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Section 6: Surveillance Program Status
and Recommendations

A description of the surveillance materials and current RVSP of all the U.S.
PWRs along with the recommended program for the CRVSP is contained in
this section. For each plant, the existing RVSP and results to date (e.g., capsules
tested, and fluence) are reviewed, and then the recommended changes (if any) are
discussed. The following plants are not included in this section because these
plants have no remaining capsules: Arkansas Nuclear One Unit 1, Oconee Units
1-3, and Three Mile Island Unit 1. A total of 16 capsules were tested at these
plants and all of the withdrawal fluences were below 1.8x10" n/cm?, which is less
than the fluence range of interest for this program (3x10" to 10x10" n/cm?).
These plants participate in the B&W Master Integrated Reactor Vessel
Surveillance Program (MIRVP) [15, 16].

The CRVSP will continue to allow the MIRVP plants to participate in the
B&W Master Integrated Reactor Vessel Surveillance Program. Surry Unit 2 and
Turkey Point Unit 4 are the only MIRVP participants to which the CRVSP
makes recommended changes to the plant specific RVSP. The MIRVP does not
require Surry Unit 2 to test any additional capsules, so the CRVSP
recommendation for Surry Unit 2 to test an additional capsule does not
negatively impact the MIRVP. The MIRVP states that Turkey Point Unit 4 will
test capsule X at the end of cycle 27, which is between once and twice the
projected 60-year peak RPV fluence. The CRVSP recommends that Turkey
Point Unit 4 test capsule X at the projected 80-year peak RPV fluence, which is
between once and twice the projected 60-year peak RPV fluence. Since Turkey
Point is the only MIRVP participant that will use the data from capsule X, this
recommended change does not negatively impact the MIRVP.

Where changes to existing RVSPs have been recommended as part of this
optimized, coordinated program, they are identified as bulleted items in the
“Recommended Program” discussion for each plant.

When changes to a plant’s RVSP capsule withdrawal schedule are recommended,
those recommendations are expressed in terms of the plant’s peak RPV fluence at
some future time in life. For example, a recommendation may be made to defer
capsule withdrawal from a planned date of 2016 to a future time when the
capsule has attained a fluence equal to that plant’s 80 year peak RPV fluence. To
implement that recommendation, the plant determines the appropriate outage
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(or year) to withdraw the capsule in order to achieve that fluence, based on its
current fluence and capacity factor projections and using the same methodology
that would be used to, calculate, for example, the appropriate withdrawal date for
its 60 year license renewal capsule.

After recommended changes are identified (bulleted items in the “Recommended
Program” section for each plant), a “Discussion” is generally provided that
describes the estimated withdrawal date(s) and capsule fluence(s) that would be
achieved by implementation of the recommendations. These estimates are for
coordinated planning purposes only ~ used by the CRVSP to estimate capsule
data availability to fill high fluence data gaps - and are not meant for any other
analysis. Final determination of the appropriate capsule withdrawal year that
achieves the CRVSP recommendation is the responsibility of the plant, based on
data deemed by the plant to be authoritative and appropriate.

For many plants, the statement provided in the “Recommended Program”
section may be “No changes are recommended to the current capsule withdrawal
plan, test schedule, or related commitments.” This statement is intended to
address whether or not a change is recommended in order to obtain the
objectives of the CRVSP. The statement is not intended to discourage any plant
from taking an appropriate action to increase the amount of surveillance data or
the fluence level of surveillance data if the plant deems such an action to be in its
best interest and compliant with 10 CFR 50 Appendix H [3] requirements. For
example, this report may provide a discussion that consideration was given to
asking a plant to move a capsule from the spent fuel pool back into the reactor for
further irradiation, but that it was decided not to make that recommendation.
Moving the capsule may be in the plant’s best long-term interest, and there is no
intent to discourage such an action, even though the CRVSP did not deem it
necessary for the objectives of the CRVSP.

Arkansas Nuclear One Unit 2
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533, Grade B, Class 1 (low Cu) and weld flux Linde 91 (low Cu) were
inserted in the reactor prior to initial start-up [19, 20].

Current Program

Two of the original six surveillance capsules (W-97 and W-104) have been
removed and tested, [19]. The lead factor of 1.47 for capsule W-104 was
calculated using the capsule fluence (2.937x10" n/cm?) and the peak RPV at the
time of capsule removal (2.001x10" n/cm?) [19]. The lead factor for capsule W-
284 is assumed to be the same as capsule W-104 based on the symmetry of the
capsule locations [19]. Arkansas Nuclear One (ANO) Unit 2 received approval
for a 60-year (48 EFPY) license renewal in 2005, which requires a standby
capsule be removed at the fluence equivalent to EOL peak RPV fluence of
5.277x10% n/cm? [21].
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Using the capsule lead factor and the linear relationship between EFPY and the
peak RPV fluence, the EFPY required for capsule W-284 to reach 5.277x10"
n/cm? was calculated to be 29.8. This linear relationship was based on 3.791x10"
n/cm? at 32 EFPY and 5.580x10" n/cm? at 48 EFPY [19]. Assuming a capacity
factor of 0.95 starting in 2001, capsule W-284 should reach the projected fluence
in about 2016.

Table 6-1
ANO Unit 2 Current Withdrawal Schedule [19, 21]

w83 | 83 -~  Sandby - -
LowWer | P | 11982y | 1.69 333l |
. W-104 1.47 14 (2001) 15.7 2.937x10"
| w263 | ‘ . Standby

L w277 | 2 - Standby = .
. W-284 1.47  Planned 29.8  5.277x10%@a)

(ﬁ) i’rojecte& éb:yeu (48 EFPY) peak RPV fluence.
Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Beaver Valley Unit 1

Material Description

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-533, Grade B Class 1 (high Cu) and Linde 1092 flux (high Cu) were
inserted in the reactor vessel prior to initial start-up [22].

Current Program

Half of the original eight surveillance capsules (V, U, W and Y) have been
removed and tested, Table 6-2 [22]. Beaver Valley Unit 1 (BV1) was approved
for a 60-year license renewal in 2009 [23]. Per utility input, the projected 60-year
(50 EFPY) peak RPV fluence is 5.58x10" n/cm?. Capsule T was moved to 65° at
the end of cycle 10 (10.8 EFPY). Capsule Z was moved to 165° at the end of
cycle 10 (10.8 EFPY). These capsules were moved to increase the flux, thus
producing higher fluence specimens. Based on utility input, capsule X is planned
to be withdrawn at a fluence of 5.01x10" n/cm? in 2013 (26.5 EFPY).

Per utility input, capsule Z will be withdrawn after reaching the projected 60-
year (50 EFPY) peak RPV fluence, which is currently estimated to be at 36.6

EFPY. Assuming a capacity factor of 0.95 starting in 2000, capsule Z should

reach 36.6 EFPY in 2023.
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Table 6-2
Beaver Valley Unit 1 Current Withdrawal Schedule [22]

~305°/165° 0.77/1.60 Planned  >36.6  >5.58x10"(a)
e e

V. 185> 160 1 116 3.23x10°
L e
W 245°  1.09 6 589 = 9.86x10"

, Y 205 | 122 | 1300y M3 1 295000
X 285° 1.76 Planned 26,5 = 5.01x10"
o 55°/65°  0.77/1.05  Standby - | B

S

(a) Approximate 60-year (SdEFPY) peak RPV fluence.
Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

High fluence data from BV1 surveillance materials will be obtained by the
withdrawal and test of a supplemental capsule being irradiated in the Beaver
Valley Unit 2 RVSP, discussed below.

Beaver Valley Unit 2
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533, Grade B, Class 1 (low Cu) and Linde 91 flux (low Cu) were inserted in
the reactor prior to initial start-up [24].

Per utility input, supplemental capsule A contains several different materials,
including those previously irradiated in BV1 capsule Y.

Current Program

Four of the original six surveillance capsules (U, V, W and X) have been removed
and tested, Table 6-3 [24]. Beaver Valley Unit 2 (BV2) was approved for a 60-
year license renewal in 2009 [23]. Per utility input, the projected 60-year (54
EFPY) peak RPV fluence is 5.21x10" n/cm? and the projected 80-year (72
EFPY) peak RPV fluence is 6.86x10" n/cm?.

Capsules Y or Z will be removed and tested between the projected 80-year peak
RPV fluence of 8.48x10" n/cm?® and twice the projected 60-year fluence [23]. Per
utility input, this is projected to occur at 26.1 EFPY in 2018. The other capsule
will remain in the RPV.
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Per utility input, supplemental capsule A was inserted into location 107° after
cycle 8 and has a lead factor of 3.58.

Table 6-3
Beaver Valley Unit 2 Current Withdrawal Schedule [24]

6-(‘)82x1701B
T 2bzex0"

H
i

Planned
TSty
Standby
(a) Approximate 60-year (54 EFPY) peak RPV fluence.

(b) Between the projected 80-year (72 EFPY) peak RPV fluence and the 2x60-year fluence.

Recommended Program

The following changes to the current capsule withdrawal plan, test schedule, or
related commitments are recommended:

*  Supplemental capsule A should be removed during the first scheduled outage
after the capsule is estimated to attain a fluence equal to the BV1 projected
80-year peak RPV fluence. At a minimum, the BV1 capsule Y Linde 1092
weld metal contained in capsule A should then be tested.

Discussion
BV2 Capsule A:

The following information was provided by the utility for the purpose of
developing the CRVSP. The projected 80-year (68 EFPY) peak RPV fluence for
BV1is 7.62x10" n/cm?. Capsule A will reach a fluence of 7.67x10" n/cm? in
2025 (32 EFPY). The previously irradiated material from BV1 capsule Y
contained in capsule A will have an approximate cumulative fluence of 9.72x10"
n/cm? in 2025. The projections resulting from these estimations are shown in the
table below.

Testing additional BV1 surveillance material is not required for the BV1 60-year
license, but it could support a potential BV1 license renewal to 80 years. Testing
the BV1 capsule Y Linde 1092 weld metal contained in capsule A will help fill
high fluence data gaps in the Linde 1092 (high Cu) material group, as shown in
Figure 4-13.

65>



BV2 Capsule Y:

As noted above, plant personnel provided input during development of the
CRVSP that testing of Capsule Y is already planned by the plant. Therefore,
testing Capsule Y is not identified as a recommended change because it is not a
change from the current program. However, testing Capsule Y makes a valuable
contribution to the CRVSP and warrants additional discussion. Although testing
an additional capsule is not required for the BV2 60-year license, testing capsule
Y or Z as currently planned will help fill high fluence data gaps in the SA-533
(low Cu) and Linde 91 (low Cu) material groups, as shown in Figure 4-1 and
Figure 4-9.

Table 6-4
Beaver Valley Unit 2 Estimated Resuits of Recommended Changes to Withdrawal
Schedule ’

Capsule]

BlocaiionRiil'cac RIERIEStimated : RemovalRMEstimatcdl
L i Facton Remoya [IEEN(EEPY) BEEENEEIUieT

. | , Vear L /e
A 107° 3.58 2025 32 7.67x10"(a)
9.72x10"(b)

(2) Approximate BV1 80-year (68 EFPY) peak RPV fluence.
(b) Approximate cumulative fluence of previously irradiated BV1 capsule Y material in BV2-A.

Braidwood Unit 1
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 3 (low Cu) and Linde 80 flux (low Cu) were inserted in the reactor
prior to initial start-up [25].

Current Program

Half of the original surveillance capsules (U, X and W) have been removed and
tested, Table 6-5 [25]. Capsules Z and Y were removed at 12.01 EFPY [26]. Per
utility input, capsule V was removed at the end of cycle 14 (17.69 EFPY).
Braidwood Unit 1 has not submitted a 60-year license renewal application.

The fluence for capsules Z, V and Y were estimated using the capsules’ lead
factors and the linear relationship between the reported peak RPV fluences and
their corresponding EFPY values. This linear relationship was based on a fluence
of 1.97x10% n/cm? at 32 EFPY, 2.94x10" n/cm? at 48 EFPY and 3.3x10" n/cm?
at 54 EFPY [25].
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Table 6-5
Braidwood Unit 1 Current Withdrawal Schedule [25, 26]

%

3.87x10"

325 . A E 234 1.24x10°
4.20 7 - 7.61 2.09x10"(a)
420 | Storage 32110 1) |

392 Sorage | 17.69  4.34x10°)
392 | Gwrage | 120d 2.99x10"

(a) Approxnmate 40-year (32 EFPY) peak RPV fluence.

(b) Approximate 60-year (54 EFPY) peak RPV fluence.

(c) Approximate 80-year (73 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

The value of reinserting Capsule V and continuing irradiation to achieve a higher
fluence was assessed, but that action is not recommended because the benefit to
the plant or the PWR surveillance database (SDB) is low. The remaining
capsules contain low copper SA-508 base metal and low copper Linde 80 weld
metal. High fluence surveillance data will be well represented in the low copper
SA-508 category above the projected 2x60-year peak RPV fluence of 6.6x10"
n/cm? without the Capsule V data. The low copper Linde 80 weld metal is
unique to Braidwood and Byron units. Therefore, reinsertion of Capsule V for
further irradiation provides minimal benefit to the PWR fleet SDB.
Furthermore, the data will be available when the capsule is tested for license
renewal, if the plant applies for a renewed license. Therefore, there is no need for
the CRVSP to recommend any change to the Braidwood 1 RVSP. When the
need develops in the future to test a capsule, however, it is suggested that
preferential consideration be given to testing the capsule with highest fluence.
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Braidwood Unit 2

Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 3 (low Cu) and Linde 80 flux (low Cu) were inserted in the reactor
prior to initial start-up [27].

Current Program

Half of the original surveillance capsules (U, X and W) have been removed and
tested while capsules Z and Y have been removed without testing, Table 6-6
[26]. Per utility input, capsule V was removed at the end of cycle 14 (18.42
EFPY). Braidwood Unit 2 has not submitted a 60-year license renewal
application.

The fluences for capsules Z, V and Y were estimated using the capsules’ lead
factors and the linear relationship between the reported peak RPV fluences and
their corresponding EFPY values. This linear relationship was based on a fluence
of 1.96x10" n/cm? at 32 EFPY, 2.94x10" n/cm? at 48 EFPY and 3.3x10" n/cm?
at 54 EFPY [27].

Table 6-6
Braidwood Unit 2 Current Withdrawal Schedule [26, 27]

441 1(1997) 4.00x10"
385 | ~4(1995)  4.215 1.23x10°
417 7(2000) 2.25x10"(a)

| Storage | 1278 6)

Z
v

| 241
(a) Approximate 40-year (32 EFPY) peak RPV fluence.
(b) Projected 60-year (54 EFPY) peak RPV fluence.

(c) Approximate 80-year (73 EFPY) peak RPV fluence.
Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

The basis for not re-inserting capsules for further irradiation is the same as that
provided for Braidwood Unit 1.
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Byron Unit 1
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 2 (low Cu) and Linde 80 flux (low Cu) were inserted in the reactor
prior to initial start-up [28].

Current Program

Half of the original surveillance capsules (U, X and W) have been removed and
tested, Table 6-7 [29]. Per utility input, capsules Z and V were removed at the
end of cycle 12 (14.6 EFPY) and capsule Y was removed and the end of cycle 15
(18.8 EFPY). Byron Unit 1 has not submitted a 60-year license renewal
application.

The fluences for capsules Z, V and Y were estimated using the capsules’ lead
factors and the linear relationship between the reported peak RPV fluences and
their corresponding EFPY values. This linear relationship was based on
0.579x10% n/cm? at 9.24 EFPY, 2.02x10" n/cm? at 32 EFPY and 2.91x10"
n/cm? at 48 EFPY [29].

Table 6-7
Byron Unit 1 Current Withdrawal Schedule [29]

U i ,,_(_58.5" 4.22 1.15 4.04x10"
o X | daee | Ay -~ | 564 180"
W 1215° | 420 - 924 2.43x10"(a)
2 e A Storage 14.6 asng” |
v 6100 397 Storage 146 3.66x10"(b)
Y 1200 | 39 | Swegs | 188 | 4000 |

(a) Api)gox1mate /40—year“(3«2w EFPY) peakHIiP'V fluence.
(b) Approximate 60-year (54 EFPY) peak RPV fluence.
(c) Approximate 80-year (73 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

The value of reinserting Capsule Y to continue irradiation before testing the
capsule was assessed, but that action is not recommended because the benefit to
the plant and the PWR SDB is low. The remaining capsules contain low copper
SA-508 base metal and low copper Linde 80 weld metal. High fluence data is
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well represented in the low copper SA-508 category. The low copper Linde 80
weld metal is unique to Braidwood and Byron units. Therefore, reinsertion of
Capsule Y for further irradiation provides minimal benefit to the PWR fleet
SDB. Furthermore, the data will be available when the capsule is tested for
license renewal, if the plant applies for a renewed license. Therefore, there is no
need for the CRVSP to recommend any change to the Byron Unit 1 RVSP.

