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INTRODUCT [ON

On July 12, 1988, the Nuclear Regulatory Commission i{ssued Generic Letter

GL 88-11 entitled, "NRC Position on Radiation Emrrittlement of Reactor Vessel
Materials and Its Impact on Plant Operations." This Ceneric Letter implemented
the requirements of Revision 2 of Regulatory Guide 1.99, "Radiation
Embrittlement of Reactor Vessel Materials", dated May 1988 (Reference 3).

These documents required Detroit Edison to evaluate the effect of the revised
methodology of the Regulatory Guide on the plant pressure-temperature (P-T)
limits for operation.

Since Fermi 2 was operating in {ts first fuel cycle, a two step process has
been used. The first step was a response made to satisfy the NRC 180-day
requirement to evaluate the Regulatory Guide, conduct a technical analysis of
the new methodology, and to submit the Fermi 2 schedule for full
implementation. This was completed on November 28, 1988 via letter NRC-88-028v
(Reference 6). The Fermi 2 response was accepted by the NRC in Reference 7.
The second step is the submittal of this proposed Technical Specification (TS)
change to implement the revised methodology. The TS change also incorporates
recent analysis of the flux-wire dosimetry capsule.

In addition, the necessary Updated Final Safety Analysis Report (UFSAR) changes
for the implemantation of CL 88-11 are attached as Appendix E. These changes
will be included in an annual UFSAR update following NRC approval of the
proposed TS changes which implement the revised methodology.

EVALUATION

The pressure-temperature (P-T) curves in the Technical Specifications (TS) are
established to the requirements of 10CFRS0, Appendix G, to assure that brittle
fracture of the reactor vessel is prevented., Part of the analysis involved in
developing the P-T curves ls to account for irradiation embrittlement effects
in the core region, or beltline. In the past, Regulatory Guide 1,99, Revision
1 (Reference 2) has been used to predict the shift in nil-ductility reference
temperature (RTypr) as a function of neutron {luence in the beltline reglon.
Regulatory Cuide 1.99, Revision ! (Rev 1) was developed assuming that copper
(Cu) and phosphorus (P) were the key chemical elements influencing
embrittlement.

Regulatory Guide 1.99, Revision 2 (Rev 2) (Reference 3) was Issued in May
1988. Rev 2 represents the results of statistical evaluation of commercial
reactor surveillance test data accumulated through about 1984, The basic
elerants of the regulatory guide, a chemistry factor and a fluence factor,
remained the same from Rev 1 to Rev 2. However, each factor is significantly
different. The chemistry factor (CF) has been changed from an equation based
on Cu and P in Rev 1 to tables of CF values based on Cu and nickel (Ni), with
separate tables for plates and for welds. The fluence factor has been modified
in Rev 2 to a somewhat more complex form. The cverall effect of the changes
from Rev 1 to Rev 2 has generally bee? to ingrease RTypr shift predictions
for relatively low fluences (below 10 9 n/cm®) and to decrease RTNDT

shift predictions for higher fluences,
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During Fermi 2's first refueling in the fall of 1989, the Reactor Pressure
Vessel (RPV) dosimetry capsule containing "flux wires" was removed. The
capsule was subsequently tested by General Electric to determine the fast
neutron flux density and fluence specifically for the Fermi 2 RPV, Based on
capsules removed from other similar size BWR vessels, the actual flux/fluence
values were expected to be lower than the generic design values. The capsule
analysis confirms this expectation and these lower values, projected for the
1ife of the plant (32 EFPY), have been included In this evaluation. This has
resulted in P-T curves that reflect the actual bounding conditions for safe
operation of Fermi 2.

The following discussion provides a further review of the justification and
basis for the proposed changes. After fully analyzing each of the materials
and revising the P-T curves, it was determined that the vessel discontinuity
limit curves of Appendix G of 10CFR 50 are more limit!ig than the curves
developed from Regulatory Guide 1,99 Revision 2. The Appendix G curves will
control until two further capsules are removed and tested for impact and
tensile properties as outlined in the schedule of Technical Specification Table
4.4,6,1,3-1, As required by Specification 4.4.6.1.3, these examinations will
be used to update the P-T curves,

REV 2 IMPACT EVALUATION

The beltline region in the Fermi 2 vessel consists of three lower shell plates,
four lower-intermediate shell plates and the connecting longitudinal welds and
girth weld. Appendix A shows the details of the impact evaluation., The
process followed for ar. yzing each beltline material is described below.

Cheaistry

The chemistry data for the beltline shell plate materials shown in Appendix A
were taken from the General Electric (GE) design record flle which supports
Section 5.2 of the UFSAR. The information on the beltline weld materials was
retrieved from GE Quality Assurance (QA) records and from some PWR material
sources such as pressurized thermal shock (PTS) reports and a data base
assembled by EPRI.

