
noted in 1.

3. Some of the old V-sequence frequency formerly categorized in S6 is
now in S7. While source terms in S§7 are lower than S6, they are
stil® great enough for potentially fatal doses.

4a The frequency of Sl increased due to the addition of the pipe break
type V-sequences formerly categorized in S6 and to a smaller extent
by a reassessment of some turbine missile scenarios that was done
eince the RMEPS.

The contributions of plant damage states and initiating events to all
updated release categories are shown in Tables 5 and 6, respectively.
Tables 7 and 8 define the codes used for initiating events. About 78% of
the scenarios in category Sl are pipe break type interfacing LOCAs that
are assigned to plant damage state 1FV. The remaining scenarios in Sl
include aircraft and turbine missile scenarios that fail the containment
in plant damage states 1FA, 2FA, and 6FA and a wide spectrum of transient
and LOCA scenarios with containment failure due to reactor vessel steam
explosions. The contributors to category S2 are the same as those in the
SSPSA; namely, seismically induced station blackout with a failed open
small penetration. Release category S6 is now dominated by seismically
induced accident sequences with no loss of offsite power and failure of
the SSPS system with an assumed containment purge in progress. No credit
for operator recovery of any system or component is taken for any

seismic sequence, including those that now dominate S2 and S6.

Release category S7 is composed wholly of new interfacing LOCA scenarios
in which the RHR piping remains intact and the bypass occurs via a
degraded and submerged RHR pump seal. In assessing the uncertainty on
the source term for S7, a 10%Z probability was assigned to the possibilitly
that the leak path would not be submerged. From the information provided
in RMEPS, it is clear that there would be no contribution to early health
risk from S7 if only best estimate (submerged) source terms had been
used. Similarly, had the conservative source terms not been used for the
remaining release categories, the risk levels calculated in RMEPS would
have been much lower than they were. 1In fact, on the basis of using the
best estimate source terms only, release category Sl is the only category
that produced any potential for 200-rem doses and, hence, any potential
for early fatalities,

2.2 DOSE VERSUS DISTANCE CURVE

In the RMEPS results, there was found to be very little potential for
200-rem doses, even close to the site. As seen in Figure 2-9 of RMEPS



(PLG-0432), the frequency of exceedance scale had to be extended
from .001 to 0001 to pick up the mean risk of exceeding the 200-rem
dose shown on the curve. The median curve for the 200-rem dose was
of f-scale. The contributions to the mean risk at various distances
are indicated in the table below.

Percent Contribution to
Release 200-Rem Exceedance Frequency
Category (Figure 2-9 in PLG-0432)
|
1 mile l 1.5 miles | 2 miles
|
Sl 1 3 6
S2 13 34 0
53 67 3 0
S5 0 0 0
S6 17 50 73
S7 2 9 20

By comparing these results with those in Table 2, it is seen that
the 200-rem risk has the same set of release category contributors
as the early fatality risk curve for no evacuation. Category S3
dominates at 1 mile. Again, this result is largely academic. It
is difficult to envision, even if no emergency plans existed, that
any individual would be in a position to receive a large dose more
than 3 days after the initiating event. At 2 miles, the 200-rem
curve is dominated by S6, with smaller contributions by S7 and Sl.
Hence, the overall picture of the risk contributors is the same for
the early fatality risk curves and the 200-rem dose versus distance
curves.

2.3 CONDITIONAL MEAN RISK
Appendix D of PLG-0432 provides mean risk summary tables for early
fatality risk as well as cancer risk.




3. SENSITIVITY STUDY UPDATE

In the Seabrook Station Emergency Planning Sensitivity Study (PLG-0465,
1986), there were no changes made to the plant model. Source terms were
revised to reflect the Reactor Safety Study (WASH-1400) source term
methodology; i.e., were calculated using the CORRAL computer program for
the Seabrook plant configuration. These CORRAL source terms had been
developed during the original SSPSA. CRACIT computer program runs were
made using best estimate (median) modeling assumptions, and median
accident frequencies were used for consistency with NUREG-0396 and
WASH-1400. However, unlike NUREG-0396 and WASH-1400, the full treatment
of dependent and external events in the Seabrook results was left
unchanged.

3.1 EARLY FATILITY RISK CURVES

The early fatality risk curves for 0, 1| and 2-mile evacuations are
plotted in Figure 2-1 of PLG-0465. The conditional early fatality
risk curves for each release category are found in Appendix B of this
report. The contributors by release category are shown in the tables
below for no evacuation, l-mile evacuation, and 2-mile evacuation.

RESULTS FOR NO EVACUATION

Release Percent Contribution to
Category Early Fatality Risk Curve
1 Fatality 100 Fatalities 1,000 Fatalities
S1 <1 P | <1
52 100 99 99
S6 <1 1
Others <1 <1 < X
Total 100 100 100
RESULTS FOR 1-MILE EVACUATION
Release Percent Contribution to
Category Early Fatality Risk Curve
1 Fatality 100 Fatalities 1,000 Fatalities
Sl <. 1 <1 < &4
§2 99 95 0
56 1 5 96
Others A | <1 <1 {
1
| |
Total 100 | 100 100




RESULTS FOR 2-MILE EVACUATION

Percent Contribution to
Release Early Fatality Risk Curve
Category

1 Fatality 100 Fatalities 1,000 Fatalities

S1 2 2 *
82 0 0 *
86 98 96 8
Others <1 <1 *

Total 100 100 100

l | | |

* Results below 10~9 per reactor year not shown.

By comparing these results with the RMEPS results, it can be seen that
one chief difference is that S2 now has a more dominating impact than
it did in RMEPS, especially for the 0 and 1-mile evacuation cases.
Category S6 dominates the low frequency tail of the l-mile curve and
completely dominates the 2-mile results. The other chief difference
is that categories S3 and S7 no longer make a significant contribution
to early health risk and the percent of contribution of Sl is reduced
somewhat. These differences stem from the fact that application of
the WASH-1400 source term methodology did not have uniform impact

on all the source terms. The application of this methodology appears
to have increased the S2 source term more than the others. In addition,
the RMEPS results for early health risk are heavily influenced by the
conservative source terms used in that study. For category S7, the
conservative RMEPS source term assumed no credit for a flooded RHR
vault, while such credit was taken in the sensitivity study to make
the analysis consistent with WASH-1400. In WASH-1400, credit was
taken for suppression poel scrubbing in some boiling water scenarios.

In Figure 3, the 200-rem and 50-rem dose versus distance curves are
compared between NUREG-0396, the Sensitivity Study, RMEPS, and the
original SSPSA. The 200-rem curves for the latter two studies are off
scale. As can be seen from this figure, the Sensitivity Study results
fully bound the RMEPS and SSPSA results.

3.2 DOSE VERSUS DISTANCE CURVES

The 200-rem dose versus distance curve is fully dominated by release
category S2, with very small contributions from S6 and S1. The contri-
butions of S6 and Sl occur below the level of conditional core melt
frequency at which the curves are cut off in NUREG-0396 (.001).



3.3 CONDITIONAL MEAN RISK

Table 9 provides a mean risk summary table for the sensitivity study
results, Column number 5 provides the information requested in Part C
of this question. The corresponding information for RMEPS can be found
“~ Appendix D of RMEPS. There are no results in the SSPSA that assume
either a l-mile or 2-mile evacuation. The results presented in Table 9
confirm that release categories S2W and S6W completely dominate the risk
at Seabrook Station if the WASH-1400 source term methodology is used to
define source terms. The only additional small contribution to risk is
made by release category SIW for the early fatality risk with a 2-mile
evacuation distance.

Figures 4 and 5 show the decrease in the early fatality risk as a
function of evacuation distance, comparing the mean risk results from
the RMEPS study (PLG-0432) and the EPZ sensitivity study (PLG-0465),
which used WASH-1400 based source terms. Figure 4 compares the risk
reduction for the two cases on an absolute basis, and, in Figure 5,
the risk reduction is normalized to the no-evacuation case for each
study. The results indicate that, for the WASH-1400 source terms
(PLG-0465), the acute fatality risk decreases even more rapidly in
the first 2 miles than for the RMEPS baseline case. Furthermore,

the risk for all WASH-1400 source term cases remains below the safety
goal risk.



