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Docket No. 50-269

MEMORANDUM FOR:

FROM:
SUBJECT:
Time & Date:

o3, .. W -
UNITED STATES a " .

NUCLEAR REGULATORY COMMISSION

RKoor U\@Og; S

October 5, 1981
J. F. Stolz, Chief, Operating Reactors Branch #4, DL
P. C. Wagner, Project Manager, Operating Reactors Branch #4, DL
FORTHCOMING MEETING WITH DUKE POWER COMPANY (orC) ]
9:00am-2:00pm, COctober 9, 198)

Location: Phillips Building, Room P-422
Bethesda, Maryland
Purpose: To discuss the broken thermal shield bolts in Oconee Unit 1.
Requested
Participants:
NRC DPC
'——Tdagner R. Gill (prC), et. al.
Novak
J. Stolz
W. Johnston
J. Knight
W. Hazelton
R. Bosnak
K. Wichman
S. Hou
A. Dromerick, IE
G. Georgiev, IE
C, (l)<LQ[OnAJ
Philip C. Wagner, Project Manager
Operating Reactors Branch #4
Division of Licensing
cc: See next page .
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Duke Power Company
cc w/enclosure(s):

Mr. William L. Porter
Duke Power Company
P. 0. Box 33189
422 South Church Street Office of Intergovernmental Relations
Charlotte, North Carolina 28242 116 West Jones Street
Faleigh, North Carolina 27603
Oconee County Library
501 West Southbroad Street
Walhalla, South Carclina 29691

Honorable James M. Phinney
County Supervisor of Oconee County
Walhalla, South Carolina 29621

Regional Radiation Representative
EPA Region 1V

345 Courtland Street, N.E.
Atlanta, Georgia 30308

William T. Orders

Senior Resident Inspector

U.S. Nuclear Kegulatory Commission
Route 2, Box 618

Seneca, South Carolina 29678

Mr. Robert B. Borsum

Babcock & Wilcox

Nuclear Power Generation Division
Suite 220, 7910 Woodmont Avenue

Bethesda, Maryland 20814

Manager, LIS

NUS Corporation

2536 Countryside Boulevard
Clearwater, Florida 33515

J. Michael McGarry, III, Esq.
DeBevoise & Liberman

1200 17th Street, N.W.
Washington, D. C. 20036
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¥r, Jaces P. O'Reilly, Director

U. S. Nuclear Regulatory Com=ission
Region II1

101 Marietta Street, Suite 3100
Atlanta, Ceorgia 30203

Re: Oconee Nuclear Statiom
Docket Wo. S0-269
RO-269/81-11, Supplement 2

Dear Mr. O'Reilly:

My letter of July 24, 1981 as supplerented on August 5, 1581 provided Reportable )
Occurrence Report RO-269/81-11 concerning broken core barrel assexbly thermal .
shield boits, This letter supplements these in{tfal subnittels and provides
informatien concerning the present status of exazination and repair efforts.

As previously discussed, three boltr shanks and twg bolt heads were exazined at
the Babecock and Wilcox Lynchburg Research Center for feilure mode determination. .
1t was concluded cthar the failure pechanism was ef{ther intergrapular stress
corrosion cracking or intergranular corrosion assisted facigue or soze combina-
tion of the two. These laboratory results confirmed the need to perform nore
extensive {nvestigations relative to the thermal shield bolt manufacturing
‘history, the stress stete of the bolts, the thermal shield panufacturing and
assexbly history, and most importantly, the potential for this mechanisa to .
affect other bolts of the same material (A286) ia the reactor {nternals, Kesults
of these investig.itions are described in the attached recport.

