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TENNESSEE VALLEY AUTHORITY
CH ATTANOOG A. TENNESSEE 374o1

400 Chestnut Street Tower II

July 10, 1979

-

Director of Nuclear Reactor Regulation
Attention: Mr. S. A. Varga, Chief

Light Water Reactors Branch No. 4
Division of Project Management

U.S. Nuclear Regulatory Commission
Washington, DC 20555

Dear Mr. Varga:

In the Matter of the Application of ) Docket No. 50-327
Tennessee Valley Authority )

n- n- , , ,
4 %

The preservice ultrasonic examination of the Sequoyah unit I reactor
vessel closure head revealed a flaw indication exceeding the ASME Boiler
and Pressure Vessel Code Section XI, Division 1, JWB-3500, acceptance

criteria. This deficiency was initially reported to NRC-0IE Region II
Inspector C. R. McFarland on February 16, 1979, in accordance with
10 CFR 50.55(e). It was subsequently determined that the discontinuity
would be acceptable throughout the operating life of the plant, and the
deficiency was classified nonreportable under the requirements of 10 CFR
50.55(e).

As required by IWB-3600 of ASME Section XI, enclosed is information
cemonstrating compliance with current Section XI flaw acceptance criteria.

Enclosed are copies of the " Southwest Research Institute Supplemental
Report 17-5339" (Enclosure 1), a memorandum from R. H. Dunham to
H. S. Fox dated February 13, 1979, (Enclosure 2); a memorandum from
R. H. Dunham to H. S. Fox dated April 5, 1979, with the "Sequoyah
Nuclear Plant Analytical Evaluation of a Flaw in the Unit 1 Reattor
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Mr. S. A <ia r ga July 10, 1979

Pressure. Vessel Closure Head CEB-CQS-79-1" report attached (Enclosure
3); and a memorandum from R. M. Pierce to G. G. Stack dated February 28,
1979, with the " Division of Construction Sonconforming Condition Report"

(NCR) attached (Enclosure 4).

If you have any questions concerning this matter, please get in touch
with D. L. Lambert at FTS 854-2581.

Very truly yours,

TENNESSEE VALLEY AUTHORITY

l AibIibb
h DS A

L. M. Mills, Manager
Nuclear Regulation and Safety

Enclosures
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ENCLOSURE 1

PRELIMINARY EVALUATION OF SEQUOYAH CIIT 1 FLA'' INDICATION

SUPPLEMENTAL REPORT
swr 1 Project 17-5339

February 1979

Prepare; for

Tennessee Valley Authority
505 Edney Building

Chattanooga, Tennessee 37401

-

Prepared by: Approved by:
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/ C larenc e&L'aut::enhe t s e r
_

'

Vice President '

,e
Quality Assur.nce Sy' temss

Reviewed by: and Engineering Division

0
__ ') |vLJ w d mProject Manager /
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PRELIMINARY EVALUATION OF SEOUOYAH UNIT 1 FLAW INDICATION

1.0 Introduction

The preservice ultrasonic examination of Sequoyah Unit I reactor vessel
closure head weld WO9-10 revealed a flaw indication exceeding the accep-
tance standards of the A=erican Society of Mechanical Engineers (ASME)
Boiler and Pressure Vessel Code Section XI, Division 1, IWB-3500. Re-
evaluation of the weld joint radiograph identified the indication as sub-
ject to exemption from IWB-3500 standards in accordance with Coae Case

1N-209

Code Case N-209 requires evaluation of the flaw indication by the IWB-
3600 analytical procedures. This report describes a preliminary evalu-
ation to determine the allowability of the indication and the potential
effects of this flaw on operating procedures. The evaluation presented
herein is based on the pressure vessel manufacturer's stress repor:2,

h4 A more detailed analysis and evaluation =ay be required to justify leav-
ing this flaw indication in place. The final disposition of this indi-
cation and the justification for this disposition is to be established by
others.

