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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP6.2.2-SPCV-13
Revision: 1

Question:

a. Per the response to RA-SRP6.2.2-SRSB-03(b), the AP1 000 applies the MRI degradation
characteristics from the NRC Safety Evaluation (SE) of NEI 04-07 Guidance Report.
Specifically, what degradation characteristics, by percentage and size, are assumed for
the AP1000 MRI?

b. The response to RAI-SRP6.2.2-SRSB-03(c) stated the maximum liquid velocity toward
the sump screen is 0.072 ft/s. What is the source of this value?

c. What are assumptions on transport of degraded MRI to IRWST screen? Include the
maximum liquid velocity available to move MRI toward the IRWST screen.

d. The response to RAI-SRP6.2.2-SRSB-03(e) states that there are no other materials that
would become LOCA generated debris. What size ZOI was used in the supporting
analysis and what piping was it applied to? Explain why cable insulation, signs, caulking,
and other instrumentation don't generate debris either as particulates or as sacrificial
screen area.

e. The response to RAI-SRP6.2.2-SRSB-03(g) references DCD Section 6.3.2.2.7.1 item 3,
which requires MRI in a specified ZOI. Per the SE, this ZOI is conservative for MRI
insulation, but non-conservative for Min-K insulation. Justify this departure from SE
guidance.

f. DCD Section 6.3.2.2.7.1, Item 10 states that other potential sources of fibrous material
such as ventilation filters or fiber producing fire barriers are not located in jet impingement
damage zones or in the flood up regions. What is the physical definition of these jet
impingement damage zones or flood up regions?

Westinghouse Response:

a. From "NEI 04-07 PRESSURIZED WATER REACTOR SUMP PERFORMANCE
EVALUATION METHODOLOGY" AP1000 is classified as a highly compartmentalized
containment and would be susceptible to 25% of MRI fines to be ejected into the upper
containment where they would not be expected to transport due to low velocity flow from
the dome rainout. NEI 04-07 SER states MRI is destroyed at 75% fines, 25% large
pieces. 'Small Fines' are defined as debris able to pass through the largest openings of
the gratings, trash racks, and radiological fences, which are less than a nominal 4 inches.
Debris that cannot pass through these barriers is classified as large pieces.

RAI-SRP6.2.2-SPCV-13 Rev 1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

b. The source of the maximum velocity is a calc note performed by Westinghouse on the
containment recirculation screens. One of the outcomes of this calculation note is the
water velocities approaching these screens. The key assumptions for calculating the
maximum water velocity approaching the containment recirculation screens are:

" The maximum flow through the CR screens is With normal residual heat remeoal
system (RNS) pump operation. Both pumps are assumed to operate withu
threttling with the RCS at atmospheric pressure. is that associated with both RNS
pumps running. The RNS pumps can inject a maximum of 2400 gpm into the RCS
with worst case assumptions which include the RCS at atmospheric pressure, no
throttling of the RNS, and maximum pump head. However, in this situation the RNS
pumps will cavitate. To prevent this cavitation the pumps are required to be throttled
to <1548 gpm which is consistent with the maximum PXS flow. Note that if the RNS
can not be limited to this flow then the pumps will be stopped. The pump flow is
2400- pm| ttal.

* All of this flow is assumed to pass through the CR screens. For this to happen, the
break location must be a hot leg break and the RNS heat exchanger must be
effectively cooled. With these assumptions, the RNS quickly sub-cools the RCS and
terminates steaming. With no steaming, the passive containment cooling system
quickly condenses the steam in the containment and ends the flow of condensate to
the IRWST. Once this occurs, the IRWST level decreases until it equalizes pressures
at the piping tee between the IRWST line and the containment recirculation line and
no flow leaves the IRWST. This situation is not a limiting core cooling case because
of the higher injection flow rates and lower injection temperatures, but is limiting with
respect to the maximum flow through the CR screens.

* The two CR screens are cross-connected with the two PXS subsystems such that
there is always flow through both CR screens.

* The MRI debris will be on the containment floor at the time recirculation begins
because of the long settling time between the accident and the start of recirculation
(>2 hours).

* The face area of the CR screens is listed in the ITAAC as 105 ft2/ screen. Since both
screens always operate, the available area is 210 ft2. The velocity through the screen
face at the maximum flow (15482400 gpm) would be 0.0162-5 ft/sec.

