
HITACHI GE Hitachi Nuclear Energy

James C. Kinsey

Vice President, ESBWR Licensing

PO Box 780 M/C A-55
Wilmington, NC 28402-0780
USA

T 910 675 5057
F 910 362 5057
jim.kinsey@ge.com

MFN 06-309, Supplement 8 Docket No. 52-010

December 14, 2007
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Document Control Desk
Washington, D.C. 20555-0001

Subject: Response to Portion of NRC Request for Additional
Information Letter No. 111 Related to ESBWR Design
Certification Application - Auxiliary Systems- RAI Numbers
9.1-10 S02, 9.1-19 S02, and 9.1-20 S02

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) sent by NRC letter dated October 15, 2007
Reference 1). GEH response to RAI Numbers 9.1-10 S02, 9.1-19 S02, and 9.1-
20 S02 are addressed in Enclosure 1.

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

Sincerely,

Lmes C. Kinsey
Vice President, ESBWR Licensing
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Reference:

1. MFN 07-556, Letter from U.S. Nuclear Regulatory Commission to Robert
E. Brown, Senior Vice President, Regulatory Affairs, Request For
Additional Information Letter No. 111 Related To ESBWR Design
Certification Application, dated October 15, 2007

Enclosure:

1. Response to Portion of NRC Request for Additional Information Letter
No. 111 Related to ESBWR Design Certification Application - Auxiliary
Systems- RAI Numbers 9.1-10 S02, 9.1-19 S02, and 9.1-20 S02

cc: AE Cubbage
GB Stramback
RE Brown
eDRF

USNRC (with enclosure)
GEH/San Jose (with enclosure)
GEHiWilmington (with enclosure)
0000-0076-8153
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Response to Portion of NRC Request for

Additional Information Letter No. 111

Related to ESBWR Design Certification Application

Auxiliary Systems

RAI Numbers 9.1-10 S02, 9.1-19 S02, & 9.1-20 S02
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On the last page of this transmittal is a table of references. These references
correspond to a series of GEH proprietary calculations and analyses that are
available for NRC audit.

For historical purposes, the original text and GE response to RAIs 9.1-10, 9.1-10
S01, 9.1-19, 9.1-19 S01, 9.1-20, and 9.1-20 S01 are included.

NRC RAI 9.1-10

DCD Tier 2, Section 9.1.3 states that each FAPCS cooling and cleanup (C/C) train has
sufficient flow and cooling capacity to maintain the SFP bulk water temperature below
48.9°C(120°F) under normal heat load conditions and that, during the maximum SFP
heat load conditions of a full core off-load plus irradiated fuel in the SFP resulting from
10 years of plant operations, both FAPCS C/C trains are needed to maintain the bulk
temperature below 600C (140°F). However, the DCD neither specifies the method of
determining the associated heat load for each case nor the design heat removal
capacity of each FAPCS C/C train.

The above capabilities are consistent with the guidance of SRP Section 9.1.3, Revision
3, July 1981, Criterion I//. 1.d, but Criterion ///. 1.h specifies a method of calculating the
necessary heat removal capacity. Describe an acceptable method of demonstrating
adequate heat removal capacity or identify administrative controls to be established by
the COL applicant that maintain the heat load of stored irradiated fuel within the FAPCS
C/C system heat removal capacity for the specified pool temperature.

GHNEA Response

SFP heat power as a function of time after shutdown is calculated using a GE-
developed computer code based on the standards in ANSI/ANS-5.1-1994. Output of the
calculation includes shutdown power & integrated shutdown power from fission
products, actinides, and activation products. Consistent with the recommendations of
SIL636, contributions from U-239 and Np-239 plus other actinides, as well as from
activation products generated in the structural materials, are also included in the
calculation. Validation of code outputs is through regeneration of the Tables in the
ANSI/ANS-5.1-1994 Decay Heat Standard.

The scope of the calculation covers all requirements contained in SRP 9.1.3, Section
111.1 .h. 2a conservatism is used to determine the decay heat values, which more than
compensates for uncertainties in the calculation.

The FAPCS equipment heat removal capacity will be verified by performing a
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calculation to demonstrate that the pumps and heat exchangers are sized to
accommodate the expected maximum heat loads and the required temperature limits
are satisfied.

No changes will be made to the DCD as a result of this RAI.

NRC RAI 9.1-10 S01

Supplement received via e-mail dated 5/3/07 from L. Quinones (NRC) to P. Jordan
(GHNEA):

The response to RAI 9.1-10 is insufficient to determine the acceptability of FAPCS C/C
as related to GDC-44. The applicant did not provide specific performance requirements
(heat transfer capacity and flow rate) nor described a method for calculating the
required cooling capacity. Provide the performance requirements as requested.