TABLE 1,
OF EARLY FATALITIES AS

CONTRIBUTIONS OF RELEASE CATEGORIES TO RISK
CALCULATED IN SSPSA

Number of Early Fatalities

(percent contribution of release category)
1 10 100 1,000 10,000
56 (98.98) 56 (98.8) 56 (99.4) $6 (99.4) 56 (99.5)
52 {0.92) $2 (1.10) 52 (0.52) 52 (0.49) 51 (0.5)
Others (< ,1) Others (< «2) | Others (< .1) | Others (< .1) | Others (0)
’F."eq“ﬁ‘"cy wid R 60-7 3.87-7 3.14-7 1.78-7 6.26-10
Lo i

NOTE ;
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1.e., 4,60-7 =

tation is ind
4.60 x 10-7,
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IABLE 2,

CONTRIBUTIONS OF RELEASE CATEGOR
FATALITIES BASED ON RMEPS UPDATE - NO EV

IES TO RISK OF EARLY

ACUATION CASE (EO0)

Number of Early Fatalities

/.91-8

’ (percent contribution of release category)
T_‘ 1 10 100 1,000 10,000
$2 (40.1) $3 (62.7) $3 (50.0) S6 (67.6) 57 (98.5)
53 (35.4) 56 (27.6) $6 (32.7) S7 (24.9) 51 (1.5)
S6 (18.3) S7 (6.7) S7 (13.3) S1 (7.5)
Uthers (< 7) | Others (< 3) | Others (< 4) | Others (= 0.0) | Others (= 0.0)

2.98-8

4.41-9

2.53-11

NOTE ;

3.87-7

—

3.14-7

1078‘7

6.26-10

Exponential notation is Indicated in abbreviated form; 1.e.,

1.40-7 = 1,40 x 10-7




TABLE 3. CONTRIBUTIONS OF RELEASE CATEGORIES TO RISK OF EARLY
FATALITIES BASED ON RMEPS UPDATE - 1-MILE EVACUATION ZONE (E1)

Number of Early Fatalities
(percent contribution of release category)

1 10 100 1,000 10, 000
2 (71.7) $6 (65.5) $6 (50.7) S7 (62.4) $7 (98.5)
56 (18.6) S7 (26.4) S7 (41.2) 6 (28.3) Sl (1.5)
S7 (7.4) s1 (8.1) S1 (8.1) S1 (9.3)

Others (< 3) | Others (= 0.0) | Others (= 0.0) | Others (= 0)| Others (=0)

“'hldl el

Frequency of | 7.44-3 1.64-8 8.25-9 1.59-9 2.53-11
Exceedance

SSPSA L i
Results 4.60-7 3.87-7 3.14-7 1.78-7 6.26-10

NOTE: Exponential notation is indicated in abbreviated form; i.e., 7.44-8 = 7,44 x 10-8,



TABLE 4,

CONTRIBUTIONS
BASED ON RMEP

OF RELEASE CA
S UPDATE - 2

TEGORIES TO RISK
=MILE EVACUATION

ZONE (E2)

OF EARLY FATALITIES

Number of Early Fatalities

(percent contribution of release category)
1 10 100 1,000 10,000
S2 (46.0) S7 (55.2) $7°(65.3) $6 (72.9)
57 (43.3) S6 (33.3) 56 (23.9) 57 (19.1)
S1 (10.7) S1 (11.5) S1 (10.8) 51 (8.0)
Others (= 0) | Others (= 0) | Others (= 0) | Others (= 0)
Uphal o
Frequency ot | 4.96-9 3.07-9 i 1.17-9 £.28-10 0.0
Exceedance
SSPSA
Results 4.60-7 3.87-7 3.14-7 1.78-7 6.26-10
NOTE: Exponential notation is indicated in abbreviated form; i.e., 4.96-9 = 4.96 x 1079,




TABLE 5, CONTRIBUTIONS OF PLANT

MAKING MAJOR CONTRIBUTIONS TO RISK

RMEPS UPDATE RE

DAMAGE STATES TO RE
OF CORE MELT
S

LEASE CATEGORIES
FREQUENCY -

Major Risk and Core Melt Frequency Contributing Release Categories
(percent contribution of plant damage states to release categories)
S1 LY 4 S3 S5 S6 S7
1FV (77.5) l’ TFP (49.5) 8D (72.0) 8A (82.1) 3F (92.5) IFPV {69.5)
IFA (7.3) 3FP (43.8) FD (14.6) 4A (15.0) F (7.3) TFPV (3i.5)
8A  (5.0) IFP (6.6) 3D (11.3) 2A (1.6)
2FA (3.7)
oFA (1.3)
Others (5.2) Others (< 1) Others (< 3) Others (< 2) Others (< 1) Others (0.0)
Release
Category 6.00-9 2.02-5 1.43-4 1.17-4 3.00-7 3.93-8
Frequency

NOTE: Exponential notation

is indicated in abbreviated form; i

-e., 6.00-9 = 6,00 x 10-9,
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TABLE 7. BINNING OF INITIATING EVENTS THAT HAVE IDENTICAL IMPACTS

New Initiating Events Binned SSPSA Initiating Events
Title Frequency (events/year) Title Frequency (events/year)
EXTAC 2.70-6 FSRAC 5.19-7

FCRAC 2.10-6
FL2SG 8.50-8
EXTLP 1.20-3 FTBLP 6.00-4
FLLP 3.20-4
TCTL 2.76-4
EXTCR 5.43-7 TMCR 3.98-7
MCR 5.80-9
ACR 1.39.7
TLPCC 1.82-5 LPCC | 1.39-6
FSRCC 3.60-6
FCRCC | 9.00-6
FPCC | 4,20-6
TMPCC 1.27-8
MPCC 5.46-9
TLSW 6.22-6 LOSwW 2.52-6
FCRSW 2.10-6
FLSW / 1.60-6
TLCV 4.18-1 Lev | 4,18-1
TMLCV ] 8.30-5

NOTE : Exponential notation is igafcated in abbr=.)ated form;
ioeo. 2.70’6 = 2.70 X 10- .



TABLE 8.
QUANTIFICATION OF THE

INITIATING EVENT CATEGORIES SELECTED FOR
SEABROOK STATION RISK MODEL FOR THE SSPSA

x Sheet 1 of 2
Group Initiating Event Categories Selected Code
for Separate Quantification Designator
e Loss of Coolant ;. ExcossiazALOCA ELOCA
nventory « Large L LLOCA
3. Medium LOCA MLOCA
4. Small LOCA sLoca(a)
5. Interfacing Systems LUCA v
6. Steam Generator Tube Rupture sGTr(a)
e General 7. Reactor Trip RT
Transients 8. Turbine Trip TT(b)
9. Total Loss of Main Feedwater TLMFw(c)
10. Partial Loss of Main Feedwater PLMF?(C)
11. Excessive Feedwater Flow EXFW(D)
12. Loss of Condenser Vacuum Levib)
13. Closure of One Main Steam MsIv(b)
[solation Valve (MSIV)
14, Closure of A1l MSIVs AMSTV
15. Core Power Excursion CPEX?
16. Loss of Primary Flow Lopr(b)
17. Steam Line Break Inside Containnent SLBI
18. Steam Line Break Outside Containment SL8o
19. Main Steam Relief Valve Upening MSRV
20. Inadvertent Safety Injection SI
e Common Cause
In‘t?at‘ng
vents
- Support 21, Loss of Offsite Power Losp(d)
System Faults 22, Loss of One DC Bus L10C
23. Total Loss of Service Wa-er LOSW
24, Total Loss of Component .00ling LPCC
Water
- Seismic 25. 0.7g Seismic LOCA E.7L
Events 26, 1.0g Seismic LOCA EI.O%
7. 0.2g Seismic Loss of Offsite Power E.2r(e)
28. 0.3g Seismic Loss of Offsite Power £.31(e)
29. 0.49 Seismic Loss of Offsite Power E.ar(e)

d.
b.
C.
d-

Transient without scr

am scenarios are represented by a3

separate code, ASLOC.

