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October 15,2012

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, DC 20555

Entergy Operations, Inc.
P. O. Box 756
Port Gibson, MS 39150

Michael Perito
Vice President, Operations
Grand Gulf Nudear Station
Tel. (601) 437-6409

SUBJECT:

REFERENCE:

Dear Sir or Madam:

Response to Requests for Additional Information (RAJ) Set 36 dated
September 14,2012
Grand Gulf Nuclear Station, Unit 1
Docket No. 50-416
License No. NPF-29

NRC Letter, "Requests for Additional Information for the Review of the
Grand Gulf Nuclear Station, License Renewal Application," dated
September 14,2012 (GNRI-2012/00208) (TAC No. ME7493)

Entergy Operations, Inc is providing, in the Attachment, the response to the referenced Request
for Additional Jnformation (RAI).

There are no new commitments included in this letter.

If you have any questions or require additional information, please contact Christina L. Perino at
601-437-6299.

I declare under penalty of perjury that the foregoing is true and correct. Executed on the 15th
day of October, 2012.

Sincerely,

~
MP/jas

Attachment: (see next page)
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Attachment: Response to Requests for Additional Information (RAI)

cc: with Attachment

Mr. John P. Boska, Project Manager
Plant Licensing Branch 1-1
Division of Operating Reactor Licensing
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Mail Stop 0-8-C2
Washington, DC 20555

cc: without Attachment

Mr. Elmo E. Collins, Jr.
Regional Administrator, Region IV
U.S. Nuclear Regulatory Commission
1600 East Lamar Boulevard
Arlington, TX 76011-4511

U.S. Nuclear Regulatory Commission
ATTN: Mr. A. Wang, NRRlDORL
Mail Stop OWFN/8 G14
11555 Rockville Pike
Rockville, MD 20852-2378

U.S. Nuclear Regulatory Commission
ATTN: Mr. Nathaniel Ferrer NRRlDLR
Mail Stop OWFN/ 11 F1
11555 Rockville Pike
Rockville, MD 20852-2378

NRC Senior Resident Inspector
Grand Gulf Nuclear Station
Port Gibson, MS 39150
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The format for the Request for Additional Information (RAI) responses below is as follows. The
RAI is listed in its entirety as received from the Nuclear Regulatory Commission (NRC) with
background, issue and request subparts. This is followed by the Grand Gulf Nuclear Station
(GGNS) RAI response to the individual question.

RAI4.2.1-1a

Background. By letter dated July 25, 2012, the applicant responded to request for additional
information (RAI) 4.2.1-1, which addresses why the applicant did not identify the reactor vessel
neutron fluence calculation as a time-limited aging analysis (TLAA). The applicant stated that
the neutron fluence calculation is not a TLAA since, as a stand-alone analysis, it does not meet
the definition in 10 CFR 54.3(a). The applicant also stated that specifically, a neutron fluence
calculation does not "consider the effects of aging," which is the second element of the six
element definition of a TLAA in 10 CFR 54.3(a).

Issue. Since the neutron fluence analysis considers the accrual of neutrons on the vessel
surface as a function of the reactor operating power level, the neutron fluence analysis
considers the effects of aging (i.e., neutron embrittlement of the reactor vessel). The reactor
vessel neutron fluence analysis with time-limited assumptions is also integral to the neutron
embrittlement TLAAs for the reactor vessel (e.g., upper-shelf energy analysis and P-T limits
analysis). Therefore, the staff finds that the neutron fluence analysis should be identified as a
TLAA with an adequate TLAA disposition as addressed in 10 CFR Part 54.21 (c)(1 )(i), (ii) and
(iii).