Because A286 bolts are used in four other joints in the internals, a thorough
inspection and sample examination was conducted relative to these other jointe.
These joints are the upper thermal shfeld restraint blocke, the core barrel to
core suppoit stield, the core barrel to lower grid assembly and the flow dis-
tributor to lower grid assembly. These investigations consisted of ultrasonic
testing of a selecred saxple of bolts in all of these bolted jeincs 2nd removel
of a z=2ll sanmple of bolts from three of the four joints for laboratery examina~-
tiops. All results indicated no problems at the other joinmts. '

As & result of the work perforzed since the August 5, 1981 submittal it has been
confirmed that the bolt problez is lizited to the thermal shield. Bolts from
all other major joints which utflize the A286 =aterial have been exa=ined and
no indications of deterioratfon were found., Our earlier conclusion that there
{s no significant safety implication associated with the ther=al shield bolt

failures has, therefore, been confirmed.

|




Kr., Jazes P, 0'Reilly, Director
October 5, 1981 ‘
Page 2

This report also presents a description of the design modifi stfone for the

thermal shield.

We are currently plaoning to attend en October 9, 158) peeting with the staff
to make & presentation and to respond to questions which the staff =ey have 4o
any of the areas related to the Oconee thermal shield bolt probles. It is
hoped that the irformation contafoed herefn will serve as a good foundation

for that meeting.

Very truly yours,

Williaz O, Parker, JY.

RAR/php
Attaclment

“-tei: B&W Regulatory Respomse Croup:

J. J. Mattimoe, SMUD, Chairwman
J. H. Taylor, B&W

W. C. Rovles, TECO

D. C. Tricble, AP&L

C. Beatty, FPC

R. J. Wilgon, GPU

Tirector, Office of Mandpezent
and Program Analyisis

Mr. T. M. Rovak, U. S. Ruclear
Regulatory Coenission.

Mr. Bi1ll Lavallee, Nuclear
Safety Analysis Ceater




October 5, 1981

Attachzent 1

Therm=al Shield Bolt Faflure Suppleaentary Information

-

Introduction and Suzmary

As & result of extensive investigations, it has been concluded that the only
distressed areas of the internals are the thermal shield attachments and '
restrainte. All other joints using A286 bolts indicate satisfactory performance
Therefore, the preléiminary conclusicn that z significant safety {ssue does not
exist has been confirmed. ...

The sections bzlow present more detailed information in each of the following
&reas,

laboratory exazinations

Inspections onsite

Bolt fabrication history :

Thermal shield manufacturing and assexbly review
Thermal shield structural analysis apd testing
Potential failure causes of therzal shield bolie
Repair status

Laborstory Exacinations

Laboratory examinations were performed at the Babcock and Wilcox Lynchburg
Research Center on both broken and unbroken bolts from Oconee and on archive
bolts which had never been fustalled., The objective of these examinations was
" to determine bolt failure mode and status of other joints using A286 bolting
paterial.

The broken samples consisted of three bolt shanks and two bolt heads. Of the
five fracture surfaces, two were damaged fro= {mpact, and consequently clean
fracture surfaces wvere not available for examination. The recaining three
 fracture surfaces (two bolt shanks and one bolt head) were examivned and found
to contain similar fracture features,

All of the broken bolts examined had rractured in or near the f{llet between

the head and shank., An island of transgrasuler fracture (as shown in Figure 1)

vith evidence of fat{gue striations 2nd/or crack arrest zarks vas surrounded

- by iatergranvlar fracture, with evidence of grain boundary ~orrosion attack.

No shear lips or other macroscopic indications of ductility were present on the

fracture surfaces. The initiation and propagation of intergranular cracks vith

branch cracking in this material is consistent vith a form of an environzentally
assisted cracking process - stress corrosion and/or corrosfon fatigue. .

A tensile test wvas perforred ~n & specimen machined fro= the shank of a fractured
bolt (irradiated condition) and a specimen froe an archive bolt of the same




mater{al (base condition). The measured tensile properties were within the
range of expected values sod met the requirecsents of the applicable specifica-
tion. Keutron irradiation had virtually no effect cn the tensile properties.

Tbe other A2B6 bolted joints 1o Oconee 1 wvere indicated to be sound from video
inspections. To confirm the integrity of these other A286 bolted joints, lab~
oratory exsainations were performed on three therwal ahfeld uUpper restraint
bolts, two core barrel to core support shield bolts, and cpe flow dietributor
bolt. These bolts were exacined visually, vith liquid penetrant and with a
scanning electron microscope. A surface contamination exzzi{nation was also
performed. The two intact lower thermal shield bolts were also removed, and

one of these bolts was included in the above examf{astion. 1In all cases, the
examinations included both the head-to-shank trapsition and the thread regions.