Transient without scram scenarios are represented by a separate code, ATT.
Transient without scram scenarios are representec Oy a separate code, ALOMF,
Transient without scram scenarios are represented by a separate code, ALOSP.
Transient without scram scenarios are represented by a separate code, ExA,
X = .2, .3, .4, .5, .7, 1.0.




TABLE 8 (continueq)

Sheet 2 of 2
Group Initiating Event Categories Selected Code
for Separate Quantification Designator
30. 0.5g Seismic Loss of Uffsite Power E.5T(e)
31, 0.7g Seismic Loss of Offsite Power E.71(e)
32, 1.0g Seismic Loss of Offsite Power £1.01(e)
- Fires 33. Cable Spreading Koom - PCC Loss FSRCC
34, Cable Spreading Room - AC Power Loss FSRAC
35. Control Room - PCC Less FCRCC
36. Control Room - Service Water Loss FCRSW
37. Control Room - AC Power Loss FCRAC
38. Electrical Tunnel 1 FET1
39, Electrical Tunnel 3 FET3
407 PCC Area FPCC
41, Turbine Building - Loss of Uffsite
Power FTBLP
= Turbine 42, Steam Line Break TMSLB
Missile 43. Large LOCA TMLL
44, Loss of Condenser Vacuum TMLCV
45. Control Room Impact TMCR
46. Condensate Storage Tank Impact TMCST
47. Loss of PCC TMPCC
- Tornado 48. Loss of Uffsite Power :nd Une MELF
Missile Diesel Generator
49. Loss of PCC MPCC
50. Control Room [mpact MCR
- Aircraft 51. Containment [mpact APC
Crash 52. Control Room Impact ACR
53. Primary Auxiliary Buila'ng Impact APAB
= Flooding 54. Loss of Offsite Power FLLP
55. Loss of Uffsite Power :-1
Une Switchgear Room FL1SG
56. Loss of Uffsite Power : ;
Two Switchgear Rooms FL2SG
57. Loss of Uffsite Power - : Seryice
Water Pumps FLSW
- Others %8. Truck Crash into Transm ssion Lines TCTL

a.
D.
c.
d.
e.

Transient without scram scenarios are representec
Transient without scram scenarios are representea
Transient without scram scenarios are represented
Transient without scram scenarios are represented
Transient without scram scenarios are represented

x = .2, .3, .4, .5

.0.

JY a separate code, ASLUC,
JY A separate code, ATT,
Oy a separate code, ALUMF.
Oy a separate code, ALUSP.
Oy a separate code, ExA,
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(EVENTS PER REACTOR YEAR)

FREQUENCY OF EXCEEDANCE

1073 | | ! I

104 - K
10°% |- -t

1077

108

109
100

NUMBER OF EARLY FATALIT =5

FIGURE 1. CONTRIBUTION OF RELEASE CATEGORIES TO RISK OF
EARLY FATALITIES (MEAN VALUES) AS CALCULATED IN SSPSA (1983)



EEDANCE OF DAMAGE LEVEL
(EVENTS PER REACTOR YEAR)
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RISK
CURVE
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1079 L B .. . ,
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EARLY FATALITIES
FIGURE 2. RISK OF EARLY FATALITIES WITH UNCERTAINTIES

FROM SSPSA (PLG-0300, 1983)



CONDITIONAL FREQUENCY OF EXCEEDING WHCLE - BODY DOSES
OUTSIDE A SPECIFIED DISTANCE, GIVEN A CORE MELT ACCIDENT
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COMPARSION OF SSPSA, SENSITIVITY STUDY, AND RMEPS WITH NUREG-0396 — 200
REM AND 50-REM WHOLE BODY DOSE PLOTS FOR NO IMMEDIATE PROTECTIVE

ACTIONS
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FIGURE 4  ACUTE FATALITY RISK AS A FUNCTION OF PROTECTIVE ACTION
(From RMEPS; PLG-0432)
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RAI 24

Provide a quantitative description of the effects of the following
differences between the original PSA and the current study:

a., reduction in probability of core-melt V sequences
b. factor of 1000 scrubbing of releases through RHR seals

c. change of release category (S6 to Sl) for unscrubbed event V sequences.

The effects should be described in terms of differences in risk curves for
early fatalities and for 200 rem vs distance.

RESPONSE 24
Reference: Response 23 Re: 200 REM and early fatalities

In response to part a) of question 24, the following highlights the key
factors that result in a major reduction in risk levels for the core melt
V-sequence in the updated Seabrook probabilistic safety assessment

(PSA) results [per the Risk Management and Emergency Planning Study
(RMEPS), PLG-0432, 1985# in comparison with the Seabrock Station Probabilistic
Safety Assessment (SSPSA) (PLG-0300, 1983). (ualitatively, the key
differences fall into three main areas of the analysis: initiating

event frequency. The response to 24 b, will be provided in the response
to 30. plant response to various types of interfacing loss of coolant
accident (LOCA) scenarios, and operator actions to prevent core melt

and isolate the bypass. Description of each of these areas follows.



1. INITIATING FVENT FREQUENCY

The inftiating event frequency model in the SSPSA considered four
restdual heat removal (RHR) cold leg injection paths, each having two
series check valves, and two RHR hot leg suction paths, each having two
series motor-operated valves (MOV). The check valve model considered
successive, independent rupturas of, first, the inboard and, second, the
outboard check valve. The second failure was assumed to occur at the
same rate as the first at any random time between the first failure and
the next test (refueling). The MOV model included a similar sequence of
ruptures (inboard, then outboard), as well as the possibility that the
outboard valve is already open when the inboard valve fails., The updated
model included all the above failure modes plus several more. For the
check valve failures, it was conservatively assumed that the

outboard + inboard sequence could also occur and that it would occur at
the same rate as the inboard + outboard sequence. In addition, the
possibility of instantaneous failure of the second valve in a sequence at
the time the first valve failed was alsu considered. Hence, the mode!
used in the update is more complete. The net effect of those model
enhancements is worth about a factor of 2 increase in the frequency of a
given leak size,

A second difference between the two studies was the definition of the
initiating event. In the SSPSA, the V-sequence initiator was defined as
a maior rupture leading to RHR overpressurization. In the RMEPS, any
ruoture with a leak flow exceeding 150 gpm (capacity of one charging
pump) was considered an initiator. Such flows ar2 not capable of
overpressurizing the RHR system when the RHR relief valves operate
properly.

A third difference in the initiating event frequency was in the treatment
of check valve data., The SSPSA used check valve rupture data--actually
zero failures in a large samplc of component hours per popuiation--taken
from the Indian Point 2 and 3 PSAs. [n RMEPS, 2 different approach was
based on a frequency-magnitude correlation of nuclear grade RHR and
reactor coolant system (RCS) check valve experience in U,S. pressurized
water reactors (PWR). These data are documented in RMEPS and in a
separate submittal,

To put the corresponding analyses on a common fc ting, the frequencies of
RHR overpressurization events can be compared as follows:

SSPSA: 1.8 x 10-6/reactor year.
RMEPS Update: 7.1 x 10-7/reactor year (leak > 1,800 gpm).

Thus, the net effect of the model differences (wnich have an increasing
effect in the update) and the data treatment (which has a decreasing
effect in the update) is a reduction in the frequency of valve ruptures
leading to RHR pressurization by a factor of 2 to 3. Hence, if no other
changes would have been made to this analysis, the V-sequence risk
contribution (and its early release frequency contribution) would have
decreased by this same factor.