* The water approaches the CR screen from two general areas. One is from the loop
compartment where the CR screens are located. The other is from the other loop
compartment through the corridor that interconnects the two loop compartments.

o The water that flows through these two paths comes from the ADS stage four
valves.

o Two ADS 4 valves are located in each loop compartment.
o With a single failure there may only be 3 ADS 4 valves operating.
o The max flow through the corridor occurs with two ADS 4 valves open in the

other loop compartment and one open in the loop compartment with the CR
screens.

RAI-SRP6.2.2-SPCV-13 Rev 1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

o The minimum flow area approaching the CR screens from the corridor is
about 49.5 ft22. -With max flow (1548 gpm) and this area, the velocity would
be 0.070 ft/sec.

o With max flow2/'c the total flow (15418600 gpA) ard this area, the eloc"ity
w~oul.d be 0.0702 ft'coc

In summary the maximum velocities available to move MRI fines is 0.0702 ft/sec (in the
corridor) and 0.01625 ft/sec at the screen face.

c. MRI is constructed of stainless steel. Tests reported in NUREG/CR-6808, "Knowledge
Base for the Effect of Debris on Pressurized Water Reactor Emergency Core Cooling
Sump Performance," demonstrate that MRI damaged by LOCA tests will settle and
require more velocity to transport than will occur in AP1 000. These tests indicate that a
velocity of 0.2 ft/s is required to move 1/2" x 1/2" crumpled foil MRI debris; larger velocities
are required to move larger MRI debris. The AP1000 will have a liquid velocity less than
0.154 ft/s available to move MRI toward the IRWST screens; note that this maximum
velocity is calculated with the maximum flow rate and at the face of the pockets. The
velocity drops very rapidly at distances from the face of the screens. The key
assumptions in calculating this velocity include:
* Maximum flow rate through one IRWST screen to the RCS is 1548 gpm. This flow

occurs during a DVI LOCA when one screen feeds an intact DVI line and the other is
spilling to the containment through the break. The flow through the faulted line is not
considered in this evaluation since it would be non-conservative to have debris
transported to the associated screen and reduce the spill flow rate.

* The MRI will settle to the IRWST floor well away from the screens because the gutter
discharge point is away from the screens and close to the IRWST floor (refer to the
response to RAI-SRP6.2.2-SPCV-15 Rev. 0 part b).

" The flow area is the face area of one IRWST screen as listed in the ITAAC plus the
elevation of the bottom of the screen above the tank floor (6"). The screen face area
in the ITAAC is 20ft2 (reference DCD, Tier I, Table 2.2.3-4, item viii. The area added
for the 6" elevation is > 2.4 feet. The total is the sum of the two or 22.4 feet.

In summary the maximum water velocities approaching the CR and IRWST screens are
less than the minimum required to move MRI fines:

Screen Location Flow (gpm) Area (ft2) Velocity Velocity Limit
(ft/sec) (ft/sec)

CR Screen face 24001548 210 0.0162-5 0.2
CR Corridor 1548600 49.5 0.0702 0.2
IRWST Screen face 1548 22.4 0.154 0.2

d. As discussed in the March 2 0 th update meeting, the primary approach for preventing such
materials being transported to the screens is that they will be made from materials that
will settle out (steel, high density coatings) or they will be located outside the ZOI. The

RAI-SRP6.2.2-SPCV-13 Rev I
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Response to Request For Additional Information (RAI)

zone of influence for insulation is defined in DCD Section 6.3.2.2.7.2. It is proposed that
this same ZOI be used for these other materials. The ZOI is:

"Insulation located in a spherical region within a distance equal to 20 inside
diameters of the LOCA pipe break is assumed to be affected by the LOCA when
there are intervening components, supports, structures, or other objects. In the
absence of intervening components, supports, structures, or other objects insulation
in a cylindrical area extending out a distance equal to 45 inside diameters from the
break along an axis that is a continuation of the pipe axis and up to 5 inside
diameters in the radial direction from the axis is assumed to be affected by the
LOCA."

e. No departure from NRC guidance is required. The requirements specified in the AP1000
DCD Section 6.3.2.2.7.1 item 3 specify that MRI or a suitable equivalent be used within
the ZOI. The "or suitable equivalent" is defined in the DCD "is one that is enclosed such
that LOCA jet impingement does not damage the insulation and generate debris or one
that may be damaged by LOCA jet impingement as long as the resulting debris are not
transported to the containment recirculation screens". The Min-K will be enclosed in
stainless steel and seal welded such that it will not be damaged and generate debris.

f. The response to question d. defines the applicable LOCA jet ZOI. The maximum
containment floodup elevation is being added to the DCD in section 6.3.2.2.7.1, item 3
(refer to APP-GW-GLE-002, Revision 2).