The archive bolt examinstfions included one bolt from each of the A286 joints.
The thermal shield bolt examination included metallography, tensile, micro-
hardness, spectrographic chemical analysis and reheat tests. The other three
bolts received wetallography tests. The wmailn fipding froz these examinations
vas a radical travsition {o grain structure (size) at the fillet of the lower
thermal shield bolt., In the lower thermal shield bolts from the archive, the
transition zone was marked by a band of significantly larger grain size than
found ra either side of the transition. This band of larger grains also
extended into the fillet area. This large change o grain s{ze {in the transi-
tion zone wvas not evident in the archive bolts from other bolted jolnts including
the upper thermal shield bolts. -

This larger grain size in the lowver therwmal shield bolts fros the archive vas
not seen in the one unbroken bolt examined from the Oconee Unit 1 lower thermal
shield. It is wmoted that this bolt was one of only two in the lover thermal
shield which did not fracture. An exzzination of a {ractured bolt from the
Oconee Unit 1 lover thermal shield is planncd. The anowmaly 4o the unfractured
Oconee Unit 1 lover thermal shield bolt should be confirmed upon the exanmina-
‘tion of a fractured lower thermal shield bolct.

Additional confirmatory laboratory examinations are currently underway or
planned. This additfonal work involves microscopic analysis of grain structure
and scaonning electron microscope exsminations. Table 1 summarizes the lab~
oratory examinations.

Onsite Inspections

The onsite ipspections resulted in the recovery of all pleces of the missing
therzal shield bolts.

To supplement the previously reported (Reference 2) visual inspections which
have been performed using remote video equipzent, two additional types of
inspections were made onsite to check for distressed areas in the Oconee 1
reactor internale. This involved in-place ultrzsonic testing (UT) for cracked
bolts and a combinstion of UT, feeler gage, and acceleromcter testing which
would indi{cate motion and/or wear at the thermal shield iuterfaces.

In addition, ultrasonic tests were attezpted to check preloads on selected bolts.




Ditrasonic teiting was conducted on the following bolts for crack ind{cationss

- Thermal Shield Upper Restraint Bolts — Approxizately A0 Sexple

- Core Barrel to Lowver Grid Bolts - Approximately 201 Sample '

- Core Barrel to Core Support Shield Bolts - Approximately 20X Sazple v
- Plow Distributor to Lower Crid Bolts - Approximately 20X Sexple )

Wo crack indicatfons were foun? {n any of the bolts examiped.

lo the early visual inspecifons of the lover thermal shield bolts, enly 13

of the installed 96 bolts appeared to be intact. Of those 13, only two did
not have crack indications. The UT examinatfion of the other 11 ipdicated the
bolts wvere broken. .

As Snput to the overall deterzination of failure cause and the corrective actionm,
{nepections vere emade to check for gaps which would indicate motion and/or wear
of the therzal shield. Caps vere checked in the redial direction between the
outer thermal shield restraint block and the upper end of the thermal shield

and ax{al gaps vere checked between the lower end of toe thersal shield and
lowver grid flange.

The outer thermal shield restraint block geps (thermal shield to outer restraint
block) were found in the range of 0 to 160 eils. GCaps over 50 =il wvere confireed
vith a veld vire as feeler gage. The as-built gap range was S to 11 =ils. These
gaps indicate some wear at the thermal shield upper restraint. Axisl geps vere
found between the lower edge of the thermal shield and the grid flange whirh
varied avound the circunference from 0 to 40 =ils. Caps over 20 nil were con-
firmed by a feeler gage. Tone ciccumferential varfation Indicated a slight tilt
{n the thermsl shield, These axial gaps are schedule4 to be closed up prior to
replacing the thermal shield bolts. .o

UT bolt preload testing wvas performed for three thermal shield upper restraint
‘bolts, two thermal shield lower restraint bolts, one flow distributer bolt, and
two core barrel to core support shield bolts. The UT was conducted before and

after removal of the bolts so that a correlation could be made between bolt
extension and preload., Measurements for lower ther=al shield bolt preloads were
unsuccessful, probsbly due to the displaced condition of the thermal shield.
Results for flow distributor bolts indicate a prelosd higher than the design
value but considerably less than yield. Results for core barrel and upper
thermal shield restrajot bolts indicate preloads are in the design range.

