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INTERVENORS' RESPONSE TO
LICENSEE'S MOTION FOR SUMMARY

DISPOSITION OF INTERVENORS' CONTENTIONS

Pursuant to 10 C.F.R. 2.748, Intervencrs, the Center for
Nuclear Resporsibility and Joette Lorion (lntervenors), hereby file
the:r response to Licensee's motion for summary disposition n the
above captioned proceeding. In support of this response,
Intervenors have attached "lntervenors Statement of Material Facts
As To Which There 1s A Genuine Issue To Be Heard With Respect To
Intervenors’' Contentions’ and the letter of O0Or. George $ih on
Contention 2 dated October 18, 1989 (S'1h Letter, Attachment A). As
giscussed below, the Intervenors contend that there 18 a genuine
18ssue of material fact regarding the matters eset forth n the
attached statement and affidavit, and that the Licensee 18 not
entitled to a decision 'n 1ts favor as a matter of law and summary

Judgment should be denjed.




L. _BACKGROUND OF THIS PROCEEDING

On October 19, 1988, a notice was published *n the Fecera)
Reg ster announcing the proposed I1ssuance of amendments to the
Technical Specifications for Turkey Point Units 3 and 4., 53 Feg,
Reg. a0s88eg., The Proposed amengments would modify the
pressure/temperature 1imits for the reactor coolant system and the
pressurizer for each unit,

On Novemeber 17, 1988, the Center for Nuclear Responsibiiity,
Inc. ("Center’) ang Joette Lorion, collectively referred to herein
as ‘'Intervencors’, filed with the Nuclear Regulatory Commission
("NRC") a Regquest for Hearing and Petition for Leave to Intervene
("Petitien”) concernirg the Florida Power & Light ("FPL") amendment
request,

On January 10, 1988, the NRC Staff i1ssued Amendment Nos. 134
and 128 to the coperating l1icenses for Turkey Point, Units 3 anc 4
respectively, revising the pressure/temperature ("P/T") 11mits for
the Turkey Point units along with their Safety Evaluation and Fina)
Determination of No Significant Hazards Consideration.

The Intervenors then submitted their "Amended Request for
Hearing and Petition for Leave to Intervene’ on February 17, 18E8,
which 1i1sted three Contentions that Intervenore asked to be aomittec
for 1litigation 1in this proceeding. On March 21, 1989, the Atomic
Safety ang Licensing Board (Board) held oral argument on the
contentions. Subsequently, on June &, 1989, the Board 1ssued an

Order which denied Contention 1 and accepted portions of Contentions



2 ang 3.

On Septemher &, 1989, after a meeting with the Licensee,
Intervenors withdrew Contention 3 from this proceeding. Finally, on
September 11, 1989, the Licensee fi1led the'r Motion for Summary

Disposition of Intervenor's Contentions,

11, LEGAL STANDARD FOR SUMMARY DISPOSITION

The summary 0i1sposition procedure should be utilized on 'ssues
where there 18 no genuine 18sue of materia) fact to be heard so that
evidentiary hearing time 1& not wasted on such i1ssues. Statement of

Policy on Conduct of Licensing Proceecings, CLI-81-8, 13 NRC 452,

457 (1981); yisconsin Electric Power Co, (Point Beach Nuclear Plant,
Unit 1), ALAB-696, 16 NRC 1245, 1263 (1982): Houstor Lighting ang
Power Co, (Allens Creek Nuclear Generating Station, Umt 1),

ALAB-590, 11 NRC 542, 5850 (1980).

It 1s the movant, not the opposing party, which has the burden
of showina the absence of a genuine 1ssue as to any material fact,
Clevelang Electric 1llumirating Co., (Perry Nuclear Power Plant,
Units 1 and 2), ALAB-443, 6 NRC 741, 753 (19877). 8Si1nce the moving
party has the burden to show initially the absence of a genuine
186ue concerning any materia)l fact, where the evigentiary matter n
support of the motion does not establish the absence of a genuine
18sue, summary Judgmnent must be denied even f no opposing
evidentiary matter 1is presented. Agdickes v, Kress & CO,, 398 U.S.
144, 160 (1870). However, 1f the motion for summary disposition 1

properly supported, the oppsition may not rest upon mere



a)llegations or gentals ; rather, the answer "must set forth speci1¥i¢

facts show'ng that there 18 & genuine 'ssue of fact.” VYirginis

Electric ang Power Co. (North Anna Power Station, Unite 1 ang 2),
ALAB-564, 11 NRC 451, 453 (1980),

A, _BACKGROUND

There '8 a high, increasing 11be)1hood that someday
s00N, Ouring a seemingly minor malfunction at any of a cdozen
or more nuclear power plants around the United States, the
stee) vessel that houses the ragiocactive core & going to
crack l1ike a plrece of glass. The result wil) be & core
meltdown, the most ser ous KIingd of nuclear accrdent.

Demetrios Basoekas, NRC Safety Engineer

“The Risk of a Meltgown,"
New York Times (March 28, 1982), (Exhibyt 1),

Two facts have Dbeen KknNOwn SINCe Our nNaASI10N UNCertook the
commercial development of nuclear power, 1) the absolute 1ntegrity
of the large stee)! vessel tht houses the core and contains the
cooling water for the reactor 18 central to protecting the health
arg safety of the adjoining community and the environment anc 2) al)
metals, 1including steel, become embrittied overtime as & result of
continued exposure of neutron r1rradration, (Exhaibat 2).

Nuclear plant pressure vessels are fabricated from ferritic
steels. At Turkey Point, for instance, large sections of eight 1nch
thick stee)! are welded together circumferentially to form the
housing for the reactor core.

The safety of the public depends on the ability of the



mater'als n the vesse) and the welds to ma ntain their fracture
toughness. Fracture toughness s a materia)l property that enables
the material to res st brittle fracture when stressed, An adequate
leve! of fracture toughness provices the assurance that smal) flaws
or cracks will not propagate ‘n a ‘brittle manner’ as & resu't of
stresses causeo by reactor heatup, cooldown angd/or abnormal
transients,

It s well known that for steels used n nuclear reacter
pressure vessels and ther welos, three consi10erations are
imperient., First, fracture toughness Increases with Increasing
temperatures; second, fracture toughness cecreases with ncreasing
load rates, and third, fracture toughness decreases with neutron
\rragration.

In recognition of these considerations, power reactors are
opera.ed within restriction imposec by the Technical Specifications
on ‘he pressure during heatup and cooldown operations. These
restrictions assure that the reactor vesse) will not be subjected to
that combination of pressure and temperature that could cause
brittle fracture of the vesse)l f there were significant flaws in
the vesse) material. The effect of neutron radration on the fracture
toughness of the vessel material s accounted for in developing and
revising these Technical Specification 1imitations over the 11fe of
the plant, The pressure/temperature 1i1nits, which are the subject
of this proceeding are Jjust such restrictions,

Aggitionally, there & another ‘'ssue to consider where fracture




toughness 18 concerned. That 18 the fact that 'n many of the o'der
nuclear plants, such as Turkey - Point, high levels of copper ang
nicke! were used to fabricate the welde of the vessels ang 1n some
cases the vessels themselves. These elements were later shown to
result 'n greater irragiation damage to the vesse) material than hac
been initially expected. Irradiation damage 'n these plants caused
a shift in the fracture toughness curve to higher temperatures, anc
therefore, increased the poss b1ty of a nonductrle farlure,

Thie 18 80 because as meta) embrittles, 't loses the property
of "guctility” and must be kept at increasingly high temperatures 1n
orger to reta'n adequate cuctility to avoig cracking or shattering
in response to stresses or shocks. (Exhibit 2).

In 1981, the Nuclear Regulatory Commigssion became concerned
about the extent of the embrittiement problem at some of the
nation's older nuclear power reactors. This concern was manifestec
as a result of NRC Safety Engineer, Demetrios Basdekas' warnings
that some of the more embrittlied reactors with high copper contents
in their welds could shatter from pressurized thermal shock (FTS)
and encanger the communities 1In which the plants were locatec.
(Exhibits 1 ang 3). As part of the NRC's investigation of the (FTS)
phenomenon, they sent Jletters pursuant to 10 C.F.,R, 50.54 to
Licensees whose fracture toughness of their reactor pressure vesse's
were approaching levels of concern. (Exhibit 4),

Florida Power and Light Company received Just such a letter

concerning the Turkey Point Unit 4 reactor, FFL was asked 1o submit



plant specific information to the NRC 1n 150 days 'n lieu ¢f
1icensing action, (1g.). The Licensee was not asked to submit
inYormation on Unit 3, nor d'd the NRC s ngle out Unit 3 as one of
the nuclear power reactors that concerned them,

Yet, when the Licensee responded to the NRC's 50,54 letter on

August 23, 1981, concerning a Question the NRC had proposed as to

the reference temperature nil-guctility transfer value (RTNDT) for

Unit 4, the Licensee responded that the value they hao providec the
NRC was bDasecd on Unit 2 gata which had beer shown to be more
representative of Unit 4 than the survelllance capsule that hao been
removed from Unit 4, (Exhibit §),

The surveillance capsules that the Licensee was refering to
were samples of weld materra) that they ang other licensees are
required o 11nstall In each reacteor vessel sO that they can be
periogically withdrewn ang te teg to ocetermine the actual extent of
the embrittiement that has occurred 'n the spec fic reactor vessel,
(Exhibit 2).

These samples are reaui red by 10 C.F.R. Appendices G and H to
be withdrawn periogically ang subjectes to a pProcess known as
"Charpy” tests. In these tests, spec mens are heated to arfferent
temperatures and then struck to determine the temperature at which
the metal shatters or cracks n order to crtermine the extent of
embrittiement anc the minimum temperature that must be maintarned 1n
orgder %o assure the meta) retains sufficient ductility to resist

anticipated shocks (19.). The canger=-point occurs at the temperature



8% wrich the metal loses 1ts ductility (or arrives et Nt
guctility ), The Commigssion anT the 1noustry use the term "reference
temperature for nyl guctyriity transition,” abbtreviated as RTwpr
to ‘dentify this danger-point,

In 1974 ang 1975, the Licensee removes weld mcta) capsules 7
from Turkey Point Units 3 and 4 and Charpy tests were performec
separately on the samples from each unit, (Exhibit 6 ang 7),

The centra)l document necessary 10 cemonstrate the basis for
Intervenors continuing concerns regarging Unit 4 Y8 a report
submitted by the Southwest Research Institute (the "Institute )
entitled Pressure Temperature L mitation for the Turkey Point ynii
NOS. 3 ang 4 Nuclear Power Plants, SwWRI Project No. 02-4383-038

(June 30, 1976). (Exh bt €). The Institute hao congducted Charpy

tests on meta's conta'ned n a capsule taken from Unit ho. &
(Exhibit 7). Materials contarnec 'n the capsule taker from Unit Nho.
3 had been tested by the westinghouse Electric Corporation (Exhibit
6). Thereafter, the 1Institute was Aasked to pro)ect the separate
“heatup and coolgown 1i1mit curves' for the vessels for Units ho. 3
and No. 4 applying the Commission's prescribed computational
criteria to the separate test results on materials taken from each
of the two units (ig.). The Institute's summary of 1ts resvits, sel
forth in the margin, 11lustrates the dramatic o fference n
embrittiement found 1n the Unit No, 3 sampies from that found 1n tne

Unit No. 4 samples after less than three years operation (Exhibit

€). The oata also suggests that, as early as 1876, the Commigsion



ang FPL were aware that the best avarladble cate ng'cated that tre
embrittiement occurring 1n Unit No., 4 would require that the
temperature of that vesse) be maintained at well-above 300 cegrees F
to maynta'n acceptable cuctility before the Unit hao been 'n
operation for the eaquivalent of ten effective ful) power years

("EFPY") (18.).

L R S

The values of RTupr for the beltlne regions of Turke,
Point Units Nos. 3 angd 4 were oeriveg from (1) the
surveirllance program test results, (2) computed ra.i¢cs of
fast flux at tre 1/4 ang 3/4 locations n the vesse) wall,
angd (3) trend curves n RTupr as & function of neutron
fluence (E ' MeV). A summary of these values 158 as follows:

Unit Operating RTYNDT RTNDY

NO. Periog at 1/8 1 At 3/4 7
3 £ EFPY 194 ocep.F 131 gep.F
3 10 EFPY 236 cep.F 169 desg . F
- & EFPY 281 ceg.F 188 Ceg.F
4 10 EFPY 342 cep.F 230 oeg.F

® EFPY = Effective Full Power Year

E. Norris ang J. Unruh, Pressure-Temperature Limitations for the
Turkey Point Unit Nog, 3 6 4 Nuclear Power Plant at 27 (SWRIl Project
No., 02-4383-039 (June 30, 1876). (Exh bt 8).

How OCoes & reactor whose pressure vesse)! that the Institute's
187¢ report projected would exceed the NRC's own 300 oceg. F
screen ng criterion after less tran ten Efective Full Power Years
(EFPY) continue to operate 7 The public record suggests that
continued operation 18 the product of lega) alchemy rather than

technical progress. The legal alchemy was achieved s \mply &nd n &



manner that would have bDeen Ymposs ble ¥ the NRC Staff hao not

allowed the Licensee 1O calculate the RTNDT for Unit 4 bases wpon
‘Unit 3 cata’ 'n response to the Commigssion's 1981 50,64 letter.
(Exhibits 4 and §),.

Thus, 't appears that the NRC Staff allowed the Licensee to use
an ‘ntegrated surverllance program to calculate the embrittiement of
Unit 4 long before they confirmed the practice on April 22, 19888
when they ‘ssued & license amengment to FPL which allowed them to
use an 1ntegrated surveillance program to calculate ragration cemage
to the Turkey Foint reactor vessels,

As 0'¢ the Licensee, the NRC appears to have 1gnored the actua)
differences 'n levels of embrittiement disclosed by the 1976 reports
for Units 3 and 4, and has authorized FPL to continue operating unit
< $0 ong a8 Turkey Point LUnit 3 meets the Commigsion's
embrittiement criterion., The record before this Boargo now suggests
that the NRC Staff continues to ignore th, fact that the only data
ever oerived from weld meta) tests for Unit 4 demonstrates that 11t
18 non-conservative and 'mproper to calculate the ART ang revise the
P/T 1amits for Unit 4 based primarily on data from the less severey
affected Unit 3.

Intervenors contenc that neither the Licensee nor %the Staff
have ¢@iven the Boarc proper jJustification for thir decisien not to
test Unit 4's capsule V weld meta) specimen n order to revise the
P/T 1imits for that unit. A gecision, which 1f sanctioned by this

Board, could make & rupture of the reactor pressure vesse! with 1ts
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enormous public health ano safety conseQuences more probable.

B, 1SSVES RELATED TO CONTENTION 2:

contention 2 states as follows:

That the revised temperature/pressure 1 1mits that have
beet: set for Turkey Point Unit 4 are non-cunservative ang
will cause that reactor unit 10 exceed the requirements of
General Design Criterion 31 of Appengix A to 10 CFR Part £0,
which reQuires that the reactor coolant pressure boundary be
ges gned with a sufficrent marg'n Lo ensure that, when
stressecd under operating, maintenance, testing, anu
postulated accrdent congitions, (1) the boundary bahaves 'n &
non=drittle manner ang (2) the probabi1l'ty of a rap gl
propagating fracture & minim\zed,

Petirtioners contend that the new pressure/temperature
1imite could cause tho reactor vessel o exceed tLhese
regquirements because the Licensee has based ts calcvlarion
of the predicted RTwpr for Unit 4 partly on surveillance
capsule V test results from Turkey Point Unit 3 rather than
pregiction the RTypr for Unit 4 based on Unit 4 capsule V
surverllance capsule data--a pract .ce which 18 not
screntifrc, not valig, angd could cause the Unit 4 reacior to
behave rn a brittle manner which wou'd make the chances ©of &
pressure vesse! fa'lure ang resultant meltgown more lirely,
Peti1tioners contend that pregictions of RTwpt andg
pressure/temperature Timits gerived from the shift n
nil=guctility transfer should be based only on plant-specific
Unit 4 data, especially 'n light of the fact that the only
tests ever performed on Unit 4 weld specimens gemonstrated
that the weld material n the Unit 4 vesse) was 30N more
brittle than that of Unit 3. Because Unit 4's weld material
'8 more embrittled, Petitionere contend that the FPL
Integratec Surverllance program goes not meet the
Requirements of 10 CFR Appendix G Parts V.A and V.B, ano 1(
CRF Appendix M, Incluging Appendix H Parts 1IC ang 111B.
Finally, Petitioners contend that the surveillance capsule V
for unit 4 should be tested to establish the new
pressure/temperature 1 1mits ang should the testing 1ngicate
that the RTupr for Unit 4 has passed the 300 Cceg.¥ screening
criterion set by the NRC, Unit 4 should be shut down unita)
1t 18 demonstrated that the Unit 4 reactor pressure vesse)
can mainta'n 1ts Integrity beyond this 1imit,

The pressure/temperature 11mits for Turkey Point Units 3 and 4
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are among the most critical YTimiting congrtions ©of operation

because they oefine the permissadble operating envelope ouring
reactor heatup, coolgown, critica’lity, and testing and are des’anco
L0 ensure the ‘ntegrity of the reactor pressure vesse), a critica)
piece of safety equipment,

Accorging to 10 C.F.R, Appendix G, the pressure/temperature
Timits must be predicted based on the results of pertingnt ragiation
effect studies that predict the effects of neutron irragiation on
pressure vesse) embrittiement, These Y1 'mits are required 1o be based
on the most 1imiting nil~guctility reference temperature (RTNDT) for
the respective reactor units,

As explained earlier, the reference temperature s the point at
which the pressure vesse! metal Toses nearly all of 1ts ab )1ty o
withstand shock, Thus, 1t '8 necessary to accurately areo
conservatively account for the effects of irragiration ang other
factors on the RINDT of the pressure vessel 11n order to set
conservative P/T 1imits that will protect the public from a brittle
fracture of the vesse) and subsequent meltdown of the reactor core.

In orcder to meet the requirements of Appendir G, 10 C.F.F,
Appendix M reguires the Licensee to estab’ish a surveillance program
to periogically withdgras surveillance capsules from the reactor
vesse! &and test them to determine shifts 1n the RINDT, This
calculated shift 1in the fracture toughness of the vesse)l materia’
gue to neutron Trragdration damage s called the Adjusted Reference

Temperature or (ART). Appencix H alsco allows an 11ntegratec
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surveillance program for multiple reactors located at 8 s'ngle s'te

on an 1ngivioual case bas's depending on the cegree of commora’ iy
ang the precicted severity of irragiation,

Contention e primarily contends that the current
pressure/temperature 1imits that were set for Turkey Point Unmit 4 g0
not meet the reauirements of Appendices G and H, and that these
Timits are non-conservative and could cause the Turkey Point reactor
Unit 4 to exceed the Genera) Design Criterion 31 of Appendix A to 10
C.F.R., Part 80,

Intervenenors base their bDel'ef on the following 1ssues of
fact:

1. The Turkey Point Unit 4 pressure/tempe ature limits should
I . ] 't

Intervenors have contended throughout this proceesing that the
revised Turkey Point Unit 4 P/T 1imits shoulo have been based on the
results of plant specific surveiilance capsule test Jdata.
Intervenors base their contention on the Pacific Northwest
Laboratory Report NUREG/CR-2837 entitled PN, Technical Review of
Pressurized Therma)l Shock lssues, July 1882 which states that
"evaluating th; failure prodadbility of any nuclear pressure vesse)
¢ very complex. The evaluation must be plant-specific to allow for
¢grfferences n material properties of the plant components, systems,
configuaration, operating procedures, and dosimetry history.’
(Exhibit 9 at 1.°%) The report also states that "predicting thre

materia) properties of plant-specific reactor vessels requires an
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accurate knowlecge o©f neutron erposures of metalliurgical test

spec mens and an accurate krowlegge of the neutron exposure of
plant-spec fic pressure vesse! components. (1¢. at §.11),

This view '8 als0 supported by NRC Safety Engineer, Demetrios
Bascekas 'n a memo to Commigsioners Gi)linsky ang Ahearne, re: Staff
Report on FTS, cated December 3, 1882, where'n Basocekas states that
a meaningful PTSE assessment may be performed 'n a plant~specific
basis only., (Exhibit 10 at p.3), One should note that both the
analysis of P/T 1'mits and the analys & Or screeniny criterion for
pressurized thermal shock (PTS) depeng on the changes 11n the
fracture toughness of the beltine material,

Finally, this view 18 further supported by Dr. George S$1h,
Director of Fracture Mechanics at Lehigh University who states n a
Tetter 10 Intervenor's former attorney Martin W, HWoOOer, dated
October 10, 1385, that:

The rate at which the beltline weld materia)
geteriorates ang/or embrittles depends on the combined
effects of rragration ang pressurized thermal shock, It s
plant-specific 'n the sense that the nfluence o ffers
inherently from one wuwnit to arother. In other words, the
metallurgical properties alone cannct getermine the camage
behavior of the welds. The Joading history plays a major
rele,. Unless the rates of Jrradiation, fluctuation 1n thermal
Grac «i v8 ANG tins VArIALION N pressure are exactly the same
for both Units No. 3 ang No. 4, one 18 not Justifired to
assume that data collected 11n Unit 32 could Le applied to
predict the behavior of Unit No, 4, Hence, conslusi1ons orawn

on charge of RTupr for Unit No. 4 based on the cdata of Unt
NO, 3 cannot be cons 10ered valig. (Exhibrt 11 at 2)

The need for plant specific catea to be used to calculate tre

agd)usteo reference temperature (ART) to revise the Unit 4 P/T 1imits

eid=



18 especially significant 1n 1ight of the fact that the on'y known
test cata concerning the actua) embrittiement of Unit 4 gdemonstrated
thace the neutron damage to the pressure vesse! welds r Unit 4 was
far greater than anticipated and far greater than the embrittiement
of the reactor vesse) for Unit 3. (Exhibit &)

Thus, Intervenors fing it incredible that the NRC Staff woulu
allow the Licensee to use cdeta from the less severely affected Unit
3 combined with the original Unit 4 data, (which results 'n a
smearing and ¢riluting of Lhe data), to predict the F/T operational
Timits for Unit 4,

The centra)l 1ssue necessary to demonstrate the bas's for
Intervenors' continuing concerns 18 the Licensee's Integrated
Surverllance Program. Trus, Intervenors wil) address the majority of

their 1ssues of fact 'n the'r gi1scssi1on of that program,

As explained earlier, since the fracture toughness of the
reactor vessel changes as the vessel 18 exposed to neutron
irragdration, 1t 18 necessary to periodically recalculate the P/T7
1imite to account for changes 1n the fracture toughness of the
reactor vessel,

This change 18 the fracture toughness, or adjusted reference

temperature (ART) 18 calculated by removing surveillance capsules of
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welc materia) from the reacior units and performing charpy tests on
the surverllancs gpecimens. Appendices G and W of 10 C.F.R., require
that Yicensee's periodically remove and test surveilllance capsules
tc getermine the shift 1n RTNDT,

Appendix M allows 1n some cases for the reactor surveirllance
pregrams to be combined and/or integrated. Accordging to Appendix M,
Section J11.C there are certa'n criterya to be used 'n evaluating
whether oOr not an ntegrateo surveillance program 18 Justified. The
criteria are:

1. There must be substantia) acdvantages to be gained,
SuUCh a8 reduced power outages Or reduced personnel exposure
to ragration, as a girect result of not reqQuiring
surveillance capsules 1n al) reactors 'n the set.

2. The design and operating features of the reactors in
the set must bDe sufficirently s milar to permit accurate
comparisons of the predicted amount of raglration gamage as a
function of tota) power output.

