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July 12,1985

Docket No. 50-423
Bil579

Director of Nuclear Reactor Regulation
Mr. B. 3. Youngblood, Chief
Licensing Branch No.1
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Reference: 1. B. 3. Youngblood to 3. F. Opeka, Request for Additional
Information for Millstone Nuclear Power Station, Unit No. 3,
dated May 20,1985.

Gentlemen:

Millstone Nuclear Power Station, Unit No. 3
Response to Requests for AdditionalInformation

Structural and Geotechnical Engineering Branch (SGEB)

Enclosure 1 to Reference 1 transmitted requests for additional information
resulting from the SGEB review of the Millstone Nuclear Power Station, Unit
No. 3 FSAR. Attached are Northeast Nuclear Energy Company's (NNECO)
responses to Questions 241.23 through 241.26. NNECO met with the NRC Staff
on May 14, 1985 to discuss these questions and it was agreed that the
information provided herein would resolve their concerns regarding these items.

If you have any questions regarding this submittal, please contact our licensing
representative directly.

Very truly yours, .

NORTHEAST NUCLEAR ENERGY COMPANY
et. al.

BY NORTHEAST NUCLEAR ENERGY COMPANY
Their Agent

. F. M
3. F. Opepa U
Senior Vice President
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cc: Mr. John Chen |

SGEB |

~ Mr. Nilesh Chokshi. |
SGEB-

!
Mr. Lyman Heller, Section Leader
SGEB

STATE OF CONNECTICUT )
) ss. Berlin

COUNTY OF HARTFORD )

Then personally appeared before me 3. F. Opeka who being duly sworn, did state
that he is Senior Vice President of Northeast Nuclear Energy Company, an
Applicant herein, that he is authorized to execute and file the foregoing
information in the name and on behalf of the Applicants herein and that the
statements contained in said information are true and correct to the best of his
knowledge and belief.
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Millstone Nuclear Power Station, Unit No. 3

Response to Request for AdditionalInformation
Structural and Geotechnical Engineering Branch

Questions 241.23 through 241.26

.



,

.. ~t *

*
,: ..

,

Question 241.23 The staff must review the calculations associated with
the fragility analysis of the retaining wall for
better understanding. Therefore, provide these calcu-
lations with adequate explanations of assumptions,
calculational approach, and the results.

Response: Enclosed are the calculations for the retaining wall.
The assumptions and calculational approach are

documented in the calculations and are summarized
together with the results in the response to the
Staff's Question 720.81 (Reference 1).

In addition", as a result of discussions with the
staff, calculations to assess the effects of

unsymmetrical sliding resistances have been performed
for the retaining wall.

, Newmark (Reference 2) presents equations to predict
.

the sliding displacement of rigid bodies having both
symmetrical and unsymmetrical resistances. Various
predictive equations for unsymmetrical resistance are

compared to data from time-history analyses using
natural earthquake records in Figure 22 of Reference 2.
This figure indicates that in the range of interest
(N/A > 0.2), the most accurate equation is:

I' 2
V N A

a = 2gN (l~ I ) E
i

,
. where N is the total resistance to sliding, and A is

the horizontal acceleration capacity.

Inspection of Figure 22 of Reference 2 indicates that
this equation is still somewhat conservative for use

as a median-centered formulation for the prediction of

.
sliding displacements.
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The sliding capacity of the retaining wall was |
reevaluated using the equation presented above. The
following fragility values were calculated:

|--
.

A = 0.9g

S = 0.17g

S = 0.45g

i This median capacity is reduced from the value of 1.2g
j. previously estimated. However, sensitivity studies
'

performed for the plant damage state fragilities and
occurrence frequencies using the 0.9g capacity

; together with a modified sliding capacity for the EGE
building using a v/a ratio of 36 in/sec/g (Question
241.25c) indicate only minor changes occur. The
results of these sensitivity studies are shown in the
attached appendix.

,
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- Question 241.24

The consequence of seismically induced liquefaction of beach sands is not
specifically addressed in the Millstone seismic capability study (Reference 1).
The beach sands could be liquefied under seismic events greater than.SSE and
could flow toward the intake structure, thus preventing and intake structure
from conveying the cooling water for the safe shut down. Therefore, provide the
analyses for the stability of the beach sand slope-and assess its consequences
under seismic events greater than SSE.

