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March 24,1994
Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

NITENTION: R.W.BORCHARDT I

SUBJECT: WESTINGHOUSE RESPONSES TO NRC REOUESTS FOR ADDITIONAL I

INFORMATION ON THE AP600 )
1

Dear Mr. Borchardt:

Enclosed are three copics of the Westinghouse responses to NRC requests for additional information
on the APM) from your letter January 26,1994. In addition, revised raponses for a number of
previously provided responses arc included.

A listing of the NRC requests for additional information responded to in viis !ctter is contained in
Attachment A.

These responses are also provided as electronic files in Wordperfect 5.1 format with Mr. Hasselberg's
copy.

If you have any questions on this material, please contact Mr. Brian A. McIntyrc at 412-374-4334.
~
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NTD-NRC-94-4087
ATTACHMENT A

AP600 RAI RESPONSES
SUBMITTED MARCH 24,1994

RAINo. Issue

220.025 i Containment seals at transition region

220.030 Justification for factor of safety of 1.67

220.032 : Justification for factor of safety of 2.5

220.034 i Nonmetalic items under SA conditions

220.036 : Containment shell stress' analysis results

220.038 | Axisymmetric model vs. Sandia criteria
"

220.039 : Strains at discontinuities vs. Sandia criteria

220.042 Design criteria for severe weather phenomena

220.043 | Stability evaluations for safety-related structure

220.044 i Methodology for seismic load calculations

220.046 i Use of epoxy-coated reinforcing steel

220.050 Factor of safety for sliding & overtuming

230.024 | Difference between non-Cat I & non-seismic

230.025 i Non-Cat I & seismic Cat II clarification

230.027 i Frequency intervals in response spectra
1

230.028 : Ground motion cross correlation coeflicients

230.029 i Basis for damping ratio

230.030 | Basis for hard rock, soft-rock damping values -

230.031 i Shear wave velocity profile for base rock
.

230.032 : Location ofinput ground motion

230.033 |- Justification for envelope of potential sites

230.034. i Use of" time history analysis"
'

230.036 i SASSI code validation pachage

230.040 i Modeling of steel containment shell

230.042 : Structural member forces used for design
*

230.043 : Discrepancy between Sections 3.7.2.5 & 3.7.2.1.2
,
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NTD-NRC-94-4087
ATTACIIMENT A

AP600 RAI RESPONSES
SUBMITTED MARCII 24,1994

RAI No. Issue

230.044 : Aeolication of 3 components of earthauake motion

230.045 : Analyses for fixed base structural model

440.002R01: CMT testinu

440.004R01: CMT testing

440.005R01: CMT testing l

440.006R01: CMT testing

440.010R01! CMT testing

440.050 Imoact of ADS design chanue on OSU & SPES

450.008R01: ESF atmospheric cleanup j
:
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NRC REQUEST FOR ADDITIONAL INFORMATION |
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Question 220.25
|

At the transition region between the free-standing part and the encased portion of the steel containment, seals are
provided at the top of the concrete at elevation 108 f t inside the vessel and at elevation 100 ft outside the vessel so
that moisture is not trapped next to the steel vessel just below the top of concrete. The seal on the inside
acconunodates radial growth of the vessel due to pressurization and heatup. The staff is concerned about the
mechanical properties of this seal material and the stress conditions and buckling potential of the steel containment
in this region. No information is provided in the SSAR concerning (1) composition of the seal material, (2) the
method used to obtain these material properties, (3) the uncertainties associated with these material properties,
(4) the accessibility to perform periodie inspection, and (5) the behavior under the severe accident conditions.
Addres3 the issues associated with (1) the uncertainty of the mechanical properties of this seat material and the
environmental qualification as well as age related degradation management for the proposed 60-year design life for
this seal material. c.ad (2) the measures to be implemented to prevent collection of moisture in the transition region
(Section 3.8.2 of the SSAR).

Response:

To prevent collection of moisture in the transitiot, region between the free-standing and the encased portion of the !
steel containment, at Elevation 10S'-2" inside the vessel and at Elevation 100' 0" outside the vessel, the followmg i
measures are provided: '

The concrete curb inside the containment vessel at Elevation 108'-2" and the concrete slab outside the*

containment vessel at Elevation ifXP are sloped away from the steel containment vessel to prevent water
ponding adjacent to the vessel.

Silicone seals are provided at these two locations. The configuration of the silicone seal is shown in the*

attached Figure 3.8.2-7. These seals are not required to function under design basis or SSE conditions. They
are provided to enhance corrosion protection of the vessel and are designed for the transient conditions
anticipated during nornud operation.

The sealant meterial being considered is a neutral methanol cured silicone adhesive sealant designed for concrete
and masonry substrates. The sealant material adheres to both the steel and the concrete surfaces to form a
water tight barrier. The silicone seals, because of their design configuration and placement location, can be
inspected periodically and ieplaced if necessary.

,
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NRC REQUEST FOR ADDITIONAL INFORMATION
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'lhe silicone adhesive sealant is an ultra-low modulus material with the following as-cured properties:

- Durometer Hardness (Shore A, points - ASTM D2240) . 15. ,

- Ultimate Tensile Strength (psi) @ maximum elongation ( ASTM D412) 100

- Elongation, percent maximum (ASTM D412) 1600

- Peel Strength (#/in, MIL-S 8802) 25

- Tensile Adhesion with 25% extension (ASTM Cll35) 15

- Tensile Adhesion with 50% extension (ASTM Cl135) 20

- Joint Movement Capabilities, extension . 100 %

- Joint Movement Capabilities, compression 50 %

- Stay Rubbery from -45 to 30.PF

At prrsent. aging test data for the nuclear environment (radiation and temperature) are not available for this
material. Aging tests for radiation and temperature, followed by pressure test will be performed at the time
of procurement to demonstrate both design function as well as design life. Based on the test results of the
planned aging test, the silicone seal replacement criteria will be established.

SSAR Revision:

Revise the last paragraph of Section 3.8.2.1.2 as shown below:

Vertical and lateral loads on the containment vessel and internal structures are transferred to the basemat below
the vessel by friction and bearing. Seals are provided at the top of the concrete on the inside and outside of the
vessel to pev nt moisture between the vessel and concrete. . A typical cross section design of the seal is presented
in Figure 3.8.2-7, sheets 1 and 2. Furthermore, the concrete Door area and curb inside contaimnent near Elevation
108'wd the concrete slab outside containment at Elevation 100' are designed to slope away from the steel
containment vessel to present water ponding adjacent to the vessel.

Add the attached l'igure 3.8.2-7, sheets I and 2, into Section 3.8.2.

220.25-2
W Westinghause
-
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figure 3.8.2-7 (Sheet 1 of 2)

location of Containment Seal
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Figure 3.8.2-7 (Sheet 2 of 2)

Seal Sections and Details
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Question 220.30

Westinghouse estimates the maximum pressure at ambient temperature corresponding to the following stress and
buckling criteria: (l) deterministic severe accident pressure capacity corresponding to ASME Level C Service Limit
on stress intensity, code Case N-284 for buckling of the equipment hatch covers, and two-thirds o? critical buckling
for the top head, and (2) best estimate capacity corresponding to gross membrane yield at the ASME-specified
minimum yield stress (SA 537, Class 2, yield stress = 60 ksi, ultimate stress = 80 ksi), and critical buckling for
the equipment hatch covers and top head. However, neither the Code Case N-284 for buckling of the equipment
hatch covers (see Q220.32) nor the two-thirds of critical buckling for the top head is acceptable. 'Ihe factor of
safety due to the internal pressure (see Appendix A to this enclosure) is 1.67 for the Level C Service Limit as
speci6ed in the Code Case N-284. Note (1) in Table 3.8.2-2 should be revised to reflect that the factor of safety
is 1.67, or acceptable justification should be provided for not doing so,

in addition. Westinghouse analyzed the steel containment vessel for the theoretical buckling capacity using the
HOSOR-5 computer code, w hich uses both large displacement and nonlinear material properties. The yielding started
at a pressure of 144 psig for the cylinder, at 146 psig for the top of crown, and at 152 psig for the knuckle region,
using elastic-plastic material properties, a yield stress of 60 ksi, and the von Mises yield criterion. Provide the
bases for the use of von Mises criterion instead of ASME stress intensity criterion to establish yield.

Westinghouse determined that the theoretical plastic buckling pressure is 174 psig. At the pressure of 174 psig,
Westinghouse calculated the maximum effective pre-buckling strain of 0.23 percent in the knuckle region where
buckling eventually occuned, and 2.5 percent at the crown. However, it is not clear how these strains were
derived. For the SA 537 Class 2 material, it is reported that the stress-strain curve has the strain plateau from
0.2 percent to 0.6 percent without pressure increase and strain hardening after 0.6 percent (see Section 3.8.2.4.2.6
of the SSAR). At the knuckle region, Westinghouse states that it started to yield at the pressure of 152 psig, which
will go to 0.6 percent strain with no further pressure increase. At the top of the head, the expected stress at
174 p3ig is 72 ksi and the corresponding strain is about 8 percent. Explain how a value of only 2.5 percent strain
was obtained and provide justi6 cation for the ultimate capacity of the containment (Section 3.8.2 of the SSAR).

