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U.S. Nuclear Regulatory Commission
Document Control Desk
Washington, D.C. 20555-0001

Subject: Response to Portion of NRC Request for Additional Information
Letter No. 54 -Auxiliary Systems- RAI Number 9.1-4 S01

Enclosure 1 contains GEH's response to the subject NRC RAI transmitted via Reference
1 which is a supplemental request to the RAIs transmitted via Reference 2. The original
RAI response was submitted to the NRC via Reference 3.

If you have any questions or require additional information regarding the information
provided here, please contact me.

Sincerely,

/-ýý -4ý A,--
James C. Kinsey
Project Manager, ESBWR Licensing
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Reference:
1. E-mail dated May 3, 2007, from L. Quinones (NRC) to P. Jordan (GEH).
2. MFN '06-302, Letter from U.S. Nuclear Regulatory Commission to David H.

Hinds, Request for Additional Information Letter No. 54 Related to the ESBWR
Design Certification Application, August 23, 2006.

3. MFN 06-309, Letter from GE to U.S. Nuclear Regulatory Commission, Response
to Portion of NRC Request for Additional Information Letter 54 Related to
ESBWR Design Certification Application - Auxiliary Systems - RAI Numbers
9.1-1 through 9.1-26 and Amended Response to RAT Number 2.4-23 from NRC
RAI Letter 32, September 8, 2006.

Enclosure:
1. MFN 06-309, Supplement 4 - Response to Portion of NRC Request for

Additional Information Letter No. 54 - RAI Numbers 9.1-4.

cc: AE Cubbage U
BE Brown G
LE Fermern G
GB Stramback G
eDRF: 0000-0069-9382

SNRC (with enclosure)
EH/Wilmington (with enclosure)
EH/San Jose (with enclosure)
EH/San Jose (with enclosure)
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Response to Portion of NRC Request for
Additional Information Letter No. 54

Related to ESBWR Design Certification Application

Auxiliary Systems

RAI Number 9.1-4 SO0
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For historical purposes, the original text and GE responses to RAI 9.1-4 is included.

NRC RAI 9.1-4::

DCD Tier 2, Section 9.1.2.4 states that the racks include individual solid tube storage
compartments, which provide lateral restraints over the entire length of the fuel assembly or
bundle, and lead-in guides at the top of the storage spaces provide guidance of the fuel during
insertion.

The guidance of SRP 9.1.2, Revision 3, July 1981, Criterion II. 2.b states that the storage racks
should be designed such that a fuel assembly cannot be inserted anywhere other than in a design
location. Clarify how the rack design precludes storage offuel in unanalyzed locations.

GE Response:

There are no unanalyzed locations within a fuel rack or array of fuel racks.

Individual racks are spaced less than one fuel assembly apart so that a fuel assembly cannot be
inserted between racks. In the event that a fuel assembly is lowered adjacent to an exterior rack,
this configuration is analyzed.

There are no identified DCD changes.

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

NRC RAI 9.1-4 SO1:

Response is acceptable, however, this information should be included in the DCD.

GEH Response:

Information contained in the response to RAI 9.1-4 is to be included in DCD Tier 2, Revision 4,
Subsection 9.1.2.

DCD Impact:

DCD Tier 2, Subsection 9.1.2 is to be revised in Revision 4 as noted in the attached markup
page.



26A6642AY Rev. 4
ESBWR Design Control Document/Tier 2

9.1.2 Spent Fuel Storage

9.1.2.1 Design Bases

9.1.2.2 Nuclear Design

A full array in the loaded spent fuel rack is designed to be sub-critical by at least 5% Ak/k.
Neutron-absorbing material, as an integral part of the design, is employed to assure that the
calculated leff, including biases and uncertainties, does not exceed 0.95 under all normal and
abnormal conditions.

Monte Carlo techniques are employed in the calculations performed to assure that keff does not
exceed 0.95 under all normal and abnormal conditions.

The storage array is assumed to be infinite in all directions. No credit is taken for neutron
leakage, therefore, the values reported as effective neutron multiplication factors are, in reality,
infinite neutron multiplication factors.

The biases between the calculated results and experimental results, as well as the uncertainty
involved in the calculations, are taken into account as part of the calculative procedure to assure
that the specific keff limit is met.