Response

The response to this question was discussed in NNECO's May 14, 1985
presentation to the NRC Staff and it was agreed at that time that this item is
resolved. The following pages detail the presentation given to the Staff.
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MILLSTONE NUCLEAR POWER STATION - UNIT 3

SUMMARY OF ANALYSIS OF POSTULATED LIQUEFACTION OF BEACH SAND FOR
EARTHQUAKES LARGER THAN THE SSE

The circulating and service water pumphouse is located on the shorefront of
Long Island Sound, as shown in Figure 2. A liquefaction analysis of the

~_

sands underlying the slope protection zone adjacent to the pumphouse was
performed using a 2-dimensional dynamic response analysis in response to
question 241.7 and is discussed in FSAR Section 2.5.4.8.3.3. Figure 1
summarizes the results of the analysis and presents the factors of safety
against liquefaction for the sand zone under SSE conditions. The analysis
indicated that an adequate margin of safety against liquefaction existed for
the sand zone at the pumphouse. The east slope was not analyzed since it
consists of a sloping rock surface with no sand or till layers.

.

yg
A fragility analysis of the shorefront' slope was performed to assess the 1.
effects of earthquakes larger than the SSE. The assumption was made that
the sand liquefies under a large earthquake of unspecified magnitude. The i

shorefront consists of a slope protection zone, sand, basal till, and
bedrock as shown in Figure 3. This analysis conservatively assumes that the
entire zone of sand liquefies simultaneously, causing the sand and overlying
slope protection zone to move as a unit towards the intake chanael. From
the results of the liquefaction analysis under SSE conditions presented in
Figure 1, it is expected that liquefaction during larger events would $
initially occur in the sand at the toe of the slope. The exact location . -

corresponding to initiation and extent of liquefaction could vary depending
on the earthquake magnitude. However, it is unlikely that the entire sand

|
zone would completely liquefy; rather, progressive slumping failures would
occur as unliquefied sand behind a liquefied zone slumps into the void left
by the sliding sand. It is unlikely that sand beyond the top of slope at el
14 ft would be mobilized and able to move sufficiently to block the intake
channel because of the orientation of the top of the slope to the intake
channel. Therefore, the assumption used in the analysis of massive flow
slides initiating at the toe of the slope and moving large distances is very
conservative, even under large magnitude earthquakes.

A liquefaction-induced flow slide of the entire sand and slope protection
zones was postulated for the fragility analysis. A post-flow final slope of
20:1 was assumed to occur based on observations by Seed (Ref.1) from the
1964 Alaska earthquake. The magnitude of the Alaskan earthquake was 8.3,
compared to the SSE magnitude of-5.3 at the Millstone site. The existing

and post-flow shorefront contours at the pumphouse are shown on Figure 2.
Sections A-A, B-B, and C-C (Figure 3) were constructed through the slope and
dredged channel.

From these assumptions, the final configuration of the slope was checked for
each section on Figure 3 by a conservation of soils method, where the final .:

slope is drawn so that area Al is approximately equal to A2. This method
was applied to Sections A-A and B-B; the intake channel side-slope at
Section C-C is too shallow for any significant flow slide to occur. The
final slope configurations postulated on these three cross-sections resulted

0111-1517412-B4T 1
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in a revised topography of the channel bottom as plotted on Figures 2, 4,
and 5.

The post-flow channel elevation in front of the pumphouse would be
elevation -20 ft, compared to the original elevation of -30 ft under normal
conditions. The service water pump inlet, shown on Figure 5, extends to
elevation -13 ft; therefore, 7 ft of water would remain available for the
pumps after the slide occurs. Therefore, a liquefaction-induced flow slide
into the intake channel will not adversely affect the supply of water
required for cooling of safety-related systems, even for earthquakes in
excess of the SSE magnitude.

The sensitivity analysis summarized above illustrates that liquefaction of
the beach sand would not be a dominant seismically induced failure mode in
the seismic. margins evaluation (Ref. 2) and need not be considered further.

References

1. Seed, H.B. 1968. Landslides during Earthquakes due to Liquefaction.
Journal of the Soil Mechanics and Foundation Engineering Division,
ASCE, Vol 94, No. SMS.

