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ENCLOSURE 1

Response Tracking Number: 00439-00-00 RAI: 2.2.1.1.4-4-001

RAI Volume 2, Chapter 2.1.1.4, Fourth Set, Number 1:

Provide the following information for the surface nuclear confinement HVAC
system in the CRCF and WHF in terms of quantifying the CONFINEMENT
pivotal event for event sequences involving a filtered radionuclide release:

a) Explain how failure of the backdraft damper to close on transfer to the
standby train would affect the HVAC system failure probability.

b) Explain how DOE determined that differential pressure would be lost for a
period of time not to exceed 7 minutes per event and how this value is
conservative (i.e., basic event, "060-VCTO-DRSOOOO-DRS-OPN," in
Table 6.3-11 of BSC, 2008ac on page 208 for the CRCF).

c) Explain why the degraded state is not easily detectable involving operators
opening two or more vestibule doors. Refer to page E-50 of BSC, 2008ac
for basic event, "060-VCTO-DROOOO1-HFI-NOD" and Figure B7.4-3 of
BSC, 2008ac.

d) Explain how operation or failure of the Non-ITS supply fans affects the
HVAC system failure probability. Clarify the following:

i. For the CRCF and WHF, explain how the system responds to failure
of just one supply fan and explain how the adjustable speed drives
respond.

ii. For the WHF, explain how many supply fans are needed for normal
operations versus the, "Off-Nominal Operations" described in Section
B7.2.6 of BSC, 2008bq on page B7-6 and how these operations are
accounted for in Figure B7.4-5 of BSC, 2008bq.

e) Explain how the mean failure probability and error factor were determined
for basic event, "050-EXCESSIVE-WIND-SPEED" shown in Figure
B7.4-3 of BSC, 2008ac on page B7-19 and shown in Table B7.4-3 of
BSC, 2008ac on page B7-14.

f) Explain what failures DOE has included in the common cause failures
identified for running air handling units, standby air handling units,
running exhaust fans, and standby exhaust fans in Figures B8.4-7 and
B8.4-8 of BSC, 2008ac on pages B8-47 and 138-48, respectively.

g) Provide the following information for duct failure (i.e., basic event, "060-
VCTO-DTCOA-DTC-RUP"):

i. Provide the reference source and page number showing the 10 feet of
duct that DOE is referring to in Table 6.3-1 of BSC, 2008ac when it
refers to, "Duct Fails between HEPA and Exhaust Fan (10 feet)."
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ii. Explain how DOE considers duct failures in locations other than
between the HEPA filters and exhaust fans.

iii. Explain how DOE accounts for failure modes other than rupture. For
example, explain if leakage is considered since DOE refers to a design
to minimize leakage on pages 1.2.4-58 and 1.2.4-59 of the SAR.

h) Explain what DOE is accounting for in basic event, "060-VCTO-B-
FAIL-START," described as, "Train B Fails to Start" in Table B7.4-3 of
BSC, 2008ac.

i. Explain what this basic event physically represents. Explain what
component failures or human errors DOE is accounting for.

ii. Explain how DOE determined the failure distribution for this basic
event.

i) For the component failure data applied to the following components as
described in the Generic Data Source column for, "YMP Active Comp
Database.xls" included in Attachment H to BSC, 2008ac provide the
following:

i. Air handling unit failure to run (i.e., AHU-FTR). Explain why DOE
used data for standby units failure to run greater than 1 hour regardless
of the unit being in the standby train or operating train.

ii. Diesel generator failure to run (i.e., DG-FTR). Provide Umatilla
Chemical Agent Disposal Facility Quantitative Risk Assessment.

iii. Exhaust fan failure to run (i.e., FAN-FTR). Provide N-Reactor Plant
Specific Data Base.
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1. RESPONSE

The heating, ventilation, and air-conditioning (HVAC) system failure is defined in Canister
Receipt and Closure Facility Reliability and Event Sequence Categorization Analysis (BSC
2009a, Section B7.4).as failure of the confinement zone exhaust system to maintain high-
efficiency particulate air (HEPA) filtered flow. The HVAC system maintains a negative pressure
differential (Ap) between the confinement zones and the outside environment. A schematic of the
primary components of the HVAC system is presented in Figure 1. The following sections
address the specific parts of the RAI.

1.1 FAILURE OF THE BACK DRAFT DAMPERS

a) Explain how failure of the backdraft damper to close on transfer to the
standby train would affect the HVAC system failure probability.