GHNEA Response

The FAPCS C/C trains are not used to satisfy GDC 44. Rather, GDC 44 is satisfied by
passive pool boiling for 72 hours and subsequent makeup.

The SFP is designed with sufficient excess coolant to allow passive boil for 72 hours
with the maximum heat load in the pool. The maximum heat load occurs when the pool
contains its normal capacity (20 years of spent fuel) plus a full core offload.

DCD Impact

DCD Tier 2 Subsection 9.1.3.3 is to be modified for Revision 4 as shown in the attached
markup.

NRC RAI 9.1-10 S02

In response to RAI 9.1-10 S01 the applicant stated that the FAPCS cooling and cleanup
trains are not used to satisfy GDC 44, and that GDC 44 is satisfied by passive pool
boiling for 72 hours and subsequent makeup. The staff does not agree with this
statement; GDC 44 and GDC 61 require an evaluation of the system under both normal
operating and accident conditions. The water inventory may be credited for accident
condition; however, during normal conditions FAPCS provides forced cooling to the SFP
and Reactor Building pools. Please provide a summary heat balance of the FAPCS
including initial assumptions and performance requirements.
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GEH Response

FAPCS Design Parameters

The following performance values for the FAPCS cleaning & cooling trains will be added
to the DCD:

Main Pumps

Number of Pumps 2

Pump Type Centrifugal

Drive Unit Constant Speed Induction Motor

Flow Rate 545.1 m3/hr

NPSH Available 13.0 m

Heat Exchangers

Number of units

Heat Removal Capacity

Seismic

Heat Exchanger Type

Maximum Pressure (tube side)

Performance Data

(1) Flow (tube side)

(2) Flow (shell side)

(3) Design Inlet Temp (tube side)

(4) Maximum Inlet Temp (shell side)

2

9.6 MW (at design conditions)

Category II design and analysis

Shell & Tube

2.0 Mpag

545.1 m3/hr

545.1 m3/hr

48.90 C

35.0°C

Heat Balance Summary

During normal operation, the FAPCS is required to maintain the SFP at or below 48.90C
with 20 years of spent fuel accumulation (10 refueling outages) and with the ability to
withstand a single failure.

In a scenario where the SFP contains 20 years of spent fuel + a full core offload, the
FAPCS is required to maintain the SFP at or below 60°C, and a single failure need not
be considered.
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The heat load data provided in the analyses in References 1, 2, and 3 can be used to
determine the bounding heat removal requirements of the FAPCS:

Max heat load from 10 years of 7spentfuel:7.63 MW Reference 2, Table 3

Max heat load from 20 years of 83 W Rfrne
spent fuel:
Max heat load from 20 years of 18.0 MW Reference 2, Table 6
spent fuel plus 1 full core offload & Reference 3

As described above, one train of the FAPCS is capable of removing 9.6 MW at its
design conditions. Two trains are capable of removing 19.2 MW at their design
conditions. Therefore the most limiting heat load conditions in the SFP can be
accommodated by the FAPCS.

DCD Impact

DCD Tier 2 will be updated by adding Table 9.1-8 as shown in the attached markup.
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NRC RAI 9.1-19

DCD Tier 2, Section 9.1.3 states that the FAPCS is designed to provide post accident
recovery (defense-in-depth) functions of suppression pool cooling, low pressure coolant
injection drywell spray, and alternate shutdown cooling, which all take suction from the
suppression pool. Section 9.1.3 also states that the SFP cooling mode of the FAPCS
may be initiated following an accident to cool the SFP for accident recovery. Describe
how adequate net positive suction head is assured for these functions, consistent with
the guidance of SRP Section 6.2.2, Revision 4 October 1985, assuming the respective
pool is at saturation temperature for the pressure at its surface.

GHNEA Response

The FAPCS pumps are located approximately 14 meters below the bottom of the
suppression pool, which is significantly higher available NPSH than exists for pumps
performing these same functions in most BWRs. When the detailed pump design is
performed, the available NPSH will be taken into account.

No changes will be made to the DCD as a result of this RAI.

NRC RAI 9.1-19 S01

Supplement received via e-mail dated 5/3/07 from L. Quinones (NRC) to P. Jordan
(GHNEA):

The response is insufficient to meet 10 CFR 52.47 which requires the application to
include performance requirements and design information sufficiently detailed to permit
the preparation of acceptance and inspection requirements by the NRC, and
procurement specifications and construction and installation specifications by an
applicant. Provide a NPSH analysis, as requested.

GHNEA Response

Most of the FAPCS functions are nonsafety-related and an NPSH analysis for all
operating modes is performed as part of the detailed design as required by the ITAAC in
DCD Tier 1 Table 2.6.2-1 item 4.

