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SUBJECT: Clarifications Requested by NRC Staff on Economic Simplified Boiling
Water Reactor Fuel Design

The purpose of this letter is to submit clarifying information, per NRC staff request, related to
the seismic design of the Economic Simplified Boiling Water Reactor (ESBWR) fuel a-
discussed in the ESBWR Design Control Document, submitted on December 2, 2010, Reference
1. This information was discussed with the staff during audits on August 5 and September 8,
2011 in the NPOC offices.

Please note that Enclosure 2 contains proprietary information of the Type that GEH maintains in
confidence and withholds from public disclosure. The information has been handled and
classified as proprietary to GEH as indicated in its affidavit, Enclosure 3. Enclosure 1' is the non-
proprietary version of Enclosure 2. Because Enclosure 2 contains GEH proprietary information
as defined under 10 CFR 2.390, GEH requests that information be withheld.

Please contact me if you have any questions regarding this request.

Sincerely,

Jerald G. Head
Senior Vice President, Regulatory Affairs

No commitments are made in this letter or its enclosures.

-b lo(DI&



MFN 11-204
Page 2
September 23, 2011

References
1. MFN 10-352, Richard Kingston to US NRC, ESBWR Standard Plant Design Certification

Application Design Control Document, Revision 9, Tier 1 and Tier 2 dated December 2,
2010

Enclosures
1. GEH Information "ESBWR Spent Fuel Seismic Qualification" Containing Public

Information
2. GEH Proprietary Information, "ESBWR Spent Fuel Seismic Qualification" Class III

(Confidential). Withhold from public disclosure under 10 CFR 2.390.
3. Affidavit, dated September 23, 2011

CC: G Wunder, (NRC) (with enclosures)
S Joseph, (NRC) (with enclosures)
MJ Colby, (GEH) (with enclosures)
H. Madronero, (GEH) (with enclosures)
PM Yandow, (GEH) (with enclosures)



MFN 11-204

ENCLOSURE 1

GEH Information "ESBWR Spent Fuel Seismic Qualification"

NON-PROPRIETARY INFORMATION NOTICE

This enclosure contains a non-proprietary version of Enclosure 2 which has the proprietary
information removed. Portions of the document that have been removed are indicated by an
open and closed bracket as shown here [[

Important Notice Regarding the Contents of this Document Please Read Carefully

The information contained in this document is furnished as reference to the NRC Staff for the
purpose of obtaining NRC approval of the ESBWR Certification and implementation. The only
undertakings of GE Hitachi Nuclear Energy (GEH) with respect to information in this document
are contained in contracts between GEH and participating utilities, and nothing contained in this
document shall be construed as changing those contracts. The use of this information by anyone
other than for which it is intended is not authorized; and with respect to any unauthorized use,
GEH makes no representation or warranty, and assumes no liability as to the completeness,
accuracy, or usefulness of the information contained in this document.
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1. Purpose

This response demonstrates the seismic adequacy of spent fuel stored in spent fuel storage
racks at ESBWR plants when subjected to a design basis safe shutdown earthquake (SSE).
The NRC Standard Review Plan Section 3.8.4, Appendix D, provides guidance related to spent
fuel racks and fuel integrity during storage in the racks. For the reasons explained herein,
results show that the stored spent fuel at ESBWR plants can withstand seismic loads and will
maintain integrity in the spent fuel racks during seismic events. This analysis looks
specifically at the seismic response of spent fuel while it is stored in the fuel storage racks
(FSR) located in both the spent fuel pool (SFP) and buffer pool deep pit. The buffer pool deep
pit is only used to temporarily store activated fuel during refueling outages. In order to
determine the seismic adequacy of the fuel, the models used to qualify the FSR were
subjected to further post processing in order to extract the peak acceleration of the fuel [[

]]. Cases from NEDO-33373 (Reference 1) were
examined. Cases 1 and 2 of the SFP analysis are limiting in the horizontal direction. The
analysis for the FSR in the deep pit buffer pool is limiting in the vertical direction.

Using the methodology stipulated in NEDE 21175-3-P-A, (Reference 2) for in core fuel, the
seismic adequacy of the fuel in the storage racks was determined. This analysis shows that
GE14E is suitable for use in the ESBWR Fuel Storage Racks. Seismic adequacy of the fuel is
determined by showing that the peak acceleration within the fuel is below the allowable as
outlined in Reference 2. The results from this analysis are contained in Table 1.