The beltline welds were fabricated by submerged arc welding with four heats of
filler wire: a tandem arc of 13253 and 12008 in the lower shell longitudinal
seams, 334277 in the lower-intermediate shell longitudinal seams, and 10137 in
the girth seam. Chemistry data for heats 33A277 and 10137 were available in GE
QA records, but nickel (Ni) contents were not reported. No chemistry data was
avallable for the tandem arc weld.
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The weld heats above were Mil B4 type weld wire with a specified maximum Ni
content of 0.50%, Howuever, a mrdification was available to increase the nickel
content to hirher levels, in ch case the wire was referred to as Mil B4
Modified. Heat 5137 was a M B4 Modified wire type, so it (s necessary to
assume the default N1 content _.f 1.0% for that heat. Heat 33A277 was not
modified, so the Ni content is assumed to be the maximum allowable of 0.50%.

A search of PWR materials data and some calculations based on that data were
completed with the objective of estimating a copper (Cu) and nickel (Ni) level
for the taadem arc welds using filler metal heat numbers 13253 and 12008, The
approach taken was to determine the estimated levels of Cu and Nl i{n mach weld
heat, and then combine them in a 50%-50% combination, Appendix B provides
details of the calculations of these values. The resulting Cu and Ni values
were used to establish the Rev 2 CF in Appendix A,

Initial RTypt

The values of initial RTypr shown in Appendix A were taken from the design
record flles supporting the materials {nformation and the pressure-temperature
(P-T) curves in the UFSAR. These values were based on 30 ft-lb impact energy
verification testing, with longitudlinal Charpy specimens used for plate, done
at the time of vessel fabrication. A GE procedure was used to establish
conservative values (compared to values that would be established with current
test requirements) of RT ypr from the fabrication test data for the P-T

curves in the UFSAR,

For beltline materials, the methods of calculating adjusted RTypr in Rev 2
include a margin term to be added to the calculated value ARTypr. The margin
term includes a component for uncertalnty in Initlal RTypr, o= 1. Rev 2
discusses determination of (1 for two categories of Initial RTypr,
measured values and generlic mean values, For generic mean values, g~ 1 1s
simply the standard deviation calculated for the data set used to compute the
mean. For measured values, requirements for determination of (Or 1 are
somewhat vague. Rev 2 states, "If a measured value of initlal RTypr for the
material in question is available, O~ 1 is to be estimated from the
precision of the test method."® GE's position for RTypr values derived

from measured data, as is the case for the Fermi 2 beltline materials, is
that O~ 1 is zero.

& In the Rev 2 draft which was circulated after editing to Incorporate public
comments, the text stated, ', the standard devliation for the initlal

RTypt, may be taken as zero If a measured value of initial RTypr for the
material in question is available."
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The Charpy curves fit to surveillance data, which ultimately provided ‘tne

4 RTypr data for development of Rev 2, were ' ' -ostimate fits., An {dealized
example is provided as curve #1 in Figure 1, aver, the ASME Code approach
to determining RTypr is based on the lowest va.ue of three specimens
exceeding the required limits of impact energy and iateral expansion, A
visualization of a Charpy curve drawn on the basis of the Code RTypr approach
is shown as curve #2 in Figure 1, In comparing curves #1 and #2, it is clear
that curve #2, which Is based on the lowest value rather than the mean value,
provides a conservative estimate of initial RTypr. Therefore, the ASME Code
method of determining RTypr from measured data (s conservative. Since the GE
procedure was developed to be conservative relative to the ASME Code method,
and the GE procedure also works with the lowest Charpy value rather than the
average, ("1 = O°F is appropriate.

Fluence

The 32 EFPY fluence used for the Rev ! shift calculatio?g in kgpendix A is the
value used in developing the current P-T curves, 1.1x10'" n/cm® at the

1/4 T, The best-estimate 32 EFPY inside surface fluence calculated from the
flux-wire capsule dosimetry test results is described in Appendix C. This
fluence was used in the Rev 2 shift calculations, as described below,

The Rev 2 methud of calculating shift reyuires that the fluence at the vessel
inside surface, fgyupr, Le calculated and then attenuated to the depth x
according to the relationship:

fl = rsurr(e'oszul)

Surveillance Test Correction Factor

Rev 1 allows for consideration of credible surveillance data when it becomes
available. Rev 2 requires that two sets of credible data be developed before
considering their use. However; no surveillance testing has been performed
yet, so survelllance test correction factors do not apply for either Rev 1 or
Rev 2 calculations, and are set to 1.0 in Appendix A.

Shift and Adjusted Reference Temperature (ART)

The RTypt stift calculations in Appendix A are based on the procedures in Rey
| and Rev 2. For Rev 1, the equation for SHIFT is:

SHIFT = (STF)*[40 + 1000(%Cu - .08) + 5000(%P - ,008)1#(f)0+3
where STF =z surveillance test correctlon,Sactor
f = fluence for the given EFPY / 10°
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For Rev 2, the SHIFT equation consists of two terms:
SHIFT : ARTypr + Margin
where A RTypr = (cplep'0.28 - 0,10 log f)
Margin = 2(° + o Rt Ry

Chemistry factors (CF) are tabulated for welds and plates in Tables 1 and 2.
respectively, of Rev 2. The margin term ¢ has set values in Rev 2 of 17°F
for plate and 28°F for weld. However, e, naed not be greater than

0.5* ARTNDT-

The values of ART in Appendix A are computed by adding the SHIFT terms to the
values of initial RTypr. Predicted ART values versus EFPY is plotted for the
most limiting beltline conditions in Figure 2. As seen, the beltline plate
with the highest initial RTypr and Cu content is limiting through about 10
EFPY, For operation beyond that time, the tandem arc beltline weld (s
limiting.