Byron Unit 2
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 3 (low Cu) and Linde 80 flux (low Cu) were inserted in the reactor
prior to initial start-up [30].

Current Program

Half of the original surveillance capsules (U, X and W) have been removed and
tested, Table 6-8 [31]. Per utility input, capsules Z and V were removed at the
end of cycle 11 (14.28 EFPY) and capsule Y was removed at the end of cycle 15
(20.02 EFPY). Byron Unit 2 has not submitted a 60-year license renewal
application.

The fluences for capsules Z, V and Y were estimated using the capsules’ lead
factors and the linear relationship between the reported peak RPV fluences and
their corresponding EFPY values. This linear relationship was based on
0.541x10" n/cm? at 8.57 EFPY, 2.06x10" n/cm? at 32 EFPY and 2.98x10"
n/cm? at 48 EFPY [31].

Table 6-8
Byron Unit 2 Current Withdrawal Schedule [31]

U | 585 | 440 - | 115 | 4.05x10°
oW gt ) aR8 - ) BE8 12107
X | 2385° | 4.25 - 9.24 2.30x10"(@)
Z 30157 | %21 | Sige | 1428 a0
V| 6100 | 397 Storage | 14.28 | 3.56x10"(b)
Y [ 20100 | 381 | Bworage | 2002 | 491107} |

(@) Approximﬁfé 40-year (32 EFPY) peak RPV fluence.

(b) Approximate 60-year (54 EFPY) peak RPV fluence.

(c) Approximate 80-year (73 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test

schedule, or related commitments.
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Discussion

‘The basis for not re-inserting capsules for further irradiation is the same as that
provided for Byron Unit 1.

Callaway Unit 1
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 0124 flux (low Cu) were inserted
in the reactor prior to initial start-up [32].

Current Program

Four of the original six surveillance capsules (U, Y, V and X) have been removed
and tested, Table 6-9 [32]. Callaway Unit 1 plans to submit a 60-year license
renewal application at the end of 2011. The projected 60-year (54 EFPY) peak
RPV fluence is 3.07x10"° n/cm? {32].

Capsule Z was placed in storage after 16.53 EFPY [33]. Using on the removal
EFPY of 16.53 and the linear relationship between the peak RPV fluence and
the corresponding EFPY, the fluence of capsule Z was calculated to be 4.23x10%
n/cm?. This linear relationship was based on 1.40x10" n/cm? at 24 EFPY,
1.85x10" n/cm? at 32 EFPY and 3.07x10" n/cm? at 54 EFPY [32].

Table 6-9

Callaway Unit 1 Current Withdrawal Schedule [32]

Capsuick L leed |
] ‘ ‘

1 ENF actor

58.5°

U 1 3.31x10"
Y | 2410 385 | 4 1.27x10" *
v 61° 3.97 8 2.52x10"

X 2385071 434 - | 10(1999) ~1/3.33x10™(a) |
W

121.5° 4.29
2onZ s {30kt 429 - 13 (20
(a) Approximate 60-year (54 EFPY) peak RPV fluence.
(b) Approximate 80-year (72 EFPY) peak RPV fluence.

Standby

T ¥ T
3x10'b) ¥
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Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Calvert Cliffs Unit 1

Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (high Cu) and Linde 91 flux (high Cu) were inserted in
the reactor prior to initial start-up [34].

Current Program

Three of the original six surveillance capsules (97°, 263° and 284°) have been
removed and tested, Table 6-10 [34, 35]. Confirmation that capsule 284° was
tested was provided by the utility. Calvert Cliffs Unit 1 received a 60-year license
renewal in 2000. The projected 60-yearpeak RPV fluence is 5.26x10' n/cm?
[35]. Capsule 104° was supposed to be removed and tested in 2010, but it was
found to have a problem with the lock/latch mechanism. Capsule 284°, which
has a similar lead factor, was removed in place of capsule 104° [35]. Capsule 277°
is to be placed in storage after removal.

Table 6-10
Calvert Cliffs Unit 1 Current Withdrawal Schedule [34, 36]

Copsule | aneden ,1 FERED
s 1
i

3 R actoriy E@C] N (EERN) I (nYcmip)

83° 83° 1.28 (2020) Pianned 5.26x10"(a) |
Loo97° il e g7e L 1,340 7 F107(1992) | 11,075 5] 2.64x107%:
104° 104° 0.96 - Standby -
.263° | .263° ] .~ . 1 -3(1979) 1.39. t 6.2x10" .. |
277° 277° 1.28 (2032) Planned 6.59x10"
2 284° 1 284° 1 096 4.:(2010) ! - —. >~} 3.06x10". ]

(a) Approximate 60-year peak RPV fluence.
Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Calvert Cliffs Unit 2
Material Description
Six surveillance capsules containing beltline materials fabricated from ASME

SA-533 Grade B Class 1 (high Cu) and Linde 91 flux (high Cu) were inserted in

the reactor prior to initial start-up [37].
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Current Program

Two of the original six surveillance capsules (97° and 263°) have been removed
and tested, Table 6-11 [35]. Calvert Cliffs Unit 2 received approval for a 60-year
license renewal in 2000. The projected 60-year peak RPV fluence is 6.16x10"
n/cm? [35].

Capsule 277° is to be placed in storage after removal.

Table 6-11
Calvert Cliffs Unit 2 Current Withdrawal Schedule [35, 37]

83 | 83 | 1.29 (2025) = Planned = 6.16x10"(a)
Loer 9 L nae 0 9y 10.97 1.85x10"°
. 104°  104° 097  (2011) (b) 3.24x10" (b)
L 268 | 268 | 148 ¢ 4019829 T aoeanT
o 277° | 277° | 129  (2033) | Planned | 7.46x10"
28a | 284 ] 097 Sondoy Bl S

(:i) Between once and twice projected 60-year peak RPV fluence.
(b) Capsule was removed as planned in 2011; EFPY and final fluence data are not yet available.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Catawba Unit 1
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 2 (low Cu) and Grau Lo LW320 flux were inserted in the reactor
prior to initial start-up [38].

Current Program

Half of the original surveillance capsules (Z, Y and V) have been removed and
tested, Table 6-12 [39]. Per utility input, capsules X and U have been removed
and disassembled, with the dosimeters being read and the specimens (not
analyzed) placed in storage. Capsule W was removed from the vessel and placed
in the spent fuel pool. Catawba Unit 1 received approval for ~59-year (51 EFPY)
license renewal in December 2003.
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Table 6-12
Catawba Unit T Current Withdrawal Schedule [39]

Z 301.5° 4.15 (1 986) 0.793 2.99x10™
Y o L 241000707410 01 6(1992) L4987 1 1.318x107
w 121.5° 4.26 Storage 14.68 3.0x10"(a)

X 2385° | - 4.26 Storage’ 9.29- 2.439x10" -
U 58.5° 4.26 Storage 9.29 2.439x10"
V. 0 61.0%0. 1 :4.08 -1 10(1997) £5::9.29 = | 2.334x10% .

(a) Approximate 60-year (51 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

There is insufficient benefit to the PWR SDB to justify a CRVSP

recommendation to reinsert the stored specimens.

Catawba Unit 2

Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 91 flux (low Cu) were inserted in

the reactor prior to initial start-up [40].

Current Program

Half of the original surveillance capsules (Z, X and V) have been removed and
tested, Table 6-13 [39]. Per utility input, capsule Y was removed and
disassembled with dosimetry being read and the specimens (not analyzed) put in
storage. Capsule W was removed from the vessel and placed in the spent fuel
pool. Capsule U is not available. Catawba Unit 2 received approval for ~58 years
(51 EFPY) license renewal in December 2003.
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Table 6-13
Catawba Unit 2 Current Withdrawal Schedule [39]

Z 301.5° 413 1(1987) @ 0.86
X 241.0° 414 | /511083 482

Mo se e o -

Y  2385° 433  Storage = 9.24 2.49x10"
\ 6108 | ang | 9NEN | 924 | 2360107

(a) Appfé;cimate 60-year‘ (51‘ EFPY) peak”RPV fluence.

(b) Not available for irradiation or testing.
Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

There is insufficient benefit to the PWR SDB to justify a CRVSP
recommendation to reinsert the stored specimens.

Comanche Peak Unit 1

Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 91 flux (low Cu) were inserted in
the reactor prior to initial start-up [41].

Current Program

Half of the original surveillance capsules (U, Y and X) have been removed and
tested, Table 6-14 [42]. Per utility input, capsule Z was removed at the same
time as capsule X, but it was put in storage without testing. Comanche Peak Unit

1 has not submitted a 60-year license renewal application. The projected 60-year
(54 EFPY) peak RPV fluence is 3.33x10" n/cm? [42].
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Table 6-14
Comanche Peak Unit 1 Current Withdrawal Schedule [42]

U 58.5° 401 = 1(1991) = 0.91 3.18x10"

G¥ o Eme | 386 B0 | 624 148000
X | 2385° 397 | 11(2005)  13.10 3.24x10"(@)
AT T e 1310 | ~3.24x10"(a)
W 1215°  3.99 Storage 10.42 2.23x10"°

V1610 | 374 | Sorage | 1042 | 20M10% |

(a)A_pprommate 60-year (54‘ EFI;’Y) peal:_RPV fluence.
Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Testing capsule Z at the 80-year peak RPV fluence is not recommended by the
CRYVSP based on the discussion in section 4.

Comanche Peak Unit 2
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 124 flux (low Cu) were inserted in
the reactor prior to initial start-up [43].

Current Program

Three of the six surveillance capsules (U, X and W) have been removed and
tested, Table 6-15 [44]. Comanche Peak Unit 2 has not submitted a 60-year
license renewal application. The projected 60-year (54 EFPY) peak RPV fluence
is 3.14x10" n/cm? [44]. Per utility input, capsules X, V, and Y were removed in
2003 and only X was tested. Capsules W and Z were removed in 2009 and only
W was tested.
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Table 6-15
Comanche Peak Unit 2 Current Withdrawal Schedule [44]

Cepeie | lemfern |  Yeer | Remewel | Humms

Fecler | Removed | (@) | W)

U 58.5° 3.96 1994 0.91 3.17x10"™
X .| 2385° | 392 .1 2003 .1 .883 " I 2.16x10%a) ]
W 121.5° 3.86 2009 14.51 3.38x10"°(b)
z 301.5° '3.86 Storage 14.51 1 3.38x10"(b) .
v 61.0° 3.66 Storage 8.83 2.02x10"
foY 0} -241.0° 1  3.66- -} Storage.-: | :1.8.83. i, 2:02x10

(a) Approximate 40-year (36 EFPY) peak RPV fluence.
(b) Approximate 60-year (54 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

The basis for this position is the same as that provided for Comanche Peak
Unit 1.

Crystal River Unit 3
Material Description

The original six surveillance capsules (A, B, C, D, E and F) contained beltline
materials fabricated from ASME SA-533 Grade B Class 1 (high Cu) and Linde
80 flux (high Cu) [15].

Two supplementary weld metal surveillance capsules (TMI2-LG1 and TMI2-
LG2) containing Linde 80 weld metals (high Cu) were inserted at the end of
cycle six [16]. Two high fluence supplementary weld metal surveillance capsules
(A2 and A4) containing Linde 80 weld metal (high Cu) were inserted at the end
of cycle seven [16].

Two Oconee capsules also remain in CR-3 (OC3-F and OC1-D). Removal has
been unsuccessful and is not currently planned.

Current Program

CR-3 is a participant in the B&W MIRVP. All of the original six surveillance
capsules and the low fluence supplemental capsules have been removed, Table 6-
16 [16]. Capsules A and E were disposed without testing [45]. Capsules A2 and
A4 have a planned removal at the end of cycle 29. Crystal River Unit 3 submitted
a 60-year (54 EFPY) license renewal application in December 2008.
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Table 6-16
Crystal River Unit 3 Current Withdrawal Schedule [16]

A - " ! = 1.23x10"
B - e 1 - 0.117x10"
C ~ 5 5 ~  0656x10"
D w“ i 5 - | 0.750x10"(a)
Sl os 6 % - - 1.08x10"

-~  — 05850.992x10" |

R |

-] Standby

i E e Standby | e
: - ' - | 729 (2033) |  Planned | 6.6 x10™
Ae | = [ = 1729(2033) | Pianned 66x10°

(a) Approximate 40-year (32 EFPY) peak RPV fluence.
(b) Approximate 60-year (54 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

There are already plans to test additional capsules and moving capsules would not
produce high fluence data more quickly.

Davis-Besse Unit 1

Material Description

Six surveillance capsules (A, B, C, D, E and F) containing beltline materials
fabricated from ASME SA-508 Class 2 (low Cu) and Linde 80 flux (high Cu)
were inserted in the reactor prior to initial start-up [15].

Two supplementary weld metal surveillance capsules (DB1-LG1 and DB1-LG2)
containing Linde 80 weld metals were inserted at the end of cycle one [15,16].

Five high fluence supplementary weld metal surveillance capsules (A1, A3, AS,
L1 and L2) containing Linde 80 weld metals were inserted in Davis-Besse [15].
Capsule A5 was inserted at the end of cycle seven while the rest were inserted at
the end of cycle six.
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Current Program

Davis-Besse is a participant in the B&W MIRVP. All of the original six
surveillance capsules, the low fluence supplemental capsules and the high fluence
supplemental capsules have been removed, except A1 and L2 [16], Table 6-17.
Withdrawal of A1 and L2 is not planned. Davis-Besse submitted an application
for a 60-year (52 EFPY) license in 2010.

Table 6-17
Davis-Besse Current Withdrawal Schedule [16]

|

A o = 4 1.29x10"
B - 3 - 592¢10° |
_C - -~ | Storage - 1.81x10" ;
R = e s e ey aee
. __E | = = Disposed | - 9.80x10®
LR e e e
| DB11G1 s 1-4 0.661-1.03x10" |
@ - - Standby - - |
- 6-12 = 1i66010" |
™ S Y i N _~  06371.042x10"

s 612 a 1.26x10"

- .~ | Sandby | - -

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

DC Cook Unit 1

Material Description

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (high Cu) and weld flux Linde 1092 (high Cu) were
inserted in the reactor prior to initial start-up [46, 47].

Current Program

Half of the surveillance capsules (T, X, Y and U) have been removed and tested,
Table 6-18 [46]. DC Cook Unit 1 received a 60-year (48 EFPY) license renewal

in 2005. The projected 60-year (48 EFPY) peak RPV fluence is 2.831x10"
n/cm? [46].
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Capsules W and S changed locations in 1995 after 13.72 EFPY [46]. At this
time, capsule W changed its designation to capsule S and capsule S changed its
designation to capsule W. The fluence of capsule S at 32 EFPY was estimated to
be 4.7x10" n/cm? by using the cumulative lead factor at 32 EFPY (2.6) and the
projected peak RPV fluence at 32 EFPY (1.802x10" n/cm?) [46]. Assuming a
0.95 capacity factor starting in 1995, capsule S should reach 32 EFPY in about
2013.

Table 6-18
DC Cook Unit 1 Current Withdrawal Schedule [46]

} ¥ i
i |
i

T 40° | 351  1(1977) 1.27 2.67x10"®
X a0 . 351 4 448 | BRLGOT
Y 40° 351 6(1983) 495  1.195x10"

U TH0¢ | 350 | i0@eee) ] 97 i eniaTa) |

v 4°  1.23 Standby | |

S 4°/40° | 1.23/3.51  Planned 32 anaty

w WA s Ry

(;)‘X;;proximate 40-year (32 EFPY) peak RPV fluence.
(b) Approximate 80-year (67 EFPY) peak RPV fluence.

Recommended Program

The following changes to the current capsule withdrawal plan, test schedule, or
related commitments are recommended:

= Capsule S should be removed during the last outage before the capsule would
receive a neutron fluence equal to two times the peak RPV neutron fluence at
the end of the period of extended operation. Capsule S should then be tested.

Discussion

For the purpose of developing the CRVSP, the projected capsule fluence and
year of withdrawal were estimated as follows: The estimated removal fluence
value of 5.66x10" n/cm? is twice the 60-year (48 EFPY) RPV peak fluence of
2.83x10" n/cm?. The EFPY of capsule S at 5.66x10" n/cm? was estimated to be
about 36 by using the cumulative lead factor at 36 EFPY (2.7) and the projected
peak RPV fluence at 36 EFPY (2.06x10" n/cm?) [46]. Assuming a 0.95 capacity
factor starting in 1995, capsule S should reach 36 EFPY in about 2018. The
projections resulting from these estimations are shown in the table below.
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Table 6-19
DC Cook Unit 1 Estimated Results of Recommended Changes to Withdrawal
Schedule

S | 4°/40° 1.23/351 2018 = ~36 | 5.66x10"(a)

(a) Twice projected 60-year (48 EFPY) peak RPV fluence.
DC Cook Unit 2
Material Description

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (high Cu) and weld flux Linde 0124 (low Cu) were
inserted in the reactor prior to initial start-up [47,48].