Request.
a. Identify the reactor vessel neutron fluence analysis as a TLAA, based on the fact that the

neutron fluence analysis considers the accrual of neutrons on the vessel surface as a
function of the reactor operating power level and is also integral to the neutron
embrittlement TLAAs for the reactor vessel. Alternatively, provide additional justification
for why the reactor vessel fluence analysis is not a TLAA.

b. If the reactor vessel fluence analysis is a TLAA, describe the applicant's TLAA
disposition of the reactor vessel neutron fluence analysis in terms of the dispositions
described in 10 CFR Part 54.21(c)(1)(i), (ii) and (iii). In addition, ensure that LRA
Section 4.2.1, Table 4.1-1 and Section A.2.1.1 are revised to include the adequate TLAA
disposition.

RAI 4.2.1-1a RESPONSE

a. While it is understood that the neutron fluence analysis considers the accrual of
neutrons on the vessel surface as a function of the reactor operating power level and is
also integral to the neutron embrittlement TLAAs for the reactor vessel, the effects of
aging due to fluence are not considered in the fluence calculations, but in the neutron
embrittlement TLAAs for the reactor vessel (e.g., upper-shelf energy analysis and P-T
limits analysis). Neutron fluence is the time-limited assumption used in the neutron
embrittlement TLAAs.

In response to the request, the neutron fluence analysis shall now be treated as a TLAA.

b. The neutron fluence analysis is treated as a TLAA that has been projected to the end of
the period of extended operation in accordance with 54.21 (c)(1)(ii).
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Sections of the LRA are revised to reflect this change, including Section 4.2.1, Table 4.1
1 and Section A.2.1.1.

Addition to section 4.2.1

4.2.1 Reactor Vessel Fluence

Fluence is calculated based on a time-limited assumption defined by the operating term.
Therefore, analyses that evaluate reactor vessel neutron embrittlement based on calculated
fluence are TLAAs.

Based on operating at EPU power level beginning with Cycle 19, the predicted peak high
energy (> 1 MeV) neutron fluence for 54 EFPY is 4.44E+18 n/cm2 at the vessel inner surface.
Post-EPU neutron fluence for the welds and shells of the reactor pressure vessel (RPV) beltline
region was determined using the General Electric-Hitachi (GEH) method for neutron flux
calculation documented in report NEDC-32983P-A and approved by the NRC. Pre-EPU fluence
values were generated using the MPM methodology. MPM methodology is approved by the
NRC as described in UFSAR Section 4.3.2.8. Both pre-EPU (MPM) and post-EPU (GEH)
methods adhere to the guidance provided in RG 1.190 (Ref. 4-9). Results of the fluence
evaluation are shown in Table 4.2-1 and used in the evaluations of USE.

The neutron fluence calculation results are inputs into fracture toughness analyses that consider
the effects of aging due to exposure to neutron irradiation and are evaluated as TLAAs. The
effects of aging due to neutron irradiation are considered in the neutron embrittlement TLAAs for
the reactor vessel (e.g.! upper-shelf energy analysis and P-T limits analysis). The neutron
fluence analysis has been projected to the end of the period of extended operation in
accordance with 54.21 (c)(1 )(ii).

Addition to Table 4.1-1

Table 4.1-1
List of GGNS TLAAs and Resolution

TLAA Description Resolution Option LRA
Section

Reactor Vessel Neutron Embrittlement Analyses 4.2

Reactor vessel fluence calculation Analysis projected 4.2.1
1OCFR54.21 (c)(1 )(iD

Pressure/temperature limits Aging effects managed 10 4.2.2
CFR 54.21 (c)(1 )(iii)

Upper-shelf energy Analysis projected 4.2.3
1OCFR54.21 (c)(1 )(ii)

Reactor vessel circumferential weld inspection relief Analysis projected 4.2.4
1OCFR54.21 (c)(1 )(ii)

Reactor vessel axial weld failure probability Analysis projected 4.2.5

10 CFR 54.21(c)(1)(ii)
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Table 4.1-1
List of GGNS TLAAs and Resolution

TLAA Description Resolution Option LRA
Section

Reactor pressure vessel core reflood thermal shock Analysis projected 4.2.6
analysis 10 CFR 54.21(c)(1 )(ii)

Addition to section A.2.1.1

A.2.1.1 Reactor Vessel Fluence

Calculated fluence is based on a time-limited assumption defined by the operating term.
Therefore, analyses that evaluate reactor vessel neutron embrittlement based on calculated
fluence are time-limited aging analyses.