The FAPCS modes that are classified as RTNSS can be shown to have more than
adequate NPSH based on the following rationale:

The RTNSS functions of Low Pressure Coolant Injection (LPCI) and Suppression Pool
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Cooling (SPC) take suction from the Suppression Pool and either return to the
suppression pool or discharge to a depressurized RPV. The floor of the Suppression
Pool is located approximately 16.3m above the floor of the FAPCS pump room. To
account for the elevation of the pump nozzle centerline above the floor, a difference of
15m is assumed. A comparison between the FAPCS pump and any other pump in an
existing plant operating at conditions similar to those found in LPCI or SPC mode show
that an NPSH on the order of 3m to 5m is sufficient to deliver a comparable flow rate.
Therefore, because the provided NPSH (15m) bounds the required NPSH by such an
excessive margin, adequate NPSH is assured.

DCD Impact

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

NRC RAI 9.1-19 S02

In its response to RAI 9.1-19 301 the applicant provided a rationale to demonstrate that
sufficient net positive suction head will be available to the FAPCS pumps when
performing its low pressure injection and suppression pool cooling functions. However,
the applicant did not provide an actual analysis for FAPCS. Since the applicant has not
provided the performance criteria for FAPCS pumps, the staff is unable to perform an
independent analysis. The NPSH required for these functions must be known in order
to conclude that the pumps will be successful in performing the functions that are
assumed in the PRA. Provide the calculations to demonstrate adequate NPSH to the
FAPCS pumps.

GEH Response

The minimum amount of NPSH required for FAPCS pump operation should be based
on the more limiting of the suction sources (suppression pool and surge tanks).

NPSH = HATM + Hs - HVAP - HF

where:

HATM = Atmospheric Head

Hs = Static Head

HVAP = Vapor Pressure Head

HF = Max Frictional Head
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It will be assumed that the air space above the suppression pool and surge tanks is
atmospheric.

HATM = 10.78m

The surge tanks are located at an elevation of 4500 (coincident with the floor of the
suppression pool). Because the low level set point in the surge tanks has not yet been
determined, it will be conservatively assumed that the minimum water elevation is also
4500. The floor of the FAPCS pump room is at elevation -11500. The centerline of the
pump suction is assumed to be 1 m above the floor (elevation -10500).:

Hs = 4.5 - (-10.5) = 15.Om

Although during normal operation, the water temperature will be in the 500C range, it
could rise to 100CC during accident conditions. Therefore, the most limiting case will be
assumed.

HVAP = 10.78m

The suppression pool suction line will draw using only one train (545.1 m3/hr) through

10" schedule 80 pipe. The corresponding flow area is:

OD = 10.75"

Wall = 0.593"

ID = 10.75 - 0.593*2 = 9.564" (0.243m)

Flow Area = 3.14*9.5642/4 = 71.8 in2 = 4.63E-2 M 2 .

The average flow velocity is therefore:

545.1 m3/hr/4.63E-2 m2 = 11800 m/hr = 3.28 m/sec

The corresponding Reynolds number is:

Re = D * v * P / Pe

where:

D = diameter

v = velocity

p = water density at 10000 = 958 kg/m 3

Ple = viscosity at 1000C = 2.78E-4 Pa-sec

so,

Re = 0.243 * 3.28 * 958/2.78E-4 = 2.75E6
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The surge tank suction line can draw using both trains (1090 M3/hr) through 14"
schedule 80 pipe. The corresponding flow area is:

OD = 14.00"

Wall = 0.750"

ID = 14.00 - 0.750*2 = 12.5" (0.318m)

Flow Area = 3.14*12.52/4 = 122.7 in2 = 7.92E-2 M2 .

The average flow velocity is therefore:

1090 M3/hr / 7.92E-2 m2 = 13800 m/hr = 3.83 m/sec

The corresponding Reynolds number is:

Re = 0.318 * 3.83 * 958/2.78E-4 = 4.20E6

Typically, the friction losses are determined from the flow rates calculated above along
with the pipe length, number of elbows, valves, strainers, etc. However, the pipe routing
has not yet been defined for the FAPCS suction lines. The separation between the
surge tanks and the FAPCS pumps is roughly 28 m horizontal and 15m vertical with
three gate valves in each flow path. Therefore it will be conservatively assumed that the
total length is 100m to account for any uncertainty including elbows and valves.

According to Crane, a segment of new clean steel pipe has a roughness of 0.00015 ft.
Using Moody's conversion chart, the corresponding friction factor is based on this
roughness and the Reynolds number.

The difference between surge tank and suppression pool suction is not significant. Both
are roughly equivalent to f = 0.0035.