Current Program

Half of the surveillance capsules (T, Y, X and U) have been removed and tested,
Table 6-20 [48]. DC Cook Unit 2 received a 60-year (48 EFPY) license renewal
in 2005. The projected 60-year (48 EFPY) peak RPV fluence is 2.46x10" n/cm?
[48].

Assuming a 0.95 capacity factor starting in 1992 and the projected removal
EFPY of 48.0, capsule S should reach the specified fluence in about 2034.

Table 6-20
DC Cook Unit 2 Current Withdrawal Schedule [48]

T 400 3.48 1 1.08  2.384x10"°

L s 347 | 2 322 || 66410° |

X 220° 3.46 | 5(1987) 525  1.019x10"°
U e 3 8 (1992) 865  1.583x10"()

S 4° | 122 | Pamned | 480 | 2.99x10"(b)

I | e k2. Swwy a0 -
w184 122 | Standby - -

v 1767 | 122 | Sandby e WL

(a) Approximate 40-year (32 EFPY) peak RPV fluence.
(b) Between once and twice the projected 60-year (48 EFPY) peak RPV fluence.
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Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Diablo Canyon Unit 1

Material Description

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) were inserted in the reactor prior to initial
start-up. Three capsules (S, V and Y) also contain Linde 1092 flux (high Cu) in
addition to the ASME SA-533 Grade B Class 1 (low Cu) [49].

Replacement capsules (A, B, C and D) were inserted after cycle five [50] and
contain ASME SA-533 Grade B Class 1 (high Cu) and Linde 1092 flux (high
Cu) Charpy specimens. In addition, Capsules B, C and D contain Charpy
specimens supplied by EPRI including Linde 124, Linde 0091 and Linde 80
flux. Capsules B and D also CVN weld specimens that had been irradiated in
Capsule S.

Current Program

Three of the twelve surveillance capsules (S, Y and V) have been removed and
tested, Table 6-21 [51]. Capsules A, B, C and D were inserted at the end of cycle
five after 5.86 EFPY of plant operation. Capsules T, Z, C and D have been
removed and placed in storage [51]. Diablo Canyon Unit 1 submitted a 60-year
license renewal application in November 2009.

Capsule B is currently scheduled to be removed in 2012 at 23.2 EFPY [51].
Using the capsule lead factor and linear relationship between the reported peak
RPV fluences and their corresponding EFPY values, capsule B should reach
3.23x10" n/cm? at 23.2 EFPY. The linear relationship was based on the
projected peak RPV fluence of 1.55x10" n/cm? at 40 EFPY, 1.84x10" n/cm? at
48 EFPY and 2.06x10* n/cm? at 54 EFPY [49].
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Table 6-21
Diablo Canyon Unit 1 Current Withdrawal Schedule [49,51]

S . 320° 346 1(1987) 125 | 2.84x10"°
¥ W] dsaa | i 5.86 1.05x10"° |
T 140> 344  Sorage 586 1.05x10"
R AT e B8 | AoBeor |
V. 3200 226 11 (2002) = 14.27 | 1.37x10%(a)
6 | 348 Sorege | 159 | 2310100)
D | 220° @ 346 Storage 15.9 2.31x10"
e T e
A | 184° = 131  Standby ~ L=
R T weay e
X | 176° 128 Standby i D
W 4° | 128 | Sandby | = o

(a) Approximate 40-year (32 EFPY) peak RPV fluence.
(b) Approximate 60-year (54 EFPY) peak RPV fluence.

Recommended Program

The following changes to the current capsule withdrawal plan, test schedule, or
related commitments are recommended:

= Capsule B should be removed at the last outage before the capsule is
estimated to receive a neutron fluence equal to two times the peak RPV
neutron fluence at the end of the period of extended operation. Capsule B
should then be tested.

Discussion

For the purpose of developing the CRVSP, the projected 2x60-year peak RPV
fluence and year of withdrawal were estimated as follows: The removal fluence
value of 4.12x10" n/cm? is twice the 60-year (54 EFPY) RPV peak fluence of
2.06x10" n/cm? [49]. Using the capsule lead factor and linear relationship
between the reported peak RPV fluences and their corresponding EFPY values,
the EFPY required for capsule B to go from 3.23x10" n/cm? to 4.12x10" n/cm?
was calculated to be 7 EFPY. Assuming a 0.95 capacity factor starting in 2002
and the projected removal EFPY of 30.2, the capsule will reach the specified
fluence in about 2018. The projections resulting from these estimations are
shown in the table below. The plant is responsible for formal determination of
the planned withdrawal year, based on the latest RPV fluence data.
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Table 6-22
Diablo Canyon Unit 1 Estimated Results of Recommended Changes to Withdrawal
Schedule

B 40° | 3.46 2018 = 302  4.12x10"(a)
(a) Twice the projected 60-year (54 EFPY) peak RPV fluence.

Diablo Canyon Unit 2

Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (high Cu) and Linde 1092 flux (high Cu) were inserted
in the reactor prior to initial start-up [52].

Current Program

Four of the six surveillance capsules (U, X, Y and V) have been removed and
tested, Table 6-23 [51]. The remaining two capsules were removed and placed in

storage [51]. Diablo Canyon Unit 2 submitted a 60-year license renewal
application in November 2009.

Table 6-23
Diablo Canyon Unit 2 Current Withdrawal Schedule [51, 52]

| U 515 1(1988) | 1.02 | 3.38x10" |
XS ey Raeeer e [ aqenor. |
Y | 2385° 458 6(1995)  7.08 | 1.55x10"(a) |
v D sge | 4B8 | SIG0 1148 | 241a0") |
% ‘W 124.0° | 526 . Storage 11.49 - |
(2. | 30408 | 628 | Some ivas L

(a) Approximate 40-year (32 EFPY) peak RPV fluence.
(b) Approximate 60-year (54 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Testing of capsules W and Z was not recommended based on the discussion in
Section 4.
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Farley Unit 1
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (high Cu) and Linde 91 flux (high Cu) were inserted in
the reactor prior to initial start-up [53].

Current Program

All of the six surveillance capsules have been removed and tested, Table 6-24
[53]. Farley Unit 1 received approval for a 60-year (54 EFPY) license renewal in
May 2005.

Table 6-24
Farley Unit 1 Current Withdrawal Schedule [53]

R 4 Pester N (EEE ) R Y Crg)

|

Y 343° 3.24 1 (1980) 1.15 6.12x10™
U 1707° | 334 1 4(1984) | 308 1 1.73x10"
X 287° 3.35 7 (1987) 6.11 3.06x10"
W 1100 ] -3.01 0 | 12(1995) | 12.43 - | 4:75x10™(a)
Vv 290° 3.04 18 (2004) 20.16 7.14x10"(b)
U7 v 1.340° | 3.04 21(2008) | 24.26 . |- -8.47x10" -

(a) Approximate 40-year (34 EFPY) peak RPV fluence.
(b) Approximate 60-year (54 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Farley Unit 2

Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (high Cu) and BOLA weld metal were inserted in the
reactor prior to initial start-up [54].

Current Program

All six surveillance capsules have been removed and tested, Table 6-25 [54].

Farley Unit 2 received approval for a 60-year (54 EFPY) license renewal in May
2005.
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Table 6-25
Farley Unit 2 Current Withdrawal Schedule [54]

:

z. BremovedliiRe movaiRElEivence)

[

Pestor « GOG . ; @) | W)

{

U 343° 3.26 1 (1983) 6.05x10™
oW R0 ] 2.84 .1 4(1987) - 1, +1.73x10%° ~
X 287° 3.38 6 (1989) 2.98x10"
TR0 T 2008 ] T 127(1998) 17T 13857 1 4:92% 10 (@)

Y 290° 3.12 16 (2004) 6.79x10"%(b)
Fr7072. 751473558 1 ] 18,(2008) 221,825 15/8:7.3x 107 (¢) 5

(a) Approximate 40-year (36 EFPY) peak RPV fluence.
(b) Approximate 60-year (54 EFPY) peak RPV fluence.
(c) Approximate 80-year (73 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Fort Calhoun Unit 1

Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and weld flux Linde 1092 (high Cu) were
inserted in the reactor prior to initial start-up [55].

Three supplemental capsules (W-225S, W-265S and W-2755) containing
materials fabricated from weld flux Linde 1092 (high Cu) were inserted at a later
date. Capsules W-225S and W-265S contain Linde 1092 weld heat 305414
while W-2758 (installed in 1993) contains weld heats 27204 and 12008/13253
[56].

Current Program

Three of the original six surveillance capsules (W-225, W-265 and W-275) have
been removed and tested, Table 6-26 [57]. Capsule W-275S was inserted at the
end of cycle 14 [56]. Fort Calhoun received approval for a 60-year (48 EFPY)
license renewal in November 2003. The projected 60-year (48 EFPY) peak RPV
fluence is 3.5x10'° n/cm? [58]. Fort Calhoun takes credit for surveillance data
irradiated in Mihama Unit 1, Diablo Canyon Unit 1 and Palisades [57].

The capsule lead factors were provided per correspondence with the utility.
Per utility input, there are plans to change withdrawal and test of capsule W-

2758 (which is currently scheduled to be removed and tested at 33.6 EFPY) to
47.2 EFPY (2028) with a fluence of 3.0x10"* n/cm?.
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Capsule W-95 will be removed and tested after 48 EFPY [57]. Using the capsule
lead factor and the linear relationship between the peak RPV fluence and the
corresponding EFPY values, the capsule fluence at 48 EFPY was calculated to be
3.92x10" n/cm?. Assuming a capacity factor of 0.95 starting in 1993, capsule W-
95 should reach 3.92x10" n/cm? in about 2029.

Table 6-26
Fort Calhoun Current Withdrawal Schedule [55, 57]

L W-225 | 225° 1.53 - 2.5 5.1x10"
 W-265 e wer 2 58 Boag.
w275 | 275° 1.05  14(1993) 136  1.38x10"°
W T s T el Sendby e e
. w85 | 85° 1.17  Standby - ‘ e
L W95 8 Planned | 48.0 | 3.92x10"a) |
- W-2255 225° 112 | Standby BTN RO D
[ WeaBss | 265t | Dey o Sesdby o = 0=
- W-275S 275° - Planned i 33.6 - 1.719x10"(b)

(a) Greater than projected 60-yea.r (48 EFPY) peak RPV fluence.
(b) Contains corresponding RPV weld material.

Recommended Program

The following changes to the current capsule withdrawal plan, test schedule, or
related commitments are recommended:

*  Capsule W-45 should be removed during the first scheduled outage which
follows estimated capsule exposure to the projected 80-year peak RPV
fluence. Capsule W-45 should then be tested.

= Capsule W-95 should remain in the reactor on standby until needed to fulfill
future 10 CFR 50 Appendix H [3] or license renewal requirements.

»  Capsule W-275S should be removed at 47.2 EFPY (rather than at 33.6
EFPY) to obtain higher fluence data for the limiting RV welds. [See note in
Discussion.]

Discussion

For the purpose of developing the CRVSP, the projected 80-year peak RPV
fluence and year of withdrawal were estimated as follows: The 80-year (67
EFPY) fluence of 4.72x10" n/cm?* was extrapolated from the linear relationship
between the peak RPV fluence and the corresponding EFPY values. The 67
EFPY value was determined by assuming a 0.95 capacity factor starting after 60
years of operation. Using the capsule lead factor and the linear relationship
between the reported peak RPV fluences and their corresponding EFPY values,
capsule W-45 should reach the specified fluence at 42 EFPY, which will occur in

about 2022. The projections resulting from these estimations are shown in the
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table below. The plant is responsible for formal determination of the planned
year of withdrawal, based on latest vessel fluence data.

Note: The change in withdrawal schedule for W-275S from 33.6 EFPY to 47.2
EFPY is not a recommendation from the CRVSP and is not required to obtain
the objectives of the CRVSP; it was added to the list of recommended changes at
the request of the plant.

Table 6-27
Fort Calhoun Estimated Results of Recommended Changes and Plant’s Changes to
Withdrawal Schedule

"

l

JEactorg f (@m L Itence
472x1o’9

J VV-JI, ."m; ‘j‘,‘ 195°,<(ﬁ’%‘3"’1 717: l, " . “Sta QDY ol g . LA “";‘« o I k,"w
W-275S 275° 2028 47.2 3.0x 1O1g(b,
¢)

(a) Projected 80-year (67 EFPY) peak RPV fluence.
(b) Contains corresponding RPV weld material.
(¢) Not a change required for the CRVSP but added to list at plant s request.

R. E. Ginna Unit 1

Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 2 (low Cu) and Linde 80 weld flux (high Cu) were inserted in the
reactor prior to initial start-up [59].

Current Program

Five of the six surveillance capsules (V, R, T, S and N) have been removed and
tested, Table 6-28 [59]. R. E. Ginna Unit 1 received approval for a 60-year (54

EFPY) license renewal in May 2004. The 60-year (54 EFPY) peak RPV fluence
is projected to be 5.66x10" n/cm? [59].
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Table 6-28
R.E. Ginna Current Withdrawal Schedule [59]

Geperle | loeatfen | leed . Romoved | Remewvel | Ghemss
| . Deser 5 CEPY | wend
v 77° 2.96 1(1973) 1.4 5.87x10™
R . 257°- 4 29771 -3(1974) - 2.6 ©1.02x10"°
T 67° 1.82 9 (1982) 6.9 1.69x10"
S " 57° - 1.79 =1 122 {1993) 17.0 3.64x10"(a)
N 237° 1.82 33 (2009) 30.5 5.80x10"(b)
CoP S b 2470 B 0190 EStandby et ol () v

(a) Approxnmate 40-year (32 EFPY) peak RPV fluence.

(b) Approximate 60-year (54 EFPY) peak RPV fluence.
() Per utility input, will be removed and put in storage between 33.9 to 39.9 EFPY per

Amendment 97 (LR SER).

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Capsule P was not selected for testing based on the discussion in Section 4.

Indian Point Unit 2

Material Description

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-302 Grade B Modified (high Cu) and Linde 1092 flux (high Cu) were
inserted in the reactor prior to initial start-up. (60, 61]. Capsule S is the only
remaining capsule that contains Charpy V-notch welds specimens [61].

Current Program

Half of the surveillance capsules (T, Y, Z and V) have been removed and tested,
Table 6-29 [61]. Per utility input, capsule S was not retrievable during the 2010
attempt and another attempt will be made with modified tooling in 2012. The
current plan calls for capsule S to be tested upon removal. This is dependent on
whether relief is obtained from the 2x60-year peak RPV fluence limit. Indian
Point Unit 2 applied for a 60-year (48 EFPY) license renewal in April 2007. The
projected 60-year (48 EFPY) peak RPV fluence is 1.906x10" n/cm? [62].
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Table 6-29
Indian Point Unit 2 Current Withdrawal Schedule [61, 63]

T 3200 342 1 1.42 | 2.53x10"
¥ e e e 455x10" |
7 40° . 3.53 5 517 1 1.02x10"(a) |
AN e e e 86 | 492107
" S . 140° | 3.50 (2012) Planned (b) |
e e ey 8
W o 184> | 1.20 Standby
X | 55 120 | Swendby e

(a) Approximate 40-year (32 EFPY) peak RPV fluence.
(b) Approximately twice projected 60-year (48 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Indian Point Unit 3
Material Description

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-302 Grade B Modified (high Cu) and weld flux Linde 1092 (high Cu) were
inserted in the reactor prior to initial start-up. [64].

Current Program

Half of the surveillance capsules (T, Y, Z and X) have been removed and tested,
Table 6-30 [64]. Per utility input, capsule S is currently not retrievable, but
another attempt will be made with modified tooling during the 2015 outage. The
current plan calls for capsule S to be tested upon removal. This is dependent on
whether relief is obtained from the 2x60-year peak RPV fluence limit. Indian
Point Unit 3 applied for a 60-year (48 EFPY) license renewal in 2007. The
projected 60-year (48 EFPY) peak RPV fluence is 1.56x10" n/cm? [62].
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Table 6-30
Indian Point Unit 3 Current Withdrawal Schedule [64]

b 3.43 1.4  2.63x10"
L B0 i e
7 220% 3.48 5.5 1.04x10"
5 e 34 (20151 | Plonned | @ &
X 1.49 12 (2004) 155 | 8.74x10"
L 4 ks L Slenaby s
W 4 152  Standby = - -
U f 386 | 182 o Sleddby -

(a) Approxlmatcly twice prOJected 60-year (48 EFPY) peak RPV fluence.
Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Kewaunee Unit 1

Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 1092 flux (high Cu) were inserted
in the reactor prior to initial start-up [65].

