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1.0 Cbjective

This Engineering Analysis has been written to document calculations done to
determine Palisades position with respect to the PTS screening criteria. These
calculations incorporate the preliminary weld chemistry values obtained from the
retired steam generators and the best available fluence data.

2.0 Summary

Calculations have been done to determine the Palisades reactor vessel material
condition as it relates to the PTS screening criteria. Based upon the best available
fluence values and axial weld chemistries which include the three preliminary copper
and nickel weld values from the steam generators, the plant would exceed the 10 CFR
50.61 screening criteria after 210 EFPD‘s from 24:00 Hrs, October 31, 1994. This
works out to a calendar date of May 29, 1995. If Palisades does not take credit for
its inhouse fluence calculations, and instead uses cycie 9 fluence rates for cycle
11, the plant would exceed the 10 CFR 50.61 screening criteria after 115 EFPD’s.

This gives a calendar date of February 23, 1995, assuming continuous full power
operation.

The other part of the data to be collected from the retired steam generator
welds is the initial RT,,. This data is not yet available. If the initial RT,,
results are equal to or less than the generic value for Palisades axial weld of -
56°F, Palisades will recover a minimum of 10°F on its margin term. This gain would
mean that the plant would exceed the 10 CFR 50.61 screening criteria in approximately
4.59 EFPY's.

Although the NRC rule on PTS is based on best estimate fluence and chemistry
values, Palisades has not taken credit for the conservative bias of approximately 6%
in its current Westinghouse calculational methodology. Recently Palisades received a
Technical Evaluation of its fluence met’..dology from the NRC, reference 3.8. In this
evaluation the NRC suggests that Palisades current fluence calculations are between
7% and 10% high. If Palisades is able to use the best estimate fluence values
submitted in its 6-5-92 submittal, the plant could run for another 735 EFPD's.
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3.0 Analysis Input

References given in section 3.1 cover the data used in this Engineering

Analysis.

3.1 References

3.1 10 CFR 50, current issue.

3.2 6-5-92 NRC Fluence Submittal, Docket 50-255 - Lic. DPR-20. 10CFRS0.61
Pressurized Thermal Shock, Revised Projected Values of KT, for Reactor
Beltline Materials.

3.3 6-10-93 NRC Fluence Submittal, Docket 50-255 - Lic. DPR-20, 10CFRS0.61
Pressurized Thermal Shock, Reactor Vessel Neutron Fluence, Additional
Information.

3.4 2-23-94 NRC Fluence Submittal, Docket 50-255 - Lic. DPR-20, 10CFRS50.61
Pressurized Thermal Shock, Revised Information.

3.5 Preliminary Chemistry Data from AEA for Palisades Retired Steam Generators.

3.6 6-21-94 NRC Fluence Submittal, Docket 50-255 - Lic. DPR-20, Palisades Plant,
Reactor Vessel Material Surveillance Capsule Test 2eport.

3.7 EA-P-PTS-93-03, NI Detector Adjustment Factors for Cycle 11 Operations, Rev. |

3.8 NRC Fluence Evaluation, Docket 50-255, Palisades Plant., Transmittal of Technical

Evaluation Report, 9-2-94,.

ATl attachments relate directly to these references. The relevant pages from

the separate references have been copied and included in the attachments so that all
necessary information is readily available.
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4.0 Assumptions

The calculations in this FA are based on the preliminary steam generator weld
chemistry values provide by AEA, reference 3.5. A1l calculated values have been
rounded off to three significant digits to be consistent with past submittals.
Projections of EFPD’'s ard EFPY's are based on inhouse fluence calculations for cycle
11 only. This inhouse model has been benchmarked 2aainst the Westinghouse fluence
methodology and has been validated for use as a scoping tool. Westinghouse will be
validating these calculations, however this data will not be available until the end
of November. For dates that extend beyond cycle 11 it is important to note that the
number of EFPD's or EFPY's may be changed by the fluence rates associated with the
later cycles. The weld samples from the retired steam generator are only applicable
to, and can only affect, Palisades axial weld chemistries. The 30° weld was and
still is the limiting weld. This is the only weld addressed in this analysis. The
welds removed from steam generator A contain W5214 weld material.

5.0 Analysis

10 CFR 50.61 provides the foundation of the PTS screening criteria.
Calculations for the RT,, are done using equation 1 from the rule.

RTppg = I + M + A RTppg Eq. 1

ARTyps = Irradiation adjustment of RT
I=RTy, ( Initial R

M= Margin term

Each of the items in Equation 1 will be discussed with respect to Palisades
current situation,

5.1 Values of ']’ and 'M’

Palisades does not have an initial RT,, value for its reactor vessel welds.
This forces the plant to use the generic value of -56°F for its axial! welds, stated
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in 10 CFR 50.61 for Linde 0091, 1092 and 124 and ARCOS B-5 weld fluxes. reference
3.1. The initial RT,, is one of the values that the plant intends to get from the
retired steam genera’or welds, but has not yet received.

The value of M in Equation | is 66°F for welds when the generic value of [ is
used, and 56°F when a measured value of | is used. This is the 10°F margin term that
the plant hoped to recover by measuring a value of initial RT,or from the retired
steam generator welds.

5.2 Values for “ART,,.’

The value of ART, . is cal ulated from two factors, CF and f, as shewn in
Equation 2 from 10 CFR 50.61.

ARTppg = (CF) £10-20 = 0.20108 £ Eq. 2

CF = Chemistry Factor

f = Best estimate neutron fluence
units of 10*® n/cm?

§.2.] Palisades 'CF’ value.

The value of CF for Palisades comes from the table of generic weld CF’'s provided
in a table in 10 CFR 50.61 for plants without credible surveillance data. This table
relies on the copper and nickel content of the weld material to determine the CF.
Attachment 4 gives the copper and nickel contents for comparable heat No. W5214 welds
other than the steam generator welds which are shown in Attachment 5. Table 5.1
shows the chemistry values for the three ‘A’ steam generator welds from Attachment §
and their averages. The samples taken from A steam generator were tandem heat No.
W5214 welds, the B steam generator samples were from heat No. 34B009; only the heat
No. W5214 values are of iuterest in this EA, since welds fabricated using weld wire
from this heat are limiting. The new data taken for heat No. 34B009 does not change
the limiting weld for the Palisades reactor vessel.
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Weldment ‘A’ ‘A/SG/A’ | 'A/SG/B’

Nickel | _Lopper icke) E Copper Nickel
| 1.093 | o. 1.154
| 2 & 0310 | 1.003 | 0.2 1.156 4  0.233 1,149
1.090 | 1.059

Table 5.1 Averages of Retired Steam Generatcr Weld Chemistries.

Table 5.2 uses the values from Table 5.1 and Attachment 4 to give all the weld
sample values for copper and nickel. It also provides the averages of copper and
nicke! content for use in determining Palisades reactor vessel axial weld material CF
from 10 CFR 50.61. Some of the copper values have been double counted because they
were from tandem welds This is the same averaging technique as used in Reference
3.4.

Lo 1 coper T 1o T Nkl |

D4463 P2 0.20 D4494 1P2 0.9
A . » 0.20 04541 1.zo
HBR2 Torus 0.159 D4577 & D4604 1.00
- 0.159 D4673 Mill 1C 1,08
1P2 Sur 0.20 | D4674 1P2 1.12
[P3 Sur 0.16 04686 ML1 0.97
- - 0.16 D4687 1P21 0.92
[P3 Nozzle 0.15 04688 Pl 0.99
HBR2 Sur 0.34 04690 1.13
0C1 Sur 0.285 HBR2 Torus 0.99
Pal Weldment A 0.306 IP2 Sur 1.03
- w 0.306 IP3 Sur 1.12
PAL A/SG/A 0.312 IP3 Nozzle 1.09
" - 0.312 I HBR2 Sur 0.66
PAL A/SG/B 0.274 ! Pal Weldment A 1.062
0. Pal A/SG/A 1.123
Pal A/SG/8 1.

Table 5.2 Best Estimate Cu and Ni Values for Palisades Axial Welds.
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The best estimate Cu value for Palisades axia)l welds is 0.237 and the Ni value

is 1.03. These values can be used with Table 1 of 10 CFR 50.61, shown in Attachment
I, to determine a CF for use in calculating the Palisades PTS screering criteria
fluence value. Using linear interpolation, as allowed by the rule, the CF =
242.36°F, which rounds to 242°F.

5.2.2 Palisades 'f’ Values

To date Palisades has only officially submitted fluence values for cycles 1|
through 10, Reference 3.3 and 3.6; these values are restated in a more convenient
format in Attachment 6. In order to calculate Palisades current accumulated fluence
1t is necessary to use cycle 10 fluence values from Reference 3.6, and cycle 11
fluence values from Reference 3.7.

Westinghouse analysis shows that the calculational methodology used to create
the data shown in the references above has a conservative bias of approximately 6%.
Although the NRC rule on PTS is based on best estimate fluence and chemistry values,
Palisades has not taken credit for the conservative bias in its current Westinghouse
calculational methodology. Recently Palisades received a technical evaluation of its
fluence methodology from the NRC, reference 3.8. In this evaluation the NRC
evaluated the current Palisades fluence calculations as between 7% and 1C% high. If
necessary Palisades may choose in the future to recover this conservatism from its
analysis. The best estimate fluence rates from Westinghouse for cycles 1 through 9
are shown in Attachment 3. For cycles 10 and 11 the best estimate fluence rates have
been created by dividing the calculated fluence rates by 1.06.

Table 5.3 shows both the calculated and best estimate fluence rates, along with
the cycle and cumulative fluence for both. The EFPD's for cycles 1 through 10 shown
in Table 5.3 can be found in Attachment 6. For cycle 11 the EFPD’'s have been
calculated as fol'ows. The current burn-up, 7222.1 MWD/MTU, times the MTU »f the
core, 81.202 MTU, divided by the rated power, 2530 MW, ‘ves 231.8 EFPD's. Since the
limiting welds are the welds at the 30° positions, onl; .iuence .3ites at these angles
are used.
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Cycle } Cycle Fluence Rate Cycle Fluerce Cumulative Fluence
Number | EFPD‘s | Calc’s |Best Est. f Calc's |Best Est. | calc's | Best Est. |
379.4 4.70£10 | 4 43E10 1.54£18 1.45E18 1.54E18 1.45E€]
3.36E18 17E18
43E10 42E18 1.34E18 4.78E18
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3410 21E10 f| 7.55€17 13E17 1. 14E19
L00E10 | 1.89E10 16E17 | 4.87€17 19E19
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Table 5.3 Palisades Fluence Values

Using Palisades most up to date fluence calculations, f = 1.28. A best estimate
value of, f = 1.21, could be used if the plant can recover the conservative bias in

1ts calculational methodology.