Response:

The calculation of the deterministic severe accident pressure capacity was revised in Revision 1 of the response to
RAI 220.9. This revised information has been included in Revision 1 of the SSAR. The capacity of the top head
under internal pressure is now calculated in accordance with the staff position and utilizes a safety factor of 1.67.
The capacity of the equipment hatch covers is discussed in the response to RAI 220.32.

The theoretical buckling capacity of the top head is calculated by BOSOR-5 using an clastic-perfectly plastic material
model based on the ASME speci6ed minimum yield of 60 ksi. The analysis is primarily intended for the calculation
of ultimate capacity and uses the von Mises yield criterion and not the stress intensity criterion specified in ASME
for stress intensity evaluation. ASME does not specify a yield criterion to be used in buckling evaluations. Tests
of ductile steel materials, such as the SA537 steel in the AP600 containment vessel, support use of the von Mises
criterion and show that the ASME stress intensity criterion is conservative. The von Mises criterion has been used

220.30.,w wesunpouse
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in numy previous estimates of containment ultimate capacity (References 220.30-1 and 220.30-2). The Sandia strain |
criteria referred to in RAI 220.38 and RAI 220.39 also utilize the von Mises yield criterion. The difference between I

the two criteria is 15% when both principal stresses are in tension with the larger equal to twice the smaller, such ;

as in the cylinder subject to internal pressure (see SSAR Subsection 3.8.2.4.2.1). There is no difference when both
principal stresses are in tension with equal magnitudes, such as at the crown of the top head under internal pressure.

i

'Ibe maximum ef fective pre-buckling strain of 0.23 percent in the knuckle region and of 2.5 percert at the crown |
are the results of the BOSOR-5 analysis using an elastie-perfectly plastic material model based on the ASME
specified minimum )ield of 60 ksi. The actual stress strain curve used in BOSOR-5 had slight strain hardening such
that the tangent modulus of the " perfectly plastic" portion was 0.001 times the elastic portion. This gives a stress I

of 60.68 ksi at a strain of 2.5% . This increase was incorporated to improve the numerical analysis and has no
significant effect on the results. Once yield initiates, the vessel deflections increase substantially; to a magnitude I

of 15.9 inches as reported in SSAR Subsection 3.8.2.4.2.2. The increase in strains during the incremental loading |
in the elasto-plastic range results in large deflections which change the geometry of the head and reduce the radius
of curvature. This allows an increased pressure without an increase in stress.

As described above the BOSOR-5 analyses used an ehtstie-perfectly plastic material model based on the ASME
specified minimum yield of 60 ksi. The analyses did not use the typical material properties reported in SSAR
Subsection 3.8.2.4.2.6. If these properties had been used, the pressure capacity would be expected to increase in
proportion to the actual to specified minimum yield.

References:

220.30-1 Ahl, T.J., Mokhtarian, K, and Horacek, D.R., " Analysis of a Mark i Containment Vessel for Severe
Accident Conditions," NUREG/CP-0095, pp 551-570.

220.30-2 Miller, J.D., and Clauss, D.B., " Evaluation of the Performance of the Sequoyah Unit 1 Containment
under Conditions of Severe Accident Loading," NUREG/CP4)095, Paper No SAND 88-1631C, pp
571-590.

SSAR Revisions: NONE

220.30-2
W Westinehouse- a
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Question 220.32

Westinghouse estimates critical buckling pressures for equipment hatches as 196 psig for a 22-foot-diameter hatch
and 161 psig for a 16-foot-diameter hatch. The corresponding ASME Level C Service Limits are I17 psig and
96 psig using the Code Case N-284, respectively. From Figure 3.8.2-2, the equipment hatch covers appear convex
to the center line of the containment. Therefore, the use of the Code Case N-284 (i.e., the factor of safety of
1.67 for the Level C Service Limit) is not acceptable because the internal pressure of the containment acts as the
external pressure to the spherical cap covers and subjects the cap covers to compression. In the case of external
pressure, ASME NE-3222 (i.e., the factor of safety of 2.5 for the Level C Service Limit) should be used for the
compressive stresses. Note (1)in Table 3.8.2-2 should be revised to reflect the factor of safety of 2.5, or acceptable
justification should be provided for not doing so (Section 3.8.2 of the SSARL

Response:

Code Case N 28-t provides criteria for evaluation of unstiffened spherical caps subjected to compressive stress due
to pressure loading. In the Code Case, the theoretical buckling value is given in paragraph 1712.1.3, the capacity
reduction factor is given in paragraph 1512 (b) and the plasticity reduction factor is given in paragraph 1620 and
1610 (a). The capacities of the hatch cosers as described in the SSAR are in accordance with this code case.

ASME Code Case N-284 was developed by the code committee based on detailed review and evaluation of test data.
Figure 220.32-1 shows test results from references 220.32-1 and 220.32-2 for fabricated steel hemispherical shells
and spherical segments. The ratio of test buckling stress to theoretical buckling stress (a) is shown as a function
of the non-dimensional unsupported length along the shell(M = L;A/Rt, where L; is the unsupported length along
the spherical shell, R is the radius of the shell and t is the thickness of the shell). The lower bound curve to these
data points, as shown in the figure, is used in Code Case N-284. For the AP60016 foot diameter equipment hatch.
M = 14.5, and the capacity reduction factor, corresponding to a in the figure, is 0.167. The stresses in the hatch

,

cover are well below yield and the plasticity reduction factor is uaity. The test data for shell lengths of to to 20 |

show capacities significantly above those of the Code Case. The capacity of the hatch covers, as calculated by the
ASME Code Case, corresponds to the lower bound of the test data. As a result the 1.67 factor of safety specified
in paragraph 1400 of the ASME Code Case is considered appropriate for calculating the Service Level C pressure

|
capacities of the natch covers.

SSAR Revision: NONE

References:
1

220.32-1 Kiernan. T.J. and Nishida, K.. "The Buckling Strength of fabricated HY-80 Steel Spherical
Shells," DTM B 1721, July 1966.

!

220.32-2 Arne, C., " Stiffened Spherical Shell Tests, " CBI Contract C-1752,1959

220.32-1
WO5flDgh0USe ,
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Figure 220.32-1 Comparison of Capacity Reduction Factors for Tests with Code Case N-284
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Question 220.34

Nonmetallie items, such as gaskets, are qualitied to function at the design temperature. The SSAR should provide
the functionality of such items under the severe accident conditions (Section 3.8.2 of the SSAR).

Response:

'the contairunent vessel includes nonmetallic gaskets for the equipment hatches and the personnel airlock. The
functionality of the personnel airlocks is discussed in SSAR Subsection 3.8.2.4.2.4. The functionality of the gaskets
for the equipment hatches is addressed in the proposed resision to the SSAR identified below.

SSAR Revision:

Revise SSAR Subsection 3.8.2.4.2.3 and 3.8.6 as follow s:

3.8.2.4.2.3 Equipment Hatches

'lhe equipment hatch covers were evaluated for buckling according to ASME Code Case N-284. The critical
buckling capacity is based on classical buckling capacities reduced by capacity reduction factors to account for the
effects of imperfections and plasticity. These capacity reduction factors are based on test data and are generally
lower-bound values for the tolerances specified in the ASME code.

~lhe critical buckling pressures are 196 psig for the 22 foot diameter hatch and 161 psig for the 16 foot diameter
hatch at ambient temperature. For the Service Level C limits a safety factor of 1.67 is specified, resulting in
capabilities of 117 psig (22' dia) and 96 psig (16' dia).

Typical gaskets have been tested for severe accideut conditions as described in NUREG/CR 5096 (Reference
25). The gaskets for the AP600 would be~ similar to those already tested with material such as Presray EPDM E
603. For such gaskets the onset of leakage occurred at a temperature of about 600 F.

3.8.6 References

16. NUREG/CR-5096 SAND 88-70I6, Evaluation of Seals for Mechanical Penetrations'of Containment Buildings.

1

220.34-1W Westinghouse
-
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Question 220.36

Submit the stress analysis results for the most highly stressed portions of the containment shellin both meridian and
circumferential directions (Section 3.8.2 of the SSAR).

Response:

Detailed stress anal) sis results for the containment shell are asailable for staff review in the design calculations for
the containment sessel. Representative results are provided in the SSAR as described below.

Design of the containment shell is primarily controlled by the internal pressure of 45 psig. The meridional and
circumferential stresses for the internal pressure case are snow n in SSAR Figure 3.8.2-5. The most highly stressed
regions for this load case are the portions of the shell away from the hoop stiffeners and the knuckle region of the
top head. In these regions the stress intensity is close to the allowable for the design condition.

I.ocation and sizing of the circumferential stiffeners are controlled by the external pressure. Nieridional and
circumferential stresses for this case can be obtained by factoring the results for the internal pressure.

Seismic member forces for the stick model are show n in SS AR Table 3.7.2-l' . The axial and overturning moments
result in meridional stresses in the shell. The interaction equation value using these safe shutdown earthquake
stresses in combination with those from dead load are about one half of the allowable value of 1.0 specified in the
AShlii rode case N-284.

SSAR Revisions: NON!!

220. m
W westinghause
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Question 220.38

Discuss whether all strains in the axisynunetric analysis model are comparable to the Sandia** strain criteria
(Section 3.8.2 of the SSAR).

.