Design Control Document (DCD) Revision:

DCD Rev. 17 Section 6.3.2.2.7.1 will be changed to quantify the containment maximum floodup
elevation. The proposed markups to the DCD can be found in APP-GW-GLE-002 Rev. 2

PRA Revision:

None

Technical Report (TR) Revision:

APP-GW-GLE-002 Rev. 2 has been revised to include the specified DCD changes denoted
above.

RAI-SRP6.2.2-SPCV-13 Rev 1
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Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP6.2.2-SPCV-15
Revision: 1

Question:

a. What range of flow was considered in transport calculations discussed in response to
RAI-SRP6.2.2-SRSB-01(b)? Did it include backflow?

b. Because the IRWST has no curb or cover plate, and higher approach velocities than the
recirculation screens, how is it demonstrated that coatings debris does not transport to
the IRWST screen? What range of flow was considered in this analysis?

c. The response to RAI-SRP6.2.2-SRSB-07(d) states that the transport factors are 1.0, but
the associated calc-notes describe how latent debris located above the operating deck is
divided between the sump and IRWST screens, so the transport factor is not always 1.0.
For each screen, discuss the methodology and assumptions on how debris is transported
and explain the approach is conservative or bounding.

Westinghouse Response:

a. The magnitude of flows to determine debris particulate transport were:
Figure-Table 1: Flow Rates at Screens for CR and IRWST

Screen Location Flow (gpm) Area (ft2) Velocity Velocity Limit
(ft/sec) (ft/sec)

CR Screen face 24001548 210 0.01625 0.2
CR Corridor 1548600 49.5 0.0702 0.2
IRWST Screen face 1548 22.4 0.154 0.2

Note: The values in Pgwe• Table I are explained in detailed calculations contained in
RAI-SRP6.2.2-SPCV-13 Rev. 0 parts b and c.

Table 1 represents the maximum achievable flow through the recirculation screens. T-hi&
is indicative of the r'uno'-t flow. from the RNS pumps for a DEDVI break in the PXS room
and represents the most boun~ding case9 fo-r d-ebriG particu1late tran~sport as, it causes
higher fluid -elocities to be achieved.1548 gpm is administratively the largest flow that the
CR screens can be subjected to. The RNS pumps can inject a maximum of 2400 gpm
into the RCS with worst case assumptions which include the RCS at atmospheric

pressure, no throttling of the RNS, and maximum pump head. However, in this situation
the RNS pumps will cavitate. To prevent this cavitation the pumps are required to be

throttled to <1548 gpm which is consistent with the maximum PXS flow. Note that if the
RNS can not be limited to this flow then the pumps will be stopped. Additionally, paint
settling velocity data used in the calculation can be found in NUREG/CR-6916, "Hydraulic

RAI-SRP6.2.2-SPCV-15 Rev 1
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Transport of Coating Debris." For this calculation, backflow phenomena was not included
because they were determined not to result in sufficient velocity to move debris already
settled on the bottom. Any debris not already settled would just be moved further away.

b. The maximum flow through one screen with the IRWST in forced recirculation mode is
1548 gpm (FigwFe-Table 1). The initial flow rate at the beginning of IRWST injection is
approximately 13001-7-00 gpm. 1548 gpm is used because that is approximately tho
moean (1512 is half; 15418 is roundod up for cOnseR'atism and is bounded by Screen tests
delineated in CAP 16911 Rev. 1) value for m.ax injectionand max core flow of 1325
gpm. Reali stically, !RWVST^ in•j•oci. Will only be at 1700 gpm for a ve.. ' sho.t period of
time (Much les than that required for debhris to transpoet to the top f the IR'AST ;Ad
diffuse to the bottom where the screens aFrc).the max allowable flow rate with the RNS
pumps running, and consequently the max flow rate through the IRWST screens for the
DEDVI case. Also, as anadditional , .. nse.R.atisrn all flo.w. is.. assumedt texit i•a • .creen.
Whereas a small portion of flow Will still exit the IRWVST- through the broken DVI line flow~
Path While in forced rocirculation conditions as shown by long termn core coolingaayss
Note that the IRWST screen has a curb capability because the bottom of the screen is
located 6" above the floor. The gutter return pipes are located away from the IRWST
screens (>12ft) and the pipes terminate within 5 feet of the tank floor. As a result, any
coating debris that enters the IRWST through the gutter return line will settle to the tank
floor before being transported to the IRWST screen.

