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Westinghouse Energy Systems Ba 355

Electric Corporation Pittsburgh Pennsylvania 15230-0355

NSD-NRC-96-4574
DCP/NRC0483
Docket No.. STN-52-003

April 1,1996 :

Document Control Desk ;
'

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555 ,

ATTENTION: T.R. QUAY

SUBJECT: WESTINGliOUSE RESPONSES TO NRC REQUESTS FOR ADDITIONAL
INFORMATION ON TIiE AP600 FAN COOLERS

Dear Mr. Quay:

Enclosed is information in response to NRC requests for additional information (RAI) on the
capability of the AP600 non-safety containment fan coolers to cope with accidents beyond the design
basis accident. These requests were received in a November 3,1995 letter. The RAIs addressed in
this letter are RAI 470.24 through RAI 470.27. ,

'
These responses support the Westinghouse position that operation of the fan coolers will provide a
significant reduction in the airborne particulates inside the containment, subsequently reducing the
releases'to the environment.

The NRC technical staff should review these responses in preparation for a meeting with
Westinghouse to discuss any staff concerns. Mr. Butler will contact Mr. liuffman to arrange this
meeting.
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Please contact John C. Butler on (412) 374-5268 if you have any questions concerning this transmittal,

h h
Brian A. McIntyre, Manager
Advanced Plant Safety and Licensing

/nja

Attachment

cc: T. Kenyon, NRC
W. Huffman, NRC
J. Lee, NRC
R. Emch, NRC
C. Miller, NRC
J. Kudrick, NRC
M. Snodderly, NRC
N. Dudley, ACRS
N. J. Liparulo, Westinghouse (w/o Enclosure)

2719A



_

. ..
.

..
,

NRC REQUEST FOR ADDITIONAL INFORMATION

Question 470.24

The evaluation results given in terms of effective containment pressure and radioactive aerosol reductions were
predicated on a design basis accident (DBA) scenario: i.e., the first three of the NUREG-1465 five fission
product release phases (coolant, gap, and early in-vessel). Westinghouse's evaluation should also address the
ex-vessel and late in-vessel release phases, including non-condensable gas generation, to address severe accident
concerns. Provide the results of such an evaluation that addresses these phases.

Response:

As shown in the AP600 Probabilistic Risk Assessment (PRA) report, the severe accident scenarios for the
AP600 do not result in vessel failure. Accordingly, the ex-vessel release phase would not be experienced.
Since there is no ex-vessel phase associated with the AP600 severe accidents, there is also no non-condensible
gas generation due to interaction of molten core with structural concrete.

It is possible that a severe accident sequence could extend into a situation where there is no reflood of the
damaged core. In this case there would be additional releases to the containment. Ilowever, with the vessel
still intact the ex-vessel release model presented in NUREG-1465 no longer applies. For convenience, it has
been assumed that the activity released to the containment atmosphere is as prescribed in NUREG-1465 for the

I ex-vessel and late in vessel release phases. The impact of fan cooler operation on the airborne particulate I-131
concentrations has been calculated for this situation (limitation of the model to 1-131 is done to maintain clarity
of the study).

Figure 470.24-1 provides curves showing airborne particulate I-131 as a function of time for the case in which
core releases are terminated after the early in-vessel release phase. Figure 470.24-2 provides curves showing
airborne particulate I-131 as a function of time for the case in which core releases are extended to include the
ex-vessel and late in-vessel release phases. In each fi ure, one curve is of the airborne activity with only passiveF

deposition removal and the other curve shows the airborne activity taking into account the combined removal
due to passive deposition plus deposition onto the fan cooler cooling coils. As discussed in the response to RAI
470.25, credit for aerosol removal by the fan cooler is terminated six hours into the accident.

,

The effectiveness of fan cooler operation is also evident in the impact on aerosol releases from the containment
over the first 24 hours (beyond 24 hours there are no significant releases of aerosols). For the case with core
releases terminated after the early in-vessel release, the release of I-131 particulates is reduced from !960 to
1290 Ci (a 34% reduction in aerosol releases). For the case with core releases continued beyond the early in-
vessel release to include late in-vessel and ex-vessel relcre phases, the release of I-131 particulates to the
environment is reduced from 3800 to 2650 Ci (a 30% reduction in aerosol releases).