2.0 Ceneral Discussion of Potential Primarv Coolant Boundarv Failure at the
Flav Indication Location and the Consecuences of Such Failure

The flaw location with respect to any structural discontinuities (such as
a flange, nozzle, or lug) is such that the stresses at this section are

about equal to the general primary cembrane pressure stresses and the
local ther=al bending stresses (discussed as " skin ef fect stress" in the
referenced stress raport). The local surf ace area is not subjected to.

coolant injection flow cooling during postulated incidents (such as loss
of coolant accidents) so that the increase in ther=al stress at the flaw
location, in response to emergency and faulted incident loadings, is
expected to be less than the decrease in pressure stress at specific
ti=es af ter incident initiation. Neutron irradiation effects on sate-
rial properties are negligible at this location.

The growth of a flaw through the coolant boundary at this location would
result only in a steam leak (if unstable crack propagation is inter-
dic ted) . This would not diminish the system capability for core sub=er-
gence and cooling or safe shutdown in response to an emergency or faulted
incident. System instrumentation would detect a steam leak.

lWilliam McGaughey and Sam Wenk, Sequoyah Unit 1 Draft Field Notes, Circumfer-
ential Weld WO9-10, Southwest Research Institute, January 31, 1979.

2" Analysis of the Main Closure Including Core Support Ledge," Rotterdam Stress
_R e c o r t , Document No. 30616-1105 (The Rotterdam Dockyard Company, Septemoer 22,
1975).
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~3.0 Fracture Mechanics Analysis

ASME Section XI, Division 1, Appendix A, A-1100, se=cari:es the analyt-
ical procedure to be used. This procedure was followed step-by-step, as
described below.

(1) Ultrasonic and radiographic examinations evaluated by McGaughey and
Wenk determined the actual flaw indication configuration. Figures
1 and 2 depict these results.

(2) The flaw indication was resolved into elliptical shape as depicted
by Figure 3, Flaw Indication Characterization.

(3) The stresses at the flaw indication location were obtained from the
manufacturer's stress r, port and posted in Table 1, Flaw Growth
Prediction, for the various design conditions listed.

(4) The stress intensity factors for each condition were calculated and
posted in Table 1 (see Figure 4, Sa=ple Calculation).

(5) The necessary =aterial properties were taken from the stress
report.

(6) The analytical procedures described in A-5000, as appropriate, were
used to determine the critical fla; paraceters (see Table 1 and
Figure 5, IW3-3600 Analysis).

(7) The flaw evaluation criteria of '.43-3600 were used to determine
that the observed flaw indiccolon is acceptable for continued oper-
ation provided that =etal temperature exceeds the reference nil-
ductility temperature (RTNDT) by 120*F during the primary side_

hydrostatic test.

4.0 Conclusions

The fracture =echanics analyses performed using the conservative =ethod
of Section XI, Appendix A, the =anufacturer's stress report, and the cri-
teria of I'43-3600 indicate that:

(1) If any flaw growth occurs in response to the specified operating
loadings, it would be negligible.

(2) Unstable crack propagation initiation from the defect is not cred-
ible if the metal te=perature exceeds RTNDT by 120*F during the
primary side hydrostatic test. This is the highest stress / lowest
=etal temperat 2:e worst case condition postulated in the stress
report.

The sini=um critical flaw size (at) for e=ergency and faulted conditions
has not been determined because of lack of information. There are two
conditions to consider:

(1) Large steam line break.

(2) LCCA-ECC thermal shock.

2 't U | 0/
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Both of these conditions have been evaluated by '4estinghouse on a generic
basis and for specific reactor vessels.

For the preliminary evaluation, it can be noted that:

(i) The large steam line break minimum fluid temperature is 212*F.
for the material at this location. TheThis is > 200*F above RTNDT

fracture toughness at this temperature is sufficient to permit
yield strength loading of a through wall crack without unstable pro-
pagation (see Figure 4).

(2} The flaw is 'ocated abeve any cold water injection location for
LOCA-ECC event, and the consequeat ther=al shock would indu:e no
higher stress than the large steam line break.