9.1.2.3 Storage Design

The fuel storage racks provided in the Spent Fuel Pool in the Fuel Building provide for storage
of irradiated fuel assemblies resulting from 10 calendar years of plant operation plus one full
core off load. The fuel storage racks in the Reactor Building buffer pool deep pit can hold a
minimum of 154 spent fuel assemblies.

9.1.2.4 Mechanical and Structural Design

The spent fuel storage racks in the Reactor Building buffer pool and in the Spent Fuel Pool in the
Fuel Building contain storage space for fuel assemblies (with channels) or bundles (without
channels). A standard dynamic analysis using the appropriate response spectra is performed to
demonstrate compliance to design requirements. They are designed to withstand all credible
static and seismic loadings. The racks are designed to protect the fuel assemblies and bundles
from excessive physical damage which may cause the release of radioactive materials in excess
of 10 CFR 20 and 10 CFR 100 requirements, under normal and abnormal conditions caused by
impact from fuel assemblies, bundles or other equipment.

The Spent Fuel Pool and buffer pool are reinforced concrete structures with a stainless steel liner.
Fuel storage racks and pool liner embedments are designed to meet Seismic Category I
requirements. Pool liner and anchorage are designed to the same loads and load combinations as
the pool concrete structure in accordance with Table 3.8-15, except that load factors for all cases
are equal to 1.0, and the acceptance criteria follow ASME Section III, Division 2, CC-3700.
Pool liners will be evaluated to ensure structural integrity under fuel handling accidents. The
bottoms of the pool gates are higher than the minimum water level required over the spent fuel
storage racks to provide adequate shielding and cooling. Pool fill and drain lines enter the pool
above the safe shielding water level. Redundant anti-siphon vacuum breakers are located at the
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high point of the pool circulation lines to preclude a pipe break from siphoning the water from
the pool and jeopardizing the safe water level.

The racks include individual solid tube storage compartments, which provide lateral restraints
over the entire length of the fuel assembly or bundle. The weight of the fuel assembly or bundle
is supported axially by the rack fuel support. Lead-in guides at the top of the storage spaces
provide guidance of the fuel during insertion. There are no unanalyzed locations within a fuel
rack or array of fuel racks. Individual racks are spaced less than one fuel assembly apart so that
a fuel assembly cannot be inserted between racks. In the event that a fuel assembly is lowered
adjacent to an exterior rack, this configuration is analyzed.

Materials used for construction are specified in accordance with the latest issue of applicable
ASTM specifications. The racks are constructed in accordance with a quality assurance program
that ensures the design, construction, and testing requirements are met.

The structural integrity of the rack is demonstrated for the loads and load combinations described
below using linear elastic design methods.

The applied loads to the rack are as follows:

* Dead loads-weight of rack and fuel assemblies plus the hydrostatic loads;

* Live loads--effect of lifting an empty rack during installation;

* Thermal loads-effects caused by pool temperature changes occurring as a result of
normal operating or abnormal conditions, as applicable;

* Seismic loads;

" Fuel drop load-effect of an accidental drop of the heaviest fuel assembly or bundle from
the maximum possible height; and

* Stuck fuel load-upward force on the rack caused by a postulated stuck fuel assembly.

The load combinations considered in the rack design are as follows:

* Dead plus live loads;

* Dead plus live plus thermal loads

* Dead plus live plus thermal plus stuck fuel loads;

* Dead plus live plus thermal plus seismic loads; and

* Dead plus live plus fuel drop loads;

Stress analyses are performed by classical methods based upon shears and moments developed
by the dynamic method. Using the given loads, load conditions and analytical methods, stresses
are calculated at critical sections of the rack and compared to acceptance criteria referenced in
ASME Code Section III, Subsection NF. In addition, the design of the spent fuel storage racks
and associated support structures meet the requirements of Appendix D to SRP 3.8.4.
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9.1.2.5 Thermal-Hydraulic Design

During normal operation the fuel storage racks are designed to provide sufficient natural
convection coolant flow through the rack and fuel to remove decay heat without reaching
excessive water temperatures (100°C; 212 0F).

In the spent fuel storage pool, the bundle decay heat is removed by FAPCS recirculation flow to
maintain the pool temperature below 48.9°C (120'F) during normal conditions.

A thermal-hydraulic analysis to evaluate the rate of naturally circulated flow and the maximum

rack exit temperature will be performed. See Subsection 9.1.6 for COL information.