I

T Westinghouse
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i NRC REQUEST FOR ADDITIONAL INFORMATION
|

t

The following are the significant analysis parameters:

Initial core inventory of I-131 5.2E7 Ci
Fraction of iodine in particulate form 0.95
Fraction of core iodines released to containment atmosphere

At 30 seconds (instantaneous gap release) 0.15 %
At 50 minutes (instantaneous gap release) 2.85 %
Between 50 min. - 1.333 hr (extended gap release) 2.0%
Between 1.333 - 2.633 hr (in-vessel release) 0.35 %

Between 2.633 - 4.633 hr (ex-vessel release) 0.25 %

Between 2.633 - 10.633 hr (late in-vessel release) 0.10 %
dPassive deposition removal coefficient 0.5 hr

Time at which fan cooler operation is initiated 2 hours
dAerosol removal coefficient for fan cooler 0.35 hr

Time at which credit for aerosol removal by the fan cooler is terminated 6 hr

SSAR Revision: NONE
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NRC REQUEST FOR ADDITIONAL INFORMATION
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Airborne 1-131 Particulates
For Core Melt Releases Ending After the Early

in-Vessel Release Phase
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NRC REQUEST FOR ADDITIONAL INFORMATION
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Airborne I-131 Particulates
For Core Melt Releases Extending Beyond Early

in Vessel Release Phase
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NRC REQUEST FOR ADDITIONAL INFORMATION

Question 470.25

Provide the technical bases for the operability and aerosol removal efficiency of fan coolers. The background
information is needed to assess (a) reliance on supporting systems, (b) the degree of effectiveness of removal,
and (c) system performance degradation with radioactive and non-radioactive aerosol loading. Also, with two
trains of fan coolers available, what are the maximum pressure and radioactive aerosol reduction benefits that
can be derived? Provide justification for these values.

Response:

Post-LOCA fission product control is accomplished for the AP600 by natural removal processes within
containment. The removal processes can be enhanced by operation of the containment cooling system (VCS).
The mechanisms by which the VCS removes aerosols include thermophoresis, diffusiophoresis, and impact.
Diffusiophoresis is the dominant removal process for the VCS and it requires the operation of the fan coolers
with heat removal being provided by the chilled water system (VWS). Diffusiophoresis is also one of the

,
'

processes by which the passive deposition of aerosols on the containment shell would take place. As long as
steam is being condensed on the cooling coils (or on the containment shell), aerosols will be deposited along

| with the condensed steam.

Tbc fan coolers are normally in operation, and although iheir operation would be terminated in the vent of a
postulated LOCA, they are anticipated to remain operable in the event of an accident. If the fan coo rs are not
operable, the passive deposition processes provide sufficient removal capacity to reduce aerosols in the
containment atmosphere to insignificant levels within 24 hotr s.

(a) The Containment Recirculation Fan Coil Unit Subsystem is comprised of two 100% capacity fan coil unit
assemblies connected to a common ring discharge header and duct distribution system. Each fan coil unit
assembly is comprised of two physically sepr .ted 50% fan coil units, each one with a 50% capacity upblast
vaneaxial fan, mounted on the top of eac : oil unit housing, to pull air through one of the two three-
cooling-coil banks. Thus the design of the s CS system has built in redundancy that is independent of the
failure of single fan cooler coils or vaneaxial fan units.

i

|

Successful heat removal with the VCS is dependent upon heat rejection to the chilled water system (VWS). |
licat transfer from the fan cooler units to the chilled water system is provided by operation of either of the |
two 100% capacity chillers units and either of the two 100% capacity chilled water pumps. IIcat removal |

from the chiller units is provided by the component cooling water system. Either of the two component
cooling pumps and heat exchanger combinations within the component cooling water system will provide ,

I

adequate heat removal from the chilled water system. Ileat rejection from the component cooling water
!heat exchangers is dependent upon the operation of the service water system. The service water system

incorporates two pumps and two updraft cooling towers units, either of which will provide adequate heat
removal for support of the fan cooler operation.

W westinghouse
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NRC REQUEST FOR ADDITIONAL INFORMATION

A
Power to the necessary fans, pumps, chillers and valves can be provided by the main AC power
system. Alternatively, if offsite power is lost, the onsite standby power system (ZOS) will provide
power via operation of either of the two non-essential diesel generators. instrumentation and control of
the systems and components is provided by the plant control system (PLS) which is powered by the
Non Class IE DC and UPS System (EDS).

