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Subject: Response to Portion of NRC Request for Additional

' Information Letter No. 186 Related to ESBWR Design
Certification Application ESBWR RAI Numbers 19.1-96 S02,
19.2-90, 19.2-91, and 22.5-24

The purpose of this letter is to submit the GE Hitachi Nuclear Energy (GEH)
response to the U.S. Nuclear Regulatory Commission (NRC) Request for
Additional Information (RAI) Letter 186, dated April 23, 2008 (Reference 1).
Previous RAIls and responses to RAI 19.1-96 were transmitted in References 2
through 5.

GEH'’s responses to RAlI Numbers 19.1-96 S02, 19.2-90,19.2-91 and 22.5-24 are
in Enclosure 1.

If you have any questions or require additional information, please contact me.
Sincerely,

Rudak € Kimaotn-

Richard E. Kingston
Vice President, ESBWR Licensing
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Note: The original text of the RAI is provided for ease of reference. The attached figures
have not been included.

NRC RAI 19.1-96 (original)

To address thermal-hydraulic uncertainty regarding shutdown success criteria, please provide
additional information (e.g., summary and results of calculations) that justifies short term and
long term core cooling using (1) 2 SRVs, (2), 2 out of 8 lines of GDCS, (3) 2 out of 3 GDCS
pools,(4) the opening of at least one equalizing line, and (5) the opening of 4 depressurization
valves (DPVs) during Mode 5 when the reactor vessel head is on.

GEH Response (original response)

ESBWR Shutdown Mode 5 is described in NEDO-33201 Section 16.2.1.2 as; the time when:
1. heat removal requirements are transferred to the RWCU/SDCS
2. the Main Condenser and circulating water pumps are removed from service and
3. the use of the isolation condensers is terminated.

NEDO-33201 Section 16.2.1.1 assumes Mode 4 is 8 hours long with decay heat removal through
the Main Condenser and/or the Isolation Condenser with the RWCU/SDCS put into service %2
hour after control rod insertion.

Thermal-hydraulic uncertainty for short term and long term core cooling in Mode 5 in the
ESBWR Shutdown PRA was evaluated using MAAP406. In order to maximize decay heat,
these analyses assumed that the events, loss of SDC and LOCAs, as applicable, begin 8 hours
after shutdown corresponding to the assumed start of Mode 5. The mission time in the ESBWR
Shutdown PRA, NEDO-33201 Section 16.2.2, is 24 hours with consideration of longer times for
inventories of water and power to ensure core cooling.

The safety function of 2 SRVs in the Shutdown PRA is to depressurize or maintain
depressurization of the reactor pressure vessel and to support low pressure injection using active
systems. MAAP analysis indicates that 1 SRV is sufficient to depressurize the RPV to allow low
pressure injection, using the FAPCS/LPCI Mode after a loss of SDC event occurring at the
beginning of Mode 5 as shown in Case 1.

The safety functions of 2 GDCS lines, 2 GDCS pools, 1 equalizing line and 4 DPVs describe
core cooling using passive injection systems. For these analyses, it was assumed that passive
containment cooling was not operating. MAAP thermal-hydraulic uncertainty analyses for
transients, such as loss of SDC, indicate that depressurization using 3 DPVs, injection using 1
GDCS injection line from 2 GDCS pools and opening the equivalent of less than 1 equalizing
line prevents core damage for greater than 72 hours as shown in Case 2. It should be noted that
the model used was not 1 GDCS injection line from each of the 2 GDCS pools but 1 injection
line from the total of two GDCS pools.

MAAP thermal-hydraulic uncertainty analyses for LOCAs below the top of active fuel indicate
that depressurization using 4 DPVs, injection using 1 GDCS injection line from 2 GDCS pools
and opening the equivalent of less than 1 equalizing line prevents core damage for greater than
72 hours as shown in Case 3.
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MAAP thermal-hydraulic uncertainty analyses for LOCAs above the top of active fuel indicate
that depressurization using 4 DPVs, injection through 1 GDCS injection line from 2 GDCS pools
and opening the equivalent of less than 1 equalizing line prevents core damage for greater than
72 hours as shown in Case 4.