Failure of the back draft damper to close on transfer to the standby train would not significantly
degrade HEPA filtered flow, and therefore, would not affect the HVAC system failure
probability. The HEPA exhaust system draws air in from the important to safety (ITS)
confinement zones. Failure of the back draft damper on the standby train to close would allow a
small amount of back-flow through the idle discharge ducting, exhaust fan, and HEPA filters into
the ITS confinement areas where it would be exhausted through the operating HVAC train. The
operating train fan speed will automatically adjust to maintain the confinement zones at the
required Ap with regard to the outside atmosphere, maintaining HEPA filtered flow through the
train.

The back flow area resulting from the failed damper is equivalent to the area of the exhaust
ducting. The leakage flow would be retarded by having to overcome head losses associated with
the inactive fan and its associated HEPA filters and plenums. Flow through the operating HEPA
filter is driven by the full fan head while the back flow through the inactive HEPA filter is driven
only by the Ap between the confinement zone as a whole and the environment which is
nominally 0.3 in. water gauge. There may be a temporary reduction in Ap before the adjustable
speed drive for the Train B exhaust fan reacts to the lower Ap and increases the exhaust flow to
compensate. Therefore, filtered exhaust flow will be maintained. Failure of the back draft
damper to close is indicated in the facility operations room and, although not necessary, an
operator could close a manual damper which would stop the back flow. Note that operator action
is not required to maintain the system Ap and is not relied upon in the preclosure safety analysis.

The volume and flow rate associated with this back flow is not expected to be sufficient to
dislodge filtered material from the idle HEPA filters. Should back flow associated with the failed
damper dislodge contaminants from the inactive HEPA filters, it would be discharged into the
confinement zone and subsequently exhausted through the active train HEPA filters. Any
residual airborne or loose surface contamination in the confinement zone will be controlled in
accordance with the radiological controls program.
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1.2 LOSS OF DIFFERENTIAL PRESSURE FOR A PERIOD OF TIME NOT TO
EXCEED 7 MINUTES

b) Explain how DOE determined that differential pressure would be lost for a
period of time not to exceed 7 minutes per event and how this value is
conservative (i.e., basic event, "060-VCTO-DRSOOOO-DRS-OPN," in
Table 6.3-11 of BSC, 2008ac on page 208 for the CRCF).

The basic event "060-VCTO-DRSOOOO-DRS-OPN" was used in the initial modeling of the
Canister Receipt and Closure Facility (CRCF) to represent the loss of differential pressure
accompanying the opening of the vestibule doors during normal receipt of a cask in the CRCF.
The bases for this event in Canister Receipt and Closure Facility Reliability and Event Sequence
Categorization Analysis (BSC 2008, Table 6.3-11) include a discussion of the expected duration
of this event as an ancillary point of information to help the reader better understand the system
and its interface with normal facility operations. This event was included in the 2008
categorization analysis (BSC 2008) fault tree as a contributor to the loss of differential pressure
although it is not the result of any system fault or failure, and does not contribute to HVAC
failure for the design documented in SAR Sections 1.2.2. Consequently, this event has been
removed from the updated categorization analysis (BSC 2009a). Event sequences associated with
cask movement into the facility with the facility doors open in the conduct of normal operations
are addressed in Intra-Site Operations and BOP Reliability and Event Sequence Categorization
Analysis (BSC 2009b). These event sequences do not lead to a loss of confinement capability
after a radionuclide release.

1.3 EASE OF DETECTING OPERATORS OPENING TWO OR MORE VESTIBULE
DOORS

c) Explain why the degraded state is not easily detectable involving operators
opening two or more vestibule doors. Refer to page E-50 of BSC, 2008ac
for basic event, "060- VCTO-DR00001-HFI-NOD" and Figure B7.4-3 of
BSC, 2008ac.

Doors will have both local and remote controls for opening and closing. Latent failure of
interlocks (that prevent inadvertent door opening) would make detection difficult. An operator
attempting to open the second door with a failed interlock would not know that the interlock had
failed. Indications for latent failures of interlocks are part of detailed design. Such indicators
were conservatively not relied upon in the preclosure safety analysis to aid the operator.