PLANT RESPONSE

The plant response to RHR interfacing valve ruptures in the SSP5A and in
most previously published probabilistic risk assessments (PRA) on PWRs
has been treated rather simply, according to the following assumptions,
without consideration of their incremental probability.

® Valve ruptures produce a shock wave with peak dynamic pressures
significantly greater than the RCS pressure that travels down the low
pressure RHR piping.

® RHR piping ruptures outside the containment,

® RCS and refueling water storage tank (RWST) inventories leak outside
the containment via a piping break.

o Core melt occurs with unsubmerged bypass.
e No credit is taken for any operator actions.

Therefore, the plant response to the V-sequence in the SSPSA was treated
as a single sequence. It was assigned to plant damage state IF, which,
in turn, was assigned to release category S6. In the RMEPS update, a
large number of alternative scenarios were identified to provide a more
complete picture of plant response. The most important variables
introduced in the update to consider alternative plant responses are the
size of the valve ruptures that initiate the event, the response of the
RHR relief valves inside the containment, the pressure capacity of RHR
low pressure piping, the response of RHR pump seals to overpressure, and
the configuration of the RHR pump vaults with regard to source term
implications.

The major differences in plant response to RHR interfacing valve
ruptures, as modeled in the SSPSA and the RMEPS update, are illustrated
1n Figure 1. This figure is a highly simplified version of the event
sequence model that was developed and quantified in the RMEPS update.

The chief differences in the update in this regard ire a lower frequency
of unsubmerged pipe rupture-type bypasses because o the high capacity of
the RHR piping. A more likely outcome is a submerged bypass via the RHR
pump seals.



OPERATOR RESPONSE

Because of a different treatment of hardware and plant response, the
potential for operator actions to mitigate the effects of the interfacing
valve ruptures was appropriately considered in the update. The two key
actions, which are illustrated in Figure 1, are those to prevent melt and
to isolate the bypass. If the RHR piping remains intact, there is a high
chance, as assesed in RMEPS, that the operators would prevent core melt
whether or not the bypass was isolated. The key is to diagnose the
bypass at the RHR pump seal and to provide long-term makeup of coolant to
the RWST., If this action is not successful, there is some chance that
the operator can isolate the bypass, but only for the discharge check
valve rupture case (VI).

The net effects of the major update factors are summarized in Table 1.



TABLE 1. [IMPACT OF KEY FACTORS IN UPDATED
V-SEQUENCF. ANALYSIS

Factor SSPSA RMEPS

1.8 x 1076 7.1 x 1077
per per
Reactor Year Reactor Year

Frequency of RHR
System Overpressurization

Percent of Overpressurization
Events that End with:

e No Core Melt 0 93

@ Melt with No Bypass 0 ~1

@ Melt with RHR Seal Submerged 0 ~5
Bypass ;

|
e Melt with Unsubmerged RHR Pipei 100 ~1
Rupture Bypass [

e




VALVE YES LEAK wiTrin
LEAKAGE CHARGING
< 150 GPM CAPACITY
NO
SSPSA DID NOT ASSESS \
RMEPS 77 X 10 8/ ¢ F
AHA SYSTEM
VALVE LEAKAGE | ve PRESSURE RISE
< 1,800 GPM LIMITED IF BOTH
RV LIFT
NO
SSPSA 18 x 106y,
AMEPS 2101071 SSPSA  DID NOT ASSESS
(;iuursvoxotuw
AHR SYSTEM
PRESSURIZATION
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RAMEPS: 66 X 107 /ys
OPERATUR
:;': :::‘s"" YES . ACTIONS YES
— ™ TO PREVENT
INTACT
| MELT
NO
SSPSA 18 X 10 6/,
AMEPS 46 X 109y, =5
CORE OPERATOR
MELTWITH ACTIONS TO
UNSUBMERGED ISOLATE
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S1 (56 IN SSPSA)

SSPSA  DID NOT ASSESS
RMEPS 37 % 108/,

FIGURE 1.

SIMPLIFIED
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MEL T Wi
SUBME Kot 0
HHH SEAL
BYPALS

S?

EVENT SEQUENCE DIAGRAM FOR V-SEQUENCE

SSPSA  DIN NOT ASSESS
AMEPS. 6 X 10-9/y,




RAI 25

Provide a list of all paths for loss of RCS inventory outside containment.
Show how these have been considered with respect to LOCA and with respect
to containment bypass for radioactive materials following core damage.

RESPONSE 25

Loss of RCS inventory outside containment could occur via a flow path
which directly links the RCS to systems outside containment or in
conjunction with the secondary side of the plant assuming steam
generator tube rupture has occurred. In either case, a specific
containment penetration can be identified as being associated with that
flow path.

The Containment Penetration Analysis (PLG-300, Table D.13-3) in the SSPSA
accounts four all s <li penetrations and either provides or references a
description of the equipment failure or maloperation necessary to

bypass containment. Penetrations associated with flow paths which

would be operating during an accident are also listed. Penetrations
which are associated with flow paths that could line the RCS directly
with systems outside containment are: X-9, 10, 11, 12, 13, 24 through
31, 33, 35, and 37.

Penetrations which are associated with flow paths that could link the RCS
with systems outside containment assuming a steam generator tube rupture are:
X-1 through 8, 63 through 66.

An evaluation of LOCA outside containment was performed for the SSPSA,
examining each line which communicated with the RCS and penetrated the
containment. Based on that evaluation, six lines were considered in
detail - four RHR cold leg injection lines and two hot leg suction
lines. (See SSPSA §6.6.3.2.1). These are the classic "V-sequence”
lines first discussed in WASH-1400.

This evaluation of LOCA outside containment was not documented explicitly
in the SSPSA but can be reconstructed from the SSPSA §D.13. Table D.13-3
contains a list of all the containment penetrations with the related
isolation valves and affected system. In order to be of interest in the
evaluation of LOCA outside containment, the line must not only penetrate
the containment to the atmosphere but also communicate with the RCS. Each
penetration ° discussed below. Reference is made to Table D.13-3 in
SSPSA, PLG-300.



Cont ai nment
Penetration

X"l , X"‘z,
X-3, X-4

X-5, X-6

X-7, Xx-8

X-9, X-10

X-11, X-12

X-13

X-14,

X-16,

X=-17

X-20,

X-22,

X-24,
X-26,

LOCA OUTSIDE CONTAINMENT

Penetrations
Quantified
System in SSPSA

Main Steam Yes

Main Feedwater

RCS/RHR

RHR

Cont ainment
Building Spray

Containment
Online Purge

Equipment Vent
System

PCCW

Safety Injection

Floor and
Equipment Drain

SI

RCS

Deminieralized
Water

Comments

Quantified in §5.3.11,
Steam Generator Tube
Rupture with secondary
side leak to atmosphere.

See Table D.13-3
"Comments"

Quantified in §6.6.3.2.1,
RHR hot leg suction.

Quantified in §6.6.3.2.1,
RHR cold leg injection.

Discussed in §6.6.3.2.1,
RHR hot leg injection.

No direct communication
with the RCS.

No direct communication
with the RCS.

No direct communication
with the RCS.

No direct communication
with the RCS.

Each line has at least
two check valves and one
normally closed MOV in
series.

See Table D.13-3
"Comments .

No direct communication
with the RCS.

3/4" test line, has two
normally closed AOVs in
series.

1/2" sampling lines

No direct communication
with the RCS.




Containment

Penetration

X-37

X-38

X-39

X=40

X=43, X-47

X=50

X-52

X-57

X-60)

X-63, X-64,

X-65, X-66

X-67

X-71, X-72

HVAC-1,
HVAC-2

System
Nitrogen Gas

Reactor Makeup
Water

Ccves
Combustible Gas
Control Fire

Protection

Spent Fuel Pool

Cooling and Cleanup

Nitrogen Gas

RCS Sampling

RCS, SI

Post Accident

Monitoring

§8, Sl

CBS

S/G Blowdown

Service Air
Combustible Gas
Control

Containment Air
Purge

Penetrations
Quantified

in SSPSA _

No

No

No

Yes

No

Comment s

One check valve and four
normally closed valves.

