e e
T ® . ®

REGULATORY INFORMATION: DISTRIBUTION SYSTEM: (RIDS)

ACCESSIONt N8R:8111020285: DOC.DATEls 817107253 NOTARIZED:: NO DOCKEM! #
FACILE50=250 Turkey Point' Planty Und t* 3». Florida Power and: Light C: 0Q3 0
* 50=251 Turkey Point:Planty Undt: 4,, Florida. Power: and: Light' C: 05000

AUTHI, NAMEIL AUTHUR!AFFILIATEON
UHRIG» R El Flordda« Power & Light Co.
RECIP, NAME! RECIPIENT AFFILIATIONt’

ETSENHUTY D' G, Division- of Licensing.

SUBJECT:: Forwards' corrected Page 1 to: attachment to util 8141021/ 1tpr
responding, to NRC 810821/ 1tpr« re: pressurijzed: thermal shbcki tox
reactor pressure! vessell s,

DISTRIBUTION CODE: A049S' COPIES: RECEAIVED:LTR ..“ENCLIZ. SIZEELL&E&iL-LL*
TITLER: Thermal Shock- to: Reactor: Vessel '

NOTES?:
RECIPIENT! COPIES RECIPIENT COPIES
19t CODEZ/NAMES LTTR -ENCL! 1D' CODE/NAME: LATRl ENCLL
 ACTION:: ORSI #1 BCl  01. 13 13
INTERNALE A/DI SA/DLI PR ABBOTT Ei 1 10
e AEDD. -1 AUSTIN, Ji 1 10
! BASDEKAS, D o1 CROUSE, R 1 14
DIRECTOR, DEI 1 DIRECTORY DHFS 1 1
DIRECTORy DL 1.1 DIRECTOR, DS 1 1
DIRECTOR,DST 11 ELD 12 1 0.
GOODWINY El 11 I&EIl 07 2 2
IGNE/, I -1 JOHNSONY C 1 1L
JOHANSONY Ri -1 LIAW,B. 1 1
NRRI DIRI 1 1 NRR/DHFS DEPY09- 1 1.
NRRVDL: DIR 1t NRRYDL/ORAB' 11. 1 0.
NRRYDSIVRAB: 11 NRR7/DSIVRSB 1 1
PROC/ REV 11 R' KLECKER: 1 1
: 050 11 RES' DET! 1 1
RES DRAI 1.1 VAGINS , M: 1 1
VISSINGsG. 04 1 A HAZELTON 1. 1
NDODS, R 1. 1
EXTERNALE ACRS 10. 16 16 LPDR: 03 1 1.
‘ NRCI PDR 02! 1 NSIC: 06 1 1
NTIS 1.

NOV 06 138)

i TOTAL NUMBER! OF COPIES' REQUIRED:: LTTR 67 ENCL! 65




- ot A - - cas - eot e~ -7 - - - T e a4 e Ry
e e

- -
1 o .
.
.
- £
< . . .
R v . - W
- - B =
. -
-
. . . .
e £ 3 - - - =
. e R . -
ER
. ? .- :
hl N
?
- |
PR
N
. - .
. [ .
- =
& - s - -
, . : - .
7
. ‘
"
"
,
.." '
H .
| W

- ,
£ = = z - © « & |

s G




8511020289/

. .).sox 529100 MIAMI, FL 33152

(S
(=[S

FLORIDA POWER & LIGHT COMPANY

October 23, 1981
L-81-465

Office of Nuclear 'Reactor Regulation
Attention: Mr. Darrell G. Eisenhut, Director
Division of Licensing
U. S. Nuclear Regulatory Commission

Washington, D. C. 20555

Dear Mr. Eisenhut:
Re: FPL Letter L-81-462

Dated October 21, 1981
ATTACHMENT CORRECTION

By our letter referenced above, we responded to questions
of your letter dated August 21, 1981 regarding Turkey
Point Units 3 & 4 relating to pressurized thermal shock
to reactor pressure vessels.