2 .' "A Program to Determine the Capability of the Millstone 3 Nuclear Power
Plant to Withstand Seismic Excitation above the Design SSE," prepared
by NTS/ Structural Mechanics Associates for Northeast Utilities,
November 1984.
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Question 241.25a

The. staff review of the fragility ' analysis for the emergency enclosure (EGE)
building has produced several concerns. Therefore, provide a sensitivity study
taking the following into consideration:

a) As-built foundation support conditions should be used; and specifically, a
2-D model should be used to represent EGE building.

Response

The - response to this question was discussed in NNECO's May 14, 1985
presentation to the NRC Staff and it was agreed at that time that this item is
resolved. The following is a summary of the information presented to the staff.

In response to concerns raised by the NRC, studies were performed to evaluate
the potential affect of structural fill adjacent to the control building and to
evaluate what appeared to be structural fill under the center footing of the EGE
building.

Finite element soil / structure interaction analysis was performed to evaluate the
seismic response of the structure by using the computer code "PLAXLY" as
stated in'Section 3.7B.2.4 (Reference 5). In this analysis, a 24 ft.-0 in. depth of

i. basal tih was considered between the rock and the foundation level. The,

material properties were as given in Table Q241.3-2.
!

Concerns were raised by the NRC in the June 13, 1984 meeting about the
possible compacted structural fill under the center footing of the EGE building.,

In response to this meeting an additional sensitivity study was performed by
| using the computer code " SHAKE" to compare the results of (1) 24 ft.-0 in., basal
; till, overlying the bedrock and (2) 5 f t.-0 in structural fill on 19 ft.-0 in. of basal

*

till overlying the bedrock. The results of this study have been submitted to NRC
,

in Reference 7.'

i

! The NRC Staff requested that the as-built foundation support conditions be used
in determining the response of the EGE building. In this respect, an effort was
undertaken to verify and assess the as-built conditions of the EGE foundation
excavation. This effort resulted in.a revision of the FSAR Figure 2.5.4-54
(Amendment 14) and the density test data in Table 2.5.4-20. The as-builtt

information indicates that there was no over excavation under the center
footing.

The foundation excavation drawing shows that the lowest point of excavation is
L at elevation 7 ft.-9 in, under the center footing. Field concrete pour cards
( indicate that a concrete mat was placed between the bottom of the footing and
: the basal till. These as-built conditions have been shown in attached Section 3-3,

R-R and S-S. By looking at these sections, it can be seen that the north footing
g is on basal till, the center footing is on concrete fill founded on till and the south
; footing is on confined structural fill. These conditions reflect the original
i analysis of basal till up to the footing evaluation, thereby incorporating the as-

built conditions.
,

The NRC Staff raised another concern about independent action of each footing.
4 The applicant believes that the actual configuration of the foundation will not

result in independent action. In fact, the sections noted above indicate that all
,

__ -
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walls are tied together by a continuous footing and are also tied into the fuel oil
tank wall. Furthermore, the slab at elevation 24 ft.-6 in., which ties all EGE
walls and the tank vault structure together, makes the structure behave rigidly
between elevation 24 ft.-6 in, to elevation 9 ft.-0 in. and all these interfaces
have been designed for the proper transfer of the seismic forces.

The gross seismic forces of the structure have been evaluated at the center of
mass (CM) and the moments due to the excentricity between the CM to center of
resistance (CR) have been included in the design. Thus, the rigid building
response precludes any independent action as perceived by the Staff.

The computer code "PLAXLY" used in the original analysis represents a 2-D
model. This takes into account the flexibility at each node and has three degrees
of freedom representing one horizontal, vertical and rotational response. The
structural response includes the effect of coupling action between the horizontal
and the vertical directions.,

Although it was stated by the staff that the south footing (Figure Numbero

Q241.3-4) appears to be acting independently along with the structure fill, in
reality it cannot respond independently due to the rigid box configuration of the
structure. It is also noted that the structural fill is confined between the stiff
boundaries of control building, the south wall footing and the basal till. In order
to maintain the strain compatibilities of the elastic behavior between the
boundaries, it forces the confined soil to behave in a manner 'similar to the
behavior of surrounding material. Moreover, since the majority of the structure

~

is founded on basal till, the local fill has no effect on the calculated responses of
the structure.