3. There must be an acequate gos'metry program for each
reactor.

4, There must be a contingency plan to assure that the
surveirllance program for each reactor will not be Jeopardrzec
by operation at reduced power level or by an extenced outage
of another reactor from which cata are expected.

§. NO reduction 1In the requirements for number of
materials to be Iirradiated, specimen type, or number of
spec imens per reactor 1& permitted, but the amount of testing
may be reduced 1f the 'nitral results agree with pregictions.

6. There must be adequate arrangement for cata sharng
between plants.,

Turkey point Units 3 and 4 began operation with three capsules

containing weloc metal specimens 1n each of the Turkey Point Units -
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one of capsule T, one of caps.le VvV, ang one of capsule 1.
Intervenors have already demonstrated that when the first weld meta)
capsule T specimens were tested 1n 1976 'n order to revise the
pressure/temperature 1imits, the tests showed that the Unit 4 welo
metal was founc to be the 1imiting materia)l for controlling the
vesse)! RTNDY because 't exhibited a greater sens tivity to neutlron
ragiation embrittlement 'n that there was about a 308 o 1fference 'n
calculated RTNDT, (Exhibit & at 27).

The SWR] report on the testing of capsule 4 also sugpested that
"because of the potentral of reaching a low Cv shelf energy
congition n the Turkey Point Unit 4 welo metal 1n the ne»t few
years, it 1is advisable to obtain another data point in the not to
distant future. (Exhibit 7 at 3&).

Another report by SwWR] gdated May 1979 and entitled Reactor
vessel Material Surveillance Program suggested that capsule v be
removed from each unit after approximately 7 EFPY of operation anc
that the data obtainec from capsule V be used to revise the P/T
1imits beyond 10 EFPY., (Exhibit 12).

According to trhe Licensee's surveillance program n ex)istence
at that time capsule V from both Unit 3 and 4 was scheculeC to be
removed from both wunits 3 ang 4 anc be tested on or about 198¢,
However, 1n February 1985 the Licensee reqQuested and was later
granted a license amencment which allowed them to 1ntegrate the r
surveillance programs for Units 3 and 4 and delayed the test of the

Unit 4 capsule V surveillance specimens until 19887, (Exhibit 13

o Ve



Intervenors contend that the Licensee was mproperly and

perhaps 11legally granted this license eamendment by the Staff
because the Licensee 0 'd not meet the criter'a of an Integrated
Surveirllance Program wher the amendment was granted, and they &t 1)
dgo not meet these requirements,

First of all, the Appendix MW criteria states under Section
11.C(8) that the testing may be recduced f the 'nitia)l results agree
with the predictions. The documents presented here'n prove that the
test results for Umit 4 €10 not agree with the predictions, This
view 18 supported by Licensee's response to Intervenors'
Interrogatory B.4 where they state that the ac)usted reference
temperature for Unit 4 capsule T, the only tested capsule, was
higher than the adjusted reference temperature predicted by Revision
1 t0 Regulatory Guide 1.89., Furthermore, the Affigdavit of Stephen
A, Collarc (September 11, 1989) at 46 states that FPL had nformecd
the NRC on severa) occassions prior to the Staff rssuance of the
Safety Evaluation on the amencments of the discrepancy n the test
results for the weld capsules from Turkey Point Units 3 and 4. The
Staff objected to answering Intervencors' Interrogatory No.18, which
asked them why they allowed FPL to implement the Integrated
Surveirllance Program when results for Unit 4 capsule T g10 not agree
with predictions.

Second, the Appendix K criteria requires that the design and
operating features of the reactors 'n a set muet be sufficirentiy

similar to permit accurate comparisons ¢of the predicted amount of
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regiation camage as a function of total power output. Intervenors
contend that at the time they were permitted to mplement the
Integrated Surveillance Program the Licensee and the Staff real zes
that Implementation of the flux reduction program designed to cut
gown on the amount of neutron irragdiation bombarding the vesse)
walls, woulo mean that Turkey Foint Units 3 and 4 would be operating
with mixed fuel! cores that were not igentical n nature, and that
this practice continues to oate,

Accorging to an NRC gocument cated February 27, 19E8, re: Near
Term Flux Reguction = Turkey Point Plant Units & angd 4" ,the flu
reduction program was ‘mplemented for cycle &€ 'n Unit 3 and cycle §
in Unit &, (Exhibit 14, Encliosure 1 p.4),

A review of an FPL cocument entitlied Reactor Cavity Neytren
Measurement Program for FFPL Turkey Point Ynit 3, catec Apri) 13886,
states ‘over the lifet me of a nuclear power plant, changing fue
management schemes can result 1n significant changes n Dboth
magnitude and gistribution of neutron flux and hence, neutron
flvence throughout the reactor vesse)! beltiine region.” (Exhibit 1§,
Pp.1=1 %0 1=2).

A review of the reloac Safety Evaluation documents for Unit I,
cycle 10, ang Unit 4, cycle 10, cemonstrate that the units were
operating 1in cycle ¢ with gifferent fue)l core mixes. For erample,
Unit 3 was operating in cycle 9 with 56 westinghouse optimizec fue!
assemblies and 101 westinghouse 15 X 15 low parasitic (LOPAR) fue

asserblies. (Exhibit 1€). Unit 4 was operating i1n cycle & with al)
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westingnouse 15 X 15 Now parasitic (LOPAR) fuel assemblres. (Exnibit
17). The arfferences in fue) were continued n cycle 10 with Unmit &
operating with 112 Westinghouse optimized fuel assemblies anc 46
westinghouse 15 X 15 Tow parasitic (LOPAR) fue! assemblires, and Unit
4 with 117 westinghouse 16 X 15 low parasitic (LOPAR) fue)
assemblres and 40 westinghouse 1§ X 15 optimizag fue) assembires.
(Exhibits & ang 19).

It 18 'nteresting to note that on page 4 of the Staff's Safety
Evaluation attached 1o the 1865 amengment granting the Integratec
Surverllance Program 11t states that, '1f future core ces'gns are
s1gnificantly gi1fferent from those gucumented by the Licensee, the
Licensee must expia'n the effect the changes have on neutron
\rragiation camage ang the surverllance capsule withorawal
schedule. ' (Exhibit 8, p.4).

It 8 incemprehensibie to Intervenors why the Safety
Evaluation, which @10 not document the ciscrepencies ir the Unit 3
and Unit 4 capsule results also does not document mixed fuel core
gdes gn changes that ex stecd at the time of 1ssuance of the amerament
and to Intervencors' best belief wil)l continue to exist unt)) Turkey
Point Units 3 and 4 have achieved homogeneous ccres some time 1n the
future.

Intervenors contend, as oces Dr. George S h 1n his letter of
October 10, 1985, that "load'ng history” plays & major role 'n the
embrittiement process., (Exhibits 11, p.2).

Thergd, Intervencrs alsc conteng that the Turkey Point units



have hao markeo g 'fferences 'n capaci 'ty factors 'n some years that

could Jecpardize the Integrated surveirllance program, Stephen
Collarg testifies n his affigavit at 64 that f one unit has an
extended outage or peri1od of low power operation the test cata from
the unit which experienced the extended outage or period of 1om
power operation could correspond to a relatively low fluence ang
might not be suffcient to confirm the ex18t1ig fracture toughness of
the reactor vesse! of the other unit, (Collarg affrgavit at 64).

It 18 interesting to note that the capacity factors for unite 3
ang 4 'n 1984 the year bDefcore the amengment was granted were
significantly oi1fferent. In 1884, Unit 4 had a capacity factor of
81.5 % ano Unit 3 of 52.6x., Even more striking is the fact that in
1987, Unit 4 opereted at a hi1gn 78.5% capacity factor, while Unit 3
cperated at a mere 1€.1%. (Exhibit 20).,

These divergent capacity factors continued to exi1st subseguent
to 19465, According to Licensee's Response to Intervenors'
Interrogutory B-', 1in 1986 Unit 3 had a 75.9% capacity factor and
Unit 4 a capacity factor of 29.7%. In 1987, Unit 3 had a capacity
factor of 15.3% ano Unit 4 of 45.1%,

Fourth, despite these differences 1n capacity factors ano
although Stephen Collard states 'n nis afficavit at 55 that Appendix
M to 10 C.F.R, Part 50 require each integrated surverllance program
to have a contingency plan to ensure that 1f one unit 1n an
integrated esurveillance program has an extenced outage or periog of

1ow power operation, surveilllance capsule test gata wi)ll be



avarladble with fluences comparable to the fluences being accumulateo
by the other operating unite n the ‘ntegratec program, Intervenors
contend that the Licensee Coes not have an adequate contingency plan
to ensure that these o fferences 1in capacity factors will not
compromise the program,

Intervenors contend that this 1§ 80 because n response to
Intervenors' Interrogatory B.3 which asked for r10ontification of the
contingency plan, Licensee referred Intervenors 1o JQocumentis
supplied to the NRC on February &, 1985, ano March €6, 1985 as part
of their amenoment request. A review of these documents suggests
that FPL €10 not then, nor o they now, have a concrete contingency
plan to meet the requirements of Appendix M, For instance n the
Safety Evaluation attachec to the Licensee's February 1885 letter

under Contingency Plan in the Event of Reduced Power Qperations of

Extengeg Outage "t states: 'Both plants have capsules. (Exhibit 21
$E p.2) (AVso, see Collarg Affigavit at 48),

Agditionally, when Intervenors reviewed documents produced by
Licensee 1n response to Intervenors' document request, they were
advised by counse)l for the Licensee, John Butler, that there wag nc
written gocument entitled “Contingency Plan’.,

Intervenors contend that the Licensee’'s fairlure to have a
contingency plan to ensure that they are correctly calculating the
fluence to Lhe vesse)l ano subseguent reduction in fracture toughness
means that they do not now nor have they ever met the requirements

of the integra.ec surve)llance prograr.



Ageitionally, n relation to g 'fferences 'n capacity factors,
Intervenors would 11ke to acddress Licenses's SDUrIOUS argument that
even 11 a gifference '\n capacity factors or EFPY were postulated to
eccur since 1985, and even though 11t would be possible for the
remaining capsules n one of the Turkey PoINt Units to have
significantly less fluence that the fluence of the reactor vesse) of
the other unit, such a result would only affect the ab ity to make
pregictiongs or extrapolations beyong 20 EFPY, since the e» 18t ng
surveillance cata are sufficient for pregiciions or calculations up
te 20 EFPY. (Collarg affroavit at $8).

intervenors contend that tnis argument 16 not zorrect, s'nce f
the fracture toughness of one unit is being compromised by the other
wnit, which has had a periog of low operatien, 1t would be prudent,
88y n the case of Unit 4 which has not been tested since 1876, ¢
test capsule V to assure that the P/T 1imits are conservative.
Stephen Collard himself states that schedules for remova) and
testing of surverllance capsules are des gned to confirm the
ex18t'ng fracture toughness of the reactor vesse) as wel) as to mare
precictions. (Collard Afficavit at §3). (Emphashis Supplied).

Aggitionally, Intervenors would also 11ke to take 'ssue with an
argument that has been used for years to allow the L censee to use
an integrated program to predict raciation damage to Unit 4. That
argument 18 the one used by Stephen Co'llard at 38-43 of hig
affigavit and by the NRC Staff on page 7 of the NRC Safet,

Evaluation quoting Prior Rancall, whicrh apparently attempts to



Justify the Integrated surveirllance program ang @iscount the 1276

weld meta)l test results for Unmit 4 by attributing the high test
result to the alleged o fference 'n flux Yot number for the sample
in Unit &,

Intervenors have seen thig argument used NuUMerous times as &
reason why capsule T for Unit 4 may have tested so much higher than
Unit 3. In fact, this argument was first usey by the Licensee 'n a
letter to the NRC gated April 11, 1877, one year after the EwRl Unit
4 capsule T test resuits cocumented 1n the first part of this brief
demonstrated that the welc metal Un't 4 was alreacy higrly
embrittied. In the'r 1977 letter to the NRC, the Licenses stlates
“However, the weldment samples for Unit 4 surveirllance capsule T,
although containing the same filled wire heat number, usec a
grfferent weloing *flux 10t number. Therefore, the Unit 5 capsule T
sample 18 more representative of the Unit 4 reactor vessel.
(Exhibir 21),

Intervenors have documented the fact that the Licensee used the
“more repregentative argument to Justify using Unit 3 cata for unit
4 1in response to the NRC's 10 C.F.R, 850,54 letter regaroing
pressurized thermal shock concerns relative to Unit 4 well before
the Integrated Surveirllance Program was grantec. (Exhibit 22),

Yet, 'n response 10 Intervenors' Interrogatory nos. 7 ang & tne
staff responcs that flux Jot 1s only of minor importance 1n
getermining the sensitivity 1o irragiation embrittiement., (Emphas s

supplied.)
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1f the Staff 18 correct 'n their statement, Coes this mean tnat
the damaging test result for Turkey PoINnt Unit 4 18 rea'ly
representative of the camage to the reactor vesse) walds, ang f 1t
1§ representative does this mean that the public health ang safety
18 Dbeing Jecparcized because pressure/tempirature 11mits nave peen
non-conservatively set based on the less restrictive Unit 3 data ?
The 1Inconsistencies on this 1ssue alone are s 1mply to important for
this Boarg to 1gnore. Especrally n light of the fact that uUnit &
sufferec from two serious overpressurization events 1n 19&1 which
could have caused uncetectable flaws 'n the vesse) making 't more
prone to brittie fracture when stressec. (Exhibit 23),

For all the above reasons, Intervenors contend that the
Licensee does noOt now, nor have they ever net the regquirements of
the 1I1ntegrated surverllance program 1gent 1fred 'n Appendix W of 10
C.F.R. Part 50, Intervenors further contenc that because 1tne
Licensee does not meet the requirements of the program, this Board
should require them to set the pressure/temperature 1imits for unit
4 based on test results from the most 1imiting material. The most
conservative way to accomplish this would be to require the Licensee
to 'mmediately test capsule V of Unit 4 and use Unit 4 capsule T and
or V surveillance specimen data to adjust the reference temperature
ang revise the P/T 1imits for unit 4,

Arn  alternative would be for the Licensee to calculate the AR’
and revise the P/T 1imits for Unit 4 based on only Unit 4 capsule T

cgata but us 1ng Regulatory Guice 1.88, Revision 1, Intervenors as:



tr1s Boarg 10 re)ect the L censee's argument presented at 74 of tre
Collarg afficavit where 1t states that there would be 1i1ttle
girfference n the P/T 1imits for Unit 4 1f only Unit 4 cata was
used. Fairst of al), this curve was calculated roughly on a desk top
computer for the purpose of the settlement gi1scuss on helo between
Intervenors and the Licensee. Second, neither the calculation nor
the software program utilized 'n the detemination of the calculation
have been veri1fied by the NRC Staff or any other 'nogependgent body,
such as westinghouse. Thnirg, Collard himself states ot 75 that 1t
woule be nappropriate to calculate P/T 1imites usIng only one
surveirllance cata point for Unit 4, because such an approach woulg
be 1inconsistent with Regulatory Guice 1,99, Yet, 'n the prior
paragrach, he asks the Board to accept th's exact type of
hypothetica) calculation as a reason for accepting the Licensee's
assertion that wusing Unit 4 plant specific cata would have 11ttle
effect on the P/T 1imits,

Furthermore, Intervenors disagree with Mr, Collarg. Intervencors
contend that 'n the event that this Board does not agree that Unit 4
capsule V shoulo be tested, 't would be more conservative and proper
to use the one Unit 4 data point and the Regulatory Guide 1.83,
Revision 1 to calculate the ART and revise the P/T l1imits nsteac of
Revision e, which the Licensee used n ther hypothetical
calculation,

Interverors alsoc ask this Boarg to take note of the fact stateo

at 47 of the Collardg affigavit that Turkey Point 16 atypica’ among
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plants with NKC accepted ntegrates surve))lance programs *n that
most of the plants nvolved n such programs @°© not have
surverllance capsules n their reactor vessels., Thus, one car
ungerstand the need for such a program for units that have no test
capsules, but 1t 18 hard to Justify such a program for Turkey Point
Unit 4 which has 1ts own test capsules, and whose 1nitial weld tests
have Yngdrcated there may be a high degree of embrittiement,
Intervenors do not believe the Licensee's argument that the
integratec program wil) gave ragiation 10 workers meets the ‘tnere
must DbDe a substantial aovantage to be gained criterion of Appencis
H. Especially 1n light of the fact that 1f all the capsules in both
Units are to be withorawn over the 1:fet'me of the units, there
wou'ld be no cose savings. Tne cose would merely be spread out over

time.

3. Letter of Dr. George $ih Concerning lssves Relating to
Intervenor's Contention 2.

In a Jletter to Intervenors dated October 1&, 1988, Dr. George

$ih stated: "...the unit 3 data are incomplete and not sufficient to
pregict the P/T 1imits for unit 4, Aggitiona) factors such as stran
rate and Jloacd-history dcependent damage accumulation shoulo be
consicered; they cannot be discussed on an ad roc basi1s without
analytical ang/or exper mental support.’

‘While the P/T 1imits cepend on the combined effects of
material properties, operating temperature and neutron irragcratior

as mentionec on p.7, change n stra'n rate can s1gni’icantly affect



the fracture toughness anc RTupr., This 1nfluence has not been taken

INLO account 1n cetermining the P/T Timits.,’

“No configence can be placed 'n getermining P/T 1imits unless
the Influence of local stra'n rates on the fracture tougrness of
reactor  vesse) materials '8 accounted for or shown 1o be
otherwise...Damage accumJiation 18 a highly nonlinear process.
Predictions based on the Ji1near sum 18 not always conservative...In
general, Turiey Point Unit 3 anc 4 o0 o01ffer ' ther 1oag history.
The 1information supplied by the ISP 18 not sufficient te concluce
that the un1t 3 cata could be used to precict the behavior of unit
4." (8 h Letter, Attachment A),

In his letter to Intervenor, Joette Lorion, Dr., S'h takes 1ssue
with a number of Licensee'sc assertions. Firgt he takes 188ue with
Licensee’'s supporting a:aument for measuring fracture toughness
gescribec on page -9 1n Lha. he states that fracture toughness 1§
strain rate dependent and cannot be adeguately described by the work
gone in ft=1be. (S1h letter at 1),

Secong, Dr. &'h states '‘n a footnote on page 2 of his letter
that Licensee's statement on page 14 of the r motion for Summary
Drspositieon where they state that “the rates or Jduration cof
accumylation’ are not I1mportant 11n considering the effects of
neutron irradlation appears to be 'n contrast with one of the most
important unit nvt for measuring rrazhration cdamage of materyals,
(1gd. at 2).

Tharg, on the same rage, Dr, £€1h states that 1t 1§ not




sufficrent to draw conclusions from the @ rfferences n neutlron
fluence basec on the total sum because materia)l degradation causec
by neutron irradlation being accumulative 18 a t'me history and rate
gependent process. (19, at 2).

ODr. 8i1nh further states that camage accumulation 16 & highly
nonlinear process and thus predictions based on a Yinear sum are not
always conservative. As evidence of this Dr, $1h uses the cata
supplied to Intervenors n response 1o Interrogatory C as a case n
point, Dr. §7h points out that although the tota) operating time
between Units 3 and 4 s only 4.8%, the ceviations on a yearly base
are enormous. (g, at p.3). Dr. S h plotted these figures on a
graph and showed that Unit 3 behaved very drfferently from Unit 4 n
that 't possessed a slow Cown period, (1g., at Table 2).

Finally, DOr. §1h concluced that Turkey Point Unite & ard & ¢o
grffer '1n ther loading history and that the 'nformation supplied by
the Integrated Surverllance Program 18 nnot sufficrent to concluce

that the Unit 3 data could be used to predict the behavior of uUnmit
4. (1¢. at 3).

4, Other 1ssues for consideration by the Boargd

Intervenors would alsc 17ke to present other ‘'ssues for the
Boaru's consioceration,

The first 1ssue concerns the fact that though both the Licensee
and FPL conteng that Unit 3 has more Effective Full Power Years
(EFPY) than Unit 4, t 18 O1fficult to unogerstand how this cculg Le

80 1n light of the fact tnat accorging to 1nformation provioes 1




Response to Intervenor's Interrogatory No. B.Y', Turkey Point 4 has
nearly 10,000 more Effective Fu)) Power Wours (EFPM) than Unit & ang
a highsr 11fet'me capacity factor.,

Intervenors contend that the o fference 'n capacity factor &rc
EFPY 18 'mportant because accoroing to Stephen Collard at paragrapn
61 of his affirgavit, a change n EFPY or capacity factors might
affect the total fluence which could affect the fracture toughness
of the vessel. Intervencrs woulcd caution the Board, however, that
even though these O 1fferences n capacity factor ant EFPY are
important, they are only some among the many factors that shou'd be
congigered n  cetermining the Ccamage tc the vesse' welds., (See
letter of Dr. George $'h, Exhibit 11 p.2 and $1h letter, Attachment
A

The second 1ssue concerns tne fact that the Licensee may beé

unoerestimating the calculated fluence for Turkey Point Unit 4, In a

safety Fvaluation Regarging Projected values of Material Properties
for Fracture Toughness for Protection Againgt Pressurized Tiermal

k__Events, attached to & letter from the NRC to FPL cated March
11, 19€7, 'ngicates that the Erockhaven National Lab (ENL)
calculation for uUnit d's fluence had a 12% giscrepency w'th
Licensee’'s calculations as opposed 1O & 3N Ciscrepency between Lhe
Licensece's and BNL's calculations of Unit 3's fluence., Thus, tre
Licensee could be undgerestimating the fluence Yor Unit 4, (Exmitat

2‘)-

Agogrtionally, Intervenors would l1ivbve to suggest that ¥ one




consicers the oi1fference of fluence between capsule T from Lnitsg ¢
ard 4 and then assocrates this o 1fference 'n fluence porportionally
to Unit 3 capsule V, one can predict the fluence value of Unit 4
capsule V.,

Fluence of Unit 4 capsule T = 6.05 X 10'¢

Eluence of Unit 2 capsule T = 6,68 x 10'¢
Capsule Fluence Drfference = 0,37 x 10'¢

(3.7 X 10'%/100) L0237 X 101

"

1.229 x 10'¥

0 379 X IQ‘.
1.588 X 109

Fluence of Unit 2 capsu'e V

Capsule Flyence Difference
Fluence of Unit 4 capsule V

Intervenors believe that the above predictec fluence of Unit 4
capsule V woulg produce an unacceptable P/T curve outs de of
conservative marging c¢f safety embraced within 1tne acceptable

operating parameters for operation of the Turkey Point Unit 4 up to

20 EFPY «ng well above the 1.26 X 1019 n/cm? that has been
predictet © - 20 EFPY, (Collard Affigavit at §7).
CONCLUSION

It ¢ evident from the 1ssues raised heren, that Intervenors
have ectablished that there are substantial and materia)l 1ssues of
fact concerning (ontention 2 and that these 'mportant safety 1ssues
deserve to be resolved at a public hearing.

Set 7n context, the available factes presented to this Board
reinforce Intervenors claims that the NRC Staff and FPL have acted
improperly throughout the years to avoid, rather than to confront

the crucial problem of reactor pressure vesse) embrittiement 1n
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Turkey Point Unit 4 - a problem that threatens the health anc safetl,

of al) who 1ive 'n the south Floriga area.

For all the above stated reasons, Intervenors request that tr s
Board oeny Licensee's motion for Summary Disposition of Intervencrs
Contention 2 ang take immediate steps to investigate Intervenor's
claims through a full and formal public hearing.