The attached corrected page replaces Attachment Page 1
of our letter referenced above.

Very truly yours,

%MQ S Vﬁ;—&%{v

Robert E. Uhrig

Vice President

Advanced Systems & Technology
REU:DAC:cf

Attachment

cc: Mr. James P. O0'Reilly, Region II
Mr. Harold F. Reis, Esquire

2,
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Pressurized Themmal Shock to Reactor Pressure Vessels

Question (1):

Provide the RTypt Values of the critical welds and :plates (or forgings) in
your vessel for:

(a) Initial (as built) conditions and location (e.g. 1/4T) and
(b) current conditions (include fluence level) at the RPV inside carbon steel
surface.

Response (1):

Initial Current
Material RTNDT RTNDTT  RTINDT
(a) Intermediate Inner 123P481VAl +50 F +35F + 85F
Forging* ‘
Circumferential
(Girth). Weld** SA 1101 + 3 F +190 F +193F
Lower Forging* 1225180VA1l +40 F + 35 F + 75F

* 1/4 T

**  Inner wall. The current RTypt (174 T) = +168 F. Value is based on
Unit 3 data which has been sRown to be more representative of Unit 4
than surveillance capsule removed from Unit 4 (L-77-113, dated April
11, 1977 and L-77-326, dated October 21, 1977).

+ Based on the slope of prediction curves presented in proposed ASTM
Standards "Predicting Neutron Radiation Damage To Reactor Vessel

Material."

(b). There have been 5,61 Effective Full Power Years (EFPY) of operation as of
September 30, 1981 at Turkey Point Unit 4.

The total fluence on the inner wall is 1.1 X 1019 n/cm? and 6.6 X 1018
n/cm2 at 1/4 T.

Question (2):

At what rate is RTypy increasing for these welds and plate material?

Response (2):

RTypT is increasing at the rate of 7°F/EFPY for the next 10 years; for the
remainder of life, 5°F/EFPY. The rate of change for the forgings is 30F for
the remaining design 1ife of the vessel. These are based on the slope of
prediction curves presented in proposed ASTM Standards "Predicting Neutron
Radiation Damage To Reactor Vessel Material."

Question (5):

Provide a listing of operator actions which are reqdired for your plant to
prevent pressurized thermal shock and to ensure vessel integrity. Include a

-1~
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LEHIGH UNIVERSITY I

Institute of Fractuie and Solid Mechanics
Paclard Lab. Bldg. #19

POEE
BETHLEHEM, PENNSYLVANIA, 18015 S5,
Telex No. Lehigh Univ, UD 710-670-1056 50 \',;'.:
— !§ [(,’ ie —
———— =i .J--:/’g‘ _—_————
> :-:':4\‘.:': .
\u;535f G. C. Sih

Dizector

October 101, 1985

Attorney Martin H. Hodder
1131 N.E. 86th Street
Miami, Florida 33138

VRE: Turkey Point Nuclear Power Plant Unit No. 4: Reactor Vessel Inbrittlement -
oo and Surveillance Program =

Dear Attorney Hodder:

In response to your letter dated August 29, 1985 and the above referenced
subject matter, 1 have read the package of documents on the RPV eubritilerment
program 2t Turkey Point Unit No. 4. A number of supporting arguments with ref-
erence to the calculation of ARTNDT are questionable, if not invelid from the

scientific view point. In what follows, the SWRI report and the TPL ietter she1l
' * * %k
be referred to as [1] and [2] , respectively.

(1) SWRI Prediction 1]

Based on the RPV mzierial surveillance methodology, SKE! {13 estimeted
the shift in R'l"\,:).I for Turkey Point Unit No. 4. The results perieininy to wall
Jocaticn 1/4T based on the data of Capsule T in terms of EfPY ere cyrr==ized
grephiczlly on the sheet attached to this letter. The shift in Ripes 0o found

tc be-groroximetely 324°F at 8 EFPY. This is beyond the NRC screenine value of
300°f.