**
Miller, J.D. and Clauss, D.lt, "livaluation of the Perfornumee of the Sequoyah Unit 1 Containment IJnder
Conditions of Severe Accident leading," NURI!G/CP4X)95 Paper No. SAND 88-163 tc, pp 571-588,1988.

Response:

As described in SSAR Subsection 3.8.2.4.2.8, the ultimate pressure capacity for containment function is defined
as the pressure at which excessive radial denections of the cylinder occur. This pressure is calculated based on
general membrane yield of the cylinder. Other portions of the vessel are below yield at this pressure. Strains are
significantly lower than those permitted by the mean values of the Sandia strain criteria.

Two axisy mmetrie analysis models were used in the evaluation of containment capacity. One model was the clastic
analysis for the design internal pressure as referenced in SSAR Subsection 3.8.2.4.2.1. All strains in this m(xtel

are below yield. 'the second model was the BOSOR-5 analysis of the top head as described in SSAR Subsectiong
3.8.2.4.2.2. The tuaximum strain in this model of 2.5%, as given in the SSAR subsection, is less than the mean
value of the Sandia strain criteria. This maximum strain occurs in the top crown at a pressure of 174 psig, which
is substantially higher than the 144 psig corresponding to ultimate capacity of the vessel based on yield of the
cylinder. The i OSOR-5 analyses show that the top head is below yield at a pressure of 144 psig.

SSAR Revisions: NONii

220,38-1 |

W Westinghouse
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Question 220.39

Discuss whether the strains at all discontinuities (i.e., around penetrations and penetration reinforcements) are
comparable to the Sandia strain criteria ** (Section 3.8.2 of the SSAR).

Stiller, J.D. and Clauss, D.lL, " Evaluation of the Performance of the Sequoyah Unit i Containment Under"

Conditions of Severe Accident leading," NUREG/CP4095, Paper No. SAND 88-1631C, pp 571-588,1988.

Response:

As described in SSAR Subsection 3.8.2.4.2.8, the ultimate pressure capacity for containment function is defined
as the pressure at which excessive radial deflections of the cylinder occur. His pressure is calculated based on
general membrane yield of the cylinder (see also the response to RAI 220.38). As described in SSAR Subsection
3.8.2.4.2.5, penetration reinforcement is designed following the area replacement method of the ASNIE Code. The
insert plates and sleeves are thick enough to develop hoop tensile yield stresses in the cylinder before membrane
yield occurs in ihe insert plate or sleeve. Strains do not exceed the mean values of the Sandia strain criteria for
pressures up to the predicted ultimate capacity.

SSAR Revisions: NONE
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Question 220.42

Westinghouse states that for all safety-related structures, the design rainfall is 443 mm/ktn}/hr (19.4 in/ mil /hr).
The roof of the seismic Category 1 Structures should be designed to have parapets with scuppers to supplement roof
drains or be designed without parapets so that excessive pending of water cannot occur. Provide detailed design
criteria against sesere weather phenomena, such as heavy rainfall and snow loadings (Section 3,8.4 of the SSAR).

Response:

The roofs are designed for snow loads in accordance with American Society of Civil Engineers, " Minimum Design
leads for fluildings and Other Structures," ASCE 7-88 (formerly ANSI A58.1-82)(SSAR Reference 3.3-1). The
ground snow load is 75 pounds per square foot. The exposure and importance factors are 1.0 and 1.2, respectively.

The roofs do not have drains or parapets. The roofs are sloped such that rainfallis directed towards gutters located
along the edges of the roofs. Therefore, ponding of water on the roofs is precluded.

SSAR Revision:

Revise SSAR Table 2.0-1 as follows:

Table 2.0-1 (Sheet 2 of 2)

Site interface Parameters

Predpitation

Rain 19.4 in.!hr (6.2 in./5 min)

Snowilce 75 Mbpounds per square foot on ground with exposure and
importance factors of 1.0 and 1,2, respectively e,tatio-kwl.

~

220A24W Westinghause
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Question 220.43

The applicant for an combined construction / operating license (COL) will need to ensure that the settlement of
adjacent buildings will be such that the integrity of underground piping or tunnel will not be jeopardized. The SSAR
should contain a statement that the COL applicant should perform stability evaluations of all safety-related facilities,
including foundation rebound, settlement, differential settlement, and bearing capacity. Provide that statement
(Section 3.8.4 of the SSAR).

Response:
1

There are no safety-related underground piping or tunnels. The Combined License applicant will perform stability
evaluations of the nuclear island structures, including foundation rebound, settlement, differential settlement, and
bearing capacity. The requirement to perform evaluatien of bearing capacity and foundation setttement are already
identified as items No. 2.13 and 3.7 of SSAR Table 1.8-1.

SSAR Revision:

Resise the Interface description for item No. 3.7 of Table 1.8-1 to read as follows:

Table 1.8-1

Summary of APG00 Plant Interfaces
With Remainder of Plant

item Interface Interface Type Ntatching Interface item Section or
No. Sub-section

3.7 Foundation Rebound and Requirement Combined License applicant 3.8.5
Settlement hionitoring of Al%00 coordination

i

I
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Question 220.44 )

State w hich methodology [SRSS or (1.0, 0.4, 0.4) method] is used for the seismic loads calculation. For the I
computation of global seismic loads, indicate w hether the inertial properties include all tributary mass expected to
be present in operating conditions at the time of earthquakes. This mau should include the dead load, stationary
equipment, piping, and appropriate part of the live load (Section 3.8.4 of the SSAR).

Response:

In the computation of global seismic loads for the nuclear island structures, the mass properties of the seismic model
included all tributary mass expected to be present during plant operating condition. This included dead weight of
walls and slabs, weight of major equipment, and equivalent tributary slab area loads representing miscellaneous
equipment, piping and raceways.

For the seismic load responses presented in Section 3.7.2.2, the effect of three components of earthquake were
considered as follows:

Response Spectrum Analysis - the responses from the three components of earthquake motion are combined*

using the square root of the smn of square (SRSS) technique.

hlode Superposition Time Ilistory Analysis (program BSAF) and the Complex Frequency Response Analysis*

(program SASSI) - the time history responses from the three components of earthquake motion are combined
algebraically at each time step.

SSAR Revision:

Revise the first paragraph of Section 3.7.2.3.3 as shown below:

The various building lumped-mass stick models are interconnected with rigid linking elements to form the
overall dynamic model of the nuclear island. The nuclear island seismic model consists of 80 mass points and 249
dynamie degrees of freedom. The nun properties;of the lumped mass stick models include all tributary mass
expected to be present during plant operating condition. This includes dead weight of walls and slabs, weight of
nujor equipment, and equivalent tributary slab area loads representing miscellaneous equipment, piping and

~

raceways.

Add the following to the end of Section 3.7.2.6:

. . . . 1
For the seismic responses presented in Section 3.7.2,2, the effect of three components of earthquake are

considered as follows;

1
|
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Response Spectnmi Analysis - the responses from the three components of earthquake motion are combined=

using the square root of the sum of equare (SRSS) technique.

Mode Super}xnition Time l{istory Analysis (program flSAP) and the Complex Frequency Response Analysis*

(program SASSI)- the time history responses f rom the three components of earthquake motion are combined
algebraically at each time step."

:
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Question 220.46

Specify whether epoxy coated reinforcing steel is used for areas where a corrosive environment is encountered
(Section 3.8.4 of the SSAR).

Response:

As stated in SSAR Subsection 3.4.1.1.1, seismic Category I structures which are located below grade elevation are
protected against nooding by waterproofing membrams and waterstops. This, in conjunction with 2 inches of
concrete cover for the reinforcing steel provides sufficient protection to the reinforcing steel. Therefore, epoxy
coated reinforcing is not required.

SSAR Revision: NONE

220AGd
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Question 220.50

The f actor of safety against sliding and overturning the nuclear island due to tornado and wind should be provided.
In Table 3.8.5-1, provide the rationale for the buoyancy force criterion for the subinerged structure (Section 3.8.5
of the SSAR).

Response:

The factors of safety (F.S.) against sliding and overturning of the nuclear island due to tomado and design wind
loads are as follows:

F.S. due to Tornado I oad:*

Sliding, N-S direction = 6.8 , E-W direction 6.0=

Overturning. N-S direction = 19.6 , E-W direction 8.0=

F. S. due to Design Wind lead:+

Sliding, N-S direction = 10.2 . E-W direction 9.3=

Overturning, N-S direction = 47.3 E-W direction = 22.8

The buoyr.nt force on the submerged structures used in the flotation evaluation is that due to the maximum high
ground water level specified in Table 2.0-1 of the SSAR. The design condition for high ground water table is a
severe ensironmental condition. A minimum factor of safety equal to 1.5 is applied in the evaluation of buoyancy
force on the submerged structure.

SSAR Revision:

Revise Section 3.S.5.5.2 as shown below:

The factor of safety against flotation of the nuclear island is calculated as follows:

F.S. g = W/F and F.S. 2 * W/h

Where:

F.S. g = factor of safety against flotation from design basis flood
F.S. 2 = factor of safety against flotation from high ground water table

W =- total w eight of structures and foundation

220.50-1W Westiflghouse
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F = buoyant force d te to Iie design basis flood
11 = buoyant force oi: sub nerged structure from high ground water tablei

The factors of safety against flotation for the nuclear island arts 3.1 and 3.3. re.spectively, for de, sign basis
tiood and high ground water table. As shown in Table 3.8.5-1. the minimum required factor of safety against
flotation for the two plant conditions are 1. I and 1,5. resoectivelyM4.