Bolt Manufscturing Eietory mnd ¥aterizls Investigation

The faflure of the lowver thermal shield bolts as contrasted with the completely
satisfectory performance of the other bolts made from the saze material has led
to a comprehensive investigation of the A286 bolt manufacturing bistory. This
exa=ination has iocluded & review of vendor records, material test reports,
caterial processiog and bolt fabrication processes, as well as cetallurgical
exarinations of archive bolts and pechanica) testing of archive bclts end sa=ples
of material extracted from the failed thermal ahield bolts. The following
di{scussion suwmarizes the important conclusions froc these exammivetions.




The thereal ehield upper and lower restraint bolts vere manufactured by Valley
Todeco. All other A266 bolte were manufactured by Standard Press Steel. The
heat of bar stock material used for the lower thermal shield bolts {s different
from the heat of bar etock material used {n any other A286 bolts includinug the
upper restraint bolts which were made by the same manufacturer, Valley Todeco.

All of the bolts were manufactured by 8 “hot heading™ process vhich produces a |
beat affected, transition zone located at the base of the bolt head st or near :
the fillet region as discussed carlier., ~ .

In a reviev of the processing of the lower thermal ghield bolts, it was found
that bar stock which was 40 to 50I cold reduced was used {o the bolt fabrication.
This cold reduced bar stock is sppareantly unique to the lower thermal shield
bolts (none of the other bolts were manufactured from bar stock with such
extensive cold reduction). This cold reduced bar stock 4s considered to be the
likely source of the significant change in grain structure in the head-to-shank
transition zone from the "hot heading" process. '

The relationship of this duplex grafv structure transition in the lover thermal
shield bolts to the fracture mechaniex {s undergoing further investigationm.

Thermal Shield Manufacruring and Assezbly Review

A reviev of the thermal shield manufactur{ug and assexbly history vas conducted
in an attemxpt to discover any step in these processes which could have contributed
to the failure of the thermal shield bolts. :

J— —_

It was noted that the Oconee 1 and 2 RY internals were rezsseabled a2t the reactor
site following the i{nitfal hot functional testing at Oconee 1. Oconee 3
internale wvere assembled in the shop.

The manufacturing review focused on the five main thermal shield interface areas.
These are:

1. The radial interferensce fit at the thermal shield lower end I1.D.
2. The radia)l interference fit at the thercal shield upper end.

3. Yhe restraint block on the core barrel urmer ead 0.D. .

4. The preload on the upper testraint block asseably holddowa bolta.
S. The preload on the lower thermal shield holddown bolts.

This above reviev has been completed and did not provide any additional insight
as to the cause of the bolt failures.

Therma)l Shield Structural Analysis aod Testing

A review vas made of the structural analysis and structural testing vhich vere
used in the design and confirmation of the thermal shield, Bolt preload stresses
end therzal stresses were both found to be within the design limits, Flow-induced
vibration stresses were measured on two thermal ghield bolts during hot functicvnal

testing and these stresscs were found to be very low.



Potential Paflure Causes of Therwal Shield Eolts

The factors wvhich seex wost )Zkely at this time to have contributed to the

lower thereal shield bole failure are the rather pronounced zmicrestructure

transition at the hesd-to-shank fillet in the lower thermal shield bolts and v

the potential for this "metallurgical discontinuity” to increase the sensitivity
to stress corrosion cracking and corrosfon fatigue. '

Repair Status ' -

At the present time, redesign of the lower tbernal ghield has been coupleted,
All 96 bolts and locking clips will be replaced with stud and nut assemblies as
shown fo Yigure 2 attached. The assezbly consists of two studs with a baseplate
so that 48 such assexblies vill bz used. Each stud, nut, locking clip and
baseplate is first assezbled and the asseubly so then installed into the existing
threaded holes in the thermal shield. A stud tensioser will then tension the
studs ani set the nuts. Afte: the tensioning is cozplete, the locking clip
which is welded to the baseplate will be cri=ped onto the nut at groves machined
{nto the nut. The stud and nut material in Inconel X750 which has been selected
because of its availability and stress corrosion resistance and satisfactory
experience in PWR environment. The locking clip and §:§Sg;pte are 304SS.