,

The effect of structural fill adjacent to the control building area was assessed by
taking the average values of material properties for the case of 24 ft.-0 in. basal
till with and without structural fill. The method of evaluation was as suggested
by Professor 3. M. Roesset, Reference 1.0. Table Number Q241.3-2 delineates
the comparison of material properties with and without structural fill and the
fundamental frequency of the soil layers. The frequency with and without the

. structural fill shows an insignificant change in the values.

In summary, the EGE building will respond as a rigid body. Also, as noted in the
attached figures, the average depth of basal till underlaid by bedrock is
estimated to be between 12 ft.-0 la. and 14. ft.-0 in., which is substantially less
than. the 24 ft.-0 in depth assumed in the original seismic analysis. Thus, the ;

design response of the EGE building, provided in Table 3.78-18 of Reference 5, is
very conservative for the following reasons:

l
The as-built average depth of basal till is substantially less than the

|
o

depth assumed in the seismic analysis. 1

The orthogonal components of mass accelerations of the structure haveo
been added algebraically rather than utilizing the SRSS method
recommended by Regulatory Guide 1.94 to account for 3-D earthquake
effect.

The structure's displacement responses were increased by 10 percent foro
i an additional safety margin.
1

, . ., - - . ~._ ~ .--~ _ ,.--_- . - - . _ - . . . _ . . .- ,,m . _ , . . _ _ - - . . - _ . - - . . _ , _ _ ,
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o The "PLAXLY" results have been verified by an alternate method which
assumes the~ subgrade is represented by static soil springs developed
based on half-space theory. A 3-D stick model is used to represent the
structure (Reference 3).

Therefore, by reviewing the as-built conditions of the EGE buildings foundation
and its subgrade material, it has been found that the original analysis is very
conservative and more than adequate.
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Table Q241.3-2

SUMMARY OF 11(E AVERAGE
'

CHARACTERISTICS OF THE SOIL BETWEEN THE ROCK

AND THE EGE BUILDING FOOTING
-

+-

Category f,'(ave) G (ave) D (ave) C, (ave) f (n) % Change

24 ft-0 in, of 0.145 16,279. 0.0344 1901. 19.8 -

Basal Till .

Basal Till With 0.1448 14,731. 0.0331 1810. 19.67 0.66
the Effect of
Structural Fill.

._ .

NOTE: All values are from Fig. No. Q241.3-2

C

C, = l'EN ; f(n) = 4 Hi P = 32.2 .

I fj H *

i I Gi Ai
I I " *#* ^d " d 3s (ave) * i Hj I (ave) * I Ai Bj = Length of

the Soil
Layer

I C, Hj I Di Ai
C, (ave) IHj

= I (ave) * 1 Aj I

H. = Height of soil layer G = Shear modulus (kips /O')

C, = Shear wave velocity (ft/sec) r, = Unit weight of soil (K/CFT)

D = Critical damping
_

f(n) = Natural frequency of soil

i,
layer (cps)

P = Mass density

0831-12179-B2 6
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Question 241.25b and d

b) Newmark's nonsymmetric formula should be used to calculate the seismic
induced movements of the EGE building which is essentially nonsymmetric
with respect to sliding.

d)- The impact of longer duration associated with larger seismic events should
be considered in the study.

Response

Questions 241.25b and d were discussed with the NRC Staff at the May 14, 1985
meeting and it was agreed that these approaches were not appropriate for the
EGE building.

a .
.
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Question 241.25c The variation ~in the assumed ratio of peak ground

velocity to peak ground acceleration needs to be-
considered. For example, 36 inch /sec per peak ground
acceleration of Ig is recomended value to be used for
soil-supported facilities.