Intervenors would also ask that this Board revoke the subject
11¢cense amendments at once because the Licensee does not meel the
requirements of the Integratec Surveillance Program, the data frcnm
which served as a basis for the pressure/temperature 1 1mits

established by the amendments.

Dated tris 19th ca, of

October 1988 'n Miami, Floriga.

Respectfully submitted,

SDeth FO—

Joette Lorion, Director

Center for Nuclear Responsibility
7210 Red Road #217

Miami, Florida 33143

(308) 661-2165
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GC. C. Sih
Director

Fax: (305) 667-3361 October 18, 1989

Ms. Joette Lorion

Center for Nuciear Responsidbility
7210 Red Road, Suite 217

Miami, Florida 33143

RE: Turcey Poins Nuclear Power Plant Integrated Surveillance Program (ISP).

Deoumens A, Affidavit cof Stephen A. Collard on Contentions 2 anc 3 by FPL.

Sccument 8. Licensee's Response to Intervenors' Firct Ses of Discovery Re-

3J€8%s %0 Licensee [August 7, 1989).

* Ms. Lorion:

o

o
o
-

Based or the package of deocuments you mailed me on the Turkey Point Nuclear
Fauer Plant Integrated Surveillance Program, | find that the unit 3 data are in-
completa ang nos sufficient to predict the P/T limits for unit 4. Additione)

‘ac4ors such 2s strain rate and load-history dependent damage accumulation shou'<

t2 consicered; they carnot be aiscussed on an 2d hoc basis without anelytical anc. -
experimental support,

The f9)lowing comments reer to documents A and B referenced above.

(1) Pressure/Temperature Limit (Document A - Section IB7, 8 an¢ 2 on pp. 7
t0 9 ingclusive).

While the P/T 1imits depend on the combined effects of material arcoerties,
crerasing temperative and neutrsn {rradiation as mentioned on p. 7, change in
LThadn %220 ¢ can significantly affect the fracture toughness and “'RT.‘JDT' This

LRSI FL I T

4a#1.07c0 has not been takes 1ntd account in determining the P/T 1imits.

The sugoorting argument for measuring fracture toughness from the Charpy Ve
nez2n %2845 1s not conclusive because fracture tcughness is strain rate dependen:
a"0 canncs be adequately descrited by the work done in ft=1bg. Work done per uni:
time or fi-1b,/sec 15 the relevant quantity in determining damage thresholds.

Tais 95 11lussrated in Table 1 for the HY«B0 casting meter1a1. Note that ;hg reur
cis2s considered are the same fn ft-lbf but the applied strain rates are ditfers-:.
Tag smaller weight 30 1b, falling through & larger distance 8 ft identified as (Cats
1/ giving rise to & higher strain rate, Comparing with Case I, 2 smali increase
‘a gtrain rate by a factor of 1.] can lead to almost four (c)‘times reduction
fracture tougnness (ax/cv)c which 15 related to K1c by the relation




Ms. Joette Lorion .l October 18, 19839

Table ). Influence of Strain Rate on Yy{eld Strength and Fracture Toughness
Determined from Three-Point Bent Specimen as Specified by ASTM
E<23 for HY-8) Casting Materfal. (Ref, G. C Sih and D. Y. Tzou,
“Oynamic Fracture Rate of Charpy y-Notch Specimen", Journal of
Theoretical and Applied Fracture Mechanics, Vol. §, pp. 189-203,

1986 ) .
%$S.1N°i Strain R§to Yield §tr:gcth Cr1tg:a11€nor9y
t-1d . - 0 kS nsit
f ¢ (sec) ys ' (ew/eV), (ks1)
1 (1 x 240) 70,36 76.28 24.46
' {2 = 120; 74.00 79.1%5 15.70
111 (4 x 60) 74 .80 80.02 10.08
1Y {8 » 30) 77.3¢ #0. %0 6.47

\ (Ir;)(1-2J)KiC
(qrle * = LT 4

where  and £ are, respectively, the toisson's ratio and Yeung's modulus. The
1355 Migamant of magerial that triggens fast fracture is Fe:

The Joca) strain rates in the reactor vesse! wnere defects prevaii can be
nign ang cannot be known uniess @ two-dimensional, 1f not three-dir - 'sional, nen-
Tinesr elastic-plast c stress analysis {s performed. No configence c2n be placed
in =erermining P/T limits uniess the influence of local strain rates on the frac-
curs toughness of reactor vessel materials 15 accounted for or shown %9 be other-
wise. This effect cannot be sisnissed on an ad hoc basis because it affects the
calcutations of ART, iRTyne: €LC,

(2) Neutron irradiation {Jocument A = Section 1118 51 to 65 frciusive on

pp. B0 to 42,
feferring to tne data on neutron fluence (n/em?) 4n Tazle § on c. 43, 1t 1%
nos sufficiant t0 draw conciusions from the difference of 3.6 x 1017 a/emé (1ife
sire) and 2.37 % 1017 n/cm® [1565-30) between unit 3 and 4 based on tre total sum.
vatarial degradstion causes Dy neutran frradiation being accumulative fs a time-
higstory and rate dependent process. It would be more informative to fnvestigate
she rate® at which the meutron fluence 18 aczumylated in time on monthly or 8t

"rre materials on p. 14 of Licensee's Motion sor Summary Disposition of Inter-

venors' Contsntions state that -e-"tne rates or duration of acsumulazione«e" are
nat <msoreant in considering the effects of neutron irradfaticn. This statement
appears tu be in contrast wi*th one of the most important unit nvt for measuring

frragiation damage of nateriei. Here, n gtands for the numote” of neytrons per
em?, v the velocity ¢n cm/sec and t ehe time. Rate effect 1s reflected by v and

and duration by t.



Ms. Joette Lorion .3e October 18, 1989

least yearly basis. This point will be highlighted in relation to EFPH.

Damage accumulation 1s 2 highly nenlinear process. Predictions based on
the £incat swm is not always conservative, The data in Table § are not supportive
of tne integrated surveillance program,

(3) Annual EFPH (Document 8 . Section on Licensee's Response C on p. M).-

A case in point on the {nfiuence of rate effect can be {llustrated by the
arnual EFPH data on p. 11 which 13 summarized in Table 2. Although the differ-

Tabla 2._.Annu:1 EFPH fo» Turkey Point Unit 3 and 4 ¢rom 168588,

S o o At Unit 4 % Deviations
1388 £,032.5 7,706.5 + 53.1
1386 6,652.9 2,601.8 - §0.9
1987 1,344.8 3,950.2 +193.8
1982 5,176.2 4,828.9 - 6.7

ence in the tetal sperating time betwesn unit 3 and 4 i3 only +4.8%, the gevia-
sions ¢~ @ yeerly basis are enormous. A graphica) representation of the data
in Table 2 can be found in Figure 1. Unit 3 pehaved very differently from unit
4; it possessed @ slow down pericd. The two Curves intersecsed at P between
1636 ard 1987 asice from the init1a) crossing. An overestimate would result to
she 1e‘t of P and underestimate 10 the right of P should the catd of unit 3 be
applied to predict that of unit 4. The net camage would not add and subtract

as in arithmetic,

1 general, Turkey Point Unit 3 and & do differ in their lo2¢ history. The
infarmacion suppiied by the 57 te not sufficient to conclude that the unit 2
data 2sul¢ be usec t¢ predict the behavior of unit 4.

Very sincerely yours,
v
l‘/‘ i:'//’)Z'JI A ’/V’%é?
“Georfe C. Sth
Professor of Mechenics
GCS:bd
Enclosure: Figure 1
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Erography
of
Dr. George C. M. Sih

Professor of Mechanics and Director of the
Institute of Fracture and Solid Mechanics
Dr. Sih is currently Professor of Mechanics and Director of the Instityte
of Fracture and Solid Mechanics at Lehigh University, Bethlehem, Pennsylvania.
He 21so holds the appointment of Adjunct Professor at The Hahnemann Medical Col-
lege and Hospital of Philadeipnia since 1972. He received his B.S. at the Unie
versity of Portland, Oregon, 18£3; his M.S. at New York University, 1957, and

Ph.D. 8t Lehigh University, 1960; a1l of these degrees in Mechanical Engineering.

Dr. Sih has engaged in research in the interaction of mechanical deformation
and heat flow (1960) supported by the Koppers Foundation, in Fracture Mechanics
(1960 and 1961) for the Boeing Company Transport Division and (1962 to 1965) for
the National Science Foundation, and as a member of the Technical Staff, Bell
Telenhone Laboratory (Summer 1961). He has been engaged as Principal Investicator
in more than fifty projects at Lehigh University sponsored by the Office of Naval
Research, Naval Research Laboratory, the National Aeronautics and Space Acminis-
tration, the Air Force, the Amy, etc., all of which are concernec with opti-
mizing the use of high performance material with design, a discipline that has
been fresuently referred to as "Fracture Mechanics". Much of his work has been
concernes with estimating the remaining 1ife of material and structural components
damages by yielding and/or fracture. He specializes in developing ccmputer soft-
ware for predicting the mechanical behavior of structures and the stability of
cbjects moving through fluid media. His more recent activities are concerned
with the influence of moisture and semperature in composite materials, laser
glazing techniques and non-dessructive testing methods involving high-veltage

electrophotography. \



Fror 1953 to 1957, Dr. Sin was employed by Redio Corporetion of Americe 2%

2 project and research engineer, He worked on the research and development of
fnput and output devices for the first generation "Bizmark" computer system.

Among the significant patents he obtained were:

1. Adjustable optical system for line printing.

2. Automatic magnetic disc printing device for the Xerox process.

In 1957 and 1958, Dr. Sih returned to the academic 1ife and served at the
City College o New York as Lecturer in Mechanica) Engineering., He came to
Lehigh Lniversity in 1982 as Instructor ir. Engineering Mechanics and was appointed
Assistant Professor after completion of his doctorate. From 1265 to 1966, Dr. Sih
held the position of Visiting Prcfessor in Aeronautics at the California Institute
of Technology and participated in an Air Force research project on the dynamics of

crack propagation and size effects in the fracture of plates.

Or. Sih assumed in 1870 the duties of Regional Editor, International Journal
of Fracture Mechanics, and the responsibilities of soliciting and reviewing papers
in the field of Fracture Mechanics. From 1971 to 1975, he served as an Associate
E4itor of the ASME Journal of Applied Mechanics. He 1S also on the Editorial Ad-
visory Bocard of the Journal of Engineering Fracture Mechanics. He 1s also Editor-
sneChief of an International Journal of Theoretical and Applied Fracture Mechanics.
fe. Sih 418 a Fellow of tne American Society of Mechanical Engineers and Honorary
Fellow of the International Congress of Fracture. He is also a founding member
of the International Cooperative Fracture Institute, an organization established
ts promote tha interchange of ide2s and information among active researchers 1n

fracture mechanics.



pr. Sih 8 aisc & member of the following societies:

1. Society of Sigma Xi
ASTM Committee E-24 on Fracture Testing cf Materials

. International Society of Engineering Science

2

3

4. American Society of Civil Engineering

§. American Society of Mechanical Engineering
6

Internationa) Society for the Interaction of Mechanics anc Mathematics

Dr. Sih is the Editor of three book series. Seven volumes on the Mechanics

of Fractyre series have been or are about to be published:

Volume ! Methocs of Analysis and Solutions to Crack Problems, 1973

Three-Dimensional Crack Problems, 1974

Volume !
Volume 111 - Plates and Shells with Cracks, 1976

Volume 1V = Elastodynamic Crack Problems, 1976

Volume V - Stress Analysis of Notch Problems, 1976

Volume V1 - Cracks in Composite Materials, 1980

Volume V!1 - Experimental Evaluation of Stress Concentration and Intensity

Factors, 1980

The two other series are Fatigue and Fracture:

Volume | - Fatigue and Fracture, S. Kocanda, 1978
Volume 11 - Fracture Micromechanics of Polymer Materials, V. S. Kukshenko

and V. P. Tamuzh, 1980

and Engineering Application of Fracture Mechanics:

" 1 N0«
Volume 1 - Fracture Mechanics Methocology: evaluation of structural Compe

nents Integrity, edited by G. C. ¢ih and L. Farie



volume 1! « Mixe¢ Moce Crack Lxtension Ty L. t. bOoutos
volume 111 « Fracture Mechanics of Concrete: Materia)l Characterization

and Testing, edited by A. Carpinteri and A, Ingratfes

Volume 1V « Fracture Mechanics of Concrete: Numerical Analysis and
Structura) Application by G. C. Sih and A. DiTommaso

Volume V - Bonded Repair of Aircraft Structure by A. A, Baker and R. Jones

Volume V! =~ Crack Growth and Material Damage in Concrete: Limit Load and

Brittle Fracture by A. Carpinteri

Dr. Sih hes also served as principal organizer and editor of proceedings of

several conferences:

1. Internationa) Conference on "Dynamic Crack Propagation”, (1872), Lehigh
University

2. International Conference on "Prospects of Fracture Mechanics", (1974),
The Netherlands

3. Conference on “Linear Fracture Mechanics", (1978), Lehigh University

4. Internaticnal Conference on "Fracture Mechanics and Technology", (1876),

Hong Kong

wn

14th Annual Meeting of the Society of Engineering Science, (1977), Le-

high University

6. First USA-USSR Symoosium on "Fracture of Composite Materials", (1978),
USSR

7. International Conference on “Fracture Mechanics 1n Engineering Applica-
tions", (1979), India

b. International Conference on "Analytical and Experimental Fracture Me-

chanics”, (1980), Italy

9. International Conference on “Defects and Fracture”, (1980), Poland




10. Internatione! Confemence on "Mixec Mode Craci Propagation”, (1960),

Greece

11. Internationa) Conference on "Absorbed Enerqy and,or Specific Strain En-
ergy Density Criterion”, (1980), Hungary

12. Internationa) Conference on “Defects, Fracture and Fatigue", (1982),
Canada

12. Internationa) Conference on "Fracture Mechanics Technoloqy Applied to
Materia) Evaluation and Structure Design”, (1882), Australia

14. Internationa) Conference on “"Application of Fracture Mechanics to Ma-

terials and Structyres", (1883), Germany

. Sih has approximately two hundred publications principally in the area
of so0lid and fracture mechanics. He has authored and co-authorec a total of three

DooKS.

Handbook of Stress Intensity Factors, 1973

—d
-

Three Dimensiona' Crack Problems (with M, K, Kassir), 1874

~)

Cracks in Composite Materials (with E. P. Chen), 1980

.

Dr. $ih received the 1975 Achievement Award from the Chinese Institute of
Engineers in the United States and the 1084 Achievement Award from the Chinese

Enginears and Scientists Association of Southern California for his accomplishments

in research anc teaching in fracture and solid mechanics.

Or. Sih has also been active in serving as members of national committees.
Among them are the Naticnal Materials Advisory Board concerning with the Dynamic
Response of Materials Sutlected to High Strain Rate Loading; Ship Materials Fab-
rication and Inspection; anc other commitiees concerning Nuclear Reactor Compo-=

nents.
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ca probiems, instaad of takmg tnitia.
thves Lends W sweep AU cult terhnical
problems undler the rug. reacting tw
crises oty Afler they ocour

. The commussion must ealize that
this crisis is upor us. A temperature
change severe enough Lo c'wck & brit.
Ue reactor veesel already has oc.
purred, 1o California. but not at one of
the older, more vulnerabie plants The
commercial puciear Wdusim's ad-
mirabie salety record — no deaths
Saused by radiauon - sull 1 inwact,
Bt this cannot last mush ionge:, be -
CAUSE Lhe MBaclOr vesse r and olher
CRUCA COmpODen's are aging

" For mapy vears, il has been known
tha! vessels are becomning brittle
What makes the problem urgen: is
that the metal s aging more rapdly
than expeciad, And the coroumstances
Al WOULD CauSe SUCh An Accident now
paern more Ukely

. Al the Rancho Seco plan near Sac-
mmemo,. Callf o Marc: W% 3

wen! ha ywire 8t Ranche Seco are very
lkely 0 fall &t crucia) umes o other
pucienr-power plants. Wher a pipe
burwts, or & sewl lalls, or 2 valve
sUCks, SUWMmAtIc contro! anc safery
FyStems Almos! instantly ke acuon

oo They are not immune o fu'e or
power fallure thev oftern have no
backups 0 arv prune w simple fal-
ure. They are not even earhquake

proot

The N R.C sa® has taker the posi.
tlon that If & plant gets into Lroubie be.
cause of contrulgystem malfuncuions
It has safety systems 10 take care of
any prodblems But this s not so, a8
events of the las few years show Al
Rancho Seco, at Thrwe Mlle lsland.
and al other plants. control rystems

reaction almost cerwainly will fore

Demetrnos L. Bosdekas s o reactor
aafery engineer with the Nuclear
Regulatory Comm ussion.
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pressure changes, say nucisar-safety crn.

weakered Dy prolonged exposure 10 neu-
'rong (inset). in this pressurized-water re-
aCI0r, water ‘8 pumped through core anc
‘ransfers heat 10 the steam generstor

Coolant water from accumuistor 'looding
INO olger reacior vessels durnng an emer-
gency will create sbrupt temperature and

€8, cracking steel walls or weid j0ints
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Could cooling water
rupture brittle reactor
wallg? Mere are the fact
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8y EDWARD EDELSON
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] WFre s g ngh, increesing dRelithooda

Sl Jumecay soon, during o seeming

Y minor maitunction at any

o fadozen

( more nuciear plants arounda 'he
. »

2 ted States. the swel vessel that
WIeS (he ragioactive core & Joing 0

crack like a piece of glass The result
w1l be a core meltdown, the most sert-
ous kind of accident, which will injure
manv people. destroy the piant. and

provably destroy the nuclear (ngustm

with it "==Demetmos L. Basdekas
The New York Times, March 29
198Y

Basdekas, a reactor-safety engineer

«1th the Nuclear Regulatory Com
mission, continued his article 1o wam
trat radiation 1s making the metal re-
ACtOr vessels Ot some nuciear piantis
~rittie As 2 result. he wrote

1200 to Huog and coul reactor

waler

ores \n

an emergency could cause a meltdown
\nstead of preventing one. The cause
abrupt changes \n reactor pressure
and temperature~a condition called
pressurized thermal shock ~would
crack brittle vessels, allowing emer.
gency water to escape

The safety engineer's "piece-of-
glass’ charge quickly focused atten.
tion on thermal shock

® The NRC commissioners held a
public meeting

e Nep Ed Markey of Massachu
(wtts (1, ed a congressional hearing

~
Contnged
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@ NVurk on what wos supposed 1o be
) deninitive study of the thermal
nock 8BUE was acceleraied by the

\RC.

 And the kind of debate that has be-
come quite familiar in recent years
was predictably erupted. Electmcal
sulities. reactor manufacturers, and
e Nuclear Regulatory Commission
say that the pressurized-thermal
shock problem s well in hand and
st the “prece-of-glass” charge is ab-
curd Critics say that the nuclear peo
ple are talking through their hats be-
cguse there simply isn't enough infor-
mation available to assess the danger
of pressurized thermal shock.

I've recently talked to experts on
soth sides of the question. At the mo-
ment there are no pat answers. But
nformation about the hazard of ther-
mal shock is accumulating steadily
HMere s what you need 0 khow

Pressurzed thermal shock has been
sidely publicized only recently But
nk.ings of a problem emerged in the
LI

At one power-plant reactor, a work-
¢r peered into a video monitor and
man:pulated a robotic arm down into
he radioactive water of a 40-foot-
nigh reactor vessel, He slowly fished
wt @ small basket hanging near the
hick metal wall of the reactor nside
the basket was a jumbie of pencil-size
steel bars, each alloved with various
metals and each bearing a V-shaped
no0tch

Al a nearby test area. he carefully
snioaded his irradiated catch behind
srielded-glass windows. Det maneu-
ers with another robotic arm posi-
toned each steel bar under a wedge-
inaped hammer. Then, as sampies
sere cooled or heated. he pushed a
suiton, and the hammer slammed
nto the notches

This routine Charpv test named
fur 18 developer: vielded expecied ro.
iWits. At lower temperatures, where
Tetais become brittle. sampies broke
#asiiy Higher temperatures~like
‘huse ih your kitchen cven-made the
stee] more ductile Heated steel sam.
pies absorbed more hammer energy
hefore snapping

But something unexpected occurred
vhen the worker slammed his test
nammer onto bars alloved with tiny
imounts of copper. The steel-even
sarmed-broke easily He raised the

‘emperature. Still the brittle bars
‘napped. Finally at about JU0 degrees
¥, the bars became ductile (nstead of
vrittle The presence of copper seemed
‘0 be producing strange resuits. Soon
~orkers at other power and rescarch
oagturs discovered the iame unex
ed emobrittiement
ANhat puzzied evervone was the

speedup of embnttiement because of
the presence of copper, not the resulty
of the standard Charpy tests on ex.
posed metal samples. This tech.
nique~gradusily changing metal
temperatures and messunng how
much hammer energy the metal can
absorb without breaking-—actually
tests radiation damage. Radiation
tends to make all metals brittle; irra.
diated metal must be raised to a high.
er temperature before it will becume
ductile. This shift in the transition
temperature from brittle w0 ductile is
a measure of radiatiou damage. *
Nuclear researchers, aware of met.
al embrittiement, had earlier exposed
samples to intense radiation. But the
surge of reactor construction begin.
ning in the 1960s found engineery
without enough reliable data. To an.

§6 Copper was used to
prevent rust. Scmeone
probably got a prize
for the suggestion3)

R S S TR e T e e,

swer questions about long-term radia.
tion efTects on metal, baskets of Char.
pyv sampies had been positioned in
early reacsors

The principal cause of embrittle.
ment was known (o be neutrons, the
atomic particles emitted by nuclear
fission in the reactor core, colliding
with metal in the reactor. “It's like
billiards,” says one expert. "Although
metal atoms are much heavier than
neutrons, when a high-energy neu.
tron collides with a meta! atom, the
neutrnn forces the atom from its lat-
tice~the geometrc array of atoms”

The Charpy tests of the 1960s re.
vealed that just a !ittle copper in a
steel allov hastens embrittiement
2ince that time, though, researchers
Asve been uncertain why the pres
ence o copper hastens rad.ation cam:
age Theodore U Marston, who works
on thermal shock at the Electric Pow:
er Research Institute in Palo Alto,
Calif., savs there's now strong evi
dence that neutron bhombargdment
makes the copper clump together

“Copper starts out n a solid as
atoms fairly evenly distributed. Un-
der radiation the atoms tend o come
together as copper particles” he saud
New instruments that let researchers
see atoms within metals show this
clumping effect, Marston says

As the first discovenes of brittie i
ragiated steel containing copper e
came Known, anxiety began to spread
How much copper was in the steei-u

joy ~alls of resctor vesseis across the
country’ Resctor-vessel manufactur.
ers and utilities began lealiny
through old files to find what informa-
won they had about the copper con:
wnt of metals in reactors.

Records showed that there was
some copper in the vessel walls them.
selves. "We used a lot of auto stock.”
explained Marston. "When vou melt
it. you can't get all the wiring out.”

But welds in vessel walls were the
real problem. Before the industry re
plized what was happening, which
was about 1972, spools of copper-coat-
ed welding wire were routinely used
for these welds “The copper was used
to prevent rusi," noted Stephen H.
Hanauer, director of safety technolo-
gy ot the NRC. "Someone probably
got & $10 prize for the suggestion.”