Current Program

Five of the six surveillance capsules (V, R, P, S and T) have been removed and

tested, Table 6-31 [65]. Per utility input, capsule N is on standby until a decision
is made whether to test capsule N or a potential supplemental capsule. Kewaunee

received approval for a 60-year (52.1 EFPY) license renewal in 2011.

Table 6-31

Kewaunee Current Withdrawal Schedule [65]

Yot TT 3,03 1 13 | 586x10°
RGBT 3.03 5 46 ¢ Liexion |
P | 247° | 200 | 13 | 111 2.61x10°
S e i 167 3.67x10%@a)

T 6T 217 26 (2004) 24.6 5.62x10"(b)
N 212 ~ | Standby -

(:V;BNApproxu;;t;:‘;iS—;lea:r (33EFPY) peak RPV fluence.

(b) Approximate 60-year (52.1 EFPY) peak RPV fluence.

<631 >



Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Per utility input, Dominion intends to test an additional capsule that will be at a
high fluence, but it has not been determined whether to test Capsule N or a
potential new supplemental capsule.

McGuire Unit 1
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (high Cu) and weld flux Linde 1092 (high Cu) were
inserted in the reactor prior to initial start-up [66,67].

Current Program

Five of the six surveillance capsules (U, X, V, Y and W) have been removed and
tested, Table 6-32 [67]. Only the weld specimens from capsule W have been
tested [67]. Capsule Z was removed and disassembled to analyze the dosimeters
with the specimens (not analyzed) being put in storage in 1993 [68]. McGuire
Unit 1 received approval for a 60-year (54 EFPY) license renewal in December
2003. The projected 60-year (54 EFPY) peak RPV fluence is 3.07x10" n/cm?
[68].

Table 6-32
McGuire Unit 1 Current Withdrawal Schedule [67, 68]

| U 56° 491  1(1984)  1.09 3.78x10™
Lok o ger | BA8 ) S0EBE | AEG L TaNI0T
v 58.5° 4.47  8(1993)  7.24  1.93x10"
B 2385° | 449 | (1997 | 1021 | 264x107°(@) |
. Z . 304> 511  Sworage | 7.24  2.20x10"(b) |
W e s 8 L 18e2 | 510K0T

(a)Ap;;rt;)umate 60-year (54 Ei?‘PY) peak RPV fluence.
(b) Approximate 40-year (32 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Capsules W and Z have been disassembled and are not available for re-insertion.
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McGuire Unit 2
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 2 (high Cu) and weld flux Grau Lo LW320 were inserted in the
reactor prior to initial start-up [69].

Current Program

Four of the six surveillance capsules (V, X, U and W) have been removed and
tested, Table 6-33 [69]. Per utility input, capsules Z and Y were removed in 1993
and disassembled with the dosimeters being analyzed and the specimens (not
analyzed) being put in storage. McGuire Unit 2 received approval for a 60-year
(54 EFPY) license renewal in December 2003. The projected 60-year (54 EFPY)
peak RPV fluence is 2.88x10" n/cm? [68].

Table 6-33
McGuire Unit 2 Current Withdrawal Schedule [68, 69]

V. 585° 440 1(1985  1.03 3.23x10™
X 236.0° s.12 5(1989) @ 4.16 147x10° |
U 56.0° 516  7(1992) = 6.05 2.04x10"(a)
w 124.0° 517 | 10(1996) 9.44 3.07x10"(b)

-z 304.0° 517 Storage =~ 7.18 2.41x10"°
X 2igb | TAs | Somee | AR EGEG0T ]

(a) Approximate 40-year (34 EFPY) peak RPV fluence.
(b) Approximate 60-year (54 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Capsules Z and Y have been disassembled and are not available for re-insertion.
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Millstone Unit 2
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (high Cu) and weld flux Linde 91 (high Cu) were
inserted in the reactor prior to initial start-up [70].

Current Program

Four of the seven surveillance capsules (W-97, W-104, W-83 and W-97S) have
been removed and tested, Table 6-34 [70]. Per utility input, capsule W-97S was
for flux monitoring and did not contain any vessel test specimens. Millstone Unit
2 received approval for a 60-year (54 EFPY) license renewal in November 2005.
The projected 60-year (54 EFPY) peak RPV fluence is 3.83x10" n/cm? [70].
The supplemental capsule was irradiated for cycles 7-10.

Using the capsule lead factor and the linear relationship between the reported
peak RPV fluences and their corresponding EFPY values, the EFPY required for
capsule W-277 to reach the projected 60-year (54 EFPY) peak RPV fluence of
3.83x10" n/cm? was calculated to be 40.1. This linear relationship was based on
2.4x10" n/cm? at 32 EFPY, 3.44x10" n/cm? at 48 EFPY and 3.83x10" n/cm? at
54 EFPY [70]. Assuming a 0.95 capacity factor starting in 2002 and the
projected removal EFPY of 40.1, capsule W-277 should reach the specified
fluence in about 2028.

Table 6-34
Milistone Unit 2 Withdrawal Schedule {70, 71]

CapsuicRlilocationth | Romoved  Removel . G

; Geser , [OB | @PW (e

I

W-97 g7° 1.40 | 3 3.0 3.24x10™
W-104 | 104° 095 | .10 100 | 9.49x10™®
W-263 263° 1.31 Standby
- W-83 | 83 1.31 14 (2002) 15.3 1.74x10"
W-277 277° 1.31 Planned 401 3.83x10"(a)
W-284 284° 0.97 Standby -
W-975(b) g7° 1.28 6-10 10.0 7.62x10™

(a) Projected 60-year (54 EFPY) peak RPV fluence and between once and twice the projected 40-
year (32 EFPY) peak RPV fluence.
(b) Flux monitoring.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.
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Millstone Unit 3

Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 91 flux (low Cu) were inserted in
the reactor prior to initial start-up [72].

Current Program

Three of the six surveillance capsules (U, X and W) have been removed and
tested, Table 6-35 [73]. Millstone Unit 3 received approval for a 60-year (54
EFPY) license renewal in November 2005.

Table 6-35
Milistone Unit 3 Withdrawal Schedule [7 3]

b

U | 585° | 406 1 134  4.00x10"
X 238.5° 4% 6 8.0 - 1.98x10"(a)
W 121.5° 422 10 (2005) 13.8  3.16x10"(b)
Y Eane | 3% | Sahe 13.8 2.98x10"(b)
v 61.0° 3.98  Storage 13.8 2.98x10"(b)
Z Ao g2 L ey 1 s

(a) Apprommate 40—year (32 EFPY) peak RPV fluence.
(b) Between once and twice the projected 60-year (54 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

The basis for not selecting capsule Z for testing is addressed in Section 4.
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North Anna Unit 1
Material Description

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 2 (high Cu) and weld flux SMIT 89 were inserted in the reactor
prior to initial start-up [74].

Current Program

Three of the eight surveillance capsules (V, U and W) have been removed and
tested, Table 6-36 [75]. Capsules Z and T were moved to higher lead factor
locations in the year 2000 after 16.1 EFPY. Capsule Z has a planned removal
date of 2030. North Anna Unit 1 received approval for a 60-year (50.3 EFPY)
license renewal in 2003.

Table 6-36
North Anna Unit 1 Current Withdrawal Schedule [75]

V.o 1es° 16 (1979 | 1.1 2.63x10"
W1 8 | 10 bfleen L 80 | 850l |
X | 285 | 16 | Standby -

W 2450 . 103 | (198G | 148 | 2082x107 |
Y 295° 103 Standby - e
i 28 305°/165°  0.69/1.6 Planned = 44.5  6.49x10"(b)

S 45° . 0.55 Standby T

T(a) 55°/245'_’__j 0.69/1.03 Standby b = -

(a) Capsules Z and T were moved in the year 2000 after 16.1 EFPY.
(b) Greater than 60-year (50.3 EFPY) peak RPV fluence.

Recommended Program
The following changes to the current capsule withdrawal plan, test schedule, or

related commitments are recommended:

= Capsule X should be removed after exposure to a fluence between 8.0x10"
n/cm?* and 9.0x10" n/cm?. Capsule X should then be tested.

= Capsule Z should remain in the reactor on standby until needed to fulfill
future 10 CFR 50 Appendix H [3] or license renewal requirements.

Discussion
For the purpose of developing the CRVSP, the projected withdrawal year was
estimated as follows: Assuming a capacity factor of 0.95 starting in 2000, the

EFPY in 2025 was calculated to be 40.7. Using the capsule lead factor and the
linear relationship between the peak RPV fluence and the corresponding EFPY
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values, the fluence of capsule X at 40.7 EFPY was calculated to be 8.2x10"
n/cm?. This linear relationship was based on 1.99x10" n/cm? at 14.76 EFPY,
2.15x10" n/cm? at 16.1 EFPY and 4.108x10* n/cm? at 32.2 EFPY (74, 75]. The
projections resulting from these estimations are shown in the table below.

Table 6-37
North Anna Unit 1 Estimated Results of Recommended Changes to Withdrawal
Schedule

REeE I StimatedRliRemova NEstmatedR
ERRENIEACto I Remoya | REI(EERY) SISEMEiiencel

A2,

(a) Between once and twice the projected 60-year (50.3 EFPY) peak RPV fluence.

North Anna Unit 2
Material Description

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 2 (high Cu) and Grau Lo LW320 were inserted in the reactor
prior to initial start-up [76].

Current Program

Three of the eight surveillance capsules (V, U and W) have been removed and
tested, Table 6-38 [75]. Capsule T and Z were moved to higher lead factor
locations in 1999 after 15.3 EFPY. Per utility input, the current plan calls for
testing either capsule X or Z at 42.8 EFPY (2029), which will be at a fluence
between once and twice the projected 60-year (52.3 EFPY) peak RPV fluence of
5.91x10" n/cm?. North Anna Unit 2 received approval for a 60-year license
renewal in 2003.

Using the capsule lead factor and the linear relationship between the reported
peak RPV fluences and their corresponding EFPY values, the fluence of capsule
X at 42.8 EFPY was calculated to be 8.33x10" n/cm?. This linear relationship
was based on 1.76x10" n/cm? at 15.3 EFPY and 5.91x10" n/cm? at 52.3 EFPY
[75].

4
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Table 6-38
North Anna Unit 2 Withdrawal Schedule [75]

Y 165° 1.66 (1982) = 1.0  2.46x10"
e B T e (1989) 863 | 9T |
w245 119 | (1999) | 153 2.092x10"
L T e T Weeee T TG aSs0e
| Y | 295° | 1.19 Standby | -
boo® | BBNERY | DB 8, Sendby ) S
. Z  305°/165° 0.81/1.66  Planned 42.8 | 6.50x10"(a) |
o8 s 86 ey 0

(a) Capsule X or Z will be tested at 42.8 EFPY in 2029.
Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Table 6-39
Not used.

Palisades Unit 1
Material Description

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-302 Grade B Modified (high Cu) and weld flux Linde 1092 (high Cu) were
inserted in the reactor prior to initial start-up [77].

Current Program

Four of the eight original surveillance capsules (A-240, W-110, W-100 and W-
290) have been removed and tested, Table 6-40 [78]. Supplemental capsules SA-
60-1 and SA-240-1 were inserted at the end of cycle 11 and then removed and
tested. Palisades received a 60-year license renewal in 2007. Per utility input, the
projected 60-year (42.1 EFPY) peak RPV fluence is 3.42x10" n/cm?. The utility
plans to update the plant specific RVSP to account for the projected 60-year
fluence.
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Table 6-40
Palisades Current Withdrawal Schedule [79, 80, 78]

ABO  60° - - : - ' - |
g AR
W-110 | 110° -~ 10(1993) 9.95 = 1.66x10"
W e - 16 | 1683 | 210x10%@) |
W-80 | 80°  27(2019) | Planned  3.06x10"
W-260 e s -
W-280 280° = Standby . = |
W-290 B0 | = " Isheen | 5@ dieanT |
SA-60-1 60° - 1113 - -
e e e

L

(a) Approximate p;bjected 40-year (24.1751515\’) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Palo Verde Unit 1
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 91 flux (low Cu) were inserted in
the reactor prior to initial start-up [81, 82].

Current Program

Half of the six surveillance capsules (137°, 38° and 230°) have been removed and
tested, Table 6-41 [81, 83]. Palo Verde Unit 1 received approval for a 60-year
(54 EFPY) license renewal in 2011.

Capsule 310° has a planned removal at the projected 60-year (54 EFPY) peak
RPV fluence of 2.56x10" n/cm? [81, 83]. Assuming a 0.95 capacity factor
starting in 2004 and the projected removal EFPY of 40, capsule 310° should
reach the specified fluence in about 2031.

< 6-39 >




Table 6-41
Palo Verde Unit 1 Current Withdrawal Schedule [81, 83]

137° 137° 134 4 457 | 365x10"
oA s ) 183 8 ) 876 | eas0T |
230>  230° = 1.35 11 (2004) 13.83  8.76x10"
e T siee | Res ] B0 T Piannen, | 2.56x10°(@) |
| 43° 43° 135 Standby (b)

42 ME L8 e L R e

(a) Projected 60-year (54 EFPY) kpekak RPV fluence.
(b) Removal fluence between the 60-year (54 EFPY) and 80 year (72 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Palo Verde Unit 2
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 124 flux (low Cu) were inserted in
the reactor prior to initial start-up [82, 84].

Current Program

Two of the six surveillance capsules (137° and 230°) have been removed and
tested, Table 6-42 [84]. Palo Verde Unit 2 received approval for a 60-year (54
EFPY) license renewal in 2011.

Capsule 310° has a planned removal at the projected 60-year (54 EFPY) peak
RPV fluence of 2.83x10" n/cm? [84]. Assuming a 0.95 capacity factor starting in
2005 and the projected removal EFPY of 39.3, capsule 310° should reach the
specified fluence in about 2031.
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Table 6-42
Palo Verde Unit 2 Current Withdrawal Schedule [84]

N

137°. 13° I 1.38 4 454 | 3.87x10"

230° 1. -230° | 1.39 |.12.(2005) | .14.35 | ©9.92x10" ..
310° 1.39 (2031) Planned | 2.83x10"(a)
38° 1. 3 1.37 |- Standby - (o) -
43° 1.38 Standby (b)

s AL 137 pekEStandby i ] s o 8 (b v b

(a) Projected 60 -year (54 EFPY) peak RPV ﬂuence
(b) Removat fluence between the 60-year (54 EFPY) and 80 year (72 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Palo Verde Unit 3
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 124 flux (low Cu) were inserted in
the reactor prior to initial start-up [82, 85].

Current Program

Two of the six surveillance capsules (137° and 230°) have been removed and
tested, Table 6-43 [83, 85]. Palo Verde Unit 3 received approval for a 60-year
(54 EFPY) license renewal in 2011.

Capsule 310° has a planned removal at the projected 60-year (54 EFPY) peak
RPV fluence of 2.99x10" n/cm? [83, 85]. Assuming a 0.95 capacity factor
starting in 2005 and the projected removal EFPY of 42, capsule 310° should
reach the specified fluence in about 2034.
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Table 6-43
Palo Verde Unit 3 Current Withdrawal Schedule [83, 85]

L 142" | 137° 4 4.44 3.48x10" |
2800 ) 2800 1 A8% ) 1 (2004) 13.75 9.07x10"
310° 3100 1. (2034)  Planned = 2.99x10"(a)
Ea% 432 | 130 | Sanby - (b) “
137° 142° | 1.28 Standby | -~ (b)
S8 %, [ 128 | Sendby . o D)

(a) Projected 60—year (54 EFPY) eak RPV fluence.
(b) Removal fluence between the 60-year (54 EFPY) and 80 year (72 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Point Beach Unit 1
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-302 Grade B (high Cu) and weld flux Linde 80 (high Cu) were inserted in
the reactor prior to initial start-up [15, 86].

Current Program

Point Beach Unit 1 is a participant in the B&W MIRVP. Four of the six
surveillance capsules (V, S, R and T) have been removed and tested, Table 6-44
[16]. Capsule P was removed and placed in storage after cycle 21. Per utility
input, capsule N has a lead factor of 1.93. Point Beach Unit 1 received approval
for a 60-year (53 EFPY) license renewal in 2005. Per utility input, the projected
60-year (53 EFPY) peak RPV fluence is 5.09x10" n/cm?. Per B&W MIRVP,
Point Beach Unit 1 is not required to test capsules P or N to meet the
requirements of their 60-year (53 EFPY) license [16].
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Table 6-44
Point Beach Unit 1 Current Withdrawal Schedule [16, 87]

3 = vy
23° _ Sorage - e
a3 @ sy L W

(a) Remove and put in storage at EOL.
Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Capsule N was not selected for testing based on the discussion in Section 4.
Point Beach Unit 2

Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 2 (low Cu) and Linde 80 flux (high Cu) were inserted in the
reactor prior to initial start-up [15, 88].