MAAP thermal-hydraulic uncertainty analysis for a LOCA in the feedwater line indicate that
depressurization is not required for injection using 1 GDCS injection line from 2 GDCS pools
and opening the equivalent of less than 1 equalizing line to prevent core damage for greater than
72 hours as shown in Case 5. The size and elevation of the break allow the RCS to depressurize
without operation of these systems.

Consideration of these thermal-hydraulic uncertainty results in the ESBWR Shutdown PRA
leads to changes in the shutdown event trees/success criteria. These changes include the
following:

* Addition of depressurization using 4 DPVs in Mode 5 LOCAs. Due to size and elevation of
the break, depressurization is not required in LOCAs in FW lines.

* Assuming passive injection using at least 1 GDCS injection lines from each of 2 GDCS
pools and 1 GDCS equalizing line, added to success criteria. The previous success
criterion was at least 2 GDCS injection lines that could have been from the same GDCS
pool.

Implementing these changes in the ESBWR Shutdown PRA changes the shutdown core damage
frequency from 8.77E-09/yr to 9.37E-09/yr.

DCD Impact (original response)
No DCD changes will be made in response to this RAL

NEDO-33201, Rev 2 Chapter 16 will be updated as noted in the attached markup (Enclosure 1,
Attachment 2)
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NRC RAI 19.1-96 S01

The staff reviewed GEH's response to RAI 19.1-96. In response to RAI 19.1-96, which requested
calculations to verify the ESBWR shutdown PRA success criteria, GEH submitted a revised
version of the Shutdown PRA with updated success criteria. A successful passive injection now
requires automatic operation of 4 DPVs for both Mode 5 Losses of the RWCU/SDC (RHR
Junction) and Mode 5 LOCAs (excluding FW line breaks). Also, passive injection now requires 1
GDCS equalizing line. The DPVs are not currently required to be operable by TS in Mode 5. The
information provided is not sufficient to address the issues resulting from the revised PRA
shutdown success criteria. Please provide the following additional information as described
below:

A. In case 1, GEH used the MAAP 4 code to evaluate the impact of 1 SRV and low pressure
injection following a loss of RWCU/SDC. The staff noted that the RCS level dropped below TAF,
and fuel temperatures exceeded 1300 EF before low pressure injection was initiated. Therefore,
GEH assumed that 1 SRV was sufficient for overpressure protection, and 2 SRVs were sufficient
SJor low pressure injection. GEH has justified the use of the MAAP code by comparing
simulations of loss-of-coolant accidents performed with MAAP and the TRACG code. However,
these benchmark design basis accident calculations may not reflect thermal-hydraulic conditions
in the reactor vessel during severe accidents. Therefore, the success of 2 SRVs and low pressure
injection following a loss of RWCU/SDC in Mode 5 should be verified and analyzed using
TRACG. Such calculations would also provide a means for adequately benchmarking the MAAP
code for use in analyzing additional PRA accident sequences that may be affected by thermal-
hydraulic uncertainties associated with passive systems.

B. Regarding Case 1, the staff understands that the opening of 2 SRVs is performed manually,
and the SRVs are not required to be operable according to TS. Please revise the PRA and the
RTNSS assessment to reflect that the SRVs may not be available for overpressure protection and
RCS depressurization in Mode 5.

C. Please document in the PRA why losses of RWCU/SDC and LOCAs are analyzed together in
MAAP 4.

D. In Cases 3 and 4, GEH assumed that 4 DPVs were required for GDCS to function, even
though short term level below TAF was predicted by MAAP. The success of 4 DPVs and 1 GDCS
injection line from each of two GDCS pools and 1 GDCS equalizing line should be verified and
analyzed using TRACG to ensure that the success criterion is conservative.