c. As described in previous RAI-SRP6.2.2-SRSB-07(d), 100% of all the latent debris in the
containment is assumed to transport to the sump screens. This is obviously bounding.
The amount of debris that is assumed to transport to the IRWST screens is assumed to
be 50% of the total possible debris. This is also bounding considering that the only way
debris can be transported into the IRWST is through the gutter which is located at the
periphery of the operating deck level with a gap separating the gutter from the operating
deck.

Two additional aspects of the design that work to prohibit debris transport to the IRWST
is grating on the operating deck above the loop compartment rooms, and the floors on
the operating deck are not sloped which indicates the jet impingement would have to be
sufficient to propel the coolant/debris particulate solution across 50% of the area of the
operating deck (assuming the latent debris is distributed evenly across the operating
deck) to the periphery and across the deck-gutter gap before debris could even enter
the gutter and have a chance to enter the IRWST (assuming the gutter fluid velocity is
sufficient to transport the debris). Consideration of these design effects lends brevity to
the conclusion that all of the latent debris on surfaces below this elevation (which is
below the top of the IRWST) and most of the latent debris located on the operating deck
will not be transported into the IRWST. Westinghouse still assumes 50% transport which
is bounding.

RAI-SRP6.2.2-SPCV-15 Rev 1Wtsfinghouse Page 2 of 3
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Design Control Document (DCD) Revision: None

PRA Revision: None

Technical Report (TR) Revision: None

* Westinghouse
RAI-SRP6.2.2-SPCV-15 Rev 1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP6.2.2-SPCV-1 6
Revision: 1

Question:

a. The response to RAI-SRP6.2.2-SPCV-07(a) states that for a DVI break, the water level
will be "just above the top of the IRWST screen." From APP-PXS-GLR-001, the
minimum flood up level is 107'9.6" while the top of the IRWST screen per APP-GW-GLN-
147 (TR-147) is 107'8", which results in only 1.6" submergence. What is the impact on
recirculation performance if the water level drops below the top of the IRWST screen due
to uncertainties in calculations? The cited RAI response also indicates the minimum
submergence was modeled in the head loss testing. What was the actual water level
during the head loss testing?

b. The response to RA-SRP6.2.2-SPCV-07(a) states vortexing is addressed in WCAP-
16914-P, but the staff could not find it. Specifically, where in this report is vortexing
addressed?

c. The response to RAI-SRP6.2.2-SPCV-07(d) states the head loss test flow rates bound
the operation of the non safety systems, but no details were provided. What are
predicted maximum flows through IRWST and recirculation screen with and without RNS
operation? How are these flows bounded by the head loss testing? Explain why 1200
gpm max IRWST flow is identified in Table A.1-1 of WCAP-16914-P but 1260 gpm max
IRWST flow is identified in response to RAI-SRP6.2.2-SRSB-02.

d. WCAP-16914-P Table 5-1 identifies 3.5 Ibm Min-K insulation in AP1000 containment, but
Min-K is not referenced in APP-GW-GLR-079 (TR-26) or the DC. What is the source of
the Min-K used in WCAP-16914-P? Where is it located and what breaks generate its
debris? Is it transported to recirculation or IRWST screen?

e. TR-26 states that 4.1 lbs coatings and 25.2 lb latent particulate, for a combined total of
29.3 Ib, are transported to the screens. Table 5-1 in WCAP-16914-P identifies 29.3 lbs of
latent particulate in AP1000 containment. Are failed coatings part of latent debris
transported to screen? If no, document the latent debris composition actually used in the
testing and explain why this differs from that reported in TR-26 (85% particulate, 5%
coatings, 10% fiber by volume).

f. WCAP-16914-P states low-density fiberglass material was used to simulate the fibrous
component of containment latent debris. How was this prepared? What was the
resultant size? Were fiber fines easily suspended prior to introduction to flume?

g. In WCAP-16914-P, debris and velocities were scaled using "as designed" areas rather
than the ITAAC areas, which are 10-40% more limiting for frontal area. Discuss the
impact of using more limiting ITAAC values for frontal screen areas in flow and debris

RAI-SRP6.2.2-SPCV-16 Rev 1
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Response to Request For Additional Information (RAI)

scaling. Discuss impact of using frontal areas rather than surface areas for flow and
debris scaling.

h. The sequencing of debris reported in WCAP-1 6914-P did not appear to follow SE
recommendations. Demonstrate that the actual test sequencing was conservative or
prototypical of expected plant accumulation sequence.