2. Background

Requirements placed on GNF fuel bundles for seismic loading in the reactor core are
instructive for considering the performance of fuel bundles in the fuel storage racks; though
not all in-core requirements are relevant for storage rack conditions. Given that, the ability of
the fuel to withstand seismic loads while in the storage racks means the fuel maintains
geometry of the fissile material to within evaluated parameters, maintains a bundle
structure that allows removal of decay heat from the bundle at the prescribed rate, and
maintains encapsulation of fission products.

These requirements are a less stringent subset of the seismic requirements placed on the
fuel as it resides in the reactor core because in the core there is also the consideration of not
restricting the operation of the control rods. Furthermore, in the buffer pool the fuel would
not be subjected to additional Loss of Coolant Accident (LOCA) thermal and pressure
transient loads since racks in the buffer pool deep pit are only used during outages. For fuel
in the spent fuel pool, a LOCA would not result in thermal or pressure transient loads
because the spent fuel pool is not within the same building. Any LOCA induced vibratory
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loads through the base mat would be much less than for the fuel in the core because of its
physical isolation from the containment vessel.

3. Fuel Storage Rack Geometry

The geometry and orientation of the fuel bundles in the FSR closely resembles that of the in
core fuel configuration. The fuel rack base which engages the lower tie plate closely
matches the configuration of the in-core fuel support. The side walls of the FSR are made of
borated stainless steel plates that are thinner than the upper portion of the rack, which is
made from thicker stainless steel in order to provide structural rigidity. The thicker structural
stainless steel at the top of the FSR engages the fuel bundle in a similar fashion as the top
guide does in the in-core configuration.

The 7mm thick structural stainless steel plates at the top of the FSR allow for a gap of 10 mm
between the fuel bundle and the top of the FSR on each side. In the central portion of the
fuel bundle, the 3.4 mm borated stainless steel sides allow for a gap of approximately 12mm
on each side. 20 mm thick stainless steel plate is used for the support base and reinforcing
stiffener plates. See Figure 1.

4. Fuel Storage Rack Seismic Model

As stated in Reference 1, a [[ ]] model of the FSR and fuel bundle
was created in order to perform a time history analysis. The fuel bundle was modeled as a
continuous beam with gap elements at both the top and bottom of the bundle. An element
damping value of 4% was used for both the FSR and the fuel bundles. A damping value of
4% is appropriate for the FSR per Reg. Guide 1.61, as the FSR is made of welded steel.
However, applying a damping value of 4% to the fuel is extremely conservative. GEH design
criterion (Reference 8) states 6% damping is to be used for fuel bundle analysis. Figure A-43
of Reference 1, Figure 2 of this document, shows a graphical representation of the ANSYS
1l 1] model used for this analysis.

5. Physical Response of Fuel

For ESBWR fuel (as for all earlier BWR plants) the component most responsible for fuel
bundle integrity under seismic loads, generated by the acceleration of the fuel mass within
the core, is the [[

]]. in the core, the [[ ]] limits the
horizontal movement of the fuel bundle and assures operation of the control rods within
specified performance limits. The seismic ground movement can also induce vertical loads.
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These accelerations transmit the fuel mass primarily through the lower tie plate when the
fuel is lifted from its seat and then falls back down to its original seated position.

As stated above, the physical configuration of the fuel in the FSR closely resembles that of
the in-core condition. However, even though the actual geometry is very similar, the manner
in which the fuel is constrained within the two models is different. [[

]]. A [[ ]] model of
the GE14E fuel was created in order to determine the approximate natural frequency of
GE14E fuel. The natural frequency was calculated for a range of temperatures between 60
'C and 288 °C which correspond to the fuel pool and in-core temperatures. The natural
frequency of GE14E fuel under these conditions was determined to be approximately Ul

]] with the natural frequency increasing as temperature decreases. Therefore, the fuel
bundle is most susceptible to low frequency input, which will result in the highest bending
moments within the fuel bundle at the mid-point of the bundle.

The FSR model did not constrain the fuel at the [[ I] as the in-core
models do. Instead the FSR model utilized gap elements between the top of the fuel bundle
and the top of the FSR as well as gap elements between the fuel lower tie plate and its
engagement point on the bottom of the FSR. In modeling the fuel in this fashion the fuel
behaves both rigidly and elastically depending upon whether or not the gap elements are
open or closed.

