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Dear Mr. Borchardt:

Enclosed are three copies of the Westinghouse responses o NRC requests for additional information
on the AP6O0 from your letters of January 13, 1994 and January 26, 1994,

A listing of the NRC requests for additional information responded to in this letter is contained in
Attachment A, Attachment B is 2 complete listing of the questions associated with the January 13,
1994 letter and the corresponding letters that provided our response.

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. Mclntyre at 412-374-4334,
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NTD-NRC-94-4099
ATTACHMENT A
AP600 RAI RESPONSES
SUBMITTED APRIL 14,1994

RAI No. Issue

220024 | Wind-induced failure of nonsafety structures
220028 | Loading effects of air baffle on containment
220029 ;  Useof(1.,0.4,04) method vs SRSS method
220041 ; Soil pressure effects on embedded wall section
220045 |  Subcompartment global pressure/temperature effects
220048 ;  Capability of connection, reinforcement pattern
230037 ; Cutoff frequencies of fixed base model

230038 ;  Seismic Cat [ structures in stick model

230039 | Live loads in modeling shield & auxiliary building
230.041 i Basemat in SSI analyses

230046 | Exclusion of additional accidental torsion
230049 | Modeling procedures

420.123 | Unavailability values used for I&C unavailability
440.049 ;  ADS Phase B test facility configuration

440051 1 Limiting single failures in light of ADS change




Printed O4/1 4/94
ATTACHMENT B

CROSS REFERENCE OF WESTINGHOUSE RAI RESPONSE TRANSMITTALS

TO NRC LETTER OF JANUARY 13, 1994

Question Issue
No
420123 Unavailabliity values used for I&C unavailability
440 049 ADS Phase B test facility configuration
440 050 Impact of ADS design change on O5U & SPES
440 051 Limiting single failures in light of ADS change

Records printed 4
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NRC REQUEST FOR ADDITIONAL INFORMATION

Question 220 2

Discuss the effects of wind-induced failure of non-salety-related structures on safety related structures, systems, and
components (S5Cs). 1 the collapse of non-safety-related structures due to wind loading does not adversely impact
the function of the safety-related SSCs, the use of 1O as the inportance factor is suitable.  1f not, an importance
factor of 111 should be used in the design of such structures. Therefore, the SSAR should provide a commitment
that all S5Cs not destgned for wind loads should be analyzed using the 111 importance factor or be checked that
their maode of fatlure will not affect the ability of satety-related SSCs o perform their intended safety functions.
Provide that commitment or justify deviation from such a commitment (Section 3.1.1 of the $SAR).

Response

Wind induced fatlure of nonsafety-related structures due 10 the design wind (110 mph) does not adversely impact
the functon of the safety-related structures, systems and components. Wind induced fatlure of nonsatety-related
stractures is evaluated tor the 300 mph tormado which is more severe than the design wind, SSAR Subsection 3.3.2.3
provides critena for this evaluation. Nonsafetyrelated stroctures adjacent to the nuclear island are analyzed for the
IO mph wormado, Local Falures, such as blow off of siding, are permitted o relieve loads on the structural frame,
Such tocal fatures are evaluated o contirm that they could not generate missiles more severe than those used in the
design of the nuclear island. SSAR Subsection 3.5.1.4 describes the design of the safety related structures for wornado
missiles. SSAR Subscction 352 describes those structures, systems and components (o be protected against extemal
misstles

he wrmado evaluation of nonsatety -related st actures provides assurance that wind loading does not adversely impact
the tunction of the safety-related stroctures, systems, and components, Therefore the use of 1.0 as the importance
tactor 1s suitable.

SS5AR Revision: NONE

220.24-1
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NRC REQUEST FOR ADDITIONAL INFORMATION

Question 220 28

Since the air batile s supported at the top of the shield butlding and 1s attached (o the steel contawinment through 3°
diameter pipe supports, discuss what considerations were given to the design of the air batfle, and the effect of the
batfie on the steel containment and shield building tor all the loading conditions, specifically the seismic loads and
the severe accident loads (thermal and pressare). Describe in more detail (possibly with figures) the flexible seal at
the top of the air baftle and the connection to the shield building roof (Section 3.8.2 of the SSAR).