Two check valves and two
normally closed valves.

See Table D.13-3
“"Comments” .

No direct communication
with the RCS.

See Table D.13-3
"Comments”.

No direct communication
with the RCS.

No direct communication
with the RCS.

See Table D.13-3
"Comments” .

See Table D.13-3
"Comments" .

See Table D.13-3
"Comments" .

See Table D.l13-3
"Comments”.

Q\lantifled in §5.3.11.4
Steam Generator Tube
Rupture with secondary
side leak. See top event
v (p05-3-95)0

No direct communication
with the RCS.

No direct communication
with the RCS.

No direct communication
with the RCS.



Nominal

Diameter
Penetration # Isolation Valve Inches
X=72 CGC~V=~10
X=72 CGC~V=-3 1"
X-39 SF-V-86, 87 2"
X=67 SA-V=229, 1042

Comment s

Manual locked closed valve that
isolated Train A Hp analyzer
input line.

Manual locked closed valve that
isolated Train A Hy analyzer
return line.

Manual locked closed valves,
Would only be utilized in
conjunction with the refueling
canal skimmer pump.

Manual locked closed valve
outside containment, normally
closed valve inside containment.,

Note: Test connections were not comsidered in this analysis. Test connections
are 3/4" with normally closed manual valves and a pipe cap. Per the
Seabrook Station Technical Specifications there are verified closed
every 31 days.




RAI 26

Indicate the extent to which the effect of local deflagration/detonation of
hydrogen gas concentration is localized areas both inside and outside the
containment has been considered in the assessment of risk. Include a
discussion of how weak areas of containment have been considered in your
assessment, for example, the containment is considerably weaker in its
resistance to pressure loading from outside the containment,

RESPONSE 26

A separate probabilistic analysis of the effects of hydrogen combustion has
been performed for each plant damage state. The analysis accounted for
uncertainties in the hydrogen generation, release from the primary system,
ignition, and containment atmospheric conditions, Vessel breach discharge
burns and global burns at different times in the accident progression were
treated separtely. All hydrogen burns were treated as instantaneous adiaba-
tic combustion events, The analysis is documented in Section 11.5.2 and in
Tables 1.7-1 and 11.7-7 of the SSPSA (PLG-0300). Local hydrogen deflagra-
tions or detonations were considered and dismissed as requiring conditions
of nearly stagnant or quiescent atmospheres which are not considered cre-
dible under accident conditions. 1In a large dry containment thermal and
mass transfer induced mixing of the containment atmosphere under accident
conditions is considered assured particularly on those accident phases where
rapid releases of hydrogen into the containment are possible such as at
vessel breach.

Weak areas in the containment with respect to the capability to contain
hydrogen burns could not be identified. A maximum adiabatic posi burn pre-
sure of 128 psia was determined for a limiting vessel breach discharge burn.
The lowest containment failure pressure was identified at 181 psia for the
type A failure (0.5 square inch leak area).

Hydrogen burns outside the containment in the annulus between the primary
and secondary containment could be postulated. Such hydrogen burns would
have no impact on the calculated risk or conclusions with respect to
emergency planning requirements for two reasons:

l. In order for hydrogen to accumulate to a flammable mixture in the annu-
lus region, the hydrogen must be released from the containment and this
requires that the containment is already failed. Furthermore, the con-
centration in the annulus would be lower than in the containment due to
the additional mixing with the annulus air,

2. A hydrogen burn in the annulus would impose an equal load on the enclo-
sure building and on the containment building. Even though the contain-
ment may be weaker for external loads than for internal loads, the

external load capacity is definitely much xgeater.than the internal load
capacity of the containment enclosure building which was evaluated in

the SSPSA Appendix H.l, Section 6. The weak elements in the enclosure
pressure boundary are identified as the HEPA filters and the sheet metal
duct work, each of which is expected to fail at a pressure between 1 and
2 psid,



RAI 28

Identify any penetrations connected directly into the containment atmospheric
which rely on any remote manual or manual valves for isolation.

Response 28

Pernetration #

Isolation Valve

Nominal
Diameter
Inches Comment s

X-14
X=15

X=60
X-61

X-38

X-38

X=71

=71

X-71

X=72

CBS-V-11
CBS-V-17

CBS-V-14
CBS-V-8

CGC-V=43
0GC-V-44
CGC-V-45
FP-V-592

CGC~V=36

CGC-v-32

CGC-V=24

CGC~V~15

8" To CBS spray rings. Normal

8" closed motor operated valves
open on Hi-3 containment pressure
or manual. Valve closure is manual.

16" Containment sump return line MOV.

16" Normally closed. Valves open
automatically on ECCS/CBS recircu=-
lation signal indicated by 2/4
Lo-Lo level in the RWST. Valve
closure in manual.

Compressed air line to containment
for pressure testing. Manual locked
closed valves. Line is used only
for containment pressure testing.

"

SN

4" Manual locked closed valve outside
containment, normally closed valve
inside containment.

2" Manual locked closed valve. This
valve is in series with CGC-V-28
located inside containment which
will isolate on a containment
isolation signal.

1" Manual locked closed valve that
isolates the Train B Hy analyzer
input line.

1" Manual locked closed valve that
isolates the Train B Hy analyzer
return line.

x Manual locked closed valve. This
valve is in series with CGC-V~14
located inside containment which
will isolate on a containment
isolation signal.



Nominal

Diameter
Penetration # Isolation Valve Inches
X=72 CGC=V~-10 1"
X=72 CGC~V-3 }*
X-39 SF-V-86, 87 2"
X=67 SA-V=-229, 1042 2"

Comments

Manual locked closed valve that
isolated Train A Hyp analyzer
input line.

Manual locked closed valve that
isolated Train A Hy analyzer
return line.

Manual locked closed valves.
Would only be utilized in
conjunction with the refueling
canal skimmer pump.

Manual locked closed valve
outside containment, normally
closed valve inside containment.

Note: Test connections were not considered in this analysis. Test connections
are 3/4" with normally closed manual valves and a pipe cap. Per the
Seabrook Station Technical Specifications there are verified closed

every 31 days.



RAL 33

Confirm that a complete and independent check will be performed for the
containment strength calculations that served as the basis for the EPZ

sensitivity study.

RESPONSE 53

A complete and independent check will be performed for the containment
strength calculation. This effort will be completed on approximately
November 25, 1986.







RAI 35

Assess the response of the containment sump encapsulation vessel on the
containment integrity.

RESPONSE 35

The sump encapsulation vessel is not a part of the primary containment pressure
boundary. See attached drawings for penetration X-60 (typical of X-61 also)

9763~8L-X60-01
9763-D-801212

Inside containment, CBS line 1212-1-15! is welded by partial penetration welds
to a flat plate penetration closure. In turn, the flat plate is welded to the
penetration sleeve. Containment pressure is present in the piping up to

Motor Operated Valve CBS V=14, The encapsulation vessel surrounds this valve

and is present only as a secondary boundary to contain valve stem leakage, if

any.

This penetration is also not subject to the large shell deflections estimated
fn the SMA ultimate capacity analysis since the line penetrates containment
below the basemat elevation, (=31'-6").
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RAL 40

what indication are available if RHR is lost during shutdown (e.g. spurious
closure of suction valve)?