Revise the last note in Table 3.8.51 to read as follows:
|

B = buoyant force on . submerged structure due to high ground water table

Revise Section 3.8.5.5.3 as shown below:

The factor of safety against sliding of the nuclear island during a r.eismic event is calculated as follows:

w here:

F+F
5 PF.S. =

F+Fo n

F. S. = factor of safety against sliding
Fs = shearing and sliding resistance
Fr = passire pressure resistance, including surcharge
Fy = unnimtun dynamic latertdforce, including dymunic active eunh pressures
Fy = nuainuun lateralforce due to allloads except seismic loads

The factor of safety against sliding of the nuclear island during a safe shutdown earthquake is 1.34 in the north-
south direction and 1.67 in the east-west direction. As shown in Table 3.8.5-1, the minimum required factor of
safety against sliding during a safe shutdown carthquake is 1.1."

The factor of safety against sliding of the nuclear island during a tomado and a design wind is calculated as
follows:

where:

F+Fs PF. S. =

Fu

F. S. = factor of safety against sliding
Ps = shearing and sliding resistance
Fp = passive pressure resistance

220.50 2
W Westinghouse
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4
F w maximum lateralforce due active pressure, including surcharge, and tornado or design wind

^

yy

1he factor of safety against sliding of the nuclear island during a tornado is 6.8 in the north-south direction and
6.0 in the east-west direction. The factor of Safety against sliding of the nuclear island during a design wind is 10.2
in the north-south direction and 9.3 in the east-west direction. As shown in Table 3.8.5-1, the minimum required
factnr of safety against sliding during a tornado and a design wind are 1.1 and 1.5, respectively.

Resise the last paragraph of Section 3.8.5.5.4 as shown below:

The factor of safety against overturning of the nuclear island during a safe shutdown earthqune is 724 in the
north-south direction and 235 in the east-west direction. As show n in Table 3.8.5-1. the minimum required factor
of safety against oserturning44 ding during an SSE is 1.1.

The factor of safety against overturning of the nuclear island during a tornado and a design wind is calculated
as follows:

where:

M"
F. S. =

M,

F. S. a factor of safety against overtunting
My = Resisting Moment

!
M n Overturning moment of tonmdo or design wind |y

'The factor of safety against overturning of the nuclear island during a tornado is 19.6 in the north-south
direction and 8.0 in the east-west direction. The factor of safety against overturning of the nuclear island during
a design wind is 47.3 in the north south direction and 22.8 in the east west direction. As shown in Table 3.8.51,
the minimum required factor of safety against overturning during a tornado and a design wind are 1.l and -1.5,

~

respectively.

|

|
,

i

|

|

l
220.50-3 i

W Westinghouse |

|-

|

|
i

1



.

.

NRC REQUEST FOR ADDITIONAL INFORMATION

Question 230.24

Section 3.7 of the SSAR states that a three-level seismic classification system is used for the AP600; seismic
Category 1, sekmic Category II, and non-Category 1. However, Section 3.2.1 (Seismic Classilication) of the SSAR
states that the methodology classifies structures, systents and components into three categories: seismic
Category I (C-1), seismic Category II (C-II) and non-seismie (NS). Clarify the difference between non-Category I
and non-seismic

Response:

SSAR Section 3.7 was changed in Revision 1 (01/13/94) to make the seismic classifications consistent. The AP600
classification is seismic Category I (C-1), seismic Category II (C-II) and non-seismic (NS). This revision has
generally eliminated the terminology "non-Category I" or "non-seismic Category I" Where retained, the term
covers those items that are not classified as seismic Category 1, i.e. it includes both seismic category 11 and non-
seismic.

SSAR Revisions: Already incorporated in Revision !

|
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Question 230.25

Section 3.7 of the SSAR states that non-Category I structures are designed or physically arranged (or both) so that
the safe shutdown carthquake (SSE) could not cause unacceptable structural interaction with or failure of seismic
Category I structures, systems and components. Howeser, Section 3.7.2 of the SSAR states that seismic
Category 11 structures are designed and/or physically arranged so that the SSE could not cause unacceptable
structural interaction with or failure of seismic Category i structures, systems and components. These two statements
imply that classifications for non Category I and seismic-Category 11 are the same. Clarify these statements.

Response:

SSAR Section 3.7 was changed in Revision I (01/13/94) to make the seismic classifications consistent. The AP600
classification is seismic Category I (C-1), seismic Category II (C-II) and non-seismic (NS). This revision has
generally eliminated the terminology "non-Category I" or "non-seismic Category I" Where retained, the term
covers those items that are not classified as seismie Category 1, i.e. it includes both seismic category Il and non-
seismic.

The evaluation of non-seismic Category I items for interaction with seismic Category I structures, systems and
components is described in SSAR Subsections 3.7.2.8 and 3.7.3.13. The definition for the seismic categories is
given in SSAR Subsection 3.7.2.1.1. Seismic Category 11 applies to structures, systems and components that may
include specific structural design provisions such that they will not fait during the safe shutdown earthquake.

SSAR Revisions: NONE

230.254W Westlnghouse
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Question 230.27

On Page 3.7-1 of Section 3.7.1.2, the last paragraph states that SRP Section 3.7.1 contains the provision of
frequency intervals used in the computation of the response spectra. Was this SRP provision satisfied in the
computation of the response spectra?

Response:

The SRP Section 3.7. l provision of frequency intervals was satisfied in the computation of the response spectra.

SSAR Revision:

See SSAR revision for Section 3.7.1.2 provided in response to RAI 230.28.

230.27-1W Westinghouse
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Question 230.28

In Section 3.7.1.2 of the SSAR, the cross-correlation coefficients between the three componerts of thea.

ground motion time history should be specified to demonstrate that these three components are statistically
independent. Provide that information.

b. Provide the procedures for the development of the vertical target PSD in Section 3.7.1.2 of the SSAR.

Explain the meaning of "with 20% averaging.* as shown in Figures 3.7-10 through 3.7-12 of the SSAR.c.

Response:

'Ihe cross-correlation coefficients between the three components of the ground motion time histories area.

as follows:

p g 3 = 0.05, #23 = 0.043, and p31 = 0.140

w here: 1,2, and 3 represent the north-south, the east-west, and the vertical components ofinput motions,
respectively.

Since all of the three coefficients are less than 0.16 as recommended in Revision I of NRC Regulatory
Guide 1.92, it is concluded that these three components are statistically inoependent.

b. The target power spectral density (PSD) for horizontal input ground motion is as specified in Appendix A
of the Standard Review Plan, Section 3,7.1, Revision 2 while the target PSD for the vertical direction is
not given. Since the target acceleration response spectra for the vertical direction are similar to those for
the horizontal direction, the target PSD for the horizontal direction is also used for the vertical direction
in AP600,

The PSL) functions of the input ground motions are calculated at uniform frequency steps of 0.0489 cyclesc.

per second. The PSI)s presented in Figures 3.7.1-10 through 3.7.1-12 are the averaged PSb o'btained over
a moving frequency band of i20% centered at each frequency. The PSD amplitude at frequency F has
the averaged PSD amplitude between the frequency range of 0.8 F and 1.2 F as stated in Standard Review
Plan, Section 3.7.1, Appendix A, Revision 2.

SSAR Revision:

Revise Section 3.7.1.2 as shown below:

A " single * set of three mutually orthogonal, statistically independent, synthetic acceleration time histories is
used as the input in the dynamic analysis of seismic Category I structures. The synthetic time histories were

230.28-1W Westinghouse
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generated by modifying , set of actua! recorded "TAFl"' earthquake time histories. The design time histories,

include a total time duration equal to 20 seconds and a corresponding stationary phase, strong motion duration
greater than 6 seconds. The acceleration, velocity, and displacement time-history plots for the three orthogonal
earthquake components are presented in Figures 3.7.1-3,3.7.1-4, and 3.7.15. Design horizontal time history,111,
is applied in the north-south (Global X or 1) direction; design horizontal time history, H2,is applied in the east west
(global Y or 2) directior't; and daign verdeal timo history is applied in the vertical (global Z or 3) direction. The

'

cross wrrelation coefphmth l etween the three components of the design time histories are as follows-

p ; = 0.05, ,p33 = 0.043, and py g = 0.140g

where 1,2, 3 are the three global directions.

Mnee nll of the three coefficients are few than 0.16 as recommeeded in of NRC Regulatory Guide-1.92,
Revision i it is concluded that these three components are statistically independent. The design time histories are
applied at the finished grade in the free field.

The conqurison plots of the acceleration response spectra of the time histories versus the design response
spectra for 2, 3,4. 5, and 7 percent critical damping are show n in Figures 3.7.1 -6. 3.7. I-7, and 3.7.1-8. The SR P
3.7.1. Table 3.7.1-1,+mtahw-the provision of frequency intersals is used in the computation of these response
spectra.

In SRP 3.7.1 tiv NRC introduced the requirement of minimum power spectral density to prevent the design
ground acceleratie1 time Hatories from having a deliciency of power mer any frequency range. An AP6004
compatible target power spectral density curve was developed acemding to Standard Review Plan, Section 3.7.l
Appendix A. Revision 2 and is shown in Figure 3.7 l 9. This target power spectral density curve is used in both
the horizontal and vertical direedons.