5.3 Palisades PTS Screening Criteria Limits

tquations 1 and 2 from 10 CFR 50.61 can be solved for f. ac shocwn in Attachment

Jiving Equation 3 shown below

The maximum RT,, . allowed for Palisades axial welds is 270°F, reference 3.1

this 270°F value for RT,,s, -56°F for I, 66°F for M, and 242°F for CF, in
Equation 3, gives a screening criteria fluence value of 1.31*10" n/em®. This value
and Palisades current fluence accumulation can be used to determine the number of
EFPD's remaining before the plant reaches the PTS screening criteria. This is showr

on the following page
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Margin = 1.31+10*° n/cm? -1.28+10% n/em? = 3, 0¢10%
Fluence/EFPD = 1.66+10*° n/(cm*-sec) « 3600 sec/Hr+24 Hr/Day
Fluence/EFPD = 1.43%10*° n/cm?

3.0+10Y

~ = 210 EFPD’s
1.43+101%°

EFD's =

Table 5.4 shows the number of EFPD’'s/EFPY’'s left before the plant reaches the
screen‘r criteria using different values of (RT,, - I - M). This table includes
values .7 EFPD's/EFPY’s for both calculated and best estimate fluence data. The best
estimate fluence rate for cycle 11 is 1.36*10'.

===z

Value of Screening Criteria Margin Using Margin Usig
Fluence Limit Calculated Fluence | Best Est. “iuence

260 1.31E19 210 EFPD's 735 EFPD's ’
262 1.35E19 490 EFPD’s 2.82 EFPY's
264 1.39€19 769 EFPD’s 3.62 EFPY's
266 1.43E19 ¢.87 EFPY’'s 4.43 EFPY's
268 1.47E19 3.64 EFPY’s 5.23 EFPY’s
270 1.52E19 4.59 EFPY’s 6.24 EFPY's
272 1.57E19 5.55 EFPY’s 7.25 EFPY’s
274 1.61E19 6.32 EFPY's 8.05 EFPY's
276 1.67E19 7.47 EFPY's 9.26 EFPY's
278 1.72€19 8.42 EFPY’s 10.3 EFPY’s
280 1.77E19 ‘ 8.38 EFPY’'s 11.3 EFPY’'s

Table 5.4 Possible Margin Gains.

[t is important to note two things about Table 5.4. First, the times stated do
not take into account any capacity factor deviation from 100%; outages would add to
the number of days or years calculated. Second, the data assumes that all subsequent
fluence will be accumulated at cycle 11 fluence rates.
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If cycle 9 fluence rates are used to estimate the cycle 1l fluence, rather than
using the inhouse calculations, it can be shown that Palisades has 115 EFPD‘s left in
cycle 11 before reaching the screening criteria.

PTS screening criteria fluence = 1.31+10
End of cycle 10 fluence = 1.25+«10%*
Cycle 9 fluence rate = 2,.00+10'%#3600#24 = 1.73%10%"

19 _ 19
EFPp's = L:31%10 1.25#+10
1.73+10%%

= 347 EFPD's

Margin = 347 EFPD’'s - 232 EFPD’s (thru 10-31-94) = 115 EFPD's

6.0 Conclusion

The objective of this EA has been met. Palisades PTS screening criteria margin
has been calculated using the preliminary and partial chemistry data received from
testing done on the retired steam generator welds. The data provided shows that the
Palisades reactor vessel weld material would not have reached its PTS screening
criteria fluence value. A longer summary is available in section 2.0.
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(3) To venty that the values of RT
calcuiated &s required by parsgreph
(D)(2) of this section are bounding values
for the specific reactor vessel. licensees
shall cousider plent-specific information
that could affect the level of
embrittiement This information includes
but is not limited to the res r vesse!
operathing tempersture and ¢ #illance
resulis. Results from the plani-specific
surveillunce program shall be integrated
into the embnttiement estimate if

(1) The plant-specific surveillance data
has been deemed credibie as defined
Regulatory Guide 1.98 Revimion 2 and

(1) The RT »py value changes
significantly *

Any information thaet 1s believed to
umprove the accurecy of the RT .y value
significantly shall be reported to the
Director Office of Nuclear Reactor
Regulation. Values of RT,yy that have

" Thanges o BTy velver are commdered
spndicand  erther the vahu delsrensd n
parogreph DHI) of hes seehon or ke &lerna W
L GeEraed @ DArNgERsh  LiJ | of (e sechon
o BOh vaiues sxeed Lhe scrownung crienon. pror

o e evpreaton of the opersting (lcenes ncluding
ey wnewed term | applicadia for the pian

been modified using the procedures of
(s paragraph are subject 1o the
approval of the Director. Office of
“Lclear Reactor Reguletion when
8% provided in this section
4] For each oressurzed water nuclear

power reactor for which the value of
RT vy for any meteral in the beltline s
projected to exceed the PTS screening
criteron before the expiration date of
‘he cperating icense. or the projected
eiprranion data if a change m the license
*#49 been "equested, or the end of a
renewal 'erm f a request for license
renew gl has been subraitted. the

cengee shal subnut by March 18
an unalysis and schedule for
mplementation of such flux reduct:on
programs as sre reasorably practicable
W0 avoid exceeding the PTS screening
criteron set forth 1 paragreph (b)i2' »f
this section The schedule for
mplementation of lux reduction
measures may 'ake (nto account
schedule for submittal and ant - pated
Commission spproval of detailed plant
specific analyses. submitted to
demoostrets acceptabie risk o1 +a. ues
RTpry above the screening Limit due 1o
plant moduJications, new information or
new ana.ysis technigues

§) For each pressurized water nucieqs

power reactor for which the analysis
required by parugraph (b)(4) of thus
section indicates that no reasonaby

J8eg

192

e

£ preciicable flux reduction program w
£ prevent the value of RTppy frem

!

exceeding the PTS screening criter
before the expiration date of the
operating license. or the projected
expiration date f a change n the
operating license has been requested or
the end of a renewal term f a regues!
for License renewal has baen subm.ied.
the licensee shail submit a salety
analysis o determune what. ! any
modifications to equipment. systems
and operation are neceseary o prevent
potential failure of the reactor vesse! as
a result of postulated PTS events
continued operation beyond the
screening critenon is allowed Ln the
analysis. the Lcenses may determine
reacior vesse! maleriais properues
based on available information,
research results, and piant surveillance
dula, and may use probabilistic fracture
mecharnics techruques. This analysis
must be submitted at least 3 years
before the value of RT g 18 projected
exceed the PTS screenung critenon or by
one year afler the effecuve aste of s
amendment, whichever is later

6) After considerastion of the
licensee s anslyses (inciuding eMec's ¢
proposed corrective actions. f any!
submutted u»t accordance with
paragraphs (b)(4) and (bKS) of this
sect on the Commuission may. on @ case
by-case basis. approve operat:on of the
tacrirty at values of RT pey in excess cf
the PTS screening criterion. The
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Commiss.on will consider ‘acicry
significantly affecung the potental fur
fa. ire of the rescior vessel i reach ng
a decision

(=11 the Commuismon concl.inrs
puisusnt 0 pacagraph (b)(8] of thiy
SeClion, that operation of the fac. ity 4t
valurs of RT oy in axcese of the PTS
screering critenon cannot be approved
a on the bass of e lcensee's aialyses
submitied in accordance with

paragraphs (bil4l and h1i%) of this
T section the licensee shall request and
g receive Cummission approval prioe to
ary operation beyond the criterion The
regues! must bae based upon
mod ficat,ons o equipment sy stems,
and operation of the faciity w addition
10 'hose previously proposed o the
submitted analyses that would reduce
the potentiagl for failure of the reactor

txdel Jiw 'o PI'S events. or upun

if'her analy ses based upon new

‘urmiation or improved metaodolingy

R “ auirerents tor reduction of
(PO s/ ticipeted trans arte without 8.7 4m
(ATWS) avents ‘1 nght- water cooled
NUCIA POwer Tlwn'e

(@F Az2lizel ity The reg..-omente _f
N8 seCTOn appiy 19 ol ¢~ mercial

< twitercocled nuclear power plas

by De“nit an For purposes of thy
sectian, Annzipated Transient \\V ok ut
S.am (ATVLS) means an arti. raved
cperational occurrence as defined n
\peendix A of this part fullowed by the
‘ailure of the reactor trip portion of the
pretection sysiem specifind in Goneral
Des:gn Criterion 20 of Appendix A f
this part

{c! Requ mements (1) Each pressurized

sensor outpu! to final ectuation device.
that 3 diverse from the reactor trip
system 1o automatically imtiate the
auxihary (or emergency) feedwater
sysiem and initiate 8 turbine trip under
conditons indicative of an ATWS. Thie
equipment must be designed to perform
is function in e relisble manner and be
independent (from sensor output to the
final actustion device) from the sxisting
reacior tnp system.