E. Regarding Cases 3 and 4, the staff understands that the revised shutdown PRA assumes that 4
DPVs open automatically. However, the automatic function of the DPVs are not required to be
operable according to TS in Mode 5. Please revise the PRA and the RTNSS assessment to reflect
that the DPVs may not be available for RCS depressurization in Mode 5.
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GEH Response

Part A: In case 1 - shown in Attachment 1 of Response to RAI 19.1-96, 1 SRV and low pressure
injection following a loss of RWCU/SDC, MAAP calculated peak temperatures above 1300°F
last less than 5 minutes. These temperatures are comparable to core temperatures at the
beginning of the calculation — start of reactor shutdown. In addition, the calculated H, generated
during this time, and the whole sequence, was less than 1 kg with a maximum clad temperature
of 1417°F. This does not meet the definition of core damage in the ASME PRA Standard (and
RG 1.200) — uncovery and heatup of the reactor core to the point at which prolonged oxidation
and severe fuel damage involving a large fraction of the core is anticipated. ASME PRA
Standard Supporting Requirement SC-A2 has an example measure for core damage — code-
predicted peak core temperature >2,500 °F for BWRs.

It should be noted that case 1 was run with the 1 SRV opening at the Level 1 setpoint and low
pressure injection starting when RPV pressure reaches 100 psia instead of the 150 psi differential
pressure described in DCD Tier 2 Section 9.1.3.2. MAAP calculates, in case 1, 11 hours between
loss of RWCU/SDC and RPV level reaching Level 1 due to boil off. This is ample time to
manually open the SRV required to support low pressure injection.

Previous evaluations have shown that additional depressurization allows low pressure injection
to maintain a higher RPV level. Therefore, 2 SRVs and low pressure injection following a loss of
RWCU/SDC would provide margin to core damage above the 1 SRV case.

Since the 1 SRV case (and by engineering judgment the 2 SRV case) does not result in severe
accident conditions, the existing comparison of loss-of-coolant accidents performed with MAAP
and TRACG provides an adequate benchmark of the MAAP code for these cases. RAI 19.1.0-1
SO01 requests analyzing the limiting accident scenarios assuming PRA success criteria with a
code such as TRACG. Response to RAI 19.1.0-1 S01 will provide additional benchmarking of
the MAAP code.

Part B: Technical Specification requirements for ADS actuation capability and ADS capacity in
Mode 5 and Mode 6 prior to removal of RPV head are described in the response to RAI 16.2-74,
Supplement 2 (MFN 07-022-Supplement 6). Surveillance Requirement 3.5.3.1 will require
operability of sufficient Automatic Depressurization System capacity to support the assumed
GDCS injection following loss of decay heat removal capability.

It should be noted that unavailability of SRVs is not expected prior to removal of the reactor
pressure vessel head and plugging the main steam lines. Therefore, assuming that the SRVs are
available is consistent with the PRA’s goal to reflect the expected response of the plant.

Removing credit for the manual action of RPV depressurization using 2 SRVs from the
shutdown PRA model has minimal impact. The results for the PRA base shutdown CDF and the
shutdown RTNSS assessment are essentially unchanged by removing manual pressure relief
from the model. The base shutdown CDF result is 9.37E-9/yr (NEDO 33201 Rev 2, Section
16.6.1). Setting the manual relief to TRUE in the cutsets raises the CDF result to only 9.40E-
9/yr. Similarly, the shutdown RTNSS results go from 1.33E-7/yr (NEDO 33201, Section
11.3.5.1) to 1.37E-7/yr by setting the manual SRV function to TRUE in the model.
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Part C: The assumption was made in the PRA that RWCU/SDC was lost in LOCAs since
RWCU/SDC isolates on low level in RPV. This is discussed in NEDO-33201 Revision 2 Section
16.4.3.1.

Part D: In Cases 3 and 4, bounding analyses for LOCAs were performed using 4 DPVs for
depressurization and injection using 1 GDCS injection line from the combined volume of the two
smaller GDCS pools and less than 1 equalizing line. This configuration is not possible so the
success criteria 1s at least 1 GDCS injection line from each of two GDCS pools. The success
criteria configuration provides a larger flowrate than that analyzed in Cases 3 and 4. The results
of these Cases, shown in the response to RAI 19.1-96 (MFN 07-485, dated 9/17/2007), show that
the water level in the core is maintained above the top of active fuel.

Part E: Technical Specification requirements for ADS actuation capability and ADS capacity in

Mode 5 and Mode 6 prior to removal of RPV head are described in the response to RAI 16.2-74,
Supplement 2 (MFN 07-022-Supplement 6, dated 1/17/2008). Surveillance Requirement 3.5.3.1
will require operability of sufficient Automatic Depressurization System capacity to support the

assumed GDCS injection following loss of decay heat removal capability.