Canister Receipt and Closure Facility Reliability and Event Sequence Categorization Analysis
(BSC 2009a, Table E.III-2) lists the types of preinitiator human failure events considered in the
analysis. These failures and their screening probabilities are: failure to properly restore a standby
system to service (0.1), failure to properly restore an operating system to service when the
degraded state is not easily detectable (0.01), failure to properly restore an operating system to
service when the degraded state is easily detectable (0.001), and calibration error (0.01).
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For the event "060-VCTO-DROOOO1-HFI-NOD," the "Failure to properly restore an operating
system to service when the degraded state is not easily detectable" type of error was selected.
The inadvertent opening of two or more vestibule doors would be the result of a combination of
human errors and failures of interlocks. In order to account for the uncertainty in interlock status,
a more conservative characterization of the human failure event was selected, which is "degraded
state not easily detectable," rather than one with a "degraded state easily detectable."

1.4 FAILURE OF NON-ITS SUPPLY FANS AND EFFECT ON HEATING,
VENTILATION, AND AIR-CONDITIONING SYSTEM FAILURE PROBABILITY

d) Explain how operation or failure of the Non-ITS supply fans affects the
HVAC system failure probability. Clarify the following:

i. For the CRCF and WHF, explain how the system responds to failure
of just one supply fan and explain how the adjustable speed drives
respond.

ii. For the WHF, explain how many supply fans are needed for normal
operations versus the, "Off-Nominal Operations" described in Section
B7.2.6 of BSC, 2008bq on page B7-6 and how these operations are
accounted for in Figure B7.4-5 of BSC, 2008bq.

The non-ITS supply fans in the CRCF and Wet Handling Facility (WHF) provide conditioned
air. Failure of a supply fan reduces the air flow into the confinement areas. If flow into
confinement areas is reduced, then the exhaust system would momentarily experience an
increase in the negative pressure differential between these areas and the environment. If the Ap
exceeds the operating control band limits, then the adjustable speed drives would reduce exhaust
fan speed, thereby maintaining the confinement areas at the designed negative pressure. This
reduces flow through the HEPA filters and changes the failure logic, as modeled in the fault tree,
for the three HEPA filter plenums from one of three to two of three HEPA filter plenums failing
before the system is rendered inoperable (i.e., the system becomes more reliable when the supply
fans are not operating, as fewer HEPA filter plenums are required to accommodate the flow
needed to maintain the differential pressure). The ITS HVAC system does not require the
operation of any supply fans to perform its function, so the loss of one supply fan is within the
design basis for the system and, as modeled in the fault tree, would cause the HVAC failure
probability to decrease.

The non-ITS HVAC supply subsystem serving the ITS secondary confinement areas in the WHF
has three 50% capacity non-ITS supply fans. Two of these will be running at any one time for
normal operation with the third in standby or maintenance (SAR Figure 1.2.5-83). Sections
B7.2.5 and B7.2.8 of Wet Handling Facility Reliability and Event Sequence Categorization
Analysis (BSC 2009c) describe a different arrangement that discusses only two supply fans;
however, the fault tree model used in the preclosure safety analysis is based on the supply fan
arrangement described in the SAR.
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Figure B7.4-9 of Wet Handling Facility Reliability and Event Sequence Categorization Analysis
(BSC 2009c) represents "Supply Fans Fail to Supply Air" during off-nominal conditions which
represent supply fan conditions other than the normal system operation with two fans running
and one in standby. The success criterion for the supply system is two of three fans operating;
consequently, the system is considered failed if any combination of two fans is inoperable
regardless of the state of the remaining fan. All events which can result in fewer than two supply
fans operating are accounted for by this fault tree, including common cause failure, simultaneous
failure of both operating fans, and failure of an operating fan coincident with a failure of the
standby fan to start.

1.5 FAILURE PROBABILITY FOR BASIC EVENT 050-EXCESSIVE-WIND-SPEED

e) Explain how the mean failure probability and error factor were determined
for basic event, "050-EXCESSIVE-WIND-SPEED" shown in Figure
B7.4-3 of BSC, 2008ac on page B7-19 and shown in Table B7.4-3 of
BSC, 2008ac on page B7-14.

After further investigation of basic event "050-EXCESSIVE-WIND-SPEED" and its
contribution to the HVAC failure probability, it was determined that the maximum duration of
excessive wind speeds (over 40 mph) during the 720-hour mission time that would result in
HVAC system failure is sufficiently short that this basic event need not be considered in the
HVAC fault trees.