(2) Each pressurized water reactor
manufactured by Combustion
Engineening or by Bebcock and Wilcox
must have & diverss scram system from
the sensor output ta o0 of
power to the contrel rods. This scram
sysiem must be designed to perform its
function in & reliable manner and be
independent from the existing reactor
tnp system ({rom sensor output to
interruption of power 1o the control
rods)

{4) Each boiling water resctor must
have an slternate rod injection (ARI)
sysiem that s diverse (from the reactor
trip system) from sensor outpu! to the
final #ctuation device. The AR| system
mus! have redundant scram air header
exhaus! vaives The AR! must be

4% F B Ja0 e

waler reactor must have equipment from
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e

designed 10 perform its function i a
reliadle manner and be independent
(from the existing reactor trip svstem)
from sensor output 1o 1ne final sctuation
device

4" Each b N water reyr'er
Rave ¢ stundhy Hquid conts
i(SLCS) with the capubiiity uf et
Nt the reactyr pressure vessel o
borated water solution ut vuch a Now
rele. ievel of boran concentrgtion and
boron-10 isctope enrichment and
accounting for reactor pressure vesse!
volume. that the resulting reactivity
conirol s a4t eas! equiva.ent 1o ‘hat
resuiting from :njecuon of 88 gailons per
minute of 13 weignt percent sudium
pentaborate decahydrate solution at the
natural boron-10 isotope abundance into
@ 251.nch inside diamater reactor
pressure vessel for a given core design
The SLCS and its injection location must
be des.gned to perform its function in a
relialie manner The SLCS imitiation
must be automatc and must be designed
to perform its function in a reliable
manner for plants granted a construction
permit after [uly 26, 1984, and for plants
granied a construction permit prior to
July 26, 1984, that have uiready been
designed and built to include this
feature

~ st
B PR LaR

"R

[ (8) Each boiling water reactor must

have equipment 1o tmp the reactor
coolant recirculating pumps
sutomatically under conditions
indicative of an ATWS. This equipment

§ must be designed to perform its function
L_in & reliabie manner

SiFR M3

S1FR 2320
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(8 Information sufficient to
demonstrate to the Commission the
adequacy of 1tems in paragraphs (c)(1)
through ‘c)($) of this section shall be
submitted to the Commission as
specified in § 504

(d) Implementation By 180 days after
the issuance of the QA guidance for
non-safety related components, each
licensee shall develop end submit 1o the
Commission. ¢s specified in § 50.4. &
proposed schedule for meeting the
requirements of paragraphs (cj(1)
th (c)(®) of this section. Each shall
include an explanation of the schedule
along with a justification if the schedule
calls for final implementation later than
the second refueling outage after july 28
1984, or the date of issuance of & license
authorizing operstion above § percent of
full power A final schedule shall then
be mutually egreed upon by the
Commussion and licenses.

FEE BT Lawm o W EEC ARG el
P

(0) Roguirements. (1) Each light-
water-cooled nuclesr power plant
licensed to operste must be abie to
withstand for o specified durstion and
recover from a station bleckout se
defined \n § 30 2 The cpecified riation
blackout duratiun shall be based on the
following fectors.

(1) The redundancy of the ons:
CTARTRENCY 8C POWRT BOWITESR:

50-49
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(i1l The reliability of the onsite
EMErRENCY 4C POower sources:

(11] The expecied frequency of gs of
offsiie power and

(1v) The probable time needed 15
restore offsite power

(2) The reactor core and associated
coolent. control. and protection svstems.
including station batteres end any other
necessary support systems. must
provide sufficient capacity and
capability 10 enaure that the core /¢
cooled and appropriate containment
integnity 4 meintained in the event of a
station blackout for the specified
duration The capability for CopIng with
& station blackout of spec.fied duration
shall be determined by an appropria‘e
coping enalysie. Utilities are expecieg 1o
have the baseline essumptions
analyses and related information Ssed
in their coping evaluanions avaianie /e
NRC review

(b) Limitation of scope Paragraph ‘v
of this section does no\ apply 10 those
plants licensed 10 operste prior to /u/y
21. 1988 \f the capability to withstand
station blackout was specifically
eddressed in the operating license

roceeding and was explicitly approved
gy the NRC.

(c) Implementation —i1) Information
Submittal For each light-weter <ooled
nuclear power plant |icensed 10 operate
on or before /uly 21. :988. the licensee
shall submit the information defined
below 1o the Director of the Office of
Nuclear Reactor Regulation by 4pr/ 17
1989 For each Light water cooled
nuclear power plent licensed ‘o operate
after the effective date of 'his
amendment, the licensee shall submit
the information defined below 'o he
Director by 270 days sfter the date of
license ssurnce.

(1) A proposed station bleckout
duration 10 be used n determining
compliance with paragraph (&) of ‘nis
section. inchuding & justification for the
selection based on the four factors
identified in paregraph (a) of this
section:

(11) A description of the edures
that will be implemented fo. station
blackout events for the duration =
determined in paragraph (c){1){i) of thig
section and for recovery therefrom and

{tid) A List of modifications to
equipment and sssociated procecures f
any. necessary 10 mee! the requ re~en's
of paregraph (a) of this section. for ‘he
specified station biackeut duration
deterenined in paragraph (c)(1)(:) of this
section. and 8 proposed schecule ‘or
implementing the stated modifica' ons

(2) Alternate oc so. e The al'ernae
ac power sourcels) as defined n § 302
will constitute acceptable capal iy 1o
withstand station blackout provided an
anslysis s performed which
demonstrates that the plant has this
capability from onset of the station
blackout until the alternate ac sour-es)
and required shutdown equipmen' are
started end lined up 10 operate The " me
required for startup and slignment of ‘he

June 30, 1993 (resot)
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4.0 PROJECTED RT

218

The following describes how the PTS reference temperatures are
determined for each of the Palisades reactor vessel beltline
materials and includes projections for when each material will exceed
the applicable screening criterion. The results are dependent on *he
best-estimate values for chemistry and fluence that have been
dddressed earlier in this report. Additionally this section provides
response to NRC concerns as to how surveillance results from
Palisades and other reactor vessels could iffect the projected RTpes
values.

4.1 mnmmmum_&unnmmm_m_mwm

The base equation for the PTS reference temperature from 10CFRS0.61
1832
RTprg * I « M + ART,py (1)

"I 1s defined as the initial reference temperature (RTgy) of the
unirradiated material. "I" values for the Palisades reactor vesse!
beltline materials are:

Axial Weld I, = -56°F } Generic Value 10CFRS0.61

(b)(2)(1) for Welds made
Circ Weld o = -56°F | with Linde 1092 and 124 Fluxes

Plate I, =0°F Value' reported in
Reference 6. This represents
the Timiting plate.

" A less conservative value of I, = -10°F was measured by Battelle Columbus
Laboratories in 1977 (Reference 39). A value of -5°F was used in C2Co's
1986 (Reference 16) and 1991 (Reference 1) PTS submittals. Confirmation of
-8°F could not be found by measurement or calculation.

4-]



"M® is defined as the margin term added to cover uncertainties as 1n
tha values of initial RT,,, (Cu and Ni content, fluence and the
calculational procedures). Values of "M" for the Palisadr., vesse!
beltline material are:

Axia) weld M, = 66°F Value specified in
10CFRS0.61(b)(2)(11) for welds
1f generic values of "I" are
used.

Circ Weld M, = 66°F

Plate M, = 34°F Value specified for base metal
in 10CFRS0.61 if measured value
of "I" is used

"ART,..,” 1s defined as:
ARTm = (CF) £ -0.101lg D (Z)

"CF", the chemistry factor, a function of Cu and Ni content, is
derived from Tables | and 2 of 10CFRS0.61.

In Section 2, the chemistry factors were determined to be:

CF, = 217°F for the axial welds.
CF, = 228°F for the circumferential weld.

CF. « |65°F for the vessel plate material.

"f* is the best-estimate neutron fluence in units of 10" n/ce?
(E> 1 WeV) at the clad-base mata) interface of the vessel.

4-2



The Timiting fluence 15 determined by setting arm equal to the
screening criteria and solving for f. First, rearranging equations
(1) and (2):

R‘:‘m s [ « Mo+ (CFPYF'C 20 -2.10 log ¢

(0.28 - 0.0 log £) log £ = 109[31',_,%; ‘-y]

B - e
0.10 (log £1? - 0.28 log £ » log( T”’CFI M] =0

Using the quadratic equation to solve for log f:

I - -
0.28 2 \J(o.zun - 4 (0.10) log[_*_rgu I H)

N CF
o 2 (0.10)

s

Because the positive root of the equation provides meaningless
results, the equation may be simplified to:

R » % =~ M
. - .7 - . L—
0.28 0.0784 oclog( 5 )
0.2

£ =10 exp

The Saximm 2llowed values of RT,,s is defined fn 10CFRS0.61(b)(2)
for each of the Palisades beltline is:

Axtal Weld RTyrq, = 270°F
Circumferential Weld  RT,. . = 300°F
Plate Material RTyrqe = 270°F

4-3
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Cycie Cycle
Length Flux
Cycle JEFPD) (vem™s)
30 Degrees
| 179 4 44%E+10
. 449 | 4 43E+10
L 49 s 443E+10
4 1276 443E+10
5 194 6 443E+10
6 1334 4 52E+10
7 3699 4 52E+10
X 1736 2.21E+10
9 298.5 | B9E+10
43 Degrees

I 1794 28IE+10
2 449 | 2.BlE+i0
3 M98 2BIE+10
4 1276 2B81E+10
b %46 2.81E+10
6 3334 2.86E+10
7 3699 2.86E+10
] 3736 L.6TE+10
9 1.09E+10

Table ¥-4 (Continged)

Palisades Fast Neutron Fluence (E > | 0 MeV) Through Cycle 9
At the Reactor Vessel Clad-Base Metal Interface

Cycle
Fluence

(jem’)

| 4SE+ (8
1.72E+18
|.34E+ 18
1.26E+18
I.SIE+18
1.30E+18
1.44F+18
7.13E+17
48TE«17

9.22E+17
|.O9E+|8
8.49E+17
7.96E+17
9. 58E+17
8.23E+17
9. 14E+17
$5.39E+17
2.80E+17

Cumulative
Fluence

(em’)

| 4SE+ 1%
LITE+IX
45|E+I8
STTE«I8
7 28E+18
8.SS8E+13
1.OOE+19
1.OTE+19
LI2E+19

922E+17
20IE+18
2.86E+ 18
3.66E+18
462E+I8
SA44E+ 18
6.35E+18
6.89E+18
TATE+18
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Attacrmen:

Page 8 of 3

CALCULATION OF THE MEAN COPPER AND NICKEL CONTENT
OF WELDS FABRICATED USING WELD WIRE FROM HEAT No. wWS214
The following identifications and copper content values are from Table [.].