WCAP-16914-P stated that most of the debris did not get transported to the suction
piping. How much debris settled upstream and/or downstream of the screen? Explain
why the test flume is prototypical for modeling this type of settling.

j. Provide the basis for the strainer design maximum head loss. Provide a value for
predicted debris head loss and the associated evaluation.

I Westinghouse Response: (includes Revision 1 markup per NRC discussion)

a. The minimum water level of 107'-9.6" is a conservative number that includes
uncertainties (minimum volume of water supplies, maximum containment flood volumes,
etc.). As a result, the IRWST screen will be submerged even with minimum volume and
uncertainties considered. During the testing the water level was set right at the top of the
screen.

b. The screen testing was conducted with the water level set at the top of the screen and no
vortexing was observed. This observation was not recorded in WCAP-164914 Rev. 0.
Additional testing is being performed on the AP1000 screens with larger amounts of fiber.
The WCAP will be revised to incorporate this additional test data. The question of
potential vortexing will be clearly addressed in WCAP-16914 Rev. 1.

c. The maximum flow velocities experienced by the containment recirculation screens and
IRWST screens are for the PXS room break.

In order to explain the operation of the AP1 000 during a LOCA two figures have been
prepared. Both are based on a DVI line break in the PXS room. This break location was
selected because it forces all the injection and recirculation flow through one IRWST
screen which provides for the maximum IRWST screen flows. This break location also
leads to the highest containment recirculation screen flows as discussed below.

Scenario 1
Figure 1 provides a graphical representation of post LOCA long term core cooling with
RNS operation. A PXS room B break is selected because it results in the flooding of that
room which is assumed to result in failure of the two recirculation squib valves associated
with the recirculation flow path to this PXS subsystem. As a consequence, the flow

RAI-SRP6.2.2-SPcv-16 Rev 1
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through one IRWST screen is equal to 100% of the RNS flow. It should be noted that it
was conservatively assumed that with the injection of subcooled water from the RNS
assuming its heat exchangers are being cooled, that the ADS 4 vent flow is 100% water.
As a result, all the ADS 4 vent flow is returned to the RCS through the containment
recirculation screens which maximizes flow.

The RNS pumps can inject a maximum of 2400 gpm into the RCS with worst case
assumptions which include the RCS at atmospheric pressure, no throttling of the RNS,
and maximum pump head. However, in this situation the RNS pumps will cavitate. To
prevent this cavitation the pumps are required to be throttled to _1548 gpm which is
consistent with the maximum PXS flow. Note that if the RNS can not be limited to this
flow then the pumps will be stopped. Table 1 summarizes the flow rates for recirculation
with and without RNS operation.

O Westinghouse
RAI-SRP6.2.2-SPCV-16 Rev 1
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Figure 1: Recirculation Flow Paths with RNS in operation.

O Westinghouse
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Scenario 2
Figure 2 represents the same scenario as Figure 1 except with PXS operation; RNS
operation is assumed not available. This means the system is driven by natural
circulation from decay heat and hydrostatic pressure heads. The main difference
between these two scenario's is that without a heat exchanger (like the RNS has) the
PXS injection will be hotter and there will be steaming in the core and in the ADS 4 vent.
As a result, there will be condensate collected in the IRWST gutter and returned into the
IRWST. This operation reduces the IRWST screen and the containment recirculation
screen flows.

With PXS in operation (and RNS not operating), the initial gravity injection from the
IRWST is approximately 137-00 gpm through one IRWST screen. This injection flow rate
decreases with time as the IRWST water level drops and equals the recirculation flow just
before recirculation start (700 gpm, as discussed in the next paragraph). Sie the~e-is
no dobhri.s initially in tho IDRIST-, using a flow rFat that occUrS somewhat afLtor the stJart of
IDR\ST f•lw is rF•'-nable.-

The maximum DVI line flow rate during recirculation with PXS in operation is 1325 gpm.
The long term core cooling analysis shows a 50/50 flow split between the two DEDVI
lines for a LOCA in a PXS room. As shown in Figure 2, 50% of the total flows through
one IRWST screen (ISB) into the faulted DVI line. 50% of 1325 gpm is 663 gpm which is
rounded to 700 for conservatism.