Response

The contamment wr batfic is shown on the General Arrangement sections in SSAR Figures 1,2-12 and 1,2-13, The
upper air batfle is attached to the shield building roof. The lower portion is attached o the sweel containment, A
flexible seal is provided at elevation 2367 this seal accommodates the difterential deflections of the containment
vessel and shueld building under seismic, design basis and severe accident loads,

The contamment wir baffle and its effect on the contanment vessel are described in SSAR Subsection 3.8.4.1.3, The
portion of the air batlle attached o the containment vessel is shown in Figure 3.8.4-1, The design considers the
pressure and thermal growth of the contamment vessel under design basis and severe accidemt conditions.  The
seismic loads are transmitted through the pipe struts o the containment vessel,

SSAR Revision: NONE

. 220.28-1
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NRC REQUEST FOR ADDITIONAL INFORMATION

Question 220.29

Overall seismic loads result in axial compression and tangential shear stresses which are greatest at the base of the
cylindncal portion of the coptainment. Westinghouse evaluated the shell for dead load, live load, and seismic load
at the critical section close to the bottom tangent hine. Westunghouse reponted that the calculated stress was 2721
psi and the corresponding allowable stress for the Level C Service Limit was 4438 psi based on NE-3133.6. Axial
and tangential shear stresses were evaluated in accordance with the ASME Code Case N-284. The maximum value
of the imteraction rativ was reported as 0.5 and the allowable interaction ratio was 1.0, However, Westinghouse
combined setsmic loads by the (1.0, 0.4, 0.4) method and added o the dead load and live load. Provide the basis
tor the use of only this method in combining seismic loads and not the SRSS method as described in Section 3,7.2.6
(Section 3.8.2 of the SSAR),

Response

SSAR Subsection 3.7.2.2 wenufies the SRSS method or the (1.0, 0.4, 0.4) method as alternative methods of
combination, Generally, the SRSS method is used o combine responses of a single variable such as the longitudinal
stress n the vessel, The SRSS method is conservative tor design evaluations in which two or more stresses must
be considered, such as when calculating stress intensity or buckling interaction ratios. The (1.0, 0.4, 0.4) method
15 an acceptable altermative which considers the relative magnitudes of two or more stress components that must be
further combined for evaluation against an allowable stress or wteraction ratio.

The interaction ratio for buckhing given in the response o RAL 2204 was also calculated vsing both the SRSS

method and the (1.0, (0.4, 0.4) method. The interaction ratio using the SRSS method was 0,504 compared with 0.502
using the (1.0, 04, 0.4) method. The two methods gave similar results for this case,

SSAR Revision: NONF

220.29-1
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NRC REQUEST FOR ADDITIONAL INFORMATION

Question 220.41

Discuss the design of the embedded portion of the exterior walls of the nuclear island of seismic Category | structure
and the methods for the consideration of static soil pressure and the soil pressure induced by the earthquake.
Westinghouse should follow the guidelines documented in the staff position for the embedded wall and retaining wall
design.  Evaluate the potential local soil failure around the embedded walls during the design seismic event
{Section 3.8.4 of the SSAR)

Resporise:

The embedded portions of the exterior walls of the nuclear island are designed for dead loads, live loads, SSE loads,
hydrostatic loads due to groundwater and probable maximum flood, static soil pressure loads. surcharge loads, and
soil pressure induced by the S8

The walls are designed according to ACI 349 with the load combinations given in Table 3.8 4-2

I'he static soil pressure is based on at-rest soil pressure.  The soil pressure induced by the SSE is based on the
Mononcbe-Okabe formula.  Since the exterior walls are assumed to be non-yielding, the forces obtained by the
Mononobe-Okabe formula are multiplied by two. Two-dimensional SSI analysis results are also used to establish
the soil pressure induced by the SSE and to verify the structural integrity of the walls. The potential for local soil

farlure 1% also considered in the design

SSAR Rewvision : None

220.411
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NRC REQUEST FOR ADDITIONAL INFORMATION

Question 220.45

Provide a commitment to design all subcompartments for global pressure/temperature effects. and provide the actual
pressure/temperature values to be used (Section 3 8.4 of the SSAR)

Raesponse

All subcompartments are designed for the pressure and temperature effects caleulated for the postulated pipe breaks
The postulated pipe breaks are described in SSAR Section 3.6. In particular, SSAR Subsection 3.6.1.2. | describes
the pressurization response.  SSAR  Subsection 6.2.1.2 discusses the criteria and analysis methods for
subcompartment pressunization. The pressures and temperatures resalting from these analyses are included in the
loads and load combinations given in SSAR Subsection 3.8.4.