1. COPPER CONTENT

Sample I[dentification Weight % Copper
D4463 - [P2-flange 1-0428 0.20
L . K - o.zo
HBR2 - Torus Flange 0.159
" B . 0.159
[P2 - Surveillance 0.20
IP3 - Surveillance 0.16
. " 0.16
IP3 - Nozzle Cutout 0.1%
HBRZ - Surveillance 0.34
0Cl - Surveillance 0.28%5

Total ~ 2.013
2.013 « 10 = 0.201 « Mean Copper Content

2. NICKEL CONTENT

Sample [dentification Weight % Content
D&494 - [P2 1-042 0.94
Des4) 1.20
Average of D4577 & D4604 1.00
D4E73 Millstone IC 1.08
DA674 [P2 3-0428 1.12
DAGES ML1 2-072A 0.97
DABBT 172]-042A 0.92
g:= PAL S/G 5-943 ??:
HBRZ Torus Flange 0.99
1P2 - Surveillance 1.03
IP3 - Surveillance 1.12
1P3 - Nozzle Cutout 1.09
HBRZ - Surveillance 0.66

Total ~ 14.21
14.2] « 14 « ].015 = Mean Nicke] Content
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TABLE 6-13 (Continued)

CALCULATED FLUENCE (E>1.0 MeV) THROUGH CYCLE 10
AT THE "RESSURE VESSEL CLAD-BASE METAL INTERFACE

Cycle Cycle Length Cycle Flux Cycle Fluence Cumuative
(EFPD) (n/cm2-sec) (n/cm2) Fluence
(n/em2)
30 Degree
I 3794 4.70E+10 |.54E+18 |.54E+18
2 449 ) 4 70E+10 1.82E+18 3.36E+18
3 3495 4.70E+10 142E+18 4 78E+18
4 3276 4.70E+10 1.33E+18 6.11E+18
5 3546 4.70E+10 1. 60E+18 7.71E+18
6 3334 4 79E+10 1.38E+18 S.09E+18
7 3569 4 79E+10 1.53E+18 1.06E+19
8 3736 2.34E+10 7.55E+17 1.14E+19
9 298.5 2.00E+10 5.16E+17 1.19E+19
10 356.9 1.94E+10 5.98E+17 1.25E+19
45 Degree
1 3794 2.98E+10 9.78E+17 9.78E+17
2 4491 2.98E+10 1.1GE+18 2.13E+18
3 3495 2.98E+10 9.00E+17 3.04E+18
4 3276 2.98E+10 8 44E+17 3.88E+18
5 3546 298E+10 1.02E+18 490E+18
6 3334 3.03E+10 8.73E+17 STTE+18
7 3699 3.03E+10 9.68E+17 6.74E+18
¥ N6 1.77E+10 S.71E+17 731E+18
9 2985 1.1SE+10 297E+17 7.61E+18
10 3569 1.32E+10 A0TE+1Y 8.0ZE+18

6-28
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Palisades Cycle Flux Values
at Critical Locations

; Cycle Flux £+ 10
Cycle | EFPD 0° 16° 30° 45°

] g 379.4 4. 59 03 4.70 2.98
2 | 449.] 4.59 v.03 4.70 2.98
3 349 .5 4.59 6.03 4.70 2.98
4 327.6 4 .59 6.03 4.70 2.98
5 394 6 4 .59 6.03 4.70 2.98
6 333 .4 4 87 6.25 4.79 3.03
7 369.9 4.87 6.25 4.79 3.03
8 373.6 2.16 4.89 2.34 1.77
B 298.5 2.08 3.06 2.00 1.15
10 356.9 1.51 2.40 1.94 1.32
L 1 o | 1 | 2a | 1 1.09

¥alues for cycles | through 10 are from WCAP14014.
Values for cycle 1] are from Palisades in-house calculations.
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10CFR50.61 PRESSURIZED THERMAL SHOCK - REVISED INFORMATION

Consumers Power Company
Palisades Plant
Docket 50-255

A NON-PROPRIETARY VERSION
OF THE
CPC NOVEMBER 18, 1994 SUBMITTAL

January 23, 1995



A NON-PROPRIETARY VERSION
OF THE
CPC NOVEMBER 18, 1994 SUBMITTAL

Nuclear Regulatory Commission
Document Control Desk
Washington, DC 20%55

DOCKET 50-255 - LICENSE DPR-20 - PALISADES [LANT
10CFR50.61 - PRESSURIZED THERMAL SHOCK - ADPJITIONAL INFORMATION

Consumers Power Comr-iy (CPC) submittals dated February 23, 1994,

November 8, 1994, an ‘lovember 10, 1994 described our plan to more accurately
determine the chemica: and physical properties of the weld materials in the
Palisades reactor vessel and the progress we have made. We have implemented a
plan, the Palisades Reactor Vesse! Integrity Project Plan (PRVIPP), to a point
where we have performed chemistry and physical testing on weld material from
our retired steam generators.

Our November 8, 1994 letter provided preliminary chemistry results from the
testing of steam generator weld material. It also provided Revision 1 of
Palisades engineering analysis EA-RDS-94-02 which postulated when the
Palisades reactor vessel material would exceed the screening criterion if the
preliminary chemistry results were representative of three welds fabricated
with weld wire from Heat No. W5214. Our November 10, 1994 letter informed
the staff that we: (1) had received preliminary low temperature toughness ‘ata
from the physical testing material and were suspicious of its credibility for
use in determining the initial RT,,, of the weld material in the Palisades
reactor vessel, and (2{ were aware of preliminary information, in regard to
the steam generator weld fabrication methodology, that indicated the data from
the three welds from each steam generator should be treated as being
representative of one weld. Our November 10, 1994 letter also stated that, on
or before November 18, 1994, we would make a submittal containing: (1) our
analysis of the steam generator weld test data and its effect on the
operability of the Palisades reactor vessel, and (2) a description of the
actions we plan to take in the near future as we continue to implement the
PRVIPP,

This is that submittal.This letter transmits Revision 2 of Palisades
engineering analysis EA-RDS-94-02 (Enclosure 1). Revision 2 incorporates
steam generator weld material chemistry data into the industry database to
estimate that the limiting Palisades reactor vessel material (welds fabricated
using wire from Heat No. W5214) will not exceed the screening criterion until
January 1999, In reaching this conclusion, the analysis continues to use the
generic value of initial RT,,, prescribed in 10CFR50.61 for the flux type used
in the Palisades reactor vessel. While fracture toughness data obtained using
ASTM test standard E 208 showed a higher than originally anticipated NDTT for



the steam generator material, subsequent testin? and evaluation has lead to
the conclusion that the steam generator material test results cannot be
considered credible for use in establishing an initial RT,,, for as fabricated
Palisades reactor vessei material. This is because of differences such as
material thickness, number of weld passes, post-weld heat treatment, and the
effects of thermal aging from having been exposed to a medium high temperature
environment for a long period of time. These effects are addressed further in
Attachment 9 to Enclosure 1.

The analysis presented in Enclosure 1 shows that the Plant may be operated for
an additional 3.16 effective full power years (EFPY) or approximately four
calendar years before the limiting Palisades reactor vessel material (Heat No.
W5214) exceeds the screening criterion (January 1999). It will, therefore, be
necessary for the Company to submit, within approximately one calendar year,
our plan to allow for operation through the end of licensed 1ife. OQur short-
term actions, to be completed in 1995, will support the development of that
plan. These short-term actions will include:

1. Independently analyze steam generator weld samples.

2. Evaluate performing microstructure analyses of the broken steam
generator impact test samples.

3. Evaluate performing additional fracture toughness analyses using
alternate methodology.

4. Before March 1, 1995, submit a request to use a site-specific
surveillance plan using the available representative industry data
on Heat No. W5214 welds. Preliminary analysis using this data,
whicn is subject to staff approval, pinjects the time before the
Palisades reactor vesse)l material will exceed the criterion to
approximately seven EFPY. Additionally, we will evaluate heat
treating the steam generator weld material samples and incorporating
them in this plan.

Long term actions being considered are:

1, Using a plant-specific surveillance program.

2. Performing reactor vessel weld sampling.

3. Establishing methods to better define fluence.

4. Utilizing a lower leakage core.

5. Installing reactor vessel prestressed bands.

6. Performing a Regulatory Guide 1.154 analysis.

7. Performing a reactor vessel anneal.



CONCLUSION

The latest calculations, using conservative fluence values, show that the
Palisades reactor vessel can operate for 3.16 EFPY before exceeding the
10CFR50.61 screening criterion. This will allow operation at a 75 percent
capacity factor uatil January 1999. When a site-specific integrated
surveillance plan is approved, these values are expected to be increased by
approximately four EFPY. Planned short-term actions, short term-actions being
evaluated, and long term actions being considered may further increase the
time before exceeding the criterion.

The version of Engineering Analysis EA-RDS-94-02 which is included as
Enclosure 1 to this letter contains the same information as that submitted
November 18, 1994 and now requested to be withdrawn except that the
information on Sheet 8 and in Attachment 4 is no longer considered
proprietary.

SUMMARY OF COMMITMENTS

1. Before March 1, 1995, we will submit a site-specific integrated
surveillance plan for staff approval.

2. Before March 1, 1995 we will submit a plan to further evaluate the weld
material from the retired steam generators.

“nclosure
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1.0 Objective
This Engineering Analysis is written to document calculations which

the compliance status of the Palisades reactor vesse! weld material 1n respe

PTS screening criteria. They incorporate the final weld chemistry values obtaine

from the retired steam generators and the best available fluence data.
2.0 Summary

Calculations have been performed to determine the Palicades reactor vessel
material condition as it relates to the PTS screening criteria. Based upon the best
available fluence values and axia)l weld chemistries which include the averages of the
eighteen copper and nickel weld samples from the steam generators, the plant would
exceed the 10 CFR 50.61 screening criteria afier 3.16 EFPY's from 24:00 Hrs. October
3l, 1994, Assuming a 75% capacity factor this works out to a calendar date of mid
January 1999,

The other part of the data to be collected from the retired steam generator
welds was the initial RT,,. The data collected from these measurements suggests
that the material has been affe~ted by its use in the steam generators and cannot be
used to provide the initial RT, for this weld material.

3.0 Analysis Input

References given in section 3.] cover the data used in this Engineering

Analysi
References
10 CFR 50, current issue.

6-5-92 CPCo Submittal, Docket 50-255 - Lic. DPR-20, 10CFRS0.61 Pressurized
Thermal Shock, Revised Projected Value. of RT,, for Reactor Beltline Mater:s

6-10-93 CPCo Submittal, Docket 50-255 - Lic. DPR-20, 10CFRS0.61 Pressurized

Thermal Shock, Reactor Vessel Neutron Fluence, Additional Information
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3.4

3.8

3.6

3.7

3.8

3.9

4.0

4.1

4.2

4.3

ANALYSIS CONTINUATION SHEET

2-23-94 CPCo Submittal, Docket 50-255 - Lic. DPR-20, 10CFRS0.61 Pressurized
Thermal Shock, Revised Information.

Testing of Weidmetals for CPCo Additional Chemical Analysis, Letter from Or. G
Gage, AEA, to John Kneeland, CPCo, November 14, 1994,

6-21-94 CPCo Submittal, Docket 50-255 - Lic. DPR-20, Palisades Plant, Reactor
Vessel Material Surveillance Capsule Test Report.