Reactor builders switched to nickel-
coated electrodes, but they couldn't
replace the welds n older reactors.
When | visited Marston last winter,
the significance of those welds be-
came clear. On his desk was a slab of
metal that locked like a paperweight
gone wild | thought it was eight
inches wide But it was really eighs
inches thick—the thickness of a reac-
wor-vessel wall The weld was a yel-
lowish stripe in the steel, tapenng
from three inches thick on one side to
two inches on the other. Marston told
me that it can take three weeks of re-
peated passes with electrodes to com-
plete one of those weids That type of
weld, engineered to be a powerful
bond between huge steel sections of
reactor vessels, contained enough cop-
per to become a potential hazard
nstead.

interest in reactor-vessel embrittie-
ment heated up ip 1977, Marston re.
calls. There was trouble with the
sample holders in a reactor buiit by
Babcock and Wiicox, one of the major
suppliers, he says VYibration kept
knocking them loose All the sampies
were taken out, and it looked worse
than we thought,” Marston said. indi-
cating that emonttiement was pro-
gressing faster than expected in the
Lest samples .

Added to this continued confirma-
tion of embrittied-metal samples and
copper contamination of vesseis was
an event the following vear that, for
some, increased the alarm.

On March 20, 1978, a worker at the
Rancho Seco nuclear generating piant
near Sacramento, Calif, dropped a
light buib into an instrument pane|
The panel shorted out and the plant's
instruments went havwire flashing
fake signais to the control systems,
Rancho Seco's emergency cooling svs.
‘em xicked into operation. Cold water

Continued
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soded (NL0 LNE TENCIOr. JTUPPINg L¢
Jmperature from 582 Jegrees F w
PEELE little more than an hour
pressure inside the reactor vessel
jest dropped from the normal 2,200
sounds per square inch to under 1.600

. Then. as high-pressure water

Jmps were trggered, the pressure
;J "

Lent back over 2.000 psi. With no re.
" able instrumentation o guide them,
control-room technicians kept the
old water flowing, maintaining the
ombination of unexpectedly low tem-
rature and high pressure for sever:

al hours.

The Kancho Seco "transient.” as nu-
Jlear engineers call it, made it clear
‘nat pressurized-water reactors were
.usceptible to abrupt charnges in tem-
perature and pressure Could any
pressurized reaciors already have
imail cracks” And could vessel walls
containing such cracks. subjected to
woden changes of temperature and
pressure during an ace:dent, then
supture. draining the coolant water
and producing & catastrophic meit.
gown of the core’?

The truth is that nobody knows for
cerain. Calculations indicate that
under pressurized-thermal.shock con-
sinons. a reactor vessel will fail only
f cracks of a certain d mension are
present on the inside wall Inepec-
1ons throughout the industry have
Jsed ultrasound and other nonde-
dructive testing methods and thus
‘ar have found no such cracks. Indus-
v representa ‘ves say they are rea.
wnadbly confident that no cracks are
there. Critics sav the inspection
“quipment isn't good enough to detect
the cracks. The NRC says its analyses
assume that some cracks exist, no
matter what inspections show

Richard Cheverton of the Oak
R.dge National Laboratory, whose
teom has performed many of the ther.
mal-shock analvses, says assump-
Lions about weaknesses (n nuclear
power plants had to be made Take
‘he cmiical 1ssue of cracks in the reac-
‘or-vessel walls “It's difficult to look
/r Saws after the reactor is in opera-
“on. and it's still a question of how
200d a job one can do." Cheverton
:aid. "It's not clear vet whether some
of the shallow flaws that can get us
11110 trouble can be found with accura-
€. %0 we tend to assume that the
w8 will be there "
A But Richard J Sero. who heads a
PTO¥Tam on thermal shock for Wes-
“nghouse 'a major plant builder',
?’:”‘id:ns that there 1s growing evi-
:¥nce 10 support the belief that the

acks aren't there. Engineers often
Tt working-reactor vesseis with
Fasuund wquipment, whose echoes

‘Naivied (o detect anything

GO dsuEl 1N 0w veesel Whii=d CTULA
an inclusion of @ifferent materal
A the metai, 8n unevenness in the
surface.

Ultrasound inspection s complicat-
od somewhat by the fact that reactor
vessels have 8 's-inch-thick clad
ding-a permanently bonded laver —of
stainiess steel on the inside surface
that can produce false echo patterns
But that's not an insuperable r.ob-
lem. Sero savs he's impressed oy the
sensitivity of the equipment

"We've done about a half-dozen full
vesse! inspections.” Serosaid “You do
pick up what we call ‘indications’—as
many as 20 in some vessels. When vou
pick. up any anomalies at all, you
must look at vour pre-service inspec:
tion to see if they existed before and
what size thev were

“We've found that the equipment
can pick up things like layers in the

I R o S W= 0 S

g€ The NRC may consult
its Quija board and
get a number, but the
error bands are sO
large, it's useless 93
P

cladding,’ Sero continued. "When
we've gone to the inspection repors,
we've found that there are lavers in
the ¢cladding at the same depth of the
indication. Our conclusion is that in
all the inspections we've done, we
haven't found anv indications that we
can't resolve as inclusions of different
material or lavers '

Sero says Westinghouse gained
confidence in the inspection results
when one test showed a gouge on the
sutside wall of a reactor vessel “We
~ere able to get pictures of the reactor
vesse| that were taken before it was
installed.” he said. “We found that 1t
was a gouge that existed before it
went to the plant.” A sample of a ves.
sel wall containing a crack s used W
calibrate instruments

The NRC recentlv released a de-
tailed study on pressurized thermal
shock and reactor safety L vou really
want a good fight, ask peopie about
the reliability of those safety esti
mates. The method the NRC and the
industry uses is called probabilistic
msk assessment. It's designed ‘o get
around a rather :mpressive lack of
concrete evidence All the calcula-
tions about pressurized thermal
shock, for example, are based on just
s1ght events that have occurred at nu-
s iear plonts. including the Rancho
Spoo transient and the most famous

AWINEIA U B LUEY MUE e
In a probabliistic Mk assessment,
yeu estimate the likelthood of n
event that (nitiates a transient, then
estimate the likelihood of the reaction
1o that event, the reaction to that re
action, and so on down the line

Westinghouse, for example, has a
computer analveis that yarts with 17
posrible initiators and runa through
event trees to more than 8,200 end
points. The NRC has done the same
thing Its numbers come out more or
less in a ment about the risk of
thermal shock. But there are inevitd.
ble differences of opinion about the
value of those calculations. which
show that although there is no clear
and present danger, corrective action
should be taker at some reactors
reduce the hazard of thermal shock.

Not evervone & with the caleu:
lations. “The NRC may consult its
Ouija board and come up with a num-
ber." said Robert Pollard of the Union
of Concerned Scientists, “dut the er-
ror bands on it are so large that it's
essentially useless.”

That's not exactly so, says Chever.
ton of Oak Ridge. “It's possibie to esti-
mate what the uncertainty in the
analysis is, and you have to live with
that uncertainty.” he said. “But you
take the conservative end of it and
work with that."

A lack of data is more or less con-
ceded all through the NRC report
“Perhaps the most significant uncer.
tainty in the treatment 18 that
there are known low-requency poten-
tial over-cooling events much more
severe than those that have oc-
curred.”’ the report savs at one point.
“Because these events have not oc-
curved. they have not been taken inw
account 1n the (requency distmbu.
tion." In other words, it's tough to pre-
dict the possibility of something that
has never happened [n another sec
tion, the report notes “substantial un-
certainties’ Iin some estimates and
calculations that are uncertain by
‘olus or minus at least two orders of
magnitude. a broad band of uncer
tainty, indeed "

What else can we do? the NRC peo-
ple ask. “Tt isn't well defined. but it 2
the best information we have '™ said
the NRC's Hanauer

Your best |5 none too good, the crit-
ies sav. They point out that the prob-
abilistic-msk-assessment tecnnique is
the same one used in the famous Ras-
mussen report of 1874, in which a
team headed by MIT professor Nor.
man Rasmussen calculated the rnsks
of nuclear accidents Rasmussen came
up with some comfortingly low.-msk
foures Just last vear though, the

Continued
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Lver the operaling Jald
Bathave accumulated since then ang
' d that she odds of a nuciear

ent occurmng caloulated by Rasy

ussen were low by a factor of 30

Hanauer says that msk calculators
wave lenrned 8 lot from Rasmussen s
scneering eiTort. “He kissed off
carthquaKes 'n two pages and floods
. Iwo \imes,” Hanauer noted. Taking
ane volume of a shelf-long safety as-
essment of the Indian Point reactor
aedr New York City, Hanauer point:
od out that earthquakes pnd floods
were toward the top of the list of msks.
vhe NRC has learned to include such
naks in 1ts risk assessments, Hanauer
sa\s
But Basdekas dismisses the report
a8 "the quantification of wishful
.ninking " And George Sih, director of
e Institute of Fracture and Solig
\fechanics at Lehigh University, savs
b at the impressive report is built on
s foundation of sand.

“he sampies they studv are five
.nches long, and the vessels are 500
inches long. " Sih said. “The sample is
verv thin, and the vessel 15 eight
nenes thick. We don't know how 10
weansier small-sample data W0 the de-
ugm of large-scale structural compo-
serts The scaling effect in size anc
aisc the scaling effect in time are
ymon g the imost difficult questions we
\ A Ve v

If ceities think the NRC has been
o <peculative, industry believes ihe
eport 1§ 200 conservative You can ar
+,n at Just about any conciusion you
aunt DV putting in the appropriate
-, moers. Marston savs By changing
‘ne sssumptions.” he expiained. i
.n show that one of these things has
~ sseful life at all or a lifetime of 30

0 vears.” The NRC consistent.:
J4vs Lhe MOost sonservative numbers
estimates, he 5ays
_ne of the Kkev factors that the
R experts looked at was the tran-

Lun temperature at which a piece of
Te tops being ductiie and becomes

i

¢ enoulh 1o break easily A YU
ai pare of the NRC report was to set
¢ PNt at which this transition tem:-

=vratyure '\n a given reaclor wouic de
duse for concern The repor sets the
sanger point at 300 degrees F for ver:
tical weids, 270 degrees for horizon:
‘A, ones

Higher transition temperatures are
Anrse. since the reactor vessel must
¢ mainiained at these temperaiures

“he eflects of brittle metal are 10 De

J\ 1) - - p
jed. The original standard for nu-
edr reactors was no more than 200

ivrviae F™

» . @ temperature 8 higher
t vermical welds because pressure
Gs 'y forge the welds nut, increns-
that a3 crace

&L WINAA “wi® CNEUL. e
Determining & transition Wempers:
ture depends on the composition of a
metal, the amount of radiation it re:
ceives. and, most controversially, the
stresses to which it 18 exposed. The
NRC stafl used o formula to predict
how assumed pre-existing cracks
might extend Into the vessel wall
As 8 result of tests ou the rate of
embrittiement at varous plants, the
NRC predicted when some of them
will reach & danger point. All things
considered, the NRC report reached a
reasonably comforting conclusion, It
listed 40 pressurized-water reactors
'n which pressurized thermal shock
was an issue. If no one does any-
thing, we've got one reactor that's in
big trouble, four others that are a lit-
tle behind it, and four that are in &
mild kind of troudie.” Hanauer told
me “The rest of them will not reach

TLOE

“

§8 Though the inner
portion is brittle, the
outer portion is tough;
radiation damageinthe
wall is attenuated 99

M

the screening criterion the transition
remperature] during the anucipated
\ife of the plant.”

The ig-trouble ' generating plant
s the H B Robinson 2 rcactor of Car:
slina Power and Light. Hanaver cal-
culated that if nothing were done. it
would reach the transition-tempera:
rure chterion in September of 1987
T.rkev Point 3 and 4 in Florida get
vhere in 1988, Calvert CliTs 1 in
\larv.and gets there in 1959 and Formt
Calhoun in Nebruska arrives in 1990
Bancho Seco. Maine Yankee Oconee
3 n South Caroiina. and Three Mile
lsiand | arrive in the 199Us Every:
thing else 1s 2lst century Hanauer

VS

Reactor manufacturers accepted
those numbers without 00 much ar-
gument. “Their conciusions are more
or less in line with ours,” said Sero of
Westingnouse. Sero says that Wes.
tinghouse thinks the NRC could set
its transition-temperature numbers
about 30 degrees lower bu' " isnt
arguing with the basic premise: {the
report

\uclear c¢mtcs are They center
their fre on the vast number of as
sumotions that had to be made in the
report becouse nformation about the
sropability of different events occur
sing «nd a2out the rellabuiity of safety

h o
jvitorm ep

s «imply sn’t avaiiable

that the mMsK-assessment Lechnicye
was “like precicting the winner of 'he
World Seres after the first exhibition
game.”

There's also a lot that the utilities
and manulacturers can do W lessen
any possible danger. (ndustry expery
ey One easy step 18 10 reshuffle t¥e
fuel elements in the reactor core
putting cider fuel elermnents, whch
emit fewer neutrons, close 1o the ves
sel wall. “It's easy and cheap Lo reduce
neutron flux by a factor of two." ac.
knowledged Hanauer .

Critics say that repositioning the
fuel elemepts isn't enough. They want
American utilities to reduce neutron
exposure even further by inserting
dummy fuel elements next L0 the ves.
se) wall. Thut's been done at two reac.
tors in West Germany and one Rus.
sian-bui't reactor in Finland. But
utilities are reluctant to take the ra.
duction in generating capacity that
dummy fuel elements bring.

There are many other steps that
.an be taken, Marston said. One is the
marvelous'y sumple measure of heat.
ing the emergency cooling water o re-
duce thermal shock. Keeping the
emergency water supply at 120 de-
grees T ratier than room tempera.
ture is cheap and efTective, Marston
savs. Thermal shock can also be re.
duced by adding controls to throttie
back the automatic-feedwater system,
he notes

{mproved training for reactor oper.
ators is another industry option The
\dea is to get them ready for all the
problems that could lead w a signifi.
cant transient. then avoid the e
quences that end in senous trouhle

The last resort is annealing. The re-
actor would be shut down, all the fuel
elements would be removed, nc the
vessel would be heated to 850 degrees
F for a week. A study done by Wes-
tinghouse for the Electric Power Re-
search [nstitute concluded that an-
nealing would make the vessel walls
yuung again. The process isn & ¢heap
One “epon cited costs of §60 n.llion
or more for @ single reactor incluging
the price of the electnaty that the
plant did not generate during the
treatment

\o one 18 thinking about anneanng
rgnt now instead, ytilities and man-
wiacturers are making detailed stud-
es of all the facwrs affecting the Lher:
mal-shock 1ssue for individual plants
T NRC report has asked for such 2
p:mt~sp¢c;ﬁc report at least three
vears before a reactor reaches W
screening critenon for danger

Far the Raobinson 2 reactor the re-
oot would he due in 19584, Carciind

wver and Light 18 hard ot work, savs




Elleman, who is in charge
safety. The vessel wall has
«ted. and no cracks were
¢ training for reactor per
g uncer way The cumpany s
Audving 3 proposal o heat Jhe emer
gency watar SUppLY
Neutron exposure has been reduced
'v. puting the older fuel ¢lements
pest W the reactor wall How ?’.“c,h
oEtrs time will the program buy h:
remature :.g speculate about that,
} sal
1%::\‘ no panic at the NRC. the
manufacturers, or the utilities. The
problem 18 well understood, Chg\tr.
‘on says. and the Oak Ridge analyms
ndicated that even i worse came 10
wordgt, @& reactor vessel would not
yreak wide open Even though the
aner portion s brittle. the outer por-
von still 18 relatively tough Decause

S
nuclear

the radiation damage 19 sttenualed
through the wall,” Cheverton sa:d "A
crack might be driven through the in-
ner part, byt it tends tu arrvest at the
outer par.”

But that assessment could eamly be
wrong, says Pollard of the Union of
Concerned Scientists “There's no dis-
pute that current emergency systems
would not be able to cope with a frac:
ture of the reactor vessel.” he said.
‘For other problems, you can make &
reasonable argument that you have
some defense in dept!.. The defense-
in-depth philosophy disappears when
you talk about pressurized ‘hermal
shock "

The real problem. Pollard says, s
that the nation's nuclear regulators
and the manufacturers allowed a ma-

r construction program to roar

anead without considermng the range

of unknewn dangers that 'ay before
them

“The Awomic Energy Commission
went forward with all this undpe opui-
mism." compiained Pollard, who re
signed {rom his Job as @ regulator
vears ugo (n disgust. "Now ware in a
position where nothing can ba done W
correct the mistakes without causing
someone undue harm. [ expected
them to do the job back in the 1960s
Now everyons but the nucleas indus-
try has w suffer.”

“My perception is that the problem
i well in hand," said Westinghouse »
Sero. "We have significant research
programs under way, we are putling
significant money and engineering ef.
forts into it, and we have & firm un.
derstanding that is going W improve,
which will show that our predictions
were very conservative.” ]
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‘The Honoreble Morris K. UZal) 2,

Chairman, Subcommittee on Energy . w 't
and the Eqyironment ‘ ,

Cormittes on Interdor end Insular Affairs

United States House OFf Representatives

Dear Mr, Chi | mn ‘ .

On May 28, 1580 I wrote to you concerning the safety implications of control
systems and dyremic characteristics of nuclear power plants, My comments then
were intended t2 dispute the official NRC pesition that "safety systems will
citigese contre) systes failures ot any power®.

One of the specific points I raised then, by way of an example of what Failure

Mede en¢ Effects Analyses (PMEA's) of contro) systems cen and should uncover,

was the 1ikelihood of overcseling transients, generated by control system

ralfunceicns in the secenfary sice of a Pressurized Water Reector, 2s described

in Reference 7 of Lhat lelter, h sransien i +

cocl-down t2 2bout 150 °F in about 15 minvtes, wnile the ECC O pe

A%, Enown s pressurized therma) gho

2 resccor vessel that heg B

T ne.cron TIuence corresponcing = only & few Full Power '

Fric) Of operasion, &anc hes & corper consent of dsout 0.4% in i3

" W a . g

A reactsr yessel fracture 13 one of the mest serious accidents a reactor ray
exseriesce, Lepending on 145 location and rode, 1t 4s almost cert2in that 1t
will cause & core meltdown with 211 {ts pudlic health end safety ramifications,
on which, ] av sure, ] need not elaborate for you, Considering the high
consesuences of such an acsident, then,one should 2sk what are the chances
of it taking.plece. Unfortunately, such an accicent {s very 1ikely end increz-
singly so. It 4s very likely because 1t myy be causcd Sy one or more failures
in the non-safety contrel systems in the secondary side, and this 1s substane
tie1ly supported by operational experience. 1t 1s 1ncrus‘.n§1y so because s
time goes oni the neutron fluence to which the vessels of all reactors are
expesed s ‘increasing, and for several of them, I believe r
Yeve) has already been reached. I belfeve that this -_ﬂ;
ndicating that the overs

€5 § FFYE OF operation Tor vesseis w
i Upper Ty analyses pericrme ¢
ceoling transient that took place at Ranche Seco on March 20, 1978 would have
caused such ‘a vessel %o rupture, had 1t been fn cperation for ebout 10 FPYE,
However, that transient w2s.not 25 severe a5 we C2N expect on a rezscnable
worst case basis. Furthermcre, 3 recent discovery of a discrepancy existing

that 2 dan

EXHIBITZ™
R b
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between the estimessd vs. the measured values of neutron fluence for the
Faine Yenkee resctor vessel indicates 2 generic problem that mikes things
werse. The results of cosimetry measurements indicate the actuel neuytron
fluence to be some 2.3 times higher then thet estimated in the Meine Yankee
Fine] Safety Analysis Report. Moreover, &5 you may recall, one of the
measures ordered by  NRC after the TM1-2 accident was to have 211 reactor
eperators not turr-off the ECCS once it had been initiated. This might be
gesireble in some cases of sccidents, but not necessarily in every cise.
for overcocling transients, without & large LOCA, the continued operation
of ECCS compounds e accident by contributing to the cool-down process,
and, most importantiy, by repressurizing the primary systen.

The pressurized thermal shock phencmene have not been the suject of expe-
rimental werk by the NRC nor the fndustry. hor nave the control systems |
and their implications safety bewn reviewed and enalyzed, These crucial
shortcomings pose some guestions on the effectiveness of the regulatory
process, which yourmay as eas{ly as 1 poncer, but the {mmeciate concern

{s o assuyre the safety of operating plants, Feced with the realities that
we ere faced today; and taking the approach that 1f we err, we ghould err
in the direction aftsafety, 1t is apperent to me that those FrR's with
high copper 2)loy vessels o welds, that have cperated for & FPYE must be
shutdewn until thigimatter 18 resolved in the technical arend. 1t is con-
cefvedle that after.addisicnal and plant specific studies edditicna) mes-
sures may be requirkd,

Even theugh the Commission and the ACRS wewld probebly respond O your
lester of Decembersé, 1880 on the safety (mpl4cations of conirol systexzs

in 8 few months, Tbelieve thet shis matter {s serious and pressing enough,
that resuires a deision now. 1 believe that the Cormmission, with (ongres=

siona] assissance.and appreciation of the (ssues involved, will respond
constructively. ».

1¢ 1 can be of further 2ssistance, please et me know,

s » Respectfully,

Soe Za

4
bk A-‘w«-f""a‘ l'g"“'k
Demetrios L. Sasdekas
Reactor Safety Engineer

ca: Cangressman lujen
Congressman Markey
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August 21, 1981

..'.‘ .

)" e o, UNITED STATES

{ % NUCLEAR REGULATORY COMMISSION
T k .' WASHINGTON, D. ¢, 20858
{ / K i

Docket No. 50-2%5)

Or. Robert E. Uhrig, Vice Prasident
Advanced Systems and Technology
Florida Power and Light Company

P. 0. Box 529100

Miami, Florfda 33152

Dear Mr. Uhrig:
SUBJECT: PRESSURIZED THERMAL SHOCX TO REACTOR PRESSURE VESSELS

We have reviewed the PWR Owners' Groups responses of May 15, 1981 and the
1icensees' responses of May 22, 1981 to our letter dated April 20, 1981
concerning the subject {ssue. The EPR! work which bears on the {ssue
was fncluded {n the licensees' responses. On the basfs of our independent
review, of the plants where neutron irradiation has significantly reduced
the fracture toughness of the reactor pressure vessels (RPVs), all plants
could survive a severe overcooling event for at least another year of fyl)
power operatien. However, we belfeve that additional action should bde
IRl taken now 9 resolve the long-term prodlems.

This belfef fs based upen our analyses which fndicate that reductions f{n
fracture toy 25 for some RPVs are a rcaching levels of concern.

It fs also based in part on the fact that any ‘proposed corrertive action
must allow adequate lead time for planning, review, approval, procurement
and fnstaiiation. These conclusfons were recently discussed with the PWR
Owners Groups on July 28-30, 1981, At those meetings, the Owners Groups
reviewed the programs underway at the three PWR vendors which are desfgned
t0 scope the magnitude ana applicabflity of the generic problem and to be
completed by late 1581, The three programs appeared to contain the necessary
elements for resolution of she problem on a generic Sasis and the NRC plans
to make full use of she resores due by the end of the year, While the
vendors and Owners Groups are to be commended and encouraged in addressing
the generic issue, there 15 alss a need for plant-specific informasion for
your plant. ey

Based on current vesse) reference “emperature and/or system characteristics,
we have identified Ft. Calhoun, Robinson 2, San Onofre 1, Maine Yankae,
Oconee 1, Turkey Point 4, Calvers Cl1ffs 1 and Three M{le [sland 1 as plants
from which we require additional information at this time,

The staff has used the time-dependent pressure and temperature data from
the March 20, 1978 Rancho Seco transfent as a starting point for our
evaluation of this igsue because: (1) 1t {s the most severs gvercooling
event experienced to date ia an operating plant; (2) it s a real, as
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opposed to a postulated, event; and (3) ft.was_severe enough that it could
challcnqg_zna.ﬂax.unen_:nmniao4_uizh_ahxsi£1iiE;;gi!g;;g:!;jtTUtr'Er‘Tr.
radfated fracture tough d-initial crack sTIE. Uture reviews the
staff plan use the steam line break accident or other appropriate
transient/accident in order to estimate minimum operational times available
before plant modifications are required.