A supplemental capsule was inserted at EOC 25 containing Linde 80 flux (high
Cu) [16].

Current Program

Point Beach Unit 2 is a participant in the B&W MIRVP. Four of the six
surveillance capsules (V, T, R and S) have been removed and tested, Table 6-45
[16]. Capsule P was removed and placed in storage at the end of cycle 22 in
1997. Per utility input, capsule N has a lead factor of 1.97. Point Beach Unit 2
received approval for a 60-year (53 EFPY) license renewal in 2005. Per utility
input, the projected 60-year (53 EFPY) peak RPV fluence is 5.07x10" n/cm?.
Per B&W MIRVP, Point Beach Unit 2 is only required to test the supplemental
capsule to meet the requirements of their 60-year (53 EFPY) license.

The supplemental capsule was inserted at the end of cycle 25, which (per utility
input) occurred in 2002 and is planned to be removed and tested at the end of
cycle 33 at a capsule fluence of 5.0x10" n/cm? [16]. The supplemental capsule
has a planned removal at 38 EFPY in 2022 [89].
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Table 6-45
Point Beach Unit 2 Current Withdrawal Schedule [16,87,89,90]

13°
28° :
1
L L8080 1 088 | A0 e |
B T T ——
I 3y F a9 Slasdly - -
~ Suppl. | 13° i . Planned 38 5.0x10"(b)
(a) Approximate 40-year (32 EFPY) peak RPV fluence.
(b) Approximate 60-year (53 EFPY) peak RPV fluence.

Zown-H<

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Point Beach Unit 2 already plans to test the supplemental capsule in 2022, which
will meet the requirements of their 60-year (53 EFPY) license. Capsule N will
remain in the reactor to monitor vessel fluence.

Capsule N was not selected for testing based on the discussion in section 4.
Prairie Island Unit 1
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 3 (low Cu) and UM 89 flux were inserted in the reactor prior to
initial start-up [91].

Current Program

Four of the six surveillance capsules (V, P, R and S) have been removed and
tested, Table 6-46 [91, 92]. Prairie Island Unit 1 received approval for a 60-year
(54 EFPY) license renewal in 2011. To account for license renewal, one of the
two remaining capsules will be withdrawn and tested after the capsule has
received a neutron fluence equivalent to the 60-year fluence [92]. The projected
60-year (54 EFPY) peak RPV fluence is 5.162x10" n/cm? [93]. The utility is
aware of the recommendations of the CRVSP and has delayed removal of
capsules T and N.
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Table 6-46
Prairie Island Unit T Current Withdrawal Schedule [91, 92]

~1(1976) ~ 1.34 | 5.63x10"
~ 5(1980) 460 | 1diea0”

9(1985) = 856  4.478x10°

27 (2011) | Planned | 6.292x10"(b) |
i : N ‘ ) 27 (201 1) _ Planned | 5. 893X10*9(b)‘ |
(a) One of these two capsules w111 be removed and tested. The other will remain mscrted
(b) Between one and twice the projected 60 year (54 EFPY) peak RPV fluence.

Recommended Program

The following changes to the current capsule withdrawal plan, test schedule, or
related commitments are recommended:

= Either capsule T or N should be removed at a scheduled outage which
follows estimated capsule exposure to the projected 80-year peak RPV
fluence, but no later than the year 2024. The capsule should then be tested.

= The remaining capsule should remain in the reactor on standby until needed
to fulfill future 10 CFR 50 Appendix H [3] or license renewal requirements.

Discussion

For the purpose of developing the CRVSP, the projected 80-year peak RPV
fluence and withdrawal year were estimated as follows: The projected EFPY for
the 80-year license was determined using a conservative capacity factor of 0.95.
Based on the 32 EFPY fluence of 3.37x10" n/cm” and the 60-year (54 EFPY)
fluence of 5.162x10" n/cm? [93], the 80-year (73 EFPY) peak RPV fluence was
determined by extrapolation to be 6.7x10' n/cm?. For the purpose of this
discussion, it is assumed that Capsule T will be withdrawn, although the plant
may choose to withdraw Capsule N. Using the capsule lead factor and the linear
relationship between the reported peak RPV fluences and their corresponding
EFPY values, the EFPY required for capsule T to reach 6.7x10" n/cm?® was
calculated to be 34.1. Assuming a 0.95 capacity factor starting in 1996 and the
projected removal EFPY of 34.1, capsule T should reach the specified fluence in
about 2013. The projections resulting from these estimations are shown in the
table below. The plant is responsible for formal determination of the planned
year of capsule withdrawal, based on the latest RPV fluence data.
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Table 6-47
Prairie Island Unit 1 Estimated Results of Recommended Change to Withdrawal
Schedule

T@) | 67° 189 2013(n) 34.1

(a) Per the recommendation above, either capsule T or N can be tested. Capsule T was assessed in
this table as an example only.

(b) For the purpose of this table, the earliest removal date was assumed. However, the plant may
withdraw the chosen capsule at any time after the target fluence is achieved, up to 2024.

(c) Projected 80-year (73 EFPY) peak RPV fluence.

Prairie Island Unit 2
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 3 (low Cu) and UM 89 flux were inserted in the reactor prior to
initial start-up [94].

Current Program

Four of the six surveillance capsules (V, T, R and P) have been removed and
tested, Table 6-48 [92, 94]. Prairie Island Unit 2 received approval for a 60-year
(54 EFPY) license renewal in 2011. The projected 60-year (54 EFPY) peak RPV
fluence is 5.196x10" n/cm? [93]. One of the two remaining capsules will be
withdrawn and tested after the capsule has received a neutron fluence equivalent
to the 60-year fluence to account for license renewal [92].

Table 6-48
Prairie Island Unit 2 Current Withdrawal Schedule [92, 94]

Vv 77° | 295 | 1 139 | 6.206x10"°
aLoloer s L 8 48 el
R 257° | 299 9 881 4376x10"

YRR e e 1724 | 4.168x10°

N@ =~ 237° 172  (2012) Planned = 5.74x10'(b)

Sy 5 U o] edes 1] A0 0L |

(a) One of these’two dpsules will be removed and tested. The other will remain inserted.
(b) Between once and twice the projected 60 year (54 EFPY) peak RPV fluence.
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Recommended Program

The following changes to the current capsule withdrawal plan, test schedule, or
related commitments are recommended:

= Capsule N should be removed during a scheduled outage that follows
estimated capsule exposure to the projected 80-year peak RPV fluence, but
no later than 2025. Capsule N should then be tested.

» Capsule S should remain in the reactor on standby until needed to fulfill
future 10 CFR 50 Appendix H or license renewal requirements.

Discussion

For the purpose of developing the CRVSP, the projected 80-year peak RPV
fluence and removal year were estimated as follows: The projected EFPY for the
80-year license was determined using a conservative capacity factor of 0.95. Based
on the 32 EFPY fluence of 3.32x10" n/cm? and the 60-year (54 EFPY) fluence
of 5.196x10" n/cm? [93], the 80-year (73 EFPY) peak RPV fluence was
determined by extrapolation to be 6.82x10" n/cm?. Using the capsule lead factor
and the linear relationship between the reported peak RPV fluences and their
corresponding EFPY values, the EFPY required for capsule N to reach 6.82x10"
n/cm’® was calculated to be 39.5. Assuming a 0.95 capacity factor starting in 1997
and the projected removal EFPY of 39.5, capsule N should reach the specified
fluence in about 2020. The projections resulting from these estimations are
shown in the table below. The plant is responsible for formal determination of
the capsule withdrawal year, based on the latest RPV fluence data.

Table 6-49
Prairie Island Unit 2 Estimated Results of Recommended Changes to Withdrawal
Schedule

N LB L e | _20201al L
S LBt 1 Standby |

(a) For the purpose of this table, fhe estimated removal year was assumed to be the year the

capsule is estimated to attain the projected 80-year RPV fluence. However, per the bulleted
recommendation, the plant may choose any removal year beyond after that, up to 2025.
(b) Projected 80-year (73 EFPY) peak RPV fluence.
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Robinson Unit 2

Material Description

Eight surveillance capsules containing beltline materials were inserted in the
reactor prior to initial start-up [95]. Capsules X, V and T contained specimens
fabricated from ASME SA-302 Grade B (high Cu) and Linde 1092 flux (high

Cu) [96]. The remaining capsules contain only base metal specimens.
Current Program

Half of the eight surveillance capsules (S, V, T and X) have been removed and
tested, Table 6-50 [95]. Capsule U was moved to the 280° location at the end of
cycle 8. Per utility input, the current plan calls for removal and testing of capsule
U in 2012. Robinson Unit 2 received approval for a 60-year (50 EFPY) license
renewal in 2004. The projected 60-year (50 EFPY) peak RPV fluence is
6.00x10" n/cm? [95].

Table 6-50
Robinson Unit 2 Current Withdrawal Schedule [95]

5 280° 1.90 1 1.28  4.79x10"°
v por 0@ 8 ] 318 Beab
T 270° 280 8 7.27 3.87x10"
X W 18 20 (2001) 20.39 | 4.49x10°
U 30°/280° 1.41 Planned 29.8 6.00x10"(a)
(2.02)
Y 150° | 092 Standby e i |
W 40° 0.59 | Standby - « -
ey
i 23 . 080 Standby - - ‘
? . (0.61) o f

(a) Projected 60-year (50 EFPY) peak RPV fluence.
(b) The lead factors in parentheses are for future cycles [95].

Recommended Program

The following changes to the current capsule withdrawal plan, test schedule, or
related commitments are recommended:

* Capsule U should be removed during the first scheduled outage that follows
estimated capsule exposure to the projected 80-year RPV peak fluence.
Capsule U should then be tested.
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Discussion

For the purpose of developing the CRVSP, the projected 80-year peak RPV
fluence and year of withdrawal were estimated as follows: Per utility input,
Capsule U is estimated to reach the projected 80-year (66 EFPY) RPV peak
fluence of 7.84x10" n/cm? at 38.0 EFPY. Assuming a 0.95 capacity factor
starting in 2001 and the projected removal EFPY of 38.0, capsule U should reach
the specified fluence in about 2019. The projections resulting from these
estimations are shown in the table below. The plant is responsible for
determination of the actual removal year, based on the latest RPV fluence data.

Table 6-51
Robinson Unit 2 Estimated Results of Recommended Changes to Withdrawal
Schedule

Capsuiclilocation N MICIMIREStimatcc IMREmova il

. b Pester. | Remevel . @DPY) ., Fuemee

u 30°/280° 1.41 2019 38.0 | 7.84x10"(a)
(2.02)

(a) Projected 80-year (66 EFPY) peak RPV fluence.
Salem Unit 1

Material Description
-

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (high Cu) and Linde 1092 flux (high Cu) were inserted
in the reactor prior to initial start-up [97]. Remaining capsules U, W, and X
contain only Charpy V-notch base metal specimens and capsule V contains base
metal, weld metal and 8 HAZ Charpy V-notch specimens [98].

Current Program

Half of the eight surveillance capsules (T, Y, Z and S) have been removed and
tested, Table 6-52 [99]. Salem Unit 1 received approval for a 60-year (50 EFPY)
license renewal in 2011,

Based on a 32 EFPY peak RPV fluence of 1.53x10" n/cm? [97], a 50 EFPY
peak RPV fluence of 1.84x10" n/cm? [99] and a lead factor of 1.28, the capsule
fluence at 40.0 EFPY is projected to be 2.13x10" n/cm?. Assuming a capacity
factor of 0.95 starting in 1995 and an EFPY of 40.0, the capsules should reach
the specified fluence in about 2025.
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Table 6-52
Salem Unit 1 Current Withdrawal Schedule [97, 99]

140° 347 1(1979) 1.1 2.59x10"

40° . 347 | 6H{1984) 3.6 8 70x10"

. 220° 347 7(1987) 6.0 1.26x10"
Lo ase ) 1308 108 1.99x10%(a)

_184°  1.28 _Planned | 400 | 2.13x10"(b)
8 | 128 | Pemed || TT400 | 2500 |
176 1.28 Planned 400 2 13x10"(b)

T .
Y
v
w

(a) Apprommate 60-year (SO EFPY) peak RPV fluence.
(b) Remove between once and twice the projected 60-year (50 EFPY) peak fluence of 1.84x10"
n/cm?. Test one capsule and put the remaining three in storage.

4° “Planned | 400 | 27131078 |

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

The maximum potential capsule fluence (2x60-year peak RPV fluence) barely
meets the high fluence requirements of this program (>3.0x10" n/em?) and this
peak fluence will not be reached in the planning horizon of this program (2025).

Salem Unit 2
Material Description

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (high Cu) and Linde 1092 flux (high Cu) were inserted
in the reactor prior to initial start-up [100].

Current Program

Half of the eight surveillance capsules (T, U, X and Y) have been removed and
tested, Table 6-53 [101]. Salem Unit 2 received approval for a 60-year (50
EFPY) license renewal in 2011.

Based on the 32 EFPY peak RPV fluence of 1.34x10" n/cm? [100], a 50 EFPY
peak RPV fluence of 1.96x10" n/cm? [101] and a lead factor of 1.38, the capsule
fluence at 40 EFPY is projected to be 2.23x10" n/cm?. Assuming a capacity
factor of 0.95, the specified fluence should be reached in about 2030.
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Table 6-53
Salem Unit 2 Current Withdrawal Schedule [100, 101]

T
e g A
X 2200 i GO (ORI RTINS o SORN, (SSNNG cdb . .|
N ey sy Ree e T 18T
S 4 138  Panned = 400 2. 23x10"%(a)
v;,,; 16 | 1A Pamed | W8 | 225100
W 184° 1§8 ~ Planned ~ 40.0 2.23x10"(a)
P2 36 | T8 Tanned | W00 T2E50070) |

£ i o G

(a) Remove between once and twice the prOJected 60-year (50 EFPY) peak ﬂuence of 1.96x10"
n/cm?. Test one capsule and put the remaining three in storage.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

The maximum potential capsule fluence (2x60-year peak RPV fluence) barely
meets the high fluence requirements of this program (>3.0x10" n/cm?) and this

peak fluence will not be reached in the planning horizon of this program (2025).

San Onofre Nuclear Generating Station (SONGS) Unit 2
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 91 weld flux (low Cu) were
inserted in the reactor prior to initial start-up [102, 103].

Current Program

Two of the six surveillance capsules (97° and 263°) have been removed and
tested, Table 6-54 [102]. SONGS Unit 2 has not submitted a 60-year license

renewal application.

Per utility input, the current plan calls for the removal and testing of capsule 83°
at 24.0 EFPY in 2013.
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Table 6-54
SONGS Unit 2 Current Withdrawal Schedule [102, 103, 104]

121 3 2.85 5.07x10"
| 12 e s 200" |
121 2013 | 240  3.80x10°(a)
poBTIE T e
1.21 Standby |

204577 284|088 TSy T[T [T
(a) Less than prOJected 40-year (32 EFPY) peak RPV fluence.

Recommended Program

The following changes to the current capsule withdrawal plan, test schedule, or
related commitments are recommended:

= Capsule 83° should be removed during the first scheduled outage which
follows estimated capsule exposure to the projected 40-year peak RPV
fluence. Capsule 83° should then be tested.

Discussion

For the purpose of developing the CRVSP, the projected 40-year peak RPV
fluence and year of withdrawal were estimated as follows: The projected 40-year
(32 EFPY) peak RPV fluence is 4.37x10" n/em? [103]. Using the capsule lead
factor and the linear relationship between the reported peak RPV fluences and
their corresponding EFPY values, the EFPY required for capsule 83° to reach
4.37x10" n/cm? was extrapolated to be 26.5. Assuming a 0.95 capacity factor
starting in 2001 and the projected removal EFPY of 26.5, capsule 83° should
reach the specified fluence in about 2015. The projections resulting from these
estimations are shown in the table below. The plant is responsible for
determination of the actual removal year, based on the latest RPV fluence data.

Table 6-55
SONGS Unit 2 Estimated Results of Recommended Changes to Withdrawal
Schedule

83 | 83° 121 2015 265  4.37x10™()
(a) Pro;ected 40 -year (32 EFPY) peak RPV ﬂuence

€652 >



SONGS Unit 3
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 0124 flux (low Cu) were inserted
in the reactor prior to initial start-up [104].

Current Program

Two of the six surveillance capsules (97° and 263°) have been removed and
tested, Table 6-56 [105]. Per utility input, the planned removal EFPY of 83° is
24.0. SONGS Unit 3 has not submitted a 60-year license renewal application.

Assuming a capacity factor of 0.95 starting in 2003, capsule 83° should reach
24.0 EFPY in about 2012.