When the gap elements are open, the fuel is allowed to rotate freely about its base, and thus
the top of the bundle is essentially moving back and forth in the ± 10mm gap between the
top of the fuel and FSR. Because of this rigid body rotation, the maximum acceleration in the
bundle is actually produced at the top of the bundle. However, this motion does not equate
to significant bundle stresses, due to the fact that there is no deformation within the fuel
bundle. When contact is made at the top of the fuel bundle, this force is transmitted
[ 1]] in the lateral

direction. Furthermore, because the U[ I], it absorbs
the majority of the load.

When the gap elements close and the top of the fuel makes contact with the top of the FSR
the fuel is essentially constrained [[

]]. The top of the bundle is supported by the thicker structural member of the FSR.
Once contact is made the inertia of the fuel bundle causes the fuel bundle to deform in a
manner consistent with the bending of a simply supported beam.
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Figure 3 contains a plot of the top and midpoint of the fuel relative to the fuel base, and
demonstrates this motion. As the top of the bundle displaces 10 mm in reference to the
base of the fuel it stops and is constrained by the FSR, [[

]]. The top of the fuel can deflect greater than 10 mm in the global coordinate
system, due to the overall displacement and distortion of the FSR structure during a seismic
event.

6. Peak Fuel Accelerations

To determine the peak seismic accelerations of the fuel in the FSRs located in the spent fuel
and buffer pools, the ESBWR fuel rack analysis documented in NEDO-33373 "Dynamic, Load-
Drop and Thermal-Hydraulic Analyses for ESBWR Fuel Racks," was subjected to further
processing to extract the displacement and acceleration time histories in the representative
GE14E fuel [[ ]]. The data comes from the same
analysis cases documented in the NEDO-33373 report.

It should be noted that the impact forces given in NEDO-33373, and shown in Figure 4, are
impulse loads acting at a frequency of approximately El I]. This frequency was
determined by taking the [[ ]] shown in Figure 4.
Inputs in this frequency range do not lead to significant stresses, because peak stresses are
a result of deformations in the fuel bundle. By definition, higher mode excitations
corresponding to higher frequency inputs result in smaller deformations in the fuel bundle.
E[

Therefore, the peak acceleration of El ]] the fuel bundle produces the limiting
loads in the horizontal direction. The fuel is extremely stiff in the vertical direction and
therefore it responds in a semi-rigid manner. Because of the rigidity in the vertical direction
the peak acceleration is examined at the El ]] of the fuel. The
maximum acceleration of these [[ ]] locations is then used. Table 1 contains a
summary of the peak accelerations of the fuel bundle in both the spent fuel and buffer pool
deep pit.
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In order to add additional conservatism to the peak accelerations within the fuel bundle,

]].

7. Fuel Displacement Profile

In order to determine the location of the peak bending moment, and to compare the
response of the fuel in the FSR to the in-core condition the bending profile of the fuel was
examined. The relative displacements of the [[ ]] nodes representing the fuel bundle were
plotted for specific points in time. U[

]]. Therefore, the fuel in the bundle
behaves in accordance with the methodology outlined in NEDE 21175-3-P-A. Although the
particular bundle displacements examined are from the spent fuel pool cases, the
conclusion is equally applicable to both the Fuel Storage Racks located within the spent fuel
pool and buffer pool deep pit.

8. Fuel Peak Acceleration Limits in Fuel Storage Pools

Assessment of the fuel seismic capability is based on a comparison of the induced stresses
to a fraction of the material's ultimate strength, consistent with ASME guidelines. Therefore,
the corrected acceleration limits of Table 1 are determined by adjusting the design criteria
by the ratio of the ultimate strength at the pool temperature of 60 °C, defined as the limiting
abnormal condition pool temperature, over the ultimate strength at the operating, in-core
temperature of 288 °C. [[
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9. Fuel Seismic Evaluations

The fuel seismic evaluations are performed per the method stipulated in NEDE 21175-3-P-A.
As stated in that report, the material properties used to demonstrate that fracture will not
occur (and, hence, functional adequacy will be maintained) are the ultimate strength of the
material, the fatigue strength and the strain capability of the material.