Using calculated RPY steel mechanical properties, credible initial flaw

sizes, reasonable thermal-hydraulic parameters, and a simplified pressure-

temperature transient simflar to that observed during the Rancho Seco

event, the staff has concluded that all operating plants could safely

survive such an event at the present time and for at least an additional

year of full power operation. However, because of the required lead times :
for future actions, the margins in time for long term operation are not

large, and there T?‘EbnsTUer|UTt“ihcertaig31_}g_g!%ﬁgggpgniligx_;ng;_g1m1lar
or more severe transients may PEEUrT It 15 clear that positive action must

be initiated saca for._tho lants with sign
temperatures. A, indicated above, several such plants have been selected
by the staff, based on estimates of the current reference temperature for
the nil ductility transition (RT ) of the RPVs.

NDT

The need to fnftiate further action at this time {s emphasized by the
recognition that TMpTementation of any priposed fixes or remzdial actions
must 2115w for adequate lead time. Because long-term solutions—may require
a year or more, you should explore short-term approaches as well. Although
clear, concise {nstructions should be provided to operators to reduce the
1ikelfhood of repressurization during overcooling transients, the NRC staff
belfeves that relfance on operator actions to prevent repressurfzation
during an overcocling transient will be very difficult to justify as an
acceptable long-term soluticn to the problem,

In accordance with 10 CFR 50.54(f) of the Commission’'s regulations, you are
requested to submit written statements, sfigned under ocath or affirmation, to
enabie the Commission to determine whether or not your license should be modi-
fied, suspended or revoked. Specifically, you are requested %o submit the
following information to the NRC within 60 days from the date of this letter:

(1) Provide the RT values of the critical welds and plates (or fore
NDT
gings) {n your vessel for:
(a) {nft1al (as-buflt) conditions and location (e.g9., 1/4 T) and
() current conditions (include fluence level) at
the RPY fnside carbdben steel surface.
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(2) At what rate {s RT fncreasing for these welds and plate material?
NOT
(3) What value of RT for the critica) welds and plate materfal do
NOT
you consfder appropriate as a limit for contfnued operation?

(4) What is the basis for your proposed limit?

(S) Provide a listing of operator actions which are required for your
plant to prevent pressurized thermal shock and to ensure vessel
fntegrity. Include a description of the circumstances fn which these
operator actfons are required to he taken. Included in this summary
should be the specific pressure, temperature and level values for:

a) high pressure injection (KPI) termination criteria presently used

at your facility, b) HP! throttling criterfa and instruction presantly
used at your facility and ¢) criteria for throttling feedwater presently
used at your facility. For each required operator action, give the
information available to the operator and the time available for his
decisfon and the required action. State how each required operator
action {s incorporated in plant operating procedures and in trairing

and requalffication training pregrams.

You are alsa reguested tc submit a plan_for Turkey Pofnt Unit No. 4
to the NIC within 150 days of the daste of this letter that will dafine

actfons and schedules for resolution of this {ssue and analyses supporting.
continued dPEFration. We Fequest that you fnclude consideration and evalua-

tion &f the following possible actions:

(1) reductfon of further neutron radiation damage at the beltl{ne
by replacement of outer fue! assemblies with dummy assembl{es
or other fuel management changes;

L ——

(2) reduction of the thermal shock severity by increasing the ECC
water temnperature;

(3) recovery of RPYV toughness Dy in-placa annealing (include the basis
for demonstrating that your plant meets the requirements in 10 CFR S0
Appendix G IV C):

(4) design of a control system to mitigate the initial thermal! shock
and control repressuyrfzation.

For these, as well as for any sther alternative approaches, provide
implementation scnedulesrgﬁgg_ggul;-assutg~;gn:inuagggﬂgﬁ,aaequqze
safety margins. e

In the fnterest of efficient evaluation of your submittal, we request
that you fnclude with the above plan, a response to the enclosed request
for additional information.
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-

Due to the nature of this review, and the past review effort that has been
expended, we consfder the above schedules to be reasonable; however, fnform
us within 30 days {f you anticipate conflicts with previous commitments with
either submittal and a dasis for any delay. We also expect participation

by the appropriite PWR Owners Group and NSSS vendors in developing solutions
to the problem.

Sincerely,

Carrell G. Eisenhut, Director
Oivision of Licensing

Office of Nuclear Reactor chuiation

Enclosure;
Request for Additional
Information

C€c w/enclosure:
See next page



0ffice o* Nuclear Reactor Regulation

: Mr. Darrel G. isenhut Director
Attentior vision of Licensing
U. s N lear Reguhto'ry Comission
Washingt~ o

Dear Mr. £ 1senhyt;

tter L-8]-462 _
Re: FPL “October 21, 1981~

ATTALSMENT CORRECTION

1e!er referenced above, we responded
g’; W;r :,tter dated August 27,

Point Unfte

1981 rejarding

r referenced ve.
of our let!&r referenced above

Very tryly YOUrs,

e urig
- ! !

Robert £ 5
Vice Pres: o't v ]
MS:ncec svetems & Technology
REU:DAC ¢/
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to reactor Pressure vessels.
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pressurized 'mema} Shock to Reactor Pressure vessels

Q!qun ‘lli

provide the RTupt values of the critical el
your yessel TOr:

'ds and plates (or forgmgs) \n

(8) {nitial (as bui1t) conditions and lecation (e.9. 1/4T) and

(b) current conditions (include fluence level) at the RPV inside carbem $teel
. surface.

Resgonsc !1}: :
Initial Current
Material RTwny RTNDT

Intermediate Inner 123P48IYAL «50 F + Q5F
Forging® o Sm——

i rcamferential
(Girtn) Welg®® SA 1101 «3F +190 F «193F
Lower Forging® 1225180VAL ~40 F ¢ 35 F - « 75F

¢« AT

e* ‘aner wall, The current R.NHT (/4 T) = «168 F.

Velue 15 Dasd? ¢9n
A1t 3 Jdata which has been S

%0 be more representative of &£1, 4§

*nan surveillance capsule remceed fran Unit & (L-77-113, dates &ti)

. 1977 and L-77-326, dated cioder 21, 1977).

sased on 'ﬁe slge of prediction Curves presented in proposec AL ™

teandards "Precicting Neutrom saciation Damage To Reactor Ves sa |
vaterial."”

There nave been | Effective Full Power Years (EFPY) of operat oe 45 of
Seprmoer 30, | at Turkey Point Jnit &,

The 122l fluence on the inner wall 4s 1.1 X 1029 n/em? and 6.6 & 1%
n/om* at L/4 7

Y
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ANALYSIS OF CAPSULE T FROM
THE FLORIDA POWER AND LIGHT COMPANY
TURKEY POINT UNIT NO. 3
REACTOR VESSEL RADIATION
SURVEILLANCE PROGRAM

S. E. Yanchko
J. H. Phillips
S. L. Anceron

Decarmoer 1875

Work perormed uncer Shop Order No. MIP. 22672

N\

wenovio: N\ B Bunein
)N, Chirngos, Manager
Structural Materals Engineering

WESTINGHOUSE ELECTRIC CORPORATICN
Nuclear Energy Systems
. 0. Box 356
Pirtsburgh, Pennsylvana 15230
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Location  Load Shift in RTNDT (dey F

in Wall Facor I FEFPY S EFPY INFEFPY 32 EFPY
1747 'MW L 242 28] 142 467
3/4T 17, 4 162 J A8 230 12

These values were ured as the bases for computing heatup and cocldown
limit curves for Turkey Point Unit No. 4. (Three EFFPY wil net be
reached unti) pear the end of Core Cyclhe IV an estimated {rom bdoth
computer predictions and past operating experience. )

(] Assuming that the percent change in Charpy Venotch upper
shell emergy is propartional to the square root of the neutron fluesce, the
we'd metal upper shell erergy at the ) /4T position jo predicted to resch
the S50 [t«lh level at approximately 2.7 EFPY of operation,

(i0) Although the surveillance program is in compliance with Ap-
pendix H of JOCFRS0, it is recommended that & replacement canesule with
additional weld metal specimens e placed in the Capoule T slot U archival '
material is available. An alternative {s to move Capeule V Loto the Cap-

tule T olot at the end of Core Cycle LU (Aprid 1977) and remove it for test.

-

wigatthe end of Core Cycle [V (April 1978), at waich time the estimated

flience on Capevle V would e 8,25 x 10'% neutrons per e (E > ] MeV).
(11) Cothe basis of NRC recommendations, e WQOL fracture

mechanics specumens have been stored untested pending development of J

recommendations conceraing test procedures.
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o neatly | % xo”. Therelore, the projections of shift in RTyDT have been

sared ©0 tne Westinghouse curves. The result obtained (rom Capsule T has

D eh sdded 10 Figure %, and a normalized response curve has been drawn :

wpoagh the data point parallel to the Westinghouse curves. The predicted ‘

Jaufte A RTyoT for the Turkey Point Unit No. 4 reactor pressure vessel

., 3 1O Figume % are summarized in Table X1, The values oredicted ‘
\

e | 4% and 34T are sed to develop heatup and cooldown limit curves g

-

s west the requirementa of Appendis G to Section 111 ol the ASME Code.

- .ese projections for Cy shell energy reductions and RT yep shilte
of¢ Dased on one data poimt, Capsule T, and trend carves for like materiale.
't 18 anticipated that the reliadility of the trend curves will be improved as
more surveillance data decomes availanle and a Letter unde retanding of the
factors affecting radiation embrittlement has been achieved. Anan example
of the latter, Mr. E. C. Biemiller of Combustion Engineering, in & paper
(iven at ihe ASTM EIO Symposium on Elfects of Radiation on Stroctural
Materiale in St. Louis, May 4-6, indicated thata parameter of (% Ni+ S
* (% N2 ¢ % Cr#% Mn) may explain the variapon ia radiation embrittlement
ovserved 18 ferritic materals of nominally the rame copper content. Also,
the Metal Properties Council 1s developing new radiation damage curves that
will e based on more data than those currently in dse.

Because of the meential of reaching a low C, shelf energy condigion 0

‘e Turkey Point Unit No. 4 weld matal in the next {ew nan.-it'ft"':dvlubh

‘0 ootain another data point in the not too distant future.
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The lirst surveillance capsule was removed (rom Unit No. 4 during
the 1975 refuelling outage. This c.psule (also identified as 'T"') was eval.
uated by SwR], and the results have also been reported. * The Uait No. 4
weld metal was also found to be the limiting material for controlling the
vessel RTNpT. and it exhibited an even greater sensitivity to neutron ra-
diation embrittlement.

As a part of their analysis of Capevie T, Westinghouse computed
seatup and cocldown limit curver for Unit No, 3 for 3 and 10 effective full
power years, In their analysis, they employed additional conservatiam
above ASME Section U]l Code requ.rements by applidag a 1. 25 saflety lactor
to the stress inte r-ulty factor caused by thermal gradieats. Florids Power
k Light Company asked SwRl to recompute the Unit No. 3 heatup and coel-
down LUmit curves and computa heatup and cooldown Umit curves for Unit

No. 4 vaing the osafety factors called out in Appendix C of Section [ of the

ASME Code.
B. Inout Information
Fractire Toughness Properties

The values of RT ypyr for the beltline regions of Turkey Poim
Umit Now, J and 4 were derived (rom (1) the surveillance program test re-
tulta, (2) computed ratios of fast (lux at the capsule location to the maxi-

mum (agt [Tex at the /47T and 3/ 4T locations in the vesse!l wall, and

* Norris, E. B., Reactor Vessel Material Surveillance Program for
Turkey Point Unit No. 4 - Analysis of Capeule T,  Final Report, SeRl
Project 02:4221, Jane 14, 1976.
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(3 trend curves of increase In RTypT 202 {unction of neutron fluence
(E2> 1| MeV) A summary of these values is as follows:

Unit Operating RTNDT RT;VD?
No., Perioce at 1 /4T at 3/4T

3 $ EFFY J94°'F 131*F
3 10 EFPY 236°F 159°*'F
4 $ EF /Y 281°F 188°F
© 10 EFPY e'r 0°F

. EFP‘Y" Effect ~o Yull Power Year

o Y ’ “.. L)

The {ollowing input data were en.ployed in this analysie:

Lmer kdﬁuo. £y r 77,78 in.
Quter Radius, rg +  8%5.78 in,
’ Operating Pressure, Py s 2235 peig
lnitia) Temperature, T, s 70°F
Final Temperature, Ty s $80°'F

97 1 100 1b, /s

Effective Coolant Flow Rate, Q

Effective Flow Area, A s 19,18 (12
[ffective Hydraulic Diameter, D ' 11.9 in.

e Heatup and Cooldown Limit Curves

Heatup curves were compited for a heatup rate of 100°F/hr. Since

lower rates tend to raise the curve in the central region (sece Figure 8.

these curves apply to all heating rates up to ]00*F /hr. Cooldewn gevees

were computed for cooldown rates of 0'F /hr (steady state), 20°F/PF
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0°F/hr and 100°F 'hr. The 27'F/hr curve would apply to cooldown rates

ap to 20°F/hr. the 60°F /hr curve would apply to rates from 20°F to 60°F /hr;
the 100*F/hr curve would apply to rates from 60°F/hr te J00°F/he.

The Unit No. 3 heatup and cocldown curves for up to § EFPY are
given in Figures 10 and 1), Unit Ne. 3 curves covering 5 to 10 EFPY are

given in Figures 12 and 13, Corressonding curves for Unit No. 4 are given

in Figures 14 through 17,
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ABSTRACT

Pacific hortnwest Laboratory (PNL) was asked to develop and recommend a
requlatory position that the Nuclear Regulatory Commission (NRC) should Jdopt
regarding the ability of reactor pressure vessels to withstand the effects of
pressurized thermal shock (PTS). Licensees of eight pressurized water
reactors provided NRC with estimates of remaining effective full power years
before corrective actions would be requircd to prevent an unsafe operating
condition, PNL reviewed these responses and the results of supporting
research and concluded that none of the eight reactors would undergo vesse)
failure from a PTS event before several more vears of operation, perator
actions, however, were often required to terminate a PTS event before it
deteriorated to the point where failure could occur, Therefore, the near-term
(less than one year) recommendation is to upgrade, on a site-specific basis,
operational procedures, training, and control room instrumentation, Also,
uniform criteria should be deveioped by NRC for use during future licensee
analyses. Finally, it was recommended that NRC upgrade nondestructive
inspection techniques used during vessel examinations and become more involved
in the eveivation of amnealing requirements,




1.0 INTRODUCTION

1.1 BACKGROUND

The pressure vessel of a nuclear plant 1§ subjected to & pressurized ther-
me) shock (PTS) when an extended cooling transient to the vessel wall is accom-
panied by system pressurization, Under these conditions, thermal and pressur-
fzation stresses on the internal surfaces of the vessel are additive, Moreover,
these stresses are in tension and tend to open cracks loceted at or near the
internal surfaces.

Nuclear plant pressure vessels are fabricated from ferritic steels. The
internal surfaces of the vessels are clagd with stainless steel weld to prevent
metal corrosion processes. The vessels are designed to withstand wormal heat-
ing and cooling transients for the life of the plant, which 18 usually 40 years
at 80% operating efficiency or 32 effective full-power years (EFPY), A pres-
sure vestel intended for 32 EFPY must be cssigned to maintain fracture tough-
ness of the vesse) material., Ar adequate level of fracture toughness previges
assurance tnat small sracks will not progagate in e "brittie¢" manner as @
result of stresses Juiag an abnormal transia0t such 8t & PTS event. aflure
in a brittle merner could frartury the vessel wal) gnd lead to severe fa'tlure
of tha pressurs boundiry ir the Core ared. 1o .ontcast, @ ductile tyne of
failure wor'o L 2xpectad to result, &t worst, in @ through-vessel crack, which
woild leak but not result in a total loss of tne presiure boundary.

In older auclear plants, the pressure vessels were often fabricated with
weld materials :costa‘ning relatively higr le:els of cooper, pneiphorus, and
nickel., These elements were later shown to result in greater irragiation dam-
age to the vessel material than had beer initially expected. Irradiation dam-
age caused a shift in the fracture toughness curve to higher temperatures and,
therefore, increased the remote possibility of a nonductile vessel failure.

Evaluating the failure probability of any nuclear pressure vessel is very
complex. The evaluation must be plant-specific to allow for differences in
material properties of the plant components, systems configuration, operating
procedures, and dosimetry history. The plant control systems, component redun-
dancy, operating history, and operator training and proficiency are important
in determining the initiation, sequence, and timing of accident-type events anco
in evaluating the probadbility of mitigating operator actions. Finally, the
thermal-hydraulic, material properties, and fracture mechanics analyses, using
currently available codes, are used to determine the consequences of the events
being analyzed.

The following conditions must be present during a PTS event before a sig-
nificant nonductile failure probability would be expected:




e The nuclear plant pressure vesse) must exhibit significant loss of
fracture toughness through neutron irradiation,

e An overcooling transient must occur that would be of sufficient dura-
tion to cause 2 steep thermal gradient across the vesse) wall and
co0ling to the low-toughness temperature range,

o A flaw must be present of sufficient size and be located at & criti-

te) beltline location where reduced fracture toughness and high ther.
mal stress exist,

e A simyltaneous high reactor coolant system pressure myst be present,
In recent years a number of incidents have occurred that involved several,
but not all, of the above conditions. The PTS issue 1s, therefore, being

investigated in much ?roater detail by the NRC, the utility industry, and
Nuclear Steam Supply System (NSSS) contractors.

1.2 UBJECTIVE OF STusy

Pacific northwest Laborstory is providing techrical assistance to NRC to
develop and ~ecommend & repulatory position that NRC should adopt before the
longer-tarm PTS program provides gener'c resolution and ecceptance criteria,
The near-torm rorcanendations include sny corrective octio?’ required at the
eight piants fuent:fied in tue August 21, 198" NRT letter.(!) The recommen-
dations of this report are tased on the review of information described in Sec-
tion 1,3.

1.3 APKROACH

Efght pressurized water nuclear power plants (Ft. Calhour, M, B. Hobinson
2, San gnufre 1, Maine Yankee, Oconee 1, Turkey Point 4, Calvert Cliffs 1, and
Three-Mile Island 1) have been identified for specific review of PTS event
scenarios. These plants and §hs 1?55 owners groups have supplied information
in response to NRC reguests, €+, The following sources of information

were used by PNL to recommend NRC's near-term regulatory position,

1. Documentation by the licensees and owner groups to the NRC requests for
information concerning the PTS issue,

~J

Participation in reviewing current procedures, training, and operator
responses to PTS events at selected plants as established by the NRC's PTS
task force on procedure review.

3. Reviews of research work being performed in support of the PTS i1ssue at
NRC, national laboratories, industry, and other research institutes.




5,0 MATERIALS PROPERTIES OF IRRADIATED VESSELS

gation in fracture resistance. ferritic steels have an intringicelly poor
fracture resistance 3t low temperatures. The loss of ductility with decreasing
temperature occurs as the nil-ductility transition temperature is approached.
Below the transition temperature materials fail by unstable, brittie fracture,
whereas sbove that temperature materials fail by stable, ductile yracture.
Neutron irradiation causes the nileductility transition reference temperature
(RTypT) to shift to higher temperatures. The shift can be large enough to
endanger the integrity of the pressure vessel if the jation-shifted nil-
guctility temperature is elev vessel
walde Of particular concern 1§ the fracture resistance of irradiation-sensi-
tive welds.

Pressure vesse) steels exposed to neutron irradiation experience & degra- :>

Two factors aggravate the fractyre resistance of irradiated vessel welds
subjected to a PTS event, in some cases, aggravation occurs when the irradia-
tion history of the reactor has resulted in tion of the nil-
ductility temperature. In other cases, aggravation occurs when PTS lowers the
wall temperature, winich thus lowers the fracture resistance of the vessel
welds. Accurately predicting the fracture of o vesse] weld reguires es.inating
the vesss' neutron exposure histories, welding proseduras, and the i=radiation
sensitivities of welds s & function of chemistrv, Furtharmore, the radial

} dependence of newrron spectrum and flux in the wall must be evaiyared to quan-
titatively cetermine the iacreasing fracture toughness through t e wal',

This chap.er describes the effects that rrradiation and muterial charace
teristics have on the degraged fraciure resistance of pressure vessel steels,
4 Fethoas used by licentees Ind owners groups to predict fracture esistance, and
f the uncertainties inherent in these methodt, *~t evaluated. Lastly, the state
of knowiedge is evaluated to indicate what information may Lacome wvailable in

the future which would aid in evaluating the integrity of 1 rzifated pressure
vessels during a PTS event,

6.1 NEUTRON DOSIMETRY

Atomic displacements caused dy neutron irradiation are the principel cause
of degraded fracture toughness of nuclear pressure vessel steeis. The cegrada-
tion is directly related to the number of high-energy neutrons that penetrate
the steel., Traditionally, the number of neutrons having an energy greater than
$ 1 MeV has been used to characterize the irradiation exposure., Predicting the
. material properties of plant-specific reactor vessels requires an accurate
- knowledge of neutron exposures of metallurgical test specimens and an accurate
: knowledge of the neutron exposure of plant-specific pressure vessel components,

P Methods used to irradiate and test metallurgical specimens and to estimate ‘
t neutron exposure of vessel components result in uncertainties that affect the 3

wn
.
>—




predicted reliability of vessels during a PTS event, Accurately defining the
neutron irradiation environment requires knowledge of the neutrun spectra,
flux, and fluence, 2s well as the irradiation temperature, Irragiation of

surveillance specimens reliable deta base for predicting the
irradiation properties of vessel components. ata have the most credi-
bility, because they most accurately represent the neutron environment inside
& vessel wall, The plant-specific neutron spectra and fluxes are similar for
surveillance irradiations and inner-wal) vessel {rradiations.

Methods used for vessel dosimetry are dependent on dosimetry analyses of
surveillance capsules and on calculated neutron fluxes. Discrete Ordinate
Transport (DOT) codes are used by the licensees and owners groups to map out
the spatia) dependence of neutron flux. The calculated fluxes are then com-
pared with measyred fluxes using flux monitors inserted in syrveillance cap-
sules. The DOT c¢odas are considered to be accurate, but if wrong input values
are assumed, the predicted fluxes can be inaccurate. When predicted fluxt! ’re
compared with measured fluxes, the values can agree to within 10% to 15%. 4
The uncertainty in peak fluence values provided by the licensees and owners
groups is reasonable; the values for Combustion Sngineering were within 30%,
the values for Westinghouse were within 20%, and the values for Babcock & Wil-
cox were approsimetely 15%. The discrepancies in peak fluence values
represent uacertainty in the predicted neak fluence (E > 1 MeV) at the inner
surfac: or tue sieel vessel,

Agditional uncerteinty can exist 1n the predicted vessal properties
biceuse irradiat on tests end vesse’ wails have different neutron spectras and
flwus, T™ese uifferences are minimized when the properties of surveillance
speimen are correlated to vessel properties. The correlation is possidle
pecause the neutren snecirum and flux of the surveillance iucation are similar
Lo iLhose fours inside the vessz) wall, When projesting properties through the
thickness of the vessel wall, the spactrum ard flux are degrided. Tre spece
trum is shifted tovars a Tower average energy with many neutirons below 1 MeV
contributing to irradiation damage.