*

E. B. Norris, "Reactor Vessel Material Surveillance Program fo- * -.-y Point
Urit Ne. &: Analysis of Cepsule T", Southwest Research Institute Telihnical Re-
port Nc. 02-4221, June 1S76. ‘

* % -
Le*ter, Ukrig, FPL, to Eienhut, “Re: Turkey Pcint Unit-h, Docte © Las. 50-281,
PTS ¢ Reactor Pressure Vessels", Jenuary 21, 18EZ.
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(2) FPL Response [2]

With reference to the material in Docket No. 50-751 on PIS of RPV 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 was that the mctallurgical properties
of the beltline welds of the Turkey Points Units No. 3 and fc. 4 are the same

and that data on Unit No. 4 are not sufficient.

(3) Comments

The rate at which the beltline weld material deteriorates and/or em-
brittles depends on the combined effects of irradiation and pressurized thermal
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 determine the gamage behavior of the welds. The Loading histeay plays a

major role. Unless the rates of irradiation, fluctuations in Thermal grad1ent$
and time variztion 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 applied to predict the behavior of Unit No. 4. Hence, conclusions drawn on
ARTNDT for Unit Ro. 4 based on the datz of Unit No. 3 cannot be considered valid.

1 will not delve into the other details concerning the actual calculation
of_ARTNDT as they are beyond the scope of our immediate concern.

Very sincerely vours,

/g/// {7 /:///

“George C. Sih
Professor of Mechanics

GCS:bd " .

Enclosure
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Shift in RY

Data Reproduced. from Table on Page 3 at Wall Location 1/47,
Report by E. B. Norris, "Reactor Vessel Material Surveillance
Program for Turkey Point Unit No. 4: Analysis of Capsule T",

Southwest Research Institute Technical Report No. 02-4221,
June 1976,
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Biozrephy
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of
Dr. George C. M. Sih

P;cfessor of Mechanics and Director of the

Institute of Fracture ané Solid Mechanics
Dr. Si* - (urrently Professor of Mechanics and Director of the ]éstitute
of Fractur- &uZ Solid Mechznics at Lehigh University, Bethlehem, Pennsylvania.
He also ho;ds the appoiniment of Adjunct Professor at The Hahnemanr Medical Col-
Jege &nd Kospital of Philadeiphia since 1972. He received his B.S. at the Uni-

versity'of Portland; Oregon, 1853; .his M.S. at New York University, 1957; and

- Ph.D. -at Lekigh University, 1960; all of these degrees in Mechanical Engineéring.

Dr. Sih hes engaoed in research in the interaction of mechanical deformation
and heat flow (1950) supportied by the Koppers Foundatioﬁ, in Fracture Mechanics
(1550 and 1961) for the Boeing Company Transport Division and (1962 to 1965) for
the National Science Foundatjon, and as a member of the Technical Staff, Bell
Telephone Laborztory (Summer 1961). He. has been engaged as Principal Investigetor:
in more than fifty projects at Lehigh University sponsored by the Office of Navel
Research, Naval Research Laboratcr&, the National Aeronautics and Space Adminis-
tration, the Air Force, the Armmy, etc., all of which are concerned with opti-
mizing the use of high performance material with design, a discip]ine that heas
been freguently referred to as “Fracture Mechenics". Much of his work has been
concerned with estimsting fhe remaining life of materizl and structural components
damaged by yielding ard’or fracture. He specializes in developing computer soft-
ware for predicting the mechanical behevior of structures and the stability of
objects moving through f]uid*média. His more recent activities are concerned
with the influence of mdaisture and terperature in co:ppsite mzterials, leser |
glezino techniques and non-destructive testing methods involving high-voitage

electrophotography.

-1-
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From 1953 to 1957, Dr. Sih was erpioyed by Redio Corporziion of Americe as
<2 project and revearch encineer. He worked on the research and developmert of
input and output devices for the first generation “"Bizmark" computer systerm.