EA-P-PT5-93-03, NI Detector Adjustment Factors for Cycle 1] Operations, Rev. |

Palisades SG Upper Shell Long Seam Fabrication Technique, Letter from Carl J.
Gimbrone, ABB, to John Kneeland, CPCo, November 15, 1994.

Server, W.L., Credibility of Using Steam Generato~ Welds as Surrogates for the
Palisades Reactor Pressure Vessel Welds.

NRC Fluence Evaluation, Docket 50-255, Palisades Plant, Transmittal of Technical
Evaluation Report, 9-2-94.

A1l attachments relate directly to these references. The relevant pages from

the separate references have been copied and included in the attachments so that al)
necessary information is readily available.

Assumptions

The weld somples from the retired steam generator are only applicable to, and
can only affect, Palisades axial weld chemistries, because only heat No. w5214
and 34B009 weld materials were removed from the steam generators.

The 30° weld was and still is the Timiting weld. This is ths only weld
addressed in this analysis.

The welds removed from steam generator A contain the heat No. WS5214 weld
material. The welds removed from steam generator B contain the neat No. 348003
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weld material. The chemistry factor for heat No. 34B009 weld material is st:
lower than the chemistry factor for neat No. W5214 weld material.

4.4 The calculations in this EA are based on integrating the averages of the
eighteen steam generator weld chemistry values provide by AEA, reference 2.5.
with the previously available industry data. The samples taken from the steam
generator constitute one weld and should be averaged into the industry data as
one weld, as supported in reference 1.8,

4.5 The retired steam generator weld material is not capable of providing credible
RTor vaiues for the Palisades axial welds, as supported in reference 3.9,

4.6 All calculated values have been rounded off to three significant digits to be
consistent with past submittals. This is consistent with the accuracy of
measured values and those values reported in the regulatory guidance.

5.0 Analysis

10 CFR 50.6]1 provides the foundation of the PTS screening criteria.
Calculations for the RT, . are done using equation | from the rule.

RTppg * I + M+ A RTppg Eq. 1

ARTppy = Irradiation adjustment of RT
I » RT\py ( Initial RT)

M= dargin term

Each of the itres in Equation | will be discussed with respect tc Palisades

current situation.
§.1 Values of ‘]’ and '’

Palisades does not have an initial RT . value for its reactor vessel welds
This means the plant must use the generic value of -56°F for its axial welds, state:
in 10 CFR 50.61 for Linde 0091, 1092 and 124 and ARCOS B-5 weld fluxes, re‘erence
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3.1. The initial RT,, was one of the values that the plant intended to get from t¢

retired steam generator welds, but analysis of these welds showed that the materia

{

had been affected by i1ts use in the steam generators and could no Tonger be used

provide initial RT .., reference 3.9.
The value of M in Fquation | 1s specified 1n 10 CFR

the generic value of | is used.
Values for "ART,,.’

The value of ART,,, is calculated from two factors, CF and
Equation 2 from 10 CFR 50.61

Palisades 'CF’ value.

The value of CF for Palisades comes from the table of generic weld CF's provided
in a table in 10 CFR 50.61 for piants without credible surveillance data. This table
relies on the copper and nickel content of the weld material to determine the (F
Attachment 4 gives the copper and nickel contents for comparable heat No. W5214 weld
other than the steam generator welds which are shown in Attachment §. fxplanatior
of the weld designations are provided in attachment 10. Table 5.1 shows the
hemistry values for the three 'A’ steam generator welds segments from Attachment ¢
and their copper and nickel averages. The samples taken from A steam generator were

tandem heat No. W5214 welds, the B steam generator samples were from heat No. 348009
only the heat No. W5214 values are of interest in this EA, since welds fabricated

348009

using weld wire from this heat are limiting. The new data taken for heat No

does not change the Timiting weld for the Palisades reactor vessel.
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IA'
Nickel

Weldment
|

0.310

1
1003 0.291 1.156 | 0.233

Average Cu

Average Ni

Table 5.1 Averages of Retired Steam Generator Weld Chemistries.

Table 5.2 uses the values from Table 5.1 and Attachment &4 to give all the weld
sampie values for copper and nickel. [t also provides the averages of copper and
nickel content for vse in determining Palisades reactor ve:sel axial weld material (F
from 10 CFR 50.61. Some of the copper values have been double counted because they

were from tandem welds. This is the same averaging technique as used in Reference
3.4,
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04494 [P?

D454]

HBR2 Torus

04577 & D4604

Sur

04673 Mill IC |
04674 1P2 |

Sur

D4686 MLI

" oown

04687 P21

IP3 leozzle

D46BE Pal

HBR2 Sur

04690

0Cl Sur

HBRZ Torus

Palisades SG

[P2 Sur

IP3 Sur
[P3 Nozzle

HBRZ Sur
Palisades SG

| Average

Best Estimate Cu and Ni Values for Palisades Axial Welds.

Table 5.2

The best estimate Cu value for Palisades axial welds is 0.217 and the Ni value
1.02

1 to

L v

These values can be used with Table | of 10 CFR 50.61, shown in Attachment
determine a CF for use in calculating the Palisades PTS screening criteria
fluence value. Using linear interpolation, as allowed by the rule, the CF =
233.54°F, which rounds to 234°F,
Palisades 'f’' Values

To date, Palisades has only officially submitted fluence values for cycles
through 10, Reference 3.3 and 3.6; these values are restated in a more convenient
format in Attachment 6. In order to calculate Palisades current accumulated fluence
1t is necessary to use cycle 10 fluence values from Reference 3.6, and apply cycle
fluence rates, reference 3.3, to cycle 11. Basad on current core design the u

cycle 9 fluence rates for cycle 11 at the 30° weld is approximately 17% conservat




@.- PALISADES NUCLEAR PLANT -RDS-94-

o Y A S ANALYSIS CONTINUATION SHEET
Sheet _9 Rey =

Attachment 6 shows that the EOC 10 accumulated fluence at the 30° weld location s
1.25*10" n/cef.

5.3 Palisades PTS Screening Criteria Limits

Equations 1 and 2 from 10 CFR $0.6] can be solved for f, as shown in Attachment
2, 9iving Equation 3 shown below.

0.20 -J/o o*u-oolocfmz-pr—.!f Eq. (3)

£ =10 0.2

The maximum RT,.. allowed for Palisades axial welds is 270°F, reference 3.1.
Using this 270°F value for RT,., -56°F for I, 66°F for M, and 234°F for CF, in
Equation 3, gives a screening criteria fluence value of 1.49*10" n/cm®. This value
and Palisades current fluence accumulation can be used to determine the number of
EFPD’s remaining before the plant reaches the PTS screening criteria. This is shown
below.

PTS screening criteria fluence = 1.49+10%
End of cycle 10 fluence = 1.,25+10%
Cycle 9 fluence rate = 2.00#10%°«3600¢24 = 1.7310%*

1.49¢10% - 1 25101
1.73¢10%8

Margin = 1387 EFPD's - 232 EFPD's (thru 10-31-94) = 1155 EFPD’'s

EFPD's = = 1387 EFPD’'s

Using the 75% capacity factor and the 1155 EFPD’s gives Palisades 4.21 years
before reaching the PTS screening criteria. This works out to a date sometime in mid
January, 1999,

6.0 Conclusion
The objective of this EA has been met. Palisades PTS screening criteria margin

has been calculated using the chemistry data received from testing performed on the
retired steam generator welds. The data provided shows that the Paiisades reactor
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vessel weld materal has not exceed the PTS screening criteria.
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'he opergtng icense. or the prorecied
excisgron data f o change m the license
“&3 been *equested or theend of &
rerewal rorm f 8 mecuent for icerse
*enewal has been submitted. the

censee shall submut by March 18 102

an analynis and schedule for
implementauon of such Nux reducton
programs as are resscnably pract.cabe
0 avoid exceeding the PTS screening
crteron set forh tn paragreph (b)(2! of
this section The schedule for
implementation of flux reduction
measures May (&ke N0 account e
schedule for submirtal and ant c pated
Commission spproval of detailed plant
specific analyses. subm:tted to
demonatrete scceplbbie nak o1 v aiues o
RT sy above the screening limit due 10
plant moduJicanons. new informanon or
new analysis technigues

(3] For sach pressusizad water nucesr
power reactor for which the ans. ysis
required by parugraph (b)(4) of tus
section indicates that ne ressonadly
praciicable Oux reduction program w..
prevent the value of RTpy from
excoeding the PTS screening criteron
before the expirstion date of has
opersting license. or the projecred
expiraton date & change in the
operatmy license has been requestec Cr
the end of & renewal term (! 8 reques!
{ar Licanse renewal bas been submiiled
the licanses shall submit & salety
snalysis to determune what. if any
modifications to eqmpment. rystems.
and operstion are necessary lo preven!
potsntial faulurw of the rescior vessel as
a result of postulated PTS eveots J
continued operstion beyond the
screening critenon (s allowed n e
ansiysis. the Lestses may delermine
reACIOr veseel MALEnA.s proparues
besed oo evaudeble information
research results. and piant swrvellance
dula. and may use probebilisuc fraci e
mechanics techruques. This anaiysis
must be submitiad &t iea9t 1 years
before the value of RT o 8 projecied 2
exceed the PTS screenung critenon or o,
one year aftar the effectve dete of = s
amendment. whichever s laler

(8) After conmderston of the
licenses § anslyses (mcinding eMecy of
propossd corrective actions. ([ any)
submutted i sccordance with
paragraphs (b)(4) and (bS] of this
sect on. the Commuasian may on & Care
by-case Dasis. approve operation ot e
facrirty ut values of RT ey in excess of
ine PTS screesung crianon The
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Com= sson wil congider "ac'cry
ygn.ficartly allecung ‘ne porenusl fur
fa. 1w ol Lhe MACIOr vesea A react ng
8 cecigion
=1 1f :‘ne Commismon conci. ey
sbeant 10 paragraph (D)(8 uirig
sec on. (et operetion of ine ‘ac [y 4t
vaiury of RT g in ancess of 'ne PTS
screering cmtemon CARNOt De eoproved
on e Dasis of e Weenses » Liaiyses
LD IO N SCCOMTANCE wilh
pacagrapns (5 4 arg 218 of *g
“e¢ licensee srall requrst and
vieve Commission approval prior to
4"y operation beyond the crierion The
Tes .o Must be based upon
mod fications 10 equipment systems.
and operation of the lacdity w sddition
10 (hose previously proposed o the
submatted analyses thet would reduce
the potontial for failure of the reactor
essel Jou o PI'S events. or upon
urther analy ses based upon new
‘Lrmiaiion o improved meisouoingy

FI092 Meaurerents fv redutiion of Ml
Irom i laipeteg treng oriB WRGUt 8./ e
ATWE) SvenE ‘Lo Mgt IEN Seslen
NUCIM DOwer g

(8] Az2ivel 1y The requ~omente of
‘N secton appy to vl ¢ o= mercial
H3 o twiiercociod nuslesr power )iy

v Delinit s Forpurpases of thy
sncisr. CArnz.pated Transent \\ o gt
S am [AMLS) means an ertiorured
cpersiional occurrence @ defired n
\prendix A of this par {llowed by the
failure of the resctor tnp pestion cf the
pretection sysiem specifad in Gunersl
Design Criterion 20 of Appendix A f
thie part

() Requ:rements. (1) Each pressurized
waler reactor must have sguipment from
sensor output 1o final actustion device.
that s diverse from the reactor trip
sysiem. to sutomatically imtiate the
suxiliary (or emergency) feedwater
sysiem and initigle & turbine tnp under
condilions indicatve of an ATWS This
equipment must be desighed to peviorm
i1s funchion 1n & rehiable manner end be
independent (from sensor output 1o the
final actustion dewics) from the snicting
reacior thp system.