To account for thesc lower energy neutrons, it has been recommended that
displacements per atom (DPA) be used as a measure of irradiation exposure. The
damage based on DPA is greater through the wal)l than would be predicted based
on the £ > 1 MeV assumption, Differences between the two exposure ¢ 1§$rﬁa as
a function of distance through a vessel wall are given in Table 5.1.

As ragial distance increases, damage rates decrease. The lower damage
rates may provide a greater opportunity for self annealing during irragiation.
Hence, damage accumulates more slowly per DPA for positions deep in a vessel
wall, This suggests a lesser damage in deep regions than would be expected if
rate effects on damage efficiency were neglected when predicting radiation
damage through a vessel wall, The effect of the damage rate efficiency can be
estimated by comparing damage rates with thermal annealing rates. Combinations
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vl " el NUCLEAR K GULATORY CONNISSION
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v MW
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Th MEMORANDUM FOR: Commissioner Gilinsky
| & Commissioner Ahearne
';p FROM: Demetrios L. Basdekas
g 4 Instrumentation & Control Branch
£ Division of Faciiity Operations
L Oifice of Nuclear Regulatory Research
SUBJECT: STAFF REPORT ON PRESSURIZED THERMAL SHOCK,
s SECY-B82-465, NOVEMBER 23, 1982,

Earlier this week ! discussed with you a number of, what I considered to be,
' significant points on the subject staff report, (nfortunately, access to
the report was denied to me until the afternoon of November 29, 1982,

Based on my limited review of this final versfon, 1 have prepared theé
following summary of the points 1 discussed with you including a few

additional ones.
Y _ryptyre and core-melt is not
: : tainty wnich can form the primarv vasis for
decision-nghing on this matter. 7 De1gue TRE Yudvy relfancs of the
Qs;amngﬁWma;g""b the 3t8:1 4§ TAVAFFantea, T 8150
believe that the staff shoulc provick @ complete §76 shorough

response to the two basic questions:

1. The ¢r2

{a) Whzt is the uncertsiaty in the estimate of the probabvility of
9TS-caused catastrophic vessel rupture and core melty

(b) Whai is the confidence level in that wncertainty ! Hua was it derived?
(Sce pp. £-9, H-26, Sec. H.4.1 of Statf resort)

' The Pancho Sece event was considered by the Staff to be the most severe,
and so stated on p. He26, first full paragraph of the main report. The
Crystal River event as described in Section 2.2.6 and as shown on
Figure 2-13 of the main report appears to be more severe than the
Rahcho Seco ovent. I believe that the Staff should provide a
definition of severity and answers to the following questions:

(a) 1's the Rancho Seco or the Crystal River event the most severe?

(b) How confident are we on the time history data of temperature
and precsure that have been provided by the licensees?

(¢) 1f Rancho Seco is not the most severe event, how does this
affect the analyses performed on the assumption that it was?




Commissioner Atearne

; § 3. Inesity annealing capadility of PWR vessels has not been demonstrated
' and there is considerable doudbt that it will be available for a long
. time, 1f ever, curing the Yifetime of most PWRs which have axceeded
OF are erpected to exceed 200°F of their vesse) RTy 7+ There are also
plants that are facing similar difficulties with rcgord to an
ol dcceptable 1imit of the upper shelf toughness. 1 believe that the
! following question should be snswered in some detad):

: (a) Which plants do not meet existing regulations? (i.e,, Appendix G, 1v,
. A2a, B, and C relating to upper shelf toughness and in-situ
' annealing cepability),

4. The staff acknowledges the importance of Instrumentation and Control
Systems ma)functions in PTS (See second full paragraph beginning on

0 P. 1 of SECY-82-265), but it has not asked the utilities to supply
design information on these systems and their electrical power supplies
in its letters of August 1981 and since then (second full paragraph
on page 3 of SECY-22-465)., The following questions have been asked
by the Commissioners before, in one form or another, but no cefinitive
answer has been provided, to my knowledga,

- ——

(a) What is the reason for this inconsistency between the stated
“ importanca of ‘astrumentatiun and contrel systems (p. 1) and
| steted ictisng ‘n, 3)?

(E) I7 we a0 rot have a timely and technically sourd resolution of
UST A-47, Suafely lmplications of Cantrei Systems, how can you
expect to rusolve A-49, PTS?

Furthermore,

() Without datign information an the pirants we have chosen to review
under both USIs A-47 and A-49 (Dconeeé), Calvert Clifis-1,
H, P, Rodinsone2 ) how can we Justify the Yarge expenditures of
our RES and NRR programs which deal with 14 systems initiated
transients of importance to PTS or any other zafety issue?

§. The proposed screening criteria are 270°F for longitudinal ane 300°F for
Circumferentia) welds ‘in the RPY..'. The selection of the screening
d criteria method is based on eight events taken on 2 cumulative manner
: of all PWR experience. This leaves out probability components
associated with (a) substantial operational experience involving
event sequences which terminated early enough or in some other
benfgn way, which might, with some probability, have continued on
to produce a more severe challenge to the RPY and (b) essentially
those potential events and their associated sequences, which have
not occurred yet, but which may, with some probability, occur in the,
future, causing a severe challenge to the RPV. These are important
considerations in estimating prodabilities of event sequences that




TABLE §.2. Summary of Wweld Properties and RTypy Predictions

0
RTRoT, Fluence,
weld 2

Plant Locatinn 'F n/cm Date
B

Turkey PL. 4 Circum. «20 10 x 1019 8/30/8)

fFort Calhoun Long -20 A48 » 1018 12/31/81 0.35
2-410

15
gan Onofre 1 Long ' 10 10/31/81 0.35

.

calvert C1iffs 1 0 7.06 x 10'® 12/31/81 0.30
2

Maine Yankee 12/31/81 0.36

Robinson 2 9/30/817 0.34

(assumed) 0.4

Oconee 1 10/0L1/81 0.31

0.

(a) RTypy (MEDL) Ry, ¢ (78 ¢ AT0MCY ¢ 3S0"CUmA)e P A

a7

H 10

§.3 1RRADIATIOM PROPEPTIE

The Sl\‘f( in the nﬂ-ductﬂﬂ.y ’.em)e'-‘atu!‘e due to neutron ‘,rrag‘at\'on of
pressure vessel cteels is well known. The {gsue for the PTS evaluation is to
quantify the 1rradia&ion—snith.asnnniunnxﬂlx_li_ﬂg1%%§]§:;3;;§3§%I$;§;g§§se\
welds. Because specimens cannot be extractad from the 1FFs L it
is necessary 1o DrQig£1~JILAQlA;lQQ“R£92!:"93 from irragiations of metallurg-
ical test specimens.. The irradiation environment and TaterTaTs Used for these
metallurgical specimen irradiations must approximate, as much as possidble, the
materials and environment of the pressure vessel. Furthermore, irradiation
tests must project the properties at some future date--in particular, to end
of 1ife or 32 EFPY.

The irradiation te

sts that were Jsed t0 establish Regulatory Guide
Rev. 1 were performed primarily in tes

neutron spectra having average energies larger than those typical for pressure
vessels. The rapid fluxes meant that fluences in end-of-1ife reactor vessels

1.99,
t reactors at enhanced fluxes and in

5.7
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may cause a PTS of certain severity in the future. Mence, plant-
specific analyses are needed to estimate a meaningful number of
probadility and RTyqy screening value, 1 believe we should consider
2 criterion for cncR vendor design and uitimately 2 1imit for each
plant, (Sce Comment No. 6, below). These limitations are acknowledged
b{ the staff but their sifnificonco-upp.rontly is somewhat elusive
when {t comes to formulating the conclusions and recommendations
for the screening criteria,

An important question that should not escape serious consideration
is:

(a) How do we reconcile this selection of screening criteria with
the fact that a Small Break LOCA is capable of cooling down
the vesse) to about 125°F within about 30 minutes with a
subsequent fsolation and ~epressurization to full design

pressure?

The summary of operational experience given in Section 2.3, Figure
2.14, Figure 41, and elsewhere in the Staff report, provides 2
lumping of the operational experience for reactors desifaed by all
three vencors., This results in a “smearing" or “"averaging out" of
the operational cata essociated with reactors of individual vendors.
[ beligva that & mesningful PTS assessment may be performed on 2
plant.epecific basis only, and with substantial limitations on 2
vergor-gereric basis, but, ! helieve, with almost nil wtility for
oh &)levendzrogergric besis, ‘lience, ihe selaction of the screening
criteria discussed 1a Chaptar 4.0 s vased o very weak grounds,
{See Comment No. 9, aboveg

' beiieve that the following question should be answered hy the

Staf’:
v

(a) Wsuld you explain how, in your judguent, the lumping together
of operational experience from piarts supplied by 811 thres
NESS vendors (B&W, W, and CE) gives you 2 realistic and applicadle
data base for all of them, when you consider the fact that the
dominant contribution comes from BLW plants PTS precursor

events?

(b) What is the combined effect on your selection of screening
criteria when you take into account the consideration of the

points discussed in Comments 5 and 67



factor of 2-4.5 gives ddKINpT ¥! “uvos
uncertainty pand of the cgltmnted RTxpr*

> 7. A flux reduction by @
' 1his is well within the

taff think that a more meanin

gfu\ and prudent flux
factor of 10-

(a) Does the S
reduction would be one by 8 30 for plents that

ux reduction {s needed?

» g, Ineservice {ngpection techniques
. very effective in producing usefu

related analyses.

and fregquency requirements are not
1 and timely date for use in

1 beiieve thet the
sraff to sddress this issue in some getail including Staff members'

opinions, which may be in variance with the position stated by the
staff during the December 1, 1982 priefing).
The enclosed memorandum (1) contains my comments on the Sep
draft of the subject geaff report. number of them have be
gport. However, the most

propper consideration in the final r

have remained unresolved,

cdasion at this vime is that the Comnission consider the
screening criteria for both \ongttud?na\ and circumes
lk plate materials wherever they may be governing:

rember 13, 1982
en taken into

|
tommission may find 1t o{proprlatc to request the
|
1
!
fmportant ones

\ !

My enly recomne
f3110w1n¥ interim

ferentia welds or ®
RTNDT of 150+ ¢

sor Babiock and Wilcox plants:

For Westingnouse and Cenbustion grgineering Plants: R"np1 of 200°F
These screcning ceiteria would proviae for it
prudent -esolution of this 185VE,

ne, Okrent's recommcndotion(z)for the fommission's pctive parzicipatian in b,
.5 be ustd on this tssue for gectsion maning voéer

negtablishirg *he criteris
yncer tainty’ (crphasis added) 13 very anpropriaté.
ta have discussed with you "o

* t .appreciate Lthe Opportunit¥
made above, and 1 will be ? eased to answar any questions you may h-ve
a; well as oy recommendations for interim goreening criteria,

By copy of this memorandum 1 am confirming my pend
colleagues on the Commission for the opportunity to me
then individually my views on this {mportant issue.

ore realistis, Limely, and

i

¢t oy My ¢-nmen’ s
~n them

ing requests to your
et and discuss with

(164—-<p/5~;o L Bardetim, ,

pDemetrios L. Basdekas
Instrumentat1on and Control granch
pivision of Facility Operations
office of nuclcar Regulatory Research
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Qgs\!!grzgllgfgrencc!:

1. Memorandum from D. L. Basdekas to P. S. Shewmon, ACRS, October 6, 1982,
(Enclosure)

2. Letter from P, §. Shewmon, ACRS to Chairman Palladino, October 14, 1482 -
Additiona) Comments by ACRS Member David Okrent (Reference)

cc: Chairman Palladine
Commigsioner Roberts
Commissioner Asselstine
W. Dircks, EDO
V. Stello, CRGR
. Myrley, CRGR ’
Denton, NRR :
Schroeder, NRR
., Minogue, RES
D. Ress, RES
K, Goller, RES
£. Wenzinger, RES

P B




LEHIGH UNIVERSITY

Instituie of Fracture and Solid Mechanics
Packard Lab. Bigg. #19

BETHLEMEM, PENNSYLVANIA 18015
Teiex No. Lehigh Univ. UD 710-670-1086

October 10, 1985

Atto ‘~¢ Martin H. Hodder
1131 .2, 86th Street
Miami, “lorida 33138

RE: Turkey Point Nuclear Power Plant Unit No, 4: Reactor Vessel Embrittlement
ez Surveiilance Program

Dear ~::orney Hodder:

i* response to vour letter dated August 29, 1985 and the above referanced
subies: matter, 1 have re2d tre package of cocuments on the RPY embrittlemsnt
prograr &%t Turkey Point Unit No. 4. A nusher of supporting acguments with ref-
erence 0 the calculation of AR’NDT are ouestiunable, if not invalid from the

scienti€is view weint, In what follows, the SWR] report and the TiL letter shal)
* -
be refesred to as [1] and [2]' , respectively,

(", 3WR] Pregiction '1)

Based on the RPV materiai surveillance methoculogy, SWRI [1] estimated
the sh ¥t in RYNDT for Turkey Point Unit No. 4. The resuits pertaining to wall

Tocatiz~ 1/47 based on the data of Capsule T in terms of £FPY are summarized
graphicelly on the sheet attacned to this letter. The shift in RYNDT is found

to be t:oroximately 324°F at & EFPY. This is beyond the NRC screening value of
300°F,

: E. &. Norris, "Reactor Vesse! Material Surveillance Program for Turkey Point
Unit he. 4: Analyris of Capsule T", Southwest Research Institute Technical Re-
port Nc. 02-4221, June 1976,

"“Letzer, Unrig, FPL, to Eienhut, "Re: Turkey Point Unit &, Docket Nos. 50-251,
PTS to Reactor Pressure Vessels", January 21, 1982.




(2) FPL Response [2]

With reference to the material in Docket No. 50-251 on PTS of RPY as
stated in [2), a lower ARTNDT value of 211°F was obtained for Unit No. 4, This

result, however, was obtained by application of the surveillance data taken from
Turkey Point Unit No. 3. The justification wa. that the metallurgical properties
of the beltline welds of the Turkey Points Units No. 3 and No. 4 are the same
and that data on Unit No. 4 are not sufficient.

(3) Comments

The rate &t which the beltline weld material detériorates and/or em-
brittle: depends on the combiied effects of irradfation end pressurized therma)
shock. It is plant-specific in the sense that the influence differs inherently
from one unit to another. In other words, the metallurgical properties alone
cannot cetermine the damage behavior of the welds. The Loading history plays @
major role. Unless the rates of irradiation, fluctuations in thermal gradients
énd time variation in pressure are exactly the same for both Units No, 3 and
No. 4, one is not justified to assume that data collected in Unit No. 3 could
be app’ied to predict the behavior of Unit No. &, Hence, conclusions drawn on
8RTypr for Unit No. & based on the data of Unit No. 3 cannot be considered valid.

T will not de’ve into the other details concerning the actua! calculation
of :RTN;T 8s they are begond the scope of our ‘mmediate concarn,

Very sincerely yours,

,//ﬂflf" ¢
WP S L

" ‘ P

“Geurge C, Wik

Profacsor of Mechanics
GCS:be

Enclosure
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Data Reproduced from iable on Page 3 at Wall Location 1/4T,
Reprrt by £, B. Norris, "Reactor Vessel Materia) Surveillance
Program for Turkey Point Unit No. 4: Analysis of Capsule 1",
gouth\;;;'a Research Institute Technical Report No. 02-4221,
une §

A 1 )

) g8 10 15 20 2% 30
Effective Full Power Year (EFPY)
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x UNITED STATES

! o.'s ’ NUCLEAR REGULATORY COMMISSION
_ WASHINGTON D C 20888

L d April 22, 1988

Docket Nos, $0-280

[
and 50261 Ml
L
R0 IARY 1885
T
Y-
we, J, W, Willtemg, Jr., Vice President New™ 2l & Holtzinger
Nuc'ear Energy Desartment
Florica Power ang Light Company y

2ost Office Eox 1400

cunc Beach, Florica 33408
e vr, Wl Mems:

“ep Tomrission Mas fssues the enclcser Amencment No, 112 %2 Facility
tcerating License No. DPRLI) and Amencment No. 106 tO ac'lity Cperating
Tlcerte No. DPE.El for tee Turkey Point Plant Units Nos. 3 and 4,
rpscective'y, The amencments consist of changes to the Technicy)
tepsficationy §r ressorse to your eaor'ication tramsmittes D) Tetters
zates Fedruary B, LB8Y ae2 March 8, 1985,

-
-
‘e
! -

*hnase amendments revise tne Teshmical Specifications te provide congistency

1 tcentification of the survetllance spec’ren lapsules in the Technica)
Cigeifications and the act.2) survedllance specimen capsules. The
sur et lance specimen examination schedule 14 also modifies to provide

beteer in‘ornation ‘n aczordance with the current regulations. The

propesed changes combine tre existing Reactor Materdais Survetllance

":;'nm into @ single Invegrated program which conforms to the requirements
of 10 CFR 80, Appencices 5 and M, We have discussed concerns and actions
necessary regereing future core designe and fn-cavity dosimetry fin Section Il
2 ocur Safety Evaluation srovided fn sunpor: of the amendrents,

eceion 11,0 ¢ 10 CFR ED Appencix M, which was revised on July 26, 1882,
gr=its gn intesrates su~veillance program proviced 1t meets the criteria
soezified ang is aporaves by the Director, Office of Nuclear Reactor
Zeculation, We have incicated in our Safety Evaluation that the integrated
surveillance program for the Turkey Point Plant permitted by the enclosed
amencments meet the creiteria specified in 10 CFR 50, Appendix ¥ 11.C. The
Sirector, 0€fice of Nuc'ear Reactur Regulation, has approved the enclosec
amercments which author<ze an integrated syrveillance program at the Turkey
Saimt 2lant in accordance with the recuirements of 10 CFR 50, Appendix M 1385

0w N




Mr, Williams

2. April 22, 1985

A copy of the related Safety Evaluation fs enclosed, A Notice of
Issuance will be included in the Commission's next regular monthl

F!e!rli Iggi;t!v notice.

Enclosures:

1. Amengment Ne. 112

Amencment Nc, 106°
Safety Evaluation

tartas
- .

¢o: w/enclosures
See rext page

OFR.3]

BPR.4)

Sincerely,

0 Budomad N

Danie! G. McDomald, Jr., Project Manager
Operating Peactors Branch 4]
Division of Licensing ’
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UNITED STATES
vl | NUCLEAR REGULATORY COMMISSION
, J WASKINGTON, D € 20883

SAFETY EurLuATICN BY THE OFFICE OF %% £LEAR REACTOR REGULATICH
e aTey 7O AMENDHENT NO. 11210 FACILITY CPERATING LICENSE XD, CPR:3:
A AMESDHENT M2 106 TO FACILITY OPERATING LICENSE NO, 0P8 41
FLORIDA POWER AND LICHT COMPANY

URKEY POINT UNIT NOS, 3 AD &
*ekET 108, §0-280 AD $0-28) J

*ne R
tntpadyeeien
— ———————

Jow. o« tiams, or. %3 9. 6. Tisenhwt, cates Fedruary 8,
CFtariza bawer & L3t Conpany recuerted that the terkey Point Units

§ ars & Tecnnicd) Szecifications Lo emences 0 corsing the raacter

lgster from

cesse) material surceiltance program for these units 11l 3 sirgle inte

tes surveillance progeam.  Adgitional information concerning the prse

¢4 charge wis pravices dv the Yicensce in @ ietter from J. W, wWilliens, Jr.
s §. & Varge dater Marsy €, 1985,

4 revised Appendgix M, 13U CFR 50 was published in the Fecera) Register en
May 27, 1323 ang became effective on .u‘y 26, 1983, Section 11.C ol the
revised Appencix W permitls an 1ntogrutce surveillance pregram provices 1%
is soproves By the Direstor, Office of Nuclear Reactor Regulation. This
sestion of A::e"\x W ofmpatifies the criteria to be uses in evaluating M2

{mtagrates surveiliance pregram. The criteria are:

»

There must be substantial eovantages o be gaines, s.co a3 recucod
power Sutages Orf TeZuced personnel expoiure to raciaticn, #s o gircct
result of not reguiring surveillance caosules in all reactors 10 ihe
set.

The dasign and cperating features of the reactors in the set must de
sufficiently similar Lo permit accurate compariscns of the precicind

amsunt of radiaticn gamage as a functien of total power output.

There must be an acequate cosinetry program for eact reactor
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4 There must be a contingenty plan to assure that the surveillance
program for each reactor will not be jeopardized by operation at
reduced power leve! or by an extended putage of another reactor
from which data are expecied.

o

No reduction in the requirements for numder of materials to Le
irraciated, specimen type, or numder of specimens per reactor 1§

permitied, but the wmount of testing may be reduce. 1f the initia) results
agree viih preciztions. V]

N

There must Do acesuate arrangement for 2ata sharing Detween planis,

es Bvatuatisn

Sach unit at Turkey Psint began commercial operation with 8 survetllance
capsules in each reactisr vessel. Ten capsules containes forging material
arc six capsules contained weld meta!, forging, and heat affected zone (IAZ)
materials. To date, two Capsvles containing furging material and two
cassules gontaining weld metal, forging, and MAZ materials were irragiated,
removes from the vessel, and tested. The test results from the surveillenc?
material indicate that the weld meta) will sustain the most irraciation
damage. Since, based on the {nitia) test, the weld metal is more
susceptible to irradiation damage than the forging material, the licenses
has proposed to retain the capsules with forging material as standby
specimens in the reactor vessel and test only those capsules with weld
metal, forging, and HAZ materials. Since fewer capsules will be witharawn
shan originally anticipated, the radiation exposure (ALARA) to plant
personnel should be recuced,

The ‘icensee's FSAR Volume 2 indicates that the materials and designs ter
the core, *hermal shield, core barrel and vesse) are the same for edch
unit at Turkey Point, Since the neutron energy specerum is a function of
geometry, materials, and core loading, the relative neutron spectrum for
both reaciors should be egquivalent for equivalent core loadings. The
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licensee ingicates that fuel management and cycle lengths for both units
nave been similar. Thus neutron spectird profiles at the peak fluence
locations shou'd be ecuivalent. .

The neutron fluente, which is used to precict radiation damage, is calcur
lated using POQT power gistribution cata, and computer coces SORREL and
50T 4.3. As byilt gimensions anc 1nd vidua) materia)l propertiesdre
ipzorporates into e 207 42 mocels. ~ence, using these codes, the
{consee will De atle %3 pregict ragiation damage 4s & fungtion of power

facs vesse! has ot inecapsule and intcavity dosimetry, which will be

Js@z to verify the ne.ticsn spectira and tne codes that were used to predict
neutron fluence as a funciion of power output. Si) e each plant has its
owh capsules ang doth plants are capable of independently predicting and
monitoring raciation camage as @ function of power output, the program will
not be significantly jecpargizec by operation at reducec power levels or Dby
an extended outage of either plant.

Based on the intial test, the limiting material fur each unit is weld
material, which 1s identified as SA 1101, This material is in each capsule
shat will be irraciated ancd tested. Capsules that have been deleted  rom
surveillance testing do net contain the limiting material and will be
recained as standdby specimens in the reictor vessel, Since the amount of
1imiting material in tne surveillance program has not chnaged, the numder
of usefyl surveillance specimens available for testing has not changed.

8cth units have common management and the surveillance program will be
managed by their Nuclear Energy Department. Therefore, there should be
acequate data sharing.