Table 6-56
SONGS Unit 3 Current Withdrawal Schedule [104, 105]

Gepente | Lensiien ! ' Gemowved) | Removel |
I T = c Lo © CRENE N (E £ P/ I £ .
4 (1990) 4.33 8.0x10™
10,,2008) 1, 14:92. 11 .,2:471x70'%5::
Planned 3.79x10"(a)

Recommended Program

The following changes to the current capsule withdrawal plan, test schedule, or
related commitments are recommended:

= Capsule 83° should be removed during the first scheduled outage which
follows estimated capsule exposure to the projected 40-year peak RPV
fluence. Capsule 83° should then be tested.
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Discussion

For the purpose of developing the CRVSP, the projected 40-year peak RPV
fluence and year of withdrawal were estimated as follows: The projected 40-year
(32 EFPY) peak RPV fluence is 4.19x10" n/cm? [106]. Using the capsule lead
factor and the linear relationship between the reported peak RPV fluences and
their corresponding EFPY values, the EFPY required for capsule 83° to reach
4.19x10" n/cm? was extrapolated to be 26.5 EFPY. This linear relationship is
based on 2.01x10" n/cm? at 14.93 EFPY and 4.19x10" n/cm?® at 32 EFPY
[106]. Assuming a 0.95 capacity factor starting in 2003 and the projected
removal EFPY of 26.5, capsule 83° should reach the specified fluence in about
2016. The projections resulting from these estimations are shown in the table
below. The plant is responsible for determination of the actual removal year,
based on the latest RPV fluence data.

Table 6-57
SONGS Unit 3 Estimated Results of Recommended Changes to Withdrawal
Schedule

Cepents | leeafen | leed | Romove) | Qomovel | Femes

| Gester o VYeer | @PW ! (Wewm)
4.19x10"(a)

(a) Projected 40-year (32 EFPY) peak RPV fluence.
Seabrook Unit 1
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 91 flux (low Cu) were inserted in
the reactor prior to initial start-up [107].

Current Program

Half of the six surveillance capsules (U, Y and V) have been removed and tested,
Table 6-58 [107]. Seabrook submitted a 60-year (55 EFPY) license renewal
application in June 2010. Based on the peak RPV fluence of 1.72x10" n/cm? at
32 EFPY, 2.86x10" n/cm? at 54 EFPY and 3.17x10" n/cm? at 60 EFPY [107],
the peak RPV fluence at 55 EFPY was interpolated to be 2.91x10" n/cm?. Per
utility input, capsule X is planned to be removed and tested at the end of cycle 16
(21 EFPY) at a projected fluence of 4.74x10" n/cm?®. Assuming a capacity factor
of 0.95 starting in 2005, this is projected to occur in 2014.
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Table 6-58
Seabrook Current Withdrawal Schedule [107]

;l BREmovedlRemoya RINE e e

| :
! G Pesler ¢ EO6

3.96

1 (1991) 3.142x10"

1374 1 5/1997) - 1.292%10% .
3.78 10 (2005) 2.669x10"(a)
i R IR N S 474 74xa0b)
4.10 Standby

+ 410 o Standbyi

(a) Approximate 40-year (32 EFPY) peak RPV fluence.
(b) Estimated removal at 21 EFPY; between once and twice 60-year (55 EFPY) peak RPV fluence.

(c) Remove and place in storage within one cycle after capsule X removal.

B R

Recommended Program

The following changes to the current capsule withdrawal plan, test schedule, or
related commitments are recommended:

* Capsule X should be removed during the last scheduled outage before the
capsule would receive a neutron fluence equal to two times the peak RPV

neutron fluence at the.end of the period of extended operation. Capsule X
should then be tested.

Discussion

For the purpose of developing the CRVSP, the projected 2x60-year peak RPV
fluence and year of withdrawal were estimated as follows: The projected 2x60-
year peak RPV fluence is 5.82x10" n/cm?, which is twice the projected 60-year
(55 EFPY) peak RPV fluence of 2.91x10" n/cm? Using the capsule lead factor
and the linear relationship between the reported peak RPV fluences and their
corresponding EFPY values, the EFPY required for capsule X to reach 5.82x10%
n/cm? was calculated to be 26.13. Assuming a 0.95 capacity factor starting in
2005 and the projected removal EFPY of 26.13, capsule X should reach the
specified fluence in about 2019. The projections resulting from these estimations
are shown in the table below. The plant is responsible for determination of the
actual removal year, based on the latest RPV fluence data.
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Table 6-59
Seabrook Estimated Results of Recommended Changes to Withdrawal Schedule

X 238.5° 4.11 2019 26.13 | 5.82x10"(a)
(a) Twice projected 60-year (55 EFPY) peak RPV fluence.

Sequoyah Unit 1
Material Description

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 2 (high Cu) and SMIT 89 weld flux were inserted in the reactor
prior to initial start-up [108, 109].

Current Program

Half of the eight surveillance capsules (T, U, X and Y) have been removed and
tested, Table 6-60 [109, 110]. Sequoyah Unit 1 has not submitted a 60-year
license renewal application.

Table 6-60
Sequoyah Unit 1T Current Withdrawal Schedule [108, 109]

T 40° 339 1 1.03  2.61x10"®

u 1407 | 347 - 30 7.96x10™

X 220° | 3.47 5 (1992) 527 | 1.32x10"
Y Se ) 348 eS| 003 290t

S 4° 1.08 | Standby | - |

4 e e ey e s

W | 184° = 1.08  Standby - - ,

s | 88y 108 | Standby | - . -

(a) Appro:ﬁmate 40-year (32 EFPY) peak RPV fluence.
Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion
The value of relocating Capsule S to a higher lead factor location was assessed,

but that action is not recommended because the RPV fluence is relatively low and
the achievable fluence would be of limited benefit to the PWR fleet.

< 6-56 »



000000000000000000000000000000000000000COCOCCC

Sequoyah Unit 2
Material Description

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 2 (high Cu) and SMIT 89 weld flux were inserted in the reactor
prior to initial start-up [111].

Current Program

Half of the eight surveillance capsules (T, U, X and Y) have been removed and
tested, Table 6-61 [111]. Sequoyah Unit 2 has not submitted a 60-year license
renewal application.

Table 6-61
Sequoyah Unit 2 Current Withdrawal Schedule [111]

i

T 40° 3.33 1 . 1.04 2.61x10"
e 140° 3.40 3 293 | Go2x10"
X 2200 339 S 5.36 1.22x10°

% 320° 335  9(1999) 1054 | 2.14x10"(a)

S 4° 1.09 Standby - -

i 176° LEN ) ey 0 e e
W 184° 1.09 Standby i KPR
& 366" | 109 ' Sapdby - -

ia) ;‘prroximate 40-year (32 EFPY) peak RPV fluence.
Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

The value of relocating Capsule S to a higher lead factor location to obtain high
fluence data more quickly was assessed, but that action is not recommended
because the benefit to the PWR surveillance database is low. The remaining
capsules contain high copper SA-508 base metal and SMIT 89 weld metal. High
fluence data is well represented in both these categories at the projected 80-year
peak RPV fluence of 4.09x10" n/cm?
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Shearon Harris Unit 1
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 124 weld flux (low Cu) were
inserted in the reactor prior to initial start-up [112].

Current Program

Half of the six surveillance capsules (U, V and X) have been removed and tested,
Table 6-62 [112]. The lead factors for the remaining capsules increased from
2.38 to 2.68 after cycle 10. Per utility input, capsule W was removed in 2010 and
placed in storage. Shearon Harris received a 60-year (55 EFPY) license renewal
in 2008.

Based on a 0.95 capacity factor starting in 1999 and the removal in 2010, capsule
W should have an EFPY of about 20, at which time the capsule W fluence will
be about 6.80x10" n/cm? [113].

Table 6-62
Shearon Harris Current Withdrawal Schedule [112, 113, 114]

u 343 29  1(1989)  1.09  5.52x10"
v War 1 33 - 3(1992) j0n. | haasao
X 287° | 2.68 9 (1999) 94  3.25x10"
W 110° | 2.38/268 | Sorage | ~20 | ~6.8x10%a) |
LY 2008 | 23B/268 | Sandby | e ]
7 | 37 1238288 Sendby |0 - " ’

(a) Approximate 60-year (55 EFPY) peak fluence.
Recommended Program

The following changes to the current capsule withdrawal plan, test schedule, or
related commitments are recommended:

* Capsule Y or Z should be removed during the first scheduled outage which
follows estimated capsule exposure to the projected 80-year peak RPV
fluence. The removed capsule should then be tested.

Discussion

For the purpose of developing the CRVSP, the projected 80-year peak RPV
fluence and year of withdrawal were estimated as follows: Per utility input, the
projected 80-year, 73 Effective Full Power Years (EFPY), peak RPV fluence is
approximately 9.15 x10" n/cm?. At the end of Cycle 21, both Capsule Y and
Capsule Z are estimated to receive an estimated fluence of 9.39 x10" n/cm?.
Because Capsule Y, at the 290° location, and Capsule Z, at the 340° location,

<658 »

»
®
®
#®
#
&
&
™
#
&
#
®
®
#
#®
&
®
&
#
#
@
@
#
&
&
&
&
&
®
™
&
@
@
®
&
@
®
&
®
%
&
®
@
&




0000000000000 0000000000000000000000000000OCKCKS

have identical capsule contents, receive approximately equal fluence, and have the
same lead factor, either of the two may be withdrawn during RFO-21. The
remaining capsule will serve as a standby capsule. The projections resulting from
these estimations are shown in the table below.

The value of relocating Capsule S to a higher lead factor location was assessed,
but that action is not recommended because the benefit to the PWR surveillance
database is low.

Table 6-63
Shearon Harris Estimated Results of Recommended Changes to Withdrawal
Schedule

Y 200° | 2.38/2.68 2018 | 272 | 9.15x10%(a)

(a) Projected 80-year (73 EFPY) peak RPV fluence.
South Texas Project Unit 1
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) Linde 124 weld flux (low Cu) were inserted in
the reactor prior to initial start-up [115].

Current Program

Half of the six surveillance capsules (U, Y and V) have been removed and tested,
Table 6-64 [116]. The current plan calls for capsule W to be removed and tested
in 2011 instead of capsule X [116]. South Texas Project Unit 1 submitted a 60-
year license renewal application in 2010. The 60-year (54 EFPY) peak RPV
fluence is projected to be 3.86x10" n/cm? [116].

Table 6-64
South Texas Project Unit 1 Current Withdrawal Schedule [115, 116]

U 58.5° 1(1989) 0.78 2.58x10"

e g 490 Lami” |

i V 61° 11 (2003) 11.13 | 2.62x1019(a)w
X eSEEr ] A28 Memaby L el p e ﬁ

W | 121.5° | 3, 16 (2011) | Planned | 4.33x10"(b)
z Standby | j

(a) Approximate 40-ye fluence.
(b) Between once and twice the projected 60-year (54 EFPY) peak RPV fluence.

< 6-59 »



0000000000000 0000000000000000000000000060000

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Capsules X and Z were not selected for testing based on the discussion in
Section 4.

South Texas Project Unit 2
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 124 weld flux (low Cu) were
inserted in the reactor prior to initial start-up [117].

Current Program

Half of the six surveillance capsules (V, Y and U) have been removed and tested,
Table 6-65 [116]. The current plan calls for capsule W to be removed and tested
in 2011 instead of capsule X [116]. South Texas Project Unit 2 submitted a 60-
year license renewal application in 2010. The 60-year (54 EFPY) peak RPV
fluence is projected to be 3.73x10' n/cm? [116].

Table 6-65
South Texas Project Unit 2 Current Withdrawal Schedule [116, 117]

V. e1° 309 1 0.87  3.4x10°
Ly e e s by | TEanT
p 58.5° 3.20 9 (2003) 10.31 2-40"19?(?) |
Lok aa | 38 mwmy | - 2

w 121.5° | 3.9 15(2011)  Planned  4.14x10%(b)

2. L 0nn 1 e sl L - s

(a) Approximate 40-year (34 EFPY) peak RPV fluence.
(b) Greater than projected 60-year (54 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

The basis for not recommending additional testing beyond the 60-year capsule is
provided in Section 4.

< 6-60 »




00000000000000000000000000000000000000000000

St. Lucie Unit 1
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (high Cu) and Linde 91 (high Cu) were inserted in the
reactor prior to initial start-up [118].

Current Program

Half of the six surveillance capsules (97°, 104° and 284°) have been removed and
tested, Table 6-66 [119]. St. Lucie Unit 1 received approval for a 60-year (52
EFPY) license renewal in 2003. The projected 60-year (52 EFPY) peak RPV
fluence is 4.24x10" n/cm? [120].

Table 6-66
St. Lucie Unit 1 Current Withdrawal Schedule [119, 121]

57° K - 5 4.67 5.91x10™
104° e e s B 8 R RN
 284° | 284" - 1501999) | 1723 | 145¢10°
| 23" | 263 | 136 | (2022) | Planned | 4.24x10%a)
.......... 83° 83° | 136 (2030) | Planned 4.98x10"(b)
s b e ] A sy -

(a) Remove at 38 EFPY, whnch is the 60-year (52 EFPY) peak RPV ﬂuence
(b) Remove at 45 EFPY.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Altering the current withdrawal schedule will not yield high fluence data in the
planning horizon of this program.
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St. Lucie Unit 2

Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (high Cu) and Linde 0124 flux (low Cu) were inserted
in the reactor prior to initial start-up [122].

Current Program

Two of the six surveillance capsules (83° and 263°) have been removed and
tested, Table 6-67 [122]. St. Lucie Unit 2 received approval for a 60-year (55
EFPY) license renewal in 2003. The projected 60-year (55 EFPY) peak RPV
fluence is 4.48x10" n/cm? [120].

Based on a 0.95 capacity factor starting in 1998 and an EFPY of 26, capsules 97°
should reach the specified fluence in about 2013. Using this same method for
capsule 277°, an EFPY of 44 gives a removal year of about 2032.

Table 6-67
St. Lucie Unit 2 Current Withdrawal Schedule [122, 123]

83 83 - 1(1984) 1.1 1.78x10"°
Lol e L27 . B0v3) | Plewned | 2.70x10°

104° 104° 0.98 Standby | - -
263° 283 - L
277° 277° 1.27 (2032) | Planned 4.56x10"(@)
284° 284° poe | Seadby 0 5 1 2 |

(a) Approximate 60-year (54 EFPY) peak RPV fluence.
Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Altering the current withdrawal schedule will not yield high fluence data in the
planning horizon of this program.
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Surry Unit 1
Material Description

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (high Cu) and Linde 80 flux (high Cu) were inserted in
the reactor prior to initial start-up [15, 124]. Capsule Z is the only remaining
capsule that contains both base metals and weld metal Charpy V-notch

specimens.
Current Program

Surry Unit 1 is a participant in the B&W MIRVP. Half of the eight surveillance
capsules (T, W, V and X) have been removed and tested, Table 6-68 [125].
Capsules X, Z and U were moved to higher lead factor locations in 1994.
Capsule Y was moved in 1997 [126]. Per utility input, the current plan calls for
the removal and testing of capsule Z in 2025 at a fluence of 6.31x10" n/cm?.
Surry Unit 1 received approval for a 60-year (48 EFPY) license renewal in 2003.
The projected 60-year (48 EFPY) peak RPV fluence is 5.66x10" n/cm? [125].

Table 6-68
Surry Unit 1 Current Withdrawal Schedule [125, 126]

T 285° | - 1974 | 1.1 | 2.89x10"
W % - L we L 45 4.31x10°
v 185 - 1986 | 8.2 _1.94x10"

X T88neeeT o 7 989 iiiea iTeoaos |

Z  245°/285° -~ Planned = 432  6.31x10"(a)
e T - -

Y ' 305°/165° | - Standby | -
U | 4bes ~ | Swandoy e

(a) B;twet:,n once and twice pfojected 66-year (48 EFPY) peaI(RPVMﬂuence V
Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Altering the current withdrawal schedule will not yield high fluence data more
expeditiously.
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Surry Unit 2
Material Description

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (high Cu) and Grau Lo LW320 were inserted in the
reactor prior to initial start-up [127].

Current Program

Surry Unit 2 is a participant in the B&W MIRVP. Four of the eight surveillance
capsules (X, W, V and Y) have been removed and tested, Table 6-69 [16].
Capsule S was evaluated for dosimetry and placed in storage. Capsule Y was
moved to the 165° location and capsule Z was moved to the 245° location at the
beginning of cycle 13. Capsule T was moved to the 165° location at the
beginning of cycle 18 [127]. Capsule U was moved to the 285° location in the fall
of 2009 [126]. The current plan calls for capsule U to be removed and tested in
2027 at 5.95x10" n/cm? [125]. Surry Unit 2 received approval for a 60-year (48
EFPY) license renewal in 2003. The projected 60-year (48 EFPY) peak RPV
fluence is 5.38x10" n/cm? [125].