Amah 4xLeompatibl+4arget-pwer p*4ral-densitywr++wa+druh> ped-aee+mlingw\ppemlief4RP
M,4 cami-ishowna Figur+MrW-Tiwmfay*powervetnd-dawily-eurvwf-th+-Ah4Mktime-historie
een ervatiwiv-enveh. ped al+ target powemwirahlwwilyeurv+hwiead*fMpeen4+f-d+ target-power-*peetral
dwwhyeurv+-The comparison plots of the pow:t spectral density curve of the AP600 acceleration time histories
s ersus the target power spectral density curve are presented in I igures 3.7.1-10,3.7.1 11, and 3.7.1-12. The PSD
functions of the design time histories are calculated at uniform frequency .iteps of 0.0489 cps. The PSDs presented
in Figures 3.7.1-10 through 3.7.1-12 are the averaged PSD obtained over a moving frequency band of-120%
centered at each frequency. 'the PS,0 ainplimde at frequency F has the averaged PSD amplitude between the
frequency range of 0.8 F and 1.2 F as stated in appendix A of Revision 2 of SRP 3.7,1.

230.28-2
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Question 230.29

On Page 3.7-2 and in Table 3.7-1 cf the SSAR, the damping ratios assigned for HVAC ductwork, cable trays and
fuel awemblics are 7%,20% and 20%, respectively. Provide the t tses for these parameters tojustify the adequacy
of using high dampig ratios for the analyses of the welded ductworks, cable trays and fuel assemblies.

Response:

}iVAC Ductwork.

'lhe AP600 ductwork are bolted with , ed flange construction. The damping value used for heating, ventilation,
and air conditioning (.HVAC) systems, including ducts and the related supports, is equal to 7 percent of critical
damping in conformanet with guidance (or bolted structures ia Regulatory Guide 1.61.

Cable Trays:

The damping value used for electrical raceways syecms, including cable trays and the related supports, is
established based on the Bechtel/ANCO test results fR,ference 19 of SSAR Section 3.7 Revision 1) for a variety
of raceway configurations. The damping value depends on the raagnitude of the input motion and the amount of
cable fill within the cable tray as shown in SSAR Figure 3.7.1-13. Within the AP600 design range of acceleration,
the damping value is equal to 7 percent for empty cable trays and up to 20 percent for greater than 50 percent filled
cable trays. -

Fuel assemblie ,:

The fuel assembly damping values are based on measured values from mechanical tests in both' air and water
environments. The fuel assembly damping value increases as vibrational amplitude increases. The fuel assembly
damping under flowing water conditions exhibit very high values. Plant in-core neutron detector data indicate that
a PWR fuel assembly a a highly damped structural system. The assembly damping is a result of combined inter-
assembly rubbing and scraping, frictional forces and censiraint of relative motion between the fuel rods and supports
within an assembly, and fluid / structure interactions in a closely packed reactor core.

In analyses of a safe shutdown earthquake or of a LOCA transient, a fuel assembly is usually predicted to deflect
to the physicallimit of accumulated inter-fuel assembly gaps. To mess the fuel assembly dynamic responses under
a postulated faulted condition transicot, a 20 percent damping v.tue is used to account for the mechanical and
hydrodynamic effects for the assembly fundamentai mode. This 20 percent fuel assembly damping value used in
the analysis is conservative rels.tive to the data from in-core neutron detectors. The fundamental mode of a fuel

assembly is identified as the preJominant mode for fuel dynamic analysis. Thus, the 20 percent damping ratio is
applied to all fuel assembly sibrational modes.

_
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Question 230.30

1igures 3.7.1-14 and 3.7.1-15 of the SSAR provide the damping values for rock material and soil material.
respectively,

Clarify w hat damping values are to be used for hard-rock material and soft-rock material.a.

b. Provide the basis and source of these two figures.

Response:

The strain-dependent damping property for rock material shown in Figure 3.7.1-14 was used in the free-fielda.

SH AKli analysis for the hard rock profile and the soft rock profile.

The strain-compatible properties of the soft rock profile, obtained from the SH AKE analysis results, are shown
in Table 2A-9. These material properties, shear modulus and damping values, are used in the soil-structure
interaction analysis for the soft rock profile.

As stated in Section 3.7.2.. 2, the nuclear island is analyzed as a fixed-base structure without soil-structure
interaction ef fect such that the hard rock material properties are not used in the analysis for the hard rock
profile.

b. The strain-dependent soil properties shown in Figure 3.7. l-15 are obtained from the average soil curves shown
in Figures 5 and 9 of Reference 7 of Appendix 2A (see list of references in Subsection 2A.7). The damping
curve for soil material was adjusted to observe the limiting value of 15 % per SRP Section 3.7.2 Rev. 2 criteria.
The strain-dependent rock properties shown in Figure 3.7.1-14 are obtained from Figure 4 of Reference 8 of
Appendix 2A.

SSAR Revision:

Resise the last paragraph of Section 3.7.1.3 as shown below:

Strain-dependent damping values are used for the foundation material in accordance with References 5 and 6.
The damping curves for soil and rock materials are presented in Figures 3.7.1-14 and 3.7.1-15 fem 4-mat *M
and.wihnaleialse .twee4y. Rese figures are sarae as those described in Subsection 2A'4 of Appendix ~2A,.

'

f'igures 2A 8 and 2A-9. The strain-dependent soil material damping is limited to 15 percent of critical damping.

230.30-1
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Question 230.31

Section 3.7.1.4 of the SSAR describes the shear wave veh> cit) profile for the supporting media from ground surface
to a depth of 240 feet for both sof t rock site condition and sof t-to-medimn stiff soil site condition, and states that
the base rock is at a depth of 120 feet.

What is the shear wave velocity profile for the base rock 7a.

b. Because the base rock is at the depth of 120 feet, how significant will it be to specify the shear wave
velocity profile from the depth of 120 feet to 240 feet for both soft-rock and soft-to- medium stif f soil sites 7
Provide such a profile or provide justification for not doing so.

Because the location of the base rock is not shown in Figure 2A-7 of SSAR, provide a complete plot forc.

the shear wave velocity profile for hard rock, soft-rock and sof t to-medium stiff soil sites.

Response:

|

The soit velocity profiles are defined in their general form in Section 3.7.1.4 by specifying the end points ofa.

each profile at ground surface and at 240 feet depth. The parametric soil-structure interaction (SSI) study !

presented in the Appendix 2A showed that for each profile, the location of base rock at a depth of 120 feet |
results in larger seismic responses. In the 3D SSI cases, each profile was modeled with its respectise selocity
profile up to the depth of 120 feet. Beyond this depth, the base rock was mod lzd as a uniform halfspace with
the shear wave velocity of 8(XH) ft/sec.

b. As shown in the Appendix 2A both the soft-rock and soft-to-medium profiles were analyzed for depth to base
rock ranging from very deep to 120 feet, in all of these cases the base rock was modeled with rock velocity
of 8000 feet /sec. The parametric study in effect includes soft rock and sott-to-medium stiff soil profiles with
depths ranging from 120 feet to very deep profiles. Based on the results of the parametric study, Appendix
2A, Subsection 2A.5 SSI analysis results, the case with depth to base rock equal to 120 feet is the governing
site condition for both the soft rock and the soft-to-medium soil profiles. Therefore, the effect of increasing
the depth to base rock from 120 feet to 240 feet is expected to be insignificant.

The shear wave velocity profile for the design soil profiles, hard-rock, soft rock and soft-to-medium stiff soilc.

shes, with variation of depth to base rock, are shown in the attached Figure 3.7.1-17,

SSAR Revision:

Add the attached Figure 3.7.1-17 to Section 3.7.1

Revise the first p.tragraph of Section 3.7.1.4 as shown below:

230.31-1W Westinghause
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The seismic design basis for the AP600 is to provide design coverage for as many plant sites as practical. For
the design of seismic Category I structures, a set of three design soil profiles of various shear wave velocities is
established in Appendix 2A. The three design soil profiles include a hard rock site, a soft rock site, and a soft-to-
medium stiff soil site. The shear wave velocity profiles and related governing parameters of the three sites
considered are the following:

For the hard rock site, a uniform shear wave velocity of 8000 feet per second*

For the soft rock site, a shear wave velocity of 2400 feet per second at the ground surface, increasing to*

3200 feet per second at a depth of 240 feet, and base rock at the depth of 120 feet

For the soft-to-medium stiff soil site, a shear wave velocity of itOO feet per second at ground surface,*

increasing to 2400 feet per second at 240 feet, base rock at the depth of 120 feet, and ground water at
grade level.

,

l

Re shear wave velocity profile for the design soil pro 0les, with variation of depth to base rock, is shown in
Figure 3,7.1 17.

|

|
|

|
|

|

|
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Question 230.32

In Section 3.7.1 of the SSAR, the location of the input ground motion to be specified is not shown for the site
conditions selected. Provide this inforn ation.

Response:

The input ground motion is applied at the finished grade in the free field as discussed in Subsections 2A.3 and
3.7.1.1.

SSAR Revision:

See SSAR revision shown in responses to RAI 230.28.