In the event of loss of FAPCS cooling trains boiling can occur, see Subsection 9.1.3.2. The
structural acceptance criteria for the fuel storage racks is that the storage rack design shall not
exceed the allowable stress levels given in the ASME B&PV Code, Section III, Subsection NF
during boiling.

9.1.2. 6 Material Considerations

Structural material used in the fabrication of the fuel storage racks is in accordance with the
latest issue of the applicable ASTM specification at the time of equipment order. Materials are
chosen for their corrosion resistance and their ability to be formed and welded with consistent
quality.

The storage tube material is permanently marked with identification traceable to the material
certifications. The fuel storage tube assembly is compatible with the environment of treated
water and provides a design life of 60 years.

9.1.2.7 Facilities Description (Spent Fuel Storage)

There are two separate areas for storage of spent fuel assemblies. These are in a separate deep
pit area in the buffer pool in the Reactor Building and in the Spent Fuel Pool in the Fuel
Building.

Spent fuel storage racks in the buffer pool area provide storage in the Reactor Building Spent
Fuel Pool for spent fuel received from the reactor vessel during the refueling operation. The
amount to be stored is equal to the amount of fuel that may be removed and subsequently
returned to the RPV during a typical fuel shuffling activity. The deep pit for the storage of spent
fuel in the rack is designed such that the depth of the cavity allows the fuel to be placed in the
rack with sufficient margin below the rack for natural convection cooling to occur and that the
top of the active fuel remains below the top of the cavity. The spent fuel storage racks are top
entry racks designed to preclude the possibility of criticality under normal and abnormal
conditions.

Spent fuel storage racks in the Spent Fuel Pool area provide storage in the fuel building Spent
Fuel Pool for spent fuel received from the reactor vessel resulting from ten calendar years of
operation plus one full core offload of fuel. The cavity for the storage of spent fuel in the rack is
designed such that the depth of the cavity allows the fuel to be placed in the rack with sufficient
margin below the rack for natural convection cooling to occur and that the top of the active fuel
remains below the top of the cavity. The spent fuel storage racks are top entry racks designed to
preclude the possibility of criticality under normal and abnormal conditions.
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On a complete loss of the FAPCS active cooling capability and under the condition of maximum
heat load associated with 20 years of fuel storage and a full core off load, sufficient quantity of
water is available in the Spent Fuel Pool above the top of active fuel (TAF) level to allow boiling
for 72 hours and still have the TAF submerged under water.

9.1.2.8 Safety Evaluation

Criticality Control

The spent fuel storage racks are designed to assure that the fully loaded array is sub critical by at
least 5% Ak/k.

Monte Carlo techniques are employed in the calculations performed to assure that keff does not
exceed 0.95 under all normal and abnormal conditions.

The assumption is made that the storage array is infinite in all directions. Because no credit is
taken for neutron leakage, the values reported as effective neutron multiplication factors are, in
reality, infinite neutron multiplication factors.

The biases between the calculated results, experimental results, and the uncertainty in the
calculation, are taken into account as part of the calculative procedure to assure that the specific
keff limit is met.

Structural Design and Material Compatibility Requirements:

* The support structure allows sufficient pool water flow for natural convection cooling of
the stored fuel and allows the rack material temperatures to stay within limits.

* The racks include individual solid tube storage compartments, which provide lateral
restraints over the entire length of the fuel assembly or bundle.

* The racks are fabricated from materials used for construction and are specified in
accordance with the latest issue of applicable ASTM specifications at the time of
equipment order.

* The racks are designed to withstand the impact force generated by the vertical free-fall
drop of a fuel assembly and its handling tool from the maximum height expected during
normal fuel handling.

* The rack is designed to withstand a pull-up force in the event a fuel assembly should jam.

* The fuel storage pools have adequate water shielding for the stored spent fuel. See
Subsection 9.1.3.

NRC Regulatory Guide 1.13 is applicable to spent fuel storage facilities. The Reactor Building,
which contains the fuel storage facilities, including the storage racks and pool, is designed to
protect the fuel firom damage caused by:

* Natural events such as earthquake, high winds and flooding; and

* Mechanical damage caused by dropping of fuel assemblies, bundles, or other objects onto
stored fuel.

Summary of Radiological Considerations
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By adequate design and careful operational procedures, the design bases of the spent fuel storage
arrangement are satisfied. Thus, the exposure of plant personnel to radiation is maintained well
below published guideline values. Further details of radiological considerations, including those
for the spent fuel storage arrangement, are presented in Chapter 12.