Based on meteorological data for the past 10 years, the maximum duration for winds exceeding
40 mph during any 30 day period is 220 minutes (- 4 hours). As described in the response to
RAI 2.2.1.1.6-2-009, bounding Category 2 event sequence dose values in the CRCF or WHF
would remain within the 10 CFR 63.111 Category 2 event sequence offsite public dose
performance objectives with an unavailability of HEPA filtration of 8 hours any time during the
30 day mission time. Historical information, therefore, demonstrates that high wind speed is not
an HVAC failure mode and need not have been modeled in the HVAC fault trees.

1.6 COMMON CAUSE FAILURES

f) Explain what failures DOE has included in the common cause failures
identified for running air handling units, standby air handling units,
running exhaust fans, and standby exhaust fans in Figures B8.4-7 and
B8.4-8 of BSC, 2008ac on pages B8-47 and B8-48, respectively.

There are two sets of ITS switchgear and battery rooms housing the ITS electrical equipment for
the HVAC system in the CRCF. One set contains the equipment for ITS AC power for the
operating train; the second is for the standby train. The ITS switchgear and battery room
ventilation systems include four intake air handling units and four exhaust fans providing
ventilation to these two sets of rooms. Each set of ITS switchgear and battery rooms is supported
by two air handling units and two exhaust fans. Under normal operating conditions, one air
handling unit and one exhaust fan for each set of rooms is running and the other is in standby.
The equipment and its operational status and the associated failure to run and failure to start
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events and event probabilities are shown on Table 1. In the SAPHIRE model in Canister Receipt
and Closure Facility Reliability and Event Sequence Categorization Analysis (BSC 2009a,
Section B8), fault trees "EP-CRCF-COOL-I" and "EP-CRCF-COOL-2," the operating
ventilation trains for each train of ITS AC Power (CRCF switchgear and battery room) are
designated as Train A and the standby ventilation trains are designated as Train B.

In the common cause analysis, the common cause groups were determined to. address the
operating equipment and the standby equipment separately. Therefore, four common cause
groupings were determined: the failure. of the operating air handling units in electrical Train A
and Train B to continue to run; the failure of the standby air handling units in electrical Train A
and Train B to start on demand and continue to run; the failure of the operating exhaust fans in
electrical Train A and Train B to continue to run; and the failure of the standby exhaust fans in
electrical Train A and Train B to start on demand and continue to run. As discussed in Canister
Receipt and Closure Facility Reliability and Event Sequence Categorization Analysis (BSC
2009a, Section C3), generic alpha factors were used to generate the common cause event
probabilities. All of the alpha factors are for the failure of a two-of-two group with the demand
alpha factors taken directly from the categorization analysis (BSC 2009a, Table C3-1) and the
operating alpha factors modified by a factor of one-half as discussed in the supporting discussion
in the categorization analysis (BSC 2009a) for Table C3-1. Table 2 shows the common cause
event, the component failures considered to be in the common cause group, the alpha factor used,
and the common cause event probability.

1.7 DUCT FAILURE

g) Provide the following information for duct failure (i.e., basic event, "060-
VCTO-DTCOADTC- RUP"):

i. Provide the reference source and page number showing the 10 feet of
duct that DOE is referring to in Table 6.3-1 of BSC, 2008ac when it
refers to, "Duct Fails between HEPA and Exhaust Fan (10 feet)."

ii. Explain how DOE considers duct failures in locations other than
between the HEPA filters and exhaust fans.

iii. Explain how DOE accounts for failure modes other than rupture. For
example, explain if leakage is considered since DOE refers to a design
to minimize leakage on pages 1.2.4-58 and 1.2.4-59 of the SAR.

The use of 10 ft in the analysis has no specific reference because such distances will be
established during detailed design. The probability of duct rupture (DTC-RUP) is based on a
Bayesian analysis of ten data sources. Nine sources are given as failure counts over an
operational time in hours providing failures on a per hour basis (Denson et al. 1994; SAIC 2002).
One data source is given as expert opinion with a median failure probability of 10-8 per hr-ft of
duct (Blanton and Eide 1993). Table 3 presents the duct failure probability for a range of duct
lengths ranging from 10 to 100 ft. The values presented in Table 3 demonstrate that the duct
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failure probability, which is based on 10 data sets, is relatively insensitive to the ducting length,
which is necessary for only one of the data sets.