230.32.,
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Question 230.33

From the staff's review of Section 3.7.1.4 and Appendix 2A of the SSAR, it appears that only three design soil
profiles are required for the design of AP600 seismic Category I structures, and that some potential governing site
conditions, such as a shallow soil site and a deep soil site, were not considered. Provide justification to demonstrate
that the design of the seismic Category I structures and subsystems based on these three site conditions can envelop
the design of the structures and subsystems founded on other potential sites in the United States.

Response:

The 3L) analysis of the AP600 seismic Category I structures were based on three design soit profiles. These design
profiles were identified as a result of a series of 2D soil-structure interaction (SSI) analysis which includes 5 velocity
profiles along with variation of depth to base rock and depth to water table. Both deep and shallow soil profiles
were considered in the 2D SSI analysis (see Table 2A-16). The 2D analysis results identified the critical
combination of soil property and soit profile configuration for 3D analysis. Thus, the three selected design soil
profiles bracket a wide variation of the soil properties and profiles considered in the 2D analysis to develop the
governing seismic responses. The soil property variation considered envelopes the potential sites for nuclear power
plants that are within the site interface parameters specified in SSAR Section 2.5.

SSAR Revision: NONE
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Question 230.34

The term " time history anal) sis" appears to be inconsistently used throughout Section 3.7.2 of the SSAR. In some
cases, it is mixed with the term " complex frequency response analysis. " From the staff's review of
Section 3.7.2.1.2 of the SSAR, it is the staff's understanding that the (modal) time history analysis method was used
for the fixed base structural model (hard rock site condition) to generate floor response spectra, and the complex
frequency response analysis method was used for the soil-structure interaction malysis when the structures are
founded on sof t-rock site and sof t-to-medium stiff soil site. Is this correct? Clarify any inconsistency.

Responso:

Mode superposition time history analysis, using the computer program "HSAP", was used for the fixed-base
structural model founded on hard-rock site. Complex frequency response analysis method, using program "SASSI",
was used for the soil-structure interaction analysis when the structures are found.- . soft-rock and soft-to-medium
stiff soil sites. SSAR Section 3.7.2 is revised to clarify the description inconsistency a.s noted below. See also
SSAR revisions identified in responses to RAI 230.43 for Section 3.7.2.5 and in responses to RAI 230.45 for
Section 3.7.2.7

SSAR Revision:

Revise the second paragraph of Section 3.7.2 l as shown below:

Seismic analyses, using the response spectrum method-amfahe, the node superposition time-history method,
and the cornplex frequency response analysis method, are performed for the SSE to determine the seismic force
distribution for use in the design of the nuclear island . structures, and to develop in structure seismic responses
(accelerations, displacements, and floor response spectra) for use in the analysis and design of seismic subsystems.

Resise the title of Section 3.7.2.1.2 as shown below:
|

3.7.2.1.2 Time-History Analysis and Complex Frequency Response Analysis |

Revise the third paragraph of Section 3.7.2.4 as show n below:

SSI analyses are performed using the complex frequency-response method with computer program 4HAKfi
(IMmm*4mul SASSL Computer program SH AKE (Reference 9) is used to compute the safe shutdown
earthquake dynamic strain compatible soil properties, such as shear modulus, damping, and Poisson's ratio. The
material (hy steretic) damping ratio for soil in the SSI analyses is limited not to exceed 15 percent. The4ime-hh,wny
SSI analyses of the nuclear island are performed using the program SASSI, w hich is capable of handling two- and
three-dimensional SSI problems involving multiple structures with rigid or tiexible embedded foundations of
arbitrary shape.

|

230.34-1W W05tiflgh0US8
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Revise the second and third paragraphs of Section 3.7.2.6 as shown below:

In mode superposition time-history analyses using computer program USAP*iwni+-*malyewdng46Hin+
higory-nsbal. the three components of earthquake are applied either simultaneously or separately. In the BSAP
tin +higory analyses with the three earthquake components applied simultaneously, the effect of the 'three
components of earthquake motion is included within the analytical procedure so that further combination is not
necessary.

In the BSAP and SASSlaiorhigory analyses with the carthquake components applied separately, and in the
response spectrum analyses, the ef fect of the three components of earthquake are combined using one of the
following methods:

I or seismic 4in+histmy analyses with the statistically independent earthquake components applied separately,.

the time-history responses from the three earthquake components are combined algebraically at each time step
to obtain the combined response time-history.

The peak responses due to each of the carthquake component from either the response spectrum analyses or*

the BSAP and SASSlainwhiumy analyses are combined using the square root of the sum of squares (SRSS)
met hod.

'ihe peak responses due to each of the earthquake component are combined directly. using the assumption that+

when the peak response from one component occurs, the responses from the other two components are
40 percent of the peak, 100040040% method. Combinations of scismic responses from the three earthquake
components, together with variations in sign (plus or minus). are considered.

Resise Section 3.7.2.12 as shown below:
i

1

in the seismic analyses, the response spectrum analysis method is u3ed in conjunction with the Gnite element
models, w hile the mode superposition time-history and the complex frequency response method-is are applied to j
the lumped-nuss stick model of the nuclear island. Therefore, a comparison of responses calculated by alternative i

methods is not necessary.

|

1

|
|

|
|

|
230.34-2
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Question 230.36

The following request for additional information pertains to Section 3.7.2.1.2 of the SSAR:

Provide the validation package of computer code SASSI for review.a.

b. Ihplain the difference between the two phrases " applied simultaneously (time history in the seismic
analysis)" and " applied separately."

Response:

'Ihe validation package of the computer program SASSI used for AP600 analysis is available for review ina.

llechtel's San Francisco ottice.

b. 'the input time histories are applied simu!taneously in the mode superposition time history seismic analysis using
the computer program ilSAP for the hard rock site. In the llSAP analysis, the three time history components
of earthquake are input together in a single computer run, and the seismic response output from this single
computer run include the effects of three components of earthquakes

For the soft rock and soft-to-medium soil sites, soil-structure interaction (SSI) is considered using the computer
program SASSI. In the complex frequency response analysis using the computer program SASSI, separate
analysis is performed for each of the three global directions. Response time histories, in terms of accelerations
and member forces, from each of these three analpes are computed. These response time histories are then
added algebraically to obtain the " total" response time histories w hich simulate responses from 3 simultaneously
applied motions.

SSAR Revision: NONE

1

i

|

I

|
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Question 230.40

Section 3.7.2.3.2 of the SSAR states that the three-dimensional, lumped-mass stick model of the steel containment
vessel is developed based on the axisy nunetric shell model. This implies that the steel containment shell model is
axisymmetric. However, Section 6.3.2.2.3 of the SSAR states that the in-containment refueling water storage tank
(IRWST) is constructed as an integral part of the containment structure. In addition, when the polar crane is
included in the dynamic model, the trolley should be assumed to be parked at the end of the crane girder. Explain
how the steel containment shell can be modeled from an axisymmetric shell model.

Response:

The steel containment shell is modelled as an axisymmetric model because of the following:

The structural design of the steel containment vessel is described in Section 3.8.2.1, and its configuration is shown
in Figure 3.8.2-1. The structural design of the IRWST is described in Section 3.8.3.1.7, and its configuration is
shown in sheets 2 and 7 of Figure 3 A-4. The IRWST is designed and constructed as an integral part of the
containment internal structures and is isolated from the steel containment vessel as shown in Figure 3A-4. Hence,
the IRWST is not constructed as an integral part of the containment structure as stated in Section 6.3.2.2.3.

The polar i me is supported on a ring girder which is an integral part of the steel containment vessel at Elevation
200'-0* sheet 3 of Figure 3.8.2-1. The polar crane is modelled as a single degree of freedom system attached
to the steel euntainment shell as shown in Figure 3.7.2-5. The polar crane model considers the Dexibility of the
crane bridge girders and truel assembly, and the containment shell's local flexibility.

During plant operating condition, the polar crane is parked in the direction 10 degrees off the plant north-south
direction with the trolley located at one end near the containment shell. In the seismic model, however, the
following is used:

The slight offset of the polar crane is neglected by assuming the crane bridge spanning in the north-south*

direction.

The trolley is conservatively assumed to be located at the midspan of the crane bridge girders. It isjudged that*

this trolley configuration would induce the maximum polar crane and containment shell seismic response while
neglecting only the minor torsional effect on the containment vessel which has a large torsional capacity.

SSAR Revision:

Resise the first paragraph of Section 6.3.2.2.3 as shown below:

The in-containment refueling water storage tank is a large, stainless-steel lined tank located underneath the
operating deck inside the containment. The in-containtnent refueling wate storage tank is AP600 Equipment Class
C and is designed to meet seismic Category I requirements. The tank is constructed as an integral part of the

W WestinEhouse-
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'containment internal structures, and is isolated from the steel containment vessel. See Subsection 3.8.3 for

additional in formation.
|*
|

Add the following paragraphs to the end of Section 3.7.2.3.2:
|

The polar crane is supported on a ring girder which is an integral part of the steel containment vessel at
Elevation 207-0" It is modelled as a single degree of freedom system attached to the steel containment shell as
show n in Figure 3.7.2 5. The polar crane model includes the flexibility of the crane bridge girders and track
assembly, and the containment shell's local flexibility.

During plant operating condition, the polar crano is parked in the direction 10 degrees off the plant north-south j
direction with the trolley located 'at one end near the containment shell. In the seismic model, however, the |

following is used:

Re slight offset of the polar crane is neglected by assuming the crane bridge spanning in the north-south*

direction.