JAmong the sigr:‘icant patents he obtained were:

1. Adju;zz“i.optica1 system for line printing.

2. .Autor -':: =:gnetic disc printing device for the Xerox process.

In 1957 ¢~d 1558, Dr. Sih returned to the academic 1ife and served at the

City College of New York as Lecturer in Mechanical Engineering. He came to
..r _ Lehigh University in 1952 as Instructor in Engineering Mechanics and was appointed
-Ass1s,an; Pri-fe«scr after compietion of his doctarate. From 1965 to 1566, Dr.,S1h
he]d the position of Visiting Professor in Aeronautics at the California Instwtuge

of Technoliogy and participated in an Air Force research project on the dynamics of

«

crack propagztion and size effects in the ‘fracture of plates. ) !

Dr.:Sih essumed in 1970 the duties of Regional Editor, Iinternational Journal

of Fracture Mechanics, and the résponsibi]ities‘of soliciting and reviewing papers

in the fie1d of fracture Mechenics. 'From 1971 to 1975, he served as an Associate

~ - Editor -of the ASMI Journal of Apb!ied Mechanics. 'He is also on the Editorial Ad-

; visory Board of the Journal of Engineéring Fractpre Mechanics. He is also Editor-
in-Chief of an Interraticnal Journal of Theoretical and Applied Fracture Mechanics.
Dr. Sih is & Fellow of the American Societ§ of Mechanical Engineers and Honorary

; Fellow of the Internatinnal Congress of Fracture. He is also a founding member
of the International (uucerative Fracture Institute,.an organization established
to pro;ote the intercharge of ideas and information among active researchers ig

fracture mechanics.
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Dr.. Sit is 2lso 2 me::.. of the foliowing socieﬁes:‘
1. Society of Sigma Xi

. ASTM Cormittee E-24 on Fracture Testing of Materials

2
3. International Society of Engineering Science
4. American Society of Civil Engineering

5

. American Society of Mechanical Engineering

6. Internztionzl Society for the Interaction of Mechanics and Mathematics

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

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

The

Methods of Analysis and Solutions to Crack Problems, 1973

Volume 1 - .
_ Volume 11 - Three-Dimensional Crack Problems, 1874 )

Volume- 117 - ?late§ and Shells with Cracks, 1976

Volume IV -~ Elastédynamic Crack Probiems, 1976

Volume V - Stress Anzlysis of Notch Problems, 197€

Volume V1 - Cracks in Composite Materials, 1980

VYolume YII - Experimental Evaluation of Stress Concertration and Intensity

Factors, 1980
two other series are Fatique and Fracture:

ang

Volume 1 -, Fatigue and Fracture, S. Kocanda, 1978
Volume 11 - Fracture Micromechanics of Pclymer Mzterials, V. S. Kiishenko

and V. P. Tamuzh, 1980

Engineering Application of Fracture Mechanics:

—
?

Yelume 1 - Fracture Mechznics Methodology: Eveluztion of Struiturel Compe-

nents Inlegrity, ecited by 6. C. Sih and L. Faric




a ! !
. i

»g'" u -
e e !

e g R 11 - Maxec Mode Crack Extepsioh by L. L. Gdoutos
yorure 111 ,- Fracture Mechanics of Concrete: Msterial Characterizetion
W and Testing, edited by A. Carpinteri and A. Ingraffea
voiume IV - Fracture Nechanics'of.Concrete: Numerical An2lysis and
Structural Application by G. £. Sik and A. DiTommaso
volume V - Bonded Repair of Aircraft Structure by # A. Baler and R. Jdones
Volume VI - Crack Growth and Material Damage in Cotwrtte: Limit Load and

Brittle Fracture by A. Carpinteri

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

several conferences:

e
it

e v e

2

woiis Y. International Conference on "Dynamic Crack PropagationL, (1972), Lehkigh

University ‘

é. International Conference on "Prospects of Fracture Mechanics“,_(1974),
The Nethe;lands o