Post-EPU high-energy (> 1 MeV) neutron fluence for the nozzles, welds and shells of the
reactor pressure vessel (RPV) beltline region was determined using the General Electric-Hitachi
(GEH) method for neutron flux calculation documented in report NEDC-32983P-A and approved
by the NRC. Pre-EPU high-energy (>1 MeV) neutron fluence for the reactor pressure vessel
(RPV) beltline region was generated using the MPM methodology. MPM methodology is
approved by the NRC as described in UFSAR Section 4.3.2.8. Both pre-EPU (MPM) and post
EPU (GEH) methods adhere to the guidance prescribed in Regulatory Guide (RG) 1.190.

The neutron fluence calculation results are inputs into fracture toughness analyses that consider
the effects of aging due to exposure to neutron irradiation and are evaluated as TLAAs. The
effects of aging due to neutron irradiation are considered in the neutron embrittlement TLAAs for
the reactor vessel (e.g.! upper-shelf energy analysis and P-T limits analysis). The neutron
fluence analysis has been projected to the end of the period of extended operation in
accordance with 54.21(c)(1 )(ii).

RAI 4.2.1-2a

Background. By letter dated July 25, 2012, the applicant responded to RAI 4.2.1-2, which
addresses the adequacy of combining two neutron fluence calculation methods in its neutron
fluence analysis (i.e., combination of the pre-EPU MPM method and the post-EPU GEH method
in the analysis). As part of its response, the applicant provided the folloWing information:

• The post-EPU peak neutron flux values for the welds H1, V1, V2, V3, and V4 are less
than the corresponding pre-EPU peak flux values approximately by an order of
magnitude of 3 (i.e., approximately by a thousand times; the post-EPU peak neutron flux
in the order of 1E7 n/cm2-s in contrast with the pre-EPU peak neutron flux in the order of
1E10 n/cm2-s, for E > 1 MeV).

• Welds H1, V1, V2, V3, and V4 are the welds on the reactor vessel internal top guide that
sits above the core shroud.

• The applicant entered this discrepancy between the post-EPU neutron flux and the pre
EPU neutron flux into the corrective action program.No locations evaluated in the post-
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EPU GEH fluence evaluation except for welds H1, V1, V2, V3, and V4 were found to
have flux values lower than pre-EPU flux values.

In terms of the weld locations, Figures 3-1 and 3-9 of BWRVIP-02-A, "BWR Vessel and
Internals Project BWR Core Shroud Repair Design Criteria, Revision 2," indicate that welds H1,
V1, V2, V3, and V4 are core shroud horizontal (H) and vertical (V) welds, which are located in
the top portion of the core shroud cylindrical shells. Figure 2-10 of BWRVIP-26-A, "BWR Vessel
and Internals Project BWR Top Guide Inspection and Flaw Evaluation Guidelines," indicates
that these welds are above and adjacent to the top guide.

By letter dated July 25, 2012, the applicant also provided the 40-year and 60-year neutron
fluence values for the reactor vessel internals as part of its response to RAI 4.7.3-1. The fast
neutron fluence data (E > 1 MeV) include the neutron fluence for the core spray spargers that
are adjacent to the top portion of the core shroud cylindrical shells. The 60-year fast neutron
fluence (9.04E18 n/cm2

) of the core spray spargers is less than the 40-year fast neutron fluence
(1.50E21 n/cm2

) by approximately 2 orders of magnitude.