Duct failure in locations other than between the HEPA filters and exhaust fans was not
considered as the system would continue to draw cascaded air flow from the non-ITS
confinement areas into the ITS confinement areas and through the HEPA filters. Therefore, such
an event is not a system failure mode. Leakage or rupture between the HEPA filter plenums and
the exhaust fan is the only location of concern, as this would allow unfiltered air to be drawn into
the fan suction and discharged directly to the environment. The term "rupture" in the context of
the fault tree event denotes a loss or compromise of the duct boundary between the filters and the
fan suction. The term is meant to encompass leaks of any size located between the HEPA filters
and exhaust fan that would result in bypassing the HEPA filters.

Leakage in the fan discharge duct would simply discharge filtered air back into the facility
confines where it would cascade back through the non-ITS and ITS confinement zones and
through the HEPA filters. This is not considered a system failure mode.

Leakage upstream of the HEPA filters would continue to draw air from the ITS confinement
zones that would pass through the filters prior to discharge and is not considered a system
failure. Loss of differential pressure would be detected by the system and either cause increased
exhaust fan speed via the adjustable speed drive or, if coupled with low flow, initiate the stop
command in the adjustable speed drive for the operating unit and the start command in the
adjustable speed drive for the standby unit.

1.8 BASIC EVENT DUCT FAILURE 060-VCTO-B-FAIL-START

h) Explain what DOE is accounting for in basic event, "060-VCTO-B-
FAIL-START," described as, "Train B Fails to Start" in Table B7A-3 of
BSC, 2008ac.

i. Explain what this basic event physically represents. Explain what
component failures or human errors DOE is accounting for.

ii. Explain how DOE determined the failure distribution for this basic
event.

The event "060-VCTO--B-FAIL-START" in Canister Receipt and Closure Facility Reliability
and Event Sequence Categorization Analysis (BSC 2008) was intended to represent a composite
of all Train B component failures that would result in failure of the train to start. The distribution
associated with this event as quantified in the categorization analysis (BSC 2008) is the
distribution assigned to the "FAN-FTS" template in the "YMP Active Comp Database.xls."
However, the "FAN-FTS" template was used to quantify this event and was subsequently
determined to be nonrepresentative of the overall system behavior. This event was removed in
the updated categorization analysis (BSC 2009a) and replaced by specific equipment failures
with distributions determined as delineated in the updated categorization analysis (BSC 2009a,
Section 6.3).
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1.9 DATA SOURCES

i) For the component failure data applied to the following components as
described in the Generic Data Source column for, "YMP Active Comp
Database.xls" included in Attachment H to BSC, 2008ac provide the
following:

i. Air handling unit failure to run (i.e., AHU-FTR). Explain why DOE
used data for standby units failure to run greater than 1 hour regardless
of the unit being in the standby train or operating train.

ii. Diesel generator failure to run (i.e., DG-FTR). Provide Umatilla
Chemical Agent Disposal Facility Quantitative Risk Assessment.

iii. Exhaust fan failure to run (i.e., FAN-FTR). Provide N-Reactor Plant
Specific Data Base.

The classification names used in NUREG/CR-6928, Industry-Average Performance for
Components and Initiating Events at US. Commercial Nuclear Power Plants (Eide et al. 2007),
consist of short descriptive phrases that are simply naming conventions for segregating data
according to the operating conditions and environments from which the data were derived. This
allows the analyst to select the classification most closely approximating the conditions being
modeled. The selection of data to be used in the reliability analysis is not based on arbitrary
naming conventions; but rather, it is concerned with ensuring that the data -selected closely
approximates the environment being modeled. The "standby > 1 hr" category in NUREG/CR-
6928 most closely approximates the expected conditions for an air handling unit failure to run
"AHU-FTR," regardless of the unit being in the standby train or the operating train.

The requested documents, Umatilla Chemical Agent Disposal Facility Quantitative Risk
Assessment (SAIC 2002) and N Reactor Level 1 Probabilistic Risk Assessment.- Final Report
(Zentner et al. 1998), are provided with this response.

2. COMMITMENTS TO NRC

None.

3. DESCRIPTION OF PROPOSED LA CHANGE

None.