Results of Impact Evaluation

The impact of implementing Rev 2 simultaneously with use of the flux wire
results s determined by comparing the ART values based on Rev ! and Rev 2 from
Appendix A, Table 1 shows the ART values at 32 EFPY for each beltline
material. The following conclusions are drawn from the results in the table:

1. The Rev 2 ART values at 32 EFPY are below 200°F, which {s the
allowable limit in 10CFRS0, Appendix G. Therefore, implementaticn of
Rev 2 will not result in any additional requirements for analysis,
testing or provisions for thermal annealing.

2. The tendency of Rev 2 to increase ART values is countered by the
decreased fluence prediction resulting from the flux wire test
results, Overall, the ART for the limiting weld material decreases
slightly. The P-T curves currently in the Tech Spec are based on Rev
1 ahif‘apredi tions for an earlier design predicted fluence of
1.4x10 n/cl (ART = 80°F). Therefore, the revision of the P-T
curves in this amendment results in less restrictive limits than
previously projected In the Technical Specification curves. But the
ART curves still are restricted by the vessel discontinuity curves
currently in the Technical Specifications.
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PRESSUR.. TEMPERATURE CURVES
Background

Operating limits for pressure and temperature are required for three categories
of operation: (a) hydrostatic pressure tests and leak tests, referred to as
Curve A; (b) non-nuclear heatup/cooldown and low-level physics tests, referred
to as Curve B; and (c) core critical operation, referred to as Curve C. There
are three vessel reglons that affect the operating limits: the closure flange
region; the core beltline region; and the remainder of the vessel, or
non-beltline regions. The closure flange region limits are controlling at
lower pressures primarily because of 10CFR50 Appendix G requirements., The
non-beltline and beltline region operating limits are evaluated according to
procedures in 10CFRS0 Appendix G, Appendix G of the ASME Code and Welding
Research Council (WRC) Bulletin 175 (Reference 4) with the beltline reglon
minimum temperature limits adjusted to account for vessel irradiation.

Proposed TS Figure 3.4.6,1-1 presents the curves as revised by Regulatory Guide
1.99, Rev 2, for 32 EFPY of operation. The requirements for each vessel reglon
influencing the P-T curves are discussed below.

Non-Beltline Regions

Non-beltline regions are those locations that receive too little fluence to
cause any RTypr increase. Non-beltline components include the nozzles, the
closure flanges, some shell plates, top and bottom head plates and the control
rod drive (CRD) penetrations. Detalled stress analyses, specifically for the
purpose of fracture toughness analysis, of the non-beltline components were
performed for the BWR/6, The BWR/6 vessel is representative of large BWR
Reactor Vessels, including the one at Fermi 2. The analyses took into account
all mechanical loadings and thermal transients anticipated. Detalled stresses
were used according to WRC Bulletin 175 to develop plots of allowable pressure
(P) versus temperature relative to the reference temperature (T - RTypr).
Plots were developed for the two most limiting regions; the feedwater nozzle
and the CRD penetration regions. All other non-beltline regions are
categorized under one of these two regions.

The generic BWR/6 non-beliline region results were applied to Fermi 2 by adding
the highest RTypr for the non-beltline discontinuities to the appropriate P
versus (T - RTypr) curves for the BWR/6 CRD penetration or feedwater nozzle.
The limiting RTypr values are UO®F for the CRD penetration limits and

feedwzter nozzle limits. The non-beltline limits in .roposed TS Figure
3.4.6.1-1 are the same as those shown in the current Tech Spec curves except
that the new Curve A is more conservative, Rev 2 7zad fluence changes only
affect the beltline limits.

A N A L TSP TRTPP
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Core Beltline Region

The pressure-temperature (P-T) limits for the beltline region are determined
according to the methods in ASME Code Appendix G. As the beltline fluence
increases during operation, these curves shift by an amount discussed
previously. Typically, the beltline curves shift to become more limiting than
the non-beltline ocurves at some point during operating life. However, using
the updated fluence estimate for Fermi 2, the non-beltline curves remain
limiting for 32 EFPY of operation,

The stress intensity factors (Ki), calculated for the beltline reglon
according to ASME Appendix G procedures, were based on a combination of
pressure and thermal stresses for a 1/4 T flaw in a flat plate. The pressure
stresses were calculated using thin-walled cylinder equations. Thermal
stresses were calculated assuming the through-wall temperature distribution of
a flat plate subjected to a 100°F/hr thermal gradient. A 32 EFPY ART of

65°F was used to adjust the (T - RTypr) values from Figure G-2210-1 of ASME
Code Appendix G.

The curves resulting from shifting the beltline limits are shown as A', B' and
C' in proposed TS Figure 3.4.6.1-1 for 32 EFPY of operation. As 3zeen there,
these curves are less limiting than the non-beltline curves A, B and C, and are
shown for information only.

Closure Flange Region

10CFRS0, Appendix G, sets srieral minimum requirements for pressure and
temperature, in addition to chose outlined in the ASME Code, based on the
closure flange region RTypr. In some cases, the results of analysis for

other regions exceed these requirements and they do not affect the shape of the
P-T curves. However, some closure flange requirements do impact the curves.