111, Finging$

1. We have conclydec based on the details in Section 1! of this Safety
Evaluation, thet the integrated surveillance program meets the evaluaticn
criteria specifiec in 10 CFR 8C, Appendix K 11.C. 1f future core designs
are significantly different than those documentec by the Jicensee, the
licensee must exzlain the effect that the changes have on neutron
(eradiztion damage ang the surveillance capsule withgrawal schedule,

’

Insgavity cosImes™y testing should continue 1n orser Lo reducy pra”
jectes yntertainiies in neutren fluence. If these test resulls

avzvize an effecttue meihod of monitoring vessel neutrun Tluen

"
“w

tse in*Chvity gcsmelry shoula de incorporated 1ntd the intogratad

sorveillance pregram.



1V, Environmental Congideraticn

These amendments invelve changes in the installation or use of the

facilities comporents 'ocated within the restricted areas as defined in 10

CFR 20 and in surve')lance requirements., The staff has determined that
these amencments involve no significant increase in the amounts, ”: no
significant change in the types, o any efflyents that may be released

ef¥cite ang that there s no significant increase in individual or cumulative

pesunaticnal raciat or exposyre, The Commission has previously issued @
proposed “inging that these amendments involve no significant hazards
cangiceration and there has been no public comment on such finding.

Aczorzingly, these amencments meet the eligibility criteria for categerical
exc'usion set forth in 10 CFR Sec §1.22(¢)(9)., Pursuant to 10 CFR §1.22(b)

nc environmenta! impact statement or environmenta) assessment tieed be
precared in connection with the issuance of these amendments.

We have concluded, dased on the considerations discussed above, that:
(1) there is reasonable assurance that the health and safety of the
public wi'l not be endangered by operation 4n the proposed manner,

ang (2) such activities will be conducted in compliance with the
Commission's requlations and the issuance of these amendments will not
be inimical to the common de‘ense and security or to the health and
safety of the public.

Datea: Aeril 22, 1585
Principal Contribytors:

B. EM1ct




UNITE") STATES
NUCLEAR REGU/.ATORY COMMISSION
WASHIN STON, D. C. 20885

February 27, 1985

Docket Nos., 50-250
and 50-25)

Mr, J. W, Williams, Jr., Vice President
Nuclear Energy Department

Florida Power and Light Company

Post Office Box 14008

Juno Beach, Florica 33408

Dear Mr, Williams:
Rcference: TAC Nos., 54428 and 55035

SUBJECT: NEAR TERM FLUX REDUCTION PROGRAM - TURKEY POINT PLANT UNITS 3 & 4

By letters dated March 1, 1984, April 2, 1984, June 4, 1984 and August 22,
1984, you provided the integral neutron source data we requested in our
letters of November 17, 1983 and July 26, 1984, We have evaluated the data
to verify the near term flux reduction resulting from your Pressurized
Thermal Shock (PTS) program for the Turkey Point Plant,

The results of our initial Safety Evaluation (SE) are provided in

Enclosure 1 to this letter. In reviewing your near term flux reduction
program, we assessed the perfurmance of the part-length burnable absorber
assemblies designed explicitly for flux reduction to the pressure vessel
circumferential welds and concluded that the flux reduction factor is 2.6,
This conclusion was based on independent audit calculations performed by our
technical consultants at Brookhaven Nationa! Laboratory,

However, our initial ev51ggt1gn did not take into ggco%nt the revised value
of the required fast neutron flyence for Turkey Point Plant, Units 3 «nd 4,
to reach the PTS screening criterion, The revised velue is based on the
detatis provided in our St relating to Reactor Vessel Materials Data for the

Turkey Point Vessels which was provided to you in cur letter dated April 26,
1664,

The results of our supplemental SE, provided in Enclosure 2, indicates that
the combination of the new fluence value and the present loadin? flux
reduction will allow both plants to operate for 32 Effective Full Power

Years (EFPY) without reaching the PTS screening criterion. The 32 EFPY is
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Mr, J. W, Williams, Jr. « 2 - February 27, 198%

equivalent to the 40 year licensed life considering a conservative capacity
factor of 80%. This conclusion 1s based on the current low leakage loading
foctor. This completes our review of your near term flux reduction program.

Sincerely,

F at
Steven A, ga, Chief
Operating Reactors Branch ¢1
Division of Licensing

Enclosures:
As stated

cc w/enclosures:
See next page



Jn N. “1]‘i‘m‘. JT.
Florida Power and Light Company

cC:

Harold F, Reis, Equire
Newman and Moltzinger, P.C.
1615 L Street, N.W,
wWashington, DC 20036

Mr. Jack Shreve

Office of the Public Counsel
Room 4, Holland Bui]ding
Tallahassee, Florida 32304

Norman A, Coll, Esquire
Steel, Hector and Davis
4000 Southeast Financial

Center
Miami, Florida 33131-2398

Mr. Ken N, Harris, Vice President
Turkey Point Nuclear Plant
Florida Power and Light Company
P.0. Box 029100

Miami, Florida 33102

Mr. M. R, Stierheim

County Manager of Metropolitan
Dade County

Miami, Florida 33130

Resident Inspector

Turkey Point Nuclear Generating Station
U.S. Nuclear Regulatory Commission

Post Office Box 57-1185

Miami, Florida 33287-1185

Regional Radiation Representative
EPA Region IV

345 Courtland Street, N.W,
Atlanta, GA 30308

Intergovernmental Coordination
and Review

Office of Planning & Budget

Executive Office of the Governor

The Capitol Building

Tallahassee, Florida 32301

Turkey Point Plants
Units 3 and 4

-
-

Administrator

Department of Environmenta)
Regulation

Power Plant Siting Section

State of Florida

2600 Blair Stone Road

Tallahassee, Florida 3230)

James P, O'Reilly

Reg1ona1 Administrator, Region 11
U.S Nuclear Regulatury Commission
Suite 2900

10] Marietta Street

Atlanta, GA 30303

Martin H, Hodder, Esquire
1131 N.E. B6th Street
Miami, Florida 33138

Joette Lorion
7269 SW £4 Avenue
Miami, Florida 33143

M, Chris J, Baker, Plant Manager
Turkey Point Nuclear Plant
Florida Power and Light Company
P.0. Box 029100

Miami, Florida 33102

Attorney General

Department of Legal Affairs
The Capito)

Tallahassee, Florida 32304

Mr. Allan Schubert, Manager
Public Health Physicist
Department of Health and
Rehabilitative Services
1323 Winewood Blvd.
Tallahassee, Florida 32301



ENCLOSURE )

TURKEY POINT UNITS 3 AND 4, EVALUATION OF THE
FLUX REDUCTION FACTOR USING PART-LENGTH
BURNABLE ABSORBER ASSEMBLIES TO MEET THE NRC
PRESSURIZED THERMAL SHOCK CRITERIA

Introduction

The staff identified several plants in need of flux reduction in order for

them to be able to operate for 32 Effective Full Power Years (EFPY) without
violating the NRC Pressurized Thermal Shock (PTS) screening criteria. (1, 2).
For Turkey Point - 3 and 4 the staff estimated (for the end of 1982) that the
required flux reduction needed for efther unit to cperate for 40 calendar years
(2t a load factor of .8) was 4.5. Florida Power and Light (FPEL) the licensee
has implemented a flicnce reduction program consisting of low leakage fue! load-
ing patterns coupled with part-length burnable absorbers, located so as to re-
duce the neutron flux to the pressure vessel circumferential weld from high
importarce core locations.

Based on power and exposure distributions supplied by FPEL (3-7), the Core
Per‘ormance Branch performed an evaluation of the fluxes (and fluences) associated
with the first nine cycles of operation of Unit 4 and the first 10 cycles of
operation of Unit 3. The review and evaluation included independent audit
calculations carried out by staff consultants at BNL.

Evalyation

Fast neutron flux (E »1.0 Mev) calculations at the inner surface of the
Pressure Vessel (PV) on the lower core belt circumferential weld were based
on the flux synthesis methodology (8).




This approach consists of the following steps: &

o. Determine the contributions to the flux above 1.0 MeVv
near 0° (the peak azimutha) flux locetion) on the fnner
surface of the PV from individua) assemblies in the
reactor core based on calculations in (r,e) geometry.

b. Determine the contributions to the fast flux at the lower-
tosintermediate shell circumferential weld from discrete 12 in,
high axial segments for the two outermost rows of assemblies
based on calcualtions in (r,z) geometry.

¢. Combine the results from (1) and (2) with the three-dimeniional
core power (neutron source) distributions to obtain the desired
flux and fluence values,

The same approach was also used for H, B, Robinson and the (r,o) geometrica)
results have been used here as well, These results were generated with the
DOT-3.5 (9) discrete ordinates transport coge in the fixed-source mode with an
SB-P3 angular approximation. Region dependent, 16 neutron group cross sections
were based on the DLC-37/EPR (ENDF/B-1V) 1ibrary (10). HBR-2 has virtually
fdentical core/internals/vessel dimensions and materials to those of the Turkey
Point units; therefore, the only modification to the HBR-2 results was a slight
increase in the flux values to account for the higher temperature of the bypass
water for the Turkey Point units, The results of these calculations provided
the flux above 1.0 MeV at the inner surface of the PV near the core major axis
due to unit sources located in assemblies 6, 7, 8, 13, 14, 15, 19, 20 and 24,
Figure 1.

Calculations were also performed in the (r,2z) geometry with the reactor axial
configuration as shown in Figure 2. This configuration was modelied with 9]
axial and 78 radia) intervals with the DOT-4.3 (11) discrete ordinates transport
code.




.3.'

The lé-group, P3 Cross sections were the same as those used for tho'?r.o&
calculations, Note that » single set of cross sections was used for the

core, 1.e. axialiy zoned burnable absorbers were not accounted for. Fixed
source calculations were performed in the adjoint mode with an 58 symmetric
quadrature. The fixed source was located at the inner surface of the vesse)

et the elevation of the limiting circumferential weld (Figure 2) and the
fmportance of 12 in, high axia) segments in the first and second outermost

rows of assemblies to the fast flux at the weld were determined. Finally the
(ro) and (r,2) geometry results were combined with the core power distributions
to obtain the flux above 1.0 MeV at the 1imiting circumferentia) weld near the
core major axis. A further refinement was included 1.e. an exposure correction
based an the analysis of Reference 12.

Power and exposure distribution data were provided by FP&L for the determination
of the sources to be used 1n the evaluation of present and projected EOL fluences.
While the information that was provided was relatively complete for Unit-3, not
011 the necessary sssembly exposure data were available for a1l cycles of Unit 4.
Consequently, recsonable estimates were made for the averags exposure associated
with the peripheral assemblies for cycles for which this data had not been provided.
The only other area where approximations for the source were made for both units
was related to the axial power distributions since data were not provided for all
assemblies required 1n the flux synthesis scheme.

Results for the fast flux at the 1imiting circumferential weld near the core
major axis are presented in Table 1 for Turkey Point Units 3 and 4. Results

ere for Cycles 1-7 (basec on single exposure weighted source and exposure dis-
tributions) and for Cycle 8, and §, and for Unit-d, Cycle 10, explicitly. Two
sets of results are given for each cycle, one assuming & uniform nominal exposure
of 6,000 MWD/MTU for a1l assemblies, and one where the assembly-wise neutron
sources were corrected for the specific exposures associated with each assembly.
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The results in Table 1 eccount for the neglect of pin-wise source distribution
effects on the (re0 DOT calculation by en approximate factor based on @8 gehcr1c
study of this effect (12}, The percent increase in the fast flux due to the
exposure correction, and fast flux reduction factors for cycles greater than
Cycle 7, relative to the resuits for the averaged Cycle 1.7, are 8150 given.

The associated estimates for the pccumylated fluence after each cycle and ot

gOL (assumed to be 92 (£FPY ) are given {n Table 2. These values are based

on the exposure correctec fast flux velues of Table 1. The results indicate
that a significent reduction in the fost flux (7 62%) can be achieved ot the
critical weld by @ combination of an vextreme” 10w leakage fuel loading pattern
coupled with appropr1ate1y located part-length absorbers (in assemblies 8 and
15 of Figure 1). The reduction 4n projected EOL fluence, however, is less

( -50%) relative to the value obtained by assuming that the aversge” Cycle 17
power distribution is |pp11cab1e through 1ife.

A reduction of the fast flux by 62% {s equivalent to 8 factor 3, 1f the :)

flux reduction which was implemented for Cycle B 1in Unit 3 ot + 9 in Unit

-~ 4, were maintained both ynits would reach the screening criterion in 1989.

. _{(assuming an 80% load factor) (13). According to the August 2, 1983 licensee
priientation to the staff, progrcss1ve1y higher flux reduction factors were
planned for poth units. A flux reduction factor of 2.2 will extend the date tO
1994, while 2 factor of 3.3 will extend 1t O 2007. However, Our estimate of the
f1ux reduction pased on the FPAL data is 2.63 which corresponds 10 1999.

Summary and Conclusion

An audit calculation was performed by gNL on behalf of the staff to evaluate
the performence of the proposed part-\enqth purnable absorber assemblies with
respect to fast neutron flux reduction to the pressure vessel. The methodolgy
employed by BNL was pased on three dimensional flux synthesis. Based on date
supplied by Florida Power and Light 1t was estimated that the maximum £1ux re-
duction was by @ factor of 2.63. peguming an 803 load factor this would enablie
poth units to meel the PTS scre criteria until 1999.
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SECTION 1
PROGRAM OVERVIEW
-1, INTROOUCTION

The Reactor Cavity Neutron Measurement Program at Turkey Point Unit 3 {s
designed to provide a mechanism for the long term monitoring of the neutron
exposure of those portions of the reactor vessel and vessel support structure
which may experience radiation irnduced increases in reference ni) ductility
transition temperature (RTNDT) over the nuclear power plant lifetime. When
used in conjunction with dusimetry from internal survei)lance capsules and
with the results of neutron transport calculations, the reactor cavity
dosimetry allows the projection of embrittlement jradients through the reactor
vessel wall with a minimum uncertainty. Minimizing the uncertainty in the
neutron exposure projections will, in turn, help to assure that the reactor
can be operated in the least restrictive mode possible with respect to

1. T0CFR50 Appendix G pressure/temperature limit curves for normal heatup
and cooldown of the reactor coolant system.

2. Emergency Response Guideline (ERG) pressure/temperature limit curves.

3. Pressurized Thermal Shock (PTS) RT T screening criteria.

ND

In addition, an accurate measure of the neutron exposure of the reactor vessel

and support structure can provide a sound basis for requalification should
operation of the plant beyond the current design and/or licensed lifetime

prove to be desirable.

1-2. BACKGROUND

Over the lifetime of a nuclear power plant, changing fuel management schemes
can result in significant changes in both the magnitude and distribution of

3618e:1d/050586 11




neutron flux and, hence, neutron fluence throughout the reactor vesse!l
beltline region. In order to accurately assess the long-term effects of
neutron irradiation on reactor vesse! materials properties, these changes in
raciation leve)! must be well known,

tach operating reactor currently has a reactor vessel surveiilance program
usually consisting of from six to eight surveillance capsules located between
the core and the reactor vessel in the downcomer region near the reactor
vessel wall. The neutron dosimeters contained in these surveillance capsules
provide measurement capability at a single location within the reactor
geometry. By themselves they cannot provide the gradient infermation that is
required to evaluate the impact of fuel management schemes (such as the
{ncorporation of low leakage loading patterns) which may result in radical
changes in neutron flux distributions from cycle to cycle.

Additiona) information can be obtained by the use of supplementary passive
neutron dosimeters installed in the reactor cavity annulus between the reactor
vessel wall and the primary shield.

This dosimetry package provides spectral coverage sufficient to allow the
determination of fast neutron exposure parameters in terms of both neutron
fluence (E > 1.0 Mev) and iron displacements per atom (dpa). The res.lts of
this program will establish the azimuthal and axial gradients of fast neutron
flux and dpa over the beltline region of the reactor vessel, and wil) provide
a verification of the abil1ity of neutron transport analyses to predict
through-wal)l embrittiement gradients.

1-3. TECHNICAL DESCRIPTION

To achieve the goals of the Reactor Cavity Neutron Measurement Program two
types of measurements are made. Comprehensive sensor sets incluaing
radiometric monitors (2M) and solid state track recorders (SSTR) are employed
at discrete locations within the reactor cavity to characterize the neutron
energy spectrum variations axially and azimuthally over the beltline region of

3618e:1d/050586 12
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1.0 INTROOUCTION AND SUMMARY

1.1 Introduction

This report presents an evaluation for Turkey Point 3, Cycle 10, which
demonstrates tnat the core reload will not edversely affect the safety
of the plant. This evaluation was accomp)ished utilizing the
methodology described in WCAP-9273, “Westinghouse Reload Safety
Evaluation Mothodology"(z).

Turkey Point Unit 3 is operating in Cycle & with $6 Westinghouse
optimized fue! assemblies and 101 westinghouse 15x15 low parasitic
(LOPAR) fuel assemblies. For Cycle 10 (expected startup June 19, 196%)
and subsequent cycles, *t is planned to refue! the Turkey Point Unit 3
core with Westinghouse 15x.0 optimized fuel assembly (OFA) regions. In
a licensing submittal (2) to the hRC, approval was requested and later
approved for the transition from LOPAR fue! to OFA and associated
proposed changes to the Turkey Foint Units 3 and 4 Technical
Specifications. The licensing submittal justified the compatibility of
Optimized Fue) Assemblies (OFAs) with LOPAR fuel assemblies in a
mized-fuel core as well as a full OFA core. The licensing submitta)
contained mechanical, nuclear, thermal-hydraulic, and accident
evaluations which are also applicable to the Cycle 10 safety
evaluation. Approval of the license application for the OFA transition
was granted by the NRC in a SER(B) dated December 9, 1983,

A1l of the accidents comprising the licensing basos(z'v) which could
potentially be affected by the fuel reloas have been reviewed for the
Cycle 10 design described herein. The results of new analyses are

091L 4:8%028
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INTRODUCTION

1.0

Before 1979, 30 reported incidents occurred in pressurized water reactors (PWR:)
where the pressure/temperature limits contained in the technical specifications
for the reactor coclant System were exceeded. Most of these events occurred
during reactor startup or shutdown when the reactor coolant system was in a
water solid congition, 1.e., NO steam or gas space in the pressurizer. Over-
pressure events primarily resulted from the loss of letcown flow with continued
charging flow, inadvertent safety injection, or a heatup transient caused by
starting a reactor coolant pump with the seconcary coolant system temperature
higher than the primary temperature. These events were caused by either
equipment malfunction or operator error.

Low temperature overpressurization (LTOP) was cesignatec a generic issue because
of the possidility of a vesse!) failing by the brittle fracture mechanism. This
failure mode may be a consequence of a pressure transient after the vesse) material
toughness has been reduced cue to irradiation effects (1.e., increase in nil-
ductility transition temperature) while a critical size flaw exists in the
vessel wall. NRC rosolved the generic issue in 1876® by recommending that PwR
licensees implement procedures to reduce the potential for overpressure events
and install equipment moaifications to mitigate such events.

Since that time, ten pressure transients have been reported. The two events

at Turkey Point Unit 4 on November 28 and 29, 1981 exceeced the technica)
specification 1imit (415 psig below 355°F) by abeut 700 ang 325 psi, respece
tively. The two events were cesignated Abnormal QOccurrences Oy the NRC (Ref. 1).
The other eignht reported events were mitigated by the overpressure protection
system. These twoc overpressure events and a significant numder of events at
cther PWRs invelving inoperadle trains 2f the oversressure srotectien system
promotec AECU %o initiate an evaluation of operationa)l events with the focus
2rimarily on Turkey Point

The overpressure protecti

on system and the overpressure events at Turkey Point
Unit & are described in Sec
”

tions 2 and 3. Section 4 containg the analyses anc
evaluation of the two events, including utility management's reaction %o the
events. Section © reviews the operational experience related L0 1noperable
trains of the overpressure pratection system at other PwRs Section & evaluates
the aceguacy ¢f existing 0 °

L 5
the neec fcor coerat

Lt

technical speci s

o
)y OH

& » 5 ¢ - s
:=10NS 286 %

S AR ar. -

7 giscusses

CING ‘N @ water solig congitier secLion & sts Lhe fing~
'NGS ang conciusions, ang Section § containsg the ALOD ~ecommencations tased on
his Case stud

"NUREC-022¢ entitled, "Reactzr Vessel Pressure Transient Pratsction for Pres-
surizec w~ater Reactors,' was published in September 1578 cocument ng the com-
pletion of the generic activisy LTCP mitigating systems were installed in
most plants beginning in 1§78




1.0 INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

This report presents an evaluation for Turkey Point Unit 4, Cycle 10,
which demonstrates that the core reload will not adversely affect the
safety of the plant. This evaluation was accomplished utilizing the
methodology described 1n WCAP=9273, “Westinghouse Reload Safety

Evaluation Methodo1ogy“(1).

Turkey Paint Unit 4 is operating in Cycle 9 with all Westinghouse 15x15
low parasitic (LOPAR) fuel assemblies. For Cycle 10 (expected startup
mig 1984) and subsequent cycles, {1t is planned to refue) the Turkey
Point Unit 4 core with Westinghouse 15515 optimized fuel assembly (OFA)
regions. In a licensing submittal (2) to the NRC, approval was
requested for the transition from LOPAR fuel to OFA and associated
proposed changes to the Turkey Point Units 3 and 4 Technical
Specifications. The licensing submittal justifies the compatibility of
OFAs with LOPAR fuel assemblies in a mixed-fuel core as well as 2 full
OFA core. The 'icensing submittal contains mechanical, nuclear,
thermal=hydraulic, and accident evaluations which are applicahle to the
Cycle 10 safety evaluation, Approval of the license app11cct~:n(

for the OFA transition was granted by the NRC in a SER(J) dated
December 9, 1983.

In a separate 'icensing submﬁtta1(‘) to the NRC, approval was
requested to increase the maximum FAH 1imit to 1.62 at normal
operating concitions as part of a vessel flux reduction program(S) &0
partially resclve the pressurized therma)l shock concerns. The report
contains nuclear, therma'=hydraulic, and accigent evaluations which are
applicable to the Cycle 10 safety evaluation. Approval of the license
abo1ication(‘) for the increase in the F:Hiim\: was granted

by the NRC in 3 SER(6) dated December 23, 1983

P
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1.0 INTRODUCTION AND SUMMARY

1.1 Introduction

This report presents an evaluation for Turkey Point 3, Cycle 11, which
demonstrates that the core reload will not adversely affect the safety of the
plant. This evaluation was accomplished utilizing the methodology described
in WCAP-8273, "Westinghouse Reload Safety Evaluation Nothodo1ogy'(1).

Turkey Point Unit 3 is operating in Cycle 10 with 112 Westinghouse optimized
fue! assemblies and 45 westinghouse 18x1% low parasitic (LOPAR) fuel
assemblies. For Cycle 11 (expected startup mig-May, 1987) and subsequent
cycles, it is planned *o refuel the Turkey Point Unit 3 core with Westinghouse
15x15 optimized fue! assembly (OFA) regions. In a licensing submittal (¢)

to the NRC, approval was recuested and later received for the transition from
LOPAR fuel to OFA and the associated proposed changes to the Turkey Point
Units 3 and 4 Technical Specifications. The licensing submittal justified the
compatibility of Optimized fuel Assemdblies (OFAs) with LOPAR fuel assemblies
in & mixed-fue) core as well as 2 ful) OFA core. The licensing submittal
contained mechanical, nuclear, thermal-hydraulic, and accident evaluations
which are also applicable to the Cycle 11 safety evaluation. Approval of the
license application for the OFA transition was granted by the NRC in 2

SER(3) dated Decemper S, 1983,

A significant number of Integral fuel Burnable Absorber (IFBA) rods are being

usez for the first time in Turkey Point Unit 3* as part of the Region 13C and

13D fue) assemblies. These rods are described in Section 2.1. A more

detailed description and evaluation of 1FBAs for 14x14, 15x1% and 17x17 fuel

arrays are given 1n References 4 and 5. The NRC ha§639provod the use of [FBAs
\

for westinghouse fuel rods in 16x15 fue) assemblies "',

*Turkey Point Unit 3 did have demonstration IFBA rods in Cycles 8 and 9.