4. REFERENCES

Blanton, C.H. and Eide, S.A. 1993. Savannah River Site, Generic Data Base Development (U).
WSRC-TR-93-262. Aiken, South Carolina: Westinghouse Savannah River Company.
TIC: 246444.
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Table 1. Equipment and its Operational Status

Component (Train) Status Basic event Probability

Ventilation for Train A of CRCF ITS Switchgear and Battery Roomsa

AHU 0001 (A) Operating 060-VCTO-AHU000-AHU-FTR 2.64 x 10

Exhaust Fan 0005 (A) Operating 060-VCTO-EXH-005-FAN-FTR 5.06 x 102

060-VCTO-AHU0002-AHU-FTS 2.02 x 10-3
AHU 0002 (B) Standby 060-VCTO-AHU0002-AHU-FTR 2.65 x 10-3

060-VCT0-EXH-006-FAN-FTS 2.02 x 1-
Exhaust Fan 0006 (B) Standby 060-VCTO-EXH-006-FAN-FTR 5.06 10-2

060-VCT0-EXH-006-FAN-FTR 5.06 x 10-2

Ventilation for Train B of CRCF ITS Switchgear and Battery Roomsb

AHU 0003 (A) Operating 060-VCTO-AHU0003-AHU-FTR 2.65 x 10-3

Exhaust Fan 0007 (A) Operating 060-VCTO-EXH-007-FAN-FTR 5.06 x 10-2

060-VCTO-AHU0004-AHU-FTS 2.02 x 10-3

AHU 0004 (B) Standby 060-VCTO-AHU0004-AHU-FTR 2.65 x 10-3

060-VCTO-EXH-008-FAN-FTS 2.02 x 10-3

060-VCTO-EXH-008-FAN-FTR 5.06 x 10-2

NOTE: AHU = air-handling unit.

Source: aBSC 2009a, Table B8.4-1.
bBSC 2009a, Table B8.4-5.

Table 2. Common Cause Events and Associated Alpha Factors

Common Cause Event Common Cause Group Components Alpha Factora Probability

060-VCTO-AHU0103-AHU-CCR 060-VCT0-AHU0001-AHU-FTR 0.024 6.4 x 10-5
060-VCTO-AHU0003-AHU-FTR

060-VCT0-AHU0202-AHU-CCS 060-VCT0-AHU10002ý-AHU-FTS 0.047 9.5 X 10-5 b
060-VCTO-AHU0004-AHU-FTS

060-VCTO-AHU0202-AHU-CCR 060-VCT0-AHU0002-AHU-FTR 0.024 6.4 x 10-5b
060-VCTO-AHU0004-AHU-FTS

060-VCTO-EXH0507-FAN-CCR 060-VCTO-EXH-005-FAN-FTR 0.024 1.2 x 1 0 -3b
060-VCTO-EXH-007-FAN-FTR

060-VCTO-EXH0608-FAN-CCS 060-VCTO-EXH-006-FAN-FTS 0.047 9.5 x 10-5 C
060-VCTO-EXH-008-FAN-FTS

060-VCTO-EXH0608-FAN-CCF 060-VCTO-EXH-006-FAN-FTR 0.024 1.2 x 10
I 060-VCTO-EXH-008-FAN-FTR

Source: aBSC 2009a, Table B8.4-3.
bBSC 2009a, Table B8.4-1.
CBSC 2009a, Table B8.4-5.
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Table 3. Duct Failure Probability

[ Duct length (ft)

10

50

100

Mean Failure Probability

3.72 x 10-6

3.52 x 10-6
3.50 x 10-6

Error Factor

25.9

23.3

22.6
-I

Source: Original.

Note 1 - These provide a signal to the facility supply fans
that prevents them from starting unless at least one
exhaust fan is running, they also trip all running supply
fans should both exhaust fans stop running.

Note 2 - The diagram has been simplitied with respect to
the HEPA filter equipment shown tor trainA and B. The
equipment configuration for HEPA Filters identified as 060
VCTO FLT t0, 11, 12,13 and 14 are identical to the HEPA
FLT 9. Train A is always defined as the operating train and
train B is always designated as the standby train.