(1) Each presswnssd wetss reecior
manulactured by Combustion
Ergneenng or by Belaesh and Wilcax
T8 have & diverse earem sysiem trom

re sensor outpud B of
power 10 the contrsl nede. scram
fysiem must be decegned to perform it

function in & reliable menner and be
independen: from the exisiing rescior
trp aystem (from sensor output 10
interruption of power 1o the control
rods)

(4] Each boiling water rescior must
heve an alternate rod inection (ARL)
tysiem that s diverse (from the reactor
trip system) from sensor output 1o the
final actuation device The AR! system
mus! have redundant scram sir header
eahaust valves The ARI must be

FR 1308
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designed ‘o perform 119 funcrion n s
relanie manner ang He ndependent
from the existing reacior tnp sysiem)
from sensor output to the final actiation
device

et 1)

TR |

4 Eactd " wa'er ey
‘1".14—“ v "-‘ oAre
SLCS wi'n Mo zanuu
RO the reartur Drogssure vessul ¢
borated water soiyton ut »ich a N
rete leve: of boren concenirytion 1ng
boron-10 s0i0pe ennchment and
accounting for eactor pressure vessel
yOlume hat 'he FRIUILING rRACtivIty
CONITOL 8 4! €A equisaient 10 that
resuiting from injection of 88 gailons per
minuie of 13 weight percent sudium
pentaboraie decahydrate solution at the
natural boren-10 sotope abundance nto
& 251 .nch neide diameter rescior
pressure vessel for & given core design.
The SLCS and its imjection locstion must
ve designed 10 perform 113 function in s
relialie manner The SLCS initintion
must De automanc and must be designed
10 perform 1ts function i a relisble
manner {or plants granted s construction
permit after uly 26. 1984. and for plants
ranted & Construction permit pror to
uly 28. 1984 tha! have siresdy been
designed and built 1o include this

-
o=

"R

nw

L [eature

™ (8) Each boiling water reactor must

have equipment 10 tnp the rescior
coolant recirculeting pumps
sutomaetically under conditions
indicative of an ATWS. This equipment

¥ must be designed to perform its function
[_!n & reliable manner
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™~ 18] Information sufficient to

demonstrete 'c the Commussion the
sdequacy of items i parsgraphs (c)1)
through (ci(5) of thie section shall be
submitied u.mo Comnussion se
specified 0 § 504

(4) Implementation By 180 days afier
the weuance of the QA guidance foe
non-salety relsied componenis. ssch

paragrephs (c)1)
(cMY) of Uus section. Each shail
include an explanetion of the schedule
slong with & justificanon Jf the schedule
calle for final impiementanon loter thas
the second refueling outage after july
1984, or the date of suance of ¢
suthoriung operstion ebove § percent of
full power. A final schodule shall thes
be murvally agreed upon by the
Commussion end [icenses.

(0048 Lase of oF SNEVEIONG woTeRs
g

(@) Roguirements. (1) Bach light
weter cooled nuclesr power plant
hicensed (o oporeie must be abie to
withstand for o specified duwnnon and

bisckout durenion shall be based on the
follownng ‘actom

(1) The redundency of the onsite
CTMETRENCY 0C POWET BOWTEE:

50-48
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| The hadiity of the ongiie

EMErRENCY §C DOWET SCU ey

(1) The expecied requency of
2510 power and

['v] The probeble '1me needed o
restore offsite power

2) The reactor core and eseoc §'ed
coolant control. and protection sysiems
Ncluding station barttenes and any ciher
NECRRNArY JUPPOM syrtems. musi
provide sufficient capac:ty and
CApRbIlity 10 ensure that the core ¢
Co0led and approprate contanment
ntegnity ‘9 Mmaintained 0 the evenr of
1ahon blackout ‘or the spes.f eg
durstion The capediiity ‘or cop W
& station disckout of spec.fied 1 ra1.0n
shall be determuned by an epproprace
COpIng analysis. Utilities are expecieg o
heve the beselins assumptions
ansiyses. and relnted informatior seq
IN their COPING eveluanons sva & ¢ '+
NRC review

(b} Limutation of scope Paragraph -
of this section does not appiy '0 ‘hose
plants Licensed to opersie pror 1o .y
21. 1968 f the capability to withgiang
station blackowt was specifically
eddressed in the operating cerse

roC! and wae eaplicitly approvey
the NR

(c) implementation —i1) Informg: on
Submittal. For vach |ight-water <oc ed
nucisar power plant licensed 10 cpera‘e
on or before /u'y 21, 1988 he licensee
shall submut the informanon defined
below 10 the Director of the Office of
Nuciear Reactor Regulation by 4pr [ [ *
1988 For sech light water cooled
nuciear power plant licensed 10 sperare
aftar the effective date of this
emendment. the licenses shall subm i
the information defined beio~ ¢ he
Director by 270 days after the dete of
License eouance.

(1] A proposed station blackout
duretion to be used in determining
compliance wntk paregreph (8] of ne
section. inchading & justficetion for ‘he
selecnion based on the four fectors
dentified i paragraph (a) of thue
scuon

() A description of the procedur /4
that will be vmplem»..eu iv. cls00n
blackout event” or the durstion
determuned \n paragreph (c)(1)(1) of hip
section end {or recovery therefrom and

(1) A Lot of modifications to
equipment and sesociated procec. ey !
ANy NECHISArY 10 Mmee! the requ e~ ey
of paragreph (&) of this section ot "e
specified stanon blackout duretion
determuned 0 paragraph (c)(11] of "~
section. and & proposed schedue o7
implemenning the stated modifics =~

(2) Alternate ac source The a'e-"a ¢
oc power sourceis) ss defined » § » 0
will congnityie ecceptadie capsl v 2
withetand station disckout proviues 4n
snnlysis 10 performed which
demonstrates that the plant has "
cap abrlity from onset of ‘he staron
blackout untsl the alternate ac v .- = 0
end required shutdown equip™ =" i'¢
slarted and ined up 10 cperate Tt e
required for starrup and el gnmer 4

" !

June 30 1983 (reret)
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T™he following descrides how the PTS reference temperatures are

jetermined for each of the Palisades reactor vesse! beltline
materials and includes projections for when each material wil) excees
the applicable screening criterion. The results are dependent on ‘s
Dest-estimate values for chemistry and fluence that have been
daddressed earlier in this report. Additionally this section prov:=s:
response to NRC concerns as to how surveillance results from
Palisades and other reictor vessels could affect the projectad L
values.

Qeterminatio pr i PT

The base equation for the PTS reference temperature from |0CFRSO0 .61
is:

RTpry * I * M * ART )y
“I" 1s defined as the initial reference temperature (RTge) of the
unirradiated materfial. “[® values for the Palisades reactor vesse!
beltline materials are:

Axial Weld Generic Yalue 10CFRS0.6)
(b)(2)(1) for wWelds made
Circ vWeld with Linde 1092 and 124 Fluxes

Plate Value' reported in
Reference 6. This represents
the limiting plate.

“ A less conservative value of [, » <10°F was measured by Battelle Columbus
Laboratories in 1977 (Reference 39). A value of -5'F was used in CPCo's
1986 (Reference 16) and 1991 (Reference 1) PTS submittals. Confirmation of
-5°'F could not be found by measurement or calculation,

4.




"M" 15 defined as the margin term added 0 cover uncertaint i es a: -
the values of initial RT,, . (Cu and Ni content, fluence and the
calculational procedures). Values of "M" for the Palisades vesse!
peltline material are:

Axial weld M = 86°F Value specified in
10CFRS0.61(b)(2)(11) for weizs
1f generic values of “1" are
used.

Circ Weld M = 66°F

Plate M, = J4°F Value specified for base meta!

in 10CFRSO.61 1f measured va .o
of "I% 13 used

"ART,, " 15 defined as:
"CF", the chemistry factor, a function of Cu and N1 content, is
derived from T.bles | and 2 of 10CFRS0.61.

In Section 2, the chemistry factors were determined to be:

CF, = Z17°F for the axial welds.
CF, = 228°F for the circumferential weld.
CF. « 165°F for the vessel plate material.

“f* 13 the best-estimate neutron fluence in units of 10" n/ce?
(E> 1 Ma¥) at the clad-base matal interface of the vessal.

4.2



The Timiting flyence 15 determined by setting RT,.. equal to tne
screening criteria and sclving for f.
(1) and (2):

First, rearranging equat ong

R‘.“".' I oMo (CF) £ 20 012 l0g !