SSAR Revision: NONI
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NRC REQUEST FOR ADDITIONAL INFORMATION

Question 220 48

[dentify the particular arcas that rise the concemn about the capability of connection, reinforcement pattern or welded
jotnt (Section .84 of the SSAR)

Response

We are pot aware of any arcas that raise the concern about the capability of contection, reinforcement pattern o

welded ponnd

SSAR Revision: None

@ Westinghouse £20.48-1




NRC REQUEST FOR ADDITIONAL INFORMATION

Question 230 37

Section 1.7.2.2 of the SSAR describes the unportance of the mass participation from the high frequency structural
modes of the suck model i the horizontal and, particularty, the vertical directions due to the ngidity of the
contamnment internal structures, [ is not clear how the contributions of the predominant high frequency modes to
the structural responses were taken into account in the analyses.  Particularly, provide the following information:

i the cutoft Frequencies used in the horizontal and vertical time-history analyses of the fixed base model (the
case of structures founded on rock site).

b the cutofl frequencies used in the horizontal and vertical SST analyses using the complex frequency response
analysis method. and provide the basis for the cutoft frequengies selected.

¢, details of the separate seismic analysis using the coupled containment internal structures and reactor cooliant
loop (RCL) lumped-mass model (Page 3.7-5, tust paragraph) and the difference in the response results
between this separate seismic analysis and the original seismic analysis. Was this "separate analysis” done
using the Hised base maodel for the rock site condition?

d detadls for considering the high frequency effect to the vertical responses (forces and moments) of the
contiaimment internal steuctures (Page 3.7-5, first paragraph). Was this considerstion apphied only 1o the
vertical seismic analysis of the fixed base stractural model for the rock site condition?

Response

i The cutoff frequency used i the honizontal and vertical tme-history analyses of the fixed-base model tor
the hard rock site 18 34.0 henz,

h The cutof! frequencies used in the SSTanalysis are 33 hertz for the soft rock site, and 15 hertz and 21 hertz

tor the soft-to-medium suff soil sie i the horizontal and the vertical directions, respectively,
These cutoll frequencies are selected based on the following:

. The 33 hertz cutof! frequency used in the SST analyses for the sott rock site is in accordance with
the requiremeni of Regulatory Guide F60. The 15 herte aind 21 hertz cotoff frequencies used in
the SST analyses of the soft-o-medium stff soil site are selected based on the major composite
naturd frequencies of the conpied sotl-strucure system,

. The caleulated acceleration tme histories for the soft-to-mediom sl sorl site are not imended o
be “stand alone”. Response accelertions trom the hard rock, the soft rock, and the soft-to-medium
st soil sies are enveloped for design purposes.

. Maxumum mermber forces and nodal displacements are dominated by those modal frequencies
fower than the cutofl trequencies.  Therelore, responses from frequency “ange higher than the

Westinghouse W




NRC REQUEST FOR ADDITIONAL INFORMATION

cutofl treguency will have very minor effects on the maxunum  member forces and nodal
displacements,

The analysis referenced in the question s an earlier analysis presented in Revision O of the SSAR, The
seisiic analysis has been revised as presented i Revision | of the SSAR Section 3.7.2.2.

Refer to Revision | of SSAR Secton 3.7.2.2. Member forces for the hard rock site are calculated using
the fixed base combined nuclear island stick model, The mode superposition time history analysis method
is used o calculate the seismic response member forces tor the coupled shield and auxiliary buildings and
for the steel contwnment vessel. The response spectrum analysis (RSA) technigue is used to caleulate the
response member forces, of hoth hortzontal and vertical excitations, for the containment internal structures

For comparison purposes, seismie member forees for the containment internal structures are also calculated
using the mode superposition time history analysis method and compared with the member forces from the
RSA method. This comparison shows that

. The verncal torees determined by the mode superposition time history analysis are approximately
10% 10 30% of those calculated by the RSA, and

. The hornzontal forces determined by the mode superposition time history anal ysis are approximately
TS e 30% less than those calculated by the RSA.

Detatls for considering the high frequency elfect 1o the vertical responses (forces and moments) of the
contanment internal structures are described in (¢) above, As deseribed, this consideration was applied to
both the hortzontal and vertical seismic analysis of the fixed base structura) model for the containment
inernal structures

SSAR Revision:  Nooe

230.37-2
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NRC REQUEST FOR ADDITIONAL INFORMATION

Question 230.38

Provide a description in the SSAR 1o show how the other seismic Category | structures such as containment air
baffle (CAB), passive containment cooling system water storage tank (PCCSWST), and in- containment refueling
water storage tank (IRWST) were included in the nuclear island seismic models (lumped-mass stick model and finite
element model) (Section 3.7.2.3 of the SSAR)

Response:

Sections 3.7.2.3.1 and 3.7.2.3.2 will be revised as shown below 1o provide the requested information.