Finally, the friction loss term is estimated conservatively by the following correlation:

Suppression Pool: HF = f * (L/D) * v2/2g

= 0.0035 * (100/0.243) * 3.282/9.8

= 1.58 m

Surge Tanks: HF = 0.0035 * (100/0.318) * 3.832/9.8

= 1.65 m

for conservatism, the friction loss factor shall be rounded up to:

HF = 2.0 m

Therefore, the NPSH available to the FAPCS pumps under the most limiting
circumstances is estimated to be:

NPSH = 10.78 + 15.0 - 10.78- 2.0 = 13.Om
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DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 9.1-20

DCD Tier 2, Section 9.1.3 states that the FAPCS is designed to provide post accident
recovery (defense-in-depth) functions of suppression pool cooling, low pressure coolant
injection drywell spray, and alternate shutdown cooling, which all take suction from the
suppression pool. Describe the water flow rate and heat removal capacity to perform
these defense-in-depth functions, how those values are determined, and how the
FAPCS will be designed and tested to provide those flow rates and heat removal
capacities.

GE Response

The FAPCS is not required to satisfy any flow rate or heat removal requirement for the
functions described in the question. The FAPCS functions of suppression pool cooling,
low pressure injection, drywell spray, and alternate shutdown cooling are non-essential
to plant safety, and no credit is taken for them in any safety analysis. Therefore the
FAPCS provides these functions to the extent it has available capacity, but it is not
specifically designed to perform these functions.

The FAPCS is designed for SFP cooling based on the requirements of URD'Volume Ill,
Chapter 7, Section 2.2.2.3. This is the available capacity used to perform the defense-
in-depth functions.

No changes will be made to the DCD as a result of this RAI.

Supplement received via e-mail dated 5/3/07 from L. Quinones (NRC) to P. Jordan
(GEH):

NRC RAI 9.1-20 S01

The response is insufficient. The Chapter 19 PRA credits the FAPCS in performing
certain functions (e.g., low pressure injection and suppression pool cooling). Provide the
basis for concluding that successful actuation of the assumed number of FACPS trains
is adequate to satisfy PRA success criterion for the respective coolant injection and
heat removal functions.

GE Response

Neither low pressure injection or suppression pool cooling are credited by the safety
analysis, however, they are considered in the PRA under certain scenarios (see DCD
Tier 2 Subsection 19A.8.4.8):
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In a scenario where passive containment cooling is not removing decay heat,
suppression pool cooling is considered as a backup. The success criterion for
suppression pool cooling is that a single train of the FAPCS be capable of removing
core decay heat at a rate that prevents the containment from exceeding its design
pressure. A single FAPCS train (sized for the function of spent fuel pool cooling as
described in Subsection 9.1.3) is sufficient to achieve this criterion.

In a scenario in which the Gravity Driven Cooling System (GDCS) is not providing
makeup water to the reactor, the low pressure injection function of FAPCS is considered
as a backup. The success criterion for low pressure injection is that a single train of the
FAPCS is capable of pumping water from the suppression pool to the reactor at a rate
of 340 m3/hr when the differential pressure is 1.03 MPa (150 psi).

DCD Impact

DCD Tier 2, Subsection 9.1.3, is to be updated for Revision 4 as shown in the attached
markup.

NRC RAI 9.1-20 S02

In its response to RAI 9.1-20 S30 the applicant stated that a single train of FAPCS is
sufficient to perform the suppression pool cooling function. However, the applicant did
not provide the performance requirements nor was a method provided for calculating
them. The staff is unable to perform an independent analysis. Provide calculations
demonstrating that a single train of FAPCS is able to perform the RTNSS functions
credited in the PRA.

GEH Response

The FAPCS ability to meet the PRA success criteria is documented in the MAPP runs
contained in Reference 4. The case for LPCI is titled "VLF 3 Cases" and the case for
SPC is titled "WL".

DCD Impact

No DCD changes will be made in response to this RAI.
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GEH Proprietary Calculations & Analyses

Ref #
1)
2)
3)

4)

Title
ESBWR Spent Fuel Pool Decay Heat
ESBWR Spent Fuel Pool Decay Heat Part II
Supplement for 20-Year Spent Fuel Storage
Capacity
PRA MAPP Runs

eDRF Section
0000-0036-0326
0000-0040-6730

0000-0055-4699 R1
0000-0050-3247

ile 0000-0050-4172neF



ESBWR
26A6642AY Rev. 05

Design Control Document/Tier 2

Table 9.1-8
Design Parameters for FAPCS System Components

Main Pumps

Number of Pumps 2

Pump Type Centrifugal

Drive Unit Constant Speed Induction Motor

Flow Rate 545.1 m3/hr

NPSH Available 13.0 m

Heat Exchangers

Number of units

Heat Removal Capacity

Seismic

Heat Exchanger Type

Maximum Pressure (tube side)

Performance Data

(1) Flow (tube side)

(2) Flow (shell side)

(3) Design Inlet Temp (tube side)

(4) Maximum Inlet Temp (shell side)

2

9.6 MW (at design conditions)

Category II design and analysis

Shell & Tube

2.0 Mpag

545.1 m3/hr

545.1 m3/hr

48.90C

35.0°C