The temperature effect on these material properties are important when considering the
performance of the fuel in the storage pools as opposed to the reactor core. With a pool
temperature of 60 0C versus a core temperature of 288 °C, the ultimate strength of the
structural Zircaloy material of the channels and spacer grids would be [[ I] higher than
in the core, as seen in the previous section. [[

]],
Reference 9; however the threshold to fatigue crack propagation is proportional to Young's
Modulus. Therefore at the cooler pool temperatures, with the associated higher Young's
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Modulus, fatigue crack propagation of the Zircaloy structural components is less likely to
occur.

Regarding the strain capability of the material, the total elongation at fracture will be lower
at the cooler temperature in the storage pools relative to the core. Additionally, Zircaloy
embrittlement due to hydrogen pickup must be considered. EU

]]. At end-of-life, irradiation hardened conditions, there is very little
margin between the Zircaloy yield and ultimate strengths. It is therefore clear that the
seismic loads in core are less than yield. This is also true in the storage pools where there is
significant design margin, as can be seen in Table 1. E[

I].

10. Fuel Seismic Qualification

10.1 Fuel Storage Rack: Spent Fuel Pool Qualification

Fuel acceleration values from the FSR in the spent fuel pool were compared to the adjusted
storage pool GE14 fuel acceptance criteria values that the longer GE14 fuel was qualified to.
For cases 1 and 2 the ESBWR horizontal acceleration values in the spent fuel pool were
found to be E[ ]] g. The maximum vertical accelerations for cases 1 and 2 were
determined to be significantly less than those in the buffer pool. This demonstrates
substantial analysis margin. Additional margin is realized when considering the maximum
allowable acceleration limit of [[ ]] for GE14 fuel that
represents material characteristics in the hot core in contrast to the much cooler
environment in the spent fuel pool, which allows for peak accelerations of [[

1] when factoring in the structural design ratios and temperature
compensation. EU

10.2 Fuel Storage Rack: Buffer Pool Deep Pit Qualification

Fuel acceleration values from the FSR in the Buffer Pool Deep Pit were compared to the
adjusted storage pool GE14 fuel acceptance criteria values used to qualify the longer GE14
fuel. The ESBWR peak acceleration values in the buffer pool deep pit were found to be
E[ ]] in the vertical direction versus the temperature and margin corrected peak
allowable acceleration of EU ]] in the vertical direction. U[
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11. Conclusion

The above discussion demonstrates that the GE14E fuel design meets and exceeds any
seismic conditions that it will be subject to in the spent fuel storage racks located in either
the spent fuel pool or the buffer pooi deep pit. ff I].
GE14E can be considered to be seismically qualified for SSE use in the spent fuel storage
racks for the ESBWR design.
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Figure-2: FSR Simplified Model (Reference 1)
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GE-Hitachi Nuclear Energy Americas LLC
AFFIDAVIT

I, Mark J. Colby, state as follows:

(1) I am Manager, New Plants Engineering, GE-Hitachi Nuclear Energy Americas LLC
("GEH"), have been delegated the function of reviewing the information described in paragraph
(2) which is sought to be withheld, and have been authorized to apply for its withholding.

(2) The information sought to be withheld is contained in MFN 11-204, "Clarifications
Requested by NRC Staff on Economic Simplified Boiling Water Reactor Fuel Design", dated
September 23, 2011. GEH proprietary information in Enclosure 2 is identified by a dottedunderline inside double square brackets. [[This sentence is an example..3 1 ]] Figures and large

equation objects containing GEH proprietary information are identified with double square
brackets before and after the object. In each case, the superscript notation 13 refers to Paragraph
(3) of this affidavit, which provides the basis for the proprietary determination.

(3) In making this application for withholding of proprietary information of which it is the
owner or licensee, GEH relies upon the exemption from disclosure set forth in the Freedom of
Information Act ("FOIA"), 5 USC Sec. 552(b)(4), and the Trade Secrets Act, 18 USC Sec. 1905,
and NRC regulations 10 CFR 9.17(a)(4), and 2.390(a)(4) for "trade secrets" (Exemption 4). The
material for which exemption from disclosure is here sought also qualify under the narrower
definition of "trade secret", within the meanings assigned to those terms for purposes of FOIA
Exemption 4 in, respectively, Critical Mass Energy Project v. Nuclear Regulatory Commission,
975F2d871 (DC Cir. 1992), and Public Citizen Health Research Group v. FDA, 704F2d1280
(DC Cir. 1983).