RESPONSE 4C

This is dependcnt primarily on the type of failure that causes the loss
of the Residual Heat Removal System. The list below indicates some
various alarms and indications for two scenarios;

1 RHR Pump trip on overcurrent (faulty overcurrent relay)
- RHR PUMP TRIP BREAKER LOCKOUT alarm on the Video alarm system (VAS)

2 Spurious failure CLOSED of an RHR suction valve.
-  RHR LOW-LOW FLOW alarm on the VAS (335 GPM)
-  RHR LOW FLOW on overhead alarm annunciator (555 GPM)
- RHR HEAT <XCHANGER LOW DISCHARGE FLOW alarm on the VAS (1500 GPM)
- Abnormal current indication on the Main Control Board
- Valve Position on the Main Control Board

Other indications and alarms of a malfunction in the RHR available to
the operator at the Main Control Board are;

INDICATIONS (for both 'A' and 'B' train)

- RHR pump amperage (MCB and MPCS)

- RHR pump discharge flow (MCB and MPCS)

- RHR pump discharge pressure (MCB and MPCS)

- RHR heat exchanger inlet temperature (MPCS point)

- RHR outlet exchanger outlet temperature (MPCS point)

- RHR pump motor winding temperature (MPCS point)

- RHR pump radial bearing temperature (MPCS point)

- RHR pump thrust bearing temperature (MPCS point)

- RHR pump PRIMARY COMPONENT COOLING WATER flow (MPCS point)

- KHR heat exchanger PRIMARY COMPONENT COOLING WATER flow (MPCS point)

ALARMS (for both 'A' and 'B' train)

- RHR pump motor winding high temperature (VAS)

- RHR pump radial bearing high temperature (VAS)

- RHR pump thrust bearing high temperature (VAS)

- RHR pump discharge pressure high (VAS)

- RHR pump PRIMARY COMPONENT COOLING WATER low flow alarm (VAS)
- RHR heat exchanger PRIMARY COMPONENT WATER low flow alarm (VAS)



1 41

what indication is available for vessel level during shutdown and refueling modes?

RESPONSE 41

As the plant is brought out of the standby condition and into hot shutdown and
cold shutdown, the Reactor Vessel Level Instrumentation System (RVLIS) indicates
at the main control board the level in the vessel. This system is available
both with the RC puwps cperating (dynamic-range) and without the RC pumps
running (full-range). The RVLIS has two electrically-independent trains of
{nstrumentation and indication. The RVLIS is not available when the head is
of f the vessel., During shutdown when the vessel head is off the reactor
vessel, or the RCS is otherwise open to the atmosphere, two methods of

vessel level determination are available. First, a clear plastic tube is
connected to one of the loop drain lines and routed vertically to an elevation
above the reactor vessel head to serve as a level guage. The RCS is drained
efther to just below the vessel flange (refueling) or to the midpoint of the
loop piping (steam generator maintenance). The loop drain line connection is
made at the bottom point of the RC piping. Therefore, this method of temporary
level measurement is available throughout the range of draining required for
all maintenance which may take place while fuel i{s in the vessel. The second
method of vessel level Jetermination is by level tranmitter RC-LT=9405 which
{ndicates on the MCB (BF) by RC-LI-9405. This method is also available only
when the RCS is open to atmospheric pressure, and is valved-out during aormal
operation,

A final metod of vessel level determination is by the Refueling Cavity Level
Transmitter SF=LT=2629., SF-L1-2629 indicates on the MCB (BF). This method

{s available and applicable only when the refueling cavity is in communication
with the RCS; that is, when the cavity level is above the reactor vessel
flange with the head off and the fuel transfer tube gate open.




RAI 42

Does loss of power to the pressure transmitter that provides input to the
autoclosure interlock for RHR suction valve cuase the valves to close?

RESPONSE 42

lLoss of power to the pressure transmitter that provides input to the autoclosure
interlock for RHR suction valve will not cause the valve to close.



RAI 43

To what level(s) is the RCS drained for maintence activities while shut-
down with fuel in the vessel? What level is necessary to maintain
connection with the ultimate heat sink?

RESPONSE 43

For maintenance and refueling the RCS may be drained to the level required
for the activity. The two typical stopping points are 6-inches below

the reactor vessel head and to the midplane of the reactor coolant loop
piping for steam generator, reactor coolant pump and valve maintenance.
The midplane of the reactor coolant loop piping is the minimum level to
ensure proper operation of the Residual Heat Removal System. Estimates

of the time that might be expected at the different water levels based

on Zion data is provided in response to RAI 21.



RAI 44

Describe the availability of the SI pumps while shut down. How difficult
would 1t be to restore the SI function to respond to transients during
shutdown and refueling conditions? Crnsider maintenance of the SI system
in your response.

RESPONSE 44

The Safety Injection (SI) pumps (intermediate head safety injection) are
to be SAFETY TAGGED (with a CAUTION TAG) with the motor circuit breakers
open and rack-out within four hours after entering MODE 4 (average RCS
temperature <325 degrees F but >200 degrees F) OR any one of four RCS
cold legs temperatures <325 degrees F, whichever comes first.

To restore the SI function of these pumps, the SAFETY TAGS must be removed
from the breaker(s) and the breaker(s) racked into the OPERATE position.
They may then be started manually or automatically by a Safety Injection
Actuation Signal. A more complete discussion of this subject is in
response RAI 21.



RAL 45
Provide the procedure for establishing cold overpressure protection
when shutting down.

RESPONSE 45

Cold Overpressure Protection at Seabrook does not require manually

arming., It is armed automatically on Reactor Coolant System temperature
decreasing to less than 342 degree F. The attached illustration below

shows the logic employed in arming and operating the LTOP system (Low
Temperature Overpressure Protection) during an RCS cooldown and depressurization
for Protection Train 'A', Train 'B' logic is similar.

PORV (Power Operated Relief Valve) Block Valve auto-open (NOTE: this
is a NORMALLY OPEN valve.);

- Power available to valve AND
- valve control in remote AND
valve control in automatic AND
- LTOP train 'B' armed (auctioneered low wide range RCS cold leg

temperature is less than 342 degrees F.)

PORV Train "A' wil! auto open if;

- Valve in automatic AND
- Wide Range Reactor Coolant pressure channel (PT-403) is greater

than the LTOP setpoint (see attached graph, Protection Train 'A'
LTOP setpoint generated by auctioneered low RCS hot leg temperature.)
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QUESTION 46

1s the primary system made water-solid during shutdown?

RESPONSE 46

There is at present no plans to operate the RCS for long periods of time
in the water solid condition. 1If the plant is shutdown to refuel, or for
other maintenance, the pressur’'zer will be taken solid per operating
procedure to collapse the steam bubble, then drained to the required
level. Another condition when the RCS is water solid would be when
drawing a pressurizer steam bubble following filling and venting of the
RCS. This would only be a transitory condition. Another possible mode
of operation {s to have the RCS filled and vented to the PRT.




RAI 49

The FSAR gives RHR relief valve flow rate as 900 gpm with a set pressure
of 450 psi. The flow rate does not agree with the value used in Reference

1, section 3, page 6. Please explain.

RESPONSE 49

The correct rated flow of each RHR relief valve is 900 GPM at 450 PSI.
Although the value of 990 GPM stated is incorrect, the V-sequence probability
modeling used a total of 1800 GPM for both relief valves. It was assumed
that a valve rupture flow of greater than 1800 GPM would result in RHR
pressurization to 2250 psia. For the flow calculations in MAAP a pressure
dependent flow capacity was used as described in RMEPS. This is somewhat
conservative since the initial driving pressure is over 2000 PSI.



RAI 50

Please describe the mechanism for assuring that plant changes and new
knowledge are promptly factored into the technical considerations which
form a part of the foundation for staff consideration of a reduced
emergency planning zone radius.

RESPONSE 50

The PSA will be kept up-to-date with regard to plant changes and new
knowledge. Wherever major plant modifications are performed which
significantly affect the PSA, the report will be updated accordingly.
To ensure prompt and effective input to plant change decisions, the
PSA will be considered in the design change review process. PSA
considerations will fnclude the impact on public health risk.

The RMEPS results aiready reflect some of the changes to plant Technical
Specifications that have been made since the SSPSA was completed in 1983.
Recently, a review has been completed by the PSA team of changes made

to the plant since 1983. No changes were identified that would impact
the current PSA results in any significant way.



RAI 51

Reference 1, page 3-7, paragraph 5) references both high and low level
sump alarms. What is s sump low level alarm?