(3) Figure 5 is an example of the result of an overly consor ative
analysis which would be more severe than either conditior.. As can
be seen, neither condition would result in unstable crack propaga-
tion,

e

-f
;
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SAMPLZ CALCUI.ATIO:1 FLAW GR0'aTH INSERVICE

Loading No. 1 - Pri=ary Side Hydrostatic Test 3 3,105 psig for 5 cycles 3 60*F.

From Stress Report

: = 50.07 ksi
Ys

: = 20.22 ksia

= -1.93 ksig

From Section XI, Appendix A (1977 Edition)

Fig. A-3300-1, Q = 1.9

Fig. A-3300-2 Point 1 Point 2

M = 1.035 1.0253

Fig. A-330L-4

Mb = 0.47 0.27

/7 va/Q :b 8 /1Iva/QK, = c M
b& c m

= 20. 22 x 1. 035 /E /0. 6 25 /1. 9 - 1. 9 8 x 0. 4 7 /i io . 6 2 5 /1. 9

aK = 20.33 ksi /Ei

Fig. A-4300-1 (Su==er 1977 Addenda)-

da/dN = 2 micro-inches /cyc12

-5aa, 5% = 1 x 10 inches

5

Nb.
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I'43-3600 ANALYSIS FOR HYDROTEST

0.625 inches (see flaw growth inservice)A =
g

Assume A* = 0. 7 inches
C

20.22 + 8 = 28.22 ksi (1)=o

1.98 ksio =
b

TLrn K*Ia 23. 22 x 1. 035 /E /0. 7 /1. 8 7 - 1. 9 8 x 0. 47 /5' io . 7 /1. 3 7=

30.67 ksi /EI-

K , = 97 required7

Fig. A-4200-1

(T - RT.DT) requir d = 118'

(1) Assu=e 8 ksi residual stress

-

- ,-n
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7vTo H. S. Fox, Director of Power ? reduction, 716 EB-y (2)
FROM Roy H. Dunnan, Director of Engineering Cesign, Wil A9 C-K

.

DATE
- ..

SEQUOYAH NUCLEAR FLANT UtlIT 1 - ASME SECTION XI FRACTURE MECHANICS

-- -. ..-

S U BJ ECT:
-"' ~

P/ALUATI0il 0F A FLAW INDICATICN IN THE REACTOR PRESSURE VESSEL CLOSURE _ . . _T _ _ .-HEAD /s

p? l- e. .
u

. . . .

Reference conversations bet.<een E. A. Merrick (EN CES-MEB) and E. F.
~- y -. . ...g

. _' ~
Harwell (P PROD). -

, .__

m .#.,r . . . . . . _ . . . . . .
<

On February 1,1979, we received data from E. F. Harwell cn an i'nfication _
..

.

in the unit 1 reactor pressure vessel (RPV) closure head dollar plate to 32 1flange transition forging weld. The indication had been judged unacceptable NC
to the requirements of ASME Section XI, and a decision was made to justify p'ait to the requirements of ASME Code Case N-209. E. F. Harwell requested T
we perform an analytical evaluation of the flaw. >

.._)! .0

EN DES-CEB has performed that evaluation by application of procedures h- Tdfrom Appendix A to ASME Code Section XI. Compliance with currant Secitcn i _1XI flaw accept nce criteria has been demonstrated.
,

-

Our evaluation predicts that the existing : . surface planar flaw will grow /Jto an elliptica' crack with 2.69- and 2.07-inch major and minor diameters '

af ter 40 years of service under specified operating conditions. Applied~

stress intensification factors are calculated for the final crack dimen-
sions and compared to allowable stress intensification facters from para-
graph IWB-3612 of Section XI, thereby demonstrating compliance with the
flaw acceptance criteria.

The complete evaluation will be released as report C B-CQS-79-1 on
aporoximately February 23, 1979, after completion of our internal
review.

EN DES has the necessary expertise and ccmponent information inhouse to
perform work of this nature in a timely responsive manner. Inis wculd
be especially important for an operating plant. Consequently, we
strongly recommend that you consider using EN DES to perform future
evaluations rather than having the work perfomed outside of TVA.