RT g - r—v)

C.20 (log N2 - 0.28 log £ » loq(ﬂm#_‘r'_”) .0

Using the quadratic equation to solve for log f:

0.20 » J(o.u)' - 4 (0.10) lo'(ﬂ'm?"’_'i')
log £ =

2 (0.10)

Because the positive root of the equation provides meaningless
results, the equation may be simplified to:

0.20 - io.ovu - 0.4 log (L’%‘_ﬁ)
£=10 exp ,

0.2

The saxioum allowed values of RT, . 15 defined in 10CFRS0.61(b)(2)
for each of the Palisades belt)ine 1s:

Axial Weld RTpege = 279°F
Circumferential Weld  RT, . = 300°F
Plate Matertal RTprgg = 270°F

§-3
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Cycle Cycle
Length Flux
Cycle JEFPD), oy
20 Degrzes
| 794 443E+10
449 | 4 4%E+10
3 495 443E+10
K 1276 443E«10
s 154 6 4 43E+i0
6 114 4 52E+10
7 1699 452E+10
J 1736 2.21E+10
9 298.5 | 89E+10
43 Degrees
I 1794 2.81E+10
2 449 | 2.81E+i10
1 495 2.81E+10
4 1276 281E+10
S 31946 2.81E«10
6 334 2.86E+10
7 3699 2.86E+10
8 3736 |.6TE+10
9 2985 1.09E+10

Palisades Fast Neutron Fluence (E > | 0 MeV) Through Cycle 9
At the Reactor Vessel Clad-Base Metal lnterface

Tible x4 (Continued)

8-8

Cycle
Fluence

nem).

| 45E+ 18
|.72E«+18
[.3ME«|¥
|.26E+18
| SIE+I8
|.J0E+18
| 44E+ |8
7.13E+17
487E+17

9.22E+17
| 09E«18
8.49E+17
796E+17
9.58E+17
8.23E+17
9.14E+17
S.39E«17
280E+17

Cumulatve
Fluence

(em)

| 45E« (%
1ITE« 18
45IE+18
STTE«I8
7 28E+18
X SSE+18
| 00E+19
|.OTE«19
LI2E+19

9.22E+17
20lE+I8
2.86E+18
1.66E+18
462E~18
S44E+ 18
6.35C+(8
6 89E+18
TATE+I8
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Attachmen!

Page 8 of 3
CALCULATION OF THE MEAN COPPER AND NICKE
CONTY
T OF WELDS FABRICATED USING WELD WIRE FROM MEAT No. ws2|4
he following ‘dentifications and copper content values are from Table | |

|. COPPER CONTENT

Sample ldentification Weight % Copper
D4463 - [P2-flange |-0428 20

20
159
159
.20
16
16
1S
34
268

HBRZ - Torus Flange

(P2 - Surveillance
{P3 - Survelllance

Py - MNozzle Cutout
HBRZ - Survelllance
OC1 - Surva‘’ lance

OQOCOOOOOO

Total ~ 2.013

2.013 « i0 = 0.201 = Mean Copper Content

2. NICKEL CONTENT

Sample Identification Weight % Content
D4494 - (P2 1-042

Das4)

Average of DASTT & DAGO4
DAS73 Millstone IC

DA674 1P2 3-0428

D4css WLl 2-072A

DASET 1P21-042A

CAGSE PAL S/6 5-94)

o
~ D

o

Sna8

— O 5 e e e
D - D O
- A~

(66 9%

WBR2 Torus Flange
\P2 - Survelllance
iP3 - Survetllance
1P} - Nozzle Cutout
HBRZ2 - Survelllance

Total 14.21

164.21 « 14 = 1.015 Mean Nickel Content
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@ AEA g

Facsimile

Date 14 igvember 1994

To John Kneeland

Crmpany Consumers Power Company

Facaimile number (9) 0101 616 764 8196

From Dr G Gage
Address Matenals Performance Deparmment B188, Harwell Laborstory,
Dideot. Oxfordshire, OX 11 ORA, Uruted Kingdom
Telephone 235 434466
Facaimile number 235 432137
Page lofd
Copies: Neil [rvine ., AEA ODONNELL: (9) 0101 412 655 2928
MPD/082
#2474
Message: TESTING OF WELDMETALS FOR CPCO

ADDITIONAL CHEMICAL ANALYSIS

AWunublcm..d\cvuwfahwmndmckelcmdhm
uﬂmo{mlmmmmwmmdmmm
mumm.mtmmommmwmhuuu
udy-nnumfammmmhthmbcnmﬁdbyhm
manager.

Toudm!hndaomviddd\cduhn:bcﬂmmo{mdm.

Mw“hlmdufuulthMTWlmw
Mdh!&nu&ud“wmwm. AQL AQ2 AJ! and BL2.

Unfisrmaaesly | will be cut of the o e tomorrow. Tuesday 15/11/94, and hence not
uM“IMMMamumudhmmm
besclewr of Charpy specimens (Weld B, ransverse, Weld A longitudancl and Weld B
[onguindamal) o8 W ednesdry [ will oy to contact you before doing so in order to coafirm
M-‘-?qunkmnmywm.NMMnl!«MMymwm
be reviewing your requirements today (Monday)

F WWWAWWWHIMWMOVOFMMMMFMWM Ne L aan

aNCHD TN LOovHs LEETTRSTIE AR L N

L A
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TELEFAX

TN Abington Mall Abingion. Cambndge CB1 BAaL UK
Telephone ~44 (01223 891182 Telex 81183 Teetax -44 (0)223 892588

SER

To: 2 Gareth Gage Fax Reom Ret 77 1w
Company: AEA Technology From: Mr K Bell

Cept: Metarals Performance Dept: Structurs! Integnty
Town: Harwell Dideot Dats. 14 November 1964
Coumtry: UK Dept Mot BAD/EO 94

Fax No: 0238 . 432337 No of pages: 1 of

Plesss iaiephone Fax Room on 0223 891162 Ext 2220 I cages are not received or e unciesr

MESSAGE

Pellinl Testing of Swmam Generstor Welds
TW! Project 620781
Dear Gareth,

T™he four specimens (AEA refs AQY AQ2. AJ2 and BI2 TWI refe WO1-08, WO 1.08, WO106 and WOZ-04
respect ely) hEve Deen hest tnted at 280°C for 2 hour. cocied aing liQuit N, Droken open and
CXBMINEC LNGS! § Iow POwered DINCCUIAr microscope (~x10).

Al four specImenrs Nad been extensvely ractured dunng the Peilini test (more thar 80% o1 the fracture
surfecs wese tinted)

mmmomummymmmmmmamncvomnu-nuenmmm
et oﬂom(lﬂ)m.ndmmw(-hosmm;mmmm.smmwo-
surtsce

Two specimens (AJZ 8nd Bi2) showed some aviaence of shesr kp formaton, up to 1mm wide, on the 10p
tenson) surfsoe of the specumen.

.ammmrudmm‘mamwmmmzm which Richard Miller
look with hm after the Say of testing). 10 DE retumed 1o you 81 AEA HMarwel.

Bes! wgarcs

Yours sincerely.

Gt ot

$ TErguness
o%m DEP ARTRENT

Normal W condiions of contract apoly a8 appropnate

I DB M=o s 5

R

L) dN0¥D FWNLOVNS LECTENSEZOE ' 81 ¥ 1okl
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TABLE 6-13 (Connaued)

CALCULATED FLUENCE (E>1 0 MeV) THROUGH CYCLE 10
AT THE PRESSURE VESSEL CLAD-BASE METAL INTERFACE

Cycle Cycle Length Cycle Flux Cyr Fluence Cunmlative
(EFPD) (n/cn2-sec) (o/cm2) Flueace
(/cm2)
30 Degree
l 3794 470E+10 | 54E+18 1. 54E+ 18
2 449 | 4 70E+10 1.82E+18 336E+18
3 3495 4 70E+10 142E+18 4.78E+18
4 3276 4.70E+10 1.33E+18 6.11E+18
s 394.6 4.70E+10 |.60E+18 7.71E+18
6 3334 4., E+10 |.38E+18 S.09E+18
7 3699 4. 79E+10 1.53E+18 1.06E+19
8 N6 2.34E+10 7.55E+17 1.14E+19
] 2985 2.00E+10 5.16E+17 1.19E«19
10 3569 1. 94E+10 5.98E+17 1.25E+19
43 Dagres
1 3794 2.98E+10 9.78E+17 9.78E+17
2 449.] 298E+10 1.16E+18 2.13E+18
3 3495 298E+10 9.00E+17 3.04E+18
4 3276 2.98E+10 8.-AE+17 3.88E+18
5 IME 2.98E+10 1.0ZE+18 490E+18
6 3334 3.03E+10 8.73E+17 S.TTE+18
7 39 3.03E+10 9.68E+17 6.74E+18
] N6 1.77E+10 S.71E+17 731E+18
9 29838 1. 1SE+10 297E+17 7T61E+18
10 31569 1.32E+10 407B+17 8.0ZE+18

6-28
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Palisades Cycle Flux Values

at Critical Locations

—
: Cycle Flux £+ 10
ST N 0° 16° 30° .5
| 179.4 4.59 §.03 4.70 2.98 |
2 449. 1 4.59 §.03 ‘.70 2.98 |
3 349 4.59 6.03 4.70 2.98
‘ 327.6 4.59 §.03 4.70 2.98
5 194.6 4.59 §.03 6,70 2.98
6 323.4 ‘.87 §.25 4.79 3.03
7 369.9 ‘.87 6.25 479 3.03 |
8 373.6 2.16 ‘.89 2.34 117 |
9 298.5 2.08 1.06 2.00 1]
10 356.9 1.5 2.40 1.94 1.32
 u | ae | e 2.21 1.66 1.09

Yalues for cycles | through 10 are from WCAP14014.
Values for cycle 11 are from Palisades in-house calculations.
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November 15, 1994
RVG-94-089

Mr. John Kneeland

Consumers Power Company
Palisades Nuclear Plant

27780 Blue Star Memorial Highway
Covert, Ml 49043

Subject: Palisades SG Upper Shell Long Seam Fabrication Teclkuique -

Reference: ABB Letter P-PENG-94-022, Chemical Analysis of 5G Weld Seain Samples

and Materials Consultation (ABB CENOQ Propesal No. 1017-840-019-A) dated
November 7, 1994

Dear Mr. Kneeland:

In support of your efforts 10 analyze and evaluale se/eral steam generator (SG) long seam
welds, . 3B CE is providing material testing and consulting services on the Palisades RPV
integrity. These services are described in the referenced letter. At a site meeting, ABB CE
was requested to provide additional steam generator fabrication information.

As requested, ABP has reviewed the fabrication data for the original Palisades steam
generators. This review was focused on the welding sequence of the long seam welds of the
upper shell of the steam generators. From this effort we were able to determine that the
original Palisades SGs' three long seam welds in the upper shell were made using a
sequential weld method. Therefore these three seams should be considered as one weld with
respect to chemistry. This meth.d is discussed briefly below.