DCD Impact

No DCD changes will be made in response to this RAL
No changes to NEDO-33201 will be made in response to this RAL
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- NRC RAT 19.1-96 S02

The staff reviewed GEH=s response to RAI 19.1.96 SO1. This response was discussed with GEH
during a telecon on March 6, 2008, during which GEH indicated that they plan to modify the
GDCS Technical Specifications in Revision 5 of the DCD to require four DPV valves to be
automatically operable by ADS in Modes 5 and 6 until the vessel head is removed. However, if
one of the four DPVs fails to open, then the GDCS function fails. The shutdown PRA models all
eight DPVs as being operable for ADS (similar to the full power PRA) in Modes 5 and 6 (until
the vessel head is removed). The staff is requesting GEH to perform and document a sensitivity
study in the shutdown PRA (including internal events, flood,fire, and high winds) assuming only
Jour DPVs are available and operable for ADS. The staff is requesting GEH to evaluate the
impact of this sensitivity study on the shutdown PRA results, including the RTNSS shutdown risk
results.

GEH Response

A concern about Mode 5 treatment of ADS led to a Technical Specification update. The
Technical Specification for GDCS in Mode 5 now requires 6 out of 8 DPV valves to be operable
until the reactor head is removed. See DCD Revision 5, Chapter 16 for the specific details
contained in the Technical Specifications.

Additionally, the NEDO 33201, Revision 3 contains a sensitivity analysis showing the shutdown
PRA results with varying DPV requirements. The sensitivity analysis is included in NEDO
33201 Revision 3, Section 22.16. Cases are evaluated with 4 out of 8, 6 out of 8, and 8 out of 8
DPV valves available throughout mode 5. The results of each case and an analysis of the
differences are included in the section.

DCD Impact
No DCD changes will be made in response to this RAI

The above sensitivity case for the DPV availability in Mode 5 are included in NEDO 33201,
Revision 3, Section 22.16. No further changes are required to NEDO 33201, revision 3 as a
result of this RAIL : :
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NRC RAI 19.2-90

Question Summary: Request to incorporate SMA data in NEDO-33201Revision 2 into DCD Tier
2,Section 19.2.3.2.4

Full Text

DCD Tier 2, Revision 4, Section 19.2.3.2.4 provided a description of the evaluation and insights
of seismic margin assessment (SMA). It stated that "A PRA-based seismic margin analysis is
used " The staff requests that a reference to NEDO-33201, Revision 2, Chapter 15, where a
detailed SMA analysis is documented, be inserted in this section of the DCD.

The staff also requests that the seismic sequences in NEDO-33201, Revision 2, Chapter 15 be
discussed in this section as the basis for the as-built SSC HCLPFs listed in DCD Tier 2, Table
19.2-4. In addition, the staff requests that Table 19.2-4 incorporate the failure modes associated
with respective SSC HCLPF capacity values.

GEH Response

NEDO-33201 is already referenced in DCD. It is listed as Reference 19.1-1 in Section 19.1.5.

In Chapter 15 of DCD Reference 19.1-1, the details of the SMA analysis and the seismic
sequences are discussed. The bases for the as-built SSC HCLPFs are listed in DCD Tier 2, Table
19.2-4.

Additional reference to NEDO-33201 in the DCD would duplicate the discussions.

The component failure modes associated with respective HCLPF capacity values presented in
Table 19.2-4 are functionally based as indicated in the Seismic Margin Analysis. It is
conservative to specify a seismic design capacity margin based on component functions for a
minimum seismic margin capacity evaluation. As such, an enveloping seismic margin is
specified, effectively encompassing all failure modes of a component.