ASD = adjustable speed drive: ATM = atmosphere; OtP =
delta pressure; F = tlow sensor; HEPA = high-efflcency
particulate air (filter),

---------r --------

---- FanAFa.il------------- -St.rt..
H------Fan BTripL_____ ------

Note I
a Back Draft Manual

Manual Manual + Damper Damper
Damper Damper _ i -i

ATM

1A TornadoDamper

Train B

ji

--- LO FlowL-o- _-,m

--------

Figure 1. Schematic of the HVAC System

Source: BSC 2009a, Figure B7.2-1.
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Response Tracking Number: 00440-00-00 RAI: 2.2.1.1.4-4-002

RAI Volume 2, Chapter 2.1.1.4, Fourth Set, Number 2:

Explain the SAPHIRE analyses to support the HVAC system failure probabilities
identified on page 136 of BSC, 2008bq. The following are examples of areas
needing clarification:

a) Verify the SAPHIRE model produces the results shown in Figure B7.4-1
of BSC, 2008bq on page B7-13.

b) Justify the parameters (i.e., cutoff value) and type of analysis (i.e., Latin
Hypercube or Monte Carlo) used to obtain the results displayed in Figure
B7.4-1 of BSC, 2008bq.

c) Provide the technical basis for the selection of a sample size of 10000 in
the uncertainty analysis results for the loss of delta pressure and provide
the convergence criterion used (Figure B7.4-1 of BSC 2008bq and Figure
B7.4-1 of BSC 2008ac).

d) Verify the SAPHIRE models for ITS HVAC systems in the surface
facilities include all relevant files. For example, in the WHF 24-hour
version identified in folder, "Loss of Delta Pressure in WHF - 24HR
VERSION.zip" included in attachment H to BSC, 2008bq, on solving
fault tree, "050-DP-LOSS-WHF," a bad event map error is received.

e) The SAPHIRE model included in, "WHF - Vol II FINAL with
uncertainties.zip" identified in attachment H to BSC, 2008bq associates
basic event, "HVAC" with the CONFINEMENT pivotal event and assigns
a mean failure probability of 3.5 x 102 and error factor of 6.84. Explain
how these values relate to the results shown in Figure B7.4-1 and page 136
of BSC, 2008bq.

1. RESPONSE

The heating, ventilation, and air-conditioning (HVAC) failure probability values have been
updated in Wet Handling Facility Reliability and Event Sequence Categorization Analysis (BSC
2009). The new top event name is "Confinement zone exhaust sys fails to maintain HEPA
filtered flow" (BSC 2009, Figure B7.4-3).

1.1 VERIFICATION OF THE WET HANDLING FACILITY SAPHIRE RESULTS

a) Verify the SAPHIRE model produces the results shown in Figure B7.4-1
of BSC, 2008bq on page B7-13.

The fault tree 050-DP-LOSS-WHF solution in the SAPHIRE model in Wet Handling Facility
Reliability and Event Sequence Categorization Analysis (BSC 2008) was correctly used for the
loss of differential pressure in the analysis. For a 720 hour mission time, the mean HVAC system
failure probability, including loss of electrical power, is 3.5 x 1072 and the standard deviation is
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9.4 x 10-2. The mean value assigned to the pivotal event CONFINEMENT in the categorization
analysis (BSC 2008) is 3.5 x 10-2 with an error factor of 6.8 (calculated as the ratio of the 0.95
quantile to the median). These numbers, however, were not accurately reflected in the
categorization analysis (BSC 2008, Figure B7.4-1 on page B7-13).

The results of the updated HVAC model are presented in Wet Handling Facility Reliability and
Event Sequence Categorization Analysis (BSC 2009, Section 6.2.2.7.4 and Figure B7.4-1). The
updated categorization analysis (BSC 2009) states that for a 720-hour mission time the mean
HVAC system failure probability, including loss of electrical power, is 3.6 x 10-2 and the
standard deviation is 9.9 x 10-2 . The mean value assigned to the pivotal event CONFINEMENT
in the updated categorization analysis (BSC 2009) is 3.6 x 10-2 with an error factor of 7.8 to two
significant digits. There is no impact to safety functions or controlling parameters and values as a
result of this update.

Table 1 provides the distribution summary for fault tree 050-DP-LOSS-WHF for the original
(BSC 2008) and updated (BSC 2009) categorization analyses.

1.2 JUSTIFICATION OF SAMPLING TYPE AND CUTOFF VALUE PARAMETER

b) Justify the parameters (i.e., cutoff value) and type of analysis (i.e., Latin
Hypercube or Monte Carlo) used to obtain the results displayed in Figure
B7.4-1 of BSC, 2008bq.

The cut sets cutoff value of 1 x 10-15 is sufficiently small as compared to the Category 2 event
sequence screening criterion (1 x 1 0-4) to not impact any of the cut sets generated for the
analysis. In particular, the residual (sum of cut sets) below the cutoff for the HVAC fault tree is
5.8 x 10-12, compared to the sample mean of 3.6 x 10-2.