We shall forward you copies of the report upon completion of the review
cycle. EN DES engineers will be available to provide support for your
presentation of the information on the NRC upon recuest.

Wf<' R /: W ,-- b(hl Gf {{f {\,|g Roy H. Dunnam a 3gkDRP:EAM:MGR

d,II cc: R. G. Comer, W9C22a C-K R. M. Pierce, 20a GB-K (2)
A MECS, EaB37 C-K G. G. St.ack, Secuoyah C^NST (a)

j,j% D. R. Patterscn, Wl0Cl26 C-K E. F. Thomas, 550 CST 2-Cg H. H. Mull, E7324 C-K
=<-m---- 16 712 7/ 4 Buy U.S. Saangs Bands Regalarly on tiie Payrol: Samngs ?!an

db,i l 5(/
,
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bfdmOTdHdHM TENNESSEE VALLEY ACTHORITY

TO H. S. Fox, Director of Power Production, 716 ES-C (2) C 01 790410 ' ' C''- -

FWM Roy H. Dunham, Director of Engineering Design, Wil A9 C-K dus A E/t M.5t

DATE
.,, ,

s t tu r.cT: SEQUOYAH NUCLEAR PLAtlT UNIT 1 - ASME SECTION XI FRACTURE MECHANICS
EVALUATION OF A FLAW INDICATION IN THE REACTOR PRESSURE VESSEL CLCSLRE
HEAD

l%CMOW4
Reference my memorandum to you dated. February 13.1979 (f1ES 790214 353 ) .
Attachment 1 is the fracture mechanics evaiuacion report r.o. CES-COS-79-1
pronised you in the ieferer.ced memorandum.

Attachaent 2 (R. G. Domer's memorandun to D. R. Patterson dated varch 19,
1979, CEB 790319 '011) contains comments developed by our Civil Engineering
Branch on Southwest Research Institute's evaluation of the indication in
the reactor vessel head.

It is our position that report no. CEB-CQS-79-1 provides adequate assurance
that the flaw indication is acceptable for the full service life of the
unit I reactor vessel and that the Southwest Research Institute report
basically substantiates this conclusion. It is our position that no repair
is necessary for thi? indication. Finally, we do not recommend further
f aulted condition evaluation by Southwest Research Institute.

EN DES has the necessary expertise and component design information inhouse_

to perfor i work of this nature in a timely and responsive manner. This
would be especially important for an operating plant. Consequently, we
strongly recommend that you consider using EN DES to perform future evalua-
tions rather than having the work performed outside of TVA.

EN DES engineers will be available upon request to provide support for
your preser' : ion of the information to the NRC.

. . .

'h 0 (. - f+2:A M ~<m
( Roy H. Cunnam

CRP:EAM:MGR
Attachments N
cc: R. G Comer, W90224 C-K |CdC" 4 C: mci

MECS, E4837 C-K pr ct w. W.
H. H. Mull, E7524 C-K /'

D. R. Patterson, WlCCl26 C-K -

R. M. Pierce, 204 GB-K (2) q c. s j' y
G. G. Stack, Seoucyah CONST (4) a> '

E. F. Thomas, 550 CST 2-C
V, .

C Sco /, , _ _ - _.

J
L 7 .~~ m 7-,. _.

h J k
'

u > >
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O T2 u:;u 1 r2^c ca r. :t . ct: cur 2
-

IIEAD ,

. .
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.
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.

Intred'_'etica
-

A fin r indicatica h23 been found in the Sequcfah unit I reacter vc: e1
clo:ure head ct the vald between the cle:ure head dcne (dolle plnte)
and ring. This fin r is of sufficient ci e to require cnalytieni'

cynluatica to :sticiy section XI (referecce 1) requirc:.ents for fit.v
occeptcbilit/.

'This reped decunente cur cnalytical evalur.tica cf the fInu.'

- .