The need to modify the upper thermal shield restraint has not been deternined;
{.e., final stress analyses may show that restraint at the upper end 48 not
required, and the restraint can be left as is.

Supplementary Informstion Regarding Lower Internals Cuide Blocks

As reported previously, one guide block was missing from the right side of the "Y"
axig as viewe? from the outside of the therual shield. The missiog guide dlock

{s believed not to have been in place since the time wvhen the internals wvere

lact instelled in 1976. This is because none of the attachzent parts has been
_located despite a very thorough video inspection.

UT exa=inations of the bolts {n the other guide blocks have been cozpleted and
UT indications have been reported {n two bolts. The bolts with the {ndications
are in the block which mates with the missing block and the bolt in one of the
guide blocks adjacent to the missing one. video inspections of the vertical
surfaces of the guide blocks containing the bolts with the UT indications show
no evidence of contact between the core support lug and the guide blocks.

In order to deteraine whether these indications are truly flaws, the bolts will
be removed in two stages for supplementary exzsinations. The first to be removed
vill be the bolt from the other half of the missing bleck. 1f a flav is truly
present, the second bolt with &n indication will be removed and exazined.

As a part of the overall repalr plan, a review has been performed concerning the
guide block function. As a result of this review, it 4{s considered unnecessary
to replace the removed guide blocks, {.e., the one believed to have been misaing
vhen the internals were in:stalled in 1976 and either one or two edd{tional blocks
vhich will be recoved for further bolt examinations.




The as-designed function of the guide blocks f¢ to provide a vertical guide
for the core guide lugs {n the remote event of a circu=ferential severence of
the core support shield. Removal of three of the tventy-four guide blocks will *
not e{gnificantly affect the function of the guide blocks. _

Hot Fuoctional Testing flow-induced vibrational testing showed 2 1 to 1.5 =il
bean pode displacement of the CSA lower end which is within the 20 =il desigo
gap between & gulde lug and guide block. Additional aualysis has been perforzed
which shows that removal of three guide blocks will not significantly effect
CSA vibrational behavior im the event cootact betveen guide lugs and guide .
blocks occurs. Also, further justification {s besed on the acceptable results
of the analysis of the effects of asymmetric LOCA loadingc (BAW-1621) which was
performed taking no credft for the guide blocks.

As & result of further investigations related to the missing guide block, 4t
h-é been concluded that the above plan for inspection and removal of efther
one or two additional hzlf blacks {s prudent and that the removal of three of
the 24 blocks does not represent any significact reduction 4n safety.




TABLE 1

LABORATOEY BOLT EXAMIRATIONS

Specinen Bolt Type Source Exxainations
3 bolts ¥E 375 Oconee 1 v, L.P., S.C.

(Upser Thermal -
Shield Restraint)

2 bolts MK 256 (Core Barrel) Oconee 1 Cyl. Surf.=
' ' Vos 5oV BB
1 bolt MK 350 _Oconee 1 Cyl., Surf.*
{Flow Distributor) : v., L.P., S.C.
2 bolts MK 380 Occnee 1 Cyl. Surf{.®
1 boles (A) MK 380 Oconee 1 V., Prac.
head
1 bolt (B) KK 380 Oconee 1 v.
head .
1 bol:c MK 380 Oconee 1 V., Frac., Met.
shank (f1) : —_— , .t
1 bolt MK 380 - Oconee 1 V.o T8,
shank (£2)
1 bolt MK 380 Oconee 1 V., Frac., Xet.
shank (#3) -
1 belt MK 380 ' Archive V., T.T., Met.
" Chem. Reh
1 bolt MK 390 Archive V., Met.
1 bolt MK 375 Archive V., Met.
1 bolt MK 256 Archive V., Mert,
V. ~ Visusa) examination
L.”. - Fluorescent liquid penetrant exzzinatf{on for surface cracking
TS - Tensile test
s.C. - Surface contazination exa=i{nation using replica technique
Cyl. Surf. - SEM examination of cylindrical surface :
FRAC - SEX exazination of fracture surface
Chen - Spectrographic che=ical analysis
Mar ~ picrohardoess
Reh - Reheat treatment

Met. - Metallography
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FIGURE 2
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

Saned December 24, 1981

Dockets Nos. 50-269, 50-270
and 50-287

Mr. William 0. Parker, Jr.