(4) Some examples of categories of information which fit into the definition of proprietary
information are:

a. Information that discloses a process, method, or apparatus, including supporting data and
analyses, where prevention of its use by GEH's competitors without license from GEH
constitutes a competitive economic advantage over other companies;

b. Information which, if used by a competitor, would reduce his expenditure of resources
or improve his competitive position in the design, manufacture, shipment, installation, assurance
of quality, or licensing of a similar product;

c. Information which reveals aspects of past, present, or future GEH customer-funded
development plans and programs, resulting in potential products to GEH;

d. Information which discloses patentable subject matter for which it may be desirable to obtain
patent protection.

The information sought to be withheld is considered to be proprietary ibr the reasons set forth in
paragraphs (`/)a. and (4)b. above.

(5) To address 10 CFR 2.390(b)(4), the in [bmmation sought to be withheld is being submittedl to
NRC in confidence. The information is of a sort customarily held in confidence by GEFI, and is
in fact so held. The information sought to be withheld has, to the best of my knowledge and
belief' consistently been held in confidence by GEH, n1o public disclosure has been nade, and it



is not available in public sources. All disclosures to third parties, including any required
transmittals to NRC, have been made, or must be made, pursuant to regulatory provisions or
proprietary agreements which provide for maintenance of the information in confidence. Its
initial designation as proprietary information, and the subsequent steps taken to prevent its
unauthorized disclosure, are as set forth in paragraphs (6) and (7) following.

(6) Initial approval of proprietary treatment of a document is made by the manager of the
originating component, the person most likely to be acquainted with the value and sensitivity of
the information in relation to industry knowledge, or subject to the terms under which it was
licensed to GEH. Access to such documents within GEH is limited on a "need to know" basis.

(7) The procedure for approval of external release of such a document typically requires review
by the staff manager, project manager, principal scientist, or other equivalent authority for
technical content, competitive effect, and determination of the accuracy of the proprietary
designation. Disclosures outside GEH are limited to regulatory bodies, customers, and potential
customers, and their agents, suppliers, and licensees, and others with a legitimate need for the
information, and then only in accordance with appropriate regulatory provisions or proprietary
agreements.

(8) The information identified in paragraph (2) is classified as proprietary because it contains a
detailed description, including the process and methodology, for the seismic qualification of
nuclear fuel. The development, reporting, evaluation and interpretations of the results was
achieved at a significant cost to GEH.

The development of the evaluation process, along with the interpretation and application of the
analytical results, is derived from the extensive experience database that constitutes a major GEH
asset.

(9) Public disclosure of the information sought to be withheld is likely to cause substantial harm
to GEH's competitive position and foreclose or reduce the availability of profitmaking
opportunities. The information is part of GEH's comprehensive BWR safety and technology
base, and its commnercial value extends beyond the original development cost. The value of the
technology base goes beyond the extensive physical database and analytical methodology and
includes development of the expertise to determine and apply the appropriate evaluation process.
In addition, the technology base includes the value derived from providing analyses done with
NRC-approved methods. The research, development, engineering, analytical and NRC review
costs comprise a substantial investment of time and money by GEH.

The precise value of the expertise to devise an evaluation process and apply the correct
analytical methodology is difficult to quantify, but it clearly is substantial.

GEH's competitive advantage will be lost if its competitors are able to use the results of the
GEH experience to normalize or verify their own process or if they are able to claim an
equivalent understanding by demonstrating that they can arrive at the same or similar
conclusions.



The value of this information to GEH would be lost if the information were disclosed to the
public. Making such information available to competitors without their having been required to
undertake a similar expenditure of resources would unfairly provide competitors with a windfall,
and deprive GEH of the opportunity to exercise its competitive advantage to seek an adequate
return on its large investment in developing and obtaining these very valuable analytical tools.

I declare under penalty of perjury that the foregoing affidavit and the matters stated therein are
true and correct to the best of my knowledge, information, and belief.

Executed on this 23nd day of September, 2011.

Mark J. Colby
Manager, New Plants Engineering

GE-Hitachi Nuclear Energy Americas LLC