With PXS in operation (and RNS not operating), the flow through the recirculation
screens is based on the water flow out the ADS stage 4 flow path. The steam exiting the
ADS 4 paths is condensed on the containment shell and drained back into the IRWST.
The water flow out the ADS 4 lines is about 73% of the total. 73% of the total flow (1325
gpm) is 967 gpm. A flow rate of 1000 gpm is used for conservatism. Table 1
summarizes the flow rates for recirculation with and without RNS operation.

RAI-sRP6.2.2-sPcv-16 Rev 1
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Figure 2: Recirculation Flow Paths without RNS in operation.

O Westinghouse
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Response to Request For Additional Information (RAI)

Table 1: IRWST and CR Screen Flow during PXS and RNS Operation*l

IRWST Screen (gpm) Containment Recirc. Screen (gpm)
Inject -RNS < 15481 N/A

PXS 1300_5482 N/A
Recirc.-RNS < 15481 < 1548'

PXS 7003 10004.

*1: Screen face velocities for the max flows are calculated in RAI-SRP6.2.2-SPCV-14

Notes:

1. The RNS pumps can inject a maximum of 2400 gpm into the RCS with worst case
assumptions (RCS at atm pressure, no throttling of the RNS, maximum pump head).
However, in this situation the RNS pumps will cavitate. To prevent this cavitation the
pumps are required to be throttled to <1548 gpm which is consistent with the
maximum PXS flow. Note that ifs the RNS can not be limited to this flow then the
pumps will be stopped.

2. With PXS in operation (and RNS not operating), the initial gravity injection from the
IRWST is approximately 137-00 gpm through one IRWST screen. This injection flow
rate ueGre.te6 WRH.ri ume a.s t.e l.ivvNS I ".LUI :,ul .rup; wateF lueuv LIU r:;,u ueqalst;
flow just bcfore recirculation start (700 gpm, as diScussed in note 3). Since there is no
dobris initially in the IRVVST-, using a flow rate that occurs soewhat after the- start Of
!RWST flew is reaGsonable.

3. The maximum DVI line flow rate during recirculation with PXS in operation is 1325
gpm. The long term core cooling analysis shows a 50/50 flow split between the two
DEDVI lines for a LOCA in a PXS room. As shown in Figure 2, 50% of the total flow is
through one IRWST screen (ISB) into the faulted DVI line. 50% of 1325 gpm is 663
gpm which is rounded to 700 for conservatism.

4. With PXS in operation (and RNS not operating), the flow through the recirculation
screens is based on the water flow out the ADS stage 4 flow path. The steam exiting
the ADS 4 paths is condensed on the containment shell and drained back into the
IRWST. The water flow out the ADS 4 lines is about 73% of the total. 73% of the total
flow (1325 gpm) is 967 gpm. A flow rate of 1000 gpm is used for conservatism.

The DEDVI break in the PXS room is the most limiting with respect to total core flow and
steam quality. This scenario results in the plant achieving recirculation quicker than any
other scenario due to the IRWST drain down. Additionally, Appendix K decay heat values
were used for this analysis (20% assumed uncertainty) that coupled with the higher

* Westinghouse
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decay heat magnitudes result in a bounding quality and total core flow rate as core flow
rate magnitudes will vary proportionally with decay heat.

The current testing of the AP1000 screens has been pfeerformed with flow rates that are
consistent with these flow rates.

d. The potential source of the Min-K are vents located in the reactor vessel insulation just
above the top of the active fuel. They are capsulated in stainless steel and seal welded.
As discussed in the response to RAI-SRP6.2.2-SPCV-13, this enclosure will not be
damaged which results in no debris generation.

e. As discussed in the response to RAI-SRP6.2.2-SRSB-05, the AP1000 is designed for
150 pounds of latent debris of which 8 pounds may be fibrous. Furthermore, as
discussed in RAI-SRP6.2.2-SPCV-15, 100% of this latent debris is conservatively
assumed to be transported to the containment recirculation screens; 50% of this debris is
conservatively assumed to be transported to the IRWST screens. These assumptions are
being used in the revised screen testing that is being performed at this time. In this
testing, the latent debris that is not fiber is assumed to be particle. This assumption is
conservative for two reasons. One is that in the AP1000, all of the coatings used inside
the containment are required to be high density such that they would not transport to the
screens. Two is that assuming that the non-fibrous material is small particles results in a
conservatively high pressure loss.