3.. Conference on “"Linear Fracture Mechanics", (1975), Lehigh University

4. 'Internationa1’Conference on “Fracture Mechanics and Tecrnology", (157€),
Hong Kong |

5.2 14th Annual Meeting of the Society of Engineering Science, (1977), Le-
high Univers%ty

6. First USA-USSR Symposiqm o “Fracture of Composite Materials', (197&),
USSR

7. International Conference on "Fracture Mechanics in Engiie: -2 Applica-
tions“r (1979), India ‘ ' “, i

8. Internatidna] Coriference on “Analytical and Experimente’ frecture be-
ckanics", (1930), Italy

S. Internztiong) Corference on “Defects and Fracture", (1534:), Poland

-
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10. Internztion2) Conference on “Mixed Mode Crack Fropagztion®, (1980),
Greece

11. International Conference on "Absorbed Energy and/or Specific Strain En-
ergy Density Criterion", (1980), Hunéary ‘

12. Internationa) Conference on “"Defects, Fracturc and Fatigue®, (1982),
Canada |

13. International Conference on "Fracture Mechanics Technology Applied to
Material Evaluation and Structure Design", (1982), Australia

14. International Conference on “"Application of Fracture Mechanics to Me-

terials and Structures", (1983), Germany

PO

Dr. Sih has approximately two hundred publications principally in the é;ea
of solid and fracturé mechanics. He has authored and co-authored a totgl of three

books.

1. Hzndbook of Stress Intensity Factors, 1973
2. Three Dimensional Crack Problems (with M., K. Kessir), 1974

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

Dr. Sih received.the 1975 Achievement Award from the Chinese Institute of
Engineers in the United States and the 1934 Achievement Award from the Chinese
_Engineetrs and Scientists Association of Southern California for his accomplishments

in research and teaching in fracture and solid mechanics.

Dr. Sih hes also been active in serving as members of natic-e' (:wmittees.
Among ther. are the National Msterials Advisory Board concerning wit! the Dynemic
Response of Mzterials Subjected to High Strair Rate iogdinp; Shipe Materisls Fab-
ricetion and Inspection; anc other corrittees concerning Nuclear Rezctor Compo-

rients.”
-5-
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Friday Afternoon, October 25, 1985

" Ruke reactor walls
calied ‘embrittied’
at Turkey Point

» ELLEN HAMPTON
Mlaml ows A operier

A metals engineer who re-
viewed a 1976 Florida Power &
Light Co. report on two nuclear
seactors at Turkey Point maintains
that the walls of one of the reac-
tors has !‘gone into embrittle.
. ment” and should be promptly in-
spected.

But an FP&L spokesman said the
conditions of the reactor walls are
within federally set safety stan-
Jards and do not warrant immedi-
ate inspection, 2n assessment the
Nuclear Regulatory Commission
zsifix;ccs with, an NRC spokesman
" The issue of the reactor’s em-
brittlement, or lack of ductility
{pliability) caused by age and
stress, was raised at a press con-
{erence yesterday by Joette Lo-
rion, & freelance writer-researcher
who founded and serves as the
sole member of .the Miami-based
Lenter for Nuclear Responsibility,
anuclear watchdog group.

Lorion obtained the FP&L report °

{rom the NRC in August and sent
it to Dr. George Sih, director of the
Institute of Fracture and Solid Me-
chanics at Lehigh University in
Bethlehem, Pa., for analysis.

Sih sald in a telephone interview
that after reviewing the FP&L re-
vort, he concluded that the walls
&n the Unit Four-reactor at Turkey
Point reached a condition of em-
brittlement in 1981.

“According to the report, the
material has gone into embrittle.
ment,” Sih said. .

Sth, who was named a fellow of
the American Society of Mechani-
¢al Engineers in 1973 for distin-
guished work, said he pioneered
the field of assessing the life span
and strength of metals and has,
conducted many assessments on
nuclear plants natjonwice in the
past decade.