In order to minimize distortion and weld shrinkage, a process was used that incrementally
welded each of the upper shell long seamis in sequence. Tlese shell plates were machined
with double U preps. Ti«: upper shell was fabricated in 2 horizontal position (i.e., lying on
its side). After alignment of these plates, weld deposit was then performed using an
automated welding process on the OD weld. The automatic welding machine was run the
entire length of the seam. Slag was manually chipped from the upper surface of the entire
length of the weld bead. The automatic welding machine was repositioned at the far end of
the weld seam and a second pass of weld material was deposited along the entire weld seam.
This process was continued until the initial OD weld deposit was approximately 1 1/2 inches
thick. The shell was then rotated so that the second upper shell plaie weld scam was in
position. Weld deposit was Lhen performed on the seam OD using the automatic welding
process as described for the first sean. Upon completion of the second weid seam
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procedure, the shell was rotated so that the third seam was in position, Weld deposit was
performed on the third seam as described for seams one and two. The seam welding process
then shifted to the LD of the weld joint. After backgrooving to sound weld metal and
performing a magnetic particle examination, the first weld pass was deposited on the ID of
the first weld joint using the automatic welding equipment. As with the OD welds, slag was
removed and subsequent passes were performed until approximately one inch of weld was
deposited on the ID of the first weld seam. The shell was then rotated so that the second
weld seam was in position. This seam was also built up like the aforementioned ID weld.
The process was repeated for the third veld seam. A second set of weld increments was
performed sequentially on each of the three ID weld seams. The second set of weld passes
completed each of the ID weld seams. Upon completion of the 1D weld seams, the welding
process was shifted to the OD of the weld seams. Again the second increment of the OD
welding process was performed in a sequential fashion. The second increment of the OD
weld compleied the OD weld. Weld wire was fed into the aulomatic welding machine from
150 pound spools. Additional wire was added to the weld machine as necessary during the
entire welding process.

Approximately six 150 pound spools of weld wire were required to fabricate the three upper
shell long seams. The welding sequence described above results in mixing of a portion of
each of the weld wire spools in each of the seams. Therefore effects of spool to spool
variation in the weld deposits should be the same for each of the three seams. The chemical
analysis results f om the three welds should be averaged as a single datum point for a weld
produced by this fabrication process.

This weld:ng sequence has been described in this letter to aid Consumers Power Company in
its evaluauon of the weld deposit chemistry. This description of the welding procedure and
the actual welding piocecure are held by ABB Combustion Engineering as proprietary
information. This document conains proprietary information and is not to be transmitted or
reproduced without specific written approval from Combustion Engineering, Inc. Consistent
with the requirements of 10 CFR 2.790, transmittal of any proprietary information provided
herein to the Nuclear Regulatory Commission must be accompanied by an affidavit from
Combusidou Engineering, Inc.

If you have any questions regarding this letter, please call me at (203) 285-2567.

Sincerely,
COMBUSTION ENGINEERING, INC.

Carl J. Gimbrone
Supervisor, Reactor Vessel Integrity
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CREDIBILITY OF USING STEAM GENERATOR WELDS
AS SURROGATES FOR
THE PALISADES REACTOR PRESSURE VESSEL WELDS

An Indcpendent Technical Opinion
by
W. L. Server, ATI Consulting

lo developing the proper materials to use as surrogates for the Palisades reactor pressure
vesse! (RPV) beltline welds since no archive weld materials exist (except for the Palisades
sweillance weld), the welds in the retired steam generalors were selected as candidales. The
pedigree of the welds in the steam generators was determined by ABB-CL, and some ol the
welds in the steam gencrator were found to be the same weld wire heats as in the RPV
Therelore, material was removed from the steam generstors in order to {urther determine the
adcquacy of the materials as surrogatcs for measuring copper-nicke! chemustry and use in a
supplemental surveillance program. The (wo weld wires heats of concern were W3214 and
34B009. The following discussion provides details on the similarity and difTerences between
the RPV welds and the steam gencrator welds as determined comparing fabrication
information and measured chemistry and mcchanical property data. Note that some of the
comparison of chemistry and mechanical prope:ty dawa involves data from other sister RPVs
that have the same weld wire heat in the beltline rcgion and/or in their surveillance program:
H. B. Robinsoa Unit 2 (HBR), Indian Point 2 (TP2), Indian Point 3 (IP3), Salem Unit |
(S1), and two BWRs, Millstone Unit 1 (M1) and Oyster Creek (OC).

The fabrication information for the steam generator welds is very similar to that of the
Palisades RPV in that the same weld wire heats from the same manufacturer were used with
the same flux type (Linde 1092), welding procedure, and approximate time fraipe in the same
CE shop. (These items of similarity are generally truc for the sister RPV welds also.) Lhe
dissimilarity issues come in reistive to diflerences in the flux lot numbers, post-weld heat
treaunent conditions, and number of weld arcs (relsted to vessel wall thickness) The effect
of different flux lot numbers should be inconsequential, but the effects of post-weld heat
trestment conditions and thickness can be important. Table | illustrates these dillerences as
compiled by ABB-CE. The differences appear to be minor, but there are difTerences.

Related tc postewald host treatment 15 the quesiion of extended time at service temperature
and pressure. The steam generators were in service for approximatcly 8 EFPY at a nominal
wmperature of SO0°F under a pressure of about 700 psi. The effect of service aging on these
materials needs careful consideration in determining cquivalency with the RPV welds. It is
kaown that thermal aging efTects can arise at temperstures near or greater than 600°F for
some fernti: steels, bul extended time at slightly lower tempcratures also could play a
significant role. The results from mechanical testing should reveal any differcnces duc o
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'nservice aging on the weld matenals. It should be noted that Charpy V-notch testing of the
Palisades surveillance weld aftcr thermal aging revealed a fairly significant difference
reflecting time st temperature (5 EFPY at $35°F) as shown in Figure | The Palisades
surveillance weld was fabricated using a different weld wire heat (3277) but with equivalent
flux type and welding procedures that closely matched or bounded the WS214 weld in the
RPV, in fact. the surveillance weld buseline curve 1s very similar to that of the reported
baseline curves [or weld wire WS214 from [P2. IP3, and HBR as shown in Figure 2

The pieces of steam generator welds were recently tested to determine copper and nicke!
chemisury, nil-ductility trasition temperature (NDTT or NDT temperature), RT.on and
Charpy V-notch transition curves. There are no known NDTT measurements for the W5214
welds, and a value of -80°F for the 3413009 has been reported. The measured valucs for the
sicam generator materials are -20°F for weld wire heat W5214 and -SO°F for weld wire heat
34B009. The 30°F difference between the reported value for 34B009 and the measured value
kerc suggesis a potential aging effect. Otuer issues are also important relative to the dren
weight NDT temperature determination: the brittle weld starting bead was fabricaied using
the latest ASTM E208 specification which was different from that used in the late 1960s
through mid 1980s; for some materals, this different starting weld bead can result 1 different
measures of NDTT. Additionally, there appears to be a possible effect for the W$214
material relative to where the NDTT specimens were taken from the weld thickncss which is
somcwhat supported by looking at some of the higher energy Cheipy specinien resuls (ic,
on¢ region of the weld with the highest copper level tends to provide higher .evels of
toughness possibly indicative of a lower NDTT). The RT,y, value for the stcam generutor
WI214 weld is equivalent 10 the NDTT since the Charpy V-notch dats supports greatcr than
50 R-1b and 35 mils latcral expansion at NDTT « 60°F.

The Charpy V-noich duta also confirms a poteniial aging effect for the steam generaior
materials. The measured Churpy energy data for the steam generator W5214 weld metal 15
shown in l'igure 3 where a comparison is made with the combined baseline dats from 1£2,
IP3, and IIBR in the same manner as shown in Figure 2. There is a definite shift in the 30
and 50 fi-Ib wransition temperatures and a drop in upper shelf energy. The shifl difTerence is
upproxunately 30°F and the docrease in upper shelf is about 10 fi-lb. These differences
strongly suggest a thermal aging effect for the steam generator W5214 matwrial. This
difference would also suggest the inaccuracy of using the measured NDTT (rom the steam
generator as applied to the Palisades RPV, even though the measured value of -20°F is in the
upper range of known NDTT measurements for CE-fabricated welds Charpy V-notch testing
of the similar sieam genersior weld Heat No. 34B009 is now underway, and a comparison of
these results with the original (i e, unirradiated and unaged) material will provide further
evidence of this aging effect

The aging phenomena have been observed in other vessel weld matenrials as is described in a
recent (unpublished) paper [Ref 1] containing data from the Doel I and 1] pressure vessels
Charpy V-notch data from the Doel | reactor vessel weld in the unaged and aged condition is
shown in Figure 4 which clearly indicates the effects of aging on shift in the Charpy curve
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The use of the steam generator malenal to add to the data base relative 10 copper-nicke!
chemistry should be adequate since the bulk measurei.cnts are unatfecicd by heat weatment or
service aging coasiderations. The specific data from the chemusiry measuremcunts are
discussed eisewhere, but the key results show gocd agreement berween pror measurements
for the 34B009 weld, but higher than expected copper values for the WS5214 weld. These
higher values for weld wire heat W5214 have been factor . into an average for all of the
measurements for WS214 and applied to the Palisades RF  weld.

[n summory, the Charpy V-notch and NDTT valucs from the steam gencrator welds appear to
exhibit a service aging phenomenon which invalidaie their use directly as measures of the
virgin mecharnical propertics for the subject welds. It may be possible to thermally anneal
thesc steam generator materials to restore the properties back to their equivalent virgin
condition, and this approach should be pursued in combination with microstructural
characterizaiion work to better understand the embrittiement process. The success of achicving
equivalent virgin mechanical propertics will be used in further asscssing the stean generator
matcrials as appropriate surrogates for the supplemental surveillance program for the Palisades
RPV.

Refereace

1. Qerard, R., Fabry, A, Van de Velde, J., Puzzolante, J. L., Verstrepen, A., Van
Ransbeock, T, and Van Walle, E., "In-Service Embritticment of the Pressure
Vessel Welds at the Doel I and [1 Nuclear Power Plants,” Effects of Radiation
oa Materials: 17th Iaternational Symposiym, ASTM STP 12XX, David S. Gelles, Randy
K. Nanstad, Arvind S. Kumar, and Edward E. Little, Editors, American Society for
Testing and Materials, Philadelphia, 1995 (currently under editorial review).
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Table |

Palisudes Vesscl Beltline and Stexm Generator

Weld Fubrication Details
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Deel I Unirradiated and Thermally Aged Weld Date
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