f. WCAP-16914 Rev. 1 contains the results of the screen tests performed in April of 2009.
Additionally, this report contains a section explicitly describing the debris preparation
process, and will include pictures of the fibers in suspension.

g. The screen testing has been repeated. The new tests being performed have been scaled
using the limiting ITAAC areas. Frontal areas are used for the screen tests to ensure that
the tests are bounding. This approach is used because the test screens have a slightly
smaller screen surface area relative to their frontal areas. This point is discussed in the
screen test report (WCAP-1 6914 Rev. 0).

h. The final review guidance recommendations in Letter: ML080230112 came out on
March 28, 2008, 25 days after the test report was released on March 3, 2008. New
screen tests scheduled to occur over the next few weeks will use the NRC recommended
sequencing guidance as provided in the 'REVISED GUIDANCE FOR REVIEW OF
FINAL LICENSEE RESPONSES TO GENERIC LETTER 2004-02, "POTENTIAL
IMPACT OF DEBRIS BLOCKAGE ON EMERGENCY RECIRCULATION DURING
DESIGN BASIS ACCIDENTS AT PRESSURIZED-WATER REACTORS',
March 31, 2008.

RAI-SRP6.2.2-SPCV-16 Rev 1
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i. The debris was added to the flume just upstream of the screens. The debris tended to
settle out before the screens so the water was stirred to prevent debris from settling out
before the screen. A lot of the debris especially the particles passed through the screen
and settled out downstream of the screen. The new screen tests that are underway at
this time are being performed with particles that have been shown to remain suspended
for a long time (hours) such that they do not settle out during the test. With the different
particles the flume does not have issues with debris settling out and is therefore
prototypical.

j. The screen design DP is 14 inches water head loss which is based on the safety analysis
sensitivity analysis performed for AP1000 (refer to document APP-PXS-GLR-001). The
predicted head loss is based on the screen testing performed for AP1000 (refer to
WCAP-1 6914) which will be updated as soon as the current testing is completed.

Design Control Document (DCD) Revision:

None

PRA Revision:

None

Technical Report (TR) Revision:

WCAP-16914 Rev. 1.

O Westinghouse
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP6.2.2-SRSB-02
Revision: 3

Question: (Revision 0)
In TR 26, Revision 3, on page 8, in the "Applicability to the AP1000 Design" subsection,
Westinghouse states that:

"The flow velocities have been reduced further by the increase in face area of the screens
(approximately 55% larger for containment recirculation)."

Since Westinghouse credits the low flow velocities in minimizing the potential for a LOCA to
generate debris challenging the recirculation flow path, the staff requests additional information
to assess the velocities during every phase of the transient.

Identify the calculated flow velocities through the IRWST screens (leading to the intact and
broken DVI lines, respectively), the containment recirculation screens, and the reactor vessel
during all phases of the transient including the reverse flow through the recirculation screens
when the IRWST is switched to recirculation. For example, when recirculation flow starts,
identify the velocity of the initial reverse flow through the recirculation screens and the velocity
variation across the screens once all water has filled the recirculation sump cavity.

Additional Question: (Revision 1)

The responses to SRP-6.2.2-SRSB-01 and SRP-6.2.2-SRSB-02 indicate that the back flow
velocity through the containment recirculation screen to be 0.006 ft/sec and 0.0132 ft/sec,
respectively. Explain the difference. What is the assumed flow area used in the calculation.

Additional Question: (Revision 2)

Provide the maximum volumetric flow in the IRWST injection line in the injection phase
associated with the intact DVI line.