Additional requirements for successful systems operation include support by the compressed air system >

(CAS) for instrument air to the air operated valves and the component cooling water systems as a heat
,

sink for the heat removal from the air compressors. The instrument air system features two air |

compressors and sufficient receiver tank capacity to permit switching between compressors widiout |
interruption of instrument air delivery. Operation of the respective IIVAC systems is also required to
assure continued acceptable environments for component operation.

,

(b) A report of the analysis determining fan cooler effectiveness at removing aerosols was transmitted to
the NRC by letter NSD-NRC-96-4656, dated March 1,1996.

Figure 470.25-1 shows calculated total aerosol removal coefficients for cases with and without fan
cooler operation. Based on the assumption that fan cooler operation is initiated at two hours into the
accident, there are no removal coefficients reported for times prior to this. The curve showing aerosol
removal coefficient with credit for fan cooler operation is ba ed on the operation of only one fan in one
of the two fan cooler units (there are two fans per fan cooler unit).

From the curves on Figure 470.25-1, values for fan cooler aerosol removal coefficient as a function of
time are obtained and charted in Figure 470.25-2. As shown in Figure 470.25-2, the fan cooler aerosol

Iremoval coefficient approaches 0.5 hr For conservatism, a fan cooler aerosol removal coefficient of
0.35 hr'' is assumed for determining the benefit of fan cooler operation on limiting the releases of |
aerosols to the environment. ;

,

Figure 470.25-1 clearly shows that the enhancement of overall aerosol removal coefficient by fan cooler l

operation does not continue indefinitely. As containment temperature and pressure are reduced, the
combined heat removal (and thus, the combined aerosol removal) for the fan cooler and the containment

,

shell reaches a poir where it is the same as would exist for the containment shell alone - albeit at a )
lower containment temperature and pressure. Thus, although Figure 470.25-2 indicates that aerosol I

removal by the fan cooler approaches an insignificant level at eight hours, there would still be a |
significant aerosol removal provided by the fan cooler - the net benefit of fan cooler operation at this
point in time, however, is negligible when considering the aerosol removal that would exist at the same
point in time for the case without an operating fan cooler, in the analyses to determine the benefit of
fan cooler operation on limiting the releases of aerosols to the environment, no credit is taken for the
fan cooler beyond six hours into the accident.

i

|

470.25-2 3 Westinghouse ;
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NRC REQUEST FOR ADDITIONAL INFORMATION

$ '

(c) Operation of the fan cooler results in the collection of aerosols on the cooling coils. It is the steam
condensing on the cooling coils that serves to transport aerosols to the coils for deposition (the process
of diffusiophoresis). The condensing steam will also result in a flow of water down the cooling coils
and this flow is expected to carry the deposited acrosols away, minimizing the potential for degradation
of the heat removal capacity (and thus the aerosol removal capacity) of the fan cooler |

!

In the event that the flow of condensed steam is reduced to the point where deposits are not cleared j
from the cooling coils and heat / aerosol removal capacity of the operating portion of the fan cooler is ;

'
significantly degraded by buildup of deposited particulates, there are three other fans available for
operation, each fan is associated with its own dedicated set of cooling coils so that the blockage of one
set of cooling coils would not adversely impact the removal capacity of the other fans. Loss of fan
cooler heat removal capacity would be detected by reduced temperature in the chilled water system that
supports the fan coolers.

Benefits of Ooerating More than One Fan

Only one of the four fan cooler fans can be operated early in the accident sequence. The restriction is due
to the chilled water system temperature limits. More than one fan in operation early in the LOCA would
result it4 an excessively high chilled water temperature which would result in tripping the system off. As
temperature in the containment declines, the heat transferred by an operating fan cooler would also be
reduced. When the heat transfer is reduced by half, a second fan could be placed into operation to increase .

'

the rate of heat and aerosol removal. This would occur approximately seven hours into the accident and a
second fan could be brought into operation at that time. However, analysis of fan cooler effectiveness at
removing aerosols shows that the aerosol removal effectiveness substantially decreased at around seven
hours - as a result, aerosol removal by the fan cooler is only being assumed for the time up to six hours
into the accident. Thus, there is no significant advantage associated with operating more than the one fan.
Also, by this time in the accident the level of aerosols in the containment atmosphere has been significantly

'

reduced such that there is little value to be gained in enhancing the aerosol removal rate.

!