All results were obtained using the Monte Carlo simple random sampling option in SAPHIRE.
The use of simple random sampling is appropriate as the number of realizations is large (10,000),
so that convergence to the correct values is achieved via the law of large numbers.

1.3 SAMPLE SIZE AND MEAN VALUE CONVERGENCE

c) Provide the technical basis for the selection of a sample size of 10000 in
the uncertainty analysis results for the loss of delta pressure and provide
the convergence criterion used (Figure B7.4-1 of BSC 2008bq and Figure
B7.4-1 of BSC 2008ac).

An acceptable level of convergence is ensured through the use of a large number of realizations
(i.e., 10,000), for which a 95% confidence interval can be demonstrated for the mean. When the

population expectation is estimated using the sample mean, X, from n realizations, and if n is
large enough, then the central limit theorem can be applied to obtain the usual 95% confidence
interval. Using the normal approximation with the population mean, Pu, and sample standard
deviation, s, results in the following:
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Pr{X -1.96. s-</•T<+1.96"-.nn 0.95 (Eq. 1)

This relation provides either a sample size needed to obtain a specified interval (with 95%
confidence) or the interval obtained from using a given sample size for convergence on the
population mean. Given the sample size (n = 10,000), sample mean (X= 3.6 x 10-2), and sample
standard deviation (s = 9.9 x 10-2 from Table 1, Updated 050-DP-LOSS-WHF), the 95%
confidence interval for the population mean is specified as:

±(1.96) =3.6 10-2 + 96)9x10 =(3.6±0.2)x10-2  (Eq. 2)

From Eq. 2, the bound, B (half of the 95% confidence interval) is 0.2 x 10-2. Because event
sequences are categorized based on one significant digit, a bound equal to or less than 0.5 x 10-2

is necessary for acceptable convergence, for which a sample size, n, greater than 1,506 (which is
significantly less than the 10,000 used) is required.

.,•-F B:=: __n_ r( ) (1.96)(9"9 x10-2 )')2

± (0.. ) 10_2 ) 2J =1,506 (Eq. 3)

1.4 BAD EVENT MAP ERROR

d) Verify the SAPHIRE models for ITS HVAC systems in the surface
facilities include all relevant files. For example, in the WHF 24-hour
version identified in folder, "Loss of Delta Pressure in WHF - 24HR
VERSION.zip" included in attachment H to BSC, 2008bq, on solving
fault tree, "050-DP-LOSS-WHF," a bad event map error is received.

The relevant files are included in the SAPHIRE models for the important to safety HVAC
systems. As discussed during the June 11, 2009, NRC clarification call, a "Bad Event Map
Error" can occasionally occur in SAPHIRE when loading a new project. This can be rectified by
using the "recover" utility in SAPHIRE.

1.5 CONFINEMENT PIVOTAL EVENT AND SAPHIRE RESULTS

e) The SAPHIRE model included in, "WHF - Vol II FINAL with
uncertainties.zip" identified in attachment H to BSC, 2008bq associates
basic event, "HVAC" with the CONFINEMENT pivotal event and assigns
a mean failure probability of 3.5 x 10.2 and error factor of 6.84. Explain
how these values relate to the results shown in Figure B7.4-1 and page 136
of BSC, 2008bq.

As noted in Section 1.1, the values given in the categorization analysis (BSC 2008, Figure B7.4-
1, page B7-13) are not in agreement with the values in the SAPHIRE model actually used in the
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analysis and found in Attachment H to the categorization analysis (BSC 2008). However, this
disparity was corrected in the updated categorization analysis (BSC 2009).

2. COMMITMENTS TO NRC

None.

3. DESCRIPTION OF PROPOSED LA CHANGE

None.
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Table 1. Fault Tree 050-DP-LOSS-WHF Distribution Summary

Fault Tree Mean I 5th Median 95th

[Original 050-DP-LOSS-WHFa 3.5 x 10-2 x 10-3 1.5 - 10-2 1.0 x 10-1

Std Dev
9.4 x 10-2

9.9 x 10-2IUDdated 050-DP-LOSS-WHF b I 3.6 x10-2 1 4.0 x 10-3 1.4 x 10-2 1.1 x 10-1

Source: aBSC 2008, Attachment H, SAPHIRE model.
b BSC 2009, Attachment H, SAPHIRE model.
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