Table 6-69
Surry Unit 2 Current Withdrawal Schedule [125, 126, 127, 128]

X 285° | 160  1(1975) 1.2 2.97x10"®
W s L o8 411879 3.8 6.36x10"° |
v  165° 161 8 (1986) 8.7 1.89x10"°
Sfaf 1 ab 1081 13018061 1 1080 1.07x10" |
Y 295°/165° 1.27/1.61 17 (2002) 20.8 2.73x10"
U | 65°/285° | 1.15/1.60 | Pianned 45.0  5.95x10"(b)
T 55°/165° 0.80/1.61 Standby = -~ -

| X | 305°/245° | 089/108 | Sandby |
(a) Capsule was evaluated for dosimetry and placed in storage.
(b) Between once and twice projected 60-year (48 EFPY) peak RPV fluence.

Recommended Program
The following changes to the current capsule withdrawal plan, test schedule, or
related commitments are recommended:

* Capsule U should be removed during the first scheduled outage which
follows estimated capsule exposure to the projected 60-year peak RPV
fluence. Capsule U should then be tested.
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Discussion

For the purpose of developing the CRVSP, the projected 60-year peak RPV
fluence and year of withdrawal were estimated as follows: The projected 60-year
(48 EFPY) peak RPV fluence is 5.38x10" n/cm? [125]. Based on the current
withdrawal schedule, capsule U will reach 5.95x10" n/cm? at 45.0 EFPY. Using
this information, the EFPY at 5.38x10" n/cm?® was interpolated to be 40.7.
Given the current projection of 45.0 EFPY in 2027 and assuming a capacity
factor of 0.95, 40.7 EFPY should occur in 2022. The projections resulting from
these estimations are shown in the table below. The plant is responsible to
formally determine the year of capsule withdrawal based on latest RPV fluence
data.

Table 6-70
Surry Unit 2 Estimated Results of Recommended Changes to Withdrawal Schedule

R R

‘ QICSCIRE stimatcdl Estimated,
| Beser @ ¢ Gneese
U 65°/285° | 1.15/1.60 2022 40.7 5.38x10"(a)

!

(a) Projected 60-year (48 EFPY) peak RPV fluence.
Turkey Point Unit 3 and Unit 4
Material Description

Eight surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 2 (low Cu) and Linde 80 flux (high Cu) were inserted in each
reactor prior to initial start-up [129, 130, 131]. For each plant, capsules S, U, W,
Y and Z contain only base metal Charpy V-notch specimens.

Current Program

Turkey Point Units 3 and 4 participate in the B&W MIRVP. Half of the eight
Turkey Point Unit 3 surveillance capsules (T, S, V and X) have been removed
and tested [129]. Two of the eight surveillance Turkey Point Unit 4 (TP4)
capsules (T and S) have been removed and tested, Table 6-71[129]. Both plants
received approval for a 60-year (48 EFPY) license renewal in 2002.

Per utility input, the current plan calls for the removal of TP4 capsule X (lead
factor 2.09) at a fluence between once and twice the 60-year (48 EFPY) limiting
intermediate to lower shell weld fluence of 5.739x10% n/cm?, which will occur at
33.2 EFPY. The 60-year (48 EFPY) peak RPV fluence is 6.38x10" n/cm?.
Assuming a capacity factor of 0.95 starting in 2002, 33.2 EFPY should be
reached in 2017.
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Table 6-71
Turkey Point Unit 3 and 4 Current Withdrawal Schedule [16, 132]

S ,,._2 74 e e
R
200 4 3.46

13
{14 !
_S3

S e e e ,‘1,29x10‘°
V3 290° 0.89 9 806 1223x101°wj
W e nee ey’ e T
X3 (a) | 50°/270° 113 () 18(2002)  19.85 2.897x10" :
X4(a) | 502100 | ) | 29(2017)  Planned = 5.89x10"(c)
Y3 150° 0.77 = Standby | - ‘
Io¥a 1 akbe | O Standby o .
U 8 077 | Sandby - | -
R ] O Siendky. |- -
W3 40° 052 | Standby - -
Wi | A bk Sy R a
Z3 | 230° 052  Standby - -
Z4 | 230 | Q052 | Sewdy |~ -

(a) Capsules X3 and X4 were moved to the 270° location in 1990

(b) Lead factor takes into account the movement of the capsules in 1990. Lead factor for X4 is
based on 60-year (48 EFPY) projection.

(c) Between once and twice projected 60-year (48 EFPY) fluence of the limiting RPV material as
listed in the current FSAR.

(d) Capsule lead factors and fluences updated by [132]

Recommended Program

The following changes to the current capsule withdrawal plan, test schedule, or
related commitments are recommended:

»  Capsule X4 should be removed during the first scheduled outage which
follows estimated capsule exposure to the 80-year peak RPV fluence. Capsule
X4 should then be tested.

Discussion

For the purpose of developing the CRVSP, the projected 80-year peak RPV
fluence and year of withdrawal were estimated as follows: Per utility input,
capsule X4 will reach the projected 80-year (67 EFPY) peak RPV fluence of
9.30x10" n/cm? at 38.1 EFPY. Assuming a capacity factor of 0.95 starting in
2002, capsule X4 should reach the projected fluence in about 2021.
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Table 6-72
Turkey Point Units 3 and 4 Estimated Results of Recommended Changes to
Withdrawal Schedule

— :
ocaticniitead) Estimated

Factor ‘, Removal ; (@}L?%) * Eltience
b Yeer RN (7o)
X4 50°/270° 2.09 2021 38.1 (b) 9.30x10"(a)
(a) Projected 80-year (67 EFPY) peak RPV fluence [132].
(b) Removal may be performed at the first refueling outage after the Removal (EFPY) is achieved.

V. C. Summer Unit 1
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 124 flux (low Cu) were inserted in -
the reactor prior to initial start-up [133].

Current Program

Five of the six surveillance capsules (U, V, X, W and Z) have been removed and
tested and the sixth capsule (Y) was removed and placed in storage, Table 6-73
[134]. V. C. Summer received approval for a 60-year (54 EFPY) license renewal
in 2004. The projected 60-year (54 EFPY) peak RPV fluence is 6.56x10" n/cm?
[133].

Table 6-73
V. C. Summer Current Withdrawal Schedule [133, 134]

CapsuicHic ationk

| Gesler .
U 343° 3.14 1 1.13 6.77x10"
Y 107°° | 3467 - 3 I 293 | 1.56x10"
X 287° 3.66 5 5.04 2.53x10"
W |7 1100 } 330 100 | 11.21 4.63x10"(a) - |
Z 340° 3.19 14 (2003) 16.36 6.54x10"(b)
Y .290° . b 370 - Storage s |- 17,28 L i el

(a) Approxxmate 40-year (36 EFPY) peak RPV ﬂuence
(b) Approximate 60-year (54 EFPY) peak RPV fluence.
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Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Capsule Y was not selected for testing based on the discussion in Section 4.
Vogtle Unit 1

Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 91 flux (low Cu) were inserted in
the reactor prior to initial start-up [135].

Current Program

Five of the six surveillance capsules (U, Y, V, X and W) have been removed and
tested, Table 6-74 [135]. Capsule Z was removed after cycle 14 and placed in

storage. Vogtle Unit 1 received a 60-year (56 EFPY) license renewal in June
2009.

Table 6-74
Vogtie Unit 1 Current Withdrawal Schedule [135]

e
14 (2008
T 0T 55416 | Sorage. | 1841
(a) Approximate 60-year (56 EFPY) peak RPV fluence.
) Approximate 80-year (75 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Based on the reasoning provided in Section 4, the CRVSP does not recommend
testing capsule Z.
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Vogtle Unit 2
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 124 flux (low Cu) were inserted in
the reactor prior to initial start-up [136].

Current Program

Five of the six surveillance capsules (U, Y, X, W and Z) have been removed and
tested, Table 6-75 [136, Utility Input]. Vogtle Unit 2 received a 60-year (56
EFPY) license renewal in June 2009. The projected 60-year (56 EFPY) peak
RPV fluence is 3.02x10" n/cm? [137].

Per utility input, capsule Z was removed and tested in 2010 and capsule V was
removed and placed in storage. The capsule report is not yet available.

Table 6-75
Vogtle Unit 2 Current Withdrawal Schedule [136]

u 58.5°  4.10 1(1991) 1.20 | 3.56x10"
Yoo 3850 400908 ) 888 1eag
. X | 2385° | 425 6 7.78 | 1.78x10"
LW a2t L a4 012000 13.29 | 2.98x10"(a) |
. Z  301.5° 415  14(2010)  18.48 | 4.16x10"(b)
LN 61° | 384 | Swrege 18.48 - ?

(a)Api);ommate gb-year (56 EFPY) peak RPV fluence.
(b) Approximate 80-year (75 EFPY) peak RPV fluence.

Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Based on the reasoning provided in Section 4, the CRVSP does not recommend
testing capsule V.
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Waterford Unit 3
Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 91 flux (low Cu) were inserted in
the reactor prior to initial start-up [138].

Current Program
Two of the six surveillance capsules (97° and 263°) have been removed and
tested, Table 6-76 [138]. Waterford Unit 3 plans to submit a 60-year (54 EFPY)

license renewal application in 2013.

Based on a 0.95 capacity factor starting in 2002 and the projected removal EFPY
of 26.0, capsule 83° should reach the specified fluence in about 2014.

Table 6-76
Waterford Unit 3 Current Withdrawal Schedule [138]

97° g 97° 1.18 4 | 4.44 | 6.47x10"™
63" | o3 148 | 112008 | 1383 146x107 |
83 83 118  Planned 260  2.47x10"(a)
e i A ey : -

104° | 104> = 0.83 Standby |
g84 0 B L 088 L ey | - 1 -

(;5 ;&pproximé;é 40-yea1: (32EFPY) peak RPV fluence.
Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Altering the current withdrawal schedule will not yield high fluence data in less
time.
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Watts Bar Unit 1

Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-508 Class 2 (high Cu) and Grau Lo LW320 flux were inserted in the reactor
prior to initial start-up [139].

Current Program

Four of the six surveillance capsules (U, W, X and Z) have been removed and
tested, Table 6-77 [139]. Watts Barr has not submitted a 60-year license renewal
application.

Capsules V and Y have a planned removal at 15 EFPY [139], at which time
capsule V will be tested and capsule Y will be placed in storage. Using the capsule
lead factor and the linear relationship between the reported peak RPV fluences
and their corresponding EFPY values, the capsule fluence at 15 EFPY was
calculated to be 3.36x10" n/cm?. This linear relationship was based on 1.75x10"
n/cm? at 32 EFPY, 2.66x10% n/cm? at 48 EFPY and 3.01x10" n/cm? at 54
EFPY [139]. Assuming a 0.95 capacity factor starting in 2006 and the projected
removal EFPY of 15, capsules V and Y should reach the specified fluence in
about 2012.

Table 6-77
Watts Bar Current Withdrawal Schedule [139]

) | Geeetion | Geed | Romoved |
~' | Fecer ‘

08X10,5,5;
1.71x10"(a

F s ot
Planned | 3.36x10 g(bh)

= T IR g T TV F

(a) Approximate 40-year (32 EFPY) peak RPV fluence.
(b) Approximate 60-year (54 EFPY) peak RPV fluence. Test capsule V or Y and place the other in
storage.

Recommended Program
The following changes to the current capsule withdrawal plan, test schedule, or

related commitments are recommended:’

= Capsule V or Y should be removed during the last scheduled outage before
estimated capsule exposure to a neutron fluence equal to two times the peak
RPV neutron fluence at the end of the period of extended operation. The
removed capsule should then be tested.

* The remaining capsule should remain inserted on standby until needed to
fulfill future 10 CFR 50 Appendix H or license renewal requirements.
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Discussion

For the purpose of developing the CRVSP, the projected 2x60-year peak RPV
fluence and year of withdrawal were estimated as follows: The projected EFPY
for the 60-year license was determined using a conservative capacity factor of
0.95. Based on the 60-year (54 EFPY) fluence of 3.01x10% n/cm?, twice the 60-
year (54 EFPY) peak RPV fluence was determined to be 6.02x10" n/cm? Using
the capsule lead factor and the linear relationship between the reported peak
RPYV fluences and their corresponding EFPY values, the EFPY required for
capsule V to reach 6.02x10" n/cm? was calculated to be 25.7. Assuming a 0.95
capacity factor starting in 2006 and the projected removal EFPY of 25.7, capsule
V should reach the specified fluence in about 2023. The projections resulting
from these estimations are shown in the table below. The plant is responsible for
determination of the actual removal year, based on the latest RPV fluence data.

Table 6-78
Watts Bar Estimated Resuits of Recommended Changes to Withdrawal Schedule

Y, 58.5° 4.31 2023 25.7 6.02x10"(a)

(a) Twice projected 60-year (54 EFPY) peak RPV fluence.
Wolf Creek Unit 1

Material Description

Six surveillance capsules containing beltline materials fabricated from ASME
SA-533 Grade B Class 1 (low Cu) and Linde 124 flux {low Cu) were inserted in
the reactor prior to initial start-up [140].

Current Program

Four of the six surveillance capsules (U, Y, V and X) have been removed and
tested, Table 6-79 [140]. Wolf Creek received a 60-year (54 EFPY) license
renewal in 2008.

Per utility input, capsules W and Z were removed and placed in storage in 2005.
Assuming a 0.95 capacity factor starting in 2002, capsules W and Z had an
EFPY of 16.7 at removal. Using the capsule lead factor and the linear
relationship between the EFPY and the peak RPV fluence, the capsule fluence at
the time of removal was estimated to be 4.11x10" n/ecm?. This linear relationship
was based on 2.03x10" n/cm? at 32 EFPY, 3.11x10*° n/cm? at 48 EFPY and
3.51x10" n/cm? at 54 EFPY [140].
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Table 6-79
Wolf Creek Current Withdrawal Schedule [140]

Eomlai Lo A L ol
_60.1° | 4

(23857 | 480 | el
1215 | 411 14( .
Lz 1 sotE | AN | M E08B] | Siade | 110107
(a) Approximate 40-year (32 EFPY) peak RPV fluence.

3.16x10"
119%¢10"

{

| 2.22x10"(@a)

19

(b) Approximate 60-year (54 EFPY) peak RPV fluence.
Recommended Program

No changes are recommended to the current capsule withdrawal plan, test
schedule, or related commitments.

Discussion

Additional testing was not recommended based on the discussion in Section 4.
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Section 7: Implementation Requirements

The purpose of this section is to summarize the implementation requirements of
the CRVSP. The CRVSP does not reduce, alter, or otherwise affect each plant’s
responsibility to comply with 10 CFR 50 Appendix H[3] and relevant licensing
commitments, but it may require a plant to submit a request to the NRC to
modify the details (e.g., schedule) of how the plant will comply with Appendix H
and applicable license commitments.

NEI 03-08 Implementation Protocol

This program is a ‘work product’ of the EPRI MRP, an ‘Tssue Program (IP)’ as
defined in NEI 03-08 [5]. Addendum D to NEI 03-08, Implementation
Protocol, defines the processes and expectations for implementing industry
guidance issued under the Materials Initiative, and requires that IPs identify the
specific implementation category for ‘requirements’ identified guideline-type
work products.

The three implementation categories described in NEI 03-08 are as follows:
»  Mandatory — to be implemented at all plants where applicable;

»  Needed - to be implemented wherever possible, but alternative approaches
are acceptable; and

*  Good Practice — implementation is expected to provide significant
operational and reliability benefits, but the extent of use is at the discretion of
the individual utility.

The CRVSP recommended changes detailed in Section 6 of this report have
been designated as “Needed” requirements, as explained below. A failure to meet
a Needed requirement is a deviation from the guidelines and a written
justification for the deviation must be prepared and approved as described in
Appendix B to NEI 03-08 [5]. A copy of the deviation is sent to the MRP so
that improvements to the guidelines can be developed.

Implementation of this guidance as a Needed requirement is justified because the
ability of the CRVSP to achieve the objectives of obtaining higher fluence PWR
surveillance data is dependent on all plants with recommended changes
implementing those recommendations. It was discussed earlier in this report that
the paucity of high fluence PWR data without the CRVSP is likely to result in

an embrittlement trend correlation based in large part on test reactor data at
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fluences above 3x10" n/cm? such an ETC could result in significantly increased
RPV embrittlement predictions because test reactor data typically exhibits higher
rates of embrittlement. This in turn could have significant financial impact on
the industry, ranging from increased startup/shutdown times and costs (and
regulatory action) to the possible need for some plants to mitigate RPV
embrittlement resulting from application of embrittlement correlations that are
not representative of power reactor trends. The Yankee Rowe experience clearly
demonstrated the ability of RPV embrittlement issues to shorten the useful
financial life of a unit. Thus, the issue fulfills either of the following conditions
for implementation under the “Needed” category:

* “Element addresses a material degradation mechanism [neutron
embrittlement] that has significant financial impact on the entire industry,
especially where failure at one plant could affect many other plants.