SSAR Revision
® Add the following paragraph to the end of Section 3,7.2.3.2:

The containment air baffle, presented in Section 3.8.4.1.3, is supported from the steel containment vessel
at regular intervals so that a gap is maintained for airflow. It is constructed with individual panels which do
not contribute to the stiffness of the containment vessel. The fundamental frequency of the baffle panels is
wreater than twice the fundamental frequency of the containment vessel, The mass of the air baffle is small,
equal to approximately 10% of the vessel plates to which it is attached. The air baffle, therefore, is assumed
to have negligible interaction with the steel containment vessel. Only the mass of the air baffle is considered
and added at the appropriate elevations of the steel containment vessel stick model.

® Add the tollowing after the third paragraph of Section 3.7.2.3. 1.

The passive containment cooling system water storage tank is represented by a lumped-mass stick model
simulating the dynamic behavior of this portion of the roof structure. This lumped-mass stick model is
combined with the lumped-mass stick model representing the lower portion of the shield building. In the 3-D
finite element model, the lumped-mass stick model of the passive containment cooling system water storage tank
is located at the center of the shield building represented using eylindrical shell elements, The lumped-mass
stick model of the passive containment cooling system water storage tank is connected to the 3-D shell elements
wiing 18 horizontal rigid beams.

The in-containment refucling water storage tank (IRWST) is included in the 3-D FEM used in the
development of the lumped-mass stick model representing the containment interaal structures (CIS), Therefore,
the Tumped-mass stick model of the CIS includes the stiffness and mass effect of the IRWST.

@ Westinghouse 230.381
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Question 230.39

The following request for additional information pertains to Section 3.7.2.3.1 of the SSAR:

a.  bxplain how the live loads were considered in the modeling of the coupled shield and auxiliary buildings
and the containment internal structures.

b, In the second parageaph of Page 3.7-6, the SSAK states that two sticks were used to represent each
structure (shield building, auxiliary building or containment internal structures). The {irst stick represents
the axial areas and the second stick represents the beam element properties other than the axial areas. It
seems that this modeling technique is trying to decouple (a) the axial and bending responses, and (b) the
horizontal and vertical responses.  Explain and justify this modelling technique.

¢ 1t the containment internal structures are represented by two separate sticks, explain how to couple the RCLL
model with the internal structural model.

Response:

In the modelling of the coupled shield/auxiliary buildings and the containment internal structures, expected live
loads during plant operation were considered by applying a uniform load of S0 psf on all slabs and floor areas.

The 2-sticks modelling technique is used to properly locate the translational and rotational stiffnesses of the
structures by placing the stick with axial property at the centroid and the stick with the beam properties at the
shear center. By using this modelling technique, the vertical stiffness is located at the center of vertical stitfness
and the shear and torsional stiffnesses are properly located at the shear center.

With the 2-sticks mwodelling technique, the axial and bending responses and the horizontal and vertical responses
are not decoupled because of the rigid connections provided at vach floor elevation. As shown in Figure
3.7.2-4 for the coupled shield and auxiliary buildings lumped mass stick mode! and in Figure 3.7.2-6 for the
internal structures, two vertical sticks are used between floor elevations. The total mass at each floor elevation
ts lumped into a single mass point at the center of mass, The mass point is rigidly connected to the 2 sticks
connecting 1o the upper Moor and the 2 sticks connecting to the lower floor

As stated in (b), for the containment internal structures (CIS) lumped mass stick model, all nodes within each
floor elevation are rigidly connected such that "plane section remains plane” and there is zero relative
displacement between the node points at the same elevation, The RCL model is coupled to the CIS stick model
as follows

L. Local stiffnesses of the RCL supports are calculated,

@ Westinghouse b i



NRC REQUEST FOR ADDITIONAL INFORMATION

Support points of the RCL are identified and additional nodes are provided at the RCL. support locations
Rigid links are added between the RCL support nodal points and the nodal points at the proper elevation
in the CIS stick madel

i, The "end nodes” in the RCL modei are connected to the RCL support nodal points using the equivalent
support springs determined from item | above