SSAR Revision: NONE
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'

Aerosol Removal Coefficient (Lambda)
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NRC REQUEST FOR ADDITIONAL INFORMATION

Fan Cooler Aerosol Removal Coefficient
Following a LOCA
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Question 470.26

In order to assist the staff to better understand the risk reduction that could be achieved through the use of fan
coolers, provide the following information: (a) the estimated availability of the fan coolers and support systems
(chilled water, component cooling water, ac-power, etc.) in each of the major sequence categories for the
AP600 (b) the frac-Jon of core melt sequences where the fan coolers would be available (weighted over all the
sequences), and (c) the improvement in system availability and the reduction in total risk that would be achieved
if the fan coolers and/or support systems were expanded to include availability / operation during severe accident
accidents.

Respmise

There is no significant risk reduction that would be associated with operation of the fan coolers. As shown in
Table 49-7 of the AP600 PRA Study (Revision 6), the contribution to total risk for the IC (intact containment)
release category is 0.14%. This is the release category for which fan coolers could be postulated as providing a
reduction in releases. Also, the mean site boundary dose (24 hour dose) for the IC release category is 0.83
rem. Any reduction in activity releases provided by fan cooler operation would not be significant since, even if
the risk for the IC release category was reduced to zero, the overall risk would only be reduced by 0.14%.

The bulk of the risk is due to the BP (containment bypass) and C1 (containment isolation failure) release
categories. From Table 49-7 of the PRA study, these two categories account for 99.6% of the risk. Operation
of fan coolers would not have any effect on these two categories.

SSAR Revision: NONE
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Question 470.27 1

|
'

Westinghouse's detailed scenarios were focussed on a natural aerosol deposition removal rate (lambda) of 0.5
hr ' Because of the uncertainties associated with aerosol removal, assessments of the fan cooler performance I

(removal of radioactive aerosol) should be made for a range of lambdas (0.15 to 0.5 hr '). Provide such
assessments.

!

Response:

With no credit for fan cooler operation to remove airborne aerosols, the aerosols would be removed only by the
passive deposition involving three processes: diffusiophoresis due to condensation of steam, thermophoresis from
heat transfer, and sedimentation or gravitational settling. Analysis using a conservative lambda of 0.5 hr~

d(more recent analysis has determined the deposition lambda to be 0.6 hr during the first two hours of the
accident and 0.8 hr ' afterward) shows that before the end of the first day of the accident the aerosols are

~

reduced to negligible levels. The total amount of particulate 1-131 that is released is 1960 curies.

The releases of particulates from the containment following a postulated thCA have been evaluated for a
spectrum of passive deposition removal coefficients with credit for fan cooler operation :

Deposition Released I-131
1.nmbda as Aerosol

i

0.15 hr-1 2690 Ci
1

0.2 2270

0.3 1770

0.4 1480
,

l

0.5 1290 i

I
!

0.6 1140

0.7 1030
|

IAs noted above, the values for the AP600 deposition lambda are 0.6 hr during the first two hours of the
accident and 0.8 hr ' afterward. The determination of these values included a set of sensitivity studies to
determine the impact of variations in the calculational parameters,

|

l
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The base case was calculated using the following parameters which are considered to best model the AP600 and
the aerosols that would exist following a degraded core event:

Sedimentation Area 4160 m2
Ratio of inert aerosols to fission products 3

Aerosol size parameters
Mean radius (r,) 2.2E-5 cm
Standard deviation (0,) 1.81

As sedimentation area decreases, the value of 1 decreases. As the ratio of inert aerosols to fission products
decreases, there is also a reduction in A. Decreasing either the aerosol mean radius or the standard deviation on
particle size results in a decrease in A value.

Reducing the sedimentation area to 3000 m results in an 11 percent increase in released aerosols. Reducing the
ratio of inert aerosols to fission products from 3 to I results in a 14 percent increase in released aerosols.
Reducing the aerosol size parameters to a mean radius of 1.0E-5 cm and a standard deviation of 1.50 results in
an i1 percent increase in released aerosols.

Assuming that the increases in aerosol releases can be directly combined by multiplication of the increase
factors, the combined impact of the three changes in parameters would be to increase aerosol releases by 40.5

d
percent. This translates to a reduction from lambdas of 0.6 hr during the first two hours of the accident and

d l l0.8 hr afterward to tambdas of 0.45 hr during the first two hours of the accident and 0.55 hr afterward.
Thus, even when applying additional conservatisms to the calculation of passive deposition removal coefficients,
the values remain relatively high. While operation of a fan cooler would enhance aerosol removal, the passive
deposition processes provide adequate removal capacity without crediting fan cooler operation. 1

|

SSAR Revision: NONE
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