In addition, the core shroud head dome and core shroud head stud adjacent to the core spray
spargers have similar fluence discrepancy between the 60-year and 40-year neutron fluence
values (E > 1 MeV). The core shroud head dome and shroud head stud have a 60-rear fluence
value less than 9.04E18 n/cm2 and a 40-year fluence value less than 1.50E21 n/cm , based on
the fluence calculations for the nearest available fluence calculation node.

The NRC staff also identified an issue with the applicant's neutron fluence calculations for the
period of extended operation. As addressed above, the pre-EPU fluences determined using the
flux values from the Manahan method (MPM method) were added to the post-EPU fluences
determined using the flux values from the GEH method. The NRC staff requested, in
RAJ 4.2.1 -2, request dA, that the applicant address the analytic uncertainty associated with
combining fluences in this fashion. The applicant stated, in its response dated July 25, 2012,
that" ... it is expected that the combination of these values is acceptable with respect to the
uncertainty treatment specifications of RG 1.190."

Issue. Based on the staff's review as summarized above, the staff identified the following items
that need additional information:

a. It is not clear whether the welds H1, V1, V2, V3, and V4 are core shroud welds in the top
portion of the shroud cylindrical shells as indicated in BWRVIP-02-A, or welds in the top
guide as indicted in the applicant's response.

b. The staff needs to confirm whether adequate corrective actions were taken for the
fluence calculations on the welds H1, V1, V2, V3, and V4 so that the applicant's
corrective actions resolved the significant difference between the pre-EPU and post-EPU
fast neutron flux values of these welds.

c. The staff needs justification for why the 60-year fluence (E > 1 MeV) of the core spray
sparger, core shroud dome, and core shroud head stud components are less than their
40-year fluence.

d. Given that the welds H1, V1, V2, V3, and V4 have post-EPU neutron flux (GEH method)
significantly less than the pre-EPU neutron flux (MPM method), the staff needs
additional information regarding the reactor vessel neutron flux (E > 1 MeV) to confirm
that the reactor vessel plates, welds and nozzles have post-EPU neutron flux values that
are reasonably greater than the pre-EPU neutron flux values.
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e. The applicant did not provide its criteria, in terms of the difference between the pre-EPU
and post-EPU neutron flux values (E > 1 MeV), to initiate a corrective action for the
reactor vessel and reactor vessel internal neutron fluence analyses (e.g., a corrective
action is initiated to evaluate neutron flux differences if a post-EPU neutron flux is not
greater than X percent of the corresponding pre-EPU neutron flux, in view that the EPU
is planned to implement approximately Y percent thermal power increase).

f. Regulatory Guide 1.190, "Calculational and Dosimetry Methods for Determining
Pressure Vessel Neutron Fluence," Regulatory Position 1.4.1, provides guidance for
analytic uncertainty analysis to support methodology qualification and uncertainty
estimates (including combination of uncertainties). The applicant's response,
addressing an expectation of acceptability, does not provide adequate information to
determine how the new calculational method, which is based on adding the fluence
values, obtained using different calculational methods, together, adheres to the guidance
contained in RG 1.190.

Request.
a. Clarify whether the welds H1, V1, V2, V3, and V4 are core shroud welds in the top

portion of the core shroud cylindrical shells, or welds in the top guide.
b. Provide additional information to confirm that adequate corrective actions were taken for

the fluence calculations on the welds H1, V1, V2, V3, and V4 so that the applicant's
corrective actions resolved the significant difference between the pre-EPU and post-EPU
fast neutron flux values.

c. Provide justification for why the 60-year fluence (E > 1 MeV) of the core spray sparger,
core shroud dome, and core shroud head stud components is less than the 40-year
fluence of these components.

d. Provide the pre-EPU and post-EPU reactor vessel inner surface neutron flux values (E >
1 MeV) of the reactor vessel plates, welds and nozzles in order to confirm that these
reactor vessel materials have post-EPU neutron flux values that are reasonably greater
than the pre-EPU neutron flux values. These neutron flux comparisons should include
the reactor vessel plates, welds and nozzles listed in LRA Table 4.2-2. As part of the
response, include a discussion of the reactor vessel inner surfaces near the welds H1,
V1, V2, V3, and V4.