SSAR Revision: NONI

230.39-2
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NRC REQUEST FOR ADDITIONAL INFORMATION

Quaestion 230,41

a. Section 3.7.2.3 3 of the SSAR states that for seil-structure interaction {8S1) analyses, the nuclear island
basemal and the periphery walls of the embedded portion of the nuclear island are represented by a
three-dunensional finite element model. When the basemat was modeled, has the flexibility of the basemat
been considered in the SSI analyses”

b Evaluate the possibility of the out-of-phase interaction between the shield building, steel comainmant vessel
and containment air baffle (Section 3.7.2.3.3 of the SSAR)

Response

In the sotl-structure interaction analysis, the entire nuclear island is represented by a stick model except for the
basemal and the embedded portions of the exterior walls which are modelled with 3D shell elements, This
maodel of the ambedded portion models the boundary of the nuclear island, but not the flexibility of the basemat.
However, considering that the baseinat thickness 15 6 feet and the interior walls are closely spaced, any loval
Nexibility of the basemat in the vertical direction is negligibie.

At the 3 slab elevations (grade at 100", 82 5", and basemat at 66.5"), honzontal rigid beam elements are
modelled along the exterior wall (shell elements) to simulate the stiffening effect provided by the slab to the
wall. At these same elevations, horizontal rigid beams are also used to connect the shell elements with the stick
model

Al the basemat (elevation 66,571, horizontal rigid beams are usea:

(1) at the exterior wall to simulate slab rigidity and to connect the stick model with the exterior wall (as stated
ahove), and

(2) to simulate the stiffening effects provided by the ternal walls to the basemal

The design configuration of the steel containment vessel, the containment air baffle and the shield building is
shown in Figures 1.2-12 and | 2-13.

The steel containment vessel, presented in Section 3.8.2.1.2, is designed as an independent, free-standing
structure,  The bottom head is embedded in concrete, with conerete up to elevation 100 feet on the outside and
elevation 108 feet on the inside. Above elevation 100 feat, seismic gaps are provided between the steel
containment vessel and the shield building.

The containment air baffle, presented in Section 3.8.4.1.3, is supported from the surface of the steel
containment vessel at regular intervals. It will displace together with the containment vessel during a seismic
event, A flexible connection is provided between the air baffle and the shield building roof structure. This
flexible connection is designed to accommodate the differential displacement between the containment vessel

@ Westinghouse 230.411
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NRC REQUEST FOR ADDITIONAL INFORMATION

and the shield building. Therefore, seismic interaction between the shield building and the containment vessel
through the air batfle 15 negligible

Ihe maximum seismic displacements relative to top of basemat for the shield building and the steel containment
vessel are given in tables 3.7.2-8 and 3.7.2-9 respectively. The maximum horizontal seismic displacements
relative to the top of basemat, at the top of the containinent vessel and the top of the shield building are 0.95
inches and 0.42 inches, respectively.  The maximum relative displacements between these structures are
negligible in comparison with the design gap provided, see Figures 1.2-12and 1.2-13. There is no out-of-phase
interaction between the shield building and the containment vessel/air baffle

Structure to structure interaction between the steel containment vessel and the shield building through the
common foundation during a seismic event is considered. because a coupled model connecting the nuclear island

structures to the same foundation 1y used in the seismic analyses

SSAR Revision: NONF

230.41-2 |
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NRC REQUEST FOR ADDITIONAL INFORMATION

Question 2.N.46

Section 3.7.2.1 1 of the SSAR states that the seismic analysis models of the nuclear island incorporate the mass and
stiffness eccentricities of the seismic Category | structures and the torsional degrees of freedom and, hence,
additional accidental torsion 15 not added to the actual calculated torsional responses. According to SRP
Section 3.7.2, to exclude the accidental torsion to the overall seismic responses is not acceptlable to the staff,
Provide justification for this deviation to the SRP.

Response:
Acvidental torsion will be included in the design as described in the SSAR revision shown below
SSAR Ravision:
Revise Section 3.7.2.11 as shown below

The seismic analysis models of the nuclear island mcorporate the mass and stiffness eccentricities of the seismic
Category | structures and the torsional degrees of freedom. Henee-additional-tecidental-torsion-is-not-added-to-the
actuat catentated tormonat responses. An accidental torsional moment is included in the design of the nuclear island
structures. The accidental torsional raoment due to the eccentricity of each mass is determined using the following:
* Horizonial mass properties of the building stick models shown in Figures 3.7.2-4, 3.7.2-5 and 3.7.2-6,
¢ 'The enveloping value of the horizontal nodal accelerations shown in Table 3.7.2-5, 3.7.2-6 and 3.7.2-7

*

*  Anassumed accidental eccentricity equal to 5% of the maximum building dimensions at the elevation of the
mass.