DCD/NEDO-33201 Impact

No DCD changes will be made in response to this RAI
No changes to NEDO-33201 will be made in response to this RAI
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NRC RAI 19.2-91

Question

Summary Clarify the HCLPF capacity calculation for the fire protection water system.
Full Text

According to NEDO-33201, Revision 2, Table 15-8, the fire protection water (FPWS) system was
utilized in the seismic event trees, and Figure 15-15 showed the FPWS fault tree which has only
one component: pump. The staff noticed that FPWS is located in the Fire Water Service Complex
(FWSC), which has been designed and analyzed using the CSRDS. FWSC consists of two waster
storage tanks, a pump enclosure and attached piping. To ensure successful vessel water
injection, all three components must remain functional during and after a seismic event.
Therefore, the fault tree in Figure 15-15 should have theses three components in OR gates. The
staff requests that: a) GEH justify the exclusion of tanks and attached piping in the FPWS fault
tree, and if GEH determines that tanks and piping should be part of the FPWS fault tree, provide
the HCLPF capacity for these components; b) GEH provide HCLPF calculation for FWSC.

GEH Response

GEH agrees with the RAI request.

Previously, the Fire Water Service Complex (FWSC), the water storage tanks and the piping
were not explicitly mentioned because much of the FPWS is seismically qualified.

The seismic category I qualified FPWS system includes seismic category I piping and valves and
their supports, the primary fire-water storage tanks, the fire pump enclosure, the primary nuclear
island diesel-driven fire pump, and the primary diesel fire pump fuel tank.

With the exception of secondary firewater storage, all the non seismic category I components in
the Fire Protection System follow a quality assurance program meeting the guidance of NRC
Branch Technical Position SPLB 9.5-1 (NUREG-0800). Also, special seismic qualification

requirements are applied to these non seismic category I components, as specified in DCD Table
3.2-1, for U43 system.

Sharing a common basemat, the two firewater storage tanks and a fire pump enclosure make up
the FWSC, as described in DCD section 3.8.4.1.4.

The requested RAI was explicitly incorporated in Section 15 of NEDO-33201, Rev 3, consistent
with the seismic capacity evaluation of other systems. A minimum seismic capacity of
1.67*SSE HCLPF was applied to the FPWS.

This approach is in agreement with industry focused scope Seismic Margin Analysis (SMA)
methodology, where a minimum seismic level exceeding the plant seismic design basis is
assigned.

NEDO-33201 Section 15 Revision 3 was changed in response to this RAI as indicated above.
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DCD/NEDOQO-33201 Impact

No DCD changes will be made in response to this RAIL
No additional changes to NEDO-33201 Revision 3 are required as a result of this RAL
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NRC RAI 22.5-24

Question Summary

Standby Diesel Generator availability control

Full Text
Regarding DCD Revision 4

e AC 3.8.1 Standby Diesel Generators — Operating, and
e AC 3.8.2 Standby Diesel Generators - Shutdown

a. Why does ACLCO 3.8.1 require just one standby diesel generator when the focused PRA
assumes two, and two are required by ACLCO 3.8.2?

b. For a total loss of standby diesel generator availability, why does AC 3.8.1 allow 14 days to
restore function, instead of 24 hours as specified in AC 3.8.2?

GEH Response

The Availability Controls Manual reflects the fact that AC power is more risk important during
shutdown modes, especially when the reactor coolant system is open, than during operating
modes. The focused PRA, as described in DCD Tier 2 Section 19A.4.1, does not credit any
Standby Diesel Generators to meet the CDF or LRF goals.

From the design basis perspective, no Standby Diesel Generator-derived AC power is required
for 72 hours after an abnormal event. From the probabilistic perspective, one Standby Diesel
Generator should be operable during Modes 1, 2, 3, and 4 to support FAPCS and post-accident
monitoring. It is appropriate to maintain two Standby Diesel Generators operable during Modes
5 and 6 when passive core heat removal is not available (ICS) and active core heat removal is
being performed by the RWCU/SDC system. The risk significance is elevated during shutdown
modes because the containment is open, thus any core damage event contributes directly to the
large release frequency.

The short-term availability controls for the Standby Diesel Generators, which are specified as
Completion Times, are acceptable to ensure that their availability is recognized and treated
consistent with their importance in the ESBWR PRA. The Completion Time for ACLCO 3.8.2
was reduced from 14 days to 24 hours to help ensure that the Standby Diesel Generators are
maintained available during refueling outages.

DCD/NEDO-33201 Impact

No DCD changes will be made in response to this RAI.
No changes to the NEDO-33201 will be made in response to this RAI.