Cenclusienn
.,

*

1. 'Ibe subject subcurface plcnr flav vill grev fren its prc cat ,

eine ( ee page 2) to an elliptical crack cf the dinenciens chevn
en pcge 40 after 40 years of cerrice under the specified opercting
ecnditions.

. 2. The arplied stre:s inten ificatica factor: for nornal, up ct, cad*

faulted ccnditicn: vith the final crac': ci:c are less than allcw.ble
. stre:: intencity fe.ctors fren cectic: C, m-3512 ( ce pnge L1).

This proves cecep; ability of the flav fr.r continued cervice.
*

Diccunnien s

.This enluation is tened en the procedurce of cppendix A of scetion E.
Additional cuidsnce va: obtained frem reference 5 Stre infern'. tion

vna taken Crcs the ves cl stress report (reference 2).
- ,,

,

-

Crack grevth 1: predicted for 10-year intervsl up to h3 years. An
equal nunter of cycles for cach cpecified opercting conditica is accuned
fer cach interval. - - .

'

The final fractr e teu,3 nes e.cluatica is t :cd en a 3105 p:1 hfdrotecth
at 133 F c: the linitina condition. Future byd- c-tatic testa vill actuallf
be conducted at hisher tenperatures. This and other concervative c::unptions
are noted in the bcdy of the report.

A cen:ermtive fculted cc ditica fracture tcughne:S c =luation vaa cleo
conducted to verify that the hydrotest ct 133 7 in the limitics condition.
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uNNrD ST/.TES GOVERNMENT g,gg 790319 011
' Memorandum TENNESSEE VALLEY AUTHORITY

TO . D. R. Fatterson, Chief, Mechanical Engineering Eranch, W1CCl26 C-K

R. G. Do=er, Chief, Civil Engineering Branch, W9D224 C-KFROM :

MAR 191979=

SUBJECT: SEQUOYA'i ITUCLEftR PIA::T - A'iALYTICAL EVALUATIC:I CF A FLAW I:iDICATIC:i
IF THE U: LIT 1 REACTOR VESSEL CLCSURE HEA.D

Reference: PJ =e=crandum to you dated March 19, 1979
(CEB 790321018). ,

,

3 ~We have reviewed the attached letter and enclosure entitled, \
" Preliminary Evaluatien of Sequeyah 1 Flav Indicatica," Supplemental

; , *yReport SvRI Froject 17-5339, February 1979 (attach =ent). We have
'

,

reached the foll ".ng conclusions based upcn this review and cur w
"

report, CEB-CQS 't;/-1, which was trans=itted to you by the g
referenced memorandu=. w ,

Ir_. .
N : ,-

Conclusien:: N ' :.; '.

C \ <

1. Crack grcvth for the 40-year service life of tia vessel v''.11 *

c 1
be small. Our repert predicts a very conservative upper bound gg
limit to this grcvth by multiplying the specified number of Q> L
event cycles by IC00 and by considering 2.5 billion steac'f- M
stste pressure flu:mations of 100 psi. "he SvRI report predicts

'',growth fer the specified nunber of events and does not
-

evaluate grevth for steady-state fluxuations. 2:e basic
methodology applied and grc*.rth rates calculated in these
reports are in reasonable agreement.

2. For fracture toughness, a Icv temperature hydrotest at 3105 psig
vculd produce the cost critical condition relative to ecde
acceptance limits. Our report demonstrates acceptability for
this conditica for a C -"- -a*al te=perature of 133 F,
assu=ing the c:nservative upper boun:1 crach size af ter kC years
of service. The SvRI report suggests in sectica 3.0(7) a
sinimum metal temperature of 120 + 5 = 125 F. Ecth repcrts
are in substantial agree:2nt on this cenclusion.