The trolley is conservatively assumed to be locatcJ at the midspan of the crane bridge girders, it is judged that |
*

this trolley configuration would induce the nmimum polar crane and containment shell seismic res[mnses while
|neglecting only the minor torsional effect on the containment vessel which has a large torsional capacity,

I

|
,

1

|

|
|

|

|

|

|

|
|

|
|

|
|

|

|
|
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Question 230.42

The following request for additional information pertains to Section 3.7.2.4 of the SSAR:

'ihe first paragraph of Section 3,7.2.4 states that the nuclear island SSI responses generated for the analysisa.

and design of seismic subsystems include nodal displacements, nodal accelerations and 11oor response
spectra (FRS). I!xplain how the structural member forces (forces and moments) used for the structural
design were generated for a soil site condition.

b The last paragraph of Section 3.7.2.4 (Page 3.7-7) states that the selected soil conditions envelop the
potential variation of soil properties and, therefore, the guidelines of SRP Section 3.7.2 for the variation
of soil properties were not considered. Justify this statement, especially, when structures are founded on
soft soil site for which the variation (uncertainty) in soil properties should be carefully considered.

IIxplain the differences between the two phrases "the time-history SSI analysis using the program SASSI"c.

and "the complex frequency response analysis using the program SASSI."

|
d. When the computer code Sil AKE was applied, which soil degradation curve was used7

1

1

Response:

The structural member forces used for the structural design for the soil site condition are generated as describeda.

in the last paragraph of subsection 3.7.2.1.1.

b. 'ihe SRP requirement for variation of soil properties is not considered because of the following:

Sensitivity studies have been performed for a broad range of soil and rock site conditions (see Appendix*

2A of the SSAR) to assess the impact of site parametric uncertainties because the seismic design basis is
to provide design coverage for as many plant site, as practical.

A suitable set of design soil profiles, covering sites with shear velocities from 1(XX) fps to 8(XX) fps, have*

been established for the plant seismic design based on thc abuse evaluation of the generic sites.

The site interface requirements established in Section 2.5 require the proposed sites to be withic the generic*

site sensitivity analyses, such as:

The shear wave velocity (based on low strain best estimate soil properties) is greater than or equal to
1(XX) fp3.

- There is no potential for fault displacement at plant site.

As discussed in responses to RAI 230.34, Section 3.7.2.4 will be revised and the statements are clarified toc.

read as follows:

230.42-1W Wes11nghouse
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The soil-structure interaction (SSI) analyses of the nuclear island are performed using the program SASSI.*

and

SSI analyses are performed using the complex frequency response method with computer program SASSI.*

d. As discussed in Section 2A.4, the strain-dependent shear modulus and damping curves used in the free-field
SH AKE analysis are presented in Figures 2 A-8 for soil materials and in Figure 2A-9 for rock materials. These
curves are obtained from references 6, 7 and 8 shown in Subsection 2A.7.

SSAR Revision:

See SSAR revision identined in responses to RAI 230.34.

230.42-2
W Westinghouse
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Question 230.43

'lhe second paragraph of Section 3.7.2.5 states that seismic Coor response spectra are computed using thea.

nodal time history responses determined from the nuclear island seismic time-history analyses with the
various design soil profiles. As stated in Section 3.7.2.1.2, the complex frequency response analysis using
the computer program SASSI was applied for the soil site conditions to generated the FRS. Clarify this
statement.

b. The second paragraph of Section 3.7.2.5 states that Figures 3.7.2-24 through 3.7.2-26 present the r
shutdown earthquake FRS for the hard rock site condition at selected locations of the coupled model ofins
shield and auxiliary building, the steel containment vessel and the containment internal structures. Provide
the FRS for the other site conditions.

Response:

a The statement is revised to read as follows:

" Seismic floor response spectra are computed using the time-history response., determined from the nuclear
island seismie analyses with the various design soil profiles. The time-history responses for the hard rock
condition are determined from a mode superposition time history analysis using computer program USAP. The
time history responses for the soft rock and the soft-to-medium soil cases are obtained from a complex
frequency response analysis using computer program SASSI."

b The requested SSE floor response spectra, including acceleration response spectra for the three design site
conditions and the corresponding enveloped and widened spectra, are presented in SSAR Revision 1 (1/13/94)
of I'igures 3.7.2-25 through 3.7.2-27.

SSAR Revision:

Revise the second paragraph of Section 3.7.2.5 as shown below:

Seismic Door response spectra are computed using the nodal time-history responses determined from the nuclear
island seismicaim+4dwory analyses with the various design soil profiles. The time-history responses for the hard
rock condition are determined from a mode superposition time history analysis using computer program BSAP.
The time history responses for the soft rock and the soft to-medium soil cases are obtained from a complex
frequency response analysis using computer program SASSI. Floor response spectra for ASMii Code Case N411
damping, and for damping values equal to 2, 3, 4, 5, 7,10, and 20 percent of critical damping are computed at
the required locations.*

W W05tl0Eh00S6
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Question 230.44

When the complex frequency response analysis method was used, were the three components of the earthquake
motion applied simultaneously or separately (Section 3.7.2.6 of the SSAR)?

Response:

In complex frequency responsv analysis, separate analysis is performed for each of the three global directions.
Response time histories, in terms of accelerations and member forces, from each of these three analyses are
computed. These response time histories are then added algebraically to obtain the " total" response time histories
which simulate responses from 3 simultaneously applied motions.

SSAR Revision: NONE

230.44-1
W Westinghouse
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Question 230.45

He second paragraph of Section 3.7.2.7 of the SS AR states that in the time-history analyses, combination of modal
responses is not necessary. It is not clear how the modal time-history analyses (using the computer program BSAP)
for a fixed base structural model (structures founded on hard rock site) were performed. Clarify this statement.

Response:

The last sentence of Section 3.7.2.7 should be stated as follows:

"In the fixed base mode superposition time history analysis of the hard rock site, the total seismic response is
obtained by superposing the modal responses."

SSAR Revision:

Revise the last sentence of Section 3.7.2.7 as shown below:

The modal responses of the response spectrum system structural arialysis are combined using the square root
of the sum of squares method. When closely spaced modes are present, these modes are considered using either
the grouping method, the 10 percent method or the double sum method shown in Section C of Regulatory Guide
1.92. Revision 1. In the fixed base mode superposition time history analysis of the hard rock site, the total seismic
re.yponse is obtained by superposing the modal respanses --4n-duinWhy-enab . a. , e whinatiois4-mmlal
rmwww*+twe ary
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Response Revision 1

Question 440.2 .

|
.

WCAP-13345, Rev. 2. "APN)O Core Makeup Tank Test Specitication," is dated November D91. Since that time,
subst;mtial changes have been made in both the test program and the design of the test article; these have been
conununicated to the stafI during meeting presentations. A revised and updated copy of the test specification, with

,

current intonnanon on test article design, instrumentation, test matrix, should be submitted for staff review. '

;

Response (Revision 1):

WCAP-13345 "APNK) Core Makeup Tank Test Specification," Revision 0, dated November 1991 has been updated.
The current revision. Revision 2, was provided to the NRC via Westinghouse letter NTD-NRC-94-406S, dated
Febr uary 22, 1994.

SSAR Revision: NONE

. 440.2(RI)-1W Westingh0USB
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Responso Revision 1

Question 440.4

The test matrix in WCAP-lU45, Rev. 2 indicates that the maxiinum pressure to be tested in the CMT laeility is
arproximately Isto psia. Discuss why this is adequate. in view of the f act that the CMT will be approximately at
the noonal primary system pressure of 225n psia when the safety systems are actuated. If the upper limit for the
tests has been changed this should be indicated in the updated test specilication requested in Q440.2.

Response (Revision 1):

The UMT test f acility has been designed and tabricateti to operate at 2250 psig. The test matrix provided in
Revision 0 of WCAP-lH45, to which the question refers has been revised to include tests at the higher pressure.
This resised matrix is included in WCAP-1B45, 'AP6m Core Makeup Tank Test Specilleation," Revision 2 which
was provided to the NRC sia Westinghouse letter NTD.NRC 94-406X, dated February 22,1994.

SSAR Revision: NONE

1

|
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Response Revision 1 j

Ouestion 440.5

The test ninnbers referenced in Section 8.0 of Revision 2 to WCAP-13145, " Test Operation", do not corresimnd to
those show n in Table 8.1, "APN)O Core Makeup Tank Test Matrix " 'Ihere also appears to be a siinitar inconsistency
between the Ints referenced in the "Conunents" column of Table 8.1 and the test niunbers listed in the lef t-most
cohunn. These mconsistenties shonkt be corrected in the updateil Test Specification teiluesteil in Q140.2.

Responso (Rnvision 1):

'Ibe inconsistencies within the CMT test specification have been corrected. WCAP-13145, "APWO Core Makeup
Tank Test Specilication." Re5ision 0 lus been updateil and the current revision, Res hion 2, was provided to the NRC
sia Westinghouse letter NTI) NRC 94 406X, dated February 22. 1994

SSAR Revision: NONE

|

|
|

W Westinnhouseu



,

.

O

NRC REQUEST FOR ADDITIONAL INFORMATION
i

d.. hi
,

t
'

hResponso Revision 1
". !