e. Provide the applicant's criteria, in terms of the difference between the pre-EPU and post
EPU neutron flux values (E > 1 MeV), to initiate a corrective action for the reactor vessel
and reactor vessel internal neutron fluence analyses (e.g., a corrective action is initiated
to evaluate neutron flux differences if a post-EPU neutron flux is not greater than X
percent of the corresponding pre-EPU neutron flux, in view that the EPU is planned to
implement approximately Y percent thermal power increase).

f. Demonstrate that the combined calculational uncertainty associated with both fluence
methodologies remains within RG 1.190 guidance, or provide an alternative justification
for the acceptability of this method that demonstrates that it satisfies the regulations
discussed in the Introduction section of RG 1.190.

RAI 4.2.1-2a RESPONSE

a. The H1, V1, V2, V3, and V4 are unique identifiers of the welds at the top
portion of the core shroud cylindrical shell as shown in Figure 3-9 of BWRVIP
02-A: BWR Vessel and Internals Project BWR Core Shroud Repair Design
Criteria, Rev. 2. BWRVIP-02 refers to the area containing welds H1, V1, V2,
V3, and V4 as the shroud while other documentation refers to this area as the
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top guide. However, there is only one weld location designated for each weld,
and this is consistent within the documents.

b. The location of weld H1 is well above the top of the active fuel and V1 thru V4
welds are physically located above the H1 weld. The fast flux drops off
dramatically above the top of the active fuel. The MPM approach used a
bounding flux at these high shroud locations. This conservative assumption
provided acceptable results since these are non-limiting shroud locations.
Even with this conservative assumption, the H1 fluence remained below the
inspection threshold of 5E20 n/cm2 at 54 effective full power year (EFPY). This
does not represent an error in the MPM evaluation or require any correction.

c. The 40-year levels for the orificed fuel support, core spray sparger, core shroud
dome, and core shroud head stud components reported in the response to RAI
4.7.3-1 were found to be in error. Corrections to the table of fluence values are
provided below. With the corrected values, the 50-year fluence values are
greater than the 40-year fluence values for these components.

40-Year Fluence GO-Year Fluence
Component (n/cm2

) (n/cm2
)

Orificed Fuel Support 1.50E21 2.52E21

Core Spray Sparger 5.73E18 9.04E18

Shroud Head Dome <5.73E18 <9.04E18

Shroud Head Stud <5.73E18 <9.04E18

Note:
(1) "<" means the bounding value when bounding inputs are used for the

calculation.

d. The fluence values of LRA Table 4.2-2 are % thickness peak fluence values
derived from inner radius (IR) peak fluence values in accordance with the
calculational guidance of Regulatory Guide 1.99. The IR peak fluence values
associated with each % thickness peak fluence value of LRA Table 4.2-2 are
as follows.

• lower-intermediate shell and axial welds 54 EFPY peak IR fluence =
4.44E18 n/cm2

• N12 nozzles 54 EFPY peak IR fluence =5.40E17 n/cm2

• circumferential weld AS & lower shell/axial welds 54 EFPY peak IR
fluence =5.99E17 n/cm2

The 54 EFPY peak IR fluence of 5.99E17 at the axial location 4" below bottom
of active fuel (SAF) is conservatively used for both the circumferential weld AS
and lower shell/axial welds 54 EFPY peak % thickness fluence derivation. Two
different % thickness fluence values are derived from the same IR peak fluence
value in LRA Table 4.2-2 for eire weld AS and the lower shell/axial welds due to
different thicknesses of circ weld AS and the lower shell.