Response: The sliding capacity of the EGE was r' evaluated for ae

ratio of peak ground velocity to peak ground accelera-
tion (v/a ratio) of 36 in/sec/g. Based upon Newmark's
sy m etrical resistance formula presented in Section
4.1.1.7 of the Millstone 3' fragilities report
(Reference 1), the following values were determined:

= 1.lg

SR = 0.18

^

80 = 0.45

The use of Newmark's symmetrical resistance formula is
;

appropriate since the sliding resistance of the EGE is-

essentially the same in all directions. The median
acceleration capacity is reduced slightly from the

f- capacity of 1.3g based upon a v/a ratio of 28 in/sec/g.
| As noted in the response to NRC Staff Question 720.'78'

| (Reference 2), the use of the v/a ratio of 36 in/sec/g
I as a median is not appropriate for the fragilities

evaluation. The resulting values are therefore
considered to be conservative. Nevertheless,

sensitivity studies using a v/a ratio of 36 in/sec/gt

for the EGE and the nonsymmetric resistance sliding

; capacity for the retaining wall indicate only small
variation in the plant damage state capacities as-
shown in the attached appendix.
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SEISMIC FRAGILITY EVALUATION

EGE BUILDING
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-Question 241.26 For the buried service water piping system, confirm
' that -buckling is the most critical failure mode as
compared to shear caused cracking or breakage and to

bending caused fracture. Newmark's non-symmetric
displacement formula, appropriate velocity - accelera-

tion ratio and seismic duration should be considered
in the analysis.

Response: A more detailed evaluation of the service water line ,
was performed. This line typically consists of two
pipes lying side-by-side in a concrete sncasement.
The pipes are typically-30 inches in diameter, 0.313
inches thick, and fabricated from" ASTM B466 or B467,

No. 706 copper / nickel alloy. The concrete encasement
is nominally reinforced by #5 bars at 12 inches in the
longitudinal and transverse directions. The depth of
burial of the concrete encasement varies along the
length of the line.

A number of potential failure modes of the service
,

water line were considered in this analysis. The line,

was evaluated for its ability to resist both free-field
earthquake strains and local loads due to structure
displacements. The effects of free-field earthquake
strains were considered using the somewhat conservative
requirements of ASCE Standard Provision Section 3610. -

In accordance with these provisions, the free-field
strains were derived from the apparent seismic wave
speeds associated with the bedrock rather than the,

shallow overburden or backfill. Based upon the
recomendations of the commentary to Section 3610,

'

half of the peak ground velocity was estimated to
result from shear waves and the other half from
Rayleigh waves. These free-field ground strains

.
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introduce axial and shear stresses in tho service-

water line. Bending stresses are typically very small
and were neglected. The service water line was
checked for the maximum possible tension, compression,

:and shear forces. The resistance against axial
' compression was conservatively based upon the capacity

I

of the concrete encasement alone. The resistances
against axial-tension and shear were conservatively
based upon the service water pipes alone without the
additional benefit of the concrete encasement strength.
The service water line capacities against these
potential failure modes were found to be very large
(about 3g or greater).

sp

Local stresses are introduced into buried piping by
structure displacements. For the service water line,
the greatest structure displacement-induced stresses
are expected to result from sliding of the retaining
wall ' adjacent to the pumphouse. The service water
line is buried in the soil behind this retaining wall.
When a portion of the retaining wall slides, the
service water line is constrained to displace along
with the wall by the soil backfill behind the wall.
Restraint against lateral displacement imposed by
adjacent soil or structures causes local bending and
shear forces to be developed in the service water line.

The forces introduced into the service water line by

sliding of the retaining wall were determined using
essentially the same approach as was used for
evaluating typical buried piping at structure penetra-
tions. This approach is described in~the response to

Question 720.80 of Reference 1. Appropriate modifica-
tions to this approach were incorporateo to account
for the specific conditions of the service water line.

The sliding capacity of the wall was developed using
the unsymmetric resistance approach described in the
response to Question 241.23.

2.,
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The displacement capacity of the service water line is
expected to be controlled by buckling. In the initial

stages of sliding, much of the resistance is provided
by the concrete encasement. However, as the pipes

~

approach buckling, the concrete encasement is expected
to be significantly cracked. Consequently, the line
stiffness was based upon that of the pipes alone.
Similarly, the line capacity was determined by conser-
tively neglecting the encasement resistance. The pipe
buckling moment was determined in a manner similar to

that used for typical buried piping as described in
the response to Question 720.80 of Reference 1.

Using this approach, it was determined that a total
displacement of four inches is necessary to cause -

buckling of the service water pipes. Shear failure of
the pipes was checked and found to be non-controlling.