The tarsional moments due to eccentricities of the masses at each elevation are combined absolutely.

230.46-1




NRC REQUEST FOR ADDITIONAL INFORMATION

Question 230.49

The following request for additional information pertains to Section 3.7.3.3 of the SSAR:

4 As described in Section 3.7.3, the structural frames and miscellaneous steel platforms are also considered
subsystems. Provide detailed modeling procedures and the analysis methods used for these substructures

b, Were the modelling procedures described in Section 3.7.3.3 also used for modelling the cable tray, HVAC
and conduit systems” Clarify this section.

o.M some safety related piping systems and/or components are supported by those structural frames and
miscellaneous platforms described in (a) above, discuss in detail: (1) how the structural frames and
platforms were modeled together with the piping systems and components, and (2) how the potential
amplification of motion through these frames and platforms were considered or are to be considersd.

d.  Discuss how the polar vrane system was modeled. analyzed and desigaed.

Response:

.

d.

The fintte element models of the nuclear island structures, presented in Section 3.7.2.3, included the structural
elements which may influence the global seismic response of the nuclear island. Minor structural framing and
miscellaneous steel platforms, judged to have negligible effect on the global seismic response of the nuclear
island, are considered to be seismic subsystems and are subjected to the modelling procedures presented in
Section 3.7.3.3 and to the analysis method shown in Section 3.7.3.1,

Cable tray, HVAC and conduit systems, which have negligible influence in the global seismic response of the
nuclear island, are considered as a seismic subsystem. These seismic subsystems, therefore, are subjected to
the modelling procedure presented in Section 3,7.3.3 and to the analysis methods presented in Section 3.7.3.1,

The information was provided in Revision 1 of SSAR Subsection 3,7.3.8.3.

The polar crane is evaluated as a seismic subsystem using seismic responses at the polar crane support ring
girder obtained from the seismic analysis of the nuclear island. The procedures presented in Section 3.7.3 are
applicable to the modelling, analysis and design of the polar crane system. The modelling of the polar crane
in the seismic analysis of the nuclear island is provided in the response to RAI 230,40,

SSAR Revision: NONE
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NRC REQUEST FOR ADDITIONAL INFORMATION

Question 420.123

The probabilistic risk assessment (PRA) for the AP600 design assumes that software common-mode failure
among instrumentation and control (I&C) cards result in an unavailability for [&C cards within subsystems of
1. 2x10-6 failures per demand (f/d). Software common-mode failures within safety and control subsystems
result in an unavailability of 1.1x10-5 f/d (Table E-5.3 of the PRA).

The probability of failures/demand for 1&C cards s two decades lower than the value many experts agree can
be demonstenicd by a prectical test progeam (10-4 t/d). The probability of failures/demand for subsystems
(made up from a collection of cards and connections between cards) is at least one order of magnitude better
than the practical test value, and two orders of magnitude better than the value being considered by the Nuclear
Installation Inspectorate (NI1) of the United Kingdom for the Sizewell B PPS (10-3 {/d).

The summary of results for the internal events Level | analysis at power (Section 8.2 of the PRA) show that the
common cause hardware failure of 1&C cards is a significant contributor to the core damage frequency for most
of the at-power initiating events. The data in Table E-5.3 gives values for hardware board CMF unavailability
in the range of 1. 2x10-6 f/d to 4. 4x10-5 t/d. A software common-mode board failure in the range of 10-4 t/d
to 10-3 /d (instead of the value of 106 f/d used in the PRA) could have a significant impact on the core
damage frequency results for several of the initiating events given in Table B-1.

Perform a sensitivity assessment of the effect on the core damage frequency for evenis studied in the PRA
resulting from software common-mode failures on 1&C card unavailability in the range stated above. Provide a
description of the test program that Westinghouse is proposing to demonstrate a common-mode card
unavailability of 10-6

Response:

The expert opinion guideline value of 1E-04 failures per demand (17d) rate is applied at the overall system level
and pot at the individual card Jevel. The APA00 PRA uses input rates for software and hardware common-mode
failure at the component fevel in the general range ot 1E-06 f/d to 4E-05 /d. The summated common-mode
failure contribution at the system level equates to approximately 1E-04 f/d. Therefore, the AP600 PRA
common-mode failure contribution is consistent with the guideline value of 1E-04 /d.