The extended power uprate (EPU) flux values associated with the IR peak
fluence values are as follows.
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• lower-intermediate shell and axial welds IR peak EPU flux =2.90E9
n/cm2-s

• N12 nozzles IR peak EPU flux =3.93E8 n/cm2-s
• circumferential weld AB & lower shell/axial welds IR peak EPU flux =

3.96E8 n/cm2-s

The pre-EPU flux values associated with the IR peak fluence values are as
follows.

• lower-intermediate shell and axial welds IR peak pre-EPU flux =1.71 E9
n/cm2-s

• N12 nozzles IR peak pre-EPU flux = 1.47E8 n/cm2-s
• circumferential weld AB & lower shell/axial welds IR peak pre-EPU flux

= 2.16E8 n/cm2-s

Total fluence values for welds H1, V1, V2, V3, and V4 were all calculated assuming the
limiting elevation of 194.73" above BAF. The EPU flux value for reactor vessellR at a
height of 194.73" above BAF is provided as follows.

• EPU flux (RPV IR 194.73" above BAF) =1.12E6 n/cm2-s

The pre-EPU flux value for reactor vessel IR at a height of 194.73" above BAF is
provided as follows.

• pre-EPU flux (RPV IR 194.73" above BAF) =5.61E5 n/cm2-s

The above listed components have post-EPU neutron flux values that are
reasonably greater than the pre- EPU neutron flux values.

e. As documented in RAI 4.2.1-2, response d.1, the pre-EPU and post-EPU flux
discrepancy related to welds H1, V1, V2, V3, and V4 was entered into the
GGNS corrective action program. While pre-EPU flux values were consistently
lower than post-EPU flux values for all other locations, the flux discrepancy at
welds H1, V1, V2, V3, and V4 was deemed appropriate for corrective action
initiation. There are no predefined values for differences between pre-EPU and
post-EPU neutron flux that are used as a threshold for entry into the corrective
action program. The factor for this initial determination was that pre-EPU flux
was significantly higher than post-EPU flux for certain locations (i.e., welds H1,
V1, V2, V3, and V4). H1 fluences remain below the inspection threshold of
5E20 n/cm2 even at 54 EFPY using the MPM method. As noted in Section 3 of
the MPM report, the fluence level of 5E20 n/cm2 is an important factor in
establishing appropriate inspection intervals.

f. The combined calculational uncertainty associated with both GEH (post-EPU)
and MPM (pre-EPU) fluence methodologies is demonstrated to remain within
RG 1.190 guidance as follows.

• Regulatory Guide 1.190 requires that the uncertainty of the fluence calculation
must be 20% (1 a) or less.
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o The maximum uncertainty value associated with GEH fluence
calculations is that of the RPV fluence uncertainty, 19%.

o The maximum uncertainty value associated with MPM fluence
calculations is that of the RPV fluence uncertainty, 16%.

• Given the consideration that GEH and MPM fluence methodologies both involve
a synthesis of two-dimensional neutron transport calculations, and that it cannot
be proven that the uncertainty values associated with either method are
statistically independent, the combined uncertainty for the two methods is
determined as a relative uncertainty. Determining the combined uncertainty as a
relative value means that the combined uncertainty value will fall between the
method-specific uncertainty values.

For example, the combined relative uncertainty for total peak fluence at the RPV
inner radius (IR) is determined as follows.

o MPM pre-EPU (22.99 EFPY) RPV IR peak fluence wi 16% uncertainty =
1.32E18 +1- 2.11E17 n/cm2-s

o GEH post-EPU (31.01 EFPY) RPV IR peak fluence wi 19% uncertainty =
3.12E18 +1- 5.92E17 n/cm2-s

o Combined total fluence = 4.44E18 +1- 8.04E17 n/cm2-s

o Relative uncertainty of combined total fluence =8.04E17/4.44E18 =
18.11 %

For purposes of conservatism and simplicity, the GEH 19% uncertainty
value is considered appropriate for all combined total fluence values.