\J
RESPONSE 51 i

The CBS pump cubicle sump pump is tripped on low sump level and an
alarm is annunciated at the waste management system control parel
(CP-38A) and remotely in the main contrvol room via the VAS. The pump
trip and low level alarm are set to protect the pump from cavitation.



RAI 53

Reference is made on page 3-7 to the RHR system crosstie line and RHR
system response due to flow in this line as well as in the miniflow
bypass lines. The conclusion is Arawn chat the RHR system pressure will
tenc to be uniform as a result. Are flow conditions such that this is
realistic? What is the impact of this assuapation on conclusion pertinant
to the discussion.

Response 53

Page 3-7 states that "...the entire RHR system will tend to pressurize
uniformly after valve failure (neglecting the time it takes for pressure
valves to traverse the system)”. The figure included with this response
provides a diagram of the RHR system. The configuration of the Residual
Head Removal System when it is aligned as part of the emergency core cooling
system i{s for both RHR pumps to be aligned through separate suction paths
from the reiueling water storage tank. The discharge side of the pumps are
connected downstream of their respective heat exchangers by an 8-inch
crosstie line containing two open motor operated valves. FEach pump has

a minimum flow line that connects the outlst of the RHR heat exchanger to
the pump suction piping. The minmum flow line 1s a 3-inch pipe containing

a flow restricting orifice (750 GPM at 185 ?S1) and a normally open motor
operated vaive. In the RHR pump suction piping, branches from the refueling
water storage tank, the containment sump and the reactor coolant loop join
the RHR pump suction pipe. It is the pump suction pipe from the reactor
coolant loop that contains the 3x4 inch relief valve set at 450 psig with

a rated flow of 900 gpm. Table 4-6 and Figures 3-1 and 3-2 of PLG-0432
provides additional details of RHR flow paths.,

Except for the RHR pipe failure case (which maps to the most severe release
categoryv. S1), the interfacing LOCA flow rates through to RHR system are
expected to be moderate (a few thousand GPM) relative to the RHR piping
equipment size (see, for example section 3.1.4.2 and Figure 3-7 of PLG-0432).
The pressure losses through the RHR system will not be large such that the
pressure should be fairly uniform.

We see no significant “"impact of this assumption on conclusions pertinent
to the discussion” for the following reasons:

1) As dis" ssed throughout PLG-0432, the RHR system overpressure
failure. modeled conservatively envelop the spectrum of possible
failure modes.

2) The RHR pressure boundary failure(s), if any, are expected to be
caused by the fnitial pressure wave or pulse, not from flow induced
pressure drops.

3) The precise pressure distribution through the RHR is of little
importance since the risk results are not extremely sensitive to
the exact RCS blowdown/RHR pressurization rate.
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RAI 55

what is the justification for the statement on page 3-10 that the first
sign of trouble wil' be pressurizer low level or low pressure alarms?
We suspect a number of other indicators may be first, such as abnormal
indication from the PRT or even a smoke alarm.

RESPONSE 55

The indications of an RHR Interface LOCA would primarily depend on the
magnitude of the inleakage from the RCS as was stated on page 3-10. If
the RCS to RHR leak flow rate is less than the capacity of the RHR suction
relief valves, the first indications the operator may receive are;

PRT (pressurizer relief tank) high pressure
RHR discharge pressure meters readings abnormally high, 450 PSIG
(0-700 PSIG scale)
RHR heat exchanger outlet temperature recorders pegged high
(0-500 Degrees F)

- Pressurizer Level low (-5% deviation from programed level)

- Pressurizer pressure low (2210 PSIG)

For in-leakage less than 1800 GPM, the RHR system would pressurize to
approximately 450 PSIG (the setpoint of the suction relief valve) and

stay at this point. The RHR suction relief valve(s) would cycle to

maintain the RHR system at 450 PSIG. It is important to note that this

would entail no threat to the RHR system integrity, the mechanical seal
package would remain INTACT and no leakage would be seen outside containment.

If the RCS to RHR in-leakage was greater than 1800 GPM, (he indications

the operator would receive would be somewhat different. Based on the

worst case RHR Interface LOCA sequence run on the MAAP code by Westinghouse,
the following alarms/indications would be received by the operator. (please
refer to plot of RCS Pressure vs Time for basis of alarm sequence) These
alarms/indications are listed in CHRONOLOGICAL order and DO NOT take credit
for any radiation monitoring systems alarms, although there are both area
and ventilation process monitors that monitor the RHR equipment vault area;

RHR DISCHARGE PRESSURE HIGH alarm train 'A' ('B') (560 PSIG)
RHR discharge pressure meters pegged high (0=700 PSIG)

RHR heat exchange outlet temperature recorders pegged high
(0-500 Degrees F)

PRT Pressure High alarm (4 PSIG)

PRT Pressure and level increasing with no indication that the
pressurizer PORV(s) or Safety Valves are discharging.
Pressurizer PORV(s) and Safeties have the foliowing devices to
monitor their position and process flow thru them;

- Valve position for PORV(s)

- Tailpipe temperature for PORV(s) and Safety Valves

- Acoustic flow monitoring for PORV(s) and Safeties
PRESSURIZER PRESSURE LOW alarm (2210 PSIG)

PRESSURIZER LEVEL LOW alarm (-5 deviation from program)

RHR EQUIPMENT VAULT HIGH TEMPERATURE alarm Train 'A' ('B')
RHR EQUIPMENT VAULT HIGH SUMP LEVEL alarm Train 'A' ('B")




RAL 57

The statement on page 3 - 11 that "As soon as the pumps begin to produce
flow to the RCS, valves in the miniflow lines close and all RHR pump
flow is injected into the reactor vessel via the RHR cold leg injection
lines” is not correct. The sensors are not located at the RCS to detect
flow at that location. Further, one is postulating a break in the RHR
system, and a significant portion of the pump flow may never reach the
RCS (as it stated in a later paragraph).

RESPONSE 57

The referenced paragraph states that "As soon as the RHR pumps begin to
produce flow to the RCS, valves in the miniflow lines close and all RHR
flow is injected into the vessel via the RHR cold leg injection lines”.
This paragraph describes the response of the Emergency Core Cooling
Systems to a standard LOCA, and is correct. The RHR flow transmitters

are not located on the RCS proper, but are indicative of RHR injection
flow via the cold leg injection lines.



RAI 59

An item under consideration for advanced nuclear power plants is the
ability to monitor pressure on the low pressure side of check valves.,
This could provide early warning of check valve leaks and would pro-
vide monitoring capability to help assure check valves were operating
properly. The same monitoring capability with respect to RHR suction
line valves could identify if individual valves were mispositioned or
mal functioning. Would such a system for Seabrook be of significant
benefit in reducing risk in a reduced size emergency planning zone?

RESPONSE 59
The failure model and quantification for leaks greater than 150 gpm is
summarized below for the four cold leg injection paths (two check valves

in series) and the two hot leg suction paths (two MOVs in series).

4 COLD LEG INJECTION PATHS

CHECK VALVE
NO. OF  FAILUKE CONTINUOUS
PATHS MODEL QUANTIFICATION (ANNUAL TESTING) MONITORING
4 2 ( T/2) 4[(4X10"4)2+4variances 3.5 X 1076 0
4 2 d 8X(4X10~4)X(2.7X107%) 0.9 X 106 0.9 x 106

2 HOT LEG SUCTION PATHS

NO. OF FAILURE

PATHS MODEL  QUANTIFICATION (18 MONTH TESTING)
2 2 ( T/2) 2[(4X10"4)24variancewXl.5 = 2.7 X 1076 2.7 x 1076
2 2 d 4X(4X1074)X(2.7X107%) = 0.4 X 1076 0.4 x 1076
2 g 2X(4X10™4)X(1.1X107%) = 0.1 X 10°® 0.1 x 10°6

7.6 X 1076 4.1 x 1076

The last column above assumes perfect continuous testing (monitoring) of
the two series check valves. As shown the total frequency changes very
little (less than factor of 2). Hewever, quantification of the other
failure modes and treatment of MOV discs as check valve discs are believed
to be conservative.