The rate of 1.2E-06 {/d represents the software common-mode failure contribution of cards across different
subsystems of the I&C system such as the protection and safety monitoring system and the plant control system.
The rate of 1 1E-05 {/d represents the software common-mode failure contribution of cards across subsystems of
the same type (such as engineered safety features, protection logic cabinets, and control logic cabinets). This
rate represents the software common-mode failure rate that is applied across the redundant channels in the
AP60O PRA. Further discussion regarding the development and support of these rates has been provided under
the response to RAL 72091, Common cause failure between the diverse actuation and diverse indication
systems 1s considered separately, as discussed in Appendix E.3.4.6.2 of the AP600 PRA.

@ o 420.123-1




f{RC REQUEST FOR ADDITIONAL INFORMATION

No tests or sensitivity study are required as the methods and rates that are applied in the AP600 PRA regarding
the application of common-mode falure are consistent with industry guidelines

PRA Revision: NONI

SSAR Revision: NONJ
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Question 440.49

In late 1993, Westinghouse proposed changes to the design of the AP600 automatic depressurization system
(ADS) and the manner in which it will be operated.  As « result of these changes, the staff concludes that
Westinghouse should reevaluate the design of the ADS test facility, both in terms of hardware and
configuration

The staff understands that Westinghouse's current plans are to test one valve in each of trains 1-3, with the
second valve represented by an orifice.  For the first stage, the orifice is upstream of the valve, while for stage
2 and 3, the orifice 1s downstream of the valve. The staff is concerned with this approach because:

g The "eritical flow" behavior of an orifice is substantially different from that of a nozzle. Orifices do not
“choke,” although the flow rate does exhibit a limiting behavior as upstream pressure is increased. On the
other hand, short nozzles do "choke.” To a first approximation, a valve appears to resemble a
comverging-diverging nozzle more than it does an orifice. Accordingly, in the absence of a second valve in
the test train, the stafl recommends that Westinghouse replace the orifice with a short nozzle that has
approsimately the same length and minimum flow area as the valve body.

b Previously, both valves in an ADS stage were to be opened simultancously. Having & valve in the upstream
position would maximize the upstream pressure seen by an ADS valve, and allow testing over a greater
range of pressures.  The new operating procedure, however, calls for the upstream “isolation” valve in an
ADS stage to be opened first, and the downstream “"control” valve to be opened thereafter. Thus, the
configuration suggests a fixed nozzle upstream of the valve to be opened. The staff recommends that, in
cancert with item (a) above, the valve (o be tested be positioned downstream of the nozzle simulating the
open tsolation valve in each stage.

Westinghouse shouid also review the test matrix for the ADS valves in light of the proposed design change to
ensure that the range of test parameters still adequately covers the range of thermal-hydraulic conditions that the
valves are expected to experience in the AP600D plant,

Response

The objective of the Automatic Depressurization System (ADS) tests for design certification is to verify the
overall system performance of the ADS. The tests will be conducted with the ADS valves in a fully open
position.  For this reason, the ADS design certification tests will be performed both with an orifice or flow
nozzle that represents a valve with minimum flow area’maximum flow resistance and with no orifice or flow
nozzl. to provide the maximum flow area/minimum resistance.  The following responses reflect the fact that the
APBOO ADS arrangement wiil include an isolation valve followed by a control valve in each of the ADS stage
1.2 and 3 flowpaths

a)  The ADS valve piping package has been modified to include a valve and a spool picce in each stage of the
system.  Stage | contains a spool piece upstream of a 4 inch globe valve, Stages 2 and 3 have an 8 inch
gate valve positioned upstream of a spool piece.  Tests will be performed for both maximum flow

() wesngons w029




b)

NRC REQUEST FOR ADDITIONAL INFORMATION

conditions and minimam venting conditions for each stage of the ADS. For the minimum venting tests, the
stage 2 and 3 spool pieces will contain an orifice, which will simulate the flow area and resistance of a
globe valve body. The ADS stage | spool piece will contain a flow nozzle, to simulate the flow area and
reststance of a gate valve body. The orifices and flow nozzles are designed to provide the minimun flow
area and pressure drop corresponding to the most restrictive ADS valve. For the maximum flow tests, the
orifices and flow nozzle will be removed from the spool p! ces in order to achieve the maximum flow
possible with valves that have a very large flow area.