Westinghouse Response: (Revision I with Revision 2 markup)

The sensitivity study performed to evaluate effect of increased head loss caused by post-
accident debris was based on the DCD Chapter 15.6.5.4C analysis. This DCD case is a double-
ended DVI LOCA that results in flooding of PXS room B and reduces the final containment
floodup level. The IRWST injection line associated with the faulted DVI line is assumed to open
early in the event when the CMT connected to the faulted DVI line blows down to the ADS 4
actuation setpoint. This assumption is made to maximize the IRWST draindown flow rate and

RAI-SRP6.2.2-SRSB-02 Rev 3
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reduce the time when switch to recirculation occurs. When recirculation is actuated on a Low
IRWST level signal, it is assumed that the recirculation squib valves located in the flooded PXS
room fail because they are not qualified to operate under water; this assumption minimizes the
number of recirculation lines in operation. The recirculation squib valves located in the
unflooded PXS room provide for recirculation; the limiting single failure is that of one ADS 4
squib valve. Note that the operating recirculation line draws water from both recirculation
screens because the screens are cross-connected. In the final long-term cooling configuration,
water recirculates from the containment through one recirculation line and from PCS
condensate that is collected and drained into the IRWST.

The two IRWST injection lines are separated from each other and are connected to opposite
sides of the tank. IRWST flow into the intact DVI line is zero until the RCS pressure is
significantly reduced. The flow through the IRWST line associated with the faulted DVI line
starts as soon as the IRWST squibs open.

In the injection phase, the volumetric flow in the IRWST injection line associated with the intact
DVI line reaches a maximum of 17-300 gpm (The technical basis for this number and
de;taileqdcan be found on pg. 27 of APP-PXS-GLR-001) explanation for its derivation c•a be
found fin RAI 6.2.2 SPCV 016 Rov. 1 part (G)), and docroasos to the long teFrm rocircUlation flow
shown below as the !RWST drains. At this flow, the IRWST screen face velocity is 0.134 ft/sec.

The IRWST spill flow (volumetric) through the broken DVI line reaches a maximum as soon as
the IRWST injection valves open and decreases as the IRWST drains and the PXS valve room
floods. The maximum initial flow in this line is 2700 gpm. This flow decreases quickly to
2220 gpm as the PXS valve room floods due to RCS blowdown and IRWST spill. The face
velocities in the IRWST screen at these flow rates are 0.301 and 0.245 ft/sec respectively.

The initial calculated reverse flow and velocity ranges from approximately 1560 to 4600 gpm
(3.48 to 10.25 ft3/sec) depending on the conditions assumed. These values are based on the
elevation corresponding to the IRWST switchover level of 112.56 ft and the containment water
elevation of 104.65 ft at the time of switchover to containment recirculation. The 1560 gpm
value is based on the conditions assumed in the DCD Chapter 15 long-term cooling analysis of
one IRWST line injecting with maximum resistances. The 4600 gpm value assumes two lines

ecting with minimum line resistances. The frontal face area of each recirculation screen is 105
(ITAAC Table 2.2.3-4, item 8.C). This flow rate results in a velocity range of 0.0166 to 0.0488

ft/sec initially across the front face of the recirculation screens.

During the long-term cooling analysis recirculation phase, flow from the IRWST maintains the
water level in the PXS room such that it serves as a reservoir for the broken DVI line injection
into the vessel. The IRWST level is maintained by steam condensate return from the IRWST
gutter and back flow from the intact PXS recirculation line. The containment recirculation line
connected to the intact DVI line provides flow to the reactor vessel through the intact DVI line as
well as some flow back through the IRWST to the faulted DVI line.

RAI-SRP6.2.2-SRSB-02 Rev 3
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The following table shows the calculated flow velocities through the IRWST screens, the
containment recirculation screens, and the reactor vessel during the containment recirculation
phase. Note that because of the cross-connection between the two containment recirculation
screens, both of these screens share the flow, which reduces the velocity. The IRWST screen
flows and velocities listed below are for the screen associated with the faulted DVI line; the
other IRWST screen sees a lower flow rate. The reactor vessel velocity is calculated at the fuel
assembly inlet. The flow rates analyzed as represented in the by Table 41- are an average of the
DCD analysis for the scenario described above and are bounded by the flow rates depicted in
RAI-SRP6.2.2-SPCV-14 which analyze velocity effects due to the maximum flows associated
with the above mentioned scenario.

IRWST screen Recirculation screen Reactor Vessel
(one screen) (both screens)

Time [sec] 6800 to 10,000 6800 to 10,000 6800 to 10,000

Flow Rate [gpm] 540 755 1042

Velocity [ft/s] 0.060 0.008 0.0313

Frontal Area [ft2] 20 210 74.28

Design Control Document (DCD) Revision:

None

PRA Revision:

None

Technical Report (TR) Revision:

None

O Westinghouse
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