"pPerfect continuous” leak testing of the RCS series check valves would
require significant modification and is not practical. Frequent, periodic
testing can be performed to verify tha: excessive leakage is not occurring
through the inboard RCS isolation valves. Excessive leakage through the
outboard check will possibly be detected by increased pressure in the RHR
system and reduced accumulator level depending on the magnitude of the
leakage.

Currently the normal RHR suction motor-operated valves cannot be tested as
described above because permanent test lines are not connected to the
process lines which the valves isolate.



In addition, as discussed in the response to RAI 48b, the interfacing LOCA
event contributes approximately 12% to the total early release frequency.
Therefore, if this was reduced to zero it would be a minor reduction to
tctal release frequency. There is no significant benefit to reducing
risk.

|
~



RAI 60
Please elaborate on the page 3-23 list of actions an operator can take to
mitigate the accident, This list appears to be short. Include iden-

tification of what has been incorporated into operator training and proce-
dures at Seabrook.

RESPONSE 60

At present, the following isolation sequence is being incorporated into
training:

1. Check proper valve alignment
RC-V22 RHR pump "A" Th suction CLOSED
RC-V23 RHR pump "A" Th suction CLOSED
RC-V87 RHR pump "B" Th suction CLOSED
RC-V88 RHR pump "B" Th suction CLOSED
2. 1ldentify and isolate leak

CLOSE THE FOLLOWING VALVES

- RH-V21
- RH-V22

OBSERVE THE RESFONSE OF THE RHR SYSTEM

- Faulted train follows RCS pressure/temperature
- Non-faulted train depressurizes

CLOSE FAULTED TRAINS TO DISCHARGE VALVE

- Energize MCC 522/622
- Close RH-VI4/RH-V26

STOP FAULTED TRAIN RHR AND CBS PUMPS
CLOSE FAULTED TRAINS RWST SUCTICN VALVE

- CBS-V2
- CBS-V5

3. Check if break 1s 1solated:

RCS Pressure - increasing
or
Reactor Vessel level - increasing
and
Faulted RHR loop pressure - decreasing




4, 1f break is not i1solated:

-~ Energize MCC 522 and 622
- Close RH-V14 and RH-V26

RETURN TO STEP 3
This strategy allows:

a. a quick reduction in leakage flow by isolating the faulted train
from the non-faulted train

b. prevents cycling the RH injection valves if not necessary

C, allows better diagnosis by separation of trains,



RAI 61

What i8 th- freqoency of failures in the pipe tuouel that is sentioned
on page 3-23, and which led the authors to conclode they are very low?

RESPONSE 61

As noted on page 3-24, top eveat PI io the VI and 7S eveot trees.
represents soy fsilure of piping or the heat exchanger doe to the RAR
systea high pressure challeoge. Any piping faillares are sssigned to
plant damage state | FV. As Table 4-17 shows, damage state IFV always
mapé to release category Sl- the moet severe release. 1In otber vords,
aoy RHR pipe failore i ssrumed to result io the most severe release,
regardless of failare location; therefore results are fnsenaitive to
the pipe failure location.



RALI 62

Page 327 references situations where the combioed sump pump capacity is
sufficient (o remove lesks and keep the vaults from flooding. In these
cases, the RER, 81, and CS pumps are sssumed not to be impacted by flood-
ing., What consideration was given to failure of one (or both) sump pumpe?

RESPONSE

As shown in ¥Figure 34 of PLG0432, the sequences referred to fo this
question have frequencies oo the order of 1E-8 or less; these frequancies,
when vultiplied by the chance of smwp pump failare clearly wmake such

sequences unimportant contributors.



RAI 63

what is the maximum flow rate that can be injected into the RCP pump
seals? (Of potential interest since it may be an alternate path for
injection into the RCS.)

RESPONSE 63

Flow to the reactor coolant pumps seals is significantly less than
that required for core cooling.



RAI 63

what is the maximum flow rate that can be injected into the RCP pump
seals? (0f potential interest since it may be an alternate path for
injection into the RCS.)

RESPONSE 63

Normal seal injection flow into the reactor coolant system through the
reactor coolant pump seal injection flow path is 5 GPM per reactor
coolant pump or 20 GPM total. This flow path is judged insufficient

by itself to satisfy core cooling requirements. Other flow paths such as
rhe normal charging line, the charging/safety injection flow path to the
cold legs or the safety injection pumps to the cold legs (at reduced

RCS pressures) will provide greater flow capability. It should be

noted that there are no risk significant core damage sequences in the

PSA results in which the charging pumps are available.




RAI 64

Shutting an RHR system crosstie valve is identified on page 3-35 &s an
action to help isolate a LOCA outside containment involving the RHR/SI
systems, Has a careful evaluation of these systems been performed to assess

isolation strategy? If so, are procedures in place at Seabrook Station
which reflect the work?

RESPCNSE 64

See Question 60.



RAL 67

page 3-37 contains the wording “End state DLOC contains sequences in

which the interfacing LOCA has been terminated, and the ECCS has been
degraded (D) (RHR or_SI pumps have failed)...The point estimate frequency

of DLOC is 4.0 x 107/ per year. The additional failures required to achieve
core melt would lower this frequency by at least one order of magnitude.”
Wwhat is the justification for this conclusion? (We have already lost a
portion or all of the ability to inject water into the RCS via the usual

paths).

RESPONSE 67

End state DLOC represents sequences in which the interfacing LOCA has
been terminated (isolated) and ECCS has been degraded but some core

make up capability remains available. (see top of page 3-27). "The
additional failures required to achieve core melt would lower this
frequency by at least one order of magnitude” means that, given the
degraded ECCS state, the unavailability of remaining mitigation equipment
is better (lower) than O.l.



RAI 68

The bottom of page 3-37 contains a statement to the effect that failure

of one charging pump will lead to core melt. Why is this the case? Our
perception is that sufficient flow might be provided by alternate means

to keep the core covered, such as use of the remaining two charging pumps,
and perhaps the ractor makeup water pumps.

RESPONSE 68

For the DILOC accident sequences discussed at the bottom of page 3-37,
the failure one charging pump would not be expected to lead to core
melt., This | a conservative assumptioﬁ_?o estimate the frequency of

failures with he rest of the plant that would be needed to produce a

core melt.




RAI 69, 70, 71, 72, 73

RAI 69 |

What is to be the status of the "temporary” 34.5 kV power lines which are |
identified on page 3-45?

RAI 70

What is to be the status of the mobile power supplies which are identified
on page 3-46?

RAI 71

What capability has been provided to connect external pumps as identified
in the second and third paragraphs of page 3-46? (This was briefly
mentionsed on page 3-48). Use of a pump to simply inject water into
containment via the sprays on a short term basis (no recirculation) does
not appear to be identified. Has this been considered?

RAI 72

Page 3-46 identifies a number of possibilities for recovery of various
safety functions. Are there specific plans? If so, please provide them.

RAI 73

There have been several references to purchase of a mobile electric
generator by pooled resources on the pages prior to page 3-49. What
is the likelihood that such a generator would be needed by several
plants at the same time, and hence might not be available to Seabrook
Station when needed? Similarly, where is the generator to be stored,
and how is it to be transported to Seabrook? Include consideration of
post seismic and post severe storm in the response.

RESPONSE 69, 70, 71, 72, 73

These question refer to section 3.2 which discusses Containment Recovery
following an extended loss of all AC power. The various potential

recovery measures discussed are related to recovery which could prevent

late containment failures predicted to occur one to several days after

the initiating event. These late containment failures, and therefore, the
recovery measures discussed have no effect on early health risk. These
recovery measures are not related to emergency planning decisions. Reducing
the chance of late containment failure could impact latent health effects
which are not sensitive to evacuation assumptions. Alternate ways of
recovering late containment failures are still being evaluated.