As described in a) above, the spool preces both with and without orifices and a flow nozzle will be used to
simulate the range of potential valve areas and resistances. These spool pieces are located at the proper
positions 1o correspond with the gate valve followed by globe valve ADS flowpath arrangement.

Because the tests will be conducted with the ADS flowpaths fully open, the test conditions will be
determined by the facility supply tank initial conditions; i.e., pressure, temperature, level, and by
appropriate positioning and operation of the VAPORE facility control valve. Pre-test analyses are used to
determine these conditions such that the range of test parameters adequately covers the range of thermal
hivdraulic conditions tor the AP600

SSAR Revision: NONI

440.49.2 @ Westinghouse
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Quastion 440 .51

The new configuration of the ADS announced o late 1993 appears @ have unphications regardmg the single
Bnlure assumptions for APOOO accident analyses,  For most accidents, the most limiting seogle tatlure has been
assumed (o be one valve of the dth stage ol the ADS, resulting e the loss of venhing capabitity in the affected
train, The new configuration of stage 4 of the ADS, however, resalts in a single Ldure of an ADS valve that
does not eliminate the venting capability of that entire tram, which may mean that the fatlure of a stage 4 ADS
vilve 18 no longer the most hmtng single Gadure tor many, tf not all, design basis accidents myolving
depressanzanon,

Reanalyze the Chaprer 15 events imvolving actuatton of the ADS 1o determine the most feniting staple falure
with the new ADS confrguration.

Hoesponse

Only the loss of coolant accident (LOCA) analyses among the Chapter 15 events actuate the ADS. The potential
ADS singie tathure assumpbions were reviewed i performing the LOCA analyses presented i the Febroary 15,
1994 subimitid "APGOO Design Change Descripton Report.” The hanting smali break LOCA cases from the
SSAR tdouble-ended direct vessel myecton line break and madvertent ADS actuation case) are prescated in that
report, and the appropriate ADS single fatlure was modeled wm each. No credible single failure i the passive
siafety systems other than those postulated within the ADS have significant impact on the Chapter 15 LOCA
analyses

Fhe double-ended direct vessel mjechon (DEDVD hine break n the February 15, 1994 report represents the
limiting case tor satety mjection,  Because depressurization (o the accumulator scipoint adids significant water
tnjection capability, o single electrical Balure which results i taddure of & first and a third stage ADS path
open s asstmed i the DEDVI iransicat; with the redesign ol the ADS and the avaalabilty of the postulated
hreak o oad in venting, the prompt achievement of IRWST imjection is not a concern, as demonstrated by the
NOTRUMP result and dhscussed o the report, The single Lulure resulting o the foss of a fiest and third stage
ADS path s the Ttng possible single fatlure for potential core uncovery tor the pustulated DEDVI hreak, and
no uncovery is predicted for this transient when this single failure s modeled

The madvertent ADS actuation case i the February 15, 1994 geport is the limiting case i enms of
depressunzaton capability. For this case the twlure of 4 tourth stage ADS valve remains appropriate because i
still deprives the plant of more ventng area than does any other assumed single active failure.  The AP6OO ADS
design capability s demonstrated i the February 15, 1994 report result of tis postulated event. As discussed
the report, IRWST mjection is readily achieved with three of the four fourth stage ADS paths operational

[he SSAR smiall break LOCA analyses each assume the Gulure of a fourth stage ADS valve. This continues to
he the hmitung fadure for the remaming SSAR small break LOCA cases. In cach of these SSAR cases the ADS
15 actudted upon o low CMT level sipnal. Even though the Girst through third stage valve arcas are smaliar o the
February 15, 1994 report design than in the SSAR analysis, these valves depressurize the plant more quickly
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because they are actuated via tuners rather than CMT level signals,  Just as the DEDVI break and the madvertent
ADS actoation case m the February 15, 1994 report, each ol these SSAR cases will exhibit approximately the
sune reactor covlant system anventory at the time of tourth stage actuation. While the system pressure at fourth
stage actuation tine © - cht be higher of the Gadure of a valvel(s) in the first three stages of ADS s assumed, any
adverse umpact of this will be compensated for by the addinona! fourth stage path being available.

Ihe SSAR results bound the small break LOCA performance of the AP6OO 1n terms of system inventory when
the February 15, 1994 report design changes are considered, whatever single active fatlure is postulated.

PRA Impact: None
SSAR lmipa
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