Vice President - Steam Production
Duke Power Compeay

P. 0. Box 33189

422 South Church Street
Charlotte, North Carolina 28242

Dear Mr. Parker:

Reference: Letter from W. 0. Parker, Jr. (Duke Power Company) to
26 ;690'R2111y (NRC) dated July 24, 1981, Docket No.

SUBJECT: REQUEST FOR LPMS REPORT AND NEUTRON NOISE DATA

Your analysis of the Oconee-1 broken thermal shield bolts event des-
cribed in the reference letter indicates that the event poses no
threat to public health and safety. However, the information you
have provided has led to a staff concern about a lToose thermal shield
and also about the failure of the Oconee-1 loose parts monitoring
system (LPMS) to detect the broken bolts.

The large number of broken and loose thermal shield bolts discovered
by inspection implies that most or all of the thermal shield bolts
could be broken resulting in a loose thermal shield. In addition, as
was learned in the Octocber 9, 1981 meeting of Duke/B&W/NRC at the NRC
Bethesda Office, a change in neutron noise level observed midway in

the last fuel cycle of Oconee 1 was attributed to a broadening of the
23 Hz noise associated with core barrel shell mode vibration. A loose
thermal shield or core barrel would cause reduction in natural fre-
quency of the structure and, therefore, make it more susceptible tc
flow-induced vibration resulting in significantly higher cyclic stress.
This could lead to failure of vessel internals such as the core barrel,
thermal shield or even the core support mechanism. A displaced or
vibrating thermal shield or core barrel would also affect the calibra-
tion and proper operability of the nuclear instrumentation including
reactor trip settings. There could be other safety implications from
a loose thermal shield or core barrel that were not considered in the
design analysis.

Our concern regarding the effectiveness of the LPMS relates to 21l
Oconee Units. Your analysis indicates dependence on the LPMS for de-




Mr. William 0. Parker, Jr. -2-

tection of broken thermal shield bolts, but does not explain why it

failed to do so previously. An undetected loose part in the primary

system could cause component damage and material wear by frequent impacting
with other parts in the system. It could also cause partial flow

blockage with attendent boiling problem, - Other safety concerns about

loose parts include increased potential for control rod jamming and for
accumulation of radioactive crud in the primary system.

To address our concerns, you are requested to submit the following items
for staff review:

1. The LPMS si?nals from the Oconee-2 startup transient flow test:
This will allow detailed analysis that helps detect lcose parts
which only impact when flow is disturbed.

2. The neutron noise data obtained from Oconee Units 1, 2 and 3:
Besides the neutron noise level change observed in Unit 1, it was
stated ir the October 9, 1981 meeting that a neu*ron noise level
change was also observed in Unit 2, and consultants had been hired
to record and analyze ueutron noise at the Oconee Units. These
data and analyses wiil be evaluated for evidence of core barrel or
thermal shield vibration.

3. The analysis or evidence to support your contention in the reference
letter that a loose thermal shield or thermal shield bolts will be
detected by the LPMS.

4. The Oconee loose part monitoring program report in accordance with
Regulatory Guide 1.123, Rev. 1. The report should include at least
a description of LPMS hardware, implementation, plant personnel training,
and in particular, the LPMS calibrations and operational prucedure.

Since this request for information invelves only the Oconee Nuclear Station,
fewer than ten respondents are affected and, therefore, OMB clearance is
not required under P. L. 96-511. If you have any questions on this subject,
please contact your NRC Project Manager.

Sincerely,

Johrl F. Stolz, Chief
Dpefating Reactors Branch #4
Division of Licensing

¢6:
See next page