ML ET04 N
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1.0 INTRODUCTION AND SUMMARY

1,1 INTRODUCTION

This report presents an evaluation for Turkey Point Unit 4, Cycle 11, which
demonstrates that the core reload will not adversely affect the safety of the
plant. This evaluation was accomplished utilizing the methodology described
in WCAP-9273, "westinghouse Reload Safety Evaluation Mothodcﬂogy"(1

Turkey Point Unit 4 operated durinj Cycle .0 with 117 Westinghouse 15x15 Tow
parasitic (LOPAR) fue) assemblies and 40 westinghouse 15x15 optimized fuel
assemblies (OFA). For Cycle 11 (expectec startup May 1886) and subsequen.
cycles, it is planned to refuel the Turkey Point Unit 4 core with primarily
Westinghouse 15x15 optimized fuel assemply (OFA) regions. In a licensing
submittal(z) to the NRC, aporoval was requested for the transition from

LOPAR fuel to OFA and associatea proposed changes to the Turkey Point Units 3
and 4 Technical Specifications. The licensing submittal justifies the
compatibility of OFAs and LOPAR fuel assemblies in 2 mixed-fuel core as well
as a full OFA core. The licensing submittal contains mechanical, nuclear,
thermal-hydraulic, and sccident evaluations which are applicable to the Cycle
11 safety evaluation. Approval of the license app1ication(2) for the OFA
transition was granted by the NRC in 2 SER(B) dated December 9, 1983.

In a separate licensing submitta1(4) to the NRC, approval was requested to
increase the maximum FM limit to 1.62 ag‘norma1 operating conditions as

part of a vessel flux reduction program(o) to partially resolve the
pressurized thermal shock concerns. The report contains nuclear,
thermal-hydraulic, and accident evaluations which are applicable to the Cycle
11 safety evaluation. Approval of the license app1ication(4} for the
increase in the F:H limit was granted by the NRC in 2 SER(6> dated

December 23, 1983.
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Steel Hecior & Davis
Mami. Flonde

John T, Butier
(208) §77 - 2099

October 13, 1989

Joette Lorion

Center for Nuclear Responsibility
5901 8.W. 74th Street

Suite #304

South Miami, Florida 33143

Re: Florida Power & Light Company (Turkey Point Plant,
Units 3 and 4), Docket Nos. 50-250-OLA-4 and
50~-251-0LA~-4 (P/T Limite)

Dear Joette:

I am enclosing copies of the safety evaluations for the
Unit 4, Cycles 10 and 11 fuel reloads. Together with the safety
evaluations previously delivered to you, you shnuld now have the
safety evaluations for Unit 3, Cycles 9, 10 and 11, and for Unit
4, Cycies 10, 11 and 12. These represent the evaluations for
cycles that covered the period beginning in 1985 and extending
to the present.

You also asked me for the capacity factors for years
prior to 1985. I believe the following is responsive to your
request (1974 was the first year for which the information was
available to me):

Unit 3 Unit 4
1974 62.1 74.1
1975 75.0 68 . 4
1976 73.8 64 .5
1977 76 .6 62.8
1978 77.1 64.9
1379 49.3 65.9
1980 77.3 67.9
1981 16.1 78.5
1982 66.3 67.9
1983 75.0 817
1984 81.8 52.6

My records reflect that you now have all the
information you requested. Please contact me if this is not

Mam Ofce 1200 Normbnage Centre | 440 Rove Paim Way 1200 Corporate Place
4000 Southeast Frrancwy Centsr  West Pam Beach FL 33401 407 Paim Besch FL 33480 1200 North Facens Highway
Marm: FL 331371 2388 (305) 850 7200 (30%) 850 7200 Boca Raton FL 20402
(308) §77 - 2800 Fax (308) 855 1508 308) 394 5000

Fax (J08) 358 1418 Fax (306) J54 4856
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Steel Hector & Davis

Joette Lorion
October 13, 1989
Page 2

your understanding as well. I apologize for the earlier
confusion and hope that, by providing the missing information to
ou within a day of your request, I have avoided any serious
neccnvenience on your part.

Sincerely,

e

John T. Butler
Enclosures

cc: Steven P. Frantz, co-counsel for
Florida Power & Light Company
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o ¥ . April i1, 1977
R, L=77-113

ifice of Nueclear Faactor Regulation
Attention: Mr., George Lear, C\za!
Operating Reactors Branch 42
Divisizsn ¢7 Crnerating Reattors
U. 8. Nuclear Rejulacozy Comniss
washington, D. €. 20833
Sear Mr. Leary
Ret Turkey Polnt Tniht s
Cogket o, 30-353
Fraceu=g Toughnesy Nocuiraments

on April 7, 1977, a moexing was hell with mamoers of yeur atafl
vs diseouss the 3%3:.3 o =he Tarkay Fiiat Unit { reactor

vessel wisth respecs %2 :ne fracture tiijhness requiraments
of Jecticn V.DB o‘ Aspendin G o 10 oI™ SJ. At that eeting,

e showed that the wald metal surveililance data for tue T.rkey

imt Unit 3 reactsr isssl sepresent n3t only the, i@“
ﬂidplanc circumfaszancial welds an Uaiv 37"but In vn 28
Data supporting this conclusicn are attached.

o

mee data show thasz :ho waldmeat sampies from a Unit 3 Sure
veillance capsu "ot and fzenm c"“ e*® Unit 3 and Unit 4
reactar vessels were male from the sive combinaticn of Iiller
wire heat number and welding flux 13t sumber. Heowever, o

weldrent samples from a Uait 4 survel.lance capsule "7%, al
containing the sam? fillar wire heas number, used & dif!-:
" o=

weldlag 2lux lot awnber. Therefore, the Unit 3 capsula "7
sample is more reprasentative of the Talt 4 reactsor vessel.

though
nt

S® s bt

trradiation data {ro
MRC ¢on Octecber 19, 1%

=& Unit 3 -a*:-na was submitted to the
\

376 (L=75-363). e datt ¢xxhibitzd a shelf
eng*y" of 33 !*-‘“s st a fluence o? S. % 3 aye Acsocdingly,
the mid-plane ci: wfarantial vesssl weald in Unit 4 zan De
exzeasted &0 aintain 2 shelf energy .3 2l in excass of 50 ft-lbs
at the 1/4 7T locasisn until at leass Jine 1380 at which. tine
~ 1 4 § N1 . .y . |ﬁ13
this leocation will nave received a fl.snce of 5.7 x 207" av

I os0 304
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pftice of Nunlear Reactor Pegulation
Page Two

tn the October 19 lettes, we also stoted that additional 1o.. .. g
were being prepared by our v$sS vendor to somplete summari. s
the fatigue, accident, and fracture analyses for Units 3 an

e expect to receive tnise additional reperes in drafe foru

sbout one week, and should te able to feorward them on to Yo
office in approximately & to 8 weeks.

The evaluation discussed above supports toe conclusion we

presented at the April 7 meeting that an sppendix G inservi
inspection of the Un./t 4 resctor vessel talt-line area neel

ot be conducted until after Juna 1980.

Very truly yours,

Attachment

ee: Mr. Norman C. Moselay, Pegion II
Robert Lowenstein, Tsguire
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LOW TEMPERATURE OVERPRESSURE
EVENTS AT TURKEY POINT UNIT 4

Case Stucy Report
Reactor Operations Analysis Branch

- Office for Analysis and Evaluation
of Operationa) Data

March

>
w
o
F 2

Preparec oy weyne D. Lanning

NOTE: This report cocuments results of study completec o cate by the 0ffice
for Analysis ang Evalvation of Operationa) Data w: th regarc to 2
particular operational situaticn. The fingings and recommencations
$o not necessarily represent the ,~tition or requirements of the
responsidble program office nor the Nuc'ear Reguiatory Commissien
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1.0 INTRODUCTION

Before 1979, 30 reportes incigents occurred in Presiuriiec vater reactors (Pwky)
where Lhe pressure/temperature 1imits containes in the technical specifications
for the reactor coolant system were exceeced. Most of these events occurree
GUring rescior startup or shutdown when Lhe resctor coclant system was in @
water s0lig congition, 1.e., no steam or Qas space 'n ihe pressurizer. Overs
pressure events primarily resu'ted from the loss of letcown fow with continyes
charging flow, inagvertent safety injection, or a heatup transient caused by
STArLing @ resctor coolant pump with the seconcary coolant system temperature
higher than the primary temperature. These events were causes by either
equipment malfunction or operator error.

Low temperature overpressurization (LTOP) was Cesignetec a generic Yssue decause
of the possidility of & vesse! failing by the brittle fracture mechanism. This
feilure moge may be a consecuence of a presiure transient afler the vesse) materia)
Loughness nas been recuces cue to irracdiation effects (1 €., increase in nil-
Guctility transition temperature) while a critical 8020 aw exists in the

vessel wall. NRC resolved the generic issue in 2876° dy ricommending that Pwhk
licensees implement procedures Lo reduce the potent ) ‘or overpressure events

ang Tnstal) equipment mogifications to mitigate such events

Since that time, ter pressure transients have been reportes.  The two events

4t Turkey Point Unit 8 on Novemper 28 ang 29, 1961 erceeces the technica)
specification Yimit (415 psi; below 355°F) by adbewt 700 ang 328 psi, Tespec
tively  The tec events were cesignatec Abnorma) Occurrences Sy the NRC (Ref. 1)),
The other eight reporied everts were mitigated by he overpressure protection
system. These teo cverpressure events ang @ significant numder of events at
cther PwRs ‘mvolving inoperatie traing 27 the Overzressute srotection system
promotec AECT 2 imitiate an evaluation of operationa’ everts with the focus
srimary 'y on Torhey Point

The overpressure protection system and the overpressure events at Turkey Point
URIL & are cescrided in Sections 2 ang 3 Section & contarng the anadyses anc
evaivation of the two events, including utility maragement's reaction to the
events. Section § reviews the operatioral experience re'ates L0 ‘noperadle
tratng of the overpressure protection Ssystem at other Pwig Section € evalvates
WNe ACecuacy Y existing LTOP technica) spectifications sectian 7 grscusses

WNE NeRC TIr SSerating ‘n 8 eater sol10 coreition.  fectiim B ‘igts tre fimge
TAGE ANG CONCIVEI0MS, AN Sestion § Conta'ing the ALl reccmmencat o

TN Sase uly

.
Rt Z88¢C ON

SNUREG-022¢ entitles, "®eactz» Vesse) Pressure Transient Protection for Pres-
Urilec wate” Reactirs " was sublished in Sentemter 1678 gocumenting Lhe come
S10LT0N oF the Seneric activisy TCP mitigating systems were 'nstalled in

mest plants beginning n 15°%




1.0 INYQQQQCT}QN AND SUMMARY

1.1 NTRODUCTION

This report presents an evaluation for Turkey Point Unit &, Cycle 10,
which gemonstrates that the core reload will not adversely affect the
safety of the plant, This evaluation wis sccomplished vtilizing the
methodology described in WCAP-9273, "Westinghouse Relosd Safety
Evaluation MO\hOCO\Ogyn(i).

Turkey Point Unit & s operating in Cycle § with all Westinghouse 1515
Tow parasitic (LOPAR) fuel assemtifes. For Cycle 10 (expected startup
mig 1986) an¢ subsegvent cycles, 1t 13 planned to refuel the Turkey
Point Unit & core with wWestinghouse 16516 optimized fue) assembly (OFA)
regions. In a licensing submitta) (2) 4o the NRC, approva) was
reguested for the transition from LOPAR fue) to OFA and associated
proposed changes to the Tyrkey Point Units 3 and ¢ Technical
Specifications. The licensing submitta) justifies the compatibility of
CFAs with LOPAR fue) essemblies 1n @ mived-fuel core as well as a full
OFA core. The licensing submittal containg mechanical, nuclear,
therma)=hycrav'iic, ang accicent evaluations which are applicable to the
Cycle 10 safety evaluation. Approval of the license 0991*catwon(

for the OFA transition was granted by the NRC in 2 ssa(3) Jated
December 9, 1883,

¢
1n o separate licensing Subm§t%l7( ) Lo the NRC, approval was
recuested to increase the maximum FAH 1imit to 1.62 at normal

eperating concitions as part of & vesse)! flux reductiion program(s) to
partially resclve the pressurized thermal shock concerns. The report
containg nuclear, therma)=hycraulic, and accicent evaluations which are
applicable to the Cycle 10 safety evaluation. Approval of the license
09911clt1on(‘) for the incresse in the F:H11mﬁt was granted

by the NRC in a SER(6) catred Decemper 23, 1981

©161L:6/840329 1
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1.0 INTRODUCTION AND SUMMARY

1.1 Introduction

This report preserts an evaluation for Turkey Point 3, Cycle 11, which
demonstrates that the core reloed will not sdversely affect the safety of the
plant, This evaluation was accomp)ished utilizing the methodology described
in WCAP=§273, *Westinghouse Reloed Safety Evaluation Nothodoloey'(X).

Turkey Point Unit 3 is cperating in Cycle 10 with 112 Westinghouse optimized
fue) assemblies and 4% westinghouse 15,15 1ow parasitic (LOPAR) fuel
assemd)ies. For Cycle 11 (expected startup mig-May, 1987) and subsequent
cycles, it is plannec t¢ refue) the Turkey Point Unit 3 core with Hostﬁnghouso
15515 optimized fue' assemd’y (OFA) regions. In a licensing submittal (¢)

to the NRC, approve! was recuested and Yater received for the transition from
LOPAR fue) to OFA and the astociated proposed changes to the Turkey Point
Units 3 and 4 Technica) Specifications. The licensing submittal justified the
compatibility of Optimized Fue! Asserblies (OFAs) with LOPAR fuel assemdlies
in & mixed-fue! core as we'l as & full OFA core. The licensing submittea)
contained mechanical, nuclear, thermal-hydraulic, and accident evaluations
which are also applicable to the Cvele 11 safety evaluation. Approval of the
license application for the OFA transition was grantec by the NRC in @

se2'®) gated December §, 1983,

A significant number of Integral Fuel Burnable Absorber (1FBA) rods are being
used for the first time in Turkey Point Unit 3* as part of the Regien 13C and
130 fue) assemplies. These rods are described in Section 2.1. A more
getailes desc ‘ption and evaluvation of 1FBAs for 14x14, 15x15 anc 17217 fue)
arrays are given in References ¢ and 5. The NRC has approvec the use of 1FBAs
for Westinghouse fuel rocds in 18215 fue) ussomb\1os(6).

*Turkey Point Unit 3 did have demonstration IFBA rods in Cycles 8 and 8.

AT 1
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1.0 INTRODUCTION AND SUMMARY
1,3 INTRODUCTION

This report presents an evaluation for Turkay Point Unit 4, Cycle 11, which
gemonstrates that the core reload will not sdversely affect the safety of the
plant. This evelvation was accomplished vtilizing the methodology described
in WCAP-3273, “Westinghouse Reload Safety Evaluation Methodology" "'+

furkey Point Unit & operated during Cycle 10 with 117 Westinghouse 15515 low
parasitic (LOPAR) fue) assemb)ies and 40 westinghouse 15x15 optimized fuel
assendlies (OFA). fFor Cycle 11 (expectec startup May 1986) and subsequent
cycles, it 18 planned to refue) the Turkey Point Unit 4 core with primarily
Westinghouse 15x1% optimized fuel assemdly (OFA) regions. In & licensing
submsttal(z) to the NRC, approval was requested for the transition from
LOPAR fue! to OFA and associated proposed changes to the Turkey Point Units 3
and & Technica) Specifications. The licensing submittal justifies the
compatibility of OFAs and LOPAR fue! assemblies in @ mixed-fuel core as wel)
as & full OFA core. The licensing submittal contains mechanical, nuclear,
thermal-hyaravlic, and accicent evaluations which are applicable to the Cycle
11 safety evaluation. Approva! of the license appiicction(Z) for the OFA
transition was granted by the NRC in 2 SER(3) dated December 9, 1883,

In a separate licensing submﬁtta\(‘) to the NRC, approval was reguested to
increase the maximum FAH 1imit to 1.62 at normal operating conditions as

part of a versel flux reduction program(s) to partially resolve the
pressurizec therma)l shock concerns. The report contains nuclear,
thermal-hydravlic, and accident evaluations «hich are spplicadble to the Cycle
11 safety evaluation. Approval of the license app1ic0tﬁon(‘) for the
increase in the F:H vimit was granted by the NRC 4n @ SER( dated

December 23, 1983,

azalL b-000e12
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October 13, 198%

Joetty Lorien

Center jor Nuclear Responsibility
5901 S.W. 74th Street

Suite #1304

South Miami, Florida 33143

Re: Flurida Power & Light Company (Turkey Point Plant,
Unity 3 and 4), Docket Nos. 50-250-OLA-4 and
50-25)1 OLA-4 (P/T Limits)

Dear Joette:

I am enclosing copies of the safety evaluations for the
Unit 4, Cycles 10 and 11 fuel reloads. Together with the safety
evaluaticns previously delivered to you, you should now have the
safety evaluations for Unit 3, Cycles 9, 10 and 11, and for Unit
4, Cycles 10, 1] and 12. These represent the evaluations for
cycles that covered the period beginning in 1985 and extending
to the present.

You also esked me for the capacity factors for years
prior to 1985, ! believe the following is responsive to your
request (1974 wvas the first year for which the information was
available to me):

ynit 3 Unit 4
1974 62.1 74 .1
197% 78.0 68 4
1976 73.8 64.5
1977 76. 6 62.8
1978 77.1 64 .9
1979 49 .3 65.9
1980 2.3 67.9
1981 16.1 78.5
1982 66.5 67.9
1983 75.9 $1.7
1984 81 .5 £2.6

My records reflect that you now have all the
information you requested. Please contact me if this is not

Marn Ofoe (A0 wormitnoge Cewe 440 Rove Parm Wey A0 Corpoveie Pece 201 South Monvoe
SO00 SOTwaE France Cee  Wes Pam Desch FL 20400 4307 Paen Beson FLOIAE0 200 Nerth Feoew ghwey  Talanaasee L2001 1Bas
Man B30 2aee 1308) 680 7200 (M08) 880 P00 foce Pmon £ 30a00 M) PR A
Fax (306 688 BN 308 Ma HO00 P (M) 220 0D
®

Far (08 Jee ante
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Stee Hector & Davis

Joette lorion
October 13, 1989
Page 2

your understanding as well. I apologize for the earlier
confusion and hope that, by providing the missing information to
ou within a day of your request, ! have avoided any serious
nconvenience on your part.

Sincerely,

- o

John T. Butler
Enclosures

cc: Steven P. Frantz, co-counsel for
Flerida Power & Light Company
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Qifice of Nuclear ?cnc::r Regulation
sttention: Mr, Georja Lear, Chief

Opota‘in; szactors Branch #2
Divisizsn ¢ .,ar:zini Resctors
U, 8. Nuzlear Ra 2l3cozy Comnissicn
washington, D. C. 20833
Sear Mz, Lewm
Ret1  Tazkey sAmR Tnit S
Cooket o, Se=t%l
Prazhuse Tiuztness TamiizaTents

am Npril 7, 1977, a m2:tlng wa3 hell aeh marbers of your atafl
es Aigsuss the 3223:.3 ~! sae Surkay Fiint Onit . re:::::
vessal wish ressecs %0 :ne frasture tiiFhAesS raQuUiremoals
of Secticn V.D ©f 2pseniix 5 %2 10 JFF 30, At tn.. TEreting,
e Showed that the wald metal surveililance data for tug Turtey
Paime Unit 3 zeactsr ''i5sés TepTesent "ot only she core,
midplane circumfsrantis. walds in laiv 3, but {n vals $aawell.
Cata supporting this sonslusisn are gzzached.
mna data show sha: zho valdmeat samz':s from a Unit 2 sure
vaillance ca,s;le imn sed feem poth tie Unit 3 and Unit S
cpactar vessels were mile from the sive combinatien of Iillser
wire heat nurber 2nd walding flux l:: samser., Hewever. the
weldrent samples frzm a Unlt & survel..ance ca,sua-\"T although
containing the same fillar wire heas =murmber, used & diffarent
wo’d&n, 2iux lot autter. Tharefsre, the Uait 3 capsule "7'

atple is more representzactive of the Tnit 4 reactor vessel.

trradiation dasa from the Unit 3 -a,:.-a was submitted to tho
MRC on Octchber 19, 1276 (L-75-363), ne da*t exhibited a 3! elf
erergy 0f 33 fe-lks at a fluence of 5.“ x ave Acsazdingly.
.uo mideplane circ.nmisvantial vasssl weld in Unit 4 Fan e

sved o mainssin 2 shelf enersy :..11 in excess of 50 ft-lbs
at the 1/4 T locasisn until at leass Jine 1330 at zhxcis'i*a
this location will nave roceived a fl.snce of 5.7 X by nave.
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pffice of Nuclear Reactor Pejulation
rage Two

tn the October 19 lettar, we also stated that additional .. .. g
(" were being prepared by cur v$ss vendor to :omplete summari. )

the fatigue, accident, and fracture analyses for Units 3 an

‘e expect to receive tnase sdditional repsrts in drafe for.
sbout one week, and should be able to feorwsard them on to yo

office in approximately & to 8 weeks.

The evaluation discussed above supports the conclusion ve
presented at the April 7 meeting that an Jppendix G inservi ..
inspection of the Unit 4 resctor vessel talt-lina area nes.d

ot be conducted until after June 1980,

Very truly yours,

.’ﬂt:~\;?ﬂ i
—_—— - ™ o))

\ scsers E. Cheiy
e* Jize President

IV, MAS/cpe

Actachoment

es: Mr. Norman C. Moseley, region I
Pobert Lowenstein, Esjuilre
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LOW TEMPERATURE OVERPRESSURE
EVENTS AT TURKEY POINT UNIT <

Case Stucy Report
Repctor Operations Analysis Branch

. Ofrice for Analysis an¢ Evaluation
of Operationa) lata

March 19684

- » A
Freparec oy weyne J. LannIng

NOTE: This report cocuments results ©f stusy completec to date by the Dffice
for Analy-'s ano Evaluation of Overationa)l Data with regara to 2
particular operational situation. The findings and recommencaticns
¢o not necessarily represent the position or requirements of the
responsidle program office nor the Nuclear Regulatory Commission

BER*S3624" 14683,



1.0 INTRODUCTION

Before 1579, 30 reportes incigents occurred in pressurizes water reactors (PwRs)
where Lhe pressure/temperature 1imits contained in the technical specifications
for the reactor coolant System were exceecdec. Most of these events occurred
CUFIng FeaCtOr startup or shutdown when the reactor coolant system was in a
water s011¢ congition, 1.e., no steam or §as space 'n the pressurizer. Over-
pressure events primarily resulted from the loss of letzown flow with continves
charging flow, inadvertent sefety injection, or a heatud transient caused by
SLarting & reactor coolant pump with the seconcary coolant system temperature
higher than the primary temzerature. These events were caused by either
ecuipment malfunction or operator error.

Low temperature overprestyrization (LTOP) was cesignetec a generic fssue because

of the possidility of & vesse) failing by the orittle fracture mechanism. This
failure moce may be a corsecuence of a pressure transient after the vesse) materia)
Loughness has been refuced Cue to irraciation effects (1. e., increase in nil-
cuctility transition temperature) while a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>