*

At the displacement corresponding to buckling, the
maximum shear stress in the pipe is still less than
the y!ald stress in shear by a factor of about 1.2 so
that buckling will control. The four inches _of allow-
able displacement was the value used in calculating
the fragility for sliding-induced failure of the
retaining wall.

This capacity is expected to be somewhat conservative
since the v/a ratios and earthquake durations used in
Reference 2 are higher than expected for the Millstone
site. Also, the buckling capacity of the pipes was,

found neglecting any restraint against buckling from
the concrete encasement. In addition, the displace-
ment capacity used corresponds to the initiation of
pipe buckling whereas additional displacement is

'

probably necessary to cause fracture or significant

)3
I
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flow blockage. Ev$1''1f fracture occurs, the encase-
ment, although cracked, will prevent significant
leakage. Furthermore, the pipe loads were based upon

beam or elastic foundation solutions. It is possible

that the elastica 11y calculated soil loads may exceed
values that the backfill can physically transmit.

, c3Nggs Should this be the case, the resulting loads on the*

pipe would be conservative.
.

.
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Questions 241.23 and 241.25c

Accendi'x

!

Sensitivity Study To account for the modified fragilities presented in
the responses to Questions 241.23 and 241.25c, an

additional study to determine the sensitivity of the
plant damage state fragilities and occurrence

'
~ frequencies to these modified fragilities was

performed. These modifications were implemented at
the NRC request and are quite conservative in several

"

instances. There are three important plant damage
states which are potentially affected by the two
modified component fragilities, TE - transient (loss
of offsite power) with early core melt, SE - small
LOCA or ATWS with early core melt, and AE - large LOCA

~

with early core melt. The primary effect of the
retaining wall sliding failure is to cause loss of

service water and, therefore, loss of emergency power.
The EGE sliding failure is taken to directly cause
loss of emergency power. Plant damage state fragility
curves and annual seismically-induced occurrence

frequencies were recalculated using the modified
component frequencies. The results are shown in
Tables 1 and 2 with the original values (Reference 1)
also shown for comparison. As can be seen, the

differences are minor. The high confidence, low
, frequency of failure level for all damage states

remains above 0.25g and the median occurrence
frequencies remain below 2x10-6 per year.

,
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' TABLE 1

SEISMICALLY-INDUCED ANNUAL PLANT DAMAGE STATE OCCURRENCE FRE0VENCIES

USING ORIGINAL AND' MODIFIED * COMPONENT FRAGILITIES

. .

. Annual Frequency

Plant Damage 5% - 95%
State Median Mean Confidence Bounds

-6 -8TE - Original 2x10 6x10-6 2x10 - 2x10-5

Modified 2x10-6 7x10-6 5x10~0 - 3x10-5

SE - Original 4x10-7 2x10-6 2x10-9 - 8x10-6

Modified 4x10-7 2x10-6 3x10~9 - 9x10-6

AE - Original 8x10-8 7x10-7 1x10-10 - 3x10-6

Modified 9x10-8 8x10-7 4x10 - 4x10-10 -6
,

EGE sliding fragility changed to = 1.lg, SR = 0.18, SU = 0.45*

Retaining wall sliding fragility changed to E = 0.909, s = 0.17, SU = 0.45R

.

n - . * ~% .
_



I I 'E

* *
. .

'
u . .

~

Q

TABLE 2

PLANT DAMAGE STATE FRAGILITIES USING ORIGINAL AND MODIFIED * COMPONENT' FRAGILITIES

...

5%-95%
Confidence High Confidence,

Plant Damage State A Bounds on Low Frequency
(g's) Median of Failure Levels

(g's) (g's) .

I/
/.

TE Transient (loss of offsite
power) with Early Core Meltj

Original 0.61 0.39-0.84 0.26
Modified 0.56 0.37-0.77 0.26

SE Small LOCA or ATWS with
Early Core Melt

Original 0.77 0.58-1.04 0.40
Modi fied 0.76 0.57-1.03 0.39

AE Large LOCA with Early
Core Melt

Original 1.22 0.75-1.91 0.45
Modified 1.21 0.73-1.91 0.44

EGE sliding fragility changed to E = 1.1g, BR = 0.18, s = 0.45*

u

Retaining wall sliding fragility changed to 5 = 0.90g, sR = 0.17, s = 0.45g

N