= A consensus of the responsible materials IP believes the element should be designated
as ‘Needed”.”

Coordinated Surveillance Program Requirement

Needed: Following issuance of MRP-326, Rev. 0, each commercial U.S. PWR unit for
which a change to its reactor vessel surveillance program has been recommended in
Section 6 shall

= Submit a request to the NRC to revise the plant’s surveillance capsule program
and/or schedule as required to implement the recommendation(s). The changes
covered by this requirement are presented as bulleted items in the ‘Recommended
Program?” section for each plant in Section 6; plants with no bulleted
recommendations require no action. When submission of program change request is
required, the submission shall be made per the following schedule:

- Ifthe change affects a capsule withdrawal/test which is scheduled before
January 1, 2014, the request should be submitted to the NRC no later than ten
months following the issuance of MRP-326, Rev. 0.

- Ifthe change affects a capsule withdrawal/test which is scheduled after January
1, 2014, the request should be submitted to the NRC ng earlier than ten
months nor later than 18 months after issuance of MRP-326, Rev. 0.

The phased submission of RVSP chaﬁge requests to the NRC will make the flow
of requests arrive in general order of calendar urgency and will permit plants with
near-term needs to receive priority review.

An optional template for use in generating the letter request to the NRC is
provided in Appendix B of this document. The template provides a format that
will demonstrate the plant’s continued compliance with 10 CFR 50, Appendix
H, after implementation of the recommended changes.
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Appendix A: Surveillance Capsule Data
Summary

Tested Surveillance Capsules

Of the 69 PWR plants considered, 35 surveillance capsules with a fluence of
3.0x1019 n/cm2 or greater have been removed and tested to date, Table A-1.

For the purposes of these tables, low copper is defined as equal to or less than
0.10 wt%.

Table A-1
Tested Surveillance Capsules

Beaver Val2-W 3.6 SA-533 Low Linde 0091 Low

Beaver Val2-X 5.6 SA-533 Low Linde 0091 Low
Callaway1-X 3.3 SA-533 Low Linde 0124 Low
| Calvert1-284 3.1 SA-533 High Linde 0091 High
Comanche1-X 3.2 SA-533 Low Linde 0091 Low
Comanche2-W 3.0 SA-533 Low Linde 0124 Low
| Farley1V 7.1 SA-533 High Linde 0091 High
Farley1-W 4.8 SA-533 High Linde 0091 High
Farley1-X 3.1 SA-533 High Linde 0091 High
Farley1-Z 8.5 SA-533 High Linde 0091 High

Farley2-V 8.7 SA-533 High BOLA =

Farley2-Y 6.8 SA-533 High BOLA -

Farley2-Z 4.9 SA-533 High BOLA
Ginnal1-N 5.8 SA-508 Low Linde 80 High
Ginna1-S 3.6 SA-508 Low Linde 80 High
Kewaunee-S 8.7 SA-533 Low Linde 1092 High
Kewaunee-T 5.6 SA-533 Low Linde 1092 High
McGuire1-W 5.1 N/A N/A Linde 1092 High
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Table A-1 (continued)
Tested Surveillance Capsules

1 McGuire2-W 341 SA-508 High Grau Lo LW320 : -
| Milstone3W 32 | SA533  low  Linde0091 | low |
| PalisadesA240 40  SA302M  High linde 1092 High |
Praiies1R 45 SA508  low e T
T T T T A
Praiieis2P | 42 | sas08 | low | umBe | -
Prairie Is2-R 44 | SA508  low = UM89 -
T mseééﬁi 5 | 35 Ao w0 Lui&efb ngh
Robinson2X 45 | SA302  High linde 1092 High |
Sh HarrisX 33 | SA533  low linde 0124  low |
VCSummerZ 65 | SA533 low linde 0124  low
VoglelW 44 e SA533  low | Linde0091 | low |
Vogtie1X 35  SA533  low | Linde0091  low
gy ao ey ek sl | low |
Wolf Creek:X 35 | SA533 Low Linde 0124 Low

Planned Surveillance Capsules

By the year 2025, 26 of the remaining surveillance capsules will be removed and
tested at a fluence of 3.0x10" n/cm? or greater according to the current
withdrawal schedule of each plant, Table A-2.

In these tables, low copper is defined as equal to or less than 0.10 wt%.
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Table A-2
Planned Surveillance Capsules

ANO2W284 2016 53  SA533  low  Linde0091  Low
BeaverValX | 2013 | 50 | 'sa533 | Hign | linde 1092 High |
BeaverVallZ 2023 56  SA533  High  Linde1092  High
BeaverVal2Y | 2018 85 | SA533  low | Linde0091 | Low
T —_—
Calet2104 2011 | 32 | SA533  High  Linde0091  High
Calvert2-83 2025 = 62 | SA533 | Hi Linde 0091
""" T oookls | 013 | ag SA533 linde 1092 | High
' Diablo Canyon1-8 = 2012 32 | SA533 |  Llinde 1092  High
Indian P25 2012 39 | SA302M High  Llinde1092  High
Indian Pt3-S 2015 | 3 3 SA-302M Linde 1092 High
PalisadesW80 | 2019 31  SA302M linde 1092 High
Praiiels1T 2011 63  SAS08 umss -
Prairie Is2-N 202 | 81 | sAkB | K umss | - |
“PtBeach2suppl | 2022 50 | N/A linde80  High
_Rebinson2t) | 2002 | 60 | sA30Z | Wen |  N/A [ N/A |
STexasTW 2011 43 | SA533 linde 0124  low
. STexas2W | 2011 | 41 | SA533  low | Linde0124  low
SanOnofe283 | 2013 38  SA533  low  Linde0091  Low
| SanOnofre383 | 2012 | 38 | SA533  low  Linde0124  low
 SeabrookX | 2014 47 | SA533  low = Linde0091  low |
. ShHamisW | 2012 | 68 | SA533  low | Llinde0124 | low |
Stluciel263 | 2022 42 | SA533  High  Linde0091  High |
Sumy1Z e 2025 | 63 | SAS33 | High | Linde8O | High |
TuwkeyPdX | 2017 59  SAS508  low Linde80 High

 WamsBarv | 2012 | 34 SA508  High Graulolw320 -
Recommended Coordinated Surveillance Capsules
By the year 2025, 30 of the remaining surveillance capsules will be removed and
tested at a fluence of 3.0x10" n/cm? or greater according to the recommended

coordinated PWR RVSP plan described in this document, Table A-3.

Note that low copper is defined as equal to or less than 0.10 wt%.
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Table A-3
Recommended Coordinated RVSP Capsules

ANO2W284 2016 | 53 | SA533  low | Linde0091 | low |
BeaverVallX 2013 | 50 | SA533  High  Llinde1092 | High |
BeaverValZ | 2023 | 56 | SA533 | High | linde 1082 High
BeaverVal2Y | 2018 | 85 SA533 | low | Linde0091 | low |

V .‘Beaver ValZA' 2025 972 | N/A  N/A  Llinde1092  High
Calvert183 zozo 5.3 SA533  High Linde 0091 High

Calvert2 104 201 1 3.2 SA-533  High Linde 0091 . High
 Caven283 | 7028 6.2 SA533 | High | Linde 0081 High
© DC Cook1-S 2017 57 | SA533 | High linde 1092 | High |
DiabloCanyon18 | 2018 41 | SAS33  High Llinde 1002 High
FortCalhounW45 | 2022 | 47 | SA533  low Linde 1092 High
ndinP2S 2012 39 | SA302M  High  Llinde1092  High
 IndianPi3S 2015 | 33 | SA302M  High linde 1092 | High
NAmalx | 2028 | fz [ SASoET ek | swies |-
' PallsadesW80 2019 | 31 | SA302M | High linde 1092 High |
Prame 851 T or N - W<2025mm i 6 7 SA508 . low UM 89 -
Prairie Is2-N 2020 6 8 MSA 508 low UM 89 T e
Mieacndeppl | 222 | 50 | WA | wa | linde80
Robinson2-U 2019 78 SA302  High NA | NA
StexsstW. | 2011 | 43 | SaB3a | low Linde 0124  low |
S Texas2W 2011 41 SAB33 | low Linde 0124 1 dow |

e

 San Onofre2.83 2015 44 | SA533  low  linde0091 | low

SanOnofre383 | 2016 42 | SA533  low  lindeO124  low

| SeabrookX | 2019 | 58 | SA533  low | Linde00ST | Low

ShHarisY | 2018 | 92 | SA533 | low | Linde0124  low
| Stlucie1263 20z | 49 SA533  High  Llinde0091  High
L Bwnyid 2025 | 63 | SA533  High linde 80  High
Surry2.U | 2022 | 54 | sAs33 | Hign | Gmulo Weeo | - |
 Turkey Pt 2021 | 93 | SA508 low linde 80  High
 WamBav | D023 | 6O SA508  High | Graulolw320
"These dates are estlmatlons of the year - of withdrawal upon adoptxon of the CRVSP > recommendations
(which are based on fluence or EFPY targets); these dates are not the CRVSP recommendations per se,

and the plant estimate of the withdrawal year that fulfills a recommendation may differ.
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Appendix B: Template for Surveillance
Program Change Request

This template is presented as an aid for development of a request for NRC
approval of a change to a plant's RVSP if recommended in Section 6. The
example provided in this appendix is largely based on a recent submission by
Calvert Cliffs Nuclear Power Plant. Many other examples are readily available
and can be downloaded at www.nrc.gov (key word search: reactor vessel
surveillance program). In most cases, it is recommended that a plant use its
previous RVSP change submittal format, updating as necessary for the current
change.
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Example Forwarding Letter

Date

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

[ Plant name]
[Docket Number]

[License number]

Revision to Reactor Vessel Surveillance Capsule Withdrawal Schedule

Pursuant to 10 CFR 50, Appendix H, 11.C.3, [Owner name] is requesting Nuclear Regulatory
Commission (NRC) review and approval of the enclosed revision to the surveillance capsule removal
schedule for [plant name]. The proposed reactor vessel surveillance capsule removal schedule was
developed to implement recommendations for [plant name] in MRP-326, Coordinated PWR Reactor Vessel
Surveillance Program (CRVSF) Guidelines. MRP-326 addresses the need for reactor vessel property data at
fluences representative of 60 years of operation and beyond for [Plant Name] and the industry. The
requested change to the Appendix H program for [Plant Name] satisfies the requirements of 10 CFR 50,
Appendix H and ASTM E-185-82, “Standard Practice for Conducting Surveillance Tests for Light-
Water Cooled Nuclear Power Reactor Vessels”, dated July 1, 1982, and is consistent with the guidance of
NUREG-1801, Rev. 2, Generic Aging Lessons Learned.

Approval of this proposed change is requested no later than [date].

Summary of Commitments

This letter contains no new commitments and no revisions to existing commitments. [if applicable]
(License renewal commitments and issues should be looked at and addressed, if applicable)

<B2 >



ENCLOSURE
REVISION TO REACTOR VESSEL SURVEILLANCE PROGRAM
[PLANT NAME]

1. Backeground

Appendix H to 10 CFR Part 50 describes reactor vessel material surveillance program requirements.
Paragraph (IIT)(B)(3) of this Appendix states that a proposed material withdrawal schedule must be
submitted with a technical justification per 10 CFR 50.4, and approved prior to implementation.

Industry has developed a Coordinated PWR Reactor Vessel Surveillance Program (CRVSP), which is
documented in MRP-326, Coordinated PWR Reactor Vessel Surveillance Program (CRVSP) Guidelines. The
purpose of the CRVSP is to increase the fluence levels of future surveillance capsules at withdrawal while
maintaining compliant with 10 CFR 50 Appendix H and consistent with the guidance of NUREG-1801,
Rev. 2, GALL Report. The CRVSP will help generate high fluence PWR surveillance data in support of

extended life operations.
The proposed withdrawal schedule satisfies the requirements of American Society for Testing and
Materials (ASTM) E 185-xx, the version that was current at the time the reactor vessel surveillance

program was designed.

Table (1) shows the currently approved withdrawal schedule for [plant name] reactor vessel surveillance
capsules (Updated Final Safety Analysis Report Table x-xx).

I1. Proposed Revision

. Table (2) provides the proposed revision to the reactor vessel surveillance capsule withdrawal schedule for

[plant name]. The revised schedule is based on the recommendations for [plant name] in MRP-326, and
reflects updated fluence information from the surveillance capsule removed in [year] with appropriate
adjustment made for fuels loaded in subsequent cycles. As shown below in Section I1I, the proposed
withdrawal schedule satisfies the requirements of ASTM E 185-xx, the version that was current at the

time the reactor vessels were designed. Therefore, the withdrawal schedule satisfies the requirements of
Appendix H to 10 CFR Part 50.

I1I. Justification

The [ plant name] reactor vessel was designed to the [year] through [identity of applicable addenda)
Addenda, edition of the American Society of Mechanical Engineers Code. American Society for Testing
and Materials E 185-xx was the current standard when the surveillance program was designed. As stated
in the [ Plant name] Updated Final Safety Analysis Report, the reactor vessel surveillance program meets
the requirements of ASTM E 185-xx.

The guidance provided in ASTM E 185-82 is consistent with, but more specific than, the guidance
provided in earlier editions, including ASTM E 185-xx to which the [plant name] reactor vessel
surveillance program is required to conform. Therefore, compliance with the ASTM E185-82 withdrawal
schedule guidance ensures compliance with ASTM E 185-xx withdrawal schedule guidance. ASTM E
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185-82 provides a withdrawal schedule in terms of years of operation but also provides the option to
develop a schedule tied to target fluences accumulated in the vessel. As in the case of the currently
approved withdrawal schedule, the proposed withdrawal schedule follows the guidance that ties the
withdrawal schedule to vessel fluence targets.

This request proposes to revise the reactor vessel surveillance capsule withdrawal schedule to [ detai/ the
specific change as recommended by MRP-326). A detailed explanation of the change for [ plant name] is
provided in MRP-326.

The [capsule name] capsule meets the requirements of ASTM E 185-82 to withdraw the third capsule at a
time when the accumulated neutron fluence on the capsule corresponds to the approximate end of life
peak fluence at the reactor vessel % T location. As noted on Table (2), we would withdraw the [capsule
name] capsule during the [year or RFO number] refueling outage and designate the /capsule name)] capsule
as the standby capsule [ if agplicable]. This proposed change meets the requirements of Appendix H to 10
CFR Part 50.

If applicable: [ Plant name] received approval of license renewal in [year]. The [ plant name] license renewal
application (LRA) referenced GALL Revision 1, and Capsule [ capsule name] was identified as the capsule
to be tested to meet the recommendations of GALL Rev. 1. GALL Rev. 1 recommends that the plant
“...withdraws one capsule at an outage in which the capsule receives a neutron fluence equivalent to the
60-year fluence....” As a'result, the current capsule withdrawal schedule is based on withdrawing Capsule
[capsule name] at Refueling Outage (RFO)-xx. NUREG-1801, Rev. 2 (GALL Report) recommends that

e “The plant-specific or integrated surveillance program shall have at least one capsule with a
projected neutron fluence equal to or exceeding the 60-year peak reactor vessel wall neutron
fluence prior to the end of the period of extended operation. The program withdraws one capsule
at an outage in which the capsule receives a neutron fluence of between one and two times the
peak reactor vessel wall neutron fluence at the end of the period of extended operation and tests
the capsule in accordance with the requirements of ASTM E 185-82.”

e “Plant-specific and fleet operating experience should be considered in determining the withdrawal
schedule for all capsules...”

The proposed withdrawal date for Capsule [capsule name] meets both of these recommendations. The
operating experience of both [ Pant name] and the U.S. PWR fleet were considered in the development of
the revised capsule withdrawal schedule, as discussed in MRP-326. The capsule fluence at the proposed
withdrawal date will meet the guidance that the license renewal capsule should achieve a fluence between
one and two times the peak reactor vessel wall neutron fluence at the end of the period of extended
operation,

[ Zrapplicable.] GALL Rev. 2 is cited as it represents the latest guidance provided by the Staff. No request

to revise the licensing basis of the [ Plant Name] renewed operating license is implied by this citation; it is
offered only as a reference and objective evidence to support the Technical Justification for the deferral.
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Table B-1

Current [Plant name] Reactor Vessel Surveillance Program Capsule Removal Schedule

Capsule Name or Azimuthal
Position

Target Fast Neutron Fluence
(x 10" n/em?)

Projected End-of-Cycle Date

Table B-2

Proposed [Plant name] Reactor Vessel Surveillance Program Capsule Removal Schedule

Capsule Name or Azimuthal
Position

Target Fast Neutron Fluence
(x 10" n/em? -

Projected End-of-Cycle Date
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