Question 440.6

The test desaiptions in Section 8.0 of Revision 2 to WCAP-13345 are gener:d in scope, and do not include detailed
test pacedures. In s4nne cases, temperatures, pressures, liquid levels, and other test facility conditions are not
specified, nor are detailed data acquisition procedures discussed. The updated Test Specification requested in Q440.2
should include sutticient detail on test methals, facility conditions, and data acquisition, including step-by-step
pnicedures. for the staf f to detennine if an adequate range of data on component performance will be provided.

Response (Revision 1):

When Westinghouse prepares a test specification, the detailed test poicedures :ue not included since they are the
responsthihty of the testing organization. The testing organi/ation develops the test procedures which are then
resiewed and approved by Westinghouse. The procedures are operator instructions on how to operate the facility
to obtain the test condition; which are specified in the test specification. The test specification (WCAP-13345,
Revision 2) provides adequate infonnation to detennine the adequacy of the tests including: infonnation on the
f acility initial conditions, data acquisition, range of condition,, expected data, and instrumentation and inethod of
testing.

SSAR Revision: NONE

W Westinchouse
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Response Revision 1

Question 440.10

While the tests in the anatsis of WCAP-13345 (Table 8.1) include individual ex;wriments to study condensation,
1

recirculation, depres::urization, and dnuning behavior, there does not appear to be any test that takes the CMT
through the entire sequence of nents that wouhl be expected to occur in tie plant. The behavior of the CMT as
it goes through the transitions that occur during such a sequence is of substaruial interest. At least one test that
captures tie entire series of states arxl tr:uisitions expected in the CMT shouhl le included in the test snatrix.

Response (Rovision 1):

1he test matrix has teen revised. The revised ruatrix includes tests which capture the entire series of states and
transitions expected in the CMT. WCAP-13345, "AP600 Core Makeup Tank Test Specification," has been updated
to incitxte this revised test rnatrix. The current revision, Revision 2, was provided to the NRC via Westinghouse
letter NTD-NRC 94-406S, dated February 22,19N.

SSAR Revision: NONE

|

|

|
1

|

1
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Question 440.50

The new configuration of the ADS annomced in late 1991 appears to hase implications regarding the test
matrices for the test programs for the OSU/ APEX and SPES-2 f acilities. While the design change in stages 2
and 3 appears to be relatisely tasy to account for in the two integral facilities, the new design of the 4th stage of
the ADS means that the single f ailme behavior of the AP6m (i.e., failure of one 4th stage ADS valve) is
substantially dilferent, in that such a failure no longer completely eliminates the venting capacity of one train of
the 4th stage, but . simply reduces it. Furthermore, this may completely change the limiting single failure for the
AP6m design over a range 01 design basis accidents involving depressurization (see 0440.51).

Ilow does Westinghouse plan to account for the change m the ADS design and potential changes in limiting
single f ailures for those tesh in the SPES-2 and OSU/ APEX tacilities in which the limiting single failute is to be
simulated!

Response:

The SPES-2 (Simula/ione PWR per Esperien/e di Sicurena) tests are integral systems tests to obtain thermal-
hydraulic data for computer tode validation and to investigate systems interactions during high pressure
transients. The impact of the r" vised changes have been evaluated with respect to the configuration of the
automatic depressuritation system ( ADS) and the following modifications to the SPES 2 facility have been
made:

The changes required for Stages 1,2 and 3 are not significant. A single valve is used in each stage to
initiate and control the blowdown and an orifice is used to represent the second valve. These orifices have
been sized to represent the minimal vahe area, or masimum pressure drop in each stage. This represents
the minimum flow capability of the ADS for each stage.

The revised design of the lomth stage of ADS incorporates an additional llow path and valve in both fourth
stayes discharging from each of the hot legs. When a single failure of a fourth stage valve is assumed. Ilow
can occur through each fourth stage. SPES-2 has been reconfigured to allow both fourth stages to discharge
into a single header and Ilow measurement system. The total llow out of both fourth stages will be
measured simultaneously.

Oritices installed in each ADS lourth stage disch:uye kne will be sized to simulate the total pressure drop
and llow area in eath kne. For a single failure of a tourth state valve, an orifice representing the pressure
drop of a single flow path will be installed.

The Oregon State University (()Sti) tests are integral systems tests to obtain thennal-hydraulic data for computer
code validation and to investigate long tenu ciuding behavior. The impact of the resised changes have been
evahuted with respect to the contiguration of the automatic depressmi/ation system and the following
mulitications to the OSU laeility are planned:

W Westinohouse
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The same chary;es descrilvd above for SPES-2 for Stages 1. 2 and 3 will be implemented. For tests that
assume a single f ailure in any of the first three stages of ADS, the installed orifices will be modified to
represent the minimum flow area, and therefore, miniinum venting capability in each flow path.

The Itreak and ADS Measurement System (BAMS) at the OSU facility will be reconfigun'd to measure the
flows out f rom a simulated single ended pipe break, the first three stages of ADS, and each of the fourth
stages. During a test of a double ended break, the fourth stage will be headered into a single break
measurement system and the total flow out of both fourth stages will be measured. The orifices in each
fourth stage will be sited to represent the appropriate How area, i.e., in the case of a single failure of a
fourth stage valve, an orifice representing the pressure drop of a single flow path will be used.

SSAR Revision: NONE

|

|

440.50-2
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Response Revision 1

Ouestion 450.8

Section 6.5 of die SSAR indicates that the AP600 does not have ESF filter systems, a containment spray system,
and secondary containment for the fission product control. The only fission product control system is the primary
containment.

GDC 41 specifies the requirements of containment atmosphere cleanup systems. Sections 6.2.3, 6.5.1, 6.5.2, and
6.5.3 of the SRP provide guidelines on fission product leakage control through secondary containment functional
design. ESF atmosphere cleanup systems, containment spray as a fission product cleanup system, ark! fission product
control systems and structures. The function of the fission product control systems and structures is to limit the
potential release of radioac !ve materials that would result from accidents.

Section 15.6.5.3.9 of the SSAR states that the calculated dose consequences at the site boundary and control room
meet the regulatory requimments. The staff is myiewing the methodology of these calculations separately and has
not reacted a conclusion on i s acceptability, llowever, the staff concludes that there is a reduction of the fission
product control systems in the design of AP600 compared to de design of current operating plants. It results in a
lack of redundancy and reduction in safety margin. De staff has not found any testing prograrn in the SSAR to
demonstrate the adequacy of the overall fission product control systems of AP600. Based on the above discussion,
the staff is concemed that the tission product control systems may not be determined to be adequate, even if the
calculated dose consequences are found to be acceptable. Provide any additional infonnation or testing results to
address the above staff concern.

Response (Revision 1):

As with current operating plants the primary containment for the AP600 is the most significant system for limiting
release of radioactivity to the environment in the event of a core-damage event. The effectiveness of the AP600
containment is enhanced relative to the design of current operating plants by significant reduction in the number arxl
site of containment penetrations; by the simple, reliable passive containment cooling system; and by design features
addressing potential containment challenges in severe accident scenarios. De effectiveness of the AP600
containment is indicated by the low probability of significant offsite releases discussed in the AP600 PRA. Fission
pnxtuct control safety margin for the AP600 is enhanced relative to current operating plants eetary - S Mfr
ew!u s med-huhe-RA4.

The radiological consequences analyses discussed in Subsection 15.6.5.3 of the SSAR provides the licensing design
basis evaluation of the AP600 containment function. His conservative, detenninistic evaluation uses the ALWR
physically based source term, as discussed in SSAR Subsection 15.6.5.3.1.2, to define the fission product release
transient to the AP600 containment atmosphere. This source term is similar to the new source term being developed
by the NRC. De AP600 analysis accounts for the natural processes for removal of fission products from the
containment atrnosphere during the event. The elemental iodine removal coefficients are calculated using the model
provided in Revision 2 of Section 6.5.2 of the Standard Review Plan. The particulate removal coefficients are based
on analpieaWmdw-IMh sectional aerosol codes and empirical correlations which have compared well with

W WestinEhouse,
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Reference 450.8-1 provides the basis for the determination of post-LOCA particulate removal coefficients and was
transmitted by EPRI to the NRC on April 30,1993. The document reports the following removal coeflicients for
the AP600:

0 - 10.3 hours 0.49 hr-I
10.3 - 11.0 hours 0.72 hr-I
> 11.0 hours 0.52 hr*I

These values supersede those that were used in the LOCA dose analysis reported in the SSAR:

0 - 4.0 hours 0.35 hr'I
4.0 - 4.5 hours 13 hr-I
> 4.5 hours 0.5 lu-I

The limiting dose for the LOCA is the site boundary thyroid dose which is calculated over the first two hours of the
accident. With the set of removal coefficients from Reference 450.8-1, the doses reported in the SSAR would be
reduced from currently reported values.

In Revision I to the response to RAI 470.9, an analysis has been provided of the LOCA doses based on the NRC
source tenn. This analysis utilizes a particulate removal coefficient of 0.5 hr'l for all time periods and is thus
consistent with the set of values presented in Reference 450.8-1.

Reference:

450.8-1 Passive ALWR Containment Natural Aerosol Removal," April 29,1993 was prepared by David E. Leaver
(Polestar Applied Technology, Inc.), Jun Li(TENERA, L.P.), and Rudolph Sher (Rudolph Sher Associates).

SSAR Revision: NONE
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