In addition, General Electric recommends 6C°F margin on the required bolt
preload temperature.

As stated in Paragraph G-2222(c) of ASME Appendix G, for application of full
bolt preload and reactor pressure up to 20% of hydrostatic test pressure, the
RPV metal temperature must be at RTypr or greater. The standard practice is

to require (RTypr + 60°F) for boltup, because (RTypr + 60°F) assures

ductility in the closure flange region materials, which are highly stressed
during boltup. Furthermore, the flaw size assumed in that region (0.24 inches)
is less than /4 T, This flaw size is detectable using ultrasonic testing (UT)
techniques. For Fermi 2, the closure flange and attached shell values of
(RTypr + 60°F = T1°F) are consistent with the allowable lowest service
temperature for the bolting material.
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(¢) Table 4.4.6.1.3-1 {s modified to reflect the lead factor used for the
updated P-T curves. As discussed {n Appendix C, this lead factor
better reflects the variation between the peak fluence location and
the capsule location,

Changes to the TS Bases section are also proposed Lo reflect the Regulatory
Guide 1.99, Revision 2, methodology. Detailed information concerning test
results and neatron fluence vs. time, which has previously been included in
Bases Filgure B 3/4.4.6-1 and Bases Table 3/4.4.6-1, has been deleted, Material
of this level of detail is typically not found in the Bases, The former Bases
Table B 3/4.4.6+«1 has been revised to include the brittle fracture sensitive
materials relevant to curves A, B, and C of TS Figure 3.4.6,1-1 and is being
located in the UFSAR. The existing reference to the FSAR has been updated to
the UFSAR section. A change 1s proposed to clarify that the tensile stresses
thermally induced during heatup adds to the already existing pressure

stresses. [t is also proposed to clarify that the P-T curve limits were
developed based upon a heatup rate at the 100°F per hour limit, The fact

that nickel content instead of phosphorus content i{s of concern is reflected as
well as the conclusion that P-T Curves A, B and C are more limiting than Curves
A', B' and C', These Bases changes are acceptable since they are either
consistent with the revised methodology or editorial in nature.

SIGNIFICANT HAZARDS CONSIDERATION

In accordar.e with 10CFR%0.92, Detroit Edison has made a determination that the
proposed amendment involves no significant hazards conslderations., To make
this determination, Detroit Edison must establish that operation in accordance
with the proposed amendment would not: 1) involve a significant increase in
the probability or consequences of an accident previously evaluated, or 2)
create the possibility of a new or different kind of accident from any accident
previously evaluated, or 3) involve a significant reduction in a margin of
safety,

The proposed change provides pressure/temperature limits for the reactor
coolant system and the reactor pressure vessel which conform to Regulatory
Guide 1.99, Revision 2, as required by NRC Generic Letter 88-11. The proposed
amendment does not:

1) Involve a significant increase in the probability or consequences of
an accident previously evaluated. The proposed amendment incorporates
the required changes to the reactor vessel (RPV) irradiation
embrittlement sections pertaining to the RPV heat-up and cool-down
surves, The analysls resulting in these revisions was requested by
the NRC in Ceneric Letter 88-11 which implemented Revision 2 of
Regulatory Guide 1.99.

e e e e ——
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ENVIRONMENTAL IMPACT

Detroit Edison has reviewed the proposed Technical Specification changes
against the criteria of 10CFRS1.22 for environmental considerations. The
proposed change does not involve a significant hazards consideration, nor
significantly change the types or significantly increase the amounts of
effluents that may be released offsite, nor significantly increase individual
or cumulative occupational radiation exposures. Based on the foregoing,
Detroit Edison concludes that the proposed Technical Specifications do meet the
criteria given in 10CFRS1.22(c) (9) for a categorical exclusion from the
requirements for an Environmental Impact Statement,

CONCLUSTON

Based on the evaluation above: 1) there is reasonable assurance that the
health and safety of the public will not be endangered by operation in the
proposed manner, and 2) such activities will be conducted in compliance with
the Commission's regulations, and the proposed amendment wili nut be inimical
to the common defense and security or to the health and safety of the public.



APPENDIX A

COMPARISON OF IRRADIATION EMBRITTLEMENT PREDICTIONI
OF REGULATORY GUIDE 1.99, REVISIONS 1 AND 2

FERMI UNIT 2




COMPARISON OF REG. GUIDE 1.99 REVISIONS 1 AND 2

FOR FERMI 2 BELTLINE MATERIALS

Lower Intermediate Plate: G-3703-5 Thickness 6.13
Material Heat: C4564-1
Chemistry: C Mn P S Si
0.21  §1G 0.01 0.015 0.25
Initial RTndt: RTndt-1 = -12 F, Sigma-1 = 0
32 EFPY Fluence (f): Calculated Peak 1/4T f = 1.1E+18
Calculated Peak 1I.D. f = S.2E+17
Rev 2 Attenuated 1/4T f = 3.6E+17

Surveiilance Testing Affecting Rev 1 Shift Calculation:

Surveillance testing not yet done.
Correction factor applied =

Chemistry Factor for Rev 2 Shift: CF= 58
Comparison of Rev 1 and Rev 2 SHIFT and ART (degrees F) versus
Rev 2 Rev 2
EFPY Delta RT Margin
4 3.6 3.6
8 5.9 5.9
12 7.8 7.8
16 9.3 9.3
20 10.7 10.7
24 12.0 12.C
28 13.% | O P |
32 14.1 i4.1

inches
Cu Ni Mo
0.09 9.55 0.48
 §
n/cm*2 (used with Rev 1)

n/cm” 2
n/cm”2 (basis for Rev 2 delta RT)

EFPY:
Rev 2 Rev 2 Rev 1 Rev 1
SHIFT ART SHIFT ART
7:2 -4.8 7.0 -5.0
11.8 -0.2 9.9 -2.1
15.5 3.5 12.3 6.2
18.7 6.7 14.1 2:%
2.9 9.5 5.7 2T
23.9 11.9 272 5.2
26.2 14.2 18.6 6.6
28.3 16.3 12.9 F 4%



COMPARTISON OF REG. GUIDE 1.99 REVISIONS 1 AND 2
FOR FERMI 2 BELTLINE MATERIALS

Lower Intermediate Plate: G-3705-1 Thickness 6.13 inches

Material Heat: B8614-1

Chemistry: o Mn P S Si Cu Ni Mo
0.23 1.22 0.011 0.015 0.27 9.12 0.61 0.62

Initial RTndt: RTndt-1I = -20 F, Sigma-1 = 0 F

32 EFPY Fluence (f): Calculated Peak 1/4T f 1.1E+18 n/cm*2 (used with Rev 1)

o

Calculated Peak 1.D. f 5.2E+17 n/cm"~2
Rev 2 Attenuated 1/4T f = 3.6E+17 n/cm~2 (basis for Rev 2 delta RT)

Surveillance Testing Affecting Rev 1 Shift Calculation:

Surveillance testing not yet done.
Correction factor applied = 1

Chemistry Factor for Rev 2 Shift: CF= 83.2

Comparison of Rev 1 and Rev 2 SHIFT and ART (degrees F) versus EFPY:

%

Rev 2 Rev 2 Rev 2 Rev 2 Rev 1 R
EFPY Delta RT Marqgin SHIFT ART SHIFT

4 52 5.2 10.3 -9.7 13.% -8
8 8.5 8.5 17.0 -3.0 15.8 -4
12 Iy M 11.% 22.3 2.3 19.3 -0
16 13.4 13.4 26.8 6.8 z2:3 2
20 15.4 15.4 30.8 10.8 24.9 E
24 17.2 172 34.3 14.3 27.3 7
28 18.8 18.8 37.6 17.6 29.5 9
32 20.3 20.3 40.6 20.6 31:5 11

. . . . . . .

VAN WO WNNY



COMPARISON OF REG. GUIDE 1.99 REVISIONS 1 AND 2

FOR FERMI 2 BELTLINE MATERIALS

lower Intermediate Plate: G-3705-2 Thickness 6.13
Material Heat: C4574-2
Chemistry: C Mn P S Si
0.22 1.36 0.014 0.016 0.24
Initial RTndt: RTndt-1 = -16 F, Sigma-I = 0
32 EFPY Fluence (f): Calculated Peak 1/4T f = 1.1E+18
Calculated Peak 1.D. f = 5.2E+17
Rey 2 Attenuated 1/4T7T f = 3.6E+17

Surveillance Testing Affecting Rev 1 Shift Calculation:

Surveillance testing not yet done.
Correction factor applied =

Chemistry Factor for Rev 2 Shift: CF= 65
Comparison of Rev 1 and Rev 2 SHIFT and ART (degrees F) versus
Rev 2 Rev 2
EFPY Delta RT ' Margin
4 4.0 4.0
8 6.6 6.6
12 8.7 8.7
16 10.5 10.5
20 12.0 12.0
24 13.4 13.4
28 14.7 14.7

32 15.9 5.9

inches
Cu Ni Mo
0.1 0.55% 0.54
F

n/cm~2 (used with Rev i)
n/cm*2
n/cm*2 (basis for Rev 2 delta RT)

EFPY:
Rev 2 Rev 2 Rev 1 Rev 1
SHIFT ART SHIFT ART
8.1 -7.9 10.6 -5.4
13.3 -2.7 14.9 -1.1
17.4 1.4 18.3 2.3
20.9 4.9 21.1 S.3
24.0 8.0 23.6 7.6
26.8 10.8 25.9 9.9
29.4 13.4 27.9 12.9
31.7 15.7 29.8 i3.8



COMPARISON OF REG. GUIDE 1.99 REVISIONS 1 AND 2

FOR FERMI 2 BELTLINE MATERIALS

Lower Intermediate Plate: G-3705-3 Thickness 6.13
Material Heat: C4568-2
Chemistry: o Mn | S Si
0.23 1.32 0.012 0.016 0.24
Initial RTndt: RTndt-1I = -12 F, Sigma-1 = 0
32 EFPY Fluence (f): Calculated Peak 1/4T7T f = 1.1E+°8
Calculated Peak I.D. f = 5.2E+17
Rev 2 Attenuated 1/4T f = 3.6E+17

Surveillance Testing Affecting Pev 1 Shift Calculation:

Surveillance testing not yet done.
Correction factor applied = ’

Chemistry Factor for Rev 2 Shift: CF= 83.2
Comparison of Rev 1 and Rev 2 SHIFT and ART (degrees F) versus

Rev 2 Rev 2

EFPY Delta RT Margin

4 5.2 5.2

8 8.5 5.5

12 12-% 11.1

16 13.4 13.4

20 15.8 15.4

24 17.2 27.2

28 18.8 18.8

32 20.3 20.3

inches

0.12

Ni
0.61

n/cm*2 (used with Rev 1)

n/cm”2

n/cm”2 (basis for Rev 2 delta RT)

EFPY:

Rev 2
SHIFT

3.3
17.0
22.3
26.8
30.8
34.3
37.6
40.6

Rev 1
SHIFT

1.7
16.6
20.3
23.95
26.2
28.7
31.9
33.2



COMPARISON OF REG. GUIDE 1.99 REVISIONS 1 AND 2
FOR FERMI 2 BELTLINE MATERTALS

Lower Shell Plate: G-3706~1 Thickness 6.13 inches
Material Heat: C4540-2
Che=" “ry: C Mn P s Si Cu Ni Mo
0.24 } e 0.01 0.01 0.21 0.08 0.62 0.54
BN .. RTndt: RTndt-1I = -10 ¥, Sigma-1 = 0O F
32 EFPY Fluence (f): Calculated Peak 1/4T7 { = 1.1E+18 n/cm”2 (used with Rev 1)
Calculated Peak 1.D. f = 5.2E+17 n/cm”2
Rev 2 Attenuated 1/4T f = 3.6E+17 n/cm~2 (basis for Rev 2 delta RT)

Surveillance Testing Affecting Rev 1 Shift Calculation:

Surveillance testing not yet done.
Correction factor applied = 1

Chemistry Factor for Rev 2 Shift: CF= 51

Comparison of Rev 1 and Rev 2 SHIFT and ART (degrees F) versus EFPY:

%3

Rev 2 Rev 2 Rev 2 Rev 2 Rev 1 B
EFPY elta RT Margin SHIFT ART SHIFT

4 3.2 3.2 6.3 3.7 5.9 -,

8 . P2 e (B 10.4 0.4 8.3 -
12 6.8 6.8 13.7 3.7 10.2
16 8.2 8.2 16.4 6.4 11.7
20 9.4 9.4 18.9 8.9 13.1
24 10.5 10.%5 Z23:12 1%.12 14.4
28 21.5 11.5 23.0 13.0 15.5
32 12.4 12.4 24.9 14.9 15.6

RN WO~
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COMPARISON OF REG. CGUIDE 1.99 REVISIONS 1 AND 2
FOR FERMI 2 BELTLINE MATERIALS

Lower Shell Plate:

Material Heat:

Chemistry: c
0.22

Initial RTrit: RTndt-1

32 EFPY Fluence (f):

Surveillance Testing Affectir Rev 1 Shift Calculation:

G-3706-2 Thickness
C4560-1
Mn P S
i.3 0.01 0.015
- -20 ¥, Sigma-1 =

Calculated Peak 1/4T f

Calculated Peak 1.D.

nn

f

Rev 2 Attenuated 1/4T f =

Snrveillance testing not yet done.
Correction factor applied =

Chemistry Factor for Rev 2 Shift:

Comparison of Rev 1 and Rev 2 SHIFT and ART (degrees F) versus

EFPY

-

8
12
16
20
243
28
32

Rev 2
Delta RT

CF=

6.13

Si
0.25

1.1E+18
5.2E+17
3.6E+17

T3t

inches

0.11

Ni

0.57

n/cm”2 (used with Rav 1)

n/cm”2

n/cm~2 (basis for Rev 2 delta RT)

EFPY:

Rev 2
SHIFT

9.1
15.9
19.7
23.7
27.3
30.4
33.3
36T

2

Rev 1
SHIFT

9.4
13.3
16.2
18.8
21.0
23.0
24.8
26.5

51

N wo
QBN WR

[

13.0
14.8
16.5



COMPARISON OF REG. GUIDE 1.99 REVISIONS 1 AND 2

FOR FERMI 2 BELTLINE MATERIALS

Lower Shell Plate: G-3706-3 Thickness 6.13
Material Heat: C4554-1
Chemistry: e Mn P s Si
0.22 L 0.011 0.018 0.22
Initial RTndt: RTndt-1 = -390 F, Sigma-1 = 0
32 EFPY Fluence (f): Calculated Peak 1/4T7 f = 1.1E+18
Calculated Peak 1.D. f = 5.2E+17
Rev 2 Attenuated 1/4T7 f = 3.6E+17

Surveillance Testing Affecting Rev 1 Shift Calculation:

Surveillance testing not yet done.
Correction factor applied =

Chemistry Factor for Rev 2 Shift: CF= 82.2
Comparison of Rev 1 and Rev 2 SHIFT and ART (degrees F) versus

Rev 2 Rev 2

EFPY Delta RT Margin

4 5.3 5.1

8 B.4 3.4

12 11.0 11.0

16 13.2 13.2

20 15.2 5.2

24 17.0 17.0

28 18.6 18.6

32 20.1 20.1

inches

0.12

Ni Mo
0.56 0.48

n/cm*2 {(used wi*th Rev 1)

n/cm” 2

n/cm*2 (basis for Rev 2 delta RT)

EFPY:

Rev 2
SHIFT

10.2
16.8
22.0
26.5
30.4
33.9
372
40.1

Rev 2 Rev 1
ART SHIFT
0.2 11.1
6.8 15.8

12.0 19.3

16.5 £2.3

20.4 24.9

3.9 27.3

27:1 29.5
30.1 3%.%5



COMPARISON OF REG. GUIDE

Beltline Weld

Material Heat:

Chemistry: C

Initial RTndt: RTndt-1

32 EFPY Fluence (f):

Surveillance Testing Affecting Rev 1 Shift Calculation:

2-307 A,B,C

FOR FERMI 2 BELTLINE MATERIALS

Thickness

6.13

TANDEM 13253,12008 1092 LOT 3833

Mn 5
0.013

S

-44 F, Sigma-1 =

Calculated Peak 1/4T7 f

Calculated Peak I1.D.

o

f

Rev 2 Attenuated 1/47 f =

Surveillance testing not yet done.
Correction factor applied -

Chemistry Factor for Rev 2 Shift:

Comparison of Rev 1 and Rev 2 SHY'T and ART (degrees F) versus

EFPY

-

8
12
16
20
24
28
32

Rev 2
Delta RT

13.9
22.9
30.0
36.1
41.4
46.2
50.6
54.6

CF=

Rev 2
Margin

13.9
22.9
30.0
36.1
41.4
46.2
50.6
54.6

Si

1.1E+18
5.2E+17
3.6E+17

224

1.99 REVISIONS 1 AND 2

inches

0.26

Ni
0.87

n/cm”2 (used with Rev 1)

n/cm* 2

n/cm*2 (basis for Rev 2 delta RT)

EFPY:

Rev 2
SHIFT

27.8
45.7
60.0
72.2
82.9
92.5
101.2
109.3

Rev 2

ART

=16.2
1.7
16.0
28.2
38.9
48.5
S7.2
65.3

Rev 1
SEIFT

39.3
55.€
68.0
78.6
87.8
96.2
163.9
111.1

Rev 1

e ¥
11.6
24.0
34.6
43.8
52.2
59.9
67.1



COMPARISON OF REG. GUIDE 1.99 REVISIONS 1 AND 2

FOR FERMI 2 BELTLINE MATERIALS

Beltline Weld 15-308 A,B,C,D Thickness $H.13

Material Heat: 33A277 124 10T 3878

Chemistry: C Mn P S Si
0.073 1.29 0.016 0.011 0.33

Initial RTndt: RTndt-1 = -50 F, Sigma-1 = 0

Calculated Peak 1/4T7 f 1.1E+18
Calculated Peak I.D. f 5.28%17
Rev 2 Attenuated 1/4T f = 3.6E+17

32 EFPY Fluence (f):

Surveill~nce Testing Affecting Rev 1 Shift Calculation:

Surveillance testing not yet done.
Correction factor applied =

Chemistry Factor for Rev 2 Shift: CF= 188.5

Comparison of Rev 1 and Rev 2 SHIFT and ART (degrees F) versus

Rev 2 Rev 2
EFPY Delta RT ' Margin
4 23417 AX.7
8 19.2 19.2
12 o W 25.2
16 30.4 30.4
20 34.9 34.9
24 38.9 38.9
28 42.6 42.6

32 46.0 46.0

inches

n/em~2 {used with Rev 1)

n/cm” 2

n/cm”2 (basis for l.ev 2 delta RT)

EFPY:

Rev 2
SHIFT

23.4
38.5
50.5
60.7
69.7
77.8
85.2
929

Rev 2
ART

-26.6
=311.5
0.5
10.7
29.7
27.8
35.2
42.0

Rev 1
SHIFT

37.5
$3.1
65.0
75.0
83.9
91.9
99.3
106.1

Rev 1
ART

=325
3.1
15.0
25.0
33.9
41.9
49.3
56.1



COMPARISON OF REG. GUIDE 1.99 REVISIONS 1 AMD 2

FOR FERMI 2 BELTLINE MATERIALS

Beltline Girth Weld 1-313 Thickness 6.13
Material Heat: 10137, 0091 Lot 3999
Chemistry: C Mn P .24 Si
0.2 1k 0.016 0.01 0.14
Initial RTndt: RTndt-1 = -50 F, Sigma-1I = J
32 EFPY Fluence (f): Calculated Peak 1/4T f = 1.1E+18
Calculated Peak 1.D. f = 5.2E+17
Rev 2 Attenuated 1/4T f = 3.6E+17

Surveillance Testing Affecting Rev 1 Shift Calculation:

Surveillance testing not yet done.
Correction facto applied =

Chemistry Factor for Rev z Shift: CF= 236

Comparison of Rev 1 and Rev 2 SHIFT and ART (degrees F) versus

Rev 2 Rev 2
EFPY Delta RT Margin

4 14.6 i4.6
8 24.1 24.1
12 31.6 31.6
16 38.0 38.0
20 43.6 43.6
24 48.7 48.7
28 53.3 53:.3

32 57.6 56.0

inches

Ni

0.49

n/cm”2 (used with Rev 1)

n/cm*2

n/cm~2 (basis for Rev 2 delta

EFPY:

Rev 2
SHIFT

29.2
48.1
63.2
76.0
87.3
97.4
106.6
113.6

Rev 2
ART

-20.8
-1.9
13.2
26.0
373
47.4
56.6
63.6

Rev 1
SHIFT

27.0
38.1
46.7
53.%
60.3
66.1
J71.4
76.3

RT)

-23.0

10.3
16.1
21.4
26.3



APPENDIX B

ESTIMATE OF COPPER AND NICKEL CONTENT FOR
THE 13253 & 12008 TANDEM ARC BELTLINE WELD
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WL 2-307

There are various means to reach a best-estimate chemistry for 13253 and 12008
tandem weld with 1092 Flux Lot 3833:

1. Maine Yankee PTS report glv-n average values for eight tests of 13253 and
12008 with flux lots 3774, 3791 and 3833, Results are:

I !
: 2% Cu, .BUL NI |
l

2. Separate data for 13253 and 12008 can be combined:

13263: ,e5% Cu, .73% NI EPRI Data Base, Salen 2 & Cook 1
258 Cu, .72% NI Salem ' & 2 PTS Report
.58 Cu, .73% Ni Diablo Canyon 1 PTS Report

Assume m: 0.?5’ C'nh 0013! Nl.

12008 No separate Cu data; must deduce chemistry from other
combinations, EPRI data base shows 12008-1,0% Ni

Two cases found {n PTS reports:

Cu N
21935/3889 only .18 .68
21935 + 12008/3889 V&0 .86
2193573869 only .18 .68
21935 + 12008/13869 22 .85

Given the value of 1.0% Ni, a 50-50 tandem weld is credible

1'00
| 0.84 NI
0.68 __ |
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Assuming this is the case, the .4 for 12008 can be caloulated

for Lot 3889
— | 0,20 x = 0,228 Cu 12008

for Lot 3869
- - = 0.22 y = 0,26% Cu 12008

Assume 12008: 0,26% Cu, 1.0% NI

Now combine 12008 + 13263 In a 50-50 weld:

12008 0,26 1.0 N __
| __ 0.268 Cu |___ 0.87% NI

13263 0.26 __| 0.73 NL __|

The calculated combination is:

0.26% Cu, 0.87% N
for 13253 & 12008
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The methods used to calculate the Peach Bottom 2 lead factor are summarized
below.

Determination of the lead factors for the RPV peak location at the [D was done
using a combination of two-dimensional and one-dimensional computer analyses.
The two-dimensional analysis established the relative lluence In the azimuthal
direction at the vessel ID. A series of onn-dimensional analyses were done Lo
determine the core height of the axial flui peak and Its relationship to the
surveillance capsule height. The combinatlicn of azimuthal and axial
distribution results provides the lead factor between the dosimeter location
#nd the peak flux location,

Tre two-dimensional DOT computer program was used to solve the Boltzman
transport equation using the discrete ordinate method on an (R,8) geometry,
assuming a fixed source. One quartor core symmetry was used with periodic
boundary conditions at 0° and , Neutron cross sections were determined

for 26 energy groups, with angular scattering approximated by a third-order
Legendre expansion. Flux as a function of azimuth was caloulated, establishing
the azimuth of the peak glux and 1ts magnitude relative to the flux at the
dosimeter location of 30%.

A one-dimensional computer code (SN1D) was used to calculate flux for various
elevations at the peak azimuth angle. The elevation of the peak flux was
determined, as well as its magnitude relative to the flux at the dosimeter
elevation., This factor i{s the axial component of the lead factor. The lead
factor between the peak and dosimeter locations was calculated as the azimuthal
component times the axial component,

A summary of the >1 MeV flux and fluence value~ for the dosimeter are presented
in Table 1. In the GE flux wire analysis report, there is an estimated 2 o~
uncertainty of +25% on the ») MeV flux and fluence, Table | shows the upper
bound values with the nominal values.

The lead factor used for the peak location inside surface is presented in Table
! with the dosimeter test results. The lead factor {s used to predict the peak
fluence (f') according to the following equation:

Peak f = (Dosimeter f ® 32 EFPY)/(Dosimeter EFPY ® Lead Factor)







Table

FLUENCE DETERMINATION FOR THE PEAX LOCZTION
IN THE FERMI 2 VESSEL

Time at Power:
EOCL + 2.92 years at 42 .81 CF: 1.25 EFPY

Design - 40 years at 80X CF: 32 EFPY

Lead Factor:
Peak Location 1D: 0.9
Dosimeter Flux:
Measured Value: a,9x10° n/ca?.s
Upper Bound: 6.1:10. n/cw?-s
Dosimeter Fluence:
Measured Value: l.9x1016 n/cm?
Upper Bound: 2.&11016 n/ecm?
Peak Vessel 1D 32 EFPY Fluence:
Nominal Prediction: _ 5.2:1017 n/em?
Upper Bound: 6.5:1017 n/cn?



Fluence, n/em? (x10'7)
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Figure 1 . Predicted Peak ID Fluence Based on Flux Wire Results