FP&L spokesman Dave Wolver-
ton szid he hes read Sih's report
and “we have found his assess-
ment was a limited assessment
with 2 limited ‘amount of informa-
ton. Some of it in fact was old. It
was not a comprehensive study of
the whole situation.”

Sin satd he could not.discuss
whether Unit Four is potentially
dangerous because of the many
factors that contribute to safety at
a nuclear power plant. But he said
the information in the FP&L re-
port called for further study.

“They should seriously re-evalu-

ate the situation,” Sih said. “Ac- |

cording to thelr assessment, it has
passed beyond the limits. The pub-
gc geserves an answer on that ba-

s."

Brittle walls can become dan-
gerous during sudden changes of
temperature. If a minor accident
were to occur and Unit Four had
to be cooled down quickly with
water, the walls could shatter. A
cracked reactor would result in a
meltdown, Lorion said, and NRC
sclentists agree.

And a meltcown at Turkey
Point, according to a report by
Sandia Labs for the NRC, could be
expected to cause immediate death
to anyone within & 20-mile radius
of the plant and radioactive con-
tamination to a 70-mile radius.
Turkey- Polnt is just north of
Homestead in deep South Dade.

Wolverton said that Unit Four
walls have not become dangerous-
ly embrittled. He said there is
some embrittlement of the walls,
but that it has not exceeded feder-
al safety standards.

“We contend that the plant is
safe or we wouldn't run it,” Wol-
verton said.

NRC spokesman Frank Ingram
sald his agency had studied the po-
tential for embrittlement at Tur-
key Point and was satisfied that
“embrittlement would not be a
problem for either reactor for
some time, possibly even up to the
end of its 40-year life span.”

He said the NRC currently is re-
viewing FP&L's 1976 report as
part of a hearing request by Lo-
rion's group on the embrittlement
issue. The report, based on a 1975
test by Southwest Rescarch Indus-
tries Inc. of Texas, said that Unit
Four would exceed federally set
safety standzrds for brittleness be-
tween its fifth and tenth “effective
full power year,” which is mea-
sured in time at full operating
power.

»

|

Southwest Research Industries |
filed an additions! roport in 1979 .
cquating scven cffective full pow-
er ycars at Turkey Point to 10 cal-
endar years. It suggested that an-
other brittleness test be conducted
in seven full-power years. Unit
Four, currently in its eighth full
power year, was scheduled for a
brittlenéss inspection this year, ©

But FP&L requested permissfon
from the NRC to dclay the test~In
its request, FP&L said it wanted to
begin an integrated program of
testing between Unit Three and
Unit Four, thus reducing employee
exposure to radiation and avoiding
possible power outzages. _ .

The NRC approved the delay
and FP&L's plan to test-material
from Unit Three to evaluate condi-
tions in Unit Four based on several
criteria. Among them, the NRC
said, the units must be “sufficient-
ly similar to permit accurate com-
parisons' and there must be “sub-
stantial advantages™ to personnel
and power clients in reduced radi-
ation exposure and outages.

FP&L responded that Units
‘Three and Four arc icentical in de-
sign, modifications and material
and are operated under the same
conditions. FP&J. acunowledged a
difference in embriitlement -be-
tween the two units and attributed
it to different levels of usage.

The Southwest Rescarch Indus-
tries Inc. tests showed considera-

. bly lower en:brittierment levels for
Unit Three than f« {'nit Four, Sih
said. Unit Th:ee, 1::c example, was
not expectes! 1:v evceed federal
safety standaros ¢ve  after 10 full
power years.

Martin Hod:*rr s°*ormey for Lo-
rion’s group, siut13 1t.at With the ap-
proved delay ‘.hrittlement of
Unit-Four's walls « ¢uld not be ex-

amined for anetla 14 years. Wol-
verton said he i-uldn't say how
long the exten::m is for in re-

quired testing.

Litigation ! tvween FPL and the
Center for Nucloar Responsibility
began in 195!, when Lorion com-
Bl&lined to tl.. NRC about Turkey

olnt.