3 SvRI did not perform a faulted conditien fracture tcughne::s
evaluation, but they raised a questien and suggested that acre
evaluation caf be required. They did ccnclude that the specified
faulted ccndition (large steam line break) would be the
limiting case relative to the code acceptance criteria for
faulted ccnditions. In cur report, the specified faulted
condition is evaluated, bf a ccnse:vative thermal stress and
fracture tcu6 ness approach, and it is shcin to be well withinh
acceptance lici*:s and therefore less critical than the hydro-
test conditica discussed above. .r

QK-
'

Buy U.S. Savings Bonds Regularly on the Payroll Saumgs Plan 0''d') ~)s . r.
" '-'



. . .
O we.

J
..

. -
-

-
-

2-

D. R. Patterson

h1AR 191979
-

SEQUCYAH NUCLEAR ru.u - m!ALYTICAL EVA',UATIC'T CF A FLAW EiDICATIC:i
Di THE UNIT 1 REACTCR VESSEL CLCSURE HEAD

-

.

. , .

4. In st- ~/, we feel that report CEB-CQS-79-1 provides adequate
assurance that the flaw indication is acceptable fcr the full
serrice life of the unit 1 reactor vessel and that the SwRI
report basically substantiates this conclusica. Ue do not
feel that any repair is necessary for this flaw. Finally,e .

we do not recc=r.end further faulted conditica evaluatica by
SwRI.

-e

-

_. ,
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gyp . . / / ./x

g. p ....

RGD: L :D3
Attachment e

cc(AttacP=ent):
-R. M. Pierce, 204 GB-K (2)
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._ .. .;......, ENCLOSURE 4 /
'N ' .

UN1T4D STATCS GOVERNMENT L1EB 79 0 2 2 8 ,79a

bCMO7dMdMM
'

TENNESSEE VALLEY AUTHORITY

TO G. G. Stack, Project Manager, Sequoyah Nuclear Plant, CONST (4)

FROM R. M. Pierce, Sequoyah and Watts Bar Cesign Projects Manager, 204 G3-K
"

D A" , , . , .

FEB 2 81979 ::,yy;|-Q.h
SUBJECT: SEQUOYAH N'. CLEAR PLAtlT UNITS 1 AND 2 - NONCONF0 PRANCE REPCRT (NCR)NO. 6P ' '

. . ,.

We are in agreement with the reccmended disposition of attached NCR '

6P and that the nonconformance is classified as significant. No
drawings will be revised.

.O.risinc! signed by
R. M. Pier c
R. M. Pierce

DRP:EAM:MGR
Attachment
cc: J. M. Ballentine, Sequoyah P PROD

Roy H. Dunham, Wil A9 C-K
J. P. Knight, W12830 C-K
MEDS, E4837 C-K, w/l
J. L. Parris, WilCl25 C-K, w/l
0. R. Patterson, W10Cl26 C-K
H. H. Mull, E7824 C-K

.

m'5
.' s 461 229
|= n . . . l ' c c .. . . . .. - . n . .. ) . o. ..r... . i. . o . >--- . . . . . . . >
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- OIVISION OF d::53UCT:w:
,

NO::CONFCFMINO CO::0t!;05 RIPCRT

11. ::uc t e s t Profe:: Sequovah Uni- ::C R : Gg

| ASIC UYes [::o
2. Area: [Civtl [!.!cctri21 3::echanical C!nst ru entation [WeLJing | Cade ::c,

[0:hcr
3. Activity Receiving [ Storage C Fabricating C nstalling { 7 c , t t 7, g Centrsc: ::2.

4 Typ e : C 0 ma ge CFailure 20efect [0ccuentatica C :her
5. Ites Oescription:

'

Reactor vessel closure head sean weld WO9-10
.

6. !.cn:en f o r anc e Oe sc r t; ian:
(tactude Apparent Cause) Eee attached SwRI Customer Notification Form,

Serial No. 10 dated January 31, 1979.

Recomendel Disposition: Rework [ Reject CRepair [Use-As-Is Other
(Check 31ock 5 Octail 3elow)

Use Code Case N-209 as basis to resolve acceptance. Perform
stress analysis, per l'4B-3 600, to determine acceptability. Disposition
will be reported to NRC as soon as all information is available.

Action Required so Prevent